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· Square wave clocks from DC to 2.05 GHz

· Random jitter <1 ps (rms)

· 80 ps rise and fall times

· 16-digit frequency resolution

· CMOS, LVDS, ECL, PECL, RS-485

· Phase adjustment & time modulation

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

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

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

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

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

2 GHz Clock Generator

Stanford Research Systems

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

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

Plot shows complementary clocks and PRBS (opt. 01)
outputs at 622.08 Mb/s with LVDS levels. Traces have
transition times of 80 ps and jitter less than 1 ps (rms).
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Need More Temperature Options?
Shop online at omega.com
Need More Temperature Options?
Shop online at omega.com®

100,000 process control and measurement products (and counting)
Find thousands
of temperature
measurement and

control products
in one place!
Visit omega.com
to order your
FREE copy of
The Temperature

Handbook and
EncyclopediaTM

6th Edition

© COPYRIGHT 2008 OMEGA ENGINEERING, INC. ALL RIGHTS RESERVED

Shop Online at 

etestandmeasurement.com
Shop Online:

For Sales and Service, Call TOLL FREE 

Dilbert © United Feature Syndicate, Inc.

*PATENTED
Covered by U.S. and International
patents and pending applications

Based on an Original Norman Rockwell illustration © The Curtis Publishing Company
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Connector/Converter
The Smart Connector™

USA
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FOH201

Handheld
Fiber Optic Meter

DIN Rail Universal
Smart Transmitter

TXDIN101

Industrial Non-Contact Infrared
Thermometer/Transmitter with
Local Display and Analog Output

OS550A
Series

High Watt
Drum Heater 
and Insulating
Blanket

USA

MADEMADE
ININ

TOTE-BH-55-115-TS

High-Accuracy Digital Thermometer

DP97

RD9900
Series

Paperless Recorder
with Standard Ethernet and USB

Communications Interface

HCTB-3000
Series

Constant-Temperature
Circulating Baths

USA
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Thermal Imaging
Thermometer OMEGASCOPE®

*Infrared Thermometer
with Circle/Dot Laser Sighting

TM

OSXL450

*PATENTED

General Purpose Platinum
RTD Probes with PFA Jacketed
Cables for Industrial Applications

PRTF-16
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Self Adhesive Surface-Mount
Thermistor Sensor

Compressed-Air
Dew Point Monitor

RHB-CAC1S2
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ININ
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ININ

SA1-TH
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Go to: www.omega.com/dilbert for your daily dose of DILBERT!
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Starts at
$40

Universal Verbalizer
OMEGASAYS®

Starts at
$495

� Portable, Handheld Design
� Built-In Speaker and Earphone Jack
� Over 100 Built-In

Engineering Units to Choose From
� RS232 PC Interface 
� Verbalizes Signals While Connected

to Other Measurement and Control Devices

UV1000 Starts at
$285

USA

MADEMADE
ININ

PATENT
PENDING

Benchtop Weight Scale

WSB-8000
Series

OS-XL
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866-436-0887  www.metrictest.com/agilent 6,000 instruments. One source.

If you see a function generator in use today, the odds are it’s an Agilent. 
Why is Agilent the best-seller?

Versatility. Our generators produce the most powerful array of waveforms 
in the industry. They include all the functions you’d expect, with pulse 
and arbitrary waves of up to 64k points—accurate, stable, low noise. 
And the 33220A is the fi rst arb function generator designated LXI compliant.

Right now, you can get our Arbitrary Waveform Library absolutely free. The 
library includes 20+ waveforms that can be used immediately or modifi ed to 
suit your own applications.

It’s your deal. Call today to learn more, or visit us at 
www.agilent.com/fi nd/any_wave

© Agilent Technologies, Inc. 2008

Pick a waveform
Any waveform

Agilent 33220A/33250A 
Function and Arbitrary Waveform Generator

FREE
Arbitrary Waveform Library

www.agilent.com/fi nd/any_wave

Agilent Authorized Distributor
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Cellphones connect through Ethernet
To test its base stations, RadioFrames modified a commercial tester 
to create a system that makes RF measurements, frequency mea-
surements, and power measurements under digital control.
By Martin Rowe, Senior Technical Editor

AEROSPACE TEST   COVER STORY  

Putting teamwork on the radar
Test Engineer of the Year Hung Nguyen drives F/A-18 AESA 
radar-system test and integration at Raytheon.
By Rick Nelson, Editor in Chief

Test Product of the Year
DC power analyzer wins 2008 honors   36

Test of Time Winner
Compact ScopeCorder packs just about everything   38

SEMICONDUCTOR TEST

MIMO challenges existing ATE
You can often adapt existing test systems for new devices, but with 
MIMO, this approach may not suffice.
By Keith Schaub, Advantest America

PRODUCT SAFETY

Design for dust
Dust and water vapor on electronic components can pose 
risks to product users, so design your products to resist 
the shorts and shocks that can result from buildup.
By David Lohbeck, National Instruments
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More Performance... Aries ultra high
frequency sockets have a mere 1 dB
signal loss at up to 40 GHz!!! Center
probe and Microstrip sockets deliver
more than a half million insertions with
no loss of electrical performance.

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

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

Less Wait... Aries can deliver 
the exact sockets you need 
within 6 weeks.

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

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

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

ISO 9001
Certified

A NEW GENERATION of BIPOLAR POWER

For more information visit the Kepco website:
www.kepcopower.com/bophi.htm

KEPCO, INC. • 131-38 Sanford Ave. • Flushing, NY 11355 USA • Tel: (718) 461-7000 
Fax: (718) 767-1102 • Email: hq@kepcopower.com • www.kepcopower.com

BOP1KILOWATT from KEPCO

The BOP 1KW from Kepco are true 4-quadrant programmable
voltage and current supplies capable of full source and sink
operation. To achieve low dissipation and high efficiency, when
sinking power from a load, the BOP 1KW from Kepco recuperate the
energy for re-use. The key to this is a bi-directional power factor
correction (PFC) circuit, which allows transparent energy interchange
without dissipative sinking. Keypad controls allow for automatic
creation and display of various waveforms and complex patterns.
They meet the EN61000-3-2 harmonic limits. A built-in EN55022
Class B input EMI filter is provided. 

BUILT-IN ARBITRARY WAVEFORM GENERATOR
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Guest commentaries
New LXI products and capabilities 
unleash the power of Ethernet
Bob Rennard, president of the LXI Consortium, 
explains how the power of LXI becomes clear with 
Class B- and Class A-compliant devices that elimi-
nate the PC bottleneck and are as easy to config-
ure as a printer.

Metrology personnel shortage 
is real
Chris Grachanen, master engineer and operations 
manager for the Houston Metrology Group at 
Hewlett-Packard, explains how the National Con-
ference of Standards Laboratories International 
(NCSLI) is taking steps to recruit and train the next 
generation of metrology engineers.

www.tmworld.com/guests

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

● Hummer vs. hybrid
● 40th anniversary of HP calculator

Rowe’s and Columns
Martin Rowe, Senior Technical Editor

● Wires and heat
● Measurement in the hospital

www.tmworld.com/blogs
 

Take a T&M Challenge
Answer our latest challenge question about oscillo-
scopes, and you could win a TomTom ONE naviga-
tion system courtesy of Yokogawa, the challenge 
sponsor.

www.tmworld.com/challenge

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

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

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

   www.tmworld.com/dispodog
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Every feature. Compare. Learn. Use.

www.datatranslation.com
800-525-8528 Inventors of High Performance

USB Data Acquisition

USB.
In detail.
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■ Control up to 576 multiplexer channels       
easily and economically with a single six-slot 
mainframe and high density plug-in switch cards.

■ High performance DMM option includes fast, low 
noise measurements with 3½ to 7½ digit resolution.

■ Eliminate GPIB bus bottlenecks with our   
exclusive TSP™ onboard processor and TSP-Link™ 
inter-unit communication bus.

■ Forget about switch latency and synchronization 
problems — get the industry’s first LXI Class B 
compliant system switch.

■ Monitor and control your test system from 
anywhere with embedded web browser interface.

Locked in battle?
Only Keithley unlocks the high throughput you need 

without the high complexity you don’t.

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

SERIES 3700 SYSTEM SWITCH WITH
OPTIONAL HIGH PERFORMANCE DMM

www.keithley.com ■  1.888.588.9238
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Talk, no action on education
ducation is a bit like the weather—
everybody talks about it, but no-
body does anything about it. A re-
cent bloviater on the subject is 
Microsoft chairman Bill Gates, who 
told members of Congress on 

March 12 that unless the US takes steps to re-
form immigration policies, education, and in-
vestment in scientific research, it will soon 
lose its competitive edge in technology. 

To remedy what he called a dangerous 
shortfall of skilled scientists and engineers 
who can develop breakthrough technologies, 
Gates called for a serious commitment from 
and partnership between both the public and 
private sectors to strengthen America’s educa-

tional opportunities, 
as reported in 
Electronic News.

On the need for 
education reform, 
Gates called for full 
funding of the 
America COMPETES 
Act, which I wrote 
about in my 
September 2007 

“Editor’s Note.” The act, Gates told 
Congress, would provide funding for about 
1000 more science, technology, engineering, 
and math (STEM) graduate students than were 
funded in 2007, allowing the National Science 
Foundation to support more than 35,000 
STEM graduate students during 2008 and ap-
proximately 41,000 during 2009.

Meanwhile, efforts at developing engineering 
talent are ad hoc. For example, in this issue’s 
cover story (p. 28), I profile Hung Nguyen, chief 
scientist at Raytheon Space and Airborne 
Systems, who won this year’s Test Engineer of 

the Year award in part because of his ability to 
mentor entry-level engineers, who are often 
more adept at playing video games than in 
working in a real-world laboratory.

The state of American education looks partic-
ularly dim when viewed in the light of education 
elsewhere. In her March 12 “Beautiful Country” 
column in the online Wall Street Journal, Li Yuan 
recounts the case of Jack Li, whose father, a 
Caterpillar employee in Beijing, was transferred 
to Peoria, IL. “Jack enrolled in high school as a 
ninth-grader,” she writes, adding that his par-
ents weren’t worried about their son’s academic 
prospects in a new school, because “They be-
lieved that China has better K–12 education 
than the US.” 

“Jack didn’t disappoint them,” Yuan contin-
ues, adding that three months into his new 
school, “he scored high enough on the SATs 
to put him in the top 3% in math and well 
above-average in writing and reading.”

Yuan notes that “Chinese students like Jack 
are examples of why Microsoft’s Bill Gates 
asked Congress today to spend more to im-
prove American education in math and sci-
ence.” She cites the documentary “2 Million 
Minutes” (the four years of high school), 
which concludes that Chinese high-school stu-
dents spend almost twice as much time on 
schoolwork as their American peers.

It’s nice that parents from other countries 
can expect their children to excel in American 
schools. But there is a not-so-nice flip side to 
that. I serve as a tutor in English as a second 
language in a local adult literacy program, 
and I work with many Chinese families who 
are in the US for a few months or a few years. 
The parents’ main concern? How far behind 
their children might find themselves on re-
turning to school in China. T&MW

E

“Chinese high-
school students 
spend almost twice 
as much time on 
schoolwork as their 
American peers.” 

 > > >   POST YOUR COMMENTS AT WWW.TMWORLD.COM/BLOG.
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- 1000’s of standard plug-in modules available
- Built-in Ethernet, GPIB and Serial ports with LXI support
- Hot-swap redundant power supplies
- Field upgradable firmware
- Rugged aluminum construction
- Various sized units to meet most needs
- Built-in rack and chassis slide mounting
- Solid-state, relay, digital or fiber optic switching
- Built-in forced air cooling with monitoring
- Field proven performance and reliability
- BITE for superior performance
- International wide-range AC power capacity
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- Free LabView VISA drivers
- Excellent product support and quality

Series G2 
Rack Mountable Switching Systems
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ATE  -  Telemetry  -  Microwave

Products span DC to 40GHz
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We’ve Taken Performance 
To A New Peak.

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

Introducing the 56006 and 58318 peak power sensors optimized for use on the 4500B peak power analyzer. The 56006 peak
power sensor features a unique combination of industry leading video bandwidth and unsurpassed dynamic range that make it
ideal for measuring communication signals in 3G and future 4G wireless applications. The 58318 peak power sensor offers 
a combination of broad RF frequency range and fast risetime measurement capability for the most demanding military and 
commercial pulsed RF radar applications.

BOONTON 4500B PEAK POWER ANALYZER AND FAST PEAK SENSORS

56006
❚ RF Frequency range to 6 GHz
❚ <7 nsec risetime 

(typical video bandwidth up to 65 MHz)
❚ 70 dB dynamic range (pulse mode) or 

80 dB dynamic range (modulated mode)

58318
❚ RF frequency range to 18 GHz
❚ <10 nsec risetime 

(8 nsec typical)
❚ 44 dB dynamic range (pulse mode) or 

54 dB dynamic range (modulated mode)

tmw080401.indd   9tmw080401.indd   9 3/18/2008   3:11:59 PM3/18/2008   3:11:59 PM



u.s. 1-800-829-4444
canada 1-877-894-4414

www.agilent.com/fi nd/7000appnote

More than a decade ago Agilent introduced the industry’s fi rst mixed 

signal oscilloscope. Now you can experience 3rd generation MSO 

technology and the industry’s fastest DSO update rates with the new 

Infi niiVision 7000 Series.

1. Industry’s biggest (12.1”) screen so you see analog, digital and

  serial signals better – in one instrument.

2.  Fastest uncompromised update rate shows you critical signal 

 detail and infrequent events that other scopes miss. 

3. Industry’s only hardware accelerated serial decode gives you 

 faster insight.

© Agilent Technologies, Inc. 2008

See an online demo and get a free app note at 
www.agilent.com/fi nd/7000appnote 

Biggest Screen. Best signal visibility.
Introducing Agilent’s newest oscilloscope.

5 new digital scope models and 5 new mixed-signal scope models

Agilent Infi niiVision 7000 Series oscilloscopes

Bandwidth
Channels
Waveform 
update rate
Connectivity
Display
Footprint
Applications

350 MHz, 500 MHz, 1 GHz
2 or 4 analog +16 digital on MSOs
Up to 100,000 waveforms per second

USB, LAN, XGA-out
12.1” XGA LCD
6.5” deep, 13 lbs.
I2C, SPI, CAN/LIN/FlexRay, RS-232/UART, 
Xilinx and Altera FPGA, Segmented Memory, 
Vector Signal Analysis, Offl ine PC-based 
analysis of acquired data, Power

7AGE08004.TMW.indd 1 2/18/08 6:39:00 PM
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TESTVOICES
BRAD THOMPSON 

CONTRIBUTING TECHNICAL EDITOR  
brad@tmworld.com

From the Human Factors department: 
What’s with the trend toward illuminating 
everything with blue LEDs? I recently 

purchased a Sears electrostatic air cleaner that 
features function switches illuminated from the 
rear by blue LEDs. Under normal lighting 
conditions, the indicators’ black-on-silver icons are 
perfectly readable. Unfortunately, the stylists 
selected blue point source LEDs for backlights, 
which render the icons almost unreadable under 
low-light conditions.

Good reasons exist for not using blue illumina-
tion, including the human eye’s diffi culty in focusing blue light. Aside 
from blue-lighted automobile gauges, I’m unaware of any professional-
quality test instruments that use blue LEDs as illuminators or indicators. 
Let’s hope that function continues to triumph over fashion, and that 
the human-factors engineers beat the blue daylights out of the stylists.

From the Better Health department: If you’ve ever bloodied 
your knuckles while bolting up a waveguide, chances are you’ll cheer 
the arrival of a new technology that enables fabrication of wave-
guides and other structures on substrates. Developed in conjunction 
with researchers from the University of Colorado at Boulder, the 
PolyStrata process uses a polymer molding material deposited in a 
layer surrounding electroplated metallic structures. Repeated deposi-
tion of plating and molding materials produces 3-D structures fi lled 
with the polymer. Dissolving the polymer yields microminiature 
waveguides and air-dielectric transmission lines. 

The technology appears well-suited to building systems on a substrate 
that incorporate everything up to and including an antenna array. From 
a test-engineering viewpoint, adding test connectors might prove 
challenging, and you’d do well to incorporate built-in test equipment 
(BITE) onto the substrate. But you’ll never skin your knuckles again.

From the Low Budget department: If you’re a student, an impover-
ished experimenter, or a test-instrument collector, you may have 
accumulated one or more instruments that include an IEEE 488 (GPIB) 
interface. While several manufacturers offer highly capable data-
acquisition and control packages (e.g., National Instruments’ LabView), 
the software alone may cost more than your entire instrument collection. 
As an alternative, you can download EZGPIB, a freeware GPIB, RS-232, 
and TCP/IP program that features a Pascal-like programming language.

Developed by Ulrich Bangert, holder of German amateur radio 
license DF6JB, EZGPIB runs on an IBM-compatible PC that’s 
equipped with either of two GPIB interfaces (see “More odds and 
ends” at right) and uses Windows 2000 or a more recent Microsoft 
operating system. You’ll need to become familiar with your instrument’s 
GPIB programming commands, though. Give EZGPIB a try! T&MW

Odds and ends

MORE ODDS AND ENDS

Aesthetics aside, some controversy ex-
ists regarding the possible health haz-
ards presented by blue LEDs:
texyt.com/bright+blue+leds+annoyance
+health+risks

If you use a popular search engine to 
look for “polystrata,” you may encoun-
ter a batch of scholarly papers dealing 
with red algae, paleobiology, and paleo-
ecology. Instead, use the search phrase 
“polystrata microwave” or read the fol-
lowing on the Microwave Journal site:

● To learn more about Rohm and Haas’ 
PolyStrata technology, read Microwave 
Journal for February 2008, pp. 66–86.
www.mwjournal.com/Journal/article.
asp?HH_ID=AR_5448 

● To read an interview with David Sher-
rer, Director of Research and Product 
Development at Rohm and Haas’ Elec-
tronics Materials Division, go here:
www.mwjournal.com/News/article.
asp?HH_ID=AR_5479

To download a free copy of Ulrich 
Bangert’s EZGPIB software, go to:
www.ulrich-bangert.de/html/downloads.
html

For information on Prologix’ inexpensive 
($149.95) GPIB-USB interface, go to:
www.prologix.biz

To learn more about the current version 
of NI’s LabView software, go to:
www.ni.com/labview

For information about NI’s EZGPIB-
compatible PCI-GPIB hardware inter-
face, go to:
www.ni.com/pdf/products/us/
4gpib665-668.pdf

And now for something completely dif-
ferent: You can use a stepper motor sal-
vaged from a 51⁄4-in. floppy-disk drive to 
build a micropower wind generator:
www.thebackshed.com/Windmill/
assemblyMini1.asp 
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� Accurate 10 MHz frequency via GPS-calibration

� Battery powered for "go anywhere" use

� Low power consumption for up to 8 hours battery operation

� Unique oscillator attitude sensing and compensation for optimal frequency stability

� Rugged design and construction for use in all environments

� Compact and light-weight

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

Portable Frequency Precision

in any Environment

- Lab precision brought to the field

Model 7370

Portable GPS-controlled Time & Frequency Standard
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NEWSBRIEFS

Credence sells 
diagnostics business
Credence Systems, which is continuing 
its focus on automated test equipment 
(ATE) for the semiconductor industry, 
has announced the sale of its diagnostics 
and characterization business to DCG 
Systems, an independent company led 
by Dr. Israel Niv, the founder of Opton-
ics and the GM of Credence’s Diagnos-
tics and Characterization Group from 
January 2003 to February 2005. Under 
the agreement, Credence will receive 
up to $10 million for the business.

Products covered in the transaction 
include the recently introduced Ruby 
laser voltage prober, the OptiFIB-IV 
focused ion-beam system, the Merid-
ian-IV emission system, and the NEXS 
suite of EDA link software. In addition, 
DCG Systems will offer the EmiScope, 
TriVision, and P3X instruments. The 
newly formed DCG Systems will be 
headquartered in Fremont, CA. 
www.credence.com.

Lab gains extended 
accreditation
TÜV SÜD America reports that its 
Danvers, MA, facility has been granted 
a scope extension by the International 
Electrotechnical Commission of Elec-
trical Engineers (IECEE), the world-
wide system for conformity testing and 

certification of electrical equipment 
and components. With this extension, 
TÜV SÜD America, a testing and cer-
tification firm, is now accredited to test 
products to 25 IEC standards.

The CB scope extension gives TÜV 
SÜD America continued testing capa-
bilities in the OFF (IT and office 
equipment) category and additional 
testing capabilities in the MEAS (mea-

Agilent Technologies has unveiled a limited-access technology 
for in-circuit test (ICT) that eliminates the need for physical test 
points, offering benefits that Agilent’s traditional VTEP technol-
ogy cannot provide. Part of Agilent’s VTEP v2.0 Powered test 
suite, the Cover-Extend technology is a hybrid of boundary 
scan and VTEP vectorless test. It leverages VTEP hardware, such 
as the VTEP probe and mux card (pictured).

Unlike VTEP test, which requires physical test points on the 
printed-circuit-board assembly (PCBA) for the injection of test 
stimulus signals, Cover-Extend relies on stimulus provided by 
boundary-scan cells, which do not require physical test points. The benefits include improved test coverage, 
which preserves users’ investment in in-circuit testers. (Cover-Extend can recover up to 50% node access.) 
Other benefits include savings on fixturing, a continuous operating cost that can easily exceed the price of the 
ICT system itself over time. A typical factory using Cover-Extend on 30 lines can potentially save up to 
$500,000 per year, Agilent reports. In addition, the technology provides strain relief on solder joints, resulting 
from fewer test probes needed underneath high-density ICs (for instance, ball-grid arrays), greatly reducing 
potential solder-joint damage due to excessive strain. www.agilent.com.

Agilent’s Cover-Extend cuts test-point requirements
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ESockets to 18 GHz target devices 

up to 13 mm2

Aries Electronics’ new high-frequency center-probe test sockets 
operate to 18 GHz and accommodate devices measuring up to 
13 mm2. Available in four versions with ratings of 1 to 3 GHz, 3 to 
5 GHz, 5 to 9 GHz, and 10 to 18 GHz, the new sockets serve in 

high-speed testing of devices in packages 
including CSPs, µBGAs, and LGAs with 
pitches as low as 0.40 mm.

The sockets’ solderless, pressure-mount, 
compression-spring probes allow for easy 
mounting to and removal from a test board. 
A four-point crown ensures adequate scrub 
on solder balls for reliable contact mating, 
and a raised tip probe ensures adequate 

scrub on pads. The new sockets provide minimal signal loss for 
higher bandwidth capability via a signal path measuring only 
0.077 in. Overall socket size is 1.200x0.840x0.440 in. Pin induc-
tance is 0.59 nH at 0.50-mm pitch; mutual capacitance is 0.12 pF, 
and contact resistance is less than 40 mΩ.

The compression-spring probes in the new RF sockets are con-
structed of durable heat-treated beryllium-copper alloy, plated 
with 0.75-µm gold over 0.75-µm nickel. All hardware is stainless 
steel. Contact forces range from 16 g to 25 g per contact, 
depending on pitch. Operating temperature is –55°C to 150°C, 
and estimated contact life is more than 500,000 cycles. 

Base price: $330. Aries Electronics, www.arieselec.com.
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suring instruments), MED (electrical 
equipment for medical use), HOUS 
(household and similar equipment), and 
TRON (electronics entertainment) cat-
egories. “I am very pleased that we can 
now offer a much broader scope of CB 
certificates,” said Joe Janeliunas, senior 
compliance manager for TÜV SÜD 
America. “CB work is important for 
our customers because it allows them 
to market their product in most parts 
of the world.” www.TUVamerica.com.

City-scale network test 
facility opens
IP performance test system provider 
Ixia has opened iSimCity, a proof-of-
concept lab and executive briefing 
center in Santa Clara, CA. The com-
pany has also conducted a city-scale 
demonstration on ensuring quality-of-
experience (QoE) in high-perfor-
mance, converged multiplay networks.

With the ability to conduct city-
scale testing with Ixia products at 
iSimCity, customers can access thou-
sands of test ports and aggregate traffic 
in the range of 10 to 100 Gbps, emu-
late thousands of subscribers/users, and 
generate millions of routes with thou-

sands of routing peers. They can also 
conduct system testing by emulating 
dozens of infrastructure servers, includ-
ing load balancers, denial of service 
defenders, switches, routers, video serv-
ers, SIP proxies, and DNS and DHCP 
servers. www.ixiacom.com.

Any Sensor.
Any Project.

NI Data Loggers

� PC-connected or 
stand-alone deployment

� Expandable I/O from 
four to 250+ channels

� Rugged devices with 
long-lasting durability

� Multiple mounting and
sensor connectivity
options

©2007 National Instruments Corporation. All rights reserved. 
National Instruments, NI, and ni.com are trademarks of National Instruments.
Other product and company names listed are trademarks or trade names 
of their respective companies.  2007-9345-301-101

>> See NI data loggers 
in action at
ni.com/dataloggers

800 327 9894

NI C Series 
Data-Logging Family

NEWSBRIEFS

Design Automation Conference 
(DAC), June 8–13, Anaheim, CA. 
Sponsored by IEEE, ACM, and 
EDA Consortium. www.dac.com. 

The Vision Show, June 10–12, 
Boston, MA. Sponsored by the 
Automated Imaging Association, 
www.machinevisiononline.org.

International Microwave Sym-
posium, June 15–20, Atlanta, 
GA. Sponsored by IEEE Micro-
wave Theory and Techniques So-
ciety (MTT-S), www.ims2008.org. 

To learn about other confer-
ences, courses, and calls for pa-
pers, visit www.tmworld.com/
events.

C A L E N D A R
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EFind faults in long optical cables

Anritsu’s MW90010A Coherent OTDR (C-OTDR) can detect faults 
in optical cables up to 12,000 km long, even with multiple repeat-
ers in the cable. And because it collects 1.2 million data points, the 
MW90010A is able to detect faults 
with 10-m resolution at the 12,000-km 
length. A built-in tunable light source 
covers the 1535.03-nm to 1565.08-nm 
wavelength range with ±0.2% accu-
racy. The instrument pulses that light 
with widths of 3, 10, 30, 60, or 100 µs 
with adjustable output power from 0 dBm to +13 dBm. It has a 
dynamic range of >17 dB at cable distances of 1000 km.

Once it makes a measurement, the MW90010A displays a 
graph representing the cable showing where faults occur. It lets 
you store waveforms, and it displays up to eight waveforms at 
once, letting you compare current to previous measurements and 
monitor performance as a cable ages. It also features measure-
ments such as splice loss and decibels/kilometer loss, and you 
can display distance in miles, feet, kilofeet, meters, or kilometers. 
You can store measurements in the instrument’s 2.8-Gbyte inter-
nal memory, or you can transfer data to an external USB memory 
device. The instrument produces reports in pdf format that you 
can store and print.

Base price $400,000. Anritsu, www.us.anritsu.com.
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Fluke DMMs take you 
from the lab to the production 
line, to the service bench. 

Whether it is push-button simplicity 
for the production line or advanced 
measurements for R&D, service 
or systems applications, the Fluke 
family of bench DMMs delivers 
precision and versatility. The Fluke 
8808A, 8845A, and 8846A include 
all the basics—volts, ohms, and amps 
measurements—as well as features 
tailored to their specifi c applications:

The Fluke 8808A for 
manufacturing test.
• 5.5 digit resolution
• 0.01 % basic V dc accuracy
• i-Leakage low dc current range
• Push-button measurement setup 

The Fluke 8845A/8846A for R&D, 
automated test systems  and 
service.
• 6.5 digit resolution 
• 0.0024 % V dc accuracy
• Temperature, capacitance, period, 

and frequency measurements
• TrendPlotTM, histogram, statistics, 

and limit test analytics

Precision, versatility 
and ease of use 
run in the family.

©2007 Fluke Corporation. All rights reserved. 
Specifi cations subject to change without notice. Ad 02142

For more details on the Fluke 
family of bench DMMs go to 
www.fl uke.com. Or contact 
your local Fluke representative.

Fluke. Keeping your world
 up and running.®

Assign the most common measurement tasks to the front panel 
setup buttons in the 8808A for consistent one touch testing.

The graphical display on the 8845A/8846A provides context 
sensitive menus and advanced functions like TrendPlot, 
histogram and statistics. 
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From listening to the talk at 
OFCNFOEC 2008, it’s clear 
that the fiber pipelines, once 
partially dark, are now illumi-
nated around the world. This 
year, there was no more talk 
about how fiber to the premises 
(FTTP) is going to save the 
industry. Emphasis has shifted to 
core networks to carry the in-
creased network traffic. Today, 
people are looking toward the 
next big step in core-network 
technology: 100-Gbps Ether-
net, known here as “100G.” (100G, formally IEEE 
802.3ba, was announced in December 2007.)

For the last several years, 40-Gbps fiber links 
were considered laboratory projects. Now, 
they’ve started to move into deployment, as evi-
denced by the fact that people have started talk-
ing about reducing the cost of 40-Gbps optical 
components.

At the plenary session, Pieter Poll, CTO at 
Qwest Communications, told the crowd that 
“IP traffic is increasing faster than Moore’s Law” 
and that 100-Gbps networks will need more 
complex circuits than 10-Gbps and 40-Gbps 
links. He said he expects IEEE 802.3ba to be 
ratified in 2009, with components appearing on 
the market starting between 2010 and 2012. He 
also noted that today’s 10-Gbps networks need 
to become more economical and more reliable. 
He sees 40 Gbps as an interim technology be-
fore service providers move to 100 Gbps.

Following Poll, Ethernet co-inventor Bob 
Metcalfe went a step further, predicting the ad-
vent of the Terabit Ethernet and speculating that 
the first terabit networks in labs will appear in 
2015. “Applications will drive Terabit Ethernet,” 
he said, “and television will top the list.” In fact, 
you can already see it coming given the prolif-
eration of IPTV and Web sites such as YouTube. 
“If we build Terabyte Ethernet, they will come,” 
he said. But he warned that moving to terabit 
networks will require a new fiber infrastructure, 
claiming that the existing “plumbing” won’t 
handle the speed.

Metcalfe also predicted that Ethernet will 
eventually kill SONET because Ethernet 
standards provide no design options, and thus 
improve on interoperability of networks. 

“People fail because they 
put too much emphasis 
on standards compliance 
and not enough emphasis 
on interoperability.” He 
went on to say that “OC-
7 6 8  w i l l  b e  t h e  l a s t 
SONET standard. “There will be no OC-
3072.” (SONET usually leaps in multiples of 
4, thus 4x768, or 3072.)

OFCNFOEC featured a panel discussion 
with members of companies ranging from Face-
book to component maker Avago Technologies 
to Reuters. Each panel member discussed how 
video-based applications such as Facebook and 
YouTube that stress core networks are fueling a 
demand for ever-more network bandwidth. 
Don Lee, network engineer at Facebook, told 
the audience that he needs 100-Gbps Ethernet 
right now and he’ll need Terabit Ethernet by 
2011. Lee cited Facebook’s 66 million active 
users who load audio and video onto their pages, 
and he noted that Facebook adds 1 million new 
users each week. 

Dave D’Andrea of Avago Technologies cited a 
problem with 10-Gbps optical transceivers: too 
many configurations. “Today’s connectors and 
transceivers never achieved a low enough price,” 
he said, which keeps costs too high for many 
data centers to move to 10-Gbps links. “Unlike 
Gigabit Ethernet and Fast Ethernet, connectors 
and transceivers for 10-Gbit Ethernet are not 
being made by the millions needed to get the 
economies of scale that push prices down.” 
D’Andrea is pushing a new connector called 
SPF+ as the solution, even though the standard 
for the transceiver is not yet ratified. T&MW

SHOWHIGHLIGHTS

> > > OFCNFOEC 2008, February 24–28, San Diego, CA, www.ofcnfoec.org.

OFCNFOEC: On to 100G

Network engineer 
Don Lee of Face-
book needs Terabit 
Ethernet by 2011.

Ethernet co-inven-
tor Bob Metcalfe 
envisions Terabit 
Ethernet networks 
in labs in 2015.

See the online version 
of this article at www.
tmworld.com/2008_04 
for our full coverage 
of OFC-NFOEC, 
including coverage of 
the exhibit floor.
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In 2002 I wrote “Don’t write off 
VXI,” where I noted that VXI was 
still a viable bus (Ref. 1). Now over 

20 years old, VXI remains entrenched in 
military and aerospace test applications. 
PXI, now more than 10 years old, has 
made inroads into commercial applica-
tions where VXI’s higher cost can’t go.

VXI remains strong in mil/aero test-
ing because products in those industries 
have long life spans, with 15 to 20 years 
not unusual. Because VXI was the first 
industry standard for modular instru-
ments, it was widely adopted, and with 
the cost of changing buses being so 
high, many companies are reluctant to 
swap their VXI systems for something 
newer. Although PXI (and PXI Express) 
and the more recent LXI buses use PC 
standard communications links, their 
software drivers differ from those used 
by VXI. Furthermore, VXI’s large card 
size lets test engineers put more com-
ponents—usually switches—in a slot 
than is possible in smaller PXI slots.

Development of VXI modules con-
tinues, although a new VXI product 
doesn’t receive the fanfare that a PXI 
or LXI product receives. That’s because 

VXI equipment makers know their 
customers well. “VXI is a stable mar-
ketplace,” said Mike Granieri, VP of 
advanced programs at Phase Matrix. “It 
has pragmatic users for whom perfor-
mance specifications matter greatly.”

PC technology is coming to VXI, 
though. On March 4, National Instru-
ments announced a cabled PCI Express 
link between a PC and a VXI slot-0 
controller. (See “Cabled PCI Express 
link“ in the box and see Ref. 2 for 
more on cabled PCI Express.)

Defense contractors are looking to 
complement VXI with other technol-
ogies. “At last year’s Autotestcon, there 
was considerable excitement over 
using new technologies such as soft-
ware-defined radio with VXI,” said 
Richard McDonell, senior group man-
ager for PXI and instrument control at 
National Instruments. “There’s a huge 
VXI infrastructure in place that con-
tractors want to keep using.”

“Some VXI-based systems were de-
ployed in the early 1990s, and they’re 
still in use today,” added Mark Morris, 
marketing manager at ZTEC Instru-
ments. “They often need replacements 

for obsolete instruments.” Because of 
that need, ZTEC, VXI Technology, 
and others have developed replace-
ments for modules originally from 
Hewlett-Packard (Agilent Technolo-
gies) and Tektronix. “We’re still seeing 
new test systems incorporating VXI,” 

said Morris.
Tom Sarfi, presi-

dent of the VXIbus 
Consortium, points 

to the DoD’s Joint 
Strike Fighter program. 

“Design began in 2001 and 
the Lockheed Martin F-35 is 

yet to be deployed, but it uses VXI-
based testers.”

Not everyone, however, is so excited 
about VXI. “We haven’t built a VXI-
based system in several years,” said Tim 
Brooks, business development manager 
at National Technical Systems (for-
merly BB Technologies). “We’re steer-
ing our customers toward PXI. Some 
are replacing some rack-and-stack sys-
tems with PXI, jumping over VXI be-
cause of the cost.”

Granieri counters that applications 
using VXI favor the measurement per-
formance and larger card size of VXI 
over the bus speed of PXI or LXI. “We 
still sell microwave counters in GPIB,” 
he said, “because some customers don’t 
need the higher bus speeds of modular 
instruments.” T&MW

REFERENCES
1. Rowe, Martin, “Don’t write off VXI,” Test 
& Measurement World, May 2002. www.
tmworld.com/article/CA214119.html.

2. Rowe, Martin, “PCI Express goes ca-
bled,” Test & Measurement World, August 
2007. www.tmworld.com/article/
CA6463852.html.

VXI keeps hanging around

[ INSTRUMENTATION] MARTIN ROWE 
SENIOR TECHNICAL EDITOR  

m.rowe@tmworld.com

TECHTRENDS

Cabled PCI Express link
The VXI-8360T VXI-MXI-Express controller 
passes data at speeds up to 29 Mbytes/s 
between a PC and a VXI chassis. It brings 
an industry-standard bus to VXI through a 
smaller cable than the MXI-2 bus. The VXI-
8360T includes a VXI slot-0 controller and a 
PCI Express adapter card for desktop or 
notebook PCs. www.ni.com/vxi.

Wireless Dilbert
Omega Engineering’s wireless data-acquisition catalog features the 
company’s wireless products and 60 Dilbert cartoons. To request a copy, 
go to www.omega.com/wireless.

RapidIO testing white paper
A white paper from the RapidIO Trade Association and Fabric Embedded 
Tools introduces RIOLAB, an independent test lab for RapidIO devices. 
The paper explains the ups and downs of relying on semiconductor man-
ufacturers’ interoperability test results. www.rapidio.org/education/
interoperability.

VXI remains en-
trenched in military 
and aerospace test-
ing, although some 
competition comes 
from PXI and LXI. 
Courtesy of VXI Technology.
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The No Compromise
PC Osc i l loscopes

The 3000 Series of oscilloscopes from Pico Technology include general 

purpose and high resolution models: With 12 bit resolution and 1% 

accuracy, the 10MHz PicoScope 3424 is able to detect changes as small as 

0.024% (244ppm) -- making it the ideal 4-channel oscilloscope for 

analog design and analysis. The higher speed 8 bit 

models in the PicoScope 3000 series feature 

sampling rates up to 200MS/s and up to 

1 MS/s record lengths for general 

purpose and portable applications.

With class-leading bandwidth, sampling rate, memory depth and an array of advanced high end features, the 
PicoScope 5000 PC Oscilloscopes give you the features and performance you need without any compromise.5
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S The PicoScope 2000 series oscilloscopes 

offer single and dual channel units 

that offer highly 

portable/low cost solutions to general purpose testing. The 

award winning 25MHz handheld 2105 fits comfortably into 

the palm of your hand yet still includes the powerful 

features found in larger oscilloscopes. 

Advanced Triggers
In addition to the standard triggers the PicoScope 5000 series comes 

standard with pulse width, window, dropout, delay, and logic level triggering.

Define your own waveforms or select from 8 
predefined signals with the 12 bit, 125MS/s 

arbitrary waveform generator.

250MHz Spectrum Analyzer
High speed USB 2.0 Connection

Automatic Measurements

Arbitrary Waveform Generator

     250 MHz bandwidth
1 GS/s real-time sample rate

  128 Megasample record length

Waveform Playback Tool
PicoScope software now 

allows you to go back, review, 
and analyze up to 1000 captures 

within its waveform playback tool.

PicoScope 5000 Series

USB Connected
High Speed

PC Oscilloscopes
and Spectrum Analyzer

From the market leaders in pc oscilloscopes...

 to check out our full line of pc based instruments or call 1.800.591.2796 for information and a product catalog

www.picotech.com/pco419
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Compared with other types of 
general-purpose test and mea-
surement equipment, the oscil-

loscope market has witnessed the most 
technological innovations and chang-
ing market trends. The oscilloscope 
market exceeded $1.2 billion in 2007, 
driven primarily by constantly evolv-
ing technologies in the communica-
tions and computer industries.

A key driver in the oscilloscope 
market has been the increased adop-
tion of high-speed serial data bus tech-
nologies such as PCI Express 2.0, Se-
rial ATA III, and HDMI 1.3 in the 
computer and consumer electronics 
industries. Growing signal complexity 
and challenges associated with signal 
integrity and data acquisition have 
raised the bar in terms of performance 
requirements for digital oscilloscopes. 

Another standard that is growing in 
prominence in the audio/video appli-
cation space is DisplayPort, the high-
speed serial interface standard devel-
oped by the Video Electronics 
Standards Association (VESA). Display-
Port, which aims at addressing the 
growing bandwidth needs of high-res-
olution audio and video applications, is 
expected to replace LVDS, DVI, and 
VGA, thereby providing significant 

growth opportunities for oscilloscope 
vendors.

The communications industry also 
provides significant growth potential 
for the oscilloscope market. The transi-
tion from analog to digital RF tech-
nology has generated the need for 

high-performance RF test tools and 
has fueled the demand for digital as 
well as PC-based oscilloscopes or digi-
tizers.At the same time, demand for 
their analog counterparts continues to 
decline. Unable to keep pace with 
challenges associated with complex 
signal analysis, analog scopes have lim-

ited capabilities that are driving them 
toward extinction (figure). 

There has been increasing demand 
among customers for the ability to tai-
lor their test equipment for particular 
applications. Customers look for a soft-
ware-based approach to instrumenta-
tion that allows them to customize 
their own solutions, and PC-based os-
cilloscopes are able to take advantage 
of the power and versatility of PCs. 
While the concept of a software-based 
approach to testing has been around 
for more than two decades, it has 
gained prominence over the past few 
years because of two key technological 
trends that have helped customers im-
prove throughput while reducing the 
cost of test: the adoption of high-speed 
serial buses like PCI Express and the 
evolution of multicore processors. 

With technology evolving at unprec-
edented rates in the communication 
and PC industries and as the use of 
high-speed serial interfaces continues to 
spread across various consumer market 
segments, the future of the oscilloscopes 
market has never held more promise. 
The performance competencies of these 
instruments will continue to improve to 
surpass the needs of its demanding and 
diverse customer base. T&MW

Iridescent future ahead for the oscilloscope market

Demand for analog oscilloscopes 
continues to decline as they become 
replaced by digital and PC-based 
versions.

Converged devices don’t compel users 
Conventional wisdom within the portable device in-
dustry is that consumers have a preference for con-
verged devices that combine the functionality of pre-
viously separate devices, reports In-Stat. But the idea 
that there will be wholesale adoption of a device that 
simply combines multiple devices is unrealistic, the 
market-research firm says. A recent In-Stat report, 
“Converged Devices: US Road Warriors Start Cord 
Cutting,” notes that users tend to remain loyal to 
older technology, although 8% of businesspeople 
who travel frequently have given up a desk phone to 
rely solely on their mobile number. www.in-stat.com.

PCB book-to-bill
For rigid printed-circuit boards (PCBs) and flexible 
circuits combined, industry shipments in January 

2008 increased 4.0% from January 2007, and orders 
booked increased 10.9% from January 2007. The 
combined (rigid and flex) industry book-to-bill ratio in 
January 2008 fell to 0.97, down from 1.01 in Decem-
ber 2007. www.ipc.org.

Semiconductor equipment book-to-bill
North American-based manufacturers of semicon-
ductor equipment posted $1.12 billion in orders in 
January 2008 (three-month average basis) and a 
book-to-bill ratio of 0.89. “Orders remain below lev-
els reported in early 2007 and are consistent with the 
reduction in capital spending announced by many 
device manufacturers,” said Stanley T. Myers, presi-
dent and CEO of SEMI. “While new capacity will be 
added this year, the industry appears cautious about 
new investments in the near term.” www.semi.org.

APRIL 2008   21TEST & MEASUREMENT WORLD  www.tmworld.com

TMW08_04MT_ID   21TMW08_04MT_ID   21 3/21/2008   3:52:15 PM3/21/2008   3:52:15 PM



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 15S4G8A (15 watts 4-8 GHz).  A fairly simple upgrade

performed by AR expands the 10S4G11A to a 20S4G11A (20 watt, 4-10.6 GHz) … and the 15S4G8A to a 35S4G8A (35 watts, 4-8 GHz).  
Once this initial upgrade is performed, the sky’s the limit.  The 20S4G11A 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 learn more, visit www.ar-worldwide.com or call us at 215-723-8181.

See Application Note #40 Expandable Power for further details.
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Get the eye on communications test
B O O K  R E V I E W

Digital Communications Test and Measurement: High-Speed Physical Layer Characterization. Dennis 
Derickson and Marcus Müller, eds. Prentice Hall Semiconductor Design Series, Pearson Education 
(www.prenhallprofessional.com), 2007. 935 pages. $99.

If ever there was a book that covered all 
the aspects of physical-layer test and 
measurement, this is it. Digital Commu-
nications Test and Measurement is a com-
pilation of chapters written by engi-
neers at several leading companies and 
universities—some of whom have also 
written articles for Test & Measurement 
World.

The chapters in this book cover im-
portant topics such as jitter, eye dia-
grams, clock recovery, bit-error-rate 
(BER) testing, and stress testing for 

both electrical and optical 
communications links. Un-
fortunately, the editors push 
the importance of jitter 
(chapter 2) to the point 
where they cover the 
topic before covering the 
basics of communica-
tions systems in chapter 
3; I think they should have reversed 
the order of these chapters.

Aside from that, this book just about 
covers it all. I found chapter 4, “Bit Er-

ror Ratio Testing,” particu-
larly useful. It provides just 
enough depth to cover the 
topic without delving into the 
underlying statistics.

Because each chapter is writ-
ten by a different author, you’ll 
get some redundancy—jitter and 
BER appear in several chapters. 
For example, in addition to the 

coverage of jitter in chapter 2, chapters 6 
and 7 describe techniques for measuring 
jitter with real-time oscilloscopes and 

As system-level ICs grow 
larger and more complex, 
they become impossible 
to observe and stimulate. 
Internal nodes aren’t ac-
cessible to bonding pads 
or even to probes. Signal 
voltages are small, noise 
thresholds are tiny, and 
drive strengths are negli-
gible. As critical circuits 
reach gigahertz frequen-
cies, it becomes physically 
impossible to get an ac-
curate representation of 
signals off the die, even if 
you can probe the circuit.

Yet, the need for cap-
tur ing on-chip-signal 
information remains. 
Chip designers must be 
able to observe and stim-
ulate individual blocks in a system-on-
chip (SOC) to bring up the silicon. 
Manufacturing-test engineers must be 
able to create fast test programs on af-
fordable test equipment. Increasingly, 
chip designers must also create autocali-
bration routines that can compensate 

critical circuits for process, voltage, tem-
perature, impedance, and noise variations 
while the chip is in use. The only appar-
ent option is to move test-and-measure-
ment instruments—the racks of logic 
analyzers, bus analyzers, communications 
testers, and oscilloscopes that populate 

the bring-up lab—onto 
the chip itself.

And this option is 
now available. Begin-
ning perhaps with de-
bugging facilities built 
into CPU cores, extend-
ing through bus-diag-
nostic blocks and logic 
built-in self-test blocks, 
on-chip instrumentation 
is now extending into 
high-speed transceivers 
and RF circuits. In the 
future, you may see on-
chip analog instrumen-
tation for characteriza-
tion and calibration 
routinely becoming part 
of analog design.

To learn how firms 
including Analog De-

vices, ARM, Dafca, Rambus, STMicro-
electronics, and Vitesse are adding in-
struments to their devices, see the 
full-length version of this article, from 
sibling publication EDN: www.edn.
com/article/CA6531583.html.

As SOCs grow, instruments move on-chip
1

2

1

2

Timing

Timing

D Q

D Q

Voltage

Voltage

DAC

DAC

PLL

PLL

Control logic

Vitesse has devised a two-channel approach to implementing on-chip 
receiver instrumentation that supports the generation of an eye dia-
gram or bathtub curve. 

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

Ron Wilson, Executive Editor, EDN
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for use in production
and inspection lines

www.kikusui.us

The model TOS8830, TOS8040, TOS8030 

are hipot and insulation resistance testers 

developed by KIKUSUI, an international 

brand in the field of electrical safety testers, 

and are designed specifically for use in 

production and inspection lines in factories.  

While retaining the high levels of quality and 

reliability inherent to our products, these 

testers are geared to provide what 

manufacturers want - compact, light weight, 

and reasonable price.

TOS8830

TOS8040

TOS8030

$1,950

$750

Model TOS8830
　Withstanding voltage: 
　4 kVac/100 mA,
　Insulation resistance: 
　500 V/999.9MΩ
　Withstanding voltage/insulation
　resistance tests in one model
　supporting the standard test

Model TOS8040
　Withstanding voltage:  
　4 kVac/100 mA
　Withstanding voltage tester 
　supporting standard tests

Model TOS8030
　Withstanding voltage: 
　3 kVac/10 mA
　Compact model supporting the 
　simplified test

$1,050

Hipot Testers! 
Quality

Hipot Testers! 
sampling oscilloscopes. Digital Communi-
cations Test and Measurement isn’t just 
about jitter and BER, though. It also 
covers the time domain and the fre-
quency domain and provides informa-
tion about time-domain refl ectometry 
and S-parameters.

If you need in-depth knowledge 
about any of the topics in this book, 
you can fi nd books dedicated to each. 
But if you need an introduction to the 
practical measurements you need to 
make, this book is for you.

Martin Rowe, Senior Technical Editor

Get the eye on communications test (continued)

Unsatisfactory voice quality caused 
more than 66,583,174 mobile subscrib-
ers to leave their service provider dur-
ing 2007, ultimately costing the global 
mobile services industry approximately 
$23.6 billion, according to estimates in 
a September 2007 report from commu-
nications-equipment vendor Ditech 
Networks. A follow-up audit report re-
leased February 6 suggests the situation 
may be even worse, reported Ken Crol-
ey, Ditech’s director of marketing. To 
develop that report, Ditech used its EXi 
technology to evaluate 630 million live 
mobile calls in 16 different networks 
across 12 countries; 39% of calls failed 
to meet a minimum quality standard set 
by the ITU. 

“What our audit shows is that the 
cost of churn is probably higher than 
what we estimated back in September, 

because percentage of calls affected by 
ambient noise and echo is larger than 
what’s been previously indicated in the 
industry,” said Croley, adding that the 
audit focused on identifying prob-
lems—such as ambient noise and acous-
tic echo—that exist outside of a carri-
er’s network.

Croley said the audit is unique in pro-
viding carriers with quantitative voice-

quality data. “Carriers have lots of 
technology to measure what’s 
going on inside their network,” 
he said, “but until now there 
hasn’t been a technology that will 
quantify voice quality outside the 
network. What carriers have not 
known about is what’s going on 
with a live subscriber.” EXi, he 
said, is a complement to the ITU’s 
Perceptual Evaluation of Speech 
Quality (PESQ) algor ithm, 
which, he added, does not work 
well for quality problems that oc-
cur outside a network.

See the online version of this 
article for links to Ditech Net-
works’ reports and to a white pa-
per on the limitations of PESQ: 
www.tmworld.com/2008_04.

Mobile voice quality poor 
in 39% of calls

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

Rick Nelson, Editor in Chief

Audit highlights
• In mature markets, 23% of all 
calls fall below the industry 
minimum quality standard.

• In rapid growth markets, 59% of 
all calls fall below the industry 
minimum quality standard.

• Ambient noise was rated 
“objectionable” on up to 50% of 
all calls in some regions.

• Acoustic echo was rated 
“objectionable” on up to 11% of 
all calls in some regions.

• Voice-level mismatch was rated 
“objectionable” on up to 28% of 
all calls in some regions.
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As you work throughout your lab, you want carts and work tables that are rock solid and built to last. 

That’s why Anthro develops lab furniture that is tough but also modular enough to fi t all the applications 

you have. With the myriad of choices we offer, you’ll be able to confi gure solutions for any lab layout. So 

call the friendly and knowledgeable folks of Anthro at 800.325.3841 or visit anthro.com/tmworld.
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Convoi™

Carts sturdy enough to shoulder 
some serious responsibility.
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soft front panel interface

The VTI Way…
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Log onto VTI’s website 
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PROJECT DESCRIPTION
Cellphones may not work indoors because of 
weak signals. To help people who need to use 
their cellphones in home offices and in small 
businesses, RadioFrame Networks (Redmond, 
WA, www.radioframenetworks.com) devel-
oped base stations that let users connect to a 
cell network through a DSL or cable modem. 

To test the RadioFrame base stations, test 
development manager Paul Knight 
needed a system to measure and 
calibrate the transmitters and re-
ceivers. He based his system on a 
commercially available RF test 
system and added components that 
let it perform a complete func-
tional test. The system tests pro-
duction base stations by making 
RF measurements, frequency mea-
surements, and power measure-
ments under digital control.

The basic RF test system con-
sisted of an eight-slot PXI chassis, 
an embedded controller, a signal 
generator, a vector signal analyzer 
(VSA), and a software library of 
functional tests. RadioFrame engi-
neers substituted an 18-slot PXI 
chassis for the eight-slot chassis, 
then added PXI modules, GPIB instruments, 
and the code needed to control them (figure).

After a test operator connects a unit under 
test (UUT) board to the test fixture, the system 
programs an address into the board through a 
serial port. Once programmed, the UUT can 
operate over Ethernet with a Telnet interface.

A test starts with basic functional measure-
ments such as current consumption and oscil-
lator frequency. The power supply measures 
current, and the counter/timer card measures 
oscillator frequencies on the board’s processor 
clock, field-programmable gate array (FPGA) 
clock, and RF reference clock. The DMM 
measures all voltage levels on the board: 2.5 V, 
3.0 V, 3.3 V, 3.6 V, and 5.0 V.

Calibration takes most of the 15-min test 
time. In a transmitter calibration, the system 
commands the UUT to produce a specified 
power (19 dBm, 42 dBm, or 67 dBm). The 
VSA measures RF power, and the system ad-
justs the power until it’s within tolerance. It 
then repeats the measurements across four fre-

quency bands. (The online version of this arti-
cle contains a table of the frequency bands: 
www.tmworld.com/2008_04.) After measur-
ing each power level, the system calculates cor-
rection factors and stores them in EEPROM.

With a transmitter calibrated, the VSA mea-
sures transmit power, frequency error, phase 
error, adjacent-channel power, and power-
versus time (for a transmit burst). 

The system calibrates a UUT’s receiver 
when the signal generator produces a modu-
lated carrier of known frequency and power. 
The UUT contains diagnostics that report re-
ceived power levels. Using those reports, the 
test system calculates correction factors. Fol-
lowing calibration, the system performs BER 
tests on the receiver.

In addition to making measurements, the 
test system automates parts of the test setup 
by moving Ethernet cables into place. “We 
broke off the clips on the Ethernet cables and 
use solenoids to connect them to the UUT,” 
said Knight.

LESSONS LEARNED
“When we first began testing the boards, we 
had set the RF measurement limits too tight,” 
said Knight. “We were failing good boards. 
Some tests limits were flexible, and we needed 
a statistically large sample of tests before we 
could properly set test limits.”

Cellphones connect through Ethernet

PROJECTPROFILE

DEVICE UNDER TEST
Base stations that let you 
use your cellphone in-
doors through a LAN. 
The base station con-
nects to a DSL or cable 
modem and to a cell-
phone through GSM, 
digital communications 
system (DCS), or per-
sonal communications 
services (PCS) networks.

THE CHALLENGE
Measure and calibrate 
transmitter output power 
and receiver sensitivity. 
Test RF transmit and re-
ceive functions for power, 
frequency, spectrum, and 
bit-error rate (BER). Mea-
sure voltages and power 
consumption. Control 
electromechanical de-
vices that automate the 
connecting of test cables.

THE TOOLS
● Agilent Technologies: 
rack-mount power sup-
ply, digital multimeter 
(DMM) with internal 
switching card. 
www.agilent.com.
● Amfax: PXI-based RF 
test system consisting of 
a chassis, controller, sig-
nal generator, and vector 
signal analyzer. 
www.amfax.co.uk.
● National Instruments: 
PXI data-acquisition card, 
PXI digital I/O card, PXI 
counter-timer card, PXI 
RS-232 interface card, 
PXI RS-485 interface 
card, graphical program-
ming language. 
www.ni.com.
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A PXI-based system tests cellular-to-LAN base stations.

R F  T E S T

Martin Rowe, Senior Technical Editor
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El segundo, ca. Modern radar system design 
and test strategies have undergone a revolution 
that has drastically increased the importance of 

teamwork in pulling together the disparate compo-
nents and subsystems that make up products such as 
Raytheon’s APG-79 Active Electronically Scanned 
Array (AESA) radar for the US Navy’s F/A-18 air-

AEROSPACE TEST
O

N
 T

H
E 

RO
A

D

PUTTING  
ON  

In our October 2007 
issue, we profiled the 
accomplishments of 
six outstanding test 
engineers from vari-
ous industries, and we 
asked our readers to 
vote for the Test Engi-
neer of the Year. Your 
choice? Hung Nguyen 
of Raytheon.

As part of his 
award, Nguyen will 
designate an engi-
neering or science 
program to receive a 
$20,000 grant, cour-
tesy of award spon-
sors Keithley Instru-
ments and National 
Instruments.
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TEST ENGINEER OF 
THE YEAR Hung Nguyen 
drives F/A-18 AESA 
radar-system test and 
integration at Raytheon.

BY RICK NELSON, EDITOR IN CHIEF

craft. By the time Raytheon gained Navy ap-
proval for the APG-79 last summer, it had 
relied heavily on the efforts of Hung Nguyen, 
chief scientist at Raytheon Space and Air-
borne Systems, who possessed the leadership 
skills required to guide the project team and 
the broad system knowledge necessary to in-

tegrate the various AESA hardware and soft-
ware components and to troubleshoot the 
complete radar system. Nguyen remains a key 
contributor to the program as Raytheon works 
to deliver 437 systems for the Navy in coming 
years. Because of his accomplishments, he was 
nominated for the annual Test Engineer of

 TEAMWORK 
 THE RADAR
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the Year award and was voted as the win-
ner by the readers of Test & Measurement 
World.

Thomas A. Kennedy, VP of tactical air-
borne systems for Raytheon’s Space and 
Airborne Systems business, described the 
APG-79 as “beyond state-of-the-art”—
incorporating as it does a solid-state ac-
tively scanned array that replaces the ro-
tating antennas of traditional radar 
systems, supporting multi-target tracking 

while providing instantaneous situational 
awareness to a fighter pilot whose life de-
pends on its correct operation. Kennedy 
has an affinity for the AESA program. 
Before his promotion to VP in 2004, he 
was program manager for the Navy’s 
early AESA radar-development program, 
taking it from development through test 
and transition to production.

In air-to-air engagements, the radar al-
lows targets to be engaged at very long 
ranges and offers reduced air-crew work-
load via its resource manager. The system 
also offers high-resolution ground map-
ping at long standoff ranges for air-to-
surface tracking, with an interleaved 
mode capability and at least a threefold to 
fivefold increase in system reliability. The 
system, Kennedy said, provides air-to-air 
and air-to-ground operation and is driven 

by “an immense amount of software run-
ning on multiple processors.” As for 
Nguyen’s contribution, Kennedy said, 
“Hung has the unique skill set to make 
sure the RF portion is properly inte-
grated with the digital portion,” which 
performs operations ranging from the 
common fast Fourier transforms (FFTs) 
to the other specialized processing neces-
sary to develop usable information from 
the RF signals.

The radar revolution
Bill Gardner, Raytheon’s tactical air-
borne systems radar product line direc-
tor, explained how radar design has 
evolved to place a greater emphasis on 
the teamwork that Nguyen facilitates: 
“Prior designs were based on highly spe-
cialized and unique systems architectures 
and components. Those radar systems/
architectures were ‘one of a kind,’ de-
signed specifically to provide extremely 
high performance in very stressing envi-
ronments with minimal consideration 
for cost and schedule.”

But that’s no longer the case, he ex-
plained, adding, “Today’s military de-
fense-budget challenges and advances in 
the commercial sector have totally anti-
quated this design strategy and have rev-
olutionized the way we design, fabricate, 

test, and integrate military radar prod-
ucts. Today’s radars, for example, are based 
on commercial Fibre Channel architec-
tures and standards, they utilize high-
speed digital processors that are available 
commercially, and they integrate com-
mercial design tools.”

The revolution, he said, has not been 
without significant test and integration 
challenges, adding that “Hung led our 
industry through these challenges and 

achieved success with the inte-
gration and now production 
of the APG-79 AESA for the 
F/A-18E/F Super Hornet.”

Gardner elaborated on the 
challenges involved in leverag-
ing the benefits of advanced 
microwave and digital technol-
ogies in radar systems while 
achieving high levels of reliabil-
ity and stability. Modern radar 
systems, he said, comprise sev-
eral hundred thousand parts and 
millions of lines of software 
code, and they employ ex-
tremely complex high-data-
rate-communication schemes 
that must provide for system-
critical data transfer under se-
vere timing constraints. “Hung 
and his team have developed 
and instituted rigorous test and 
integration processes, tools, and 
supporting test equipment to 
drive fundamental system reli-
ability and stability to the levels 
required,” he said.

Gardner further described the testabil-
ity challenges: Historically, with one-of-a-
kind custom radar systems, engineers 
could build in testability. But with com-
mercial-off-the-shelf (COTS) compo-
nents, “you’ve got what you’ve got, and 
you’re highly dependent upon what test-
ability is provided with the COTS com-
ponents. Hung has the skills to take com-
mercial systems with limited testability and 
adapt them into production-ready testable 
systems. He is able to adapt commercial 
products to unique military requirements.” 
Gardner added that while Nguyen has 
been focused on the new APG-79, he 
works across all of Raytheon Space and 
Airborne Systems product lines, including 
the ASTOR (Airborne Stand-Off Radar) 
program for the UK Ministry of Defence. 
That advanced ground-surveillance sys-

Bill Gardner, Raytheon’s tactical airborne systems radar product line director (left), and Thomas 
A. Kennedy, VP of tactical airborne systems (right), study a simulation with Nguyen.
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18 GHz never looked 
so good 
The ¸FSH handheld spectrum analyzer

The ¸FSH 18 is the world’s lightest, most compact 
spectrum analyzer for measurements up to 18 GHz. At  
just 2.5 kg and 270 mm – plus up to three hours of bat-
tery operation – it offers the performance and portability 
necessary for any job.
Whether you work with weather radar equipment, micro-
wave links, ATC or satellite systems, the ¸FSH 18 will 
impress you. Take a closer look!

www.rohde-schwarz.comm/ad/fsh18

Rohde & Schwarz –
The Driving Force in Spectrum Analysis
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tem will be jointly operated by the Royal 
Air Force and the British Army.

Nguyen’s background is in mathemat-
ics, and he has a PhD in the subject from 
the University of California at Berkeley. 
That background has positioned him 
well to have an understanding of all as-
pects of radar-system design. As Kennedy 
put it, “Hung works the whole chain—
from RF down to DC. He understands 
all of the different disciplines involved.”

The soft-spoken Nguyen may seem 
an unlikely candidate for gaining the co-

operation of the many teams made up of 
the approximately 8000 employees at the 
Raytheon facility here. And he himself 
was unsure whether his career would 
blossom at Raytheon when in 1985 he 
joined the Hughes Aircraft division that 
ultimately, through acquisitions, became 
Raytheon Space and Airborne Systems.

“My background was in mathemat-
ics,” he explained, “and I was very much 
interested in problem solving in theo-
retical mathematics. I didn’t at the time 
have much interest in the applied world 
of industry. I was interested in under-
standing and solving problems in the 
quest for more knowledge.”

He had reason to doubt the practicabil-
ity of theoretical math when, on complet-
ing his bachelor’s degree at Trinity Chris-
tian College, he went to Berkeley. “When 
I started at graduate school,” he com-
mented, “the department chairman in a 
welcoming speech said, ‘If you’re thinking 
about making a living from using mathe-
matics, you should think twice.’”

But he was able to put his education 
to use as a programmer at what’s now 
Raytheon. He found himself initially fo-
cused on the relatively narrow task of 

programming operator-selectable radar 
modes, while other teams focused on the 
development of antennas, transmitters, 
receivers, processors, and so forth. But 
what really piqued his interest was his 
first participation in the integration 
phase that brings the fruits of each indi-
vidual team together. “It’s a little bit of a 
marvel to see how your small piece, 
which you’ve been working on for two 
years, becomes part of the big picture.”

After several months in the integration 
lab, Nguyen developed some grasp of a 
complete radar system. Then the lead inte-
grator was reassigned, and Nguyen was able 
to fill his shoes. “That, for me, was the turn-

ing point,” he said. “I got very busy with 
my work here, and for the last 20 years or 
so, I’ve stayed busy, doing the job of system 
integration and troubleshooting.”

His hobby of gardening—from which 
he draws analogies to the test challenges he 
faces on the job—suggests a quiet patience. 
But another hobby—distance running, in-
cluding marathons—suggests persistence 
as well as patience. Indeed, development 
programs director Kenneth Flack de-
scribed him as “our ace in the hole—a 
logical and methodical pit bull who won’t 
let go of a problem until it’s solved.”

Nguyen divides test into two catego-
ries. First is verification, in which a prod-
uct passes a checklist of tests before being 
shipped to a customer. Second is trou-
bleshooting, in which engineers try to 
figure out why a product exhibits an 
anomaly every so often.

“To find out what caused that anomaly, 
we first determine whether it’s a phe-
nomenon that can be duplicated reliably. 
We then try to narrow down the cause of 
that phenomenon to a particular piece of 
hardware or particular piece of software, 
so we devise tests to find out what the 
source of the problem is. We try to elimi-
nate potential sources to eventually nar-
row down our search to the particular 
source that caused the problem.

“It’s just like gardening,” he contin-
ued. “I plant roses, and if my roses don’t 
grow well, I need to determine whether 
the problem is the location or too much 
or too little fertilizer.” In fact, he said, 
“Everyone does some sort of testing 
every day. We all—not just scientists and 
engineers—do it all the time.” 

Mentor and leader
Many of Nguyen’s coworkers pointed 
out that he is not just a team worker but 
a strong team builder who nurtures 

Bill Gardner: 
“Hung has the skills to take 
commercial systems with 
limited testability and adapt 
them into production-ready 
testable systems.”

This photograph taken at Naval Air Station Oceana shows the APG-79 
AESA radar installed in an F/A-18 Super Hornet. Inset: a Navy maintainer 
works with the radar. Courtesy of Boeing.
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Upscale specs, 
economy price 
The ¸FSL18 spectrum analyzer

The new ¸FSL18 brings mobility to microwave 
spectrum analysis. Whether radar, microwave link or 
wireless standards such as WiMAX – the ¸FSL18 now 
lets you confidently handle numerous applications in the 
lab and in the field without breaking your budget.

❙ 9 kHz to 18 GHz (overrange up to 20 GHz)
❙ 28 MHz I/Q demodulation bandwidth  – the widest 
 in its class
❙ Low measurement uncertainty, even in microwave range
❙ Full scope of analysis functions

The new ¸FSL18 is in a class of its own. 
See for yourself!

www.rohde-schwarz.com /ad / fsl18

Rohde & Schwarz –

The Driving Force in Spectrum Analysis
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AEROSPACE TEST

young engineers. And that’s critical, Flack 
said, because entry-level engineers may 
have more experience playing video 
games than in real-world laboratories. 
Today’s young people want everything to 
operate by push-button, he said, adding, 
“Well, engineering is not push-button. 
It’s not a game. You can’t turn it off.”

As Gardner put it, “The industry is in 
a transitional state. Military defense con-
tractor consolidations that occurred in 
the past five to 10 years, along with the 
drain of engineering talent to the com-
mercial sector and the rise in retirements 
of seasoned aerospace engineers, have 
opened the gap in highly trained and ex-
perienced test and integration engi-
neers.” Therefore, he said, the industry 
must face the challenges posed by the 
radar revolution with less-experienced 
personnel. “Hung,” he said, “has taken on 
the role as a leader/mentor to several 
younger-generation engineers and is key 
to imparting his level of understanding, 
intuition, and rigor into the test and in-

tegration process. His leadership is criti-
cal to developing the next generation of 
test and integration engineers.”

Ruby Torres, who as deputy director of 
the systems verification center is respon-
sible for system integration, verification, 
and validation processes and for the de-
velopment of test systems, described 
Nguyen as “a tried and true systems engi-
neer with end-to-end capability and 
ownership,” who works effectively with 
experienced engineers, entry-level engi-
neers, and customers. “Hung is deeply in-
volved developing our test strategies and 

in reconciling test requirements” as the 
disparate components, subsystems, and 
software that make up a radar system 
come together. She alluded to manager 
Ken Flack’s comments about Nguyen’s 
pit-bull tendencies: “He’s our ‘go-to’ per-
son. And if something doesn’t work, he 
keeps trying until it does.”

Does he have any shortcomings? 
“Hung is very humble and doesn’t pro-
mote his accomplishments,” she said. 
That’s what prompted her to nominate 
him for the 2008 Test Engineer of the 
Year award. T&MW

Thomas A. Kennedy: 
“Hung works the whole 
chain—from RF down to 
DC. He understands all 
of the different disciplines 
involved.”
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Look to In-Phase
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innovative test solutions 
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systems:
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Aim high
The ¸FSU spectrum analyzer

For some jobs, ‘almost’ is not an option. That’s when you 
reach for extremely high-end precision and performance 
– just what you get from our flagship spectrum analyzer, 
the ¸FSU:

❙ First spectrum analyzer to span 67 GHz
❙ Superior RF performance: 
 Phase noise –133 dBc (Hz) at 10 kHz offset
 TOI typ. +25 dBm
 Resolution bandwidth 1 Hz to 50 MHz 

With the ¸FSU, you’re equipped for any challenge 
– in aerospace & defense or general microwave applica-
tions. Built-in vector signal analysis capabilities also make 
the ¸FSU a powerful tool in wireless communications 
technology.

The ¸FSU – the top of the high end.

www.rohde-schwarz.com /ad/fsu

Rohde & Schwarz –

The Driving Force in Spectrum Analysis
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TEST PRODUCT OF THE YEAR

Automatically sequencing power to a board or de-
vice under test often requires engineers to write 
code to control a programmable power supply and 

then write additional code to measure voltage and current. 
Not so with the N6705A DC power analyzer from Agilent 
Technologies. The instrument, one of 12 products chosen 
as 2008 Best in Test winners by the editors of Test & 
Measurement World and voted as the Test Product of 
the Year by our readers, combines in one mainframe up 
to four DC power-supply 
modules as well as digital 
multimeter (DMM), oscil-
loscope, arbitrary waveform 
generator, and datalogger 
functions. Users can pro-
gram all of the functions 
from the instrument’s front 
panel and save instrument 
sequences for future use.

Kevin Cavell, product 
manager for the N6705A 
DC power analyzer, said 
the concept for the instru-
ment grew out of work 
done several years ago in 
the development of low-
profile mainframes for rack-mount applications. “They 
were designed specifically for ATE systems,” he said, “and 
we got a lot of great feedback about them. Our ATE cus-
tomers loved them, but as we sold more and more, we 
found they weren’t only being sold into ATE systems—
they were also being sold into R&D labs.” That prompted 
additional feedback, he said, with customers asking, “Why 
don’t you come out with a more bench-friendly main-
frame?” Market research, he said, confirmed the need for 
such a product.

Cavell pointed out that to take advantage of the capa-
bilities of power modules within the original low-profile 
mainframe, users would have to write some code. In con-
trast, he said, “The DC power analyzer was designed to not 
have to be programmed at all.” Of course, users who do 
wish to program can do so in languages like Agilent Vee or 

Microsoft Visual Basic by way of the analyzer’s USB, GPIB, 
and LAN (LXI class C) ports. But, Cavell emphasized, a 
key design goal was to ensure that any function a user 
might like to do—ranging from generating arbitrary wave-
forms with some power behind them to datalogging—
could be done from the front panel.

To that end, he said, the Agilent team relied on usability 
experts to come up with the right front-panel design and 
menu system to make operation intuitive—to give the in-

strument the look and feel of an oscilloscope, for example, 
so anyone who knew how to use an oscilloscope could im-
mediately begin making the types of measurements of 
which the analyzer is capable. That took a significant effort 
on the part of Agilent’s firmware team, who augmented 
the original low-profile system’s code to support the new 
instrument’s front-panel, menu-driven user interface. “It 
took a little intuition and a lot of programming to put the 
functionality all together into one box,” he said.

Initial reports, Cavell said, indicate that the Agilent 
hardware and software teams succeeded. Once customers 
grasp the concept of the product, he said, they realize how 
much time they can save by not having to put their own 
systems together and write their own code. He concluded, 
“They can do tasks in minutes that used to take hours or 
even days.” T&MW

DC POWER ANALYZER
WINS 2008 HONORS
BY RICK NELSON, EDITOR IN CHIEF

Hardware and software engineers at Agilent’s Bud Lake, NJ, facility contributed to the 
N6705A DC power analyzer’s success. Courtesy of Agilent Technologies.
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Spectrum analysis for every application and budget

❙ The largest product portfolio on the market 
❙ Short innovation cycles and utmost investment security
❙ Maximum functions per instrument, for flexibility and  
 performance
❙ Excellent service wherever you are, anywhere in the  
 world

www.rohde-schwarz.com

4 product lines, 30 models – and 
the right spectrum analyzer for you

The Driving Force in
Spectrum Analysis
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When I look at my digital camera, I’m amazed at 
how the mechanical engineers managed to fit a 
lens, motor, battery, memory card, flash, USB 

connector, circuit board, and controls into a package that 
easily fits in my hand. The DL750 ScopeCorder from 
Yokogawa represents an equally impressive packaging job in 
an instrument that is also a useful measurement tool. The 
ScopeCorder allows users to trigger and capture instanta-
neous electrical events or make prolonged trend measure-
ments of physical sensors such as 
thermocouples or strain gages. It is 
popular with engineers who make 
automotive, aerospace, electrical 
power, and electromechanical 
measurements.

In recognition of the instru-
ment’s reliability and versatility, 
the editors of Test & Measurement 
World have named it the winner of 
the 2008 Test of Time award. The 
annual Test of Time award honors 
a product that continues to pro-
vide state-of-the art performance 
for at least five years after its intro-
duction (www.tmworld.com/
awards).

Yokogawa created the DL700 
ScopeCorder in 1997 for electro-
mechanical applications that 
couldn’t be addressed with an oscilloscope or a data-acqui-
sition recorder alone. In 2002, the company unveiled the 
DL750 model, which is billed as having triple the analog 
accuracy at half the physical size (355x250x180 mm) of its 
predecessor.

The DL750 packs a large display on the front, a hard drive 
inside, and a printer on top. Three USB ports, an Ethernet 
port, a SCSI port, a video port, a GPIB port, 16 digital inputs, 
and a ZIP drive, floppy drive, or PC Card drive populate the 
unit’s left side panel, with space for the power plug. On the 
right side, the DL750 has room for 8 two-channel input 
modules. It even has a voice recorder for documentation.

In between the inputs and communications ports, the 22-lb 
DL750 has up to 1 Gsample of memory. You can allocate 
the memory to any channel or combination of channels. 

The instrument has all the input modules you’d expect—
temperature, strain, acceleration, and voltage. It packs speeds 
of up to 10 Msamples/s with 12-bit resolution and 1 Msam-
ple/s at 16-bit resolution. Most modules provide 1000 V of 
signal isolation. How did Yokogawa engineers design the 
DL750? Product manager Joseph Ting explained.

“It is a tremendous challenge to fit our electrical technol-
ogy, physical controls, I/O, and other hardware functions 
into the DL750 mechanical package. Although we used 

both computer and mechanical 
modeling for various aspects of 
the mechanical design, we ran 
into the computational limit of 
the PC mechanical simulator for 
thermal investigation. To verify 
the performance, we created 
transparent boards and mechani-
cal models, then investigated the 
flow and speed of air with smoke, 
and we verified temperature dis-
tribution using internal heating 
elements. From this, we were able 
to optimize the position, size, and 
rotational speed of the blower.”

Mechanical design challenges 
weren’t the only problems that 
Yokogawa engineers had to solve. 
The DL750 had to acquire up to 
1 Gsample of data running all 16 

channels at 10 Msamples/s. To accomplish that, engineers 
designed their most complex ASIC up to that time. Ting 
explained that when designing the unit’s GigaZoom engine, 
which lets you zoom in on any portion of the instrument’s 
1 Gsample of memory, engineers had to overcome timing 
problems and debug complex internal logical contradictions 
inside the circuit block.

Because of those efforts, the DL750 ScopeCorder can 
capture and analyze data in real time with functions usu-
ally reserved for digital oscilloscopes. Functions include 
channel math (such as sine, cosine, log, and integrals), digi-
tal filtering, spectral analysis, and go/no-go limit testing.  
With all of its capabilities, the DL750 ScopeCorder, ac-
cording to Ting, is going to have a long life and has yet to 
reach its sales peak. T&MW

The DL750 ScopeCorder from Yokogawa packs 
up to 16 analog inputs, 16 channels, and just 
about every I/O port imaginable into a portable, 
large-screen instrument. Courtesy of Yokogawa.

MARTIN ROWE, SENIOR TECHNICAL EDITOR

Compact ScopeCorder
PACKS JUST ABOUT EVERYTHING
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TEST OF TIME AWARD
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Often copied. Never duplicated.

www.rohde-schwarz.com/ad/nrp

The ¸NRP family of power sensors in the range 
DC to 40 GHz and 200 pW to 30W

Maximum bandwidth, high measurement accuracy, top 
measurement speed. Power sensors from the ¸NRP 
family are what all the others aspire to be. Every 
¸NRP power sensor is a complete measuring instru-
ment in itself. Its USB interface allows you to operate it 
directly from a PC, from other Rohde & Schwarz measur-
ing instruments, or from the ¸NRP base unit.

Thermal sensor for challenging measurements
Diode sensor with a 90 dB dynamic range – also for 
broadband-modulated signals
High-resolution sensor for peak power analysis 
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To learn more about the New Dash 2EZ+ 
call or visit us on-line:

877-867-9783 (USA & Canada only)

www.astro-med.com/d2ezMeasurement has never been this easy. 

The Dash 2EZ+ is the latest innovation in
battery powered, hand-held data recording.
With a built-in display, data acquisition and
integral chart recorder, the Dash 2EZ+ is
everything you are looking for in a portable
maintenance and troubleshooting tool.

• Compact hand-held design – only 
4.5 lbs!

• 5.7-inch color touch-screen display

• Record two channels at sample rates 
up to 40 kHz per channel

• Internal, rechargeable battery for true 
portability

• Built-in 3.1-inch chart recorder

• Captures data directly to 
CompactFlash® memory

• 10/100BaseT Ethernet and USB 2.0 
ports for file upload to PC
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2008 promises to be an exciting year for the wire-
less industry, in particular because many multiple-
input multiple-output (MIMO) devices will ramp 

into high-volume production, enabling increases in data 
throughput and link range through higher spectral effi-
ciency. In order for MIMO technology to become 
widely accepted by consumers, it will have to cost about 
the same as present-day wireless technology. This dictates 
that test-system manufacturers rein in test costs by devel-
oping automatic test equipment (ATE) that can handle 
MIMO devices during high-volume production. 

Today, non-MIMO devices such as multibanded 
cellphones, with anywhere from two to 10 radios, al-
ready ship in volume on ATE. You might ask then, 
what’s so different and challenging about MIMO, when 
the ATE industry has been testing multiple-radio sys-
tems successfully for several years? The answer lies in 
the fact that MIMO systems use the radios simultane-

ously to take advantage of the multipath effect, mean-
ing at any given time they all are “on,” either transmit-
ting or receiving, whereas a multibanded phone has 
only one radio “on” at any given time. Therefore, to 
adequately test MIMO devices, ATE systems need an 
architecture similar to the MIMO systems themselves. 
Currently, the industry expects to see up to 4x4 MIMO, 
which will require the ATE to have four independent 
transmitters and four independent receivers.

This requirement, which will have both business and 
technical repercussions, is driven by the fact that several 
key interference signal measurements are performed on 
radios on ATE systems. Typically, a desired signal plus 
one or more interfering signals are simultaneously in-
jected into the device under test (DUT) to determine 
the receiver’s ability to detect the desired signal in the 
presence of interference, blockers, or jamming signals. 
This multi-DUT testing has traditionally been accom-

YOU CAN OFTEN 

ADAPT EXISTING 

TEST SYSTEMS FOR 

NEW DEVICES, BUT 

WITH MIMO, THIS 

APPROACH MAY 

NOT SUFFICE.

MIMO challenges 
existing ATE

BY KEITH SCHAUB, ADVANTEST AMERICA

SEMICONDUCTOR TEST
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plished by the use of a splitter that routes 
the same input signal to several DUTs at 
once (Figure 1).

Because MIMO takes advantage of 
the multipath effect, however, this 
method is insufficient. To assess a DUT 
receiver’s ability to perform as a MIMO 
system, the ATE will need to inject it 
with multiple independent signals with 
different noise, interfering, and channel 
characteristics. This means simply using a 
splitter is not enough.

Instead, manufacturers will need to 
use quad-site parallel testing for RF/
wireless chipsets. ATE systems for 
MIMO devices will need independent 
vector signal generators (VSGs) and vec-
tor signal analyzers (VSAs) as well as 
multiple and independent digitizers and 
arbitrary waveform generators (AWGs), 
as illustrated in Figure 2. 

Another challenge facing MIMO test 
is the amount of data that the test system 
must handle. MIMO by definition in-
volves considerable digital signal process-
ing. Combining the processing require-
ments with the need to test multiple 
MIMO chips in parallel (that is, quad-

DUT 4x4 MIMO) leads to a dramatic 
increase in the amount of test data cap-
tured, transferred across the backplane/
bus, and processed. Consequently, meet-
ing the required cost of test (COT) tar-
gets can become very difficult. 

Some vendors have tried to meet this 
challenge by providing local digital sig-
nal processors (DSPs) or field-program-
mable gate arrays (FPGAs) to reduce the 
amount of data transferring and reduce 
the load on the system computer. While 
this approach does help to reduce the 
load on the system backplane (bus) and 
the system controller, the system con-
troller then becomes the master gate-
keeper. As a result, the master controller, 
which still must make all of the decisions 
regarding all of the MIMO sites, ends up 
becoming the bottleneck. Not only does 
this negatively impact throughput, but 
site independence is lost.

Fortunately, ATE systems that em-
ploy multicore processors can now sup-
port independent site controllers; this 
allows each MIMO site to operate 
completely independently from the 
other sites. Effectively, the ATE system 

behaves as if it were four ATE systems 
in one, enabling device manufacturers 
to employ innovative testing strategies 
that drastically reduce the cost of test. 
Here are two examples:
● Independent programs can be loaded 
into each site’s processor, opening up 
new characterization and production 
strategies.
● Handler and tester interfacing can be 
optimized for minimum test time and 
maximum throughput. Each site “de-
cides” independently what, when, and 
how to log and bin its DUT.

With total independence architected 
into the ATE, new testing models can be 
created, which ultimately allow the tar-
get test costs to be realized for both 
characterization and production testing. 

Load board real estate
There is still another major burden that 
parallel MIMO testing imposes on ATE, 
and that is real estate. Newer ATE sys-
tems offer smaller footprints that reduce 
the initial capital cost for device manu-
facturers. So, the real estate burden is ex-
acerbated by the fact that not only has 
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FIGURE 1.  In traditional multisite testing, a splitter routes one input signal to several DUTs.
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the RF pin density increased by a factor 
of 10, but the layout space on the load 
board has been reduced because of the 
smaller-footprint test heads. 

A quad-site MIMO solution can po-
tentially require up to 32 RF pins for 
transmit and receive. Even if the ATE 
system has enough pins, the traditional 
RF pins found on most ATE systems are 
SMA connectors, and SMA pins require 
too much real estate on the performance 
board.

To achieve quad-DUT and higher 
parallelism, the SMA pins will have to be 
replaced by smaller footprint pins like 
SMPs. Yet smaller pins will not solve the 
real estate problem by themselves. The 
RF signal routing to and from these pins 
and to and from the test head connectors 
becomes impractical without additional 
innovation, such as the use of vertical RF 
pins and the use of an intermediate lay-
out layer architected into the ATE.

The use of vertical RF pins will 
eliminate the cutouts that are common 
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FIGURE 3.  With a nondistributed resource architecture, all resources are constrained 
to a single Pogo block, resulting in nonsymmetrical multi-DUT layouts.
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on today’s RF boards. Each cutout is a 
hole that eliminates any possibility of 
routing signals through it. For a quad-
DUT and higher board, the real estate is 
too valuable to discard, because it is 
needed for signal routing. The vertical 
RF pin can minimize or eliminate the 
cutouts. 

Another issue facing system designers 
is the routing of the test pins. Testers used 
for system-on-chip (SOC) devices are 
card based, meaning the customer places 
the appropriate cards in the test head, and 
all of the pins for that card interface to a 
specific Pogo-block or sub-quadrant lo-
cation (Figure 3). The board designer 
can now lay out the board, but all of the 
DUT pins specific to a particular module 
must be routed to the same Pogo-block 
location. For devices with only a few RF 
pins, this is a relatively minor issue. 

But the single Pogo-block model 
quickly breaks down for devices with 
32 or more RF pins. For most of the 
pins, including DC and low-speed digi-
tal and low-frequency analog pins, the 
designer can use the multiple layers of 
the load board. For RF and high-speed 
digital pins, however, the impedance is 
paramount and must remain uniformly 
at 50 � throughout the board. For that 

reason alone, RF signal routing is always 
constrained to be on the top layer. 
Therefore, routing 32 RF pins on the 
top layer to a single block interface is 
not practical without an intermediate 
layout layer. The intermediate layer dis-
tributes resources symmetrically across 
the load board so designers are able to 

route the signals symmetrically and uni-
formly based upon the DUT pinout 
(Figure 4). 

It’s clear that MIMO devices present 
multiple challenges to the ATE environ-
ment. To meet these challenges, most 
leading ATE companies have either in-
troduced or will soon introduce multiple 
receiver products. The true challenge 
now is to engineer a viable, cost-effec-
tive, production-worthy ATE solution 
that manages the multi-RF receiver re-
source routing issues, optimizes DUT-
to-DUT correlation, and minimizes 
leakage and cross-coupling isolation in 
the load board. T&MW

Keith Schaub is an RF product engineer 
with Advantest America and is the author 
of the book Production Testing of RF and 
System-on-a-Chip Devices for Wireless 
Communications. He has an MS in elec-
trical engineering from the University of 
Texas, Dallas.
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FIGURE 4.  A symmetrical performance-board implementation distributes high-den-
sity resources in a way that enables designers to route signals uniformly.
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J
ust because you work in an air-condi-
tioned office or a temperature-con-
trolled lab and breathe filtered air 
doesn’t mean your equipment won’t 
suffer from indoor air pollution. Dust 
and moisture stil l accumulate on 

printed-circuit boards (PCBs) inside product en-
closures, increasing the chance of an electrical 
breakdown (arc-over) between circuits. Electrical 
breakdown can put users at shock risk or can result 
in a product fire. To guard against the negative ef-
fects of airborne pollution, you must design prod-
ucts to meet insulation requirements. 

Air is a mixture of nitrogen, oxygen, carbon di-
oxide, argon, and trace gases. When you add dust 
(particulate matter) and water (vapor), you get in-
door air pollution. Studies from state and federal 
environmental agencies show that indoor pollution 
levels can sometimes range between two and five 
times higher than outdoor levels (Refs. 1, 2).

Most indoor dust pollution comes from build-
ing materials such as airborne fiberglass, partition 

fibers, and carpets as well as office machines, copi-
ers, and smoke. The insides of computers in service 
for only a few months can often be coated with 
layers of dust, which can cause electrical shorts 
(Figure 1). Metallic dust particles present in in-
dustrial environments cause more trouble because 
they’re more conductive than typical office dust. 
Conductive dust sources include motors, paper 
shredders, conveyors, and manufacturing and con-
struction processes. Electronic equipment manu-
facturers often suggest cleaning internal PCBs and 
air filters in products to prevent dust buildup.

Water pollution also raises safety risks. Water vapor 
can come from many sources including cleaning 
products, air conditioners, water coolers, carpets, and 
fumes, and from the heating of food and beverages. 
Your breath contains hundreds of drops of water 
vapor, which you can see form when you breathe 
on a cold pair of eyeglasses. One person’s breathing 
can produce 1⁄4 cup of water per hour.

Condensation coats the surface of electrical cir-
cuitry and can saturate dust coatings. Moisture can 

BY DAVID LOHBECK, NATIONAL INSTRUMENTS

PRODUCT SAFETY

for

DUST AND WATER VAPOR on electronic components 

can pose risks to product users, so design your products to 

resist the shorts and shocks that can result from buildup.

TMW08_04F3_ID   47TMW08_04F3_ID   47 3/20/2008   12:11:22 PM3/20/2008   12:11:22 PM



PRODUCT SAFETY

increase conductivity between electrical 
circuits, which can cause short circuits 
resulting in product damage, fire, or elec-
trical shock (Ref. 3).

Safety standards address 
pollution
Although modern buildings use air-filtra-
tion systems, dust and water will still build 
up over time. Product safety standards take 
air pollution into account, and by design-
ing your product to comply with these 
standards, you will minimize safety risks.

One thing you need to do is use the 
proper insulating materials and then pro-
vide sufficient distance between compo-
nents and PCB traces. Electrical insula-
tion, a dielectr ic, resists the flow of 
electric current. Dielectric strength is a 
measure of an insulating material’s ability 
to withstand voltage stress without fail-
ure. The amount of insulation you need 

depends on the voltage and intended en-
vironment of your product.

Plastics and air are two common insu-
lators used to separate circuits and pre-
vent unsafe current flow. Using air as in-
sulation raises concerns about 
environmental pollution. The 
addition of solids, liquids, or 
ionized gases and moisture 
can reduce dielectric strength. 
Product standards such as IEC 
60947-1 classify environmen-
tal conditions according to 
the amount and frequency of 
occurrence of hygroscopic 
dust, ionized gas, and salt, 
with regard to relative hu-
midity (Ref. 4). 

Product standards also 
specify “pollution degrees” 

for various types of products. The pollu-
tion degree defines the level of dust and 
water pollution within a product’s oper-
ating environment. Pollution degrees 
range from 1 to 4, with higher numbers 
indicating more dust and water in the 
environment. Table 1 explains the four 
pollution degrees.

Pollution degree 2 generally applies to 
homes, offices, and laboratories (Figure 
2). For example, pollution degree 2 is ap-
propriate for information technology 
equipment (IEC 60950-1), test and mea-
surement equipment (IEC 61010-1), 
household appliances (IEC 60335-1), 
audio-visual equipment (IEC 60065), 
electronic equipment (ECMA-287), and 
industrial control products (UL 508).

Insulation, creepage, and 
clearance
An environment’s pollution degree, com-
bined with electrical and environmental 
factors such as working voltage and over-
voltage category, can affect a product’s in-
sulation. The working voltage is the high-

est AC RMS or DC voltage across the 
insulation that a product can withstand. 
The overvoltage category classifies the 
power source according to potential volt-
age transients (spikes) on the power line.

Overvoltage category II, for example, 
applies to 120/230 VAC mains outlet 
power. Home, office, laboratory, and 
manufacturing power typically fall into 
category II, which includes computers, 
measurement instruments, appliances, 
and televisions.

Inadequately insulated hazardous volt-
ages can cause fires or shock. Hazardous 
voltages are those greater than 30 VRMS 
and 42.4 Vpk or 60 VDC. Many products 
contain both hazardous and nonhazard-
ous voltages.

User-touchable voltages must be non-
hazardous; such voltages are also called 
safety extra-low voltage (SELV). SELV cir-
cuits often run at low power and logic lev-
els, such as ±3.3 to ±24 VDC. Examples of 
user-touchable circuits are input/output 
connectors and cables used to attach pe-
ripheral devices such as printers, keyboards, 

monitors, and external drives.
You must insulate hazard-

ous voltages from user-touch-
able circuits. There are several 
types of insulation:
● Functional insulation en-
sures correct product opera-
tion but does not provide 
safety protection.
● Basic insulation provides a 
single layer of insulation.
● Supplementary insulation is 
the addition of an indepen-
dent layer of insulation to 
basic insulation.
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FIGURE 2.  Pollution degrees describe indoor and outdoor 
environments. Artwork by Melinda Vaughan, National Instruments.

FIGURE 1.  Dust can accumulate on 
PCBs, which can cause electrical fail-
ures and safety hazards. 
Courtesy of www.computerservicesusa.com/dirty_computers.html.

Table 1. Pollution degrees and their descriptions
Pollution 

degree level Description

1 No pollution or only dry, nonconductive pollution, which has no influence on 
safety. You can achieve pollution degree 1 through encapsulation or the use of 
hermetically sealed components or through conformal coating of PCBs.

2 Nonconductive pollution where occasional temporary condensation can occur. 
This is the most common environment and generally is required for products 
used in homes, offices, and laboratories.

3 Conductive pollution or dry nonconductive pollution, which could become 
conductive due to expected condensation. This generally applies to industrial 
environments. You can use ingress protection (IP) enclosures to achieve pollu-
tion degree 3.

4 Pollution that generates persistent conductivity, such as by rain, snow, or con-
ductive dust. This category applies to outdoor environments and is not appli-
cable when the product standard specifies indoor use.

(continued)
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● Double insulation combines basic and supplementary insulation.
● Reinforced insulation is a single system that provides the same 
protection as double insulation.

Safety standards require that you protect users from hazards 
during the normal operation of a product and under an abnormal 
(single-fault) condition. Double or reinforced insulation provides 
this protection; in the event of a failure of the basic insulation, a 
second layer remains for protection.

Tables in the standards specify insulation spacing values be-
tween two circuits. To prevent electrical breakdown, you need 
to increase the spacing distance as the pollution degree in-
creases (Table 2).

Two other factors to consider are creepage and clearance, 
which define circuit spacings measured from the closest two 
points across the insulation, such as between PCB traces or 
between the edges of PCB pads around soldered connections 
(Figure 3). Creepage is the shortest distance across a surface 
between conductive circuits. Clearance is the shortest path 
through air between the circuits. Insulating barriers or slots 
can influence design decisions about spacing between cir-
cuits. Pollution, relative humidity, and condensation can affect 
creepage distances. Clearance is most affected by air pressure 
and temperature.

Figure 4 illustrates a 300-V digital multimeter (DMM) de-
signed for use in a pollution degree 2 environment. The DMM 
needs reinforced spacing of 3.0 mm minimum between the 
300-V input and the 5-V communication ports.

Component
(optoisolator)

Spacing 
between

PCB circuits

Air gap (slot)
1.0 mm minimum

Insulated
barrier

Circuits
(PCB traces)

Creepage (on surface)
Clearance (through air)

Spacing
between

component
leadsPCB

PCB

FIGURE 3.  Safety standards specify creepage and clearance 
spacing. Artwork by Melinda Vaughan, National Instruments.

5-V 
communication 

ports, user 
touchable

Reinforced
insulation: 3 mm

on PCB

300-V input
Optoisolator

Slots
in PCB

Hazardous
voltage section

Nonhazardous
voltage section

Note: Enclosure 
top removed for 
illustration

FIGURE 4.  Insulation separates the hazardous voltages from 
nonhazardous voltages on a PCB.

PRODUCT SAFETY
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Testing for safety compliance
The IEC standards also specify an elec-
tric strength test that stresses the insula-
tion beyond what it should encounter in 
normal operation. This test is called a di-
electr ic-withstand or high-potential 
(hipot) test. Dielectric tests consist of 
measuring the leakage current through 
the product’s insulation under a high 
voltage (overvoltage) for 1 min. Insula-
tion failure occurs when an arc-over oc-
curs, causing excessive current to flow.

The dielectric test voltage is based on 
the working voltage and the required in-
sulation, such as 2500 VRMS hipot from 
the input-to-communication connections 
in the DMM in Figure 4. To simulate 
water pollution on PCBs and compo-
nents, you should perform dielectric tests 
after 48 hr of humidity preconditioning. 
Product designers should focus on insula-
tion spacings first, because dielectric test-
ing does not reduce or eliminate the re-
quired spacing distances. T&MW.

REFERENCES
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ment of Health, healthvermont.gov/enviro/
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machine safety, and electromagnetic 
compliance (EMC). He has published nu-
merous articles on safety and EMC and 
is the author of CE Marking Handbook. 
dave.lohbeck@ni.com.

Table 2. Double or 
reinforced insulation 
for a 300-V product

Spacing type

Pollution degree

2
(typical 

products)

3
(industrial 

areas)

Clearance 3.0 mm   3.0 mm

Creepage 
on PCBs 3.0 mm 10.0 mm
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Optical power meters connect 
four channels at once
Manufacturers of fiber-optic components are always 
under pressure to slice test time. The N7744A (four-
channel) and N7745A (eight-channel) optical multiport 
power meters can help by providing multiple measure-
ments on one meter. These displayless meters feature 
a mechanical interface that lets you connect four inputs 

at a time through 
a connector that 
holds four optical 
fibers. (The 
N7745A has two 
four-port connec-
tors.) The four-
port connector 
(photo) can travel 
with four fibers 
through produc-
tion, reducing 
connect time.

The power meters use InGaAs optical sensors and 
operate at 1250-nm to 1625-nm wavelengths. They 
cover a power range of –80 dBm to +10 dBm, and 
they can log 1 million measurements per port. Dy-
namic range covers 55 dB to 65 dB, depending on 
measurement averaging time, with better than 55-dB 
return loss. The meters connect to a host computer 
through USB and Ethernet ports. 

Prices: N7744A—$9500; N7745A—$14,500. Agilent 
Technologies, www.tm.agilent.com.

Stress test optical receivers
Synthesys Research, makers of the BertScope, has 
added the first signal source to its product line. With 
the Lightwave Test Set (LTS) 8500A, you can test optical 
receivers for jitter tolerance. The 8500A is an 850-nm 
multimode optical transmitter that works in conjunction 
with the company’s BertScope bit-error-rate (BER) tes-
ter/oscilloscope and the BertScope DCRj clock-recovery 
module. The 8500A lets you perform stressed-eye test-
ing on optical receivers such as XPF and SPF+ types.

The LTS 8500A has an average optical output power 
that ranges between 0.6 mW and 1.1 mW. It tests re-
ceivers used for Fibre Channel (10x, 8x, 4x, 2x, and 1x 
speeds) as well as 10-Gbit Ethernet receivers. It in-
cludes a switchable risetime filter that lets you adjust 
the risetime of an optical signal. You can also connect 
an external filter. With the optional reference receiver, 
you can use the LTS 8500A to test transmitters as well. 
The receiver also lets you calibrate your stressed-eye 
signals when testing receivers.

To operate the LTS 8500A, connect it to a PC 
through a USB port and run the user-interface soft-
ware. With the software, you’ll get plots of the receiv-
er’s performance. 

Base price: $49,000. Synthesys Research, 
www.bertscope.com.

Ansoft updates 3-D parasitic 
extraction software
Version 8 of Q3D Extractor, Ansoft’s 3-D parasitic ex-
traction program, includes a new capacitance solver 
that extracts the capacitance and conductance of 
lossy dielectrics. The solver is optimized to exploit 
available computer memory and perform multiple fre-
quency evaluations.

Used in the design of multilayer boards, complex IC 
packages, and on-chip passive components, Q3D Ex-
tractor performs the 3-D and 2-D electromagnetic-field 
simulation required for the extraction of RLCG parame-
ters from an interconnect structure and automatically 
generates an equivalent 
SPICE subcircuit model. 
The model can then be 
used to perform signal-in-
tegrity analysis to study 
electromagnetic phenom-
ena, such as crosstalk, 
ground bounce, intercon-
nect delays, and ringing.

Version 8 of Q3D Ex-
tractor also adds infinite 
ground plane capability, 
multiprocessing and dis-
tributed analysis options, a frequency-dependent di-
electric loss model (Djordjevic-Sarkar), GDSII export, 
and a revised user interface for the 2-D extractor that 
improves 2-D modeling and lets you perform discrete 
and interpolating frequency sweeps. Q3D Extractor is 
available for Windows, Linux, and Solaris.

Ansoft, www.ansoft.com. 

B&K Precision touts multirange 
DC power supply
Differing from conventional power supplies with fixed 
outputs, B&K Precision’s Model 9110 DC power supply 
automatically recalculates the voltage/current limits for 
each setting and provides 100 W of output power in 
any voltage/current combination within its rated limits 
of 60 V and 5 A. By expanding the number of maximum 
power volt/amp combinations, the Model 9110—a digi-
tally controlled, mixed-mode linear/switching supply—
enables you to reduce the number of individual power 
supplies needed for an application.

The Model 9110 provides 10-mV/1-mA resolution 
over its full range. The unit can store and recall 4x100 
groups of preset volt/amp values, and it features over-
current, overvoltage, and overtemperature protection.
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By automatically recalculating 
voltage/current limits, the power 
supply forms a constant-power 
hyperbolic-shaped boundary. For 
example, when setting the voltage 
to the maximum of 60 V, the maxi-
mum current value is 100 W/60 V = 
1.66 A. For a 20-V setting, the 
maximum current is 5 A. Full out-
put power of 100 W is possible for 
all volt/amp combinations that lie 
on the hyperbolic curve.

Price: $275. B&K Precision, www.bkprecision.com.

PXI modules perform 
ARINC 608A switching
Expanding its line of products for the aerospace market, 
Pickering Interfaces has introduced two PXI switching 
modules that route signals in avionics test systems. The 
modules can be used in any 3U PXI chassis as well as in 
Pickering’s LXI modular switching chassis.

The 40-569 module comes as a four-slot or eight-slot 
BRIC module that integrates a 16-

Setting new standards
                    VPC InterConnect Solutions

Mix multiple measurement resources 
into one configurable system

Reliable connections over 20,000 
mating cycles

Customize Mass InterConnect 
solutions from 2–75 modules 

Complete your interface solution 
with VPC’s products

Learn more: vpc.com/TM1

Omega launches wireless 
RS-232-to-USB transceiver
With Omega Engineering’s Model WRS232-USB univer-
sal wireless RS-232-to-USB transceiver, you can make 
any RS-232 device wireless. Simply connect the wire-
less transmitter module to 
the device’s RS-232 inter-
face and the wireless re-
ceiver module to the USB 
port of a PC. The RS-232 
device can now communi-
cate as if it was directly 
connected to the PC.

A single wireless receiver 
module can operate with 
multiple wireless transmit-
ter modules up to 120 m 
away on a clear line-of-sight. The WRS232-USB operates 
over the 2.4-GHz ISM band and can be used in both 
portable and fixed-mount industrial applications. A 9-
VDC adapter for the wireless transmitter is optional.

Price: $159. Omega Engineering, www.omega.com.

wire analog backplane to accommo-
date resource distributor and bus 
matrix input daughtercards in accor-
dance with Appendix D of the 
ARINC 608A specification. The scal-
able design permits the inclusion of 
up to two resource distributor sub-
systems and up to six bus matrix 
subsystems in an eight-slot BRIC 
module.

The 40-618 is a source switching 
module that implements the switch-
ing functions defined in Appendix D 
of the ARINC specification. It com-
prises 12 4:1 multiplexers and 44 
SPST uncommitted relays in a single-
slot PXI module.

All modules employ electrome-
chanical relays with 2-A switch/carry 
current and 250-VAC/220-VDC volt-
age ratings. Both the 40-569 and 
40-618 are implemented in a 3U 
PXI format that is compatible with 
the 60-100 LXI modular switching 
chassis, permitting the modules to 
be controlled through either a PCI- 
or an LXI-compliant interface. Pick-
ering reports that it has worked 
with MAC Panel to ensure that a 
Scout mass interconnect system is 
available to simplify integration of 
the modules into aerospace test 
systems.

Pickering Interfaces, www.picker-
ingtest.com. 
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In the days of analog communications, everything was real-time. Broadcast 
communications and analog radios provided real-time sensory analysis 

on the quality of the signal being received. Real-time analysis has undergone 
rapid transformation in the advent of modern digital radio development. As 
the processing power of the computer world blends into the world of RF, the 
resulting Digital RF technologies require new real-time tools for development 
and analysis. 

Whether analyzing the propagation of MIMO radio signals, amplifying the 
latest WiMax or LTE amplifiers, or debugging Software Defined Radios, real-
time analysis techniques and measurements enable the rapid development of 
Radio Communications systems. 

Date: Tuesday, April 15, 2008  Time: 9:00 am PDT, Noon ET

BENEFITS OF REAL-TIME ANALYSIS 
TECHNIQUES AND MEASUREMENTS 
FOR RADIO COMMUNICATIONS
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Test drive software online
National Instruments’ LabView soft-
ware offers powerful features for cre-
ating user-defined design, control, 
and test and measurement systems. 
You can view interactive demos and 
try LabView free online. National 
Instruments, www.ni.com/labview/
whatis/. 

High-speed camera
The Phantom V5.2 high-speed digital 

camera can capture up to 
1000 pictures per second 

at a resolution of 
1152x896. It is 

designed for 
capturing 
fast-moving 
events associ-
ated with R&D 
and manufac-

turing applications. Vision Research, 
www.visionresearch.com/go/tmw. 

3.0-GHz spectrum analyzer 
Instek’s GSP-830 3.0 GHz spectrum 
analyzer offers features such as auto-
set, a USB interface, and a 6.4-in. TFT 
color display. The battery option, 
lightweight design, and low noise 
floor make the unit appropriate for 
the lab or the field. Instek America, 
www.goodwill.com.tw.

Accessories and instruments 
brochure
AR’s RF & Microwave Accessories & 
Instruments brochure highlights sig-

nal generators, 
system control-
lers, directional 
couplers, EMC 
test software, 
test cells, and 
field-monitoring 
equipment. Pho-
tographs, 
descriptions, and 

specifications are included for each 
model. AR RF/Microwave Instrumen-
tation, www.ar-worldwide.com. 

Embedded vision system
The Matrox 4Sight X high-performance 
embedded system for image capture, 
processing, and display features Intel 
multicore CPU and GPU technology. A 
small footprint and rugged construc-
tion make it ideal for demanding 
industrial environments. Matrox Imag-
ing, www.matroximaging.com.

Motion-control products
Automation Solutions for Electronic 
Manufacturing, Test and Inspection, 

and Data Stor-
age presents 
motion-control 
products for 
electronic assem-
bly, pick-and-
place, PCB laser 
drilling and sten-
cil cutting, wafer 
singulation, and 

automated optical inspection. Aero-
tech, www.aerotech.com. 

Connector catalog
VPC has released a new catalog for its 
iCon rack-and-panel connector that 
contains 12 new modules and two new 
configurations. New features include a 
75-� high-definition coaxial connector 
and PCB-mountable capabilities. 
Virginia Panel Corp., www.vpc.com. 

Distribution amplifiers
SRS has introduced the FS730 series 
of distribution amplifiers for signal 
distribution of 10-MHz, 5-MHz, 
CMOS logic, broadband (50/75 V), 
and SDI video sources. The amplifiers 
are available in bench and rack-mount 
configurations. Stanford Research 
Systems, www.thinkSRS.com.

Adjustable-height cart
Anthro has introduced 
Zido, a compact cart with 
a small, sturdy frame and 
4-in. casters. With vari-
ous widths and heights, 
Zido provides flexibility 
in a cart for smaller 
spaces. Anthro, www.
anthro.com. 

32-channel acquisition
The Dash 32HF is engineered for cap-
turing high-frequency data and tran-
sients. It records up to 32 channels to 
an internal hard drive at sample rates 
of up to 500 kHz. Astro-Med, www.
astro-med.com/tmindex.html. 

T&M product guide
Keithley’s 2008 prod-
uct guide includes 
useful tutorials and 
selector guides as 
well as information 
on the company’s 
newest innova-
tions in test and 
measurement. 
The guide covers 
instrumentation and 
software designed to handle challeng-
ing test and measurement applica-
tions. Keithley Instruments, www.
keithley.com. 

Four-camera frame grabber
The PIXCI SI4 frame grabber from 
EPIX can expose four Silicon Video 
cameras from one trigger or use four 
triggers for four cameras. Cameras 
may be identical or mixed. The 
board includes the company’s XCAP-
Lite imaging software. EPIX, www.
epixinc.com. 

In-line telecentric lenses
EO’s series of in-line illumination tele-
centric lenses feature a compact size, 
a long working dis-
tance, and 2⁄3-in. maxi-
mum sensor format. 
These lenses correct 
perspective errors 
throughout the 
depth of field to 
avoid changes in 
magnification. 
Edmund Optics, 
www.edmundoptics.com. 

CATALOGS & PRODUCTS
The following write-ups were supplied by advertisers in this issue.
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Fixed power supply
Amrel’s military-grade MFP-1200 
fixed power supply pushes the 
power envelope to enclose 1.2 kW 
in a 16x7.5x3.5-in. package. The 
MFP-1200 is certified to MIL-STD-
810F/461E for resistance to rain, 
dust, humidity, shock, vibration, 

extreme temperatures, and electro-
magnetic emissions. Amrel, www.
amrel.com. 

Dynamic signal analyzers
IOtech’s 600e Series of Ethernet 
dynamic signal analyzers offers an 
economical solution for vibration 

monitoring, NVH 
measurements, 
and rotating machin-
ery analysis. Four software 
packages are tailored to a particular 
type of vibration measurement and 
analysis application. IOtech, www.
iotech.com.

RF test socket 
A new socket for devices up to 
13mm² is available in four versions 
with ratings of 1–3 GHz, 3–5 GHz, 
5–9 GHz, and 10–18 GHz. The socket 
offers minimal signal loss for higher 
bandwidth capability and solderless, 
pressure-mount, compression-spring 
probes. Aries Electronics, www.
arieselec.com. 

Measurement solutions
Data Transla-
tion’s product 
guide offers an 
overview of USB 
data-acquisition, 
temperature-
measurement, 
sound and 
vibration, and 
test and mea-
surement soft-

ware products. Comprehensive charts 
simplify product selection. Data 
Translation, www.datatranslation.com.

Low-frequency VNA
The wide frequency range (1 Hz to 
40 MHz) of the PC-controlled Bode 
100 vector network analyzer is ideal 
for many RF and low-frequency 
applications such as control circuit 
analysis. OMICRON Lab, www.
omicron-lab.com. 

Temperature datalogger

The OM-CP-HiTemp-150FP is a 
small, rugged, reusable temperature 
datalogger designed for harsh envi-
ronments. It comes standard with a 

CATALOGS & PRODUCTS
The following write-ups were supplied by advertisers in this issue.
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High-performance 
BNC DAQ
Measurement Computing’s 
USB-1616HS-BNC is a BNC connec-
tor multifunction, measurement and 
control device that features 16 sin-
gle-ended and eight differential 16-

bit analog 
inputs, multi-

ple ranges, 24 
digital I/O ports, 

four counter inputs, and two counter 
outputs. Measurement Computing, 
www.mccdaq.com.

silicone rubber cable and a stain-
less-steel probe and body. Omega 
Engineering, www.omega.com.

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

USB-based JTAG system
The NT3000 CPU Commander inter-
faces to the unit under test through 

an on-chip 
debug or 
JTAG port. 
The NT3000 
is a high-per-
formance 
JTAG and 
background-
debug-mode 
diagnostic 
system 
designed for 
functional 

test and troubleshooting of micropro-
cessor systems. Navatek, www.
navatek.com

Electronic loads
The XBL Dynaload Series features 
800-, 2000-, 4000-, and 6000-W mod-
els with a wide range of voltage 
inputs and computer programming 
via GPIB, Ethernet, or RS-232. All 
models include master-slave parallel 
capabilities. TDI, www.tdipower.com.

LXI RFIUs
The EX7000 family of modular micro-
wave subsystems features an open-
architecture Ethernet/LXI platform 
that cuts the development time and 
costs of building custom COTS-like 
RF interface units with its common 
hardware platform and communica-
tions interface. VTI Microwave, www.
vtimicrowave.com.

Lab automation products
MRV’s test-management and automa-
tion products are designed to 
increase the efficiency in the test lab 
environment, enabling more tests and 
results in less time with fewer 
resources. MRV Communications, 
mrv.com/tap.
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       Discover
       the point of
       failure
before they do.

Miro 4

Images below extracted from a Phantom 
digital movie showing how changes in 

viscosity and nozzle pressure
can affect spray patterns.

Qualifying products? Characterizing materials?
The Phantom Miro high-speed digital camera

belongs in your T & M toolkit.

The Miro is the high-speed camera that’s
astonishingly easy to use. Simply point and shoot.

Miro’s bright touchscreen LCD lets you immediately
see what no ordinary camera can show you.

Capture transient motions persisting a few microseconds.
Measure. Analyze. Characterize.

The rugged lightweight Phantom Miro comes with
LCD control, compact fl ash, powerful software, &

network  capability. High-g certifi ed models are also available.

Visit our web site today www.visionresearch.com/go/tmw

Watch a short movie about

Phantom high-speed imaging solutions:

www.visionresearch.com/movie

100 Dey Road, Wayne, NJ 07470, USA  
P: 1.772.286.7000      TF: 1.866.450.PHANTOM

E: phantom@visionresearch.com
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Genie cameras are fully compatible with DALSA’s Sapera Vision Software.
Visit our website to download product specifications and technology primers 
www.dalsa.com

Genie™

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

READY TO GO DIGITAL

DALSA Genie digital cameras are compact, rugged and specifically 
designed and priced to fit your application and budget. Genie makes 
going digital easy.

Active Resolution from 640 x 480 to 1600 x 1200
Frame Rates of up to 300 fps
Monochrome or Color

Download Genie product resources: 
www.dalsa.com/genie_t4

CAPTURE THE POWER OF BLUE capture the power of DALSA machine vision
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Any discussion of printed-circuit-
board inspection must address 

the tradeoffs between methods and 
process points. Josh Petras, product 
manager for YESTech, explained how 
a combination of automated optical 
inspection (AOI) and x-ray inspection 
can address this perpetual dilemma.

Q: How do you maximize throughput 
with ever-smaller devices?
A: Consider a typical AOI sensor 
configuration consisting of a digital 
camera with constant resolution and 
a fixed-focus lens. The smallest de-
tectable inspection feature depends on 
lens magnification. At some point, 
shrinking components and solder fea-
tures will become too small to ana-
lyze accurately. Increasing magnifica-
tion reduces the field of view, so the 
AOI system would have to acquire 
more images for the same area. 
Increasing the camera’s resolution 
with a larger sensor but equivalent 
frame rate costs more and typically 
requires higher quality optics and 
more post-processing PC hardware. 

Q: And if you can’t justify the expense?
A: In that case, you can outfit a sin-
gle system with several cameras and 
lenses. This allows the AOI operator 
to select resolution on-the-fly in soft-
ware. You might mount a 25-micron 
(pixel-size) camera/lens configuration 
for lower-resolution bar codes and to 
verify component placement and 
mount a 12.5-micron configuration 
to inspect 0201s and other fine-pitch 
devices, thereby providing the best 
balance of magnification and speed.

Q: How does x-ray fit into the picture?
A: Although there is some overlap, 
AOI gives a fast picture of compo-
nent placement and other visible fea-
tures, while x-ray provides the best 
inspection of solder joints, especially 
on ball-grid arrays, chip-scale devices, 
and other devices with hidden joints.

Maintaining two individual ma-
chines allows you to fine-tune each to 
balance detection and inspection 
speed. In addition, you can place the 
AOI system either directly in front of 
x-ray at post-reflow or at pre-reflow. 
Either way, results pass to the rework 
operator as a unified report. 

Q: When would such a dual-system 
solution be most advantageous?
A: You would generally adopt it with 
high-reliability boards where through-
put is important and where you can 
justify the cost of repair. Repairing 
high-reliability boards tends to be eas-
ier than repairing cellphones and simi-
lar products because they don’t gener-
ally include as many small components.

Q: What happens when repair 
is difficult or not cost effective?
A: In those cases, we advocate you 
“inspect early and often.” Process 
monitoring is more important be-
cause you will need to scrap most de-
fective boards. The goal is to identify 
the defect trends and modify the pro-
cess to prevent them. 

Q: Should you inspect before 
or after reflow?
A: It depends. Suppose a component 
is slightly off-pad. The pre-reflow step 
identifies it as a failure, but the lique-
faction of the solder during reflow 
causes it to correct itself. If you repair 
based only on pre-reflow results, 
some repairs may be unneeded. The 
beauty of the dual-system approach is 
it lets you keep x-ray at post-reflow 
but move AOI to where it will best 
address your production problems. �

Small components challenge 
inspection throughput

62 Editor’s note

62 Highlights

64 A maturing AOI industry 
moves forward

66 Rudolph broadens wafer 
inspection

68 Products

 INSIDE THIS REPORT

Josh Petras
Product Manager
YESTech
Courtesy of YESTech.

By Steve Scheiber, Contributing Technical Editor
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Contact Steve Scheiber at sscheiber@aol.com.

An Internet show

Once upon a time, going to a 
trade show meant flying to a 

central location, taking up resi-
dence in a hotel or conference cen-
ter, visiting manufacturers’ booths, 
and listening to seminars and tech-
nical papers from a variety of points 
of view. But costs, security issues, 

and other factors re-
duced companies’ 
enthusiasm for such 
activities, and trade-
show attendance fell 
off dramatically. 

Numerous shows simply died. 
 But what was the alternative? 

How could engineers and manag-
ers evaluate and compare the lat-
est inspection system without 
spending the time traveling to all 
the vendor candidates and examin-
ing their offerings?

Enter the “teleshow.” For two 
days in February, PCB inspection 
vendors like Agilent Technologies 
joined their colleagues from other 
parts of the manufacturing-and-test 
process to hold a trade show over 
the Internet (www.virtual-pcb.com). 
Users could sign in at any time 
and enjoy approximately the level 
of personal service that one would 
expect from the onsite version. 

It’s difficult to say whether this 
event signals a paradigm shift, but 
it’s hard to deny its advantages. As 
price erosion continues to work at 
cross purposes to increasing prod-
uct complexity, companies have to 
find shortcuts that reduce costs 
without compromising quality. 
Eliminating travel expenses and 
drastically reducing time away from 
the office boosts overall productiv-
ity. Everybody wins. You just can’t 
“kick the tires.” �

Steve Scheiber, Technical Editor

E D I T O R ’ S  N O T E Nikon, JEOL intro-
duce bench SEM
Nikon Instruments and JEOL have 
collaborated on the NeoScope, a new 
bench scanning electron microscope 
(SEM) that the companies say fills the 
optical microscopist’s need for ad-
vanced imaging capability that is af-
fordable and easy to use. The compa-
nies expect the NeoScope will help 
accelerate research in several fields, 
including failure analysis of manufac-
turing materials.

The NeoScope SEM offers 10X to 
20,000X magnification without the 
need for a lens change. Operation is 
simplified through auto-focus, auto-
contrast, and auto-brightness con-
trols. In addition, the instrument op-
erates in both low- and high-vacuum 
modes and has three settings for ac-
celerating voltage (15 kV, 10 kV, and 
5 kV), all of which can be pro-
grammed in stored recipe files. The 
NeoScope can handle samples of up 
to 70 mm in diameter and up to 50 
mm thick. 

“We’ve found a natural platform 
where both companies meet,” said 
Peter Genovese, JEOL USA VP and 
GM of sales in Peabody, MA. “Nikon 
and JEOL have products that comple-
ment one another in the laboratory 
and research environment. The science 

of electron microscopy is very closely 
related to optical microscopy, but the 
NeoScope SEM extends the depth of 
field and resolution far beyond the op-
tical microscope.” www.jeolusa.com; 
www.nikoninstruments.com.

Interface cards ease 
vision setup
The Concord family of interface 
cards from Matrox Imaging is pre-
licensed for use with the Matrox 
Imaging Library (MIL) and is de-
signed to simplify the connection to 
GigE Vision or IEEE 1394 IIDC de-
vices. The single-port Concord GigE 
interface card is configured to reduce 
GigE Vision protocol loading on the 
host through the default enabling of 
jumbo packets, and it provides opti-
mum settings for the interrupt throt-
tling rate and number of receiver 
buffers. 

The Concord 1394 interface card 
features three IEEE-1394a/b adapter 
ports and a 1394a/b bilingual copper 
connection. The card also handles the 
S400 and S800 transfer rates of 
1394a and 1394b.

Both versions support 64-bit con-
ventional PCI and x1 PCI Express 
host interfaces. Software support is 
available for 32-bit Microsoft 
Windows XP. www.matrox.com/
imaging.

H I G H L I G H T S

Consulting firm Frost & Sullivan recently honored Pleora Technologies 
with its 2007 North American Frost & Sullivan Award for Product 
Innovation. The award recognized the role Pleora played in bringing 
Gigabit Ethernet (GigE) products to the machine-vision market.

“Pleora’s iPORT family of GigE connectivity products broke new tech-
nological ground,” said Vishnu Sivadevan, a research analyst at Frost & 
Sullivan. “The company proved that machine-vision applications, where 
performance and reliability is paramount, can use the economical GigE 
platform to transport video and imaging data in real time between cameras 
and PCs, eliminating the need for more costly specialized equipment. This 
award is a validation of the technology risks Pleora took in carving out a 
place for GigE connectivity in high-performance vision applications.”

The iPORT IP engines convert video and imaging data to IP packets for 
distribution over Ethernet networks. www.frost.com; www.pleora.com.

Pleora honored for innovation
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FREE WEBCAST

Join editors of Test & Measurement World and EMC expert, Doug 
Smith, to learn and discuss how to troubleshoot for EMI immunity. 

Here is a brief overview of what this hour-long webcast will cover: 
Pulses with amplitudes of dozens of volts can couple across cables, 
resulting in unwanted interfer-
ence that can wreak havoc 
on electronic systems. EMC 
consultant Doug Smith will pres-
ent a technique for inductively 
coupling pulses into circuits for 
troubleshooting designs. Using 
current probes, Smith will show 
how to use injected pulses to 
test circuits before commit-
ting them to production. Using 
Smith’s technique, engineers 
can easily inject dozens of volts 
into cables. Engineers can use 
this technique to troubleshoot 
ESD problems as well. 

  INJECT PULSES 
INTO CIRCUITS AND TEST 

for EMI IMMUNITY 

Date: Friday, April 18, 2008   
Time: 11:00 am PST, 2:00 pm EST

FROM THIS WEBCAST, 
viewers will learn: 
● The importance of testing for immunity 
to pulses on signal cables 

● How pulses can disrupt the operation 
of electronic circuits 

● How to inject test pulses and how to 
verify their amplitude and timing before 
subjecting them to your EUT 

● What factors can influence the test 
and how to ensure that you’re getting 
the right signal to the EUT.

®

TMWorld.com

Hosted by:

TMWorld.com/WebcastsREGISTER 
NOW!

SPEAKER:

Doug Smith
EMC Consultant

MODERATOR

Martin Rowe
Sr. Technical Editor, Test & 
Measurement World
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Not many years ago, vendors of 
automated-optical-inspection 

(AOI) equipment expended much of 
their marketing effort convincing elec-
tronics manufacturers to adopt the 
technique as part of a comprehensive 
inspection-and-test strategy. Today, 
the benefits of AOI itself are rarely 
questioned, but some of the issues 
that customers have always faced re-
main: cost of owner-
ship, whether to use 
2-D or 3-D inspection, 
and how to store the 
captured image data.

Economic pressures 
challenge the manufac-
turers of AOI sys-
tems to improve 
the performance 
of their products 
and lower the all-
important cost 
per use. One way 
they can do this 
is by building 
flexible systems 
that can be adapted 
to multiple projects. As a 
product matures, its pro-
cess yield generally rises, 
so it needs less inspec-
tion to achieve the same 
level of quality. As a re-
sult, AOI equipment that was once 
fully utilized can have spare capacity 
to apply elsewhere, allowing the cus-
tomer to allocate the cost of the sys-
tem to several projects.

Jeff Bishop, product marketing en-
gineer for Agilent Technologies, put it 
this way: “Return on investment has 
become more complicated. It has to 
include some more intangible consid-
erations. For example, if I buy a ma-
chine for this particular product or 
process, can I easily transfer it some-
where else? A more flexible machine 
may prove less expensive even if the 
initial outlay appears higher.”

Part of the flexibility issue lies with 
where to place AOI in the process. It 

can generate equally important data 
at various stages: immediately after 
deposition of solder paste, after com-
ponent placement and before reflow, 
and after reflow. But buying equip-
ment for each of those venues is obvi-
ously an expensive proposition. 
According to Bishop, “Generally 
speaking, companies perform paste in-
spection and then pre-reflow or paste 

inspection followed 
by post-reflow. Not 
many manufacturers 
inspect at all three 
stages. For one thing, 
managers are reluc-
tant to authorize pre-
reflow, objecting to 
a step that only 
verifies that the 
pick-and-place ma-
chine is out of 
whack. Adjust the 
machine and the 
extra step becomes 
unnecessary. In the 
final analysis, com-
panies often decide 
where to perform 
AOI based on re-
sults from the x-ray 
inspection system 
downstream.”

Systems offering 
higher throughput also significantly 
impact inspection cost. “Even if those 
systems are more expensive,” said 
Bishop, “customers can easily accept 
a $10,000 or $15,000 price premium. 
Cellphones, automotive, and similar 
applications feature relatively small 
boards, say, 5x8. If inspection pro-
duces a cycle time of perhaps 15 sec-
onds per board, the faster throughput 
and handling that cuts the effective 
time to 7 or 8 seconds represents a 
huge savings.”

Ultimately, Bishop doesn’t expect 
AOI to become much less expensive 
than it is today. “Prices have already 
declined enormously, from the neigh-
borhood of $200,000 in 1999 to per-

haps $70,000 to $100,000 today,” he 
said. “There isn’t really a lot of room 
to lower the price any further unless 
a steep drop in camera prices or other 
factors lower manufacturing costs. 
Vendors will pretty much stick to im-
proving existing hardware designs 
and upgrading the software. 

“I see a lot of companies abandon-
ing this end of the business. Initially, 
starting an AOI company didn’t re-
quire a lot of capital. Rather than try 
to make a splash in the overall mar-
ket, a company merely had to identify 
a niche, corner it, and push outward 
from there. Price pressures and in-
creased capability for the same price 
will likely drive some of the more 
marginal players away.”

2-D vs. 3-D
Besides considering the cost of an AOI 
system, a customer also needs to deter-
mine whether 2-D or 3-D inspection 
works better for a given application. 
As with x-ray, opinions differ as to 
which option provides the optimum 
balance of throughput, cost, and fault 
resolution. If managers are considering 
3-D at all, they may consider using the 
approach only during ramp-up to full 
production or while tuning the process 
to bring it under control, relying on 
2-D for more routine situations.

Two-dimensional imaging tends to 
be faster and less expensive. It can 
measure the area of solder paste on 
the pads to determine fairly accu-
rately whether the amount of solder 
is sufficient, and it can see bridges 
that would act as shorts on the fin-
ished board. On a loaded board, ei-
ther before or after reflow, 2-D can 
determine if the components are posi-
tioned correctly. 

In contrast, 3-D techniques such as 
triangulation or laser inspection can 
also determine the height of solder on 
the pad, offering a more accurate 
measure of solder volume. The jury is 
still out, however, on whether you 
should consider insufficient solder 

A maturing AOI industry moves forward
By Steve Scheiber, Contributing Technical Editor

The SJ50 AOI system 
can perform 2-D paste, 
pre-reflow, and post-
reflow inspection. 
Cour tesy  o f  Ag i l en t  Techno log ies . 
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volume a defect. Bishop explained, 
“The information to date is prelimi-
nary as to the correlation between 
AOI results and the defects detected 
at x-ray. Some companies have found 
that if solder falls below a certain per-
centage of nominal volume, the joint 
will show up later as a defect. But not 
everyone shares that experience. 

“Solder-paste inspection has be-
come much more common in the past 
few years,” he continued. “As re-
cently as the mid ’90s, companies re-
lied primarily on 2-D and volumetric 
sampling. Today’s 3-D equipment is 
more effective, easier to program, and 
less expensive than it used to be, so it 
is becoming much more common.

“The ultimate driver is quality. At 
the demand of customers, manufac-
turers—especially contract manufac-
turers, but it holds across the board—
have to ensure the quality of the prod-
ucts they deliver. This attitude is very 
common in the US and more recently 
in Western Europe. Automated tech-
niques have caught on more slowly in 
Asia, where cost consciousness and 
the relatively lower cost of labor has 
skewed the economics a bit.”

Dealing with data
As the capability of AOI systems has 
exploded, so has the amount of data 
that they produce, and storing and 
tracking the data have proven in-
creasingly difficult. Consequently, 
data handling and dispersal become 
important considerations when select-
ing a system.

“Storing images and raw measure-
ment data inherently takes up more 
space than storing a “mere” numerical 
representation. Bishop commented, 
“In the past, people kept many giga-
bytes of images, only a small portion 
of which were used to create the 
Pareto charts and other analytical 
tools. Expect to see inspection compa-
nies provide better statistical process 
control (SPC) and process-feedback 
software. Right now, people are trying 
to limit storage to only the relevant in-
formation about the product—pictures 
of components, pictures of boards, 
pictures of bar codes—primarily for li-

ability purposes. For cellphones and 
other consumer goods, the storage pe-
riod can be quite short. Medical, mili-
tary, and other high-reliability prod-
ucts require keeping the data much 
longer. Still, there is no reason to store 
every data point for every system 
down the line. Decide what you need 
to store and conform to that limit.” 

Bishop explained that some compa-
nies distribute the data to make stor-
age easier. “Companies have become 
smarter about storing data and have 
therefore reduced its volume,” he 
said. “They have begun to divide the 
data rather than keeping everything at 
all locations to minimize the amount 
that has to be stored in any one place. 
Managers hold onto some of it, while 
some is retained by line workers. 
Some data is even given to customers, 
who then become responsible for it. 

“If we are going to use the data to 
improve the process, we have to ana-
lyze it in a more timely manner. 
Empower operators to identify and 
predict problems in real time and 
generate reports automatically. 
Perhaps the source of the problem is 
not the process but bad components 
or bare boards. What kind of paste 
are you using? How fast are the 
boards going through the paste step? 
If you keep all the data, there is so 
much of it out there that analyzing it 
could take months. Considering the 
short life of a product generation 
these days, you may not even be 
making it anymore. 

“It also helps if you use the data at 
all levels. That is, apply your analysis 
of the data generated at x-ray to im-
prove AOI. Conversely, if x-ray in-
spection has missed something, can 
you find it at the earlier step? 

“The point is to make the best use 
of all the tools at your disposal. X-ray 
and AOI provide complementary re-
sults. X-ray will remain a production 
tool because of the explosion of solder 
joints in recent years and the number 
of them hidden under BGAs and simi-
lar packages. On the other hand, x-ray 
can’t read component labels or detect 
certain polarity defects. You will al-
ways need them in combination.” �
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On January 22, 
2008, Rudolph 

Technologies, a maker of 
back-end wafer inspection 
and metrology equipment, 
acquired the intellectual 
property rights, along with 
selected assets, from the 
three-dimensional wafer-
characterization product 
line of RVSI Inspection. 
This followed closely on 
the company’s December 
2007 acquisition of 
Applied Precision. 

In the wake of these de-
cisions, I asked Rajiv Roy, 
Rudolph’s marketing man-
ager for final manufactur-
ing and test, to assess the 
hot issues in wafer inspection today 
and how the company’s latest acquisi-
tion fits into that picture.

“We have always positioned our-
selves as a process-oriented com-
pany,” commented Roy. “We utilize 
what we call ‘a camera with measure-
ment,’ generally looking for ‘macro-
defects’—defects of 1 micron or more 
in size, several orders of magnitude 
larger than the circuit’s smallest fea-
tures. In 2006, we merged with 
August Technologies, a maker of 
two-dimensional wafer-
inspection equipment. 
The RVSI product line 
broadens our expertise 
in that area by giving 
us three-dimensional 
capability, an important 
enhancement with to-
day’s ever-smaller wafer 
features.”

“People have always 
appreciated RVSI’s tech-
nology but questioned 
their financial stability.  
For customers, our ac-
quisition alleviates 

those reservations,” he explained. “In 
addition, RVSI Inspection’s 3-D capa-
bility addresses a very specific new 
and fast-growing requirement by the 
wafer-fabrication industry. For years, 
people have been striving to increase 
device circuit density by making fea-
tures smaller. Today, we routinely see 
90-nm geometries, soon to be 45 nm, 
then 32. At the same time, the cost of 
that shrinkage has skyrocketed.”

Roy continued: “A less-expensive 
alternative would stack chips verti-

cally in a single pack-
age. Such an architec-
ture, though, requires 
the use of bump-type 
interconnects and 
through-silicon vias, 
inherently three-dimen-
sional features, on the 
wafer. Wire-bond inter-
connects can’t meet the 
new devices’ speed 
specifications. You 
have to verify bump 
integrity on each indi-
vidual die before bond-
ing them together to 

Rudolph broadens 
wafer inspection
By Steve Scheiber, Contributing Technical Editor

Rajiv Roy
Marketing Manager
Rudolph Technologies
Cour tesy  o f  Rudo lph  Techno log ies .

Stacking chips in a single semiconductor pack-
age requires novel interconnect solutions, such 
as these solder bumps. Cour tesy  o f  Rudo lph  Techno log ies .
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ensure that the fabrication process 
leaves no contaminants. Contam i-
nants can cause minor explosions or 
other reliability problems when 
heated, and if you do not detect a 
contaminant prior to the bonding 
step, it will never show up when you 
inspect the stacked die. We are con-
centrating our efforts in that area.”

Inspecting probe cards
But applying inspection techniques to 
ensure wafer quality extends beyond 
the wafer-inspection step itself. As 
circuit logic has become increasingly 
complex and companies want to test 
more than one device at a time, the 
probe cards used in probe-based 
wafer tests have become much more 
expensive. 

Rudolph also employs inspection 
methods to ensure integrity of those 
cards. Needles must conform to pre-
cise placement and height specifica-
tions and must make proper contact 
with wafer sites. To maintain test ac-
curacy and reduce damage to wafer 
surfaces, cards must undergo compre-
hensive analysis throughout their use-
ful lives. Rudolph is now able to ver-
ify this part of the process through its 
acquisition of Applied Precision, 
makers of equipment that subjects the 
probe cards to a verification that Roy 
refers to as “inspection with data.” 

“Because of the demand for high-
temperature wafer testing,” explained 
Roy, “the probe quality has to be 
tightly controlled. You need more 
tools. Applied gave us a couple of 
hundred such tools worldwide in one 
step.”

He concluded, “By combining 
Rudolph’s expertise with the parts of 
the total picture contributed by these 
other companies, we can now provide 
the full solution from one place. To 
serve the automobile industry, for ex-
ample, where consumption of semicon-
ductors has exploded in recent years 
and the companies exhibit a well-
known zero tolerance for failures, add-
ing RVSI’s powerful three-dimensional 
wafer scanner enhances our ability to 
offer a comprehensive, cost-effective 
three-dimensional solution.” �
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Intelligent CamerasArea Scan Cameras Line Scan Cameras

click. see. smile!www.basler-vc.com/pilot

                           10 New High 
Performance Area Scan Cameras

Capture great images with your choice of 
high quality Kodak or Sony CCD sensors

Available in VGA, one, two, and fi ve megapixel options
Fast readout times increase throughput and productivity 
Eliminate frame grabber costs with a direct Gigabit
Ethernet interface to the processor
Benefi t from high bandwidth data transfer, 
cable lengths up to 100 meters, and 100% compliance 
with the GigE Vision standard

Vision sensor line expands
Checker 232, the newest Checker 
vision sensor from Cognex, is designed 
to inspect small features over a wide 
area. It provides reliable inspection re-
sults on fast production lines, detecting 
and inspecting up to 1500 ppm.

Cognex says that Checker 232 is 
ideal for applications where small fea-
tures are being inspected on large 
parts, such as the inspection of clips 
and springs on large automotive as-
semblies. Checker sensors use multi-
image analysis to determine if a part is 
present without an external trigger, 
simplifying installation. This capability 
enables Checker to track parts in vary-
ing positions along the production line, 
overcoming imprecise part positioning 
and delivering consistent pass/fall 
results. Cognex, www.cognex.com.

Scout family grows
Basler has expanded its scout series 
of cameras with four new models 
based on Sony’s ICX285 CCD sensor. 
These cameras feature a 30-fps 
image-capture rate and are aimed at 
applications such as semiconductor 
and electronics manufacturing. 

The cameras feature either a 
Gigabit Ethernet interface 

or a FireWire 1394b interface and are 
available in monochrome or color. 
Basler’s pylon driver package supports 
both versions. With their GigE Vision-
compliant interface, the cameras can 
perform 12-bit image-data transfer 
and color output at the full 30-fps 

speed, according to the company. 
Basler Vision Technologies, www.
baslerweb.com.

Starrett offers large-capacity, 
multisensor vision system 
The Galileo AV1824 CNC video-mea-
suring system from Starrett provides 
zoom magnification of 12:1 with a pro-
grammable magnification range of 15X 
to 550X with auxiliary lenses. A dual-
output LED illuminator, ring light, and 
coaxial illumination deliver optimum 
lighting. The system also includes dual 
flat-panel displays.

The AV1824 includes 3-D metrology 
software with video edge detection and 
full CNC control. The work envelope of 
the system offers a measurement vol-
ume of 24x18x6 in. Options include a 
Renishaw touch probe, a laser scanner, 
and a CNC rotary-positioning device. 
L.S. Starrett, www.starrett.com.

P R O D U C T S
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MSa/s real-time sampling
rate and Dual Waveform
Math (DWM) function pro-
vide users with fast waveform analyzing
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digit, 4,000 count digital multimeter and
auto/manual range adjust-
ing function.

A DMM with 100,000
count accuracy and a
built-in data logger that
helps you find intermit-
tant problems and moni-
tor equipment. The D620
can record and store in
it's own internal memory
up to 37,300 time stamped data values in
all functions by simply pressing a button.
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Linda Rae joined Keithley 
Instruments in 1995 in 
product marketing and 
then served as head of 
the Component Test 
Group as well as the com-
pany’s Optoelectronics 
Group. She was later pro-
moted to senior VP and 
general manager. In 2005, 
she was named executive 
VP and COO. Rae earned 
a BSEE degree from the 
University of Florida. She 
also holds MBA and MSEE 
degrees from Case West-
ern Reserve University. 
As part of Keithley work 
teams, Rae received two 
EDI (NorTech) awards and 
an internal Keithley QSII 
(Quality-Service-Innova-
tion-Integrity) award for 
innovation.

Contributing editor Larry 
Maloney conducted a 
phone interview with 
Linda Rae on solutions 
that Keithley has devel-
oped to meet the test and 
measurement needs of 
emerging technologies.

Q: What emerging technologies 
present the biggest challenges to the 
test field?
A: Wireless is generating many new trans-
mission and reception protocols, including 
the merging of voice and data so that we 
can perform more functions on our cell-
phones. At Keithley, we’ve been focusing 
particular attention on the multiple-input 
multiple-output (MIMO) radio architec-
ture. Here, our challenge is to test multiple 
transmitters and receivers simultaneously, 
which adds complexity to the measure-
ments that have to be made and to the 
data analysis that has to be done. 

Among other emerging areas, we see 
new challenges from nanotechnology and 
from the shrinking geometries in semi-
conductors. In these applications, Keithley 
brings to bear one of its core competencies, 
very low current and voltage measurement. 
Our instruments also must address the 
thermal energy that devices are subject to 
during tests, so you see more use of pulse 
techniques to limit device self-heating.

Q: How is Keithley getting involved in 
development of nanotech innovations? 
A: Most of our participation today is in 
the research area, where we have estab-
lished partnerships with such centers as 
the NanoSystems Institute at UCLA and 
France’s CEA Leti Lab. Here again, we are 
lending our skills in low-level measure-
ment to researchers whose expertise is in 
designing and characterizing nanodevices. 

Among the Keithley instruments used in 
this work are our Models 6220 and 6221 
current sources, our high-accuracy elec-
trometers and picoammeters, and our 
Model 4200-SCS Semiconductor Charac-
terization System. Last year, we also intro-
duced a new line of SourceMeter instru-
ments with femtoamp resolution for making 
very high-speed I-V measurements.

Q: How about your involvement in 
alternative energy sources?
A: We’ve worked with fuel-cell manufac-
turers and researchers, as well as in the test-

ing and characterization of photovoltaic 
cells for solar energy. Much of our work in 
fuel cells is still in research applications, 
since our instruments are more suited for 
testing lower-power fuel cells targeted for 
portable consumer electronics. Many of 
the same instruments mentioned earlier are 
being used in these applications. 

Our SourceMeter instruments, for exam-
ple, are very well-suited for solar-cell appli-
cations, where you are working with basic 
DC I-V curves. You can create multiple 
channels for testing solar-cell arrays by con-
necting the SourceMeter instruments with 
our new Series 3700 Switch System and 
Multimeter to achieve very high through-
put and excellent measurement accuracy.

Q: What are some key innovations 
that you see in wireless technology?  
A: There’s a lot of exciting work being 
done in this field. I recently visited South 
Korea’s Electronics and Telecommunica-
tions Research Institute (ETRI), where 
researchers are working on 8x8 MIMO 
and pushing communications capabilities 
in both mobility and bandwidth. Their 
goal is to design a wireless system that 
would allow you to drive your car at high 
speeds and still get 3 Gbps of data coming 
into your wireless device.

Q: How important is customer col-
laboration to product development?
A: Every time we have a new product con-
cept, the first thing we do is conduct a lot 
of voice-of-the-customer work, including 
getting input from customer companies all 
around the world. We want to understand 
not just what customers want today but also 
a year or two from now when they are 
bringing new products to market. So, cus-
tomer input is by far the dominating factor 
in our new product development. T&MW

VIEWPOINT
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Technologies that press the limits of test

LINDA C. RAE 
Executive VP and COO
Keithley Instruments
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Linda Rae discusses more Keithley 
products, as well as software ad-

vances, in the online version of this inter-
view: www.tmworld.com/2008_04.
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Green Engineering
Powered by National Instruments

Acquire environmental data from thousands of sensors Design and model more energy efficient machines

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

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

Analyze power quality and consumption Prototype next-generation energy technologies

Present measured data to adhere to regulations Deploy advanced controllers to optimize existing equipment

MEASURE IT FIX IT
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