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If you are looking for big performance in a small package the
new 4540 answers the call. The Boonton model 4540 Series

is the instrument of choice for capturing, displaying and
analyzing RF power in both the time and statistical domains. By
incorporating advanced technology from the industry leading
45008, this smaller, lower priced power meter addresses a wide
range of demanding applications and supports a vast number
of technologies such as RADAR, GSM, CDMA, EvDo, TD-SCDMA,
UMTS, WiFi, WiMAX, WLAN, OFDM, LTE and many others.

For more information visit: www.boonton.com/4540 or call
+1 973-386-9696.

Boonton
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CNT-90XL Microwave Counter/Analyzer
SUMMER CAMPAIGN
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Buy a CNT-90XL Microwave Counter/Analyzer and get
- Modulation Domain Analysis Software (TimeView™)
- Five Years Warranty
- Hard Carrying Case
FOR FREE!*

The CNT-90XL Microwave Counter/Analyzer is the Ultimate Tool for Measurement, Analysis and
Calibration of Microwave Frequency and Power:

Fast Analysis Ultra High Range, Speed and Resolution
Frequency or power stability, settling or drift 250k meas./sec. of frequency or power
Modulation domain analysis to 60 GHz 27, 40, 46 or 60 GHz frequency range

View FM or AM on graphical display mHz resolution on GHz signals

Versatility For more information, please visit
Frequency or power, CW or burst to 60 GHz www.pendulum-instruments.com/eng/htm/90xI
All timer/counter functions to 300 MHz campaign.php

*The value of the offer is up to $3000. The offer is valid for each CNT-90XL

ordered up to, and including, September 30, 2008
Pendulum Instruments

- Experts in Time & Frequency Calibration, Measurement and Analysis
Phone: +1 510-428-9488 (US/Canada), +46 8 598 510 57 (World-wide). info@pendulum.se

www.pendulum-instruments.com

pendulum
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3 3 DPGA conditions signals with negative time constant
With two op amps and three analog switches, you can build a
programmable amplifier that conditions signals prior to digitizing.

By W. Stephen Woodward, Consultant, Chapel Hill, NC
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3 6 An RFIC for the world

BitWave Semiconductor has developed a software-defined radio IC that
supports multiple RF wireless standards and requires test methods that
are as flexible as the device itself.

By Martin Rowe, Senior Technical Editor
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Call A2e Technologies today for a free technical consultation!
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Sales Contacts:
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Test
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* Solutions for forward and reverse .
recovery time tests (ter, Ven, ter) AVR-EB Series
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for a variety of device packages recovery testing of high-speed power
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Check out these exclusive features on
the Test & Measurement World Web site:

AOI systems incorporate
multiple capabilities
Stacy Johnson of Agilent Technologies discusses

trends in automated optical inspection and explains
that software is the key to Agilent’s latest system.

www.tmworld.com/aoi_agilent

How does your salary compare?

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

www.tmworld.com/salary_2008

Blog commentaries and links

Taking the Measure
Rick Nelson, Editor in Chief
® Home fusion
® Got HD radio?

Engineering Students at Work
Jessica MacNeil, Contributing Editor
@ |UPUI offers degree in motor sports engineering
® Impressive domino display
Pioneering Engineering
Melissa D'Amico, Contributing Editor
® Osram sets a record for white LEDs
® 96-million-year-old armor for US Army

www.tmworld.com/blogs

Take a T&M Challenge

Answer our Oscilloscope challenge question cor-
rectly, and you could win a TomTom ONE system,
courtesy of Yokogawa. The winner of the DAQ
challenge receives an AMEX gift card, courtesy of
Data Translation.

www.tmworld.com/challenge

WHAT IS YOUR SURPLUS
EQUIPMENT WORTH?

SHOULD YOU RECYCLE, REUSE, OR RESELL
YOUR SURPLUS EQUIPMENT?

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

www.tmworld.com/dispodog
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RF testing out of control?

Only Keithley gives you the RF test tools you need to
rein in today's devices and tame tomorrow's challenges.

MODEL 2920 RF SIGNAL GENERATOR
MODEL 2820 RF SIGNAL ANALYZER

Test the most complex signal structures,
including 802.11n WLAN MIMO and 802.16e
Wave 2 WiMAX.

Configure a 4x4 MIMO test system cost-
effectively with our newest vector signal
generators, vector signal analyzers, and MIMO
synchronization unit.

Generate and analyze signals up to 6GHz
repeatably and accurately with our instruments’
software-defined radio architecture.

Reduce your time to market and cost of
test with MIMO systems optimized for R&D and
production test.

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

www.keithley.com m 1.888.534.8453

KEITHLEY



E€ |t's immaterial
whether the next
president can
blog, post videos,
or send e-mail.”

EDITOR S NOTE

EDITOR IN CHIEF

It’s the message, not the medium

he US presidential campaign has
brought to the forefront the ques-
tion of whether a national leader
should be computer-literate. The
leading candidates offer a stark con-
trast, with the technologically savvy
Barack Obama vying with the self-described
technological Neanderthal John McCain.

All else being equal (which, of course, it isn't),
the nod would seem to go to the more com-
puter-literate candidate. But the Wall Street
Journal columnist Lee Gomes (Ref. 1) questions
whether some jobs might be “...too important
for the office holder to be spending the day de-
leting spam or closing pop-up windows...."

And familiarity and in-
volvement with technol-
ogy can be a downright
drawback. Al Gore in
the 2000 election, for
example, was ridiculed
after the false accusa-
tion that he had
claimed to have in-
vented the Internet.

Of course, a successful candidate can't be too
unfamiliar with technology. President George
H.W. Bush had already received his own round
of ridicule during his 1992 re-election bid when
he expressed amazement at a supermarket
checkout scanner.

So some middle-of-the-road approach might
be best. Gomes recommends that the next presi-
dent spend 20 minutes a day at a computer,
reading a favorite blog, visiting YouTube, or play-
ing Spider Solitaire, if for no other reason than as
"a good way to keep up with the common folk.”

That sounds arbitrary to me. | think it's imma-
terial whether the next president can blog, post
videos, or send e-mail. Should any of those be-

come necessary, an assistant can contend with
spam, pop-ups, and the vagaries of the operat-
ing system.

When it comes to tech savvy, | want a presi-
dent who has succinctly and correctly answered
the 14 questions posed by Science Debate
2008 (Ref. 2). Here are some excerpts:

® What policies will you support to ensure that
America remains the world leader in innovation?

® What policies would you support to meet de-
mand for energy while ensuring an economi-
cally and environmentally sustainable future?

® \What role do you think the federal govern-
ment should play in preparing K-12 students for
the science and technology driven 21st century?

® \What is your view of how science and technol-
ogy can best be used to ensure national security?

® The study of earth from space can yield impor-
tant information about climate change.... How
would you prioritize space in your administration?

® |s it acceptable for elected officials to hold
back or alter scientific reports if they conflict
with their own views, and how will you balance
scientific information with politics and personal
beliefs in your decision making?

® What priority would you give to investment in
basic research in upcoming budgets?

As far as I'm concerned, the candidates can
post their answers on the Web or carve them in
stone tablets. It's the content—not the medium—
that counts. T&MW

REFERENCES

1. Gomes, Lee, “Note to Next President: Avoid Computers,”
Wall Street Journal, July 30, 2008, p. B6.

2. “Innovation 2008: 14 questions the candidates for Presi-
dent should answer about science and America’s future,”
Science Debate 2008, www.sciencedebate2008.com/www/
index.php?=id=35.
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Advanced semiconductor test technology and solutions
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TEST

[An exclusive interview with a test engineer]

Mosquito control

Aiel Raynus is an electrical engineer at
rmatron International’s Flowtron
Outdoor Products Division. Once known
as Automatic Radio, a manufacturer of car
radios, Armatron International now manu-
factures lawn and garden products
through its Flowtron division. Raynus
designed the electronics and the testers
used in production of the company’s
electronically controlled mosquito-control
products. Senior technical editor Martin
Rowe met with Raynus at his office in
Malden, MA.

Q: What kind of electronics are in a mosquito
killer?

A: The mosquito killer uses a microcontroller to control
an exothermic reaction that produces carbon dioxide
from propane gas. The microcontroller controls a heater
and it also handles the user interface, which contains
buttons for setting the amount of time that the mos-
quito killer is on. LED:s tell the user when the product is
on and working.

Q: How does the microcontroller control

the exothermic reaction?

A: When you first start the mosquito killer, the heating
element is cold. The controller turns on the heater while
monitoring the internal temperature. As temperature
rises, the propane gas produces CO,, which simulates
human breathing that attracts mosquitoes. As internal
temperature rises, the microcontroller adjusts the gas
flow, which controls temperature.

Q: How does the unit monitor temperature?

A: Thermocouples in the unit measure internal temper-
ature, and thermistors monitor outside temperature. A
photocell senses light that the microcontroller uses to
turn the unit off during daylight hours. The microcon-
troller has built-in analog-to-digital converters that mea-
sure the temperature and light levels.

Q: How do you program the microcontroller?

A: ] program in assembly language. It’s much more effi-
cient than writing code in C. By writing the code in as-
sembly language, I was able to fit the control algorithm
into 4 kbytes of program memory.

Q: What kind of tester did you design?

A: 1 designed a test fixture to verify that the controller
boards function properly. The fixture contains spring-
contact pins that connect to a microcontroller-based board
in the tester. The tester’s board measures voltages on the
board under test. A go/no-go LED tells the operator if the
board under test has passed all tests. If it hasn’t, then other
LEDs indicate which tests failed. From those LEDs, we get
enough information to troubleshoot and repair the board.

Q: What tools do you use for design and test

of new microcontroller boards?

A: T have all the usual tools such as oscilloscopes, signal
generators, and multimeters. [ also use electronic-circuit-
design and printed-circuit-board layout software.

Q: Do you have to justify the purchase of elec-
tronic parts and tools?

A: Not if they are required in the development of new
designs that have been approved and authorized by
management. T&MW

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

Agilent U1240A Series handheld digital multimeters

+ 10,000 count dual display

« True RMS capability and basic DCV accuracy of 0.09%

* Feature-rich: harmonic ratio, switch counter, dual and
differential temperature capabilities.

Multi-award EDN analogZone
winning Hot 100 Product  Product of the Year
U1250A Series 2006 2006

u.s. 1-800-829-4444

canada 1-877-894-4414

.
/di ital multimeters

© Agilent Technologies, Inc. 2008

From the designers of the multi award-winning U1250A Series handheld digital
multimeters (DMMs) comes the U1240A Series. Built on the idea of giving
more for less, they offer a wider array of features that empower you to do your
job better.

From problem identification to troubleshooting, the U1240A Series of handheld
DMMs has the power to do it all with accuracy and on a higher-resolution dual
display — as well as a wide range of features such as harmonic ratio, switch
counter and dual and differential temperature capabilities.

The U1250A Series of handheld DMMs has our most robust feature lineup — in-
cluding automatic data logging, square wave output generation and a frequency
counter. What's more, it comes fully equipped with various test probes and data
logging software to help you start your work— sooner.

As with any Agilent product, you can be secure in the quality of our handheld
DMM family. They come with a calibration certificate and test report, and have
been tested to various industrial safety standards to ensure that Agilent products
surpass the most important standards — yours.

Agilent Technologies



NEWS

College teams begin green-vehicle competition

NATICK, MA—Teams of students representing 17 North American univer-
sities converged at the MathWorks August 13 for a week of training
that kicks off a three-year competition to improve vehicle efficiency
and reduce emissions. The competition—called EcoCAR: The NeXt
Challenge—builds on the Department of Energy’s 20-year history of
sponsoring advanced vehicle technology competitions, according to
Connie Bezanson, lead engineer, program planning, at the DOE.

Paul Smith, director of North American consulting services at the
MathWorks, said that during year 1, students will focus on model-
based mechanical and electrical design of powertrain components

and controllers, using tools such as his firm’s Matlab and SimulLink as well as tools from other competition
sponsors, including dSpace and National Instruments. In years 2 and 3, each team will integrate its design into
a General Motors-provided Saturn Vue. The entire competition, said Cindy Svestka, executive technical assis-
tant for powertrain/vehicle integration at GM, mimics GM's own global vehicle-development process.

The program offers many benefits. Smith said that students tend to stress software in ways that industrial
users don't, providing valuable feedback. Bezanson said that engineers at Argonne National Laboratory, which
manages the competition for the DOE, can learn from students as the students exercise the lab’s Powertrain
Systems Analysis Toolkit (PSAT) software. But Svestka said that from GM’s perspective, the ultimate goal is to
instill in the next generation of engineers knowledge of advanced vehicle technologies that employees in GM’s
core businesses might lack. “We have a great hybrid team,” she said, “but it will need twice the number of
people within the next 10 years.” www.ecocarchallenge.org.

Accellera updates
Verilog-AMS standard

Accellera, an organization that devel-
ops electronic design automation
(EDA) standards, reports that its
board of directors and technical
committee members have approved
Verilog-AMS 2.3, a new version of
the Verilog-analog mixed-signal
(AMS) standard covering design and
simulation. Verilog-AMS 2.3 unifies
the Verilog-AMS 2.2 specification
with the IEEE 1364-2005 standard
that defines the Verilog hardware-
description language.

According to Accellera, Verilog-
AMS 2.3 will enable users to develop
tightly integrated Verilog-AMS mod-
ules and allow EDA software tool
developers to implement EDA tools
without ambiguities in the interpre-
tation of the language. Verilog-AMS
2.3 also introduces new analog and
mixed-signal features that support
improved top-down AMS design and
verification methodologies. These
include enhancements to table_
model, support for multiple analog
blocks, and resolution of language
conflicts with the SystemVerilog

TEST & MEASUREMENT WORLD www.tmworld.com

standard (IEEE P1800), such as
changing the digital domain name to
‘ddiscrete’ from ‘logic’ (because ‘logic’
is a keyword in SystemVerilog), and
making the use of array literals con-
sistent. www.accellera.org.

Network analyzers get boost to 20 GHz

Agilent Technologies has added a 20-GHz option to its 8.5-GHz
E5071C ENA network analyzers and has introduced a new
E5092A configurable multiport test set. The ENA series offers a
range of capabilities, from basic S-parameter measurements to
advanced multiport and balanced measurements.

The new 20-GHz option supports measurement of the third
harmonics of passive components in WLAN, WiMAX, UWB, 4G-
— cellular, or any technology that uses a carrier

frequency up to 6 GHz. The option also sup-
ports both two-port and four-port configura-
tions and is available as an upgrade to existing

equipment.

The E5092A configurable multiport test set,
which replaces the E5091A test set, works with ENA series net-
work analyzers to provide up to 22-port measurements (or up to
10-port full-crossbar measurements). The E5092A can be used
with the Measurement Wizard Assistant software to simplify com-
plex system setups and increase measurement productivity.

Base prices: two-port, 300-kHz to 20-GHz option—$56,485;

Asset’'s ScanWorks
supports Avago ASICs
Asset InterTech has announced that it

has reached an agreement under which
ScanWorks, the company’s platform for

four-port, 300-kHz to 20-GHz option—$66,755; configurable mul-
tiport test set—$33,583. Agilent Technologies, www.agilent.com.
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World-Trusted
Data Acquisition

klEWS

open embedded instrumentation tools,
will support Avago Technologies’
embedded-instrumentation technology
for selected ASICs that target high-
performance server applications.
Initially, ScanWorks will support

CALENDAR

International Test Conference,
October 26-31, Santa Clara, CA.
Sponsored by the IEEE. www.
itctestweek.org.

Avago ASICs featuring SerDes cores
that are compatible with Intel’s Quick-
Path Interconnect (QPI) and intercon-
nect built-in self-test (IBIST) technol-
ogies. ScanWorks automates the
analysis of data generated by the IBIST
function, providing access to IBIST
data from a QPI SerDes-equipped
Avago ASIC and to IBIST data from
an Intel chipset.

ScanWorks support for Avago ASICs
that feature Intel QPI SerDes will be
available as an add-on module to Scan-
Works during Q4 of 2008 at a price of
$8250. www.asset-intertech.com;
www.avagotech.com

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

Simple, Secure, Wi-Fi DAQ

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

= 128-bit AES data encryption
= Starting at $699"

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

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

boundary-scan products from Corelis.
The partnership’s initial offering is
Seica Pilot with integrated Corelis
ScanExpress software. The integrated
system has been deployed at a major
defense electronics manufacturer, the

Seica and Corelis form

Multifunction USB DAQ partnership

= Up to 1.25 MS/s, 16 bits
= Starting at $159"

Seica and Corelis have announced the

formation of a partnership to deliver
and support integrated systems based

LI Ty on flying probers from Seica and

companies report. www.seica.com;
www.corelis.com.

LabView adds wireless, enhances
multicore and FPGA features

With the introduction of version 8.6, LabView now lets you make
remote measurements using a WiFi connection to data-acquisi-
tion devices. In addition, you can connect to wireless devices
through Bluetooth, GPRS, and GSM. Version 8.6 also enables you
to download drivers for numerous proprietary wireless sensor
' networks. Using the LabView Wireless
Toolkit, you can test wireless devices that
use any of these technologies.
, A new feature lets you bring in simula-
— L tions of mechanical devices, then collect
Q? data on a real device and integrate the
data into the model. You can see how a
model reacts in response to design changes.

Version 8.6 also extends the software beyond its traditional
test-and-measurement base. You can use new development and
integration features to add functions to a field-programmable
gate array (FPGA) without writing FPGA code. Predefined func-
tions include fast Fourier transforms. You also get more than
1200 data-analysis functions optimized for multicore processors.

LabView 8.6 lets you convert applications into Web services
that run on desktop or real-time processors that run HTML, Java,
or Flash. Users can gain access to your applications through any
Web-enabled device, including smart phones, PDAs, and PCs.

Base price: $1199. National Instruments, www.ni.com.

High-Performance PC DAQ
= Up to 4 MS/s/ch, 16 bits

= PCl and PXI Express
options available

= Starting at $429"

>> Find the right DAQ
device for your

project at ni.com/daq

800 454 6119

‘7 NATIONAL
’ INSTRUMENTS

14 SEPTEMBER 2008 www.tmworld.com TEST & MEASUREMENT WORLD




GENTELLAN PRBS GENERRTORS

Rates from 0.05Gbps to 56Gbps

TG2P5A 56 Gb/s PRBS | 56G PRBS sou RCE

:/_,; 3 120112 o e(Operating range 40Gbps to 56Gbps
5 1100 @ o , Fixed-frequency internal clock (56Gb/s)
' eTypical amplitude 1Vpp-d

eModel No. TG2P5A

40G PRBS SOURCE

eOperating range 21Gbps to 44Gbps "\
oFixed-frequency internal clock (0C-768)
oQutput amplitude 1Vpp-d
eModel no. TG1P4A

17G PRBS SOURCE

e(Operating range 11Gbps to 21Gbps RN
eExternal clock required (11-21GHz) QNN
eQutput amplitude 1Vpp-d \ e |

PR

eModel no. TG1P2A N s

outPuT

22

B 10G PRBS SOURCE

== e0perating range 50Mbps to 14Gbps

oFixed-frequency internal clock [0C-192, 10GbE, others]
oQutput amplitude 0.6Vpp-d or 1.6Vpp-d

eModel No. TG2P1A

For additional details, application notes, and assembly
diagrams, please visit: www.centellax.com

2 CENTELLAX

) w VISIT USAT:
3843 Brickway Blvd., Suite 100, Santa Rosa, CA 95403 USA
ph +1.707.568.5900 | fax +1.707.568.7647 | sales@centellax.com ITC2008 - Booth #814, Oct. 28-30, Santa Clara, (A

toll free 866.522.6888 | www.centellax.com ECOC2008 - Booth #401, Sept. 22-24, Brussels,, Belguim



USB Data Acquisition.

Plug and Play Measurement.

Model Summary Cll:n‘:lfels

TEMPpoint Thermocouple, voltage, or RTD inputs, 8,16, 24, 32,
A/D and CJC per input, high accuracy 40 or 48

DT9805**, 7 thermocouples, 1 CJC, temperature 8DI/16SE
DT9806** applications, 500V isolation

DT9837* 4 |EPE (ICP) sensor inputs, tachometer, 4 |EPE (SE) 52.7kHz
DT9837A* simultaneous A/Ds + 1 Tacho per channel

DT9841-VIB* | 8 IEPE (ICP) sensor in_puts,_simultaneous 8 IEPE (SE) 100kHz SOUND & VIBRATION
A/Ds with DSP, 500V isolation per channel ‘ !
DT9832A* Simultaneous, 2 A/Ds @ 2.0MHz each, 2SE

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

6 or 12SE

sH:H:B:H: 8B

16SE/8DI 500 kHz
TEMPERATURE

High-speed, up to 32 analog inputs, 500kHz, | 32SE/16DI 500 kHz MEASUREMENT
16-bit, 500V isolation

Every feature. Compare. Learn. Use.

We can help!
Call now or visit
us online.

DATATRANSLATION®

800-525-8528 Inventors of High Performance
www.datatranslation.com USB Data Acquisition
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Instruments complement sockets,
systems, and software

> > > Semicon West, San Francisco, CA, July 15-17, SEMI. www.semiconwest.org.

Offerings at Semicon West included test sockets,
RF and digital instruments, compact test systems,
complete test cells, and software focused on yield
management, failure analysis, characterization,
and design for manufacture.

Aries Electronics updated its line-up of test
and burn-in sockets, debuting a 6.5-mm center-
probe test socket, CSP/BGA sockets with
pitches down to 0.3 mm, and a CSP/MicroBGA
socket that accommodates devices up to 6 mm?.

Teradyne highlighted five products it has in-
troduced during 2008, including the UltraWave
12G 12-GHz RF instrument, the 800-Mbps
UltraPin800 128-digital-pin instrument, the
small-footprint 12-slot UltraFLEX-HD test sys-
tem, the D750Ex LCD driver test system, and
the Magnum II system—from the company’s re-
cently acquired Nextest business unit—for flash
and embedded-memory test.

Keithley Instruments introduced Keithley
Test Environment Interactive (KTEI) V7.1 soft-
ware for the company’s Model 4200-SCS semi-
conductor characterization system. The upgrade
broadens the capabilities of the Model 4200~
CVU (capacitance-voltage unit), offering soft-
ware support for characterizing higher-power
semiconductor devices at up to 200 VDC (or
400-V differential) and up to 300 mA.The com-
pany also announced an expansion of its Series
3700 system switch/multimeter and plug-in
card family (see p. 55).

National Instruments invited Credence
Systems to its booth to demonstrate the use of
modular instruments in semiconductor test ap-
plications. The companies demonstrated a Cre-
dence ASL 100 system that integrates an NI
PCI-5122 high-speed digitizer to acquire audio
and video signals. The digitizer plugs into the
ASL’s PCI backplane; an external ASL-gener-
ated clock signal provides synchronization.

Advantest emphasized RF test, highlighting
its 12-GHz quad-core monolithic RF module
integrated into a T2000 LS mainframe; a M4841
handler and multisite load board completed the
company’s full RF test-cell approach. In addi-
tion, via a remote connection to its facility in
Gunma, Japan, the company demonstrated
quad-site test of a WiMAX device.

TEST & MEASUREMENT WORLD www.tmworld.com

Magma Design Au-
tomation offered en-
hancements to its
Knights Camelot CAD
navigation system, in-
cluding an option
enabling failure-
analysis engineers
to perform design-rule
checking in a fab. Also,
Magma said it has worked d
with Mentor Graphics to
link Camelot with Mentor’s
YieldAssist test-failure-diagnostic en-
gine. In addition, Magma said that Zyvex will
include Camelot as an option on its nProber
nanoprobing system. Magma also announced it
has added new bitmap defect-analysis capability
to its Knights YieldManager software, and it an-
nounced new versions of Knights LogicMap
and IntensityMap.

Verigy engineers were on hand to describe
the company’s Inovys Silicon Debug technology
(based on technology obtained with the acquisi-
tion of Inovys) to address the need for more ef-
ficient debug to accelerate time to volume pro-
duction of new system-on-chip (SOC) devices.
Verigy’s new approach combines Inovys Fault-
Insyte software with the Verigy V93000 SOC
test system.

Synopsys highlighted its manufacturing
products, describing a yield-management-activ-
ity matrix with predictive, corrective, and diag-
nostic functions spanning design, manufacture,
and test.

~

Inspection products were also on display. For
example, Viscom exhibited its MX100IR
desktop automatic wafer-inspection system.
Surface Imaging Systems introduced its
NanoStation 300, which augments atomic
force microscopy with optical inspection.
KLA-Tencor, at the co-located InterSolar
North America show, highlighted its surface-
metrology capabilities applicable to solar-
power applications. The Machine-Vision & In-
spection Test Report in our October issue will
highlight additional inspection products from
Semicon West. T&MW

The Magnum Il pro-
vides a 400-MHz
clock and supports
up to an 800-Mbps
data rate in what

its vendor calls a
SuperMux mode. Its
algorithmic pattern
generator supports
the test of terabyte-

scale memories.
Courtesy of Teradyne.
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redence and LTX executives re-

main mum on long-term plans

to rationalize product lines in
light of the two firms’ plan to merge,
but on the Credence side, development
continues apace on instrumentation for
the Diamond platform. The latest entry
is the 72-channel HDVI (high-density
voltage/current) instrument, which is
targeted at reducing the cost of test by
enabling large numbers of sites to be
tested in parallel.

In a phone interview with Arun
Kancharla, product marketing manager
at Credence, and Thomas Vana, market-
ing director for the Diamond platform,
Kancharla said that the new instru-
ment—and in fact the entire Diamond
platform—targets high-volume con-
sumer-electronics devices such as mi-
crocontrollers, programmable logic de-
vices (PLDs), FPGAs, gate arrays, DSPs,
and embedded controllers used in audio,
video, wireless-cellular, digital-camera,
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Diamond advances amid merger process

baseband, and power-management ap-
plications. That’s in keeping with a Cre-
dence focus on low-cost test for small-
to moderate-scale chips that was
described by Lavi Lev,
Credence’s president
and CEQ, in January.
One might infer a
bright future for the
Diamond platform
despite the inability of
Credence and LTX to
state a long-term
product rationaliza-
tion plan at this point
in the merger process.
Vana said the Dia-
mond has “sticki-
ness”—as 250 of the
platforms are installed
worldwide; double-digit growth in de-
vice volumes suggest additional op-
portunities for Diamond adoption.
Vana added that customers deploy the

ded controllers.

Courtesy of Credence Systems.

Goepel debuts PXI boundary-scan controllers

Goepel electronic has introduced a series of PXI-based controllers for
its ScanFlex boundary-scan hardware platform. The new SFX/PXI1149/
C4-FXT controllers incorporate the normally external ScanFlex TAP
transceivers into the single-slot, 3U-high unit. The
transceivers link to external TAP interface cards (TIC),
which can be located within a test fixture or environ-
mental test chamber. The new controllers each offer
four parallel TAPs and are available in three perfor-
mance classes offering TCK frequencies of 20, 50, and
80 MHz. www.goepel.com.

Hana Micron buys Verigy Port Scale RF

Verigy has announced that Hana Micron, a Korea-based company spe-
cializing in the assembly and test of semiconductor packages and mod-
ules, has selected the Verigy Port Scale RF instrument for testing its IDM
and fabless customers’ consumer wireless devices. The Port Scale RF will
complement the MB AV8 multiband audio-video cards in Verigy small-
test-head systems to test devices targeting applications such as UWB,
WiMAX, and mobile TV. www.hanamicron.co.kr; www.verigy.com.

Hynix chooses Teradyne for image-sensor test

Teradyne has announced the introduction of its IP750Ex, an extension of
the company’s J750 platform designed specifically to test image sensors
featuring up to 32M pixels. Teradyne also announced that Hynix Semi-
conductor has chosen the new IP750Ex for the production test of its first
CMOS image sensor. www.hynix.com; www.teradyne.com.

The 72-channel HDVI instrument
targets high-volume consumer-
electronics devices such as
microcontrollers, PLDs, FPGAs,
gate arrays, DSPs, and embed-

RICK NELSON
EDITOR IN CHIEF
rnelson@tmworld.com

low-cost systems to keep test costs
down so they can remain profitable as
average selling prices of consumer
chips fall. With Diamonds having a
base price of
$60,000,Vana said,
customers can de-
ploy them in their
labs for code devel-
opment as well as on
the factory floor.

Vana said a cus-
tomer can unpack a
Diamond, plug it in,
and be up and run-
ning in 10 minutes.
Kancharla added
that the new HDVI
increases the flexi-
bility of already-
deployed Diamonds—replacing four
16-channel instruments with a 72-
channel HDVT frees up three slots for
other instruments. In total, the HDVI
permits up to 432V/I channels on the
Diamond 10 and up to 1728 V/I
channels on the Diamond 40—at a
price,Vana said, of as low as $1500 per
channel. As to how many V/I channels
a customer might actually need,Vana
said that one customer was evaluating
a 1200-channel system for massively
parallel test at wafer probe. Kancharla
commented that another customer
deployed a high-channel-count Dia-
mond to implement a 100-site strip
test, reducing test costs by 40%.

In addition, he said, a customer re-
duced capital costs by 30% by deploy-
ing the Diamond platform in an eight-
site production test program for large
GPS baseband processors; another cut
capital costs by 40% in a 16-site Blue-
tooth device test program.

As for the future of expensive big-
iron ATE,Vana said he has seen a cus-
tomer bring up chips on a high-end
tester but transfer the test job to Dia-
mond platforms. As for the future of
the LTX and Credence platforms,Vana
would only say that while the merger
goes forward, customers still need to
reduce their cost of test. T&*MW

www.tmworld.com TEST & MEASUREMENT WORLD
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PC-based data acquisition
and control hardware
and software

uSB
WIRELESS
ETHERNET
PCI

PCI EXPRESS

TEMPERATURE
MEASUREMENT

REMOTE DATA
LOGGERS

SERIAL I/O
MODULES

EXTERNAL
SIGNAL
CONDITIONING

TEST AND
MEASUREMENT
SOFTWARE

VOLUME DISCOUNTS/
See our complete CUSTOM DESIGNS

selection at MCCDAQ.COM
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INTRODUCING 9 NEW USB AND 2 PCI EXPRESS PRODUCTS!
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HIGH PERFORMANCE AND MULTIFUNCTION 1/0O

Powerful, easy-to-install USB data acquisition solutions

USB-2416 & USB-2416-4A0
1 kS/s, 24-bit, high-accuracy, isolated NEW!
multifunction modules A4

¢ 32 single-ended or 16 differential simultaneous
24-bit analog inputs
* Thermocouple or voltage
* 9 programmable input ranges from +0.078 V to =20 V
« 8 digital I/O
* Two 32-bit counters
* 500 VDC minimum isolation between field wiring
and USB interface
* USB-2416-4A0 also includes four analog output channels,
16-bit accuracy, =10 V range, and 1 kS/s update rate

$1099/$1299

AVAILABLE IN QUANTITY IN NOVEMBER

)

2
g

USB-1602HS & USB-1604HS
High-speed, synchronous multifunction
modules
* Two 16-bit simultaneous analog inputs,

2 MS/s throughput; or

* Four 16-bit simultaneous analog inputs,
1.33 MS/s throughput

* Input voltage ranges: =10V, +2.5V, 500 mV
¢ 32 synchronous digital I/0
* Two 32-bit counters

* 500 VDC minimum isolation USB-1602HS | Two 16-bit, 2 MS/s single-ended analog inputs $1999
between field wiring and
USB interface Two 16-bit, 2 MS/s single-ended analog inputs;

* Two 1 MS/s analog outputs USB-1602HS-2A0 two 16-bit, 1 MS/s analog outputs $2199

(-2A0 models)

USB-1604HS Four 16-bit, 1.33 MS/s single-ended analog inputs $1999

Four 16-bit, 1.33 MS/s single-ended analog inputs;

USB-1604HS-2A0 | ;0 16-bit, 1 MS/s analog outputs

$2199

/8% USB-2404-10 & USB-2404-60
W7/  Simultaneous sampling analog input modules
* Four differential simultaneous 24-bit analog inputs
* 50 kS/s throughput

*+10 V input range (USB-2404-10)

* =60 V input range (USB-2404-60)

* USB bus-powered

$999/$1099



1-800-234-4232

USB-1616HS Series
1 MS/s, 16-bit multifunction modules

* 16 single-ended or 8 differential 16-bit analog inputs can measure voltage or thermocouples

* Over-sampling mode, including line-cycle rejection for ultra-stable thermocouple or low-level voltage measurements
* 7 programmable input ranges from =100 mV to =10 V full scale

* 4 counter inputs capable of measuring frequency, period, pulse width, or quadrature encoders up to 20 MHz

* Up to 24 digital I/O

)

2
g
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USB-1616HS 16 single-ended or 8 differential analog inputs; 24 digital /O $1399

USB-1616HS-2 16 single-ended or 8 differential analog inputs; two 16-bit, 1 MS/s analog outputs; 24 digital I/O $1499

USB-1616HS-4 16 single-ended or 8 differential analog inputs; four 16-bit, 1 MS/s analog outputs; 24 digital /0 $1599

USB-1616HS-BNC | 16 BNC differential analog inputs (voltage only); two 16-bit, 1 MS/s analog outputs; 16 digital I/O $1999

Analog input expansion module adds 48 single-ended or 24 differential inputs to USB-1616HS,

Al-EXP48 USB-1616HS-2, and USB-1616HS-4 modules $599

2500 Series
Performance and value

* USB or PCI

* 1 MS/s, 16-bit resolution

* Up to 64 analog inputs

* Up to 4 analog outputs

* 24 digital I/O

* Four 32-bit counter/timers
(quadrature encoder capable)

* Integration-ready connectors
¢ Call us if Windows CE support

is required
PCI UsB

PCI-2511 | 16 single-ended analog inputs $649 USB-2523 |1 nspﬁ't’;g'e'e"ded or 8 differential analog |  ggqq
} 16 single-ended or 8 differential analog y 16 single-ended or 8 differential analog

PCI-2513 inputs $749 usB-2527 inputs; four 16-bit, 1 MS/s analog outputs $1099
] 16 single-ended or 8 differential analog . 64 single-ended or 32 differential analog

PCH2515 inputs; two 16-bit, 1 MS/s analog outputs $849 USB-2533 inputs $1099
] 16 single-ended or 8 differential analog y 64 single-ended or 32 differential analog

PCI-2517 inputs; four 16-bit, 1 MS/s analog outputs $949 USB-2537 inputs; four 16-bit, 1 MS/s analog outputs $1299
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EVERYDAY MEASUREMENT AND CONTROL

Measurement Computing has long been the recognized market standard for the design and
manufacture of quality, versatile data acquisition, temperature measurement, and control
products at great prices.

MULTIFUNCTION

USB-1208LS &
USB-1208FS
Eight analog
inputs, 12-bit
resolution, up to
50 kS/s, up to
12-bit analog outputs,
and 16 digital I/O

$129/5189

ANALOG IN

USB-1608FS
Eight 16-bit,
simultaneous
sampling
analog
inputs,

200 kS/s total throughput,

8 digital 1/0

DIGITAL 1/O0

USB-1024LS
24 digital

1/0 with

one 32-bit
event counter;
high current
version available
(USB-1024HLS, $189)

$399

$99

COUNTER/TIMERS

USB-4301 & USB-4303
Replace expensive instrumentation. Event counting, PWM, frequency
measurement/division, duty cycle generation, and more; input

frequencies up to 20 MHz, 8 digital inputs, 8 digital outputs. 4301 has
5 channels, 4303 has 10.

USB-1408FS
Eight analog
inputs, 14-bit
resolution,
up to 48 kS/s,
two 12-bit analog
outputs and

16 digital I/O

$249

USB-1616FS
Sixteen 16-bit,
simultaneous
sampling
analog inputs,
200 kS/s total
throughput,

8 digital /0

USB-DIO96H

96 digital

1/0 with high b
current output, ;
one 32-bit
event counter,
rugged steel enclosure
with three mounting options

$399

$249/$349

USB-1608HS &
USB-1608HS-2A0
Eight 16-bit,
simultaneous
sampling .
analog inputs, —
2 MS/s total throughput,

16 digital 1/0; USB-1608HS-2A0
adds two 16-bit analog outputs

$1199/$1399

ANALOG OUT

USB-3100 Series 9 MODELS
Up to 16 analog outputs, 16-bit
resolution, 0to 10 Vand =10V
outputs, 0to
20 mA outputs,
up to 40 mA
source/sink,
8 digital 1/0

$299 - $599

PCle-DIO24 & NEW!
PCle-DIO96H

24 logic level 4
digital I/O or
96 logic-level
digital 1/0 with
high current
output for PCI Express

$199/$349




TEMPERATURE MEASUREMENT

Accurate and flexible

* 8 channels, 24-bit resolution, 8 digital I/O

* TEMP versions support J, K, R, S, T, N, E, & B type thermocouples,
2-, 3-, or 4-wire RTDs and thermistors, and semiconductor temperature
devices; TC versions support thermocouples only

 Accuracy exceeds sensor output

REMOTE DATA LOGGERS

The perfect, cost-effective solution for
long- or short-term applications

USB-500 Series remote data loggers

with built-in sensors—from $49

Configure easily through USB port; includes software

1-800-234-4232

USB-TEMP & USB-TC USB-based

Independent temperature inputs, outstanding price per channel.
USB bus powered.

USB-TEMP-AI & USB-TC-Al USB-based

Four differential temperature inputs and four differential or single-ended
voltage inputs. Voltage ranges: =10V, =5V, =25V, +1.25V.

USB-5201 & USB-5203 USB-based/remote

Writes temperature data to CompactFlash® card (512 MB card included).
5201 supports J, K, R, S, T, N, E, & B type thermocouples; 5203 supports
thermocouples, RTDs, thermistors and semiconductor temperature devices.

WEB-TEMP & WEB-TC Web-enabled Ethernet

Built-in Web server. Write temperature data to the device's own Web page.
Set up in seconds and monitor temperatures from anywhere in the world.

WLS-TEMP & WLS-TC Wireless

802.15.4 wireless protocol; range up to 150 feet indoors, 2400
feet outdoors.

$499/$329
$649/3549

$629/5729

$699/$599

$749/$549

Product Data type Sampling/logging rate Measurement range Storage | Price
USB-501-LT | Temperature | 15-minute sampling rate | -10 to +50 °C (+14 to +122 °F) 4K $49
USB-501 Temperature | Intervals: 10 sec-12 hrs. | -35 to +80 °C (-31 to +176 °F) 16K $59
NEW! K-type: -200 °C (-328 °F) to +1300 °C (+2372 °F)
USB-501-TC* | Temperature | Intervals: 1 sec-12 hrs. | J-type: -130 °C (-202 °F) to +900 °C (+1652 °F) 32K $82
T-type: -200 °C (-328 °F) to +350 °C (+662 °F)
USB-502 Te;"pefa.t“'e/ Intervals: 10 sec-12 hrs. | -35 to +80 °C (-31 to +176 °F) 16K $82
umidity
USB-503 Voltage Intervals: 10 sec-12 hrs. | 0to 30 VDC 32K $72
USB-504 Current Intervals: 10 sec-12 hrs. | 4 to 20 mA 32K $72

*External K-type thermocouple included
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DAQ SOFTWARE FOR EVERY SKILL SET

PROGRAMMING

Universal Library™

Windows Programming
1/0 Library

=

Programming libraries and drivers
for most popular Windows-based
programming languages. A complete
function library that saves you time
by simplifying the configuration

and operation of your measurement
board, and reducing human errors by

eliminating the use of detail

ed, low-

level functions. A single, universal
set of functions operates all of our
products so you only have to learn to

use our library once.

Measurement Studio—

MCC Edition

Integrated suite of classes
and controls optimized for
test, measurement, and
automation applications in
Visual Studio® 2005 and Visual

Studio .NET 2003

Measurement Studio dramatically
reduces application development
time with .NET controls, object-
oriented measurement hardware
interfaces, advanced analysis
libraries, scientific user interface

controls, measurement dat

a

networking, wizards, interactive

code designers, and highly
extensible classes.

With Measurement Studio,

you use

your Visual Studio programming
knowledge to get measurements
started quickly, and create a

complete measurement sol

ution—

all the way from acquiring, to

analyzing, to presenting.

$999

Universal Library is universal in Universal Library
three ways: across boards, across for LabVIEW™
languages, and across platforms.

Windows Programming
1/0 Library

UNIVERSAL

LI BRARY

VB .NET

C# .NET

Visual C/C++

Includes library, VIs and program
examples for LabVIEW. A
comprehensive library of graphical

Visual Basic 6

UL for LabVIEW functions comprising all the
Others power of our Universal Library
and InstaCal™ software. Many
examples to get you started right
Universal Library provides a high- away using LabVIEW, saving you
level interface between the low time and money.

level hardware drivers and your
programming language.

Analyze Present

A powerful integration of MC DAQ hardware with analysis
and presentation tools for the scientist and engineer

* Analog I/O * Digital signal processing * Graphs

« Digital I/0 * Windowing * Dials

* Temperature * Filtering » Gauges

» Counter/Timer * Array and numeric calculations * Buttons

* GPIB * Signal generation * Tanks
* Statistics * Thermometers
* Curve fitting * Slides

» Spectral analysis * Knobs




NON-PROGRAMMING

DASYLab® 10

Intuitive graphical development
DAQ environment

DASYLab is a graphical application that
allows you to quickly develop custom
DAQ applications without any program-
ming. Using the intuitive worksheet,
modules, and wire functions, you're only
a few mouse clicks away from a complete
application.

DASYLab offers extensive function
libraries in the following categories/
modules:

* Inputs/Outputs
* Display

DASYLab

Data Acquisition System Laboratory

* Mathematics

* Signal Processing
* Files

* Statistics

* Trigger

» Data Reduction

* Network

TracerDAQ® PRO
Data acquisition logger and
instrument software suite

With TracerDAQ PRO,
a powerful, out-of-the-

Baacﬁs@ box virtual instrument
suite, you can acquire
RO 24 a -

analyze and display
data, and generate signals, within seconds
of installing your Measurement Computing
hardware. No programming is required.

1-800-234-4232

Over 100 Data
Acquisition, Control,
Processing, and
Display Functions

Starting at

$499

Includes four virtual
instruments:

e Strip Chart

¢ Function Generator
» Oscilloscope

» Rate Generator

$199

and more.

display windows.

... _. == | 48-Channel Strip Chart
L Sampling speeds equal to

board’s sampling rate; 8

graphs; alarms, triggering,

4-Channel Oscilloscope
Sampling speeds equal to
board’s sampling rate, math
functions, and measurement

16-Channel Function
Generator

Multiple waveform types;
ability to change duty cycle,
phase, rate multiplier, gate
ratio, and more.

20-Channel Rate
Generator

Vary frequency, duty cycle,
and initial state of counter/
timer outputs.




VOLUME DISCOUNTS

CUSTOM DESIGNS

BUY OR BUILD?

Measurement Computing makes the decision easy. As a leading supplier of PC-based data
acquisition, we fully understand the need to meet product cost objectives while at the same time
achieving performance, delivery, and reliability goals.

Volume pricing
Measurement Computing
provides attractive OEM and
volume discounts. Please call us
at 800-234-4232 for a quote.

Customization

Add or remove features and
components. Request a different
form factor, firmware, or bus
type. Private label an existing
product—or even have us design
a custom product from the
ground up.

Platform protection/
compatibility

Seamless platform migration—
when technology changes, your
field wiring and software won't!
With our Universal Library, you
can write your own programs

for use with all of our data
acquisition and control products.

The Universal Library contains
high level functions for the
common operations on all
Measurement Computing data
acquisition modules. It supports
multiple interface technologies

and requires minimal disk storage.

Customize application GUIs with
your company logo.

OEM experience

We've been a leading provider
of data acquisition, GPIB, and
other measurement solutions to
OEMs for 20 years.

Software

Software for programmers
and non-programmers—
solutions such as TracerDAQ®,
DASYLab®, and Measurement
Studio MCC Edition—plus C,
C++, C#, and Visual Basic®
examples.

Dedicated applications
engineer

Specialized DAQ assistance
throughout all phases of your
product’s development cycle.

Unmatched warranties

Most MC products are covered
by a limited lifetime warranty—
and may be eligible for our
unique Harsh Environment
Program.

1-800-234-4232

Call today to talk with one of our engineers—Ilearn how we’ll customize our products to meet
your specific design requirements. Schedule a design review today. Configure your free 30-day
DAQ evaluation kit. Ask about our lifetime driver upgrades and unmatched warranties—

it’s our way of protecting your investment.

Pa &Y 4 \easurement Computing
4VWY %ad 15 Commerce Way

MEASUREMENT

conmPUTING. Norton, MA 02766
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[MACHINE VISION]

Making the right color match

ost machine-vision installa-

tions rely on black-and-

white images, but increas-
ingly color is becoming a necessity.
One color application that is gaining
ground is “color matching,” according
to Glenn Archer of EPIC Vision Solu-
tions, a St. Louis integrator that de-
signs machine-vision systems for blue-
chip customers like Boeing, 3M, and
Procter & Gamble.

Many industries use the CIELab color
model to evaluate exact specifications
for paint and dyes on manufactured
products. The “L” axis represents how
dark or light an image is. On the hori-
zontal axes, “a” is green at one ex-
treme and red at the other, while the
“b” axis has blue at one end and yellow
at the other.

“A good example of color match-
ing,” explained Archer, “is building
components.Your vision systems help
ensure that the color of a new replace-
ment part will match the color in an
assembly produced earlier.”

What's involved in color matching?
Archer, an electrical engineer and di-
rector of business development, de-
scribed a system that EPIC designed to
inspect 5-ft-long extruded plastic
building components on the produc-
tion line. The setup required lighting
techniques that would allow highly
consistent and repeatable color detec-
tion. Furthermore, the system had to
deliver the required accuracy in an en-
vironment where temperatures can
reach more than 100°E

To meet these challenges, EPIC built
a 3-ft-long enclosed inspection station
designed to block out ambient light.
Openings just 4-in. high on two sides
of the ventilated station permit entry
and exit of components as they move
along the conveyor. Lighting inside the
enclosure consists of two, 18-in.-long
white LED strips placed on either side
of the part at 45° angles for optimum
imaging.

“We initially selected fluorescent
light strips but found that we could
not achieve the uniform intensity we
wanted,” explained Archer.

To capture the images, the engineers
chose a 2-Mpixel color PixeLINK
camera that connects via FireWire to
an adjacent PC for image processing.
The camera includes built-in tempera-
ture compensation, a key feature since
small changes in ambient temperature
can adversely affect image consistency.
A software utility from the camera
manufacturer called “flat field correc-
tion” also contributes to uniform light-
ing intensity by eliminating hot spots.

The software used to program the
application, LabView;, allowed for a large
region of interest (ROI) to be directly
converted from the camera’s RGB val-
ues to CIELab values, which was the
color space that the customer chose for
evaluating images (see figure).

System software combines the 15
individual images needed to represent
a complete part into a unified average
for comparison to a reference color.
It also lets operators match a part’s
color to that of a part produced pre-
viously. With the strategically chosen
ROI size, operators can also set pass/
fail criteria for each image, based on
such anomalies as stains, spots, and
streaks.

How much does a color-match vi-
sion system cost versus a black-and-
white solution? Ballpark estimate:
about 20% more, according to Archer.
The added expense lies not so much in
the hardware but in the extra engi-
neering required to solve tougher ap-
plication challenges. T&*MW
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Vision lights up the

solar industry

A new white paper from Adept
Technology discusses productiv-
ity gains from combining robot-
ics and machine
vision in solar-
wafer inspection.
For such applica-
tions, Adept typi-
cally uses its new
four-axis Quattro,
which can pick .
parts from conveyor belts at the
rate of up to 180 per minute. The
company’s vision library can be
embedded in Adept’s SmartCon-
troller CX, in a PC platform, or in
smart cameras. www.adept.com.

Software tool targets
high performance

Allied Vision Technologies has
introduced a software develop-
ment kit for 64-bit image appli-
cations, such as video-compres-
sion and technical calculations
in object recognition or edge
detection. The AVT FirePack-
ageb4 includes a 64-bit driver
for AVT FireWire cameras and a
C-program interface. It also al-
lows faster data transfers on
FireWire—up to 800 Mbps—
and eases the migration of
32-bit applications to 64-bit.
www.alliedvisiontec.com.

GigE camera touts speed
Prosilica, which was recently
acquired by Allied Vision Tech-
nologies, has introduced the
GE1050, a compact CCD cam-
era with a Gigabit Ethernet in-
terface capable of running at
60 fps at 1000x1000 resolu-
tion. Available in color and
monochrome versions, the
camera incorporates Kodak’s
new KAI-01050 megapixel,
half-inch optical format.
www.prosilica.com.
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signal # plorer.

Mixed Signal Oscilloscopes

When you make an objective analysis
of mixed signal oscilloscopes, the
choice is clear. The Yokogawa
DL?000 MSO Series delivers the best
performance, versatility, and value for
your embedded design and testing
needs.

Contact Yokogawa for a free technical
evaluation, and discover how we can
help you accelerate development and
secure time to market.

Are You Getting Mixed Signals?

e i,‘"'_

Let us clear up the confusion!

Yokogawa Tektronix Agilent
DL9000 4000 6000, 7000

Channels 4 + 32 logic, 4 math | 4 + 16 logic, 1 math | 4 + 16 logic, 1 math
Logic Sample Rate 5GS/sec 500MS/sec 1GS/sec
Made in Japan China Malaysia
Warranty 3 years 3 years 1 year
Max. Update Rate 2.5 Million wfms/sec 35,000 wfms/sec 95,000 wfms/sec
# Bandwidth Filters 15 2 1
# Zoom Windows 2 1 1
Logic State Display Mode YES YES NO
Serial Bitstream Trigger YES NO NO
Serial Cursor YES NO NO
“Virtual D/A" Display YES NO NO

Visit www.DL9000.net

to view specifications, video comparisons, and more

QUALITY = INNOVATION = FORESIGHT

YOKOGAWA ¢

Yokogawa Corporation of America

800-447-9656

www.yokogawa.com/us
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Magnetic measurement tools attract attention

i

X-axis (right/west)

A magnetic sensor in the
road can determine vehicle

o /1 |

direction and type, distin-
guishing, for example, (top)

T—— N ——

a Silhouette van from (bot-
tom) a Saturn sedan.

Courtesy of Honeywell.

In one of the earliest mag- 80
netic measurements, primi-

tive mariners used lode- @ 40
stones—magnetized  pieces _%

of magnetite—to determine @

the earth’s magnetic field. ¥ _40
Today, thousands of applica- E
tions require the measure- -80
ment of magnetic fields. For 120

e
v

magnetic field that is greater
than the legal limit.

example, sensors in automo- 50
biles use the earth’s magnetic

field to help with navigation, 150

2550 5050

Time (ms)

Scientific uses of mag-
netic measurements include
disk-drive-read-head re-

7550

and roadway sensors exam- 100

X-axis (right/west)

search. The behavior of ma-

ine the magnetic signature of

I

terial in intense magnetic

vehicles going by to deter-
mine the type of vehicle and

h

fields is an area of active
study, and it is often neces-

sary to measure the intense

Earth'’s field (mG)
o

field that resistive, room-
temperature, and supercon-

ducting magnets produce

L f
its direction (figure). In an- \ /\ /
other application, geologists -50 \ ] 2
and earth-science researchers ~100
can detect iron ore and other
; . -150 T T
mineral anomalies by pre- 50 2550 5050 2550

cisely mapping
fields.

One of the primary military applica-
tions for magnetic-field measurement is
the detection of submarines. For exam-
ple, the submarine-hunting Orion P3C
military aircraft has a long tail boom to
house the magnetometer far away from
the engines and other sources of inter-
ference. Other military uses for magnetic
measurements include instrumentation
of small-caliber shells in the develop-
ment of ranging fuzes.

Countless other applications exist in
the industrial, scientific, and medical

magnetic

BOOK REVIEW

Thermography and the detectors
that make it work

The Ultimate Infrared Handbook for R&D Professionals,
FLIR Systems, www.fli.com. 40 pages. $29.95.

“Ultimate” is a risky tag to assign to
one’s literary efforts, and an infrared
(IR) expert might not think a 40-
page book could warrant that tag. But
for those of us with a passing famil-
iarity with IR technology, or for be-

Time (ms)

fields. Industrial customers may simply
need to verify the north and south
poles on magnets used in motors. Paul
Elliot, owner of Magnetic Sciences, a
vendor of magnetic-field sensors, re-
ports that installers of oil pipelines
need to measure the pipes to ensure
that no latent magnetism resides in the
steel. Many industrial users must mea-
sure the field of a magnet to ensure
that it has not lost its strength. Another
industrial use is to verify whether
shipping containers are emitting a

ginners just getting involved in
IR inspection applications, this short
book provides a wealth of valuable
introductory information as well as
specific information you can apply on

the job.

TEST & MEASUREMENT WORLD www.tmworld.com

during research.

Whatever your application,
you’ll find that measuring
magnetic fields requires specialized sen-
sors and a knowledge of physics and
electronics. You can use a variety of in-
struments, including gaussmeters,
teslameters, fluxmeters, and magnetome-
ters, to measure magnetism, and prices
for these units range from pennies to
hundreds of thousands of dollars.You can
learn which sensor fits your application
by reading the online version of this ar-
ticle in sibling publication EDN at www.
edn.com/article/ CA6578134.html.

Paul Rako, Technical Editor, EDN

Chapter 1 begins by de-
fining the IR range (900—
14,000 nm) and relates an

IR camera’s operation to
that of a digital video cam-
era, with a focal-plane array
implemented in thermal (mi-

crobolometer) or quantum
detector technology. It proceeds with a
background on blackbody radiation,
Planck’s law, and Wien’s displacement law;,
leading to a description of how to derive
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Speeds Part
Programming

User-proven MultiWriter with
simultaneous programming lets
you program up to 24 parts each
of up to 16 different types
simultaneously— that's up to
384 chips at once.

Program parts in usually less
than 30 seconds with clean
signals at data book rates.

It's the on-board programming
solution that simplifies your
process and lets you program
unique data like serial numbers
and date codes.

Available on CheckSum’s Analyst
tester and now on MultiWriter
pps, the world’s first production
system for on-board gang
programming.

Find out more at

www.checksum.com/multiwriter.asp
orall:

1-877-243-2578

CHECKSUM

Fully tested

TEST
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Thermography and the detectors that make it work (consinued)

temperature when given factors such as
an object’s emissivity, atmospheric atten-
uation, and ambient temperature.

Subsequent chapters cover topics
such as filters, detector types, high-speed
thermography, and how to make the
most of your IR camera. Chapter 2, for
example, provides details on quantum
detectors, which respond to IR inputs
by elevating electrons in the detector
material to higher energy states. Of
these types, the book notes, InSb and
quantum well infrared photon (QWIP)
types offer high sensitivity, detector uni-
formity, and relatively low cost.

TEST DATA MANAGEMENT

Chapter 3 provides information on
spot and area temperature measure-
ments, emissivity correction, and
camera specs. Filters, chapter 4 notes,
can be useful for materials that are
transparent or opaque to IR wave-
lengths. Chapter 5 describes high-
speed applications, such as tempera-
ture measurement of a 0.30-caliber
bullet in flight.

The book includes a table of FLIR
products as well as about five pages of
advertisements, including one from this
magazine and a competitor.

Rick Nelson, Editor in Chief

Share data across departments

No engineer works
alone. You're part of a
group, and members

Design engineering
Product engineering

QA engineering

Manufacturing
engineering

of a group work to- \

gether to develop new

products and charac-

Enterprise technology

terize designs.

And groups don’t
work in isolation, ei-
ther—each group
works with other
groups across an or-
ganization. Test engi-

Data storage

e Design evaluation data

® Production test data

¢ Test system confguration
Data management
Document control

neering must work

with design engi- /4

neering, production

test, quality assurance,
and other depart-
ments. Thus, people

Test engineering

Production test

and departments
need to share data.

“Enterprise software improves test-
engineering collaboration,” a paper
written by Gricha Raether of VI Tech-
nology, explains how you can use en-
terprise technology to share data among
the departments in your organization.
Raether explains that sharing data in-
volves more than simply saving test re-
sults in an Excel sheet. Often, you must
make data available in a database so
others can query the data depending on
their needs. Companies often store data
in an industry-standard format, but they
may use industry-specific software to
query the data and produce reports.

Enterprise technology helps engineers
in all departments share data.

Of course, you’'ll need to share more
than just the results of your tests.
Raether’s paper also discusses how you
can use enterprise software and LANs
to create test plans and then make the
plans available to people in design, test,
and production.

To learn more about enterprise soft-
ware, download the complete paper
from the online version of this article,
www.tmworld.com/2008_09.

Martin Rowe, Senior Technical Editor

www.tmworld.com TEST & MEASUREMENT WORLD



Here's The Idea Behind Our
Subampability Concepts!

Subampability; (sub-amp-ability). noun: The ability to use an amplifier individually, or
as a building block, upon which power can be added incrementally.

Grow as you go. One small step at a time. Building on what's already there.

AR has applied this age-old idea to amplifiers used for EMC testing. When you need a more powerful amplifier, now you can add the
power, instead of tossing out the old amp and starting all over again.

Add Power To Existing Amps.

With test specs constantly changing, it's an idea whose time has come. Many amplifiers within our “S” and “W” Series are designed so
that the power can be expanded with a relatively simple upgrade. Of course, the amplifiers can still be used individually when needed.

The latest examples are Models 10S4G11A (10 watts, 4-10.6 GHz) and 1554G8A (15 watts, 4-8 GHz). A fairly simple upgrade
performed by AR expands the 1054G11A to a 2054G11A (20 watts, 4-10.6 GHz) ... and the 1554G8A to a 3554G8A (35 watts, 4-8 GHz).

Once this initial upgrade is performed, the sky’s the limit. The 2054G11A and the 35S4G8A are like building blocks that can easily be
expanded by adding sub amps and controller/combiner units.

At AR, we're always thinking ahead. And we know you are, too. That's why you'll appreciate our Subampability concept ...
and the fact that all AR products are backed by the strongest, most comprehensive warranty in the industry, and a global support system
that's second to none.

To leam more, visit wwwar-worldwide.com or call us at 215-723-8181.
See Application Note #40 Expandable Power for further details.

Visit us at European Microwave Week 2008 1SO 9001:2000
October 27-31, Amsterdam RAI, Amsterdam, Netherlands, Booth #207 _ Certified

_n'®

rf/microwave instrumentation
Other ar divisions: modular If e receiver systems ® ar europe

USA 215-723-8181. For an applications engineer, call 800-933-8181.
In Europe, call ar UK 441-908-282766 * ar France 33-1-47-91-75-30 * emv GmbH 89-614-1710 * ar Benelux 31-172-423-000

Copyright © 2008 AR. The orange stripe on AR products is Reg. US. Pat. & TM. Off.



“I need an affordable power supply
that won't risk my DUTs.”

Done. And we added memory, too.

Introducing the Agilent U8000 Series single-output, non-programmable
power supply. It comes packed with more features than you'd normally expect
in an affordable power supply. Fully integrated overvoltage and overcurrent
protection keep your DUTs safe while you work. A keypad lock and physical
lock provide added security. And, the capability to save and recall up

to three memory states shortens set-up time and reduces mistakes.

What's more, it's an evolution of the best-selling Agilent E3600 Series and

backed by 40 years of experience
* Power Range - 90 W to 150 W

in power supplies, so you know it
« Voltage/Current Range - up to 30 V/5 A

has reliability you can count on.

© Agilent Technologies, Inc. 2008

Agilent Technologies




| Measurement tips from readers
. e a S

DPGA conditions signals with negative time constant

With two op amps and three analog switches, you can build a programmable amplifier
that conditions signals prior to digitizing.

By W. Stephen Woodward, Consultant, Chapel Hill, NC

igitally programmable gain ampli- 10 10
fiers (DPGAs) amplify or attenuate
analog signals, which maximizes an ana- 0.9 Negative RC = 0.9
log-to-digital converter’s (ADC’) dy- 0.8 bostive RC = Divergent exponential 0.8
namic range. Most monolithic DPGAs 0.7 C(;sr:ygfgent;xponential 07
such as the Maxim LTC6910 and the ' ’
National Semiconductor LPM8100 use 0.6 0.6

. . V=V, ere
a multiplying digital-to-analog con- v 05 N

verter (DAC) in an op amp’s feedback
loop so that the DAC’s input code sets
the amplifier’s closed-loop gain. Instead 0.3
of using a monolithic DPGA, you can 0.2
use two op amps and three analog
switches to build a DPGA that is based
on negative time constants. 0 0

You’re no doubt familiar with the Time
—t/RC

05V
0.4
0.3
0.2
0.1

0.4

0.1

e convergent exponential in which a
capacitor in an R C circuit asymptotically Figure 1 A negative time constant causes V to increase exponentially over time.

R1 Gain-programming PWM
t
7¢\2A1fK Gain = 2 (10ps + 0.5)
¢|1 J) : pC
S1 4T 69 ps = 1/14.5 kH
_ s . z
3 <1 A T=7.21ps S L
N\ X 4 _ 3 1 .
200
5l%0 h Vo vZ Vi p PWM
Vin R4 TMAX4053 C1 25ps |
_T_ ADB8606 s apse—t —>
| 0.001 pF s Amplify
- 7.21K 23 MAX4053 Sample
X0 09 S3
N 15413
= 1 [N, B | Ny14 ;
2
lh=lp=I3 j)JOSZ 12 Ix0 s
Therefore, if Ron1 = Ron2 = Rons, e %MAX4053
then Ron errors cancel.
hs
c3-cp=C1 Vour = Vina{10ps * 0-5)

+ v ]

Figure 2 Positive feedback from amplifier A1 causes C1 to increase in voltage, which amplifies V| exponentially.
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ideas

discharges to zero. For input V,V =
Vin/2att =T =log 2QRCV =V /4 at
t = 2T,V =V /8 at t = 3T, and so forth.

Less familiar, but just as simple, is the
behavior of the same RC topology
when R is replaced with an active cir-
cuit that synthesizes a negative resis-
tance (Figure 1). If you replace resistor
R with —R, you create a positive RC
time constant. Thus, you create a diver-
gent exponential, V e"/R€,

Instead of converging to zero, the
waveform theoretically diverges to infin-
ity,andV = 2V when t =T,V = 4V at
t = 2T,V = 8V at t = 3T, etc. Therefore,
you can amplify V by simply waiting
the right amount of time (t = log,(V/
Vi) T) after starting the “negative dis-
charge” The divergent exponential and
the negative time constant are the core
concepts of the circuit in Figure 2.

You can program the amplifier’s gain
with a pulse-width modulation (PWM)

signal produced from a microcontroller
or other circuit. When the PWM signal
goes to logic 0, sample-and-hold ca-
pacitor C1 charges to V. When the
PWM signal cycles to logic 1, op amp
A1 drives the R1C1 positive-feedback
loop, creating a negative time constant.
The resulting divergent exponential
rise of C1’s charge continues as long as
the PWM signal remains at logic 1.That
creates a net voltage gain of Vo r(t) =
VINz(t/l(ms + .5)_ Thus, gain = 2([/1()}45 + .5),
and log(gain) = 3 + 0.6 dB/us. At the
end of the amplification cycle, when
PWM returns to logic 0, amplifier A2
captures and holds the amplified V.
The logarithmic relationship between
gain and timing provides excellent gain
resolution even when a PWM signal has
just 8 bits of resolution and its program-
mable gain has a wide range—better than
0.2 dB/LSB_step. (The online version of
this article includes log and linear plots of

gain versus time using the amplify phase,
www.tmworld.com/2008_09.)

The accuracy and repeatability of the
timing of the exponential signal, the
ADC sampling, the jitter, and the RC
time constant stability all limit the am-
plifier’s gain-programming accuracy. In
Figure 2, 1 ns of timing error or jitter
produces 0.007% of gain-programming
error. Fortunately, the near ubiquity of
programmable timer/counter hardware
in microcontrollers and data-acquisi-
tion systems usually makes it easy to
digitally generate a repeatable PWM
control signal. T&’MW

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

Send your ideas to:
tmwtestideas@reedbusiness.com.

Wiring Fault Found . . .

Do wiring faults, corrosion or contamination cause “Fault Not Found”
during your maintenance? Locate the faults with the field deployable
DITMCO Model 2651 and eliminate costly delays and downtime.

The Model 2651, designed for intrinsically safe operation in explosive
environments, provides full festing of wiring systems, relay panels, circuit
breaker boxes and control assemblies. The 2651 operates in harsh
environmental condifions for use af maintenance facilities.

® Rugged portable design

o MIL-STD-8 10F Method 511 .4 certified

® MILPRF-28800 Class 3 compliant

e Programmable up to 1500 VDC and 2A

e Fault locator option available
® Test data archiving and trend
analysis available

==| DIT-MCO
Q@ International

Call 800-821-3487 or visit www.dit-mco.com

for more information.

© 2008 DITMCO® International Corporation. All brands and products are registered trademarks or trademarks of their respective holders. All rights reserved. EOE.
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~NEW:

.Infrared Ca mera

NEW 5C660

Science Grade Infrared Camera System
Infrared and visible spectrum images of superior quality NEW Thermovision® A320/A325
and temperature measurement accuracy. R&D StartIR Kits

+ Uncooled 640 x 480 IR Detector Array

« Thermal Sensitivity <45mK

« Built-in 3.2 Mpixel visual camera

« Temperature Range: -40°C to 1500°C

« Full Radiometric Real-Time Video To PC

« Automatic GPS Data

+ Test and Voice Annotation

« Optional Wireless Remote Operation

Infrared Camera Systems
Affordable, accurate, and intelligent solutions for
Research and Development applications.

+ Ethernet Connectivity

+ Integrated ExaminlR™ Software

» Longwave Imaging Performance

« Compact, Rugged, and Lightweight

+ Real-Time Digital Video Recording

« Precision, Non-Contact Temperature Measurement
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RF/MICROWAVE TEST

BitWave Semiconductor has developed
a software-defined radio IC that
supports multiple RF wireless standards
and requires test methods that are as
flexible as the device itself.

“RFIC

for the

BY MARTIN ROWE, SENIOR TECHNICAL EDITOR

OWELL, MA—When you use your cellphone indoors, do you

lose the signal? When you need to travel overseas, do you need

another phone because yours isn’t compatible with the net-

work? Have you had to replace your phone because your car-

rier upgraded to a new network? If you answered “yes” to any

of these questions, then you will appreciate the work being
done at BitWave Semiconductor.

Engineers at this fabless semiconductor company have developed a soft-
ware-defined radio (SDR) IC that can morph itself to work with at least
16 wireless network interfaces, including GSM, WCDMA, WiFi, WiMAX,
and UMTS long term evolution (LTE). Because BitWave’s IC is so flexible,
the engineers must verify that it will work on any network anywhere in
the world.

The first prototypes of the device, called the “Softransceiver RFIC,”
were available in early 2007, and the IC is now nearing commercial release,
with engineers testing and characterizing the devices in production vol-
umes. “Inside the Softransceiver,” p. 39, explains how the device works at
frequencies from 700 MHz to 3.8 GHz.

System engineer Mark D’Amato evaluates preproduction devices in
simulated networks. System engineer Rick Quintal characterizes the ICs
for physical-layer compliance. And test engineer Sreekar Javvadi pulls the
testing together by automating tests that would otherwise take years to
perform.

Quintal, Javvadi, and D’Amato work in a lab equipped with several
benches that contain identical equipment: spectrum analyzers, logic ana-
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lyzers, vector signal generators, and digital serial
interface modules (DSIMs) from Agilent Tech-
nologies. The engineers also use vector signal
analyzer software and Baseband Studio baseband
capture and playback software from Agilent and
an in-house test tool called the “Softuner.” All
benches are automated with LabView from Na-
tional Instruments. Figure 1 shows how the
equipment and software connect. Because all
test benches contain the same equipment, engi-
neers can run any test on any bench.

“We needed our test stands to be as program-
mable as our devices, to cover all frequencies
and protocols” said D’Amato.“We couldn’t build
dedicated test benches for each wireless tech-
nology or we’d have dozens of them.”

Before D’Amato can test a Softransceiver,
Quintal must characterize the device’s program-
mable radio components, which include RF
amplifiers, voltage-controlled oscillators (VCOs),
mixers, filters, local oscillators (LOs), baseband
amplifiers, and analog-to-digital converters
(ADCs). He tests these components for param-
eters such as bandwidth, carrier suppression,
sideband suppression, noise, and signal-to-noise
ratio (SNR).

First silicon

When Quintal gets the first parts from the
foundry, he may perform some tests manually
using the Softuner. He uses an evaluation board
(Figure 2) that provides him with access to RF
and digital signals and to the device’s program-
ming registers. The board lets him configure the
device’s registers from a PC through a USB port.
An interface IC on the board converts the USB
signals to Serial Peripheral Interface (SPI) for-
mat for communication with the Softransceiver
RFIC.

The Softuner provides Quintal with many
pages that he uses to configure the RFIC’s pro-
grammable components. He also configures the
RFIC using an application programming inter-
face (API) when he needs to write directly to
the device’s registers. Baseband Studio lets Quin-
tal create and capture signals such as digital I/Q
modulation signals and send them to the device
in digital format through the DSIM.

Beginning with a receiver test, Quintal con-
figures the RFIC for the most demanding chan-
nel bandwidths and frequencies. The goal: De-
termine the performance envelope of the device
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and compare it to the requirements for
all wireless standards.

“You have to know that the chip
works before you can characterize it,”
said Quintal. He will spend up to two
months characterizing initial parts before
they’re ready for automated tests. He
starts by configuring the RFIC’s receiver
to get basic measurements.

Using a vector signal generator, Quin-
tal injects a modulated carrier into the
Softransceiver’s RF input, keeping the
device’s internal amplifier gains low. “We
start with a sine/cosine I/Q signal and
look for carrier suppression, sideband
suppression, and output power,” he said.
He also sweeps the intermediate fre-
quency (IF) carrier of the device from
DC to 40 MHz to check how the base-
band section responds, and he sweeps the
RF input from 700 MHz to 5 GHz
while looking at the receiver’s response
to find the optimal frequency. To per-
form these tests, Quintal connects the
device’s 12-bit digital I/Q output to a
logic analyzer.

The device’s transmitter section has an
LO and a mixer. To test the transmitter,
Quintal enters digital data from the
DSIM and measures the gain and band-
width from the transmitter’s analog out-
put with a spectrum analyzer. He modu-

Vector signal
generator

C

>

8

B[ Softransceiver 1 B
i evaluation

board . :]
o= —"

Sy m——

Digital signal

Spectrum interface module
analyzer Softuner

Vector signal analyzer

Baseband studio PC

LabView

Ethernet‘ USB
Ld

FIGURE 1. RF and digital test equipment populate several test benches in BitWave’s

engineering lab.

lates the carrier with a sine-cosine tone
from DC to 40 MHz and measures the
baseband section’s response.

Once Quintal finds the frequency with
the best response, he may need to tune
the device based on customer require-
ments. For example, if the customer will
use the RFIC for 2.1-GHz WCDMA,
then Quintal will use the Softuner to op-

/

timize the device for that frequency.
Using the Softuner’s tuning page, Quintal
adjusts parameters such as filter band-
width, which must change depending on
the device’s configuration. The tuning
page contains a virtual “knob” for band-
width. Turning that knob actually causes
the software to write to four or five reg-
isters that configure the device’s internal
filters.

To characterize the receiver, Quintal
must measure conversion gain, frequency
response, and SNR. He injects a two-
tone signal into the receiver from which
he calculates third-order intercept, gain,
and linearity. He will also use the vector
signal analyzer software to measure S-
parameters in order to characterize the
device in the frequency domain.

Quintal also looks at VCO bias cur-
rent, which can range from a few micro-
amps to 20 mA. He then optimizes the
device for minimum bias current. He
also looks at performance versus power
consumption.

Because the Softransceiver contains
programmable function blocks, Quintal
can change the device’s architecture, in-
cluding the internal ADC. There isn’t
one ADC architecture that works best
for all wireless technologies. For exam-
ple, the Softransceiver will configure it-
self for a 4-bit delta-sigma ADC when it

Systems engineer Rick Quintal evaluates components such as RF amplifiers, mi
and oscillators for compliance with physical-layer standards.
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needs to operate as a WCDMA interface,
but it might use a 10-bit pipeline con-

Xers,

www.tmworld.com TEST & MEASUREMENT WORLD



verter for other standards. Both architec-
tures are already designed into the silicon
and can be configured from the same
shared building blocks; the Softransceiver
configures whichever converter is better
for a given application.

In addition to performing tests that
verify the basic functionality of the IC,
Quintal also needs to test it under a
range of conditions. For example, he
must test the device over a standard in-
dustrial temperature range (-30°C to
85°C), with several power-supply volt-
age, and in the presence of radiated
interference.

The device uses four DC voltages (1.2
V, 1.5V, 1.8V, and 3.3V) that the evalua-
tion board regulates down from 5 V.

Quintal tests the device by changing
each voltage by +10% from nominal.
Quintal looks at how electromagnetic
interference (EMI) and noise affect the
VCO’s phase noise. An increase in phase
noise will decrease the eye opening of a
received data stream, making it harder
for the receiver to accurately detect bits.
Quintal noted that an open board is just
about the worst test condition possible
with regard to EMI. Using a shield,
Quintal gets a baseline phase-noise
measurement. Then, he adds noise to a
transmitter’s analog input, looking for
phase-noise changes from the VCO
output. He also tests the RFIC with
noisy DC power, looking for phase-

noise differences. (continued)

Inside the Softransceiver

RFICs used in today'’s cellphones are designed for a specific
cellular protocol. That limits a phone’s usefulness. “Cell-

phone users want their phone to work everywhere,” noted
BitWave cofounder and chief marketing officer Russell Cyr. In
order to operate in multiple networks, a phone needs addi-
tional RFICs, which adds to the phone'’s bill of materials. It
also means that only one RFIC is in use at any time.

With the Softransceiver RFIC, the engineers at BitWave

FIGURE 2. An evaluation board provides
access to the RF and digital sections of
the BitWave RFIC. It also supplies power

and control signals that configure the
device. Courtesy of BitWave Semiconductor.

downconverter

RF ADC || DSP

have designed a device that can adapt itself to whichever
wireless technology it encounters, including GSM, EDGE,

FIGURE A. A traditional SDR moves the ADC as close
to the antenna as possible.

WCDMA, HSDPA, EVDO, and LTE. To provide seamless coverage between standards such as GSM and WCDMA,
the Softransceiver must perform a compressed mode handoff in 125 ps. Additionally, the Softransceiver must be
able to switch modes fast enough that end users don't perceive a delay.

The Softransceiver will typically switch frequencies and protocols in about 250 ps, but the time depends primarily
upon the synthesizer settling time. In addition to changing wireless protocols, the Softransceiver must also work at
frequencies from 700 MHz to 3.8 GHz. To make the transformation, the Softransceiver contains programmable RF
function blocks such as RF amplifiers, VCOs, mixers, filters, LOs, baseband amplifiers, and ADCs.

The BitWave device isn't a typical SDR. Most SDRs use a high-speed ADC to digitize the incoming signal as close
to the antenna as possible. Depending on the carrier frequency, an ADC may be able to digitize an RF signal or it
may digitize a signal mixed down to an IF. Then, a DSP demodulates the digitized signal (Figure A).

BitWave takes a different approach. The company’s RFIC replaces a traditional transceiver and includes all the RF
blocks from a low-noise amplifier to a digital I/Q interface and includes blocks such as mixers and filters. These sub-
systems produce a digital I/Q signal that is passed to a baseband modem and demodulated. The baseband modem
can then use the information to connect with speakers, microphones, and keyboards (Figure B). The device also

connects to an RF front end that contains filters and
amplifiers.
To reconfigure itself, the BitWave device contains

BitWave Digital a database of configuration data. An 8051 micro-
- R;F 4 [ Softransceiver VO | Baseband controller core, embedded in the chip, manages
ronten (RF subsystem) processor the device's configuration and calibration whenever

the phone changes wireless interfaces. Built on a
130-pm CMOS process, the BitWave device takes
up no more space, nor does it use any more power,
than a dedicated RFIC.—Martin Rowe

FIGURE B. The Softransceiver consists of a programmable RF
transceiver that includes functional blocks from the front end
through a digital I/Q interface to the baseband processor.
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spreadsheets.

Automation saves time

Quintal currently performs many tests
manually using the Softuner tool but his
colleague Sreekar Javvadi is working to
automate the tests. Using LabView, Ja-
vvadi is developing a long list of tests that
will automate Quintal’s work, reducing
test time and providing more repeatable
measurements.

BitWave hired test-services company
Anagon to develop the overall architec-
ture for automated testing. Javvadi sup-
plements the architecture by developing
and running specific tests.

Taking data from Quintal’s tests, Ja-
vvadi has developed Excel spreadsheets
of test parameters that include the data
needed for standards-compliance tests.
To configure the device, the LabView
code reads configuration data from an
Excel sheet for a wireless standard such
as GSM or WCDMA.

Each compliance test uses a set of
LabView virtual instruments (VIs) that
make APT calls to the RFIC that config-
ures its internal function blocks. The VI
then makes API calls directly to the de-
vice’s registers. For example, an APT call
to the device will configure its RF sec-
tion, such as an LO or a filter. Table 1
provides examples of file names used for
some transmitter and clock tests. Figure
3 shows an example of LabView code
used for measuring the transfer function
of an RF filter used on the RFIC’s re-
ceiver block.

/]

“At this stage, we pass real data to the
device, modulated on an RF signal,” said
Javvadi. “The modulation schemes de-
pend on the compliance standard.”

Javvadi doesn’t just develop automa-
tion software, he runs tests, too. He’ll run
automated tests to verify that his code is
properly written by comparing his re-
sults to those measured by Quintal. Once
satisfied with the software quality, Javvadi
will test as many as 200 devices from
which he can develop enough statistics
to conclude that the design will pass
compliance tests.

Because a test involves thousands of
measurements on at least 16 wireless
standards, an evaluation can generate
more data than Excel can hold. To pro-
cess the data, Javvadi will import the test
results into Matlab for analysis. “We can
call Matlab from LabView and analyze
data on the fly,” he said.

Into the system

While characterization and compliance
tests are crucial, testing isn’t complete
until systems engineer Mark D’Amato
runs system-level tests. D’Amato com-
bines the data from Quintal’s charac-
terization tests and Javvadi’s test auto-
mation into tests that determine how
well the Softransceiver will respond
when integrated into a cellphone. In-
stead of treating the device’s receiver
and transmitter separately, D’Amato
treats the entire RFIC as if it were a
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“black box,” and he studies how it in-
teracts with surrounding circuits.

As part of a system test, D’Amato
often has to define a new function
block depending on the system sur-
rounding the IC.“I need to verify that
the receiver/transmitter pair passes
certain linearity tests. I apply what
Rick and Sreekar have learned about a
device. We have many adjustments to
make in the device because it must in-
teroperate with over 16 different wire-
less standards.”

D’Amato’s job is to fine-tune the
RFIC until it works. He looks at its
performance data and then investigates
how to tune the RFIC’s functional
blocks such as VCOs, filters, and mix-
ers. The device has five RF stages
and each needs tuning. By program-
ming the device’s registers, D’Amato
can adjust component values that
change the device’s characteristics.
He looks at the device amplifiers to
determine their gain, bandwidth, and
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FIGURE 3. LabView code writes data to the DUT’s registers to measure a filter’s
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other parameters before reprogram-
ming the device.

D’Amato uses the Softuner’s tuning
pages to make adjustments. The tool
provides access to the components that
make up programmable amplifiers where
D’Amato adjusts gain and frequency re-

sponse. “When you change a setting on
the tuning page,” said D’Amato, “it
pushes that change down to the appro-
priate register. When you make a change
to a register through an API call using
LabView, the change pushes back up to
the tuning tool.” (continued)

with In-Phase for Microwave
and RF Special Test Equipment ...

We’ll build to print. Design to spec.And test to spec.
Look to Ir-Phase \

for system upgrades,
custom test fixtures,
and STE design and
manufacture

In-Phase offers

innovative test solutions

for your RF and

microwave products and

systems:

* Develop andlor upgrade your ATE systems

* Design, develop, and build test fixtures, special test
equipment, and ITAs

* LabVIEW source code provided. Mechanical and
electrical drawing provided. Open HIW and SIW

architecture
* SOW compliance demonstrated by ATP

PO.Box 367
Hytek Corporate Center #4
9 Trenton-Lakewood Rd.
Clarksburg, NJ 08510
Telephone: 609-259-8555
Fax: 609-259-8556

Email: sales.2 | 00@in-phasetech.com

Details at in-phasetech.com

Image of Erector® aircraft provided by NIKKO America, exclusive U.S. distributor of Erector

Technologies, Inc.

‘4/

TEST & MEASUREMENT WORLD www.tmworld.com SEPTEMBER 2008 41




RF/MICROWAVE TEST

Table 1. Function calls and the tests they perform.
Test# File name Block Test Type Measure port
1 TXLO_OPEN_LOOP TXVCO Band selectand KVCO  AUTO  RFVGA
2 TXLO_OPEN_LOOP TXVCO Phase noise AUTO  RFVGA
3 TXLO_OPEN_LOOP TXVCO VCO pushing AUTO  RFVGA
4 BBCLK_PHASE_NOISE BBCLK Frequency stability AUTO  SYSCLK
5 TXSYNTH_CLOSED_ TXSYNTH  Lock test and AUTO  RFVGA
LOOP phase noise

To perform the tests, D’Amato uses
the vector signal generator to generate
the cellular-modulation signals. Be-
cause the RFIC can also reconfigure
itself to connect to WiFi networks to
keep calls intact, D’Amato tests the de-
vices using cells from RadioFrame
Networks.

“We send jamming signals to the de-
vice to verify how well it works in the
presence of interference. We must main-
tain communications in the presence of’
noise. Thus, we measure signal-to-noise

ratio on receivers to see how much
noise they can tolerate and still receive
properly”” SNR is just one of many tests
required by wireless standards. The data
for these tests resides in the spreadsheets
that Quintal generates.

Given that the BitWave Softrans-
ceiver RFIC is the first reconfigurable
SDR, D’Amato has run into limitations
on the test equipment he uses. “Our
I/Q modulation signal is digital as
where most other RFICs use analog
signals,” he said. D’Amato uses the

DSIM to generate the 16-bit digital 1/
Q modulation signal. From that signal,
the device’s embedded digital signal
processor (DSP) generates a 12-bit I/Q
signal that becomes the output of the
RFIC’s receiver port. Using a logic an-
alyzer, he captures the resulting 12-bit
I/Q signal at 15.6 Msamples/s.

The logic analyzer lets D’Amato an-
alyze the digital modulation for signal
integrity with a vector signal analyzer.
Looking at the RFIC from a system
level, he uses the data to make adjust-
ments to the device’s internal blocks
and thus he can verify that the RFIC
will work under all of the wireless stan-
dards it supports.

Because the Softransceiver supports
so many wireless standards, BitWave en-
gineers have perhaps the most expen-
sive RF test equipment available. That’s
because the company had to purchase a
personality profile for each standard.
Most RFICs support just one standard
and thus need just one profile. T’RMW
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BOARD TEST

The consortium has
initiated projects for
assessing functional
test and board
flexure and for
encouraging the use
of boundary scan.

INEMI addresses

BOARD QUALITY

BY STEVE SCHEIBER, CONTRIBUTING TECHNICAL EDITOR

he International Electronics Manufacturing
I Initiative iNEMI) consortium of companies
has initiated three projects intended to help
manufacturers improve the quality of printed-cir-
cuit boards (PCBs). One project aims to establish a
standard methodology for assessing functional-test
fault coverage, the second will encourage wider
adoption of boundary scan by components manu-
facturers, and the third aims to establish a method
for testing the mechanical performance of printed-
circuit assemblies.
iNEMI’s stated mission is to identify and close
technology gaps by encouraging the accelerated
deployment of new technology, the development
of industry infrastructure, the dissemination of ef-
ficient business practices, and the stimulation of
standards. The consortium executes projects
through Technology Integration Groups (TIGs) or-
ganized around specific areas identified in an
iNEMI roadmap that assesses the industry’s most
critical needs. Figure 1 presents the roadmap’s
basic project model. Board-level projects are being

TEST & MEASUREMENT WORLD www.tmworld.com

pursued through the Board and Systems Manufac-
turing Test TIG chaired by Rosa Reinosa from
Hewlett-Packard and J.J. Grealish of Intel.

Assessing functional-test fault coverage
The first project begun under iNEMI’s board-test
TIG seeks to create a quantitative model to esti-
mate and predict functional-test fault coverage.
Tony Taylor, test-development engineer at Intel,
originally proposed the idea to a forum of board
manufacturers and equipment suppliers in Taiwan
in 2006. Forum participants wanted feedback from
the wider industry in order to establish consistent
guidelines, and they suggested that Taylor work
with iNEMI. Chaired by Taylor, the project in-
volves a number of otherwise highly competitive
companies that have maintained an atmosphere of
cooperation, recognizing that the result of their
work will benefit everyone.

“We understood from the beginning that func-
tional test was fundamentally different from struc-
tural techniques like in-circuit test [ICT] and auto-
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”
s

mated-optical inspection [AOI]
commented Taylor. “Those approaches
permit a fairly consistent fault-coverage
methodology because they rely on rela-
tively predictable criteria and utilize
vendor-supplied equipment.”

He added, “Functional test has to run
at speed and in the product’s native envi-
ronment. Monitoring a board’s perfor-
mance using conventional rack-and-
stack instruments or cards with difterent
features from difterent vendors inevitably
produces a wide variety of results. Also,
in a functional test you can narrow a
problem down to the circuit elements
that perform a particular function, but
not necessarily to the condition or be-
havior of a single component. There is
no way to fully automate fault-coverage
analysis.”

The group realized early on that al-
though the various board-test tech-
niques overlap to some extent, func-
tional test can provide information
about circuit performance that struc-
tural test cannot. The goal was to rein-
terpret functional tests in terms of their
structural equivalents where possible,
add functional-test’s unique coverage
capabilities, and create a framework that
companies throughout the industry
could use as a reference. INEMI would
then release the results.

“We wanted to involve companies
representing all perspectives in board
test,” Taylor continued. “Participants
brought with them unique points of
view and a vast array of experience. The

Technology
evolution

Product
needs

Roadmap

Available
to market

Competitive
solutions

iNEMI
members
collaborate

Projects

Global
industry
participation

No work
required

GAP
analysis

Academia

Industry solution
needed

FIGURE 1. The basic flow chart for projects initiated through iINEMI TIGs shows that
the organization consults with manufacturers as well as with academics and govern-
ment bodies. source: iNEMI 2007 Test, Inspection, and Measurement Roadmap. Courtesy of INEMI.

project will begin by laying the method-
ological groundwork. Then, the compa-
nies will implement the approach and
provide feedback on its validity.”

One concern in creating a methodol-
ogy is determining the assessment crite-
ria. An initial paper analysis—in which
engineers analyze board schematics and
test code—will provide a first-pass spec-
ification on how to determine whether
a test program covers a board’s critical
features. The paper analysis alone will
generally suffice for inexpensive or low-
margin boards featuring primarily stable
technology. Observing the test by hook-

I Portable
100 Medical -
90 I Defense —

[ Automotive

I Office

Percent of board nodes

2005 2007
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FIGURE 2. The erosion of electrical access to board nodes for testing is making it

more urgent for manufacturers to adopt boundary scan.
Source: INEMI 2007 Test, Inspection, and Measurement Roadmap. Courtesy of iNEMI.
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ing a board up to actual instruments can
increase confidence in the paper analy-
sis, but it adds to the cost and time re-
quired. Test budgets may not permit
these extra steps on inexpensive boards,
boards with high component counts
(which dramatically increase assessment
time), and high-complexity circuits that
can render fault-coverage determination
both time-consuming and ambiguous.

If the product warrants a high-confi-
dence fault-coverage assessment, an ad-
ditional step will inject faults to deter-
mine whether running the test on a
board with a known defect will identify
the defect. The paper analysis might pre-
dict that a test will cover certain faults,
but observation may show that the pre-
dicted coverage is not valid when the
test actually runs.

Consider AC-coupled differential
pairs using coupling capacitors. In some
circuits, removing a coupling capacitor
will not cause the test to fail. The difter-
ential line with an open can capacitively
couple across other traces or connector/
component pins and still arrive at the
differential receiver, albeit with marginal
signal integrity. The paper analysis pre-
dicted a failure, but the actual test passes
in spite of the fault. In actual use, such a
board may exhibit intermittent failures.

In another case, tracing through a sec-
tion of test code might indicate a certain
level of coverage, but because of a coding
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error, that section of the code never ac-
tually executes. Again, the paper analysis
predicted coverage that did not exist.

The TIG is proposing a methodology
that consists of
e reinterpreting functional test in exist-
ing structural-coverage terms,

e introducing new coverage elements
unique to functional test, and

e reporting functional test coverage in a
meaningful and reproducible manner.

The group will apply the methodology
to three disparate products—an implant-
able medical product, an optical network-
ing board, and a PC server board—that
offer a range of technologies, complexi-
ties, and consequences of failure.

“We’ll exercise our initial methodol-
ogy on the products,” continued Taylor,
“then apply what we learn to fine-tune
it, iterating to a usable framework. We
will release enough information about
our proposed solution and sample results
to allow nonparticipating companies to
take advantage of our efforts without re-
vealing any proprietary information.”

He cautioned,“Our intention is not to
simplify the process, but to create consis-
tency in the industry. Initially, we’ll run
statistical reports to establish a baseline.
That information will allow us to evalu-
ate the advantages and disadvantages and
what the numbers really mean.”

If all goes according to plan, the
group’s conclusions should be available
by the end of the year.

Spreading the gospel of
boundary scan
Boundary scan evolved almost two de-
cades ago to cope with ever-declining
access to logic nodes on crowded and
complex PCBs (Figure 2). Designers
have resisted using the technique because
of its design-time overhead and con-
sumption of precious real estate, along
with a perception that adopting bound-
ary scan would have a deleterious (if in-
tangible) effect on board “performance.”
Evolving board technology has in-
creased the pressure from test engineers
to include boundary scan in board de-
signs. So, the board-test TIG launched a
project to determine the level of accep-
tance among component manufacturers
and to develop strategies to improve that
acceptance and encourage the standard-
ization of component-level implementa-

tion. Steve Butkovich of Cisco was cho-
sen to head the project because the
nature of Cisco’s products and processes
long ago elevated boundary scan to a top
priority issue at the company. Other par-
ticipants include representatives from a
variety of companies, including OEMs
and contract manufacturers.

“When asked why they haven’t em-
braced the technique more enthusiasti-
cally,” Butkovich commented, “compo-
nent vendors contended that there is no
market—not enough demand from indi-

“We all see that traditional ICT meth-
ods have become ever more difficult and
impractical to get adequate test cover-
age,” he continued. “Because of the types
of products we make [Figure 3], many
of our boards include little or no con-
ventional access. Inspection hasn’t pro-
vided an effective solution. We need a
valid electrical test.”

The project’s initial effort will survey
12 to 15 companies, analyzing the infor-
mation received to fine-tune a wider
survey of as many as 100 companies. The

FIGURE 3. Complex boards like this one with little or no conventional access to
logic nodes demand boundary scan to permit a comprehensive test. courtesy of Cisco.

vidual customers. One purpose of our
project is to bring the request to vendors
in an industry forum instead of just from
a few individual companies. That way we
give it more weight.”

Advances in device technology have
dramatically reduced the validity of the
designers’ early arguments, according to
Butkovich. “To start with, some of the
component vendors who implemented
boundary scan didn’t do it very well,” he
said.“The extra circuitry might add 4000
or 5000 gates to a device, but as gates
have shrunk, the amount of real estate it
[boundary scan] consumes has become
insignificant. Automated tools have re-
duced designers’ time to at most a couple
of days. The cost premium, once 15%,
has fallen to the point where adding
boundary scan shouldn’t increase device
costs at all.”

Butkovich contends that presenting
the need for boundary scan to vendors
in an industry forum brings it in at a
high level, emphasizing that the capabil-
ity is essential to test a lot of products.
Vendors shouldn’t consider the inclusion
of boundary-scan components as a com-
petitive advantage, but rather as a base-
line requirement that all product manu-
facturers should embrace.

TEST & MEASUREMENT WORLD www.tmworld.com

scope of the survey will help let board
and system manufacturers know that
they aren’t alone—that the need for this
capability in the devices they buy is not
unique to a single company or a small
subset of companies, but is in fact an in-
dustry-wide issue.

“This is everyone’s business,” Butkov-
ich insisted. “We want the project to en-
courage vendors to get proper tools in
place to make the transition to routinely
producing boundary-scan devices as easy
as possible by pinging the device design-
ers themselves. We know what the de-
signers did two years ago by looking at
products already on the market. The sur-
vey will tell us what is currently in the
pipeline.”

The first surveys have already been sent
out. Butkovich expects the data-gathering
phase to be complete by late September.
After that comes the task of publishing
the data and disseminating it to the indus-
try at large. He noted that published re-
sults will include only trends and statistics,
not individual comments, protecting the
anonymity of the participants.

Like Taylor, Butkovich found that
working with these otherwise highly
competitive companies fostered high
levels of cooperation and mutual sup-
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BOARD TEST

port.“The companies may compete with
each other,” he remarked, “but test engi-
neers don’t generally perceive themselves
that way. The project isn’t about propri-
etary information, but addresses methods
that everyone can use to raise the quality
bar for everybody. By involving iNEMI,
we have created a kind of demilitarized
zone for moving the industry forward as
a whole. It’s one of the reasons compa-
nies join iNEMI.”

That’s the way the board bends

The move to lead-free solder, combined
with the circuit densities and component
types found on today’s PCBs, has aggra-
vated the potential consequences of board
deformation that occurs during manufac-
turing, handling, and normal use. The
standards established to measure board
susceptibility to flexure damage—IPC/
JEDEC 9702 and 9704—need updating
to reflect these technology changes. In
addition, inconsistencies in the ways that
manufacturers apply existing strain-test

One goal was to
incorporate the
spherical-bend test
into a standard for
verifying mechanical
performance.

methods create confusion in assessing
damage risks. These concerns spawned
the Board Flexure Standardization Proj-
ect, chaired by Reinosa of HP and co-
chaired by Alan McAllister of Intel.
Reinosa explained that one of the first
goals of the project was to incorporate the
spherical-bend test method (Figure 4)
into a standard to verify a board’s me-
chanical performance.“The current IPC/
JEDEC 9702 standard outlines the four-
point bend technique,” she commented,
“but it doesn’t include the spherical-bend
test method. Intel developed the approach
to look more precisely at worst-case
bend-test conditions, and HP and other
companies have adopted it. Spherical
bend will help component manufacturers
to more accurately determine the strain
limits for particular packages. The IPC
may use our results to modify the existing

standard, or they may decide to introduce
it as a separate one.”

The board-flexure project also plans
to address the way that manufacturers
present strain specifications. Reinosa put
it this way, “There are two ways to ex-
press maximum strain—principal strain
and diagonal strain. Customers may not
understand the distinction. Manufactur-
ers and vendors must express and use
strain limits consistently.”

Part of introducing a new strain-mea-
surement standard or modifying an ex-
isting one is understanding the factors
that aftect board strain. Some of the par-
ticipating companies have already begun
this part of the investigation. “We are
looking at the effects of various materials
and board features, such as board lami-
nates, BGA [ball-grid array| package
sizes, and sizes and types of solder pads,”
Reinosa remarked. “The results depend
on the type of solder, for example. Lead-
free solders are stiffer than the leaded va-
riety. When a board deforms, more of the
load transfers to the board laminate and
the pad interfaces than with tin-lead sol-
der, so manufacturers need to reduce the
maximum permissible strain to ensure
board quality.

“Whatever recommendations we
make to the standards organizations will
not define actual strain limits for particu-
lar boards, components, or technologies,”
Reinosa emphasized. “Every company
has to decide the maximum risk level
that each board or product can tolerate.
Component manufacturers may quote a
different strain limit for each BGA they
make, so a board’s limit depends on the
design, materials, and BGA mix on that
board. Even within a company, the limits
may depend on each product’s use. Lap-
tops and cellphones, for example, experi-
ence much more cyclic strain than would
the motherboard in a desktop PC.”

The project’s participants will also
likely agree to disagree over failure crite-
ria. Deciding what test results justify fail-
ing a board will depend on the character-
istics of each product, product line, and
specific company guidelines. “For one
product, a company may consider any
damage as a failure,” Reinosa observed.
“Another product or another company
might have a different failure criterion.”

To succeed in moving standards for-
ward, the project has to generate, analyze,
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FIGURE 4. The spherical-bend test provides an accurate
picture of how the device will respond to board stress.

Courtesy of Hewlett-Packard.

and present a lot of data. “IPC and
JEDEC won'’t change their standards un-
less they can match the proposed changes
against real manufacturer experience.
The companies involved will have to
share their experimental data. The infor-
mation provided to the public may be

more general, but with-
out the specific data,
the committees will
not take the needed
actions.”

Like the other board-
level projects, the flex-
ure project runs on a
relatively tight schedule.
The group plans to
present its findings to
IPC and JEDEC by the
end of 2008. Reinosa
expects a decision from
those bodies much
more quickly than
often occurs in stan-
dards debates.

“By working through iNEMI,” she
said,“by the time we make our proposal,
we will have already consolidated nu-
merous contrasting opinions. This type
of project also brings together compa-
nies with experience in different aspects
of the problem under discussion. One

company may know more about lami-
nates, another about package sizes, still
another may be an expert in solder-
joint characteristics. They each will
present their findings, and our standards
proposal will present a consensus as
much as possible.”

Reinosa continued, “We are not look-
ing to mandate or even recommend
maximum strain-level standards for
board thicknesses, materials, or any other
particulars in the manufacturing process
itself. Our goal is only to provide a
proven methodology for determining
strain limits. Currently, OEMs may
specify different acceptance criteria to
the same contract manufacturers. By of-
fering a new set of standards that reflect
the evolution in board technology and
methodologies that has occurred since
the previous standards were adopted, we
hope to help manufacturers provide
consistent, predictable performance and
reliability of the boards when they reach
customers.” T&MW
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Using a function generator
and an oscilloscope, you can
measure gain and phase shift
versus frequency in a power
supply’s control loop.

Measure power-supply

LOOP TRANSFER

BY FREDERIK DOSTAL, NATIONAL SEMICONDUCTOR

ower supplies use control-loop circuits to
Pproduce constant voltage or current. The
transfer function—gain and phase as a func-
tion of frequency—provides valuable information
about a control loop’s speed and stability. Knowing
a control loop’s transfer function, as well as the
poles and zeros of the transfer circuit, can help you
select the right compensation and power-stage
components.
You can measure gain and phase shifts and plot
them with a network analyzer that sweeps the fre-
quency of an injected signal and automatically com-

putes the control loop’s phase difference and the
gain. Such an instrument is nice to have and very
convenient—but is also expensive. If you don’t have
one available, you can make the measurements with
an oscilloscope, a signal generator, and a standard
transformer.

To perform the measurements, you inject a small
AC signal into the power supply’s control-loop cir-
cuit and measure the loop’s gain and phase shift. By
measuring the gain and phase, you can plot them
with a Bode plot. The gain and phase differences
between the injected signal and the control loop’s

output is the transfer function.

Vin

Vour

Prepare the circuit
Figure 1 shows a typical step-down

switch-mode regulator with the required
Signal measurement setup. Start by breaking the

20 0
é ? Hg @ generator loop of the power supply’s regulator cir-

cuit (highlighted area in Figure 1) so
you’ll have a point at which to inject the
small signal and measure the loop’s re-

Oscilloscope

sponse. You can break the loop at the
low-impedance output node above the
high side feedback resistor (R1) in the
feedback path.

You must electrically isolate the mea-
surement points, A and B, by placing a

FIGURE 1. This measurement setup lets you compare an injected sine wave to the small resistance, such as 20 ), in the
signal as it rides on a power supply’s output (Vqy1).
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control loop’s feedback path. A 20-€) re-
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INSTRUMENTS

sistor in the control loop
will have a negligible ef-
fect on the power supply’s
output voltage (Vy)-
To inject the signal
into the control loop and
make the measurements,
you need a sound mea-

Connect the signal
generator to the trans-
former’s primary side,
then turn on the genera-
tor. Measure the injected
signal across the 20-() re-
sistor using two calibrated
oscilloscope probes. (At-

surement structure. The
online version of this ar-
ticle contains a sidebar,
“Good connections,’ that
explains how to modify a
regulator IC evaluation

tach the ground leads of
both probes to a common
ground point on the
power supply under test.)
To make the measure-
ment, you'll need to view

board for these measure-
ments (www.tmworld.
com/2008_09).

The injected signal
must be small in relation
to the output voltage so it
won’t change the way the
power supply handles
large signals. Yet, the in-
jected signal must be large enough that
you can recognize it in the control loop.
The injected signal must not trigger a
voltage protection threshold at a regula-
tor IC’s feedback pin (FB in Figure 1).

You should inject a sine wave with an
amplitude between 30 mV and 100 mV
across the 20~} resistor in Figure 1.The
exact signal amplitude you need may
change depending on the control loop’s
gain, and the amplitude will vary with
frequency. Start by injecting a small sig-
nal and then increase its amplitude as

(lower trace).

Xi= 6044Tps  AX=  4.225ps
X2= -56222us 1/0X= 23.69kHZ

FIGURE 2. When control loop gain =1 (0 dB), the amplitude of the in-
jected signal (upper trace) will equal the amplitude of the output signal

needed until you can see it on an oscil-
loscope screen. This will ensure that the
signal is still small relative to the loop’s
DC output.

The injection transformer, T1 in Fig-
ure 1, prevents DC from entering the
control loop. Look for a transformer that
offers a flat voltage transmission over a
wide frequency band. If you don’t have
such a transformer, you can compensate
for frequency variations in your trans-
former’s flatness by adjusting the signal
generator’s output amplitude.

Magnitude [B/A] (dB)
50.000
40.000
30.000
20.000
10.000
0.000
-10.000
-20.000
-30.000
-40.000
-50.000

Phase [B-A] (deg)
180.000

144.000

108.000

72.000

36.000

0.000

-36.000

-72.000

-108.000
-144.000

N -180.000

FIGURE 3. A Bode plot shows the point where gain (blue trace) is 0 dB and also
shows the corresponding phase offset (yellow vertical line indicated by the arrow).
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the difference between
the signals on channel A
and channel B.

Adjust the signal gen-
erator’s amplitude so the
transformer’s output volt-
age won'’t drive the con-
trol-loop circuit into
nonlinear operation. Set
the DC offset of the signal generator’s
output to 0 V so you don’t introduce
DC into the measurement circuit.

To prevent switching noise from fill-
ing the oscilloscope’s screen and cover-
ing the waveform of interest, set the os-
cilloscope for bandwidth limiting. You
can ensure a well-triggered waveform by
connecting a third oscilloscope channel
to the signal generator’s output and trig-
gering on the output signal.

Set up the power supply

Next, you should power up the control-
loop circuit, attach a load, and make a
stability measurement by looking for os-
cillations in V1. Repeat this measure-
ment under different load and line con-
ditions. At low output loads, most power
supplies will go into discontinuous cur-
rent-conduction mode, which will
change the control loop’s characteristics.
In voltage mode, a power supply’s loop
characteristics will change with input
voltage.

After setting up the equipment and
powering the control loop, you should
see a line on the channel connected to
Vour (probe A in Figure 1) and a noisy
sine wave on the other channel. If you
don’t see a sine wave, then set the oscil-
loscope to the highest amplitude resolu-
tion (typically 20 mV/div) or increase
the amplitude of the signal generator’s
output.
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Once you see a sine wave, change its
frequency by adjusting the signal gen-
erator. You will see a change in ampli-
tude on channel A. Look for a frequency
where the sine waves of channel A and
channel B have equal amplitude—this
is the point where the gain of the con-
trol loop is 1 (0 dB). This frequency is
the loop’s 0-dB crossover frequency
(Figure 2).

Typically, the two sine waves will be
phase shifted relative to each other. The
amount of phase difference at the 0-dB
crossover frequency is the phase margin
of the control loop. Besides measuring
the injected and output sine waves at
the 0-dB crossover point, you should
also measure the sine wave riding on
Vour at lower frequencies. The ampli-
tude difference between channel A and
channel B gives the gain at a given fre-
quency. Table 1 lists the voltage ratio
between the injected sine wave and the
sine wave riding on Vo and the cor-
responding values in decibels.

You can successfully make these loop
measurements on a control loop that
doesn’t oscillate or is in some sort of
hysteretic overvoltage protection mode.
If the error amplifier is a transconduc-

Table 1. Commonly used
decibel values for voltage
ratios.
Voltage ratio Decibel level
(A/B) (20 * log[A/B])
0.03162 -30dB
0.1 -20dB
0.3162 -10dB
0.7071 -3dB
1 0dB
1.414 3dB
3.162 10dB
10 20dB
31.62 30dB

tance amplifier, you can achieve a stable
loop design by placing a capacitor from
the regulator IC’s compensation pin to
ground. If the error amplifier is a stan-
dard voltage-to-voltage error amplifier,
then place a capacitor from the com-
pensation pin to the FB pin. A 1-UF ca-
pacitor will typically work well. It will
set a pole at very low frequencies and
force the gain to drop quickly so that

Vin o Vour
il A
i B
I Signal
20 Q
| | Modulator | I % generator
I | - T
| I % R1
| Comp d FB,
| “D ! Oscilloscope
+ I R2
I VRer |
T L |
- |B = =

FIGURE 4. This measurement setup lets you measure the compensation signal of

the voltage regulator IC (probe B).

the 0-dB crossover is at a very low fre-
quency. In current-mode control de-
signs, the phase margin at very low fre-
quencies is usually enough to yield a
stable circuit.

The Bode plot

To generate a Bode plot, you must
sweep the signal generator’s frequency
across the frequency range of interest
and measure the gain and the phase shift
between the input signal (probe B in
Figure 1) and the output signal (probe
A). For very large and very small gains,
you might have a difficult time seeing
results on the oscilloscope screen. At
30-dB gain, for example, it’s difficult to
see a voltage relationship between chan-
nel A and channel B.

For typical designs, you can easily
and accurately measure the most im-
portant points of a Bode plot such as
the 0-dB crossover point. At high gain
frequencies, you might have a difficult
time viewing the exact decibel value,
but you can make a quantitative obser-
vation such as “the gain is very high
and probably above 30 dB.” Figure 3
shows the control loop’s 0-dB gain
crossover frequency, where the blue
trace crosses 0 dB.

You can consider loop bandwidth as
a combination of the level of DC gain
and the frequency of the 0-dB cross-
over. This measurement—the control
loop’s phase margin—can indicate the
control loop’s stability margin. Depend-
ing on the design, you need a minimum
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phase margin of 45° to 50°. More is
better.

Besides using the measurement setup
in Figure 1, you can connect the oscillo-
scope channel that was measuring in-
jected signal (probe B) to the compensa-
tion pin of a power-supply regulator IC
(Figure 4). In this setup, you can measure
the transfer function of the control loop
without the influence of the compensa-
tion network (the capacitor connected to
the regulator’s compensation pin). With
the information you obtain about the
power stage with this measurement, you
can easily select optimized compensation
components for a desired control-loop
bandwidth and phase margin. T&RMW

Frederik Dostal is an applications engi-
neer for the Power Management Group at
National Semiconductor. His responsibili-
ties include product development and
technical support for switching regula-
tors, linear regulators, and controllers. He
holds a degree in electrical engineering
(Dipl.-Ing) from the Friedrich-Alexander
Universitét in Erlangen, Germany.

The online version of this

article contains a link to a
7-min video that describes the
test procedure. It also contains a
sidebar, “Good connections,”
that describes how to modify a
regulator IC evaluation board.
www.tmworld.com/2008_09.
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Boards keep time to within 50 ns

When you need precise timing in a PC-based data-ac-
quisition system, you can add either the bc635PCI-V2
or the GPS-referenced bc637PCI-V2 time and fre-
quency processor board to any PCl slot. The cards pro-
vide timing that is accu-
rate to within 50 ns of
coordinated universal
time (UTC), and they
also provide extensive
time-code generation
and translation based
on IRIG A, B, G, E; IEEE
1344; NASA 36; XR3; or
2137 in both amplitude-modu-

: lated and DC-level-shift formats.

The boards support more than 30 input and output
time-code variations with the ability to process them in
parallel. They also provide a periodic pulse-rate gener-
ator based on direct digital synthesis that is capable of
0.0000001 pulses per second (pps) to 100 Mpps. The
boards also include a battery-backed real-time clock.
Software support includes Windows, Solaris, and Linux.

Price range: $1295-$3095. Symmetricom, www.
symmetricom.com.

Keithley expands switch/multimeter line

Keithley Instruments has announced an expansion of
its Series 3700 system switch/multimeter and plug-in
card family with the addition of two new plug-in cards,
the Model 3724 dual 1X30 solid-state FET relay multi-
plexer card and the "
Model 3750 multi-
function 1/O card.

The Model 3724
multiplexer card
features scanning
speeds of greater
than 1000 chan-
nels/s, including
measurement, and
switch-only scan
rates of greater than
1200 channels/s.
The card also offers 200-V, 0.1-A switch/carry capacity
with offset current of less than 10 nA. The solid-state
relays can be automatically configured into either a
dual 1x30 or a 1x60 multiplexer. The card also features
temperature-measurement capability with automatic
CJC sensors when used with the optional screw termi-
nal accessory.

The Model 3750 multifunction 1/O card features 40
digital I/0O channels with high-current driver outputs

TEST & MEASUREMENT WORLD www.tmworld.com

that can sink up to 300 mA, allowing them to drive re-
lays directly without any interface circuitry. It also fea-
tures two programmable analog outputs offering both
voltage- and current-programmable isolated analog
outputs including 0 to 20 mA, 4 to 20 mA, or £12
VDC. It also comes with four totalizers/counters with
32-bit resolution and is gated with a 1-MHz input
rate.

Prices: Model 3724—%$1595; Model 3750—$1250.
Keithley Instruments, www.keithley.com.

NI debuts WiFi DAQ systems

To complement the new wireless data-acquisition con-
trol capabilities of LabView 8.6 (see p. 14), National In-
struments has debuted 10 WiFi and Ethernet data-ac-
quisition devices. The new devices include built-in
signal condition-
ing and direct
sensor connec-
tivity for electri-
cal, physical, me-
chanical, and
acoustic signals.
They can stream
24-bit-wide data
on each of four
channels at rates
from 14 sam-
ples/s for a thermocouple application to more than 50
ksamples/s for integrated electronics piezoelectric
(IEPE) accelerometer and microphone applications.

The WiFi and Ethernet devices are shipped with NI-
DAQmx driver software and NI LabView SignalExpress
LE, an interactive datalogging software tool for acquir-
ing, analyzing, and presenting data without any pro-
gramming. The NI-DAQmx driver delivers features
such as the configuration-based NI DAQ Assistant with
code generation for both LabView and text-based lan-
guages, it offers more than 3000 measurement exam-
ples and supports device simulation, and it is compati-
ble with LabView, ANSI C/C++, C#, Visual Basic .NET,
and Visual Basic 6.0.

Base prices: WiFi devices—$699; wired Ethernet
devices—$599. National Instruments, www.ni.com.

System tests automotive emissions

The AES 5500 EMC transient emissions test system from
Teseq lets you test automotive systems for conducted
electrical transients. Designed for tests compliant with
ISO 7637-2, the system consists of a mechanical switch,
a line-stabilization network, an electronic switch, and a
controller. To perform a test, you connect a power

> > > > > > >
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source such as a battery to the me-
chanical switch.

When you apply power to the
equipment under test (EUT), the sys-
tem lets you capture EUT distur-
bances. The EUT connects to the
electronic switch; when the elec-
tronic switch closes, the disturbance
passes through to the EUT, and you

@HUBEI&SUHNER

Excellence in Connectivity Solutions

Be precise

RF Test+Measurement solutions
and services that ensure reliable
and reproducible measurement
results.

Performance Measurement
Intermodulation Measurement
Power Measurement

EMC Measurement

e TVAC Measurement

e Calibration

* Measurement Accessories

T+4171 3534111
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can capture the EUT's response with
an oscilloscope. The system can
handle battery current up to 100 A
with a 1000-A inrush current for 10
ms or with a 300-A inrush current for
1's. You can also connect multiple
mechanical switches and close them
simultaneously.

Teseq, www.teseq.com.

Protocol analyzer
tests USB 3.0

LeCroy has unveiled the Voyager
verification system, a protocol ana-
lyzer exerciser system for testing
USB 3.0 devices, systems, and soft-
ware. The company says that this
sixth-generation verification plat-
form will help developers bring USB

3.0 products to market faster, while
ensuring compatibility with USB 2.0
products.

The Voyager protocol analyzer
provides simultaneous protocol cap-
ture of both USB 2.0 and USB 3.0
signaling. It uses the CATC Trace
protocol-analysis software display to
illustrate the USB 3.0 protocol, and
it offers advanced triggering and
hardware filtering to help develop-
ers quickly understand and verify
early USB 3.0 protocol behavior.

LeCroy, www.lecroy.com.

Field tool tests carrier
Ethernet networks

The battery-powered, handheld Uni-
pro GbE from Trend Communica-
tions is intended for the roll-out of
metropolitan, access, and carrier
Ethernet networks. The instrument
lets you test and verify any Ethernet
service from the physical layer to the
IP layer, and it incorporates traffic
generation, filtering and analysis, IP
ping, and trace route.

The Trend Unipro GbE executes
RFC 2544 tests and verifies connec-
tivity, frame transportability, and
throughput. Advanced tests include
verification of auto-negotiation
when connecting nodes, VLAN con-
figuration and routing, admission

www.tmworld.com TEST & MEASUREMENT WORLD



The Future of Test
Speed, Simplicity, Connectivity

INNOVATION

The new Model 1830 Source/Measure Switch system is
a revolutionary new platform that provides an integrated
environment with DMM source/measure capability and high-
density switching, optimized for advanced test applications.

The 1830 combines a precision source with five AC and
DC output modes together with 21 types of parametric
measurements, timestamps, and a scripted scanning engine.
It can also be configured with four 7.5 digit DMMs with
independent scanners for parallel testing. The internal analog
bus minimizes external wiring, while on-board SCPI scripting maximizes
test development efficiency.

Visit us at Autotestcon: Booth 303

For your innovative test solution, contact:
EADS North America Test and Services

800.722.2528 | www.ts.eads-na.com | info@ts.eads-na.com

Racal Instruments™ Model 1830
Source/Measure Switch System

« Performs 21 types of parametric measurements on

up to 512 channels

+ Switch/measure 300V up to 16 Amps
« Advanced software interface with SCPI scripting
« Analog bus for parallel connectivity to multiple instruments

« LAN web page control/GPIB/USB Interface

EADS+

NORTH AMERICA



RODUCT

control and congestion avoidance

mechanisms, quality of service pro-
vided by the network, and service-
level agreements.

The tester has two electrical RJ-45
ports and two optical SFP GBICs,
which simplify bidirectional traffic
monitoring. When the Unipro GbE is
used in through mode, it simultane-
ously works with two transmitters
and two receivers, enabling intrusive
monitoring. This mode is also useful
for general monitoring when no
splitter is available.

Trend Communications, www.
trendcomms.com.

Line-scan cameras excel
at low-speed tasks

The runner series of line-scan cam-
eras from Basler is designed to per-
form especially well in applications
with minimum line rates of

1 Hz up to 100 Hz. The company
claims that a built-in sensor-clearing
function improves the CCD sensor’s

readout at low
speeds and
that noise and
artifacts are
limited, result-
ing in better
images and
better image-processing results.

All seven models in the runner se-
ries are equipped with GigE Vision
interfaces. Monochrome cameras are
available with a single-line 1024-pixel
or 2048-pixel sensor and line rates of
up to 56.1 kHz. A tri-linear color unit
delivers three 2098-pixel lines and a
line rate of up to 9.2 kHz. A combina-
tion of inputs and outputs can be
used to implement real-time triggers,
adjust lighting, and transfer the trig-
ger signal to another camera running
in parallel. The runner cameras also
offer three integration modes, as well
as adjustable gain and offset. They
can be triggered via an external sync
signal or operated in an internally
controlled free-run mode.

Basler, www.baslerweb.com.
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Handheld BER testers
handle 50 bps to 50 Mbps

The LinkTest bit-error-rate (BER) tes-
ters from GL Communications can
be used to test a variety of commu-
nications facilities and equipment.
The handheld testers cover data
rates ranging from 50 bps to 50
Mbps and include a built-in speaker
for monitoring DSOs or time slots.
They also display G.821 perfor-
mance measurements and operate
from AC or battery power.

The LinkTest Single unit tests
asynchronous, synchronous, T1,
Fractional T1, E1, Fractional E1 mo-
dems, multiplexers, CSU/DSUs, T1
ESF CSUs, DUs, NTUs, and TIUs.
The unit is supplied with V.35, RS-
232, RS-422/RS-530, X.21, DS1 (T1,
1.544-Mbps), and G.703 (E1, 2.048-
Mbps) interfaces, as well as a wall-
mounted AC transformer.

The LinkTest Single+ adds T3 and
E3 testing capability, while the Link-
Test Dual provides dual-interface test-

NAVATEK

www.navatek.com

USB or PXI Based JTAG/BDM Test Systems
e USB or PXI single slot, 3U format
® Troubleshooting of processor based boards

via JTAG or BDM debug port

e Boundary scan test, view and control JTAG

pins in real time
® Run SVF files for programming FPGA/CPLD devices
e On Board Flash ROM programming

e 16 channels of general purpose digital /O

e High speed logic probe for nodal diagnostics

e Supports PXI triggering

Applications
e Automated Test Equipment (ATE)

e Service and Repair

e Engineering Evaluation

Navatek Eng. Corp. ® 22582 Avenida Empresa ® Rancho Santa Margarita, CA 92688 ¢ Tel: (949) 888-2222 e Fax: (949) 635-3141
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Gore is celebrating 50 years of innovation in the electronic products market!

Experience the breadth of Gore microwave solutions:
* Frequency - up to 110 GHz
* Diameters as small as 50 AWG
¢ Cables with flat, round, or ganged form factors
¢ Blindmate push-on connectors
¢ EMI shielding
e Thermal interfaces
* Ruggedization for long service life
¢ Excellent stability and repeatability

W. L. Gore & Associates, Inc. North America: Europe:
1(800) 4454673  +4991446010 | GUIRE
International: +44 1382 561511

gore.com 1(302) 292 5100

GORE, PHASEFLEX, and designs are trademarks of W. L. Gore & Associates. ©2008 W. L. Gore & Associates, Inc.

ing. The LinkTest Dual also has a LAN
interface for TELNET and TFTP. All
three models can be controlled from
the front panel or through a com-
mand line interface, with options for
control from a VT100 console, Win-
dows GUI, or local/remote terminal.
GL Communications, www.gl.com.

Low-cost DC supplies
are feature-rich

A low-cost expansion of the Agilent
E3600 series, the U8000 series of
single-output, nonprogrammable DC
power supplies offers power ranging
from 90 W to 150 W. The U8000 pro-
vides integrated overvoltage and
overcurrent protection to prevent
damage to devices under test. Dur-
ing test setup, you can save and re-
call up to three memory states to
help minimize manual errors. Agilent
claims the series offers excellent load
and line regulation, fast transient re-
sponse, and low output noise.

Base price: $295. Agilent Technol-
ogies, www.agilent.com.

SEM minimizes
beam charge

JEOL USA's JSM-7600F thermal
field-emission-gun scanning-electron
microscope (SEM) integrates a semi-
in-lens objective lens with an in-lens
thermal electron gun to provide
sharp imaging of nonconductive
samples that charge, such as photo-
masks and ceramics. The JSM-7600F
minimizes beam charge on heat-sen-
sitive samples, like low-K dielectrics,
and offers improved stability for un-
attended data acquisition in metrol-
ogy, particle analysis, defect review,
and x-ray mapping applications.

The in-lens thermal electron gun,
combined with an aperture angle op-
timizing lens, achieves a probe current
of 200 nA or higher at an accelerating
voltage of 15 kV. The JSM-7600F has
a guaranteed resolution of 1.0 nm at a
high accelerating voltage of 30 kV
and a working distance 4.5 mm; a
guaranteed resolution of 1.5 nm at a
low accelerating voltage of 1 kV and a
working distance of 1.5 mm; and a
guaranteed resolution of 3.0 nm at a
high probe current of 5 nA, an accel-
erating voltage of 15 kV, and a work-
ing distance of 8 mm.

JEOL USA, www.jeolusa.com.
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CATALOGS & PRODUCTS

The following write-ups were supplied by advertisers in this issue.

Intelligent power solutions
MRV Communications says that its
Out-of-Band Network reduces costs
and improves service levels by pro-
viding a solution for sophisticated
remote power control and environ-
mental automation for devices in an
organization’s networks and infra-
structures. MRV Communications,
www.mrv.com/oobn.

Versatile bench multimeters
The 8845A/8846A 6.5-digit meters
are ideal for R&D or automated test
systems. The 8808A 5.5-digit meter
is designed for manufacturing,
development, and service. Fluke,
www.fluke.com.

Frequency synthesizer sources
A catalog from Programmed Test
Sources describes the PTS line of
frequency synthesizers that produce
fast-switching, low-phase-noise pre-
cision frequencies ranging from 0.1
to 6400 MHz. Options and accesso-
ries are available to create a product
that matches your specifications.
Programmed Test Sources, www.
programmedtest.com.

Complete test system
CheckSum'’s Analyst systems deliver a
complete test solution: in-circuit test,
TestJet technology, boundary-scan,
and in-system programming (ISP)
capability in a compact, rugged pack-
age supported by CheckSum’s exclu-
sive turnkey services. CheckSum,
www.checksum.com.

High-performance digital 1/0
Featuring high-voltage pin electronics
with all features programmable on a
per-channel basis, the 50-MHz
GX5055 PXI I/O card represents a
new level of performance and capa-
bilities for PX|-based digital instru-
mentation. Geotest—Marvin Test Sys-
tems, www.geotestinc.com.

Conducted immunity
generators

AR offers three self-contained sys-
tems that simplify RF conducted
immunity testing. The Model CI00250
(75 W, 10 kHz-250 MHz) meets IEC
specifications. The Models CI00400
and CI00401 (100 W, 10 kHz-400
MHz) meet MIL-STD/DO-160 and

automotive standards, respectively.
AR RF/Microwave Instrumentation,
www.ar-worldwide.com.

Small temperature datalogger
The OM-MicrolLite is Omega’s new
pocket-sized portable temperature
datalogger with a USB interface for
fast-track communication. High in
accuracy, the datalogger can be
used globally because of its CE
mark and standard 3-V lithium bat-
tery. Omega Engineering, www.
omega.com.

New, powerful PXI

The first PXI controller designed
with a Mobile Intel GME?65 chipset,
the PXI-3950 combines the Intel
Core2 Duo 2.2-GHz T7500 proces-
sor and 4 Gbytes of memory, mak-
ing it ideal for high-end test and
measurement. Adlink Technology,
www.adlinktech.com.

Optics source book

Edmund Optics’ 400+-page Master
Source Book features more than 2275
optics and photonics products. The
catalog provides product listings,
pricing, technical articles, and appli-
cation guides, making it an ideal
resource and buyer's guide for
researchers, designers, and OEM
users. Edmund Optics, www.edmun-
doptics.com/CatalogRequest.

Measurement systems

Data Translation’s free product
catalog offers an overview of the
company’s USB data-acquisition,
temperature-measurement, sound-
and-vibration, and test-and-mea-
surement software products. Com-
prehensive charts help simplify your
product selection. Data Translation,
www.datx.com/products/catalog/
default.asp.

Multifunction synchronous
DAQ

Measurement Computing’s USB-
1602HS/1604HS multifunction data-
acquisition modules feature two or
four simultaneous-sampling 16-bit
analog inputs at rates to 2 Msamples/s,
with two 32-bit counters, 32 synchro-
nous digital I/O lines, and optional
analog outputs. Measurement Com-
puting, www.mccdag.com.
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3-GHz spectrum analyzer
Instek’s new GPS-830 3-GHz spectrum
analyzer offers many features such as a
low-noise floor, autoset, automatic
measurements, a USB interface, and a
brilliant TFT color display in one pack-
age at an affordable price. Instek
America, www.instekamerica.com.

High-performance
oscilloscopes

ZTEC Instruments provides high-
performance PCI, PXI, VXI, and LXI
oscilloscopes with sampling rates up
to 4 Gsamples/s and bandwidths up
to 1 GHz. ZTEC Instruments, www.
ztecinstruments.com.

Learn what's hot!

FLIR's Infrared Training Center is the
place to get high-quality interactive
thermography training from what
the company says are the most
qualified international thermogra-
phy instructors in the industry. You
can sign up for training by calling
866-872-4647. FLIR Systems, www.
infraredtraining.com.

RF configuration tools

Gore's interactive, online design
guides provide step-by-step instruc-
tions for configuring RF/microwave
assemblies, Gore High-Flex round or
flat cables, Gore Trackless cables,
and Gore UHD interconnects. W.L.
Gore & Associates, www.gore.com/
designcenter.

T&M solutions for aerospace
The latest brochure from Rohde &
Schwarz (order number PD
5214.1420.62) lists test and mea-
surement products specifically for
aerospace and defense contractors
to use in cutting-edge R&D, produc-
tion, and operational-support pro-
grams. Rohde & Schwarz, www.
rohde-schwarz.com.

Fast pulse test solutions
Avtech’s Web Guide and Short Form
Catalog 17S outlines the company’s
family of high-speed (40-ps to 100-ns
rise time), high-current (0.1 to 500 A),
and high-voltage (2 to 3000 V) pulse
generators, drivers, and amplifiers for
research and production-testing
applications. Avtech, www.avtech-
pulse.com/literature/cat17s.pdf.
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The following write-ups were supplied by advertisers in this issue.

Be precise

A new short-form catalog from
Huber+Suhner presents an extract of
the company’s wide range of compo-
nents with high-performance and sta-
ble characteristics that suit the needs
of test and measurement applica-
tions. Huber+Suhner, www.hubersuh-
ner.com.

Modular connector system

The EasyMate connector system uses
modular blocks matched to the unit
under test. This results in simple test
adapters perfect for departments
looking to reduce interface invento-
ries and costs. DIT-MCO Interna-
tional, www.ditmco.com.

PXI datacom multiplexer
Pickering Interfaces has launched its
PXI 40-736 data-communications
multiplexer module, designed to
switch differential pairs. The module
is configurable as 32 single to eight
quad pairs, including 100BaseT/Giga-

bit Ethernet, POTS, USB, and AFDX.
Pickering Interfaces, www.pickering-
test.com.

Center probe socket

A socket for devices up to 13 mm?,
available in versions with ratings of
1-3 GHz, 3-5 GHz, 5-9 GHz, and 10-
18 GHz, offers minimal signal loss for
higher bandwidth capability and uses
solderless, pressure-mount, compres-
sion-spring probes. Aries Electronics,
www.arieselec.com.

Switching system catalog

Cytec has released a 60-page catalog
of its complete line of programmable
switching systems for automated test,
data acquisition, and communica-
tions. A price list is included. Cytec,
www.cytec-ate.com.

DC power systems

AMREL develops custom-tailored DC
power systems, available with high-
power, current, and voltage eLoad

and ePower ratings. AMREL's new
fully integrated systems offer one-
stop shopping for your testing needs.
AMREL/American Reliance, www.
amrel.com.

High-speed DAQ

The new Yokogawa SL1000 delivers
independent, isolated channel hard-
ware at 100-Msamples/channel
rates, with no compromise in bit res-
olution, memory depth, or stream-
ing performance. Extensive trigger,
probe, accessory, and module librar-
ies are available. Yokogawa, www.
yokogawa.com.

18-GHz attenuators

JFW's low-cost 50HFP-XXX-10 attenu-
ators offer high-powered perfor-
mance from DC to 18 GHz, are rated
at up to 10-W continuous power (500-
W peak), and are available in values
of 3, 6, 10, 20, and 30 dB. N and SMA
versions are available. JFW Industries,
www.jfwindustries.com.

PRECISE. RELIABLE. ACCURATE. POWERFUL.
TDI POWER

INTRODUCING THE XBL DYNALOAD SERIES

» 800, 2000, 4000, and 6000 watt models

» Computer programming via GPIB, Ethernet, or RS232. °

» High voltage models up to 1000 volts
» Master slave parallel capabilities

» Closed hox calibration

TDI POWER
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e LabVIEW™, CVI™ & COM Drivers
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TEST APPLICATIONS
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LAN eXtensions for Instrumentation

hy use LXI Instruments to build test systems? How

do you get started building a test system using LXI
instruments? What are the network configurations and
expected performance? What can | do with LXI that saves
me money, time, and provides unique solutions?

This webcast will guide you through these topics and focus
on two areas — replacing GPIB instruments with LXI Class
C and advanced test system solutions using LXI Class B
instruments. Solutions like Far-field Antenna measurements,
power shutdown, and system characterization are made
much easier with LXI Class B instruments.

This Webcast starts with a recording of the AUTOTESTCON
2008 panel session on this topic. After the recording,
experts from several manufacturers of LXI instruments will
be available to answer your questions live.

PANELISTS INCLUDE

e Conrad Proft
Technology Product Planner/Applications Engineer, Agilent Technologies Inc.

e Rob Purser
Senior Team Lead, connectivity products, The MathWorks

e Brian Powell
Software Principal Architect in LabVIEW R&D, National Instruments

e Tom Sarfi
Functional Test Business Unit Manager, VXI Technology

REGISTER NOW >>

TMWorld.com/Wehcasts
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...without these two FREE reference books from Pickering

Are you building test systems using the PXI Standard? Is the LXI architecture also in your design plans? If the
answer to either question is yes, then you need one or both of these Pickering reference books. The PXImate and
LXImate were written to help test Engineers fully understand the platform specifications as they relate to test
system development. In addition, information on the types of products available in the platform are highlighted.

PXImate 4th Edition LXImate 2nd Edition
Hard Cover - 162 pages Soft Cover - 132 pages
Dimensions - 8 /2 x 6 x /2 Dimensions - 8 V2 x 5 34 x 3

If you need to learn more about PXI and LXI, go to www.pickeringtest.com/testlib/ and register to receive
these books. Do a better job of integration - learn from Pickering’s expertise!

Blckariig 20th Anniversary

www.pickeringtest.com
Pickering Interfaces

Switch On to Pickering

Pickering Interfaces Inc., Grants Pass, OR.
Tel: +1 541 471 0700

E-mail: ussales@pickeringtest.com

(East Coast Regional Office) Woburn, MA.
Tel: +1781 897 1710

pickering

Direct Sales Offices in USA, UK, Sweden, Germany, Czech Republic, France and China
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Seminars highlight
PXI interoperability

By Richard A. Quinnell, Contributing Technical Editor

trio of companies—Geotest,

KineticSystems, and Pickering
Interfaces—have banded together to
address what appears to be a com-
mon misperception about PXI by of-
fering a series of educational seminars
entitled the No Compromise Test
Solutions Conference. I caught up
with Loofie Gutterman, president of
Geotest, to discuss the continuing
need for education about PXI.

Q): What are the No Compromise
seminars about?

The purpose of our seminars is
to demonstrate to and convince cus-
tomers that PXI products and soft-
ware from multiple vendors will all
work together. We have a half day of
discussions and demonstrations, and
afterward people can try some hands-
on activity as well.

Q: PXI just celebrated its 10th anni-
versary. Isn’t it well understood by now?
We did the “PXI 101” type of
education years ago to tell folks why

and how to use PXI, and everyone
now understands that part of the
story. But we realized as we talked
with customers that many do not re-
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72  Products

www.tmworld.com

alize the degree of interoperability
that PXI offers. Some people are still
concerned about it all playing to-
gether if they were to buy boards
from several vendors and software
from yet another source.

Q: How did those concerns manifest
themselves?

Customers were telling us that
this or that product was close to
what they wanted but not quite, and
they wanted help making tradeoff
decisions. We asked “Why not use
this other board which is exactly
what you need?” It turned out that
they were making compromises so
that they could buy everything from
a single vendor to avoid any system-
integration issues later.

Q: What is the source of those
concerns?

We don’t know all the reasons
for this fear, but some may stem from
old expectations based on other bus
standards where mixing and match-
ing didn’t work. The VXIplug&play
initiative, for instance, was known as
“plug and pray” because of interop-
erability problems. Whatever the
cause, we recognized that these con-
cerns existed in the market and be-
lieve they are completely unjustified.

At Autotestcon 2007, for example,
the PXI Systems Alliance (PXISA)
had three demos using multiple ven-
dors’ products, and they were very
successful. We based our No
Compromise seminars along the
same lines.

Loofie Gutterman
President
Geotest—Marvin Test
Systems

Q: Isn’'t conducting seminars the kind
of thing the PXISA should be doing
instead of companies?

Other industry organizations
have large marketing budgets, but the
PXISA is operating on a modest bud-
get and can’t afford to do these semi-
nars as they cost a lot of money.
While this is not an official PXISA
seminar, it is open to participation by
other member companies. In fact, we
initially invited four or five others to
join in but ended up with three only
because we wanted to get going
quickly and these three were ready to
commit the time and money.

Q: How long will these seminars
be offered?

It depends on the feedback. We
are planning on half a dozen to begin
with, but they may continue if interest
is high. When we started our PXI 101
seminars in 2001, we originally
planned only three, and were so suc-
cessful we ended up doing 80 more. [

For details on the seminars, including dates, loca-
tions, and registrations, click on the Workshops link
at www.geotestinc.com.
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GUEST COMMENTARY

PXI gains momentum in mil/aero industry

By Mark Morris, ADLINK Technology America

hen sitting down to write this column, | thought back
to 1997 when | worked for National Instruments and

sold my first PXI system to a group of early adopters at
Los Alamos National Laboratory. Although these guys
were truly “rocket scientists,” | doubt even they could have
foreseen the success that PXI would have. According to
the PXI Systems Alliance, there are now
more than 1150 PXI products on the market
from upwards of 50 manufacturers. This suc-
cess has accelerated the use of PXI in many
areas, including both the commercial and
military segments of the aerospace industry.

Because of PXI’s flexibility, compact footprint, and high
performance—as well as its commercial-off-the-shelf pric-
ing—it is no surprise that the technology has become a
viable choice for many mil/aero test programs. The syn-
chronization features of PXI, such as triggering and clock
sharing, are ideal for high-channel-count aerospace appli-
cations. Also, the star trigger line allows for less than 2 ns
of propagation delay, and the dedicated 10-MHz system
reference clock ensures device synchronization.

Existing mil/aero test platforms for USAF and NAVAIR
avionics are transitioning to PXI, and many portable field

’

A

and flight-line testers are now available in PXI as well. In
the commercial segment, suppliers such as Teledyne
Controls and Korry Electronics are using PXI| systems to
test products such as 787 flight-deck systems and Airbus
advanced flight data-acquisition management systems.

The list of available PXI products continues to grow.
Products include avionics bus interface cards, program-
mable power supplies, analog and digital I/O cards, arbi-
trary waveform generators, signal conditioners, switching
cards, and chassis. Also popular are cards that link to
other buses. In fact, many find it surprising that GPIB in-
terface cards for PXI continue to be some of the most
popular products sold by ADLINK.

Looking forward, PXI Express will provide the perfor-
mance needed to meet the test requirements for software-
defined radio, high-speed image acquisition, and high-
channel-count data acquisition. In addition to significantly
increased bandwidth, PXI Express provides users with
software and hardware compatibility with the PXI modules
deployed today, preserving the user’s current investment. O

Mark Morris is the VP of sales and marketing for measurement and automation
products at ADLINK Technology America. mark.morris.adlinktech@gmail.com.

PXISA reaches out
to China

By Richard Quinnell
Contributing Technical Editor

In May, the PXI Systems Alliance
(PXISA) held its fifth technology con-
ference in China to help foster the
adoption of PXI in the growing in-
dustrial giant. New initiatives this
year included an entire track on mod-
ule creation and the first PXISA gen-
eral meeting held in China.
“Next-generation test systems such
as PXI are very popular in China,” said
PXISA marketing co-chair Matthew
Friedman, “and the growth in China
has been amazing.” This year’s confer-
ence achieved record attendance levels,
with more than 550 engineers and ven-
dors participating. Friedman explained
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that one of the most popular venues
was the new technical track on module
development. “It was standing room
only for the entire track,” he said.

The addition of the developer’s
track reflects growing interest within
China to develop PXI modules both
for internal use and for outside sales.
“In past years, the event focused on
the use of PXI,” said Friedman, “but
now people there are looking at devel-
opment. They love the idea of creating
their own modules to meet their
unique test needs.”

To ensure that development adheres
to standards, the PXISA invited test
equipment vendors to a general meet-
ing, held concurrently with the confer-
ence. “A key reason the PXISA exists is
to help maintain the spec and ensure
interoperability,” said Friedman, “so
we have a focus on the Asian commu-
nity to help keep them on spec.”

The meeting was open to PXISA
members, nonmembers, and the

Chinese technical press. Committee
chairs presented updates on technol-
ogy development as well as on PXISA
marketing efforts. “There are some
companies developing modules that
don’t know much about the PXISA,”
said Friedman, “and we wanted them
to learn about the benefits and tech-
nical help that membership makes
available.”

The outreach to China is already
showing results. Both Jovian and the
Automatic Test and Control Institute
at the Harbin Institute of Technology
have expressed interest in joining the
PXISA.

Technical chair Mark Wetzel noted,
“I was impressed to see the tremen-
dous interest in developing PXI mod-
ules and expect to see many new PXI
products from Chinese companies in
the near future.” Friedman added
that the activity in China underscores
the fact that PXI is a global standard
that is continuing to grow. []
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RF switches for PXI begin proliferation

By Richard A. Quinnell, Contributing Technical Editor

rowing interest in PXI as an

RF test platform has stimu-
lated demand for high-density RF
switching modules. The result has
been a jump in the range of switch
configurations available, with one
drawback: The limitations of the PXI
panel size can quickly force system
developers into a tradeoff between
performance and density.

Continual increases in the perfor-
mance of signal-generator and data-
acquisition modules, together with an
expanded bus bandwidth, have
brought RF testing well within the
reach of PXI systems. In fact, manu-
facturers such as Aeroflex, Geotest,
and National Instruments have devel-
oped a variety of PXI modules with
RF test capabilities. To create a com-
plete test system, however, developers
need more than test modules. They
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need RF switches to help manage the
test connections, and the higher the
density, the better.

This need has prompted a dra-
matic increase in the number of of-
ferings and range of configurations
available for PXI RF switches.
National Instruments, for example,
nearly tripled its offerings during
2007. “We went from four switches
to 15 last year,” said NI’s switches
product manager Jaideep Jhangiani.
“At 3 GHz, for instance, we started
2007 with only a 4x1 switch mod-
ule. We have now added a dual 4x1,
an 8x1, SPDT [single pole, double
throw], and terminated dual-SPDT
configurations.”

Pickering Instruments is offering an
even more extensive range of prod-
ucts. “We have 30 to 40 products in
a variety of configurations,” said the
company’s marketing manager, Bob
Stasonis, “and that’s a big enabler for
building RF test systems. A few years
ago, we didn’t have that capability.”
Other vendors of PXI RF switches in-
clude Aeroflex, Geotest, and Dow-
Key Microwave.

Connectors force choices

Further growth in RF switching op-
tions faces a significant challenge,
however, because of the space con-
straints on PXI cards. “PXI gives you
a lot of functional density in a rack,”
said Mike Dewey, Geotest’s senior
product manager, “but it also has
0.8-in. spacing.” This presents a par-
ticular problem for switching signals
in the microwave end of the RF spec-
trum (typically considered to be fre-
quencies above 5§ GHz by switch ven-
dors), where coaxial switches are the
only option.

Even with the limited panel space, high-density connectors
allow single-slot PXI modules to provide RF multiplexers
with as many as 16 channels. Courtesy of Pickering Interfaces

“You used to not be able to even
fit a coaxial switch in a single-width
PXI module,” said Dewey, “but that
is now changing. Vendors are down-
sizing their switch modules so you
can fit a 1x2 in single width and a
1x4 in two slots.”

The situation eases only slightly at
frequencies in the 3-GHz range.
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Moving from (left) a BNC connector
to something like (right) an MCX
connector offers greatly increased
front-panel connector density al-
though at the cost of performance
and repeatability.

Courtesy of National Instruments.

Here, module vendors are able to use
the smaller electromechanical relays
in the signal path and are thus able
to fit more switches onto a single-
width module, but panel space still
represents a significant limitation.
This forces RF test engineers to
choose between switching density
and performance.

Two key performance metrics for
RF switching are insertion loss
through the circuit and return loss
due to reflections at junctions within
the switch. (Vendors remind develop-
ers to account for these losses through-
out the entire circuit, not just in the
switch module.) While careful layout
and fabrication of the printed-circuit
board within a switch module can

www.tmworld.com




help minimize these losses, the connec-
tors themselves play a significant role.

The threaded SMA and the twist-
lock BNC connectors provide better
and more repeatable performance
than the smaller, push-on SMB, SMX,
and MCX connectors. The SMA and
BNC connectors are also more famil-
iar to most test engineers and so are
easier to integrate into system ca-
bling. The trouble is that they take up
significantly more panel space for
both the connector and finger access
than the smaller alternatives; hence
fewer ports will fit onto the PXI
panel.

Vendors have responded to these
limitations in different ways. Geotest,
for instance, has chosen to concen-
trate on higher performance, and thus
primarily uses BNC and SMA con-
nectors. “We try to stay away from
exotic mechanisms,” said Dewey.
“We may get lower density but also
have a more robust connection.”

Pickering Interfaces, on the other
hand, has embraced the more com-
pact SMX and SMB connectors. “We
moved to higher-density connectors
to lower the cost per channel,” said
Stasonis. “This now allows us to fit a
16-channel RF multiplexer onto a
single 3U module.”

The use of SMX and SMB connec-
tors to achieve higher-density systems
can present a challenge for test engi-
neers who are unfamiliar with them,
however. The engineers may need to
create custom cabling or interface
panels to match the switch module
with the more traditional connectors
on their other instruments, without
having the experience or tools neces-
sary for the task. Module vendors can
help by providing support in design-
ing or even fabricating the necessary
interface panels and cables.

Regardless of the connector ap-
proach a vendor has taken, the expec-
tation is that more RF switching op-
tions will be forthcoming as applica-
tion needs grow. In addition to 50-Q
switches for traditional RF, vendors
are increasing their 75-Q offerings for
high-frequency video and set-top box
test. Pickering has recently introduced

www.tmworld.com

a balanced 100-€) switch for Gigabit ~ with the specs in hand,” said

Ethernet, as well. Stasonis. “That way you can get the
The bottom line for test engineers best of what is available.” [

is to check with their vendors when

developing a test system to learn FOR MORE INFORMATION

whether any new switch options are “PXI makes inroads into RF test,” PX/ Test Report,

forthcoming. “Talk with the vendors November 2007, p. 61. www.tmworld.com/2007_11.
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NI extends PXI RF capabilities

National Instruments chose its NIWeek
event in August to announce that it has
extended the measurement range of

its PXI RF instrument line-up beyond 6
GHz The company debuted two instru-
ments, the NI PXle-5663 6.6-GHz RF
vector signal analyzer and the NI PXle-
5673 6.6-GHz RF vector signal gener-
ator, as well as the NI PXle-1075 18-
slot high-bandwidth chassis.

Everything you need in data acquisition

multiplexers, digitizers, and chassis

3U & 6U form factors

On-board signal conditioning

As low as $20 per channel

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

KineticSystems

Data Acquisition

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

Analog & digital I/O, multi-function modules, frequency counters,

From 32 to more than 800 channels in a single chassis

C, Visual Basic, and LabVIEW drivers provided

Contact us today for more information:
= 1-815-838-0005

PXI/cPCI

= www.kscorp.com/pxi
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Both PXI cards include 16-bit data
converters, support OFDM and MIMO
modulation schemes, and can test multi-
protocol cellphones with radios meet-
ing WIMAX, GPS, WCDMA, GSM,

|

EDGE, broadcast video, 802.11 WiFi,
and Bluetooth standards. Because the
cards are based on software-defined
architectures, engineers can develop
and test wireless protocols by simply
reconfiguring the software by using
LabView toolkits or writing their own
modulation algorithms.

The NI PXle-5663 RF vector signal
analyzer handles signals from 10 MHz
to 6.6 GHz with up to 50 MHz of in-
stantaneous bandwidth. It also offers
pass-band flatness and low phase
noise for accurately measuring modu-
lated signals

The NI PXle-b673 vector signal
generator delivers signal generation
from 85 MHz to 6.6 GHz and uses di-
rect RF upconversion to provide up to
100 MHz of RF bandwidth. An impair-
ment mode enables engineers to use
an onboard FPGA to manually adjust
gain imbalance, 1/Q offsets, and
quadrature skew. With the card'’s base-
band impairments optimized for a par-
ticular frequency, engineers can
achieve better than —85 dBc of carrier
and image suppression.

The NI PXle-1075 chassis provides
PCI Express lanes routed to every slot,
providing up to 1 Gbyte/s per-slot
bandwidth and up to 4 Gbyte/s total
system bandwidth. It provides eight hy-
brid slots that can hold either PXI
Express or PXI hybrid-slot-compatible
modules. The chassis offers an operat-
ing temperature range of O to 50°C.

Base prices: PXle-5663 vector sig-
nal analyzer—$22,999; PXle-5673 vec-
tor signal generator—$23,999; PXle-
1075 chassis—$5999. National
Instruments, www.ni.com.

www.tmworld.com




SAVE THE DATE!
Tuesday, September 23, 2008

New Strateqgies
for Validating

RF RECEIVER PERFORMANCE

Traditionally, the behavior of RF receiver devices has been validated with
field testing. However, new record and playback techniques are a versatile
solution that tests the limits of RF performance, while reducing the need
for expensive drive tests. With greater emphasis on in-lab analysis,
manufacturers benefit from accurate and reliable performance testing.

If you design or manufacture mobile RF products, this webcast will
investigate emerging technologies that make record and playback a highly
accurate and repeatable alternative to traditional in-field or “box instrument”
techniques: parallel record and playback, multi-core processing, advanced
frequency support and high-bandwidth streaming.

PRESENTER:
Etienne Frenette

Business Development Manager,  This webcast will discuss how it is possible to accurately emulate signal

Averna impairment and perform in-depth diagnostics in a lab setting. This webcast
will also demonstrate the benefits of record and playback as a valuable asset
in reducing time-to-quality for RF products.

REGISTER
NOW?

Sponsored and produced by: Hosted by: Egt
PROLIGENT ASOREMENT

ORLD.

TMWorld.com



Everyone
loves

FREE
STUFF

That’s why at
TMWorld.com you can win
free stuff by visiting our
monthly engineering
challenges. And by free
stuff we’re talking gadgets:
iPods and noise canceling
headphones. Each contest
is updated monthly with
new prizes giving you one
more reason to visit us
each month.

Stop by to test
your knowledge
and win.

TMWorld.com/challenges

TMWorld.com

Visit the new TMWorld.com.

The industry’s best source for test, mea-
surement, and inspection information.

Tests

WORLD

225 Wyman St., Waltham, MA 02451
781-734-8423 Fax: 781-734-8070
Sales e-mail: tmwsales@reedbusiness.com

ADVERTISER INDEX

ADVERTISER PAGE
A2e Technologies 4
Adlink Technology 50

oo i ’ Agilent Technologies 5,12,32
Editorial e-mail: tmw@reedbusiness.com
Web: www.tmworld.com AR International 31
ries Electronics
BUSINESS STAFF A Elect 42
Publisher: Russell E. Pratt Avtech Electrosystems 4
rpratt@reedbusiness.com Boonton Cc-2
Assistant to the Publisher: Darlene Fisher X K
Online Client Services Manager: James Lenza Bruel & Kjaer, North America 54
BuyerZone 11
Market Research Director: Rhonda McGee y
Centellax 15
Group P-roduction Director: Dorofchy Bucl?holz CheckSum 30
Production Manager: Joshua Levin-Epstein
Customer Contracts Coordinator: Maureen Lesko Circuit Speuallsts 75
Crystal Instruments 75
ADVERTISING SALES c 50
tec
CT, NJ, New York City, Long Island: Y
Mike Moore, Chatham, NJ. 973-701-9340 Data Devices 61
1.mikemoore@gmail.com .
Midwest, Southeast, NY (except NYC & LI), PA, Data Translation 16
MD, DE, and Canada: DIT-MCOQ International 34
James Leahey, Kenosha, WI. 262-656-1064 K
james.leahey@reedbusiness.com EADS North America Defense 57
CA, CO, TX, and Northwest: Edmund Industrial Optics 40
Mary Lu Buse, Calabassas, CA. 818-880-4024
marylu.buse@reedbusiness.com FLIR Systems 35
New England, South Central; Classified, Test Marts,
TestlLits, and Account Development Nationwide: Geotest 69
Kathy McNamara, Waltham, MA. 781-734-8421 GL Communications 75
kathy.mcnamara@reedbusiness.com Hioki USA 23
[[e] ¢}
France, Spain, United Kingdom, Ireland, Benelux, o
Scandinavia: John Waddell, London, England. Huber+Suhner 56
44-20-8312-4696 h hnologi
Germany, Austria, Switzerland: Adela Ploner, Dachau, In-Phase Techno ogles 41
Germany. 49-8131-366992-0 Instek America 49
Italy: Roberto Laureri, Milan, Italy. 39-02-236-2500 .
Israel: Asa Talbar, Tel Aviv, lsrael. Fax: 972-3-562-9565 | 3T WV Industries 62
; Keithley Instruments 6
Asia:
Japan: Shintaro Koyama, Tokyo, Japan. Kikusui America 48
81-3-3402-0028 KineticS 72
Korea: Belle Jung, Seoul, Korea. 822-511-0660 ineticsystems
Taiwan: Laura Chen, Taiwan, ROC. 886-2-2314-7206 LabX 75
Singapore, Malaysia, Hong Kong: Wai Chun Chen, : _
Singapore. 65-6544-1151 m::/sgrement .Cor'?putlng 19;2
ommunications -
National Instruments 14,C-4
VOL. 28, NO. 8 Navatek Engineering 58
o ! Omega Engineering 1
Subscription Policy
Test & Measurement World® (ISSN 0744-1657) (GST Reg.# | OMICRON 62
123397457) is published monthly except January by Reed Busi-
ness Information, 8878 S. Barrons Bivd., Highlands Ranch, CO | Pendulum Instruments 2
80129-2345. Reed Business Information, a division of Reed
Elsevier, is located at 360 Park Avenue, New York, NY 10010. Phase Matrix 71
Tad Smith, CEO. Periodicals postage paid at Littleton, CO 80126,
and additional mailing offices. Circulation records are maintained Pickering Interfaces 66
at Reed Business Information, 8878 S. Barrons Blvd., Highlands
Ranch, CO 80129-2345. Telephone: 800-446-6551. POSTMAS- i
TER: Send address changes to Test & Measurement World®, Prism Sound 42
P.O. Box 7500, Highlands Ranch, CO 80163-7500. For Canada: |
Publications Mail Agreement No. 40685520. Return undeliver- Rohde & Schwarz 1MAD
able Canadian addresses to: RCS International, Box 697 STN A, H
Windsor Ontario N9A 6N4. Email: Subsmail@ReedBusiness.com. Smartronix 75
Test & Measurement World® copyright 2008 by Reed Elsevier Inc.
Rates for non-qualified one-year subscriptions, including all issues: Teledyne Relays 44
US, $103; Canada, $152 (includes 7% GST, GST# 123397457); . .
Mexico, $150; International (Priority), $215. Except for special is- Transistor Devices 64
sues where price changes are indicated, single copies are available Uni | Switchi 38
for $10 (US orders) and $15 (foreign orders). Buyer's Guide Issue niversal Switching
(July) is available for $35 (US orders) and $40 (foreign orders). .
Please address all subscription mail to Test & Measurement Verlgy 9
World®, 8878 S. Barrons Blvd., Highlands Ranch, CO 80129-2345. .
Test & Measurement World® is a registered trademark of Reed W.L. Gore & Associates 60
Properties Inc., used under license. .
(Printed in U.S.A.) Yokogawa Corp. of America 28
ZTEC Instruments 64

‘BPA Q\ Reed Business Information

woRLOWIDE"

www.tmworld.com TEST & MEASUREMENT WORLD



TestMART

T3 E3 T1 E1 Ethernet Analyzer

World’s Smallest
T3/E3/TI/El/
Ethernet / USB
Capture Unit

6 ‘:%w

» Record / Playback entire T3 / E3 stream
(Channelized, Unchannelized, Unframed)

» Channelized (M13, E13, G.747) and
Unchannelized T3 / E3 Modes

» Plug & Play to PC USB 2.0

» Protocol Testing / Analysis - ATM,
Frame Relay, PPR HDLC

» Error Injection, Alarm Generation

» Manage remotely via Ethernet port

@® GL Communications Inc.
301-670-4784 * info@gl.com * www.gl.com

m2/4/8/16 inputs and one signal source

mSample allinput simultaneously up to 102.4 kHz
®130 dB dynamic range

B Continuous recording at full speed for 8chs

B FFT sizes up to 64K

B FRF, Tri-Spectra, Octave, Order Tracking

® 1.7 kg. Battery life: > 6 hours

® 57" color LCD. Ethernet, USB, SD card and wireless

CRYSTAL Santa Clara  408-986-8880

instruments www.go-ci.com

Great Deals @
CircuitSpecialists.com

LinkUp?

» Troubleshoot Network
Connectivity Problems

» LEDs & LCD Display
Allow More Detailed
Link Analysis

» Auto-Negotiation,
Power-Over-Ethernet
and Data Packet Loopback
Tests

Call today to place your order.

Equipment Auctions

Test & Measurement
www.testx.com

*Online auctions, classifieds and
free wanted ads.

*Find Great Deals on new and
used equipment.

* Oscilloscopes, Multimeters,
Spectrum Analyzers, Power Supplies,
Telecom Utility and more!

Buy more. Save more.

Fluke TRMS Electronic Logging
DMM w/TrendCapture

True-rms Electronics Logging
Multimeter with TrendCapture
quickly documents design perform-
ance and graphically displays what
happened. Its’ unique logging and
graphing capabilites mean you no

longer need to download logged Limited
readings to a PC. Offer!
SAVE

$140.95 SPECIAL PURCHASE

Item # FLUKE 287: $369.00

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 30A. They feature a rotary
selection switch and a numeric keypad
used to input the maximum voltage, current
and power settings. Optional RS-232, USB
& RS-485 adaptors are available.

Item # CSI3710A: $349.00
Item # CSI3711A: $499.00

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

ripple & noise
*LCD display
with backlight

Toll Free 9,00 *High resolution at 1mV
1-866-442-7767 $ 34 Model | CSI3644A | CSI3645A | CSI3646A
. DC Voltage | 0-18V 0-36V 0-72V
DC Current 5A 3A 1.5A
Power (max) 90w 108W 108W
Price $199.00 | $199.00 | $199.00

Previously Presented T&MW
Webhcasts are Archived for a Year

To view the current list of available webcasts go to:
www.tmworld.com/webcasts

TeSts,,

RLD

TMWorld.com

REGISTER NOW @ TMWorld.com/Webcasts

'www.CircuitSpecialists.com|

PROTEK PC Based

40/60/100MHz DSO's
*Bandwidth: 40, 60 or 100MHz
*Real Time 1
Sampling Rate: e
100MS/s e
*Measurements a 2
via USB interface il
¢Includes Windows XP & Vista

compatible software, Oscilloscope Probe
Kit, USB cable and User Manual

Item #: Freq. Price
PROTEK DS0-2090| 40MHz | $279.00
PROTEK DS0-2150| 60MHz | $359.00
PROTEK DS0-2250[100MHz| $549.00

Circuit Specialists,Inc.
www.CircuitSpecialists.com
800-528-1417 | Fax:480-464-5824




VIEWPOIN

[An exclusive interview with a technical leader]

ALAN HUMPHREY
President

Briiel & Kjaer North America
Norcross, GA

With more than 24 years
of physical testing, simula-
tion, and business man-
agement experience, Alan
Humphrey joined Briiel &
Kjaer in 2003 as president
of the company’s Ameri-
can operations. His career
started in the automotive
industry at Jaguar Cars,
where he worked in R&D
applications involving
instrumentation, data
acquisition, analysis, and
simulation testing of com-
ponents and full vehicles.
In 1987, he moved to the
US to work for MTS Sys-
tems, with management
responsibilities focus-

ing on the automotive,
aerospace, and defense
industries. Humphrey
holds a BSc in mechanical
engineering from the UK's
University of Salford.

Contributing editor Larry
Maloney conducted a
phone interview with Alan
Humphrey on the growing
need for sound and vibra-
tion measurement in a
wide range of applications.
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Tools to tame noise and vibration

Q: What industries are driving the
need for better control of sound and
vibration?

A: There’s quite a variety, including auto-
motive, aerospace, defense, telecom, audio,
office equipment, consumer goods, and
heavy industry. Another growing area is
“community comfort,” which targets the
control of environmental noise from many
sources, such as airports, roads, rail yards,
and construction sites.

Q: Are tougher government
regulations also a factor?

A: Many of the product areas I've men-
tioned are heavily regulated by national
and international standards and legislation,
such as occupational safety, health regula-
tions, and product noise-level require-
ments. [t may come as a surprise that hear-
ing loss from workplace noise is second
only to the broad category of ““disorders of
the locomotor system” on the list of oc-
cupational diseases. As a result, many coun-
tries have implemented hearing conserva-
tion programs to assess and control noise
problems. Companies that fall under these
regulations must manage, retrieve, and re-
port data on noise measurements, as in
cases where worker claims are filed.

Q: How do your products help
customers address these challenges?
A: A good example is our recently released
LAN-XI data-acquisition hardware. You
can deploy this equipment to make multi-
channel measurements using several large-
rack systems, or you can make a simple
two-channel measurement using a single
module. Running on AC, DC, or Power
over Ethernet (PoE), this modular hard-
ware can operate as a stand-alone instru-
ment or as part of a distributed setup, such
as in an aircraft application.

Our Type 2270 handheld analyzer offers
two-channel measurement capability, LAN
and USB interfaces, a ruggedized design,
and an integrated digital camera to docu-
ment the measurement environment, such
as a construction site or an automotive test

lab. It serves many purposes, including
sound-level metering, real-time frequency
analysis, and sound and vibration recording.

Q: What is the purpose of your
noise, vibration, and harshness
(NVH) center in Canton, MI?

A: We set up this new facility with our
partners, Material Sciences and Link Engi-
neering, to support customers who must
address noise and vibration issues in such
industries as automotive, medical, and ap-
pliances. Staffed by experienced NVH en-
gineers, the research center helps customers
with applications and also trains them to do
their own testing. State-of-the-art equip-
ment includes a hemi-anechoic chamber
equipped with a four-wheel-drive dyna-
mometer to test light-duty trucks. A Sound
Transmission Loss (STL) suite features a
large hemi-anechoic chamber, as well as re-
verberant chambers for transmission loss
testing of horizontal panels, such as floor
and carpet systems, as well as vertical panels
and firewalls.

Q: Do customers also use your
equipment to design in sound
characteristics that enhance the
customer experience?

A: That’s the part of our business we call
“sound quality,” and it is a growing segment.
For example, we ofter special modules and
NVH simulators for the automotive indus-
try to help engineers achieve sound charac-
teristics that correlate to consumer percep-
tions of quality, such as the sound that a car
door should make when it closes.

Many companies today want to differ-
entiate themselves based on the acoustic
characteristics of their products, whether
it’s a quiet dishwasher or the sound of a
high-performance engine. T&*MW

Alan Humphrey addresses more

questions on sound and vibration
applications, including environmental
noise, in the online version of this inter-
view: www.tmworld.com/2008_09.
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You can either Re-Wire or Wire-Once
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Lab before the MRV Media Cross-Connect Lab after the MRV Media Cross-Connect

Are you buried under the inefficiencies of your current cable management system?

This manual method not only increases meantime between tests, it also increases the chances
of configuration errors and inaccurate test results.

MRV's Media Cross Connect system takes the manual configuration process and turns it into
simple software commands that can be stored and recalled at the click of a mouse. Scripting
these commands can increase test velocity even more! Contact MRV Sales today to arrange a
demonstration of MRV's lab solutions.

. Find out why network equipment manufacturers around the world have chosen
288 port Media Cross-Connect MRV'’s Test Automation Solutions.

MRV

Learn more about our test automation products at mrv.com/tap

Connectivity Unlimited™




Program Faster

Intuitive Graphical Programming with NI LabVIEW
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Text-Based Programming LabVIEW Graphical Programming

oo National Instruments LabVIEW is designed to increase the productivity of engineers and scientists developing
test, measurement, and control applications. Unlike traditional programming languages, LabVIEW graphical

ZCCooor programming provides an intuitive, easy-to-use approach that helps users quickly acquire, analyze, and
LabVIEW present real-world data. LabVIEW offers seamless integration with a wide range of data acquisition and
instrumentation hardware, extensive built-in analysis capabilities, and comprehensive libraries for presenting data on
custom user interfaces.

>> Take a guided tour of LabVIEW at ni.com/labview/tour 866 337 5041
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