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Performance....it’s all about the details.

Switching?

We know switching since that’s our business, our only business. We learn the specific details about your switching
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have been manufacturing state-of-the-art automated switching systems for use in the ATE, communication, teleme-
try and broadcast industries. We provide connectivity solutions from 1x2 to 1024x1024, and larger if you need it.
Solid-state, digital, fiber-optic and relay technologies are leveraged for optimum and cost effective solutions. It’s
time to upgrade your manual patch panels or old crosspoint switch to a new high performance automated switch-
ing solution. Give us a call for your free catalog and tell us about your requirement. We’re listening. 

USUniversal
Switching
Corporation

7145 Woodley Avenue
Van Nuys, CA 91406  USA

State-of-the-Art Switching Solutions

Audio  -  Video  -  Digital  -  RF  -  IF  - ATE  -  Telemetry  -  Cellular  -  Microwave

Includes control via

TCP/IP

Solid-State
Digital
Fiber-Optic
Relay-Based
All technologies are leveraged
for optimum and cost effective
solutions.

Ethernet
GPIB
Serial
VXI/VME/LXI
All popular control types are
available. Redundant CPU’s
and control software.

Coaxial
2-Wire
Triaxial
Fiber
Single-ended, differential, bal-
anced, fiber-optic, 1xN or MxN
types of switching.

Advisory Member
LXI Consortium

Spanning
DC-40GHz

Phn
Fax
Email
Web

+1 818-785-0200
+1 818-785-0680
sales@uswi.com
www.uswi.com

tmw1105_usw_546926_C2.indd   1tmw1105_usw_546926_C2.indd   1 10/18/2005   12:03:01 PM10/18/2005   12:03:01 PM



DRF Series
Starts at

$170

DIN Rail Mount Configurable
Signal Conditioners
DRF Series

� Voltage, Current, Frequency,
Resistance, Potentiometer,
Thermocouple, RTD 
and Load Cell Input Modules

� Field Configurable
Signal Ranges

� Provides up to 3500 Veff
Isolation Between Input
and Output and Power
(Isolation is Model Specific)

OMWT-SOFT, $100,
displays real-time
historical chart or
numerical data.OMWT-TEMP15

Starts at
$100

� Transmits up to 
180 m (600')

� 64-Bit Unique ID
� Up to 100 Sensors 

Can Coexist
� Compact ABS Enclosure
� Complies with Part 15 

of the FCC Rules
� Internal Loop Antenna

Wireless Temperature Transmitter
OMWT-TEMP15

OMWT-TEMP15, $100, shown
smaller than actual size. 

Analog & Digital Output
Signal Conditioners/Transmitters
iDRN/iDRX

iDRN/iDRX
Starts at

$250

etestandmeasurement.com

Shop Online at 
For Sales and Service, Call TOLL FREE 

© COPYRIGHT 2005 OMEGA ENGINEERING, INC. ALL RIGHTS RESERVED

� Analog (iDRN) or Digital (iDRX) Output
� Models Available for: Thermocouple,

RTD, Process Voltage & Current, Strain, 
Frequency/Pulse, AC Voltage and Current

� Up to 1800 Vdc Isolation
� iDRN Series Provides 0 to 10 Vdc,

4 to 20 mA or 0 to 20 mA Output
� iDRX Series Provides RS-485 Output (ASCII

Serial Protocol and MODBUS Serial Protocol)

Transmitters and Signal ConditionersTransmitters and Signal Conditioners

What’s             at omega.comWhat’s at omega.comEXCLUSIVEEXCLUSIVEEXCLUSIVE

Handbook Cover: Based on an original Norman Rockwell illustration
©1961 The Curtis Publishing Company

Covered by U.S and
International patents and

pending applications

PATENTED

®

tmw1105_omega_555889_1.indd   1tmw1105_omega_555889_1.indd   1 10/18/2005   12:06:08 PM10/18/2005   12:06:08 PM



tmw1105_adv_550505_2.indd   1tmw1105_adv_550505_2.indd   1 10/18/2005   12:04:14 PM10/18/2005   12:04:14 PM



NOVEMBER 2005 3TEST & MEASUREMENT WORLD www.tmworld.com

FEATURES
PROJECT PROFILE

Sometimes, analog is better
ALD engineers cut test time and improve accuracy by combining 
off-the-shelf components with automated test instruments.
Martin Rowe, Senior Technical Editor

SOFTWARE  COVER STORY

Bringing home the data
Database software helps Plantronics test engineers manage far-flung man-
ufacturing and test operations from the comfort of their US headquarters.
Rick Nelson, Chief Editor

ATE

Beyond at-speed
A new method for creating faster-than-at-speed tests
can detect small delay defects in all circuit paths of
130-nm devices.
Martin Amodeo, Cadence Design Systems, and Bruce Cory, nVidia

CABLE TEST

Protecting the tester
Take action to prevent  electrical, mechanical, and software threats from
damaging your cable-harness tester.
Christopher E. Strangio, CAMI Research

COMMUNICATIONS TEST 

VoIP complicates test
With VoIP systems now receiving serious attention,
communications test must embrace increasingly
complex demands.
Richard A. Quinnell, Contributing Technical Editor

29

30

43

DEPARTMENTS
5 Editor’s note

7 Test voices

11 News briefs

15 Show highlights

61 Product update

74 Viewpoint

5 Editorial staff

71 Advertiser index

72 Business staff

R E N E W  Y O U R  T & M W S U B S C R I P T I O N  O N L I N E : W W W. G E T F R E E M A G . C O M / T M W

C O N T E N T S
®

N O V E M B E R  2 0 0 5
V O L . 2 5 ●● N O . 1 0

C O V E R  B Y:  S T E V E  L A B A D E S S A

TECH TRENDS
21 Semiconductor test
23 Machine vision

TEST DIGEST
25   Free program helps you

design filters
25   Measuring 65-nm circuits
26   Create your own data

plots

For some readers, this issue also contains:

● Machine-Vision & Inspection Test Report
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Others wishing to read these supplements can access them
in the online version of this issue at www.tmworld.com.

��  Learn to apply LXI
The LXI standard is paving the way toward modular test-
system architectures that combine low-cost Ethernet tech-
nology with the measurement performance of GPIB instru-
ments. The October 19 Webcast, “Gaining the benefits of
the LXI platform,” shows what the standard means to you
and how you can begin deploying LXI systems. Check out
the archived Webcast. wwwwww..ttmmwwoorrlldd..ccoomm//wweebbccaassttss..
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Unbelievable? Give us five minutes and we’ll cut your test time by 50% with these third-
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Keithley’s Series 2400 SourceMeter Family also offers a wide range of versatile source and measure solutions.
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unmatched throughput. 

� Get intuitive intelligence with the
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The deteriorating state of science and technology expertise in the
United States is the focus of a report issued October 12 by the
National Academies. The congressionally requested report—writ-
ten by a 20-member committee that included university presidents,
CEOs, Nobel Prize winners, and former presidential appointees—
notes that for the price of one engineer in the US, a company can
hire 11 engineers in India.

Perhaps it’s not surprising then that last year in India,
350,000 engineers graduated from institutions of

higher education, while only about 70,000 did so in
the US. In China, the figure was more than 600,000.

Here are some other facts cited in the report:
•• In 1999, only 41% of US eighth-graders had a math teacher who
had majored in mathematics at the undergraduate or graduate
level or studied the subject for teacher certification.
•• US 12th-graders recently performed below the international aver-
age for 21 countries on a test of general knowledge in mathemat-
ics and science.
•• In 2001, US industry spent more
on tort litigation than on research
and development.

The potential consequences are
dire. Committee chair Norman R.
Augustine, retired chairman and CEO of Lockheed Martin, stated,
“The building blocks of our economic leadership are wearing away.
The challenges that America faces are immense.”

The report does offer some helpful suggestions (short of recom-
mending that all Americans prepare for law careers):
•• Provide four-year scholarships to help top students obtain bache-
lor’s degrees in science, engineering, or mathematics, coupled with
a commitment to work for five years in public schools.
•• Increase the national investment in basic research by 10% each
year over the next seven years.
•• Develop, recruit, and retain top students, scientists, and engi-
neers from both the US and abroad.
•• Establish an organization called the “Advanced Research Project
Agency—Energy” that sponsors research to meet the nation’s long-
term energy challenges.
•• Modernize the US patent system, realign tax policies to encour-
age innovation, and ensure affordable broadband Internet access.

All of these steps will require investment up front. Let’s hope the
political will can be found to make that investment. Without it,
American engineers will have trouble achieving productivity levels
that justify an 1100% salary premium. T&MW

See the online version of this article (www.tmworld.com/2005_11) 
for a link to the full report, “Rising Above The Gathering Storm:
Energizing and Employing America for a Brighter Economic Future.” 

[ EDITOR’S NOTE ] 

RICK NELSON, CHIEF EDITOR

Do US engineers
deserve an 1100%
salary premium?
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New! Powerful In-System Programming 
in a Compact Package
Are you challenged by a need for production ISP programming?  Tested by device serialization?  Pressured for greater
speed and throughput?  Relax. Now there’s ImageWriter.

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

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

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

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

Read our application note on 
“Tips for In-System
Programming.” You’ll find it
at www.dataio.com/isp
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TESTVOICES
[An exclusive interview with a test engineer]

Safety society continues to expand
n January 1, 2004, the IEEE Product
Safety Engineering Society (PSES,
www.ieee-pses.org) came into existence.

With roots dating to the late 1980s, PSES now
offers product-safety engineers a forum for infor-
mation exchange. PSES president Mark Montrose
has been a part of the long process required for
an ad hoc group of engineers to reach society sta-
tus within the IEEE. Martin Rowe spoke with him
at the 2005 IEEE Symposium on EMC in Chicago.

T&MW: Why was the PSES formed?
Montrose: It started in 1986 with Rich Pescatore, an en-
gineer at Hewlett-Packard.The industry had problems
getting products approved by the Canadian Standards As-
sociation (CSA) for safety certification.There were in-
consistencies in policies and methods, even among the
same manufacturer. Rich worked with the CSA and
formed the CSA Users Group, to resolve problems.After
about six months, the Users Group changed its name to
the Product Safety Society (PSS).Within a year, the
group had hundreds of members and a newsletter.

T&MW: Where did the members come from? 
Montrose: Members came mostly from Silicon Valley. By
1988, several chapters had been formed: Santa Clara, Pa-
cific Northwest, Denver, and New England.The New
England chapter operated independently as the North-
east Product Safety Society (NPSS). In 2005, the NPSS
became the Central New England Chapter of PSES.

T&MW: How did you become affiliated with IEEE?
Montrose: In 1989, the PSS applied to become an IEEE
Society. But the IEEE wanted us to first have experience
within an existing IEEE Society. In 1991, we became a
Technical Committee,TC-8, the Electromagnetic Product
Safety Technical Committee, within the IEEE EMC Soci-
ety (EMCS).An unofficial subgroup was established for
the PSS. In 1994, the IEEE said TC-8 violated IEEE poli-
cies governing how TCs function.A TC can have only a
few members and can’t have chapters or a newsletter.
Essentially,TC-8 was operating as an unofficial society.

To get around this problem, we established a Working
Group within TC-8, the Product Safety Technical Com-
mittee (PSTC).Working Groups may operate with
members, funds, chapters, newsletters, and the like.

T&MW: If you already had the infrastructure of a
society, why did it take so long to become one? 
Montrose: Things take time in IEEE due to policies. For
example, decisions can only be made three times a year at
special meetings held among IEEE operational units. In
2000, the EMC Society Board of Directors asked me to
spin off PSTC into an autonomous society.This became
a formidable task to create a new society within IEEE, a
feat that has not been accomplished in nearly 20 years.

To achieve society status for PSTC, two associates and
I had to appear before the IEEE Technical Activities
Board (TAB)—the governing body for all societies—and
present a business plan to convince TAB that PSTC was
ready to become a professional society.

We received preliminary approval to form a steering
committee called the Product Safety Committee (PSC).
The PSC’s job was to develop a detailed business plan,
write the constitution and bylaws, and develop a budget.
I had to appear in front of 51 society presidents and divi-
sion directors.They asked many difficult administrative
questions, such as,“Where are you going to get revenue
to support the operation?”“How can a virtual society
exist without a conference or journal?”“What kind of
support will you receive from academia?”

In June 2003,TAB approved the spin-off of the TC-8
from the EMC Society into the Product Safety Engineer-
ing Society.We began operation January 1, 2004. T&MW

To read the complete interview—and learn where PSES expects
to go from here—see the online version of this article at
www.tmworld.com/2005_11.

O

Every other month, we will publish an interview with an elec-
tronics engineer who has test, measurement, or inspection re-
sponsibilities. If you’d like to participate in a future column,
contact Martin Rowe at mrowe@tmworld.com.
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ISO 9001:2000
Certified

2000W1000A 
2000 watts cw min. 80 to 1000 MHz

Also available in 3000-watt and 4000-watt configurations.

5000A250A
5000 watts cw min.

100 kHz to 250 MHz

1000W1000C 
1000 watts cw min.

80 to1000 MHz

10000A250A
10,000 watts cw min.
100 kHz to 250 MHz

1000T1G2B
1000 watts cw min.

1 to 2.5 GHz

The ultimate in total performance power from the worldwide leader.

It's all about having the power to back up what you say.  When AR Worldwide
advertises a line of "super power amplifiers" for high power, we more than deliver.  With
features like exceptional VSWR tolerance and up to 10,000 watts of output power delivered
to the load.  Reliable, solid-state, Class “A" construction.  And, unsurpassed reliability and
unparalleled test room performance with large object testing in automotive, aerospace and
military applications. For 1,000 watts of power up to 18 GHz, check out our “T” Series traveling
wave tube amplifiers.

AR Worldwide Competitive Edge products supply a multitude of RF solutions to companies
around the world.  Our support network reaches the far corners of the world.  And, 
everything we sell is backed by the best comprehensive warranty in the industry.

AR Worldwide - delivering high power performance for over 35 years.

www.ar-worldwide.com or 215.723.8181.

SuperPowerAmps.
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NEWSBRIEFS

SynTest gains patent
for at-speed test
SynTest Technologies has announced
that it was granted 33 claims on Octo-
ber 11 under US Patent #6,954,887 for
a method of true at-speed testing of
asynchronous multiclock, multifre-
quency designs using ATPG or logic
BIST design-for-test (DFT) schemes.
The company refers to its patented in-
vention as “staggered skewed-load” or
“staggered launch-on-shift.”

The method provides ordered cap-
ture clocks to detect or locate faults
within multiple clock domains and
faults crossing clock domains in an inte-
grated circuit during at-speed BIST or
at-speed scan-testing. SynTest reports
that the major benefit of this patented
DFT scheme is the reduction in the
number of ATPG patterns compared to
the traditional one-shot DFT scheme
for multiclock, multifrequency designs,
resulting in test-vector compression of
3X to 10X. www.syntest.com.

Teradyne to sell 
Connection Systems
Teradyne recently reported that it has
agreed to sell its Connection Systems
division to Amphenol for $390 million
in cash (subject to a post-closing net
asset value adjustment). Connection

Systems, based in Nashua, NH, is a
supplier of high-speed, high-density
connectors as well as high-perfor-
mance pr inted-circuit boards and
backplane interconnect systems. In

2004, the division accounted for 23%
of Teradyne’s revenue.

“The sale of Connection Systems will
sharpen our focus on our core test busi-
nesses,” said Michael Bradley, Teradyne

For the second time this year, National Instruments has acquired one of its competi-
tors in the data-acquisition business. In May, NI reported that it had purchased Mea-
surement Computing Corp., and in mid-October, the company announced its acqui-
sition of IOtech. Terms of the acquisition were not disclosed.

IOtech, a long-time provider of PC-based data-acquisition and instrumentation
products, will operate as an NI subsidiary out of its Cleveland, OH, offices and will
continue to sell and support its products through its existing sales network. 

Dr. James Truchard, NI president, CEO, and cofounder (pictured), released this state-
ment about the transaction: “The acquisition of IOtech further strengthens our offering
and reach of providing PC-based measurement solutions to engineers and scientists.
By combining IOtech’s strengths in key areas, including portable, vibration measurement, and OEM products,
with NI’s software and worldwide data-acquisition leadership, we can further our acceptance of virtual instrumen-
tation in applications for in-vehicle test, vibration measurement, and machine monitoring.”

“For years we have had a prosperous relationship reselling NI DASYLab software, which was an important
factor in the decision to join NI,” said Tom DeSantis, IOtech president and founder. “IOtech’s 20 years of ex-
perience, complementary product portfolio, and differentiated sales channel combined with NI’s strong global
presence and industry-leading NI LabView software will let us serve a broader set of measurement applications
worldwide.” www.ni.com.

NI acquires IOtech

Portable 6-GHz spectrum analyzers
The Agilent Technologies CSA N1996A portable spectrum analyz-
ers deliver 100-kHz to 3- or 6-GHz performance. The instruments
each incorporate an internal VSWR bridge and tracking generator
to allow you to characterize single- or dual-port devices such as fil-
ters, cables, and amplifiers. A card-slot architecture supports fu-

ture performance and capability
enhancements. Built-in measure-
ment help, together with auto-
tune, auto-scale, and auto-cou-
ple functions, leads you through
each measurement task step by
step. Key specifications include
displayed average noise level of

–146 dBm in a 10-Hz bandwidth, 96-dBc dynamic range, and a
+18-dBm third-order intercept point. Connectivity features pro-
vide support for functions such as remote control and firmware
upgrades; the latter can be accomplished by transferring files from
a USB memory stick. The instruments are compatible with the
Standard Commands for Programmable Instruments (SCPI) syntax
to support integration into existing test systems; LAN connectivity
facilitates measurement automation over Ethernet.

Base prices: 3-GHz spectrum analyzer—$8950; 6-GHz spectrum
analyzer—$12,250; 3-GHz tracking generator—$3000; 6-GHz
tracking generator—$4000; 3-GHz preamplifier—$1500; 6-GHz
preamplifier—$2,000. Agilent Technologies, WWW.AGILENT.COM.
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president and CEO, in a statement re-
leased to the press. “That concentration
will strengthen our ability to do what we
do best—provide our test customers with
better products and services that meet
their evolving needs.This strategic move
also increases our financial flexibility to
support our growth plans in our core test
businesses.” www.teradyne.com.

Tera Probe selects
FormFactor
FormFactor has announced that Tera
Probe has chosen FormFactor as its
strategic partner for wafer probe-card
technology.Tera Probe, a testing-service
venture formed by Advantest, Kingston
Technology, Powertech, and Elpida
Memory, combines its founders’ respec-
tive test equipment,assembly and testing
services, memory products, and wafer
technology to serve Elpida and other
semiconductor manufacturers.

FormFactor reports that a major cost
factor in system packages is the time and
costs to package and test die that are ul-
timately identified as “bad,” and adds
that wafer-level final test prior to pack-

aging to verify known good die (KGD)
can help control costs. “Not only does
FormFactor share our vision for KGD,
its proven products and its commitment
to further enhancements of KGD-
yielding technology promise the lowest
risk for us as we put our strategy into ac-
tion,”said Masahide Ozawa,president of
Tera Probe. www.formfactor.com.
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C A L E N D A R
APEX, February 5–10, Anaheim,
CA. APEX focuses on electronics
assembly processes and equip-
ment. Sponsored by IPC.
www.goapex.org. 

Measurement Science Confer-
ence, February 27–March 3, Ana-
heim, CA. Designed to promote
measurement science and re-
lated disciplines. Sponsored by
The Measurement Science Con-
ference. www.msc-conf.com. 

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

LabView 8 distributes 
processing power
National Instruments’ venerable LabView application development
software is now at version 8. As with previous LabView releases, Na-
tional Instruments has addressed the needs of both the novice and
expert LabView programmer.

The most significant new feature in LabView 8 is its ability to
perform “distributed intelligence.” This feature lets you develop

programs that run on numerous mi-
croprocessors, FPGAs, and DSPs.
You can develop code on a PC,
then compile and download your
code. The shared-variable feature
lets distributed processors share
data in real time over a network.

Deterministic Ethernet minimizes latency. LabView 8 also supports
Bluetooth, so you can develop applications that run on PDAs. 

The project feature helps you manage large development pro-
jects. It lets you navigate and organize an entire system—LabView
code, external code modules, drivers, documentation, and hard-
ware. It also gives you a system view of an application. 

LabView 8 features an instrument-driver finder that lets you find
a driver on your system or from the National Instruments Web site.
When you locate a driver, you can right-click on it to install it into
your programming palette. If you can’t find a driver, you can use
LabView 8’s driver-development wizard.

Base price: $995. National Instruments, WWW.NI.COM/LABVIEW.

ED
IT

O
RS

’ C
H

O
IC

E

To learn how to get increased
performance out of your data
acquisition application, read the
introduction to PCI Express white
paper at ni.com/pciexpress.

(800) 454 2610

High-Speed Data Acquisition
NI PCIe-6251 • NI PCIe-6259

• 16-bit input resolution

• 1.25 MS/s sampling rates

• Up to 32 analog input, 4 analog
output, and 48 digital channels

• x1 PCI Express, specification 
v1.1 compliant

© 2005 National Instruments Corporation. All rights reserved. National
Instruments, NI, and ni.com are trademarks of National Instruments.

Product and company names listed are trademarks or trade names of
their respective companies.  2005-5761-301-101

Available on most new PCs, 
PCI Express provides:
� Dedicated bandwidth 

per device

� Up to 30X the bandwidth of PCI

� Backward compatibility with OS,
application, and driver software
for PCI

PCI Express
The Newest Technology
for Data Acquisition

tmw1105_12.indd   1tmw1105_12.indd   1 10/21/2005   5:41:31 PM10/21/2005   5:41:31 PM



We’ve Taken
Performance To 

A New Peak.

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

A WIRELESS TELECOM GROUP COMPANY

8.4" TFT color LCD display 
100 ps timebase resolution 
Automatic peak-to-peak, delay-by-time
and delay-by-events triggering 
GPIB, USB and LAN 
Text view of 15 time and power 
measurements per channel

Envelope, persistence and roll mode 
displays
Gated CCDF and PDF with log display
(optional)
Compatible with industry leading 56xxx
and 57xxx series peak power sensors 
Familiar user interface 

Totally redesigned from the inside out, our meter is changing the way the industry views and uses RF data.
From display to interface it will take you to the peak of performance.

INTRODUCING THE NEW 4500B PEAK POWER ANALYZER
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One concept, three faces 
The new ¸ZVx family of network analyzers – the modern alternative

State-of-the-art electronics require state-of-the-art test equip-
ment. Plus impressive solutions in all areas – from measurement 
speed and features to operating convenience. That‘s why you 
should take a close look at the new network analyzers from the 
¸ZVx family. Each of the three series of instruments is desig-
ned for a different set of applications, yet they all share the same 
concept for operation and remote control.

◆ ¸ZVA: This high-end analyzer up to 8 GHz or 24 GHz is 
 designed for extremely challenging tasks in the development  
 lab. It sets new standards in numerous areas and is ideal for  
 measu rements on active and frequency-converting devices.

◆ ¸ZVT8: This is the first and only eight-port analyzer up to 
 8 GHz on the market. It offers true parallel measurement on all  
 ports and will make your production operations faster than ever  
 before.
◆ ¸ZVB: This all-purpose analyzer is available up to 4 GHz, 
 8 GHz or 20 GHz. Not only is it flexible in the lab and fast in pro- 
 duction, but its innovative and intuitive operating concept will  
 make your job much easier.  

With any of the new ¸ZVx network analyzers, you‘ll see your 
circuits through a new set of eyes. Contact your nearest Rohde & 
Schwarz sales representative for a demonstration now!

www.zvx-tmw.rohde-schwarz.com

1584_Anz.ZVx_200x267_e.indd 1 29.09.2005 13:12:36 Uhr
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Imperx (www.imperx.com) announced the ad-
dition of Gigabit Ethernet interfaces to its line-
up of Lynx cameras, complementing the previ-
ously available Camera Link interfaces.
Luminera (www.luminera.com) announced
the release of a new line of 2-Mpixel USB 2.0
digital cameras for industrial markets. The
Lw230 employs a 1616x1216-pixel CCD sensor.
Cognex (www.cognex.com) debuted its In-
Sight 5400S stainless-steel vision sensor that can
sort objects,read linear and 2-D codes,and count
products. Cognex also described a new software
development kit for its In-Sight sensors.

JAI Pulnix (www.jai.com) highlighted its
new CV-L107CL three-CCD line-scan camera,
which features 3x2048-pixel resolution, a 19-
kHz line rate, flat-field and shading correction,
and optional individual exposure times for each
of its R, G, and B channels. Point Grey Re-
search (www.ptgrey.com) announced the re-
lease of an enhanced version of its Dragonfly dig-
ital board-level IEEE 1394a camera, the
Dragonfly2, which doubles the original’s frame
rate. It’s available with one-third-inch progres-
sive-scan CCDs running 60 fps at 640x480 pix-
els or 30 fps at 1024x768 pixels in monochrome
or color.

Tattile (www.tattile.com) highlighted the
new JPEG-compression capability for its line of
13 TAG digital cameras, which support the 
Gigabit Ethernet standard. The company also
highlighted its cooperative efforts with MVTec
Software (www.mvtec.com) to introduce an
interface between MVTec’s Halcon software and
the Tag family of cameras.

Active Silicon (www.activesilicon.com)
highlighted its Phoenix Camera Link frame
grabbers, which now operate over the industrial
temperature range as a standard feature. The
frame grabbers are available as part of an image-
acquisition package, which combines a Phoenix
frame grabber with a Photonfocus (www.
photonfocus.com) CMOS color camera.Active
Silicon also highlighted an LFG4 frame grabber
that now supports the Mac OS X operating 
system.

Matrox Imaging (www.matrox.com) an-
nounced PCI Express support for its Solios fam-
ily of frame grabbers. PCI Express is available
with the Camera Link-compatible Solios eCL
and with the analog Solios eA. View Engi-
neering (www.vieweng.com) highlighted its
Benchmark 300 metrology system, which com-
bines optics, illumination, image-processing 

SHOWHIGHLIGHTS

Exhibits span lenses to frame grabbers
> > > International Robots & Vision Show, September 27–29, Rosemont, IL, 
Sponsored by the Automated Imaging Association, www.machinevisiononline.org.

A new line of large-
format lenses are
compatible with
leading-edge 12-
kpixel cameras and
can provide an
image space resolu-
tion of up to 100 line
pair/mm.
Courtesy of Edmund Optics.

Device programming, boundary 
scan presented
> > > Assembly Technology Expo, September 27–29, Rosemont, IL, 
Sponsored by Assembly Magazine, www.atexpo.com.

On the in-system-programming (ISP) front,
CheckSum (www.checksum.com) was on hand
to announce expanded device support for its Mul-
tiWriter ISP system,which now supports  micro-
controllers from companies such as Freescale.
MultiWriter operates in conjunction with the
CheckSum Analyst in-circuit test (ICT) platform.

Data I/O (www.data-io.com) announced its
ImageWriter-300, designed specifically for ICT
integration.The ImageWriter line enables device
programming inside a test fixture; the first con-
figuration, ImageWriter-200, is a PC-driven
programmer for manufacturing test environ-
ments with PC-based test programs. Image-

Writer-300 can perform fully embedded pro-
gramming without a PC.The company also in-
troduced its PS588 automated programming sys-
tem, designed for use in programming centers
operating at high volumes—more than 1400 de-
vices per hour.

BP Microsystems (www.bpmicro.com)
demonstrated its 1710 universal engineering
programmer and described its Model 2710 con-
current programming system. Highlighting
boundary scan,Digitaltest (www.digitaltest.de)
was on hand to demonstrate its Condor flying
prober with new boundary-scan support from
Corelis (www.corelis.com). T&MW

The PS588 auto-
mated programming
system can serve in
programming cen-
ters, operating at
rates to more than
1400 devices per
hour. Courtesy of Data I/O.
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The road to 

rugged reliability
starts at Fluke.

FREE Jeep Rubicon 
Die-cast Replica
With purchase of $300 or 
more of any Fluke product.
Go to www.fl uke.com/
driveajeep1 for 
more information.

No Purchase Necessary. Sweepstakes ends 12/15/05. Enter by taking 
a Fluke product quiz at www.fl uke.com/driveajeep1 or by completing 
an offi cial entry brochure/form available at participating distributors. 
Open to legal U.S residents 21 years of age or older. Void where 
prohibited. See Offi cial Rules at www.fl uke.com/driveajeep or at 
participating distributors.

Jeep® is a registered trademark of DaimlerChrysler Corporation. 
Daimler Chrysler is not a sponsor of, or otherwise associated with 
this sweepstakes.

Test drive select Fluke 
tools and enter to WIN a 
Jeep® Wrangler Rubicon.

Fluke and Jeep: made for people 
who love a challenge and demand 
the best. Fluke tools are world 
famous for their rugged reliability, 
bringing accuracy and performance 
into the most demanding applica-
tions. Imagine wheeling up to your 
next job in a new Jeep, rugged 
Fluke tools in hand. 

For your chance to win the 
Fluke Drive a Jeep sweepstakes, 
test drive any of 12 select Fluke 
tools including:
• 1587 Insulation Multimeter
• 971 Temperature Humidity Meter
• 434 3-phase Power Quality 

Analyzer
• Ti30 Thermal Imager

Here’s how to enter:
• Visit a participating distributor 

for an offi cial entry form

• Or, take a test drive between 
now and December 15, 2005 at 
www.fl uke.com/driveajeep1 

But hurry, one lucky winner will be 
taking the Rubicon off-road after 
December 27, 2005.

Fluke. Keeping your world  
 up and running.

Fluke 1587
Insulation
Multimeter

Fluke 971
Temperature

Humidity Meter

Fluke 434
3-Phase Power

Quality Analyzer

Fluke Ti30
Thermal
Imager

©2005 Fluke Corporation. 
All rights reserved. Ad 01932.
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capability, and an optional through-the-
lens laser to provide a 300x150x150-
mm measuring range. In addition, the
company announced enhancements to
its Elements software suite.

Edmund Optics (www.edmundop-
tics.com) described new large-format
lenses compatible with 12-kpixel cam-
eras; the lenses can achieve up to 100
line-pair/mm image-space resolution
and can accommodate 5-micron pixel
sizes and sensors up to 90 mm; applica-
tions include LCD and plasma flat-panel
inspection. Moritex (www.mori-
texusa.com) highlighted its new SOD-
10X micromachine lens for applications
including semiconductor and LCD
alignment and inspection.The lens fea-
tures a 1.5-micron spatial resolution.
SOD-10X lenses feature telecentricity
to maintain magnification and view
angle to any part under inspection that
remains within the lenses’depth of field.

StockerYale (www.stockeryale.com)
introduced its Model 12 SFVI (Spherical
Fluorescent Vision Illuminator)
HemiLite for machine-vision applica-
tions including PCB component inspec-
tion. The company also highlighted its
Model 6 CFVI (Circular Fluorescent Vi-
sion Illuminator)—a low-profile, indus-
trial-grade fluorescent lighting system
powered by a 25-kHz driver—and
demonstrated its ML Series fluorescent
backlight panels. In addition,StockerYale
announced that it has extended its
COBRA (Chip-On-Board Reflective-
Array) family to include models having
125-mm,250-mm,and 500-mm lengths
and to include versions emitting red,
blue, and UV (395-nm) light.The com-
pany also introduced a COBRA line-
scan backlight version,debuted its Model
21DC fiber-optic illuminators, and in-
troduced its Lasiris Magnum II high-
power laser-diode line generator. T&MW

SHOWHIGHLIGHTS

Autotestcon 2005 delivered plenty of
firepower for both military and com-
mercial test technologies. In his keynote
presentation, Lieutenant General Don-
ald J.Wetekam (US Air Force) detailed
test-engineering services, logistics, and
readiness for aircraft and missile mainte-
nance across multiple stateside installa-
tions. The plenary sessions consisted of
six presentations from Marine, Army,
Navy, and Air Force personnel who re-
lated combat readiness case histories for
test equipment delivery as well as field
functionality, performance, and mainte-
nance during recent theaters of engage-
ment from Desert Shield and Desert
Storm through current ground and sea
installations supporting troops in Iraq.

On the exhibit floor, Elgar Elec-
tronics (www.elgar.com) introduced
the ReFlex Power military ATE power
supply. Pickering Interfaces
(www.pickeringtest.com) rolled out its
60-100 LXI modular switching chassis.
Teradyne (www.teradyne.com) dis-

played its Di Series of VXI digital test 
instruments for military and aerospace
applications.

Acqiris (www.acqiris.com) released
its DC152 and DC122 10-bit PXI digi-
tizers that operate up to 4 Gsamples/s.
Hypertronics (www.hypertronics.com)
announced the availability of its new Hy-
peRel line of MIL-DTL-38999 rugged
connectors for military applications.

AMREL/American Reliance
(www.amrel.com) introduced a new
1.2-kW Model SPSE programmable
switching power supply, which has a
fully functional keypad as well as an 
embedded Ethernet interface.WinSoft
(www.winsoft.com) demonstrated the
new Multi-WISE (WinSoft Instru-
ment System Emulator) unit, a 1U-size
emulator module that supports the re-
placement of multiple instruments re-
gardless of the manufacturer, commu-
nication interface (including GPIB,
USB, and TCP/IP), or programming
language. T&MW

Shock and awe in Orlando
> > > Autotestcon, September 26–30, Orlando, FL, Sponsored by
the IEEE, www.autotestcon.com.

...test points with extreme accuracy using the 
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- Interface to PXI instrumentation

- Reduce test time versus manual probing
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RACAL Instruments  is now  EADS North America Defense Test & Services

Our name change represents a precise maneuver that
unites a proven sole performer and a skilled team with a
worldwide reputation.

As EADS North America Defense Test & Services,
we still design, manufacture and service the fine products
you have come to expect from Racal Instruments. In
addition, with the name change comes a global comple-
ment to our extensive repertoire of capabilities and
services — cutting-edge Test Instruments, powerful Test

Software, and integrated Automatic Test Equipment.
Our worldwide military and commercial expertise

means that we can continue to support your legacy test
systems as well as develop tailored solutions with the
flexibility to satisfy tomorrow’s requirements.

Now when the cost of failure is too high, you have
one place to turn, one name you can count on—EADS
North America Defense Test & Services—the newest
member of the EADS formation.

www.eads-nadefense.com
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as the RF arena suffers from a dearth
of formal DFT methods and tools.

Consequently, RF designers—as
well as logic designers dealing with gi-
gahertz clock rates beyond the reach of
normal logic-design tools—need to
develop their own test approaches and
configure their own RF instrumenta-
tion. It was the need for flexible, cost-

effective instrumentation that led IC
designer Steve Robalino to develop a
$1000, 1-GHz signal generator, avail-
able from startup Signal Forge, where
Robalino now serves as chief technical
officer.The company offers application
notes describing the use of the instru-
ment in measuring parameters such as
amplifier gain, 1-dB compression
point, and third-order intercept point.

Help is also coming from a tradi-
tional instrument maker in the form 
of software suites that Tektronix offers
to complement its real-time spectrum 
analyzers. Most recent are its signal-
source analysis suite, introduced last
month, and an RFID measurement
suite, introduced in September. Bob

Hiebert, director of marketing for real-
time spectrum analyzers, reported that
the latter helps to address customers’
efforts to comply with relevant RFID
standards, while the signal-source
analysis suite arose in part to satisfy re-
quests of designers of phase-locked-
loop and voltage-controlled oscillators
who wanted to see how the phase
noise of their devices varies over time.
The software generates what the com-
pany calls a Noisogram, which shows
phase-noise amplitude with respect to
offset and time.

Applications for the signal-source
analysis suite extend beyond traditional
RF areas like phase-noise measure-
ment.“RF is everywhere now,”

Hiebert said, adding that the clock
speeds now running on backplanes
correspond to what used to be known
as microwave frequencies.To meet the
needs of digital designers dealing with
RF effects,Tektronix engineering
manager Akira Nara pointed out that
the company’s real-time spectrum ana-
lyzers and software can plot jitter vs.
time—a characteristic that’s mathemat-
ically related to phase noise vs. time
but that is more readily understandable
to a digital design engineer.

Just as digital designers are increas-
ingly facing RF and microwave chal-
lenges, RF engineers are facing a new
threat: software bugs.“A bad line of
code in a DSP can lead to bad RF be-
havior,” Hiebert said. Consequently,
RF instruments and software need to
address the needs of traditional RF
and microwave engineers as well as
digital hardware—and even soft-
ware—designers. T&MW
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Bench instruments to the rescue 
for RFIC design and test

Amkor, Jennic buy RF-capable 93000s
Agilent Technologies has announced that Amkor Technology and Jennic
have purchased Agilent 93000 SOC series RF-capable test systems.
Amkor is using its system in Singapore to test devices such as RF tuners.
Fabless semiconductor company Jennic is installing its system at its
Sheffield, UK, headquarters to help validate and develop tests for its
wireless microcontrollers. www.agilent.com.

Prototyping adapter
Design engineers using 0.5-mm-pitch, 84-posi-
tion µBGA ICs can employ the Ironwood Elec-
tronics PA-BGA84C-P-Z-01 prototyping adapter,
which can interface a 0.100-in.-center pin-grid
array with a 10-GHz socket. Contact resistance is
normally 10 m�. The bottom interface of the
adapter is constructed with gold-plated ma-
chined terminal pins; the adapters can be optionally supplied with wire-
wrap pins. Price: $516. www.ironwoodelectronics.com.

Flex to test Atheros RF SOCs
Teradyne has announced that Atheros Communications has purchased 
a Flex test system with the full range of Teradyne Gen4 microwave 
instrumentation. The system will be used for quad-site production test 
of Atheros’ portfolio of RF system-on-a-chip devices, including the
AR1900 single-chip cellular device for Personal Handyphone System
(PHS) handsets. www.teradyne.com.

TECHTRENDS
[SEMICONDUCTOR TEST] RICK NELSON 

CHIEF EDITOR  
rnelson@tmworld.com

Logic designers can employ DFT tools and dedicated
desktop debuggers to get their devices up and run-

ning, as described in our October cover story,“Design
meets test.” RF engineers don’t have that luxury, though,

This real-time spectrum-analyzer dis-
play includes a Noisogram (upper right)
showing phase-noise amplitude with
respect to offset and time. See the on-
line version of this article for a larger
image, www.tmworld.com/2005_11. 
Courtesy of Tektronix.
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images at speeds up to 800 MB/s 
with PCI Express-based NI hardwareAcquire

Inspect Faster with NI Vision Software
ready-to-run vision code for C, Visual Basic, 
and National Instruments LabVIEW
automatically with NI Vision Assistant
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images faster with hundreds of
optimized vision functionsProcess

NI Vision Speed (ms) Leading Vision Software
Package Speed (ms) Times Faster
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Geometric transform 3.1 10.3 3.3x
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serve well in consumer devices such as
cell phones and digital still cameras. In
addition, CMOS technology offers
several advantages over charge-coupled
devices (CCDs).The CMOS fabrica-
tion technologies lend themselves to
the inclusion of timing circuits, analog-
to-digital converters (ADCs), and
other functional blocks within an area
image sensor. Cameras that employ
CCD sensors must include discrete cir-
cuits that provide those functions.

Unfortunately, most commercial
CMOS sensors lack a critical feature—
a “global” shutter—inherent in CCD
sensors.A CCD sensor will simultane-
ously reset all its detectors (pixels) and,
after an exposure, will transfer the ac-
cumulated charges to a shielded area.
The CCD sensor then shifts out the
charge for each pixel.This type of
technology goes by the name interline
transfer, or ILT.The simultaneous ac-
tion at all detectors prevents image
distortion during an exposure and
readout.

Most CMOS sensors, though, use an
electronic “rolling” shutter that can
lead to distorted images when signifi-
cant motion occurs in an image during
an exposure.A CMOS sensor sequen-
tially charges rows of detectors, waits a

short exposure time, and then reads the
exposure information row by row.
Think of how a flat-bed scanner oper-
ates and you’ll get the general idea.
Move a scanned paper during a sweep,
and you see a skewed image. So, images
acquired with a CMOS-based camera
on a fast-moving production line may
appear distorted.

But don’t count out CMOS sensors.
Terry Guy, a product marketing man-
ager in the Image Sensor Solution
Group at Eastman Kodak, explained
that some designers employ a strobe
light to illuminate an object.They pro-
duce a light pulse that lasts only as long
as the CMOS camera’s exposure time.
Thus, the camera “sees” the object only
during the strobe period, which elimi-
nates distortions. Guy also noted that
generally, CMOS sensors offer less sen-
sitivity and introduce more noise than
CCD sensors. He expects, though, that
technology advances will eventually let
CMOS sensors catch up with CCDs.

According to Dave Litwiller,VP at
Dalsa, a supplier of sensors and cam-
eras, many CMOS-sensor manufactur-
ers have concentrated on building de-
vices for consumer products that don’t
require a fast shutter.After all, a slight
skew in a picture-phone image doesn’t
matter. So far, these manufacturers
haven’t seen enough of a machine-
vision camera market to offer CMOS
devices with better shutter characteris-
tics. Litwiller thinks the emergence of
global shutters in CMOS sensors, the
advantages of integrating functions
within the sensors, and CMOS sensors’
low power demands make these sen-
sors increasingly attractive to machine-
vision camera designers. T&MW

For an animated description of the ILT tech-
nique, visit: micro.magnet.fsu.edu/primer/
digitalimaging/concepts/interline.html.
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Will CMOS sensors catch up?

TECHTRENDS
[MACHINE VISION] JON TITUS 

CONTRIBUTING TECHNICAL EDITOR  
jontitus@comcast.net

Engineers who design inspection systems may won-
der why cameras based on popular CMOS sensors

haven’t appeared in large quantities in the machine-
vision market.After all, CMOS area-array sensors 

Sensor withstands 
rough treatment
The Cognex In-Sight 5400S vision
sensor operates in industrial appli-
cations that may subject it to
chemical washes and submer-
sions. Industrial equipment that
sorts objects, verifies label text,
reads linear and 2-D codes, and
counts products can benefit from
using this sensor. The In-Sight
5400S includes vision software,
built-in Ethernet communications,
and tools that simplify application
development. www.cognex.com.

Ethernet connects
cameras and code
MVTec Software and Tattile now
offer the TAG interface, which lets
users of MVTec’s Halcon software
directly interface application code
with Tattile’s line of TAG Gigabit
Ethernet cameras. Software devel-
opers can add a few lines of code
to their Halcon programs to ac-
quire gray-scale and RGB images.
The interface software also lets
developers program all TAG cam-
era capabilities through a network
connection. www.mvtec.com,
www.tattile.com.

Imager scans 1-D 
and 2-D codes
To operate the Quadrus Mini
code reader, you simply plug it in,
point it at a
symbol, and
push the EZ
button. The
unit automat-
ically focuses
and sets ex-
posure time,
gain, and illumination intensity
before it reads linear bar codes
and 2-D codes. The Mini can de-
code 2-D marks that move at up
to 100 ft/s on a production line.
www.microscan.com.

Image-sensor manufacturers offer CCD
and CMOS detectors in a variety of for-
mats, most of which aim to satisfy the
needs of consumer products. 
Courtesy of Dalsa.
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TESTDIGEST

At one time or another, you’ll probably
need to design an analog filter. Despite
an abundance of digital filter design
tools (for example, the excellent FDA-
Tool bundled with Matlab’s Signals
toolbox), there are few general-
purpose GUI tools for synthesis
of arbitrary active analog filters.

To help students and the engi-
neering community, I developed
Analog Filter Design (AFD), an
intuitive active analog filter design
tool. Four universities currently
use it as a teaching tool.AFD lets
you design, analyze, and simulate
Bessel,Butterworth,Chebychev I
and II,and elliptic filters up to the
8th order of arbitrary passband
gain using more than 10 different
circuit topologies (see figure). It
runs under one master GUI as a
Matlab toolbox.

AFD simulates the frequency
and time-domain responses of

the filter built with both idealized and
standard-value components to a variety
of standard test waveforms. It can also
load a sampled user waveform and simu-
late its time-domain and frequency-

domain performance both pre-filtering
and post-filtering.

To facilitate stage-by-stage debug-
ging and tuning,you can independently
analyze each filter stage in the fre-

quency domain and in the time
domain.You can compute the sen-
sitivity of filter characteristics to
changes in component values. Al-
though it can implement the fil-
tering stages using a variety of cir-
cuits, the program suggests the
circuit most suitable for the partic-
ular stage’s gain and Q.

The AFD download (a .zip file)
includes a full user manual and in-
stallation instructions. You can
download the AFD tool from
academics.vmi.edu/ee_js/ (click
“research” then on “Active Filter
Design for Matlab” to download
the program).

James Squire,
Virginia Military Institute

S O F T W A R E

Free program helps you design filters

As process geometries shrink below 90
nm, material and device innovations—
rather than traditional process scal-
ing—are driving semiconductor ad-
vances. That’s the contention the
authors make to introduce Keithley’s
new handbook on parametric mea-
surements of semiconductor devices.
They go on to demonstrate in detail
what those material and device innova-
tions are and what they mean to engi-
neers trying to make measurements on
devices employing them.

For example, the authors describe
why gate-oxide layers are getting thin-
ner, how the change affects capaci-
tance-voltage measurements, and what
demands it puts on the instruments

used to make those measure-
ments. They also explain
why high-dielectric-con-
stant gate mater ials are
being employed (to reduce
gate leakage) and how to
characterize the reliabil-
ity of these materials—
specifically, by using a
charge-pumping tech-
nique to make charge-trap-
ping measurements.

A section describes RF wafer tests
that don’t require big-iron ATE systems,
providing details on factors such as
probe-card control. A related chapter
describes statistical-process-control
techniques that manufactures can apply

to wireless device manufac-
turing in order to meet
known-good-die goals for
the RFICs destined for cell
phones.

An extensive section covers
reliability testing, touching on
subjects including wafer-level
reliability testing, high-through-
put gate-dielectr ic reliability
tests, and a cylindrical stress test
applied to improved thermal sta-

bility of copper vias.A concluding sec-
tion describes femtoamp DC leakage
tests for devices aimed at low-power
mobile applications.

This book is free, so it’s not surprising
that there’s the occasional word from the

A free Matlab application lets you design and ana-
lyze active analog filters.

B O O K  R E V I E W

Measuring 65-nm circuits
Overcoming the Measurement Challenges of Advanced Semiconductor Technologies, 1st ed., 
Pete Hulbert, et al., Keithley Instruments (www.keithley.info/semihandbook), 2005. 140 pages. Free.
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Measuring 65-nm circuits (continued)

Engineers often need
to plot and analyze
data. While Microsoft
Excel covers many
data-analysis applica-
tions, it doesn’t always
let you set up a plot the
way you want. Enter
gnuplot, a free plotting
program available at
www.gnuplot . info.
Currently at version
4.0, gnuplot is a com-
mand-line-driven pro-
gram that lets you plot
data in two or three di-
mensions from just
about any data set.

To create a plot, you enter a series of
commands that set up the plot’s para-
meters and tell gnuplot where to look
for the data. For example, if you type 

“plot [-30:30]
sin(pi*x)/(pi*x)”

into the command line, gnuplot will
plot sinx/x, where x covers the range of
–30 to +30. If you’d prefer not to type
each command separately,you can com-
bine a series of commands into a script
and then call the script from the com-
mand line.

The figure shows a sample plot.Using
a DMM, I took 100 samples at 10 sam-
ples/s of a 1-Hz waveform and saved the
data in a text file.The script defines the
graph and tells gnuplot where to find the
data.You can download a zip file contain-
ing the data set and the script I used from
the online version of this article
(www.tmworld.com/archives/2005_11).

The following sample from the gnu-
plot script defines the plot’s x axis:

# These format statements 
# indicate what the numbers
# will look like on the 
# graph.
set format x “%0.0s %cs”
set format y “%0.1s %cV”

The first command line sets values in
the x axis to display no digits to the right
of the decimal point with the value fol-
lowed by “s”.The “%cV” in the second
command line sets up each value in the
y axis to have one decimal place fol-
lowed by “V”.

If you browse gnuplot’s documenta-
tion, you’ll see that it’s a powerful plot-
ting tool. You’ll have to spend some
time learning to use the command-
line syntax, but as an engineer, you can
handle it.

Martin Rowe, Senior Technical Editor

ACKNOWLEDGEMENT
Thanks to Ron Simonson, product engineer
at Analog Devices (Beaverton, OR), for writ-
ing the gnuplot script used in this article. 

The gnuplot plotting software lets you write scripts and
plot data. 

sponsor, such as that a particular Keith-
ley system “provides the lowest cost of
ownership available.” Also not surpris-
ingly, the book uses Keithley instru-
mentation in its measurement example.

Nevertheless, the authors provide more
than enough generic information to
make the book a worthwhile read re-
gardless of whose instruments you use.

Rick Nelson, Chief Editor

S O F T W A R E

Create your own data plots

www.datatranslation.com

800-525-8528

Contact Us
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Lower Cost

DATA ACQUISITION

DATA ACQUISITION
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A/D inputs at high throughput
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A/D converters used to multi-
plex several inputs into one
converter. Times change!
Today, an A/D converter per
channel is preferred, allowing
higher bandwidth signals to
be measured and eliminating
phase shift from channel to
channel ... and it costs less.

� Low Cost — starting at $349
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PROJECT DESCRIPTION
Advanced Linear Devices (ALD, Sunnyvale,
CA,www.aldinc.com) recently introduced the
ALD1108 zero-threshold MOSFET.To char-
acterize a device,ALD engineers must apply a
gate voltage of –5 V to +5 V and find VGS at the
point where VDS is 100 mV ±1 mV and IDS is
1 �A.The engineers need a way to accurately
measure VGS, VDS, and IDS.

When the first devices were available for
engineering evaluation, ALD engineers used
source-measure units to
apply the gate voltage
and the 1 �A of drain
current (ID). “We started
by programming the
source-measure units to
apply an ever-increasing
voltage to the gate and to
measure VGS and VDS and
IDS,” said ALD president
Bob Chao, “but finding
VGS took over one
minute on each device,
which was too long.”

The delays occurred
because the source-mea-
sure unit had to incre-
ment its output voltage in
1-mV steps across the +5
V to –5 V span and take an
ID measurement at each
step until ID reached 1 �A with VDS at 100 mV
±1 mV.A computer programmed the source-
measure unit to produce each value of VGS and
make the measurements.

To solve the problem, ALD engineers de-
signed a simple analog circuit from op amps,
comparators, MOSFETs, a timer, and an ana-
log switch (ALD manufactures all of these de-
vices), as well as several passive components
from other manufacturers.The figure depicts
a simplified schematic.

The circuit uses a ramp generator that ap-
plies a voltage from –5 V to +5 V to the de-
vice under test’s (DUT’s) gate. A current
source pumps 1 �A into the DUT’s drain.
When the ramp voltage reaches the DUT’s
threshold voltage, the DUT turns on, which
lets current from the source pass through.

A precision comparator monitors the drain
voltage through a resistor.When ID reaches the

full 1 �A and the drain voltage reaches 100 mV
±0.2 mV, the comparator changes state, caus-
ing a switch on the ramp generator’s output to
open. The polypropylene capacitor holds the
gate voltage long enough for a high-resolution
DMM to measure it. A power supply or
source-measure unit provides a reference volt-
age for the comparator.

A second comparator (level shifter) converts
the precision comparator’s output to standard
logic levels.The digital-control circuit uses the

level-shifter’s output to start and stop the test.
To start a test, an engineer pushes a button that
starts the timer. The timer forces the switch
closed, which connects the ramp generator to
the DUT. When the comparator and level
shifter change state, indicating ID = 1 �A, the
level-shifter’s output signal resets the timer,
opens the switch, and lights an LED indicating
that the measurement is complete.

LESSONS LEARNED
ALD engineers learned that using computer-
controlled test equipment isn’t always the best
solution to a measurement problem.With off-
the-shelf active and passive components, you
can sometimes build a simple supplementary
circuit that, in conjunction with automated test
instruments, can cut test time and improve
measurement accuracy.

Martin Rowe, Senior Technical Editor
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Sometimes, analog is better

PROJECTPROFILE

DEVICE UNDER TEST
Quad- or dual-channel
zero-threshold matched-
pair MOSFET arrays.
Each MOSFET features a
low threshold voltage,
about 0.0 V ±2 mV. The
device’s nearly zero-
threshold gate voltage
(VGS) lets it operate with
lower power-supply volt-
ages than most other
MOSFETs. 

THE CHALLENGE
Shorten test time be-
cause using computer-
controlled test equip-
ment takes too long to
find the threshold volt-
age (VGS) required to fully
turn on the device. De-
sign an analog circuit
that lets a bench DMM
accurately measure VGS

while reducing test time.

THE TOOLS
● Advanced Linear De-
vices: quad SPST analog
switch, dual comparator,
dual op amp, timer, dual
and quad MOSFET ar-
rays. www.aldinc.com.
● Agilent Technologies:
source-measure unit and
DMM. www.agilent.com.
● Keithley Instruments:
source-measure unit.
www.keithley.com.

+

–

+

–

+

–

DMM

Digital control

Comparator
and level shifter

Ramp generator
1-µA

current
source

Vref

DUT

D

S

G

An analog circuit finds the value of gate voltage that produces the
full 1-�A drain current at a drain voltage of 100.0 mV. (You can
download a detailed schematic from the online version of this arti-
cle at www.tmworld.com/archives/2005_11.)

I N S T R U M E N T S
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Bringing home
THE DATA

Rick Frier, senior manager of global
test engineering at Plantronics, em-
ploys SigmaQuest database manage-
ment software to complement his
CS50 wireless headset as he commu-
nicates with production-test
operations in China and Mexico.

www.tmworld.com TEST & MEASUREMENT WORLD
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S
ANTA CRUZ, CA—Plantronics headsets are everywhere: in
homes, offices, contact centers, and airplanes.They’ve trav-
eled as far as the moon, and today they’re roaming wher-
ever their wireless-phone-chattering wearers care to go.
But Plantronics test engineers themselves are striving for a

less peripatetic life.To that end, they’re bringing up to speed software
that should minimize their need to travel to far-flung manufacturing
facilities.With the software’s Web interface, the engineers can sit at
their desks at Plantronics headquarters here and view detailed test ac-
tivity at remote locations.

The test engineering team’s ultimate goal is to ensure the quality of
a broad mix of products produced in high volume in locations in-
cluding Mexico and China. The engineers assemble rack-and-stack
test systems at the company headquarters and deploy them,along with
test programs, at the remote manufacturing facilities.For optimum re-
sults, the engineers must build test systems that are accurate, remain
calibrated, and correlate well with each other. Further, they need to
ensure that each test approach optimally balances instrumentation and
labor resources and that production technicians apply the systems
properly.To perform their jobs effectively, the Plantronics engineers
need lots of data, which hasn’t always been easy to obtain.

Responsibility for the test-engineering function ultimately rests
with Rick Frier, senior manager of global test engineering. Frier got
his engineering start in the medical business, where he designed fail-
safe circuitry for hospital pumps that deliver fluids to patients.Then,
he entered the disk-drive business, where, during a 20-year stint, he
gained database experience that he’s been able to apply at Plantronics.

Defining the test requirements
Frier’s three years at Plantronics, he said, have introduced him to an
expansive test-engineering role, as his responsibilities have included
product development, process engineering, and manufacturing. At
Plantronics, he explained, product development spans a three-stage
process, with stage 0 defining the specifications to embrace the basic
design concept, stage 1 defining radio and acoustic performance and
physical configuration, and stage 2 involving actual fabrication of the
products.“We get involved right at stage 0 to make test requirements
clear.We need to ensure we can test the boards in a large-scale man-
ufacturing environment, and of course, we need sufficient access to
perform a final test of our products in plastics.”

Plantronics is now focusing on wireless products that employ Blue-
tooth and DECT (digital enhanced cordless telecommunication) RF
communications, such as the Voyager 510 Bluetooth headset and
CS50 900-MHz DECT wireless office headset system.The combined
audio and RF technologies of such products complement Frier’s in-
terests as a ham radio operator, but the combination also complicates
the test process by adding RF functionality to the acoustic features
the company has long been known for.

“Now, there are a lot more and varied devices on our boards than
we had with just regular acoustics,”said Frier.“So,when we start man-
ufacturing these boards at high run rates, it’s not surprising that we
might initially experience higher fallout rates. Initially, it was difficult
for us to understand what specific problems were occurring at our
contract manufacturers, because it took us days or weeks to get the
information we needed to try to identify critical failure modes.And

Database
software helps
Plantronics test
engineers
manage far-flung
manufacturing
and test
operations from
the comfort of
their US
headquarters.

Rick Nelson, Chief Editor

Custom enclosures hold products under
test while providing acoustic and RF
isolation to eliminate the effects of am-
bient noise and interference from nearby
test systems.
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when we did get the data,we couldn’t al-
ways be certain of its accuracy.”

Getting data out of China is particu-
larly difficult,Frier said.“Much of it is en-
tered by hand, some may be in Chinese,
and it can take a week of evening calls to
understand what a report is saying. It’s
often quicker to put an engineer on a
plane and send him over there.”The re-
sult might be the uncovering of a simple
problem that could have been solved
quickly and cheaply had appropriate data
been available. Or, the engineer initially
dispatched might learn the problem isn’t
one he’s best qualified to solve, requiring
that yet more people from headquarters
make the journey.

And even when remote facilities did
provide timely, accurate data, it was rarely
in a format that engineers could easily use
to visualize how well a facility was oper-
ating.“When we’re ready to begin man-
ufacturing a product, we do pilot runs to
gather information,”Frier said.“We often
had to put data by hand into Excel to
generate the charts that would let prod-
uct engineering visualize upper and
lower limits, for example, and look for
good distribution within those limits.”All
in all,Frier said, it had been a very painful
and expensive process.

As a consequence of this painful
process, Frier said,“it became challenging
to get yields to a point where we were
satisfied.” In addition, he said, his staff was

spending too much time on planes and
too little time developing and optimizing
new test systems and programs. Frier ex-
plained that these issues were key to jus-
tifying the development of a database that
could track each manufacturing facility,
each product line, and each test system.

The test systems themselves are made
up of commercial products—instrumen-
tation such as Anritsu Bluetooth testers,
Bruel & Kjaer artificial mouths, and
Rohde & Schwarz DECT testers as well

as National Instruments LabView and
TestStand software—plus custom fixtures
and cabinets that Plantronics designs and
builds.An effective test-system design will
have to take into account labor costs at the
target facility—Chinese facilities, with
lower labor costs, can accommodate more
operator intervention than can Mexican
facilities, Frier said. In addition, the setup
needs to make effective use of instrumen-
tation; for example, to prevent a $60,000
RF DECT instrument from sitting idle
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Terry Walters, senior VP of operations, adjusts a rack of equipment that will test
DECT wireless products.

SOFTWARE

Adapting a commercial software system
SigmaQuest CEO Nader Fathi commented on his com-
pany’s work with Plantronics. On top of existing Sigma-
Quest reporting capabilities, he said, Plantronics requested
high-level management reports and custom engineering
reports that were highly specific to the Plantronics environ-
ment. But two functions—”what-if analysis” and “push-
button reporting”—that SigmaQuest developed with
Plantronics have been integrated into SigmaQuest’s Sig-
maSure commercial software suite for the real-time cap-
ture, aggregation, and analysis of functional test results.

Fathi described SigmaSure as a database with a busi-
ness (or real-time analytics) layer on top. It consists of an
application program interface (API) for extracting data
from test systems in an XML format and for delivering
software—such as the latest version of a test program—
to test systems. SigmaSure also includes components for
collecting and analyzing data and for the remote control
of test systems. 

In initial work with Plantronics, Fathi said, “We found
out that Plantronics engineers at times worked on week-

ends generating product-performance reports for Mon-
day-morning engineering staff meetings.” The push-but-
ton reporting function, he said, allows them instead to use
the SigmaSure real-time dashboard to schedule and auto-
matically convert relevant data to word-processing docu-
ments, making manual report generation unnecessary. As
for the “what-if” analysis, Fathi said it helps decision mak-
ers instantly explore scenarios by letting them change pa-
rameter values or limits on the fly and see the overall im-
pact on yield or other factors.

Fathi noted that the majority of SigmaQuest’s cus-
tomers use the SigmaSure suite directly off the shelf, al-
though some may employ custom translators instead of
the SigmaQuest API to get test data into SigmaQuest
XML format. He added that SigmaQuest data can be ex-
ported for additional analysis using third-party packages.

His advice to prospective database implementers:
Don’t try to reinvent the wheel and create a custom solu-
tion with a high long-term cost of ownership. And make
sure your database is globally scalable.—Rick Nelson
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during DUT handling, the test setup
could employ a dual-well test chamber
that lets an operator change out DUTs in
one well while tests proceed in the other.

The goal that Frier envisioned for a
database implementation was to acquire
and deliver accurate, timely data from
these test systems and to make it available
at headquarters in formats useful to engi-
neers as well as managers. Frier’s back-
ground in databases—he has a master’s de-
gree with an emphasis on management of
engineering and technology, which in-
cluded database development, and he has
developed two databases for the disk-drive
industry—enabled him to envision an op-
timal implementation for Plantronics:“We
required two significantly different
modes—one for engineering-level analy-

SOFTWARE
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The Plantronics implementation of the
SigmaQuest database presents data in 
a variety of formats. The top chart illus-
trates yield increases resulting from an
April 1 engineering change order. The
bottom chart shows daily production
levels at a contract manufacturer in
Mexico (red) and in China (blue). (The
SigmaQuest charts have been altered
here to disguise proprietary information.)
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sis and one for management.At the engi-
neering level,we wanted to see the details
of the units run to understand Cpk
[process capability index] and to see the
actual test limits and the spread of failure
modes. Are failures catastrophic or mar-
ginal,and if marginal,what’s going wrong?
Is it the test limits, is it the original speci-
fication, or are we getting bad parts? We
need to be able to drill down and answer
these questions.”

At the management level, Frier said,“I
want to be able to look at a screen each
morning and get an overview of what’s
happening across all product lines at all my
manufacturing plants and look at factors
such as how well all my test equipment
correlates.”

Frier noted,“When we actually got into
reviewing different commercial databases,
we found nobody had exactly what we
needed to present our RF and acoustic test
data in the formats we wanted to see.We
had to find somebody who would be will-
ing to work with us to develop a database
that would present the data in the manner
we needed to have it presented in.”Sigma-
Quest was an attractive partner in that re-
gard, Frier said, because the company of-
fered price advantages in exchange for
being able to integrate functions it devel-
oped for Plantronics into its standard prod-
ucts (see “Adapting a commercial software
system,” p. 32).

Frier said he was pleased to help iden-
tify functions that would be applicable to
firms other than one that made headsets.
“It helps SigmaQuest and it helps us, be-
cause we obviously want SigmaQuest to
be successful and stay there and continue
to support us.”

Getting CMs on board
All of Plantronics’ PCBAs are made at
contract manufacturers.“We just build the
test equipment and support the CMs with
our test equipment.For final assembly into
plastics, we do have a facility—called
Plamex—in Tijuana, Mexico, which as-
sembles probably about 80% of our prod-
ucts.We have a CM in Guadalajara, Mex-
ico, and three in China, which build our
PCBAs, so we have five facilities that I
need to set up the system on.We’ve taken
it a step at a time on the way to getting
100% of our test equipment up and run-
ning with the database—I was very hesi-
tant to just roll it out quickly across all lo-

cations because I wanted to avoid having
our system crash their systems. I wanted to
make sure we did it very smartly and cau-
tiously to make sure we got the informa-
tion we needed without interfering with
the CMs’ operations.”

Success of the database project requires
acceptance on the part of Plantronics’

CMs. “The CMs are supportive and not
supportive. Some of the facilities have
jumped into it pretty willingly; some have
been hesitant, imposing delays and not re-
turning phone calls.In those cases,we have
just said, ‘look I know you guys don’t re-
ally want us there, but we are going to
come, so you are going to have to get used
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to us.’I think that what they are concerned
about is that we will have a lot more con-
trol and understanding of what’s really
happening on their manufacturing floor.It
hasn’t proved to be to their disadvantage
yet,but I think they would prefer it if they
remained totally in control.”

He cited one example where a CM’s
control might be inappropriate: “To a
manufacturer, it’s a big deal in terms of
money if a product isn’t yielding. If yield
is poor on one tester,an operator might be
tempted to bump a lower limit down a
tiny bit or an upper limit up a tiny bit in
an effort to get the tester to correlate bet-
ter with others.”

He noted that there can be several causes
of correlation problems: A test system’s
acoustic or RF shielding might be de-
graded by repeated opening and closing of
its test chamber, for example. “If there’s a
correlation problem, we want to know
about it and solve it ourselves,” by repair-
ing or replacing a fixture or taking other
appropriate action.“We don’t want the op-
erator changing limits. But before imple-
menting the database,we had no way to tell
if he was doing that short of stationing a
test engineer on the floor with him.”

Access to data
The CMs that are supportive,he added,re-
alize that the timely acquisition of accurate
data will ultimately help improve their
production processes,allowing Plantronics
engineers to respond promptly and effec-
tively to correlation or yield problems.
When asked if the CMs themselves will
have direct access to the data, Frier said,
“That’s still in discussion.What level of ac-
cess do we give CMs? I can’t see any dis-
advantage to letting them view the data.
Of course,we won’t let them change any-
thing, but if they can look, they may be
able to identify problems themselves and
solve them before those of us in Santa
Cruz get to our desks in the morning.”

The level of support is evident in the ac-
cess the CMs provide to their IT infra-
structure.“Some let us set up our equip-
ment [the servers on which the data
resides] in their air-conditioned IT rooms;
some say we can set up on the production
floor next to our test equipment—‘that’s
the most we will give you.’ Either way
works fine for us, but of course, I’d rather
be in their IT room because the equip-
ment located there should be more reli-

able. And in time, maybe even the reluc-
tant CMs will see more of the benefit of
the system and be more willing to work
with us on that level.”

No matter where the physical installa-
tion, there have been the typical IT issues
to resolve: establishing firewalls that pro-
tect both Plantronics and the CMs and

eliminating viruses on the test systems.
Some operators do surf the Internet using
the test equipment, Frier said, making
anti-virus protection necessary. “We will
tell the CMs that this is completely unac-
ceptable, but what message does the oper-
ator get? Maybe, ‘Just don’t do this when
the customer is here.’”
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CMs aren’t the only ones who need to
accept the database—so, too, do Frier’s
co-workers.He said,“It’s been interesting
how people within Plantronics react to
the system—some people have been en-
thusiastic from the beginning and some
not. By now, though, most realize the
benefits of seeing real, live data quickly.

The ability to see what firmware version
a product is using and to look at actual
test-limit files is something that demon-
strates its value very quickly.”

He noted ways in which several con-
stituencies can use the system. “Failure-
analysis people can run the system from
here to try to identify root causes. Man-

agement can look at data in a variety of
formats. A manager can look at one day,
which is useful when just starting produc-
tion, or he can look at rolling weekly av-
erages, which might be more useful for
monitoring the long-term performance of
a production line.” Quality-control peo-
ple, he added, want to look at yields on a
daily basis to look for problems that might
be due to different component batches.

“And software engineers can confirm
that proper firmware versions are being in-
stalled. We used to e-mail firmware up-
dates to our CMs but had no way to en-
sure they were updating all the test systems
until products came back.” In addition, he
said, “Hardware engineers can get a de-
tailed understanding of what’s happening
on the production floor.They can look at
histograms of frequency-tuning perfor-
mance or offset and drift or any other
characteristics.”

Of course, each person has particular
ideas of what data should be available and
what format it should be presented in.“I
knew that was going to happen because
it’s happened to me in the past,” Frier
said. “Everyone who looks at a system
will say,‘well this is great but it doesn’t do
exactly what I want.’ So, we sat down
with everyone who would use the system
to compile a wish list.”

Ultimately, the key selling point that got
Plantronics executives on board was the
money the system would save.Frier expects
the system to pay for itself within eight
months—mostly in engineering hours
spent traveling to manufacturing facilities
or entering data by hand.“Now, I can pull
the data out and look at it in a format that
makes sense to me in 10 or 15 minutes.
That used to take as long as a week.”

Frier emphasized that the savings in his
calculations represent real savings and are
not based on the intangibles that he said
some database companies focused on in
their presentations to Plantronics. His cal-
culations, he said, are based on actual en-
gineering time spent and production
downtime avoided, all documented with
accounting records. Factors like customer
satisfaction, he said, “are very important,
but I can’t confidently assign a hard num-
ber to them.And I didn’t need to in order
to justify the purchase of the system. Im-
provements in customer satisfaction and so
forth are bonuses on top of the hard sav-
ings I documented.” T&MW
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Traditional scan-based at-speed delay tests attempt
to check for transitions at the system clock
speed. For chips designed at 130-nm nodes and
below, at-speed tests are no longer sufficient for
detecting small delay defects in many of a de-
sign’s paths. You can, however, employ a new
method for creating faster-than-at-speed delay
tests that are able to detect small delay defects in
all circuit paths, as evidenced by the results we
obtained by applying the technique on an
nVidia 130-nm chip.

As feature sizes have decreased, and as
processes have changed (as exemplified by the
industry-wide move to copper), the importance
of structural delay test has increased greatly. De-
fects that cause increased delay, such as resistive
opens, have become more common.

These defects are difficult to detect with sin-
gle-clock (stuck-at-fault) patterns, because they
don’t tend to affect the overall logical results of
a circuit. Some of these defects can be observed
with IDDQ patterns (for example,bridging defects
between power and ground), but faults detected
this way are difficult to isolate and diagnose.
Moreover, relatively high background leakage

currents in newer designs even make IDDQ de-
tection difficult. At-speed functional patterns
offer a possible solution, but they are difficult to
create and are not necessarily robust enough for
high test coverage.

To detect delay defects effectively, the indus-
try is migrating toward structural delay tests.We
have found, however, that the quality of such
patterns depends on the slack in the paths over
which a fault is propagated and ultimately ob-
served.Too much slack from a small physical de-
fect to its observation point can make the defect
impossible to observe, because the slack will
allow extra time for the fault-induced slow tran-
sition to settle out to the expected value.

At-speed delay tests
Delay-test-generation algorithms based on con-
trollability and observability estimations tend to
generate test patterns down the easiest and most
accessible paths; these algorithms test for transi-
tions at the system clock speed.The paths these
algorithms select also tend to be either the short-
est paths or the ones with the greatest amount of
slack when running the clocks at system speed.

BEYOND
AT-SPEED

MARTIN AMODEO, CADENCE DESIGN SYSTEMS, AND BRUCE CORY, NVIDIA
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A new method for creating faster-than-at-speed tests can detect
small delay defects in all circuit paths of 130-nm devices.
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If a pattern generator marks off a fault
effect as “tested”down one of these short
paths, the generator won’t attempt to
evaluate that fault again to observe it
down a longer path.Therefore, small de-
fects can escape, even though they were
nominally “detected”
with the pattern set.

For example, in Fig-
ure 1, assume there is a
defect at location A. A
typical test-generation algorithm will test
for this defect down the shorter path on
the bottom because it is far easier.Yet, a
small defect would have a much higher
chance of detection down the longer
path on the top.

Random fill and serendip-
itous fault mark-off present a
similar problem, because
faults are marked off with no
regard to the amount of slack
in the paths through which
they were observed. This
again leads to higher nominal
coverage, but the quality of
that coverage is neither deter-
minable nor guaranteed.

To work within the con-
straints of existing test soft-
ware (and its tendency to ob-
serve and mark off faults
down short,noncritical paths)
and eliminate the slack down
these paths (removing the
possibility of test escapes),you
can use a new technique that
tests chips at faster-than-sys-
tem speeds.

Faster-than-at-speed
delay tests
A fairly straightforward way
to address the problem of
slack is to create patterns with
as much of the slack removed
as possible. Assuming you
make no changes to the test-
generation or fault-simula-
tion algorithms, increasing
the clocking speed of the test patterns re-
moves slack.

In other words, this method will still
test the short paths, but it will test them
at higher speeds.To use this method, you
must determine a range of appropriate
clocking speeds that will permit a major-
ity of the paths on the part to be mea-

sured with as little slack as possible.You
can determine this range by getting a dis-
tribution of path lengths in the circuit for
each clock domain.

Once you determine the frequency
range, you need to generate test patterns

to run at these various
speeds. You must
choose an interval be-
tween each frequency
gradation as well.These

intervals can re-introduce the problem of
slack, but you can choose intervals that
are small enough to keep slack to a min-
imum. Ideally, the test generator will au-
tomatically create tests for each transition
with the minimum possible slack.

Figure 2 demonstrates that in order to
create patterns at various speeds that
work on real silicon on a tester, the flip-
flops fed by paths that cannot operate at
these faster-than-system speeds must be
instructed to measure Xs (don’t care
states).This will harm fault coverage, but
it will guarantee that your choice of fre-

quency interval—and no other factors—
will determine the maximum slack
value. It will also guarantee that any
serendipitous fault mark-off that occurs
will be down paths with the desired
amount of slack, since all others will be
measuring X.

One way to automate the generation
of faster-than-at-speed tests is to use cir-
cuit-timing knowledge to both generate
the faster-than-at-speed tests for the
shorter paths and mask off the longer
paths as required.The timing information
can be made available to the automatic
test program generator (ATPG) engine
from the Standard Delay Format (SDF)
timing data from any industry-standard

timing-analysis tool. The
ATPG engine can internally
“time” the patterns and deter-
mine which flip-flops are fed
by paths that do not meet the
required timing.It can then au-
tomatically mark these flip-
flops to measure X in the pat-
tern set.

The test-generation algo-
rithm should first create the
patterns that have the fastest
frequencies, followed by slower
frequencies. The test coverage
is accumulated as the test gen-
eration progresses. In this way,
faults are marked off as tested at
the highest frequency at which
they can be observed, and sub-
sequent test-generation runs
do not attempt to test these
faults down slower paths, sav-
ing test-generation and simula-
tion time.

Sample implementation
We conducted a study using
this test method on a 130-nm
graphics processor. We gener-
ated approximately 27,000
two-clock delay test patterns,
achieving 85% transition fault
coverage. These patterns were

run at functional speed.Despite using this
robust set of patterns,we still found some
failures at system-level test.

We ran a static delay analysis to deter-
mine the slack (assuming a clock running
at system speed) per unique path on this
chip, within the main clock domain; the
results are shown in Figure 3. Note that
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FIGURE 1. The effects of a fault at location A could be ob-
served at location B or C. An automatic test-pattern generator
would most likely choose the easier, short path to C, but slack
in that path may hide the defect.
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FIGURE 2. Faster-than-at-speed testing removes slack along
the path from A to C and permits detection of a fault at A. For
this testing to succeed, however, flip-flops on longer paths
must be masked.
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about half of the paths have a slack in ex-
cess of 1 ns.This chip made a particularly
good candidate for these experiments
because so many of the paths have a high
degree of slack. Having numerous short
paths increases the odds that a fault effect
can feed both a short path and a long
path.

One (among several) of these chips
was found to fail system-level test, re-
ferred to here as chip X. Chip X passed
the robust set of 27,000 at-speed delay
test patterns, in spite of its relatively high
fault coverage.We’ll refer to this as pat-
tern set P1.An additional 1000 test pat-
terns, pattern set P2, were timed to just
over 2X the functional clock speed (de-
tecting somewhere in the neighborhood
of 13% of delay faults).

We fault-simulated pattern set P2 on
top of the coverage marked off from pat-
tern set P1, and showed no additional
faults marked off.This shows that pattern
set P1 had tests for all of the faults that are
covered by pattern set P2,so the main dif-
ference between the two pattern sets is
the speed at which the patterns can be
run on the tester.

We created pattern set P2 using an
SDF file generated for the worst-case
corner—low voltage and high tempera-
ture. The actual tester conditions were
not as poor as the conditions governing
the creation of the SDF (lower temper-
ature and higher voltage), so we scaled
the delay data linearly until the test pat-
terns began working on the real silicon

at their rated speeds. This information
had to be calibrated correctly so that the
flip-flops that could not be measured at
the rated speed could be masked. Em-
pirically, the SDF data, created for con-
ditions of 1.08 V and 125°C, successfully
approximated the test conditions (1.1 V
to 1.6 V,110°C) when we scaled the data
to 95% of its values.

Once we achieved good correlation on
the timing information for a known-
good part using this linear scaling,we ap-
plied the patterns with confidence to the
failing part, chip X.

Implementation results
Overall, the results from our example im-
plementation showed that pattern set P2
was able to detect the failure mode that
was detected at system-level test, but that
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FIGURE 3. The distribution of path slacks on a 130-nm device shows that about half
the paths have slack in excess of 1 ns, making the device a good candidate for eval-
uating a faster-than-at-speed test approach.
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pattern set P1 running at system speed
did not detect the failure mode.The fault
or faults that model the physical defect in
chip X must have been marked off as
tested down a short path (faster than
functional speed, with enough slack to
make the defect unobservable) in pattern
set P1.Pattern set P2 also tests for the de-
fect down a short path, but this pattern
runs at a higher speed so the delay defect
can be observed.

Pattern set P2 started detecting the
failure at approximately 1.7X the func-
tional clock speed at nominal voltage
(1.33 V).The defect was determined to be
a region of the chip that added approxi-
mately 500 ps of extra delay to any tran-
sition passing through it.

Figure 4 shows the difference in per-
formance of a good chip and chip X run-
ning pattern set P2. The lines are the
thresholds at which the chips begin to
fail.This illustrates the relative delay that
is added to a path through the defective
area of the chip.

The implementation of this test
method on a real device experiencing
system failures has demonstrated that
running faster-than-at-speed tests will
detect test escapes from at-speed tests.
Running only a robust set of at-speed
transition test patterns is not adequate to
achieve the desired product quality.In ad-
dition, our implementation demonstrates
that you need test pattern timing infor-
mation in addition to the test coverage
percent metric to gauge how well the
delay test can detect defects. T&MW

Martin Amodeo is a product engineer on
Cadence’s Encounter Test team, specializing
in delay test applications. Prior to joining Ca-
dence, he worked on the IBM test team as a
developer for delay-test ATPG. He has a BS
in computer engineering from the Rochester
Institute of Technology. 

Bruce Cory is the group manager of nVidia’s
design-for-test methodology group, which
focuses on developing techniques to help in-
crease chip margins and reduce the cost of
manufacturing test while maintaining quality. 
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The widespread design of wireless devices forces many engi-
neers to move from the time domain into the frequency

domain. An instrument such as a spectrum analyzer and a
tool such as the Fourier
transform can present fre-
quency-domain informa-
tion in easy to understand
formats.

Still, frequency-domain
measurements require a bit
of explanation, starting
with the discrete Fourier
transform (DFT), an algo-
rithm that operates on dis-
crete time samples ac-
quired by an analog-to-
digital converter (engi-
neers often call a discrete
Fourier transform a fast
Fourier transform, or
FFT). A DFT produces in-
formation about the aver-
age frequency content of a
signal during the period
sampled. Thus, the DFT
serves well when frequency
content remains constant.

A DFT plots both “posi-
tive” and “negative” fre-
quencies on either side of a
0-Hz (DC) reference. The
negative information is re-
dundant, but it represents
half the power in the sig-
nal. So, a DFT routinely
doubles the power repre-
sented at each positive fre-
quency value. In effect,
this power represents the
root-mean-square (rms)
amplitude of the sine-
wave component at a giv-
en frequency.

The frequency range
and resolution a DFT pro-
vides depend on the sample rate (Fs) and the number of data
points acquired (N). The DFT puts out frequency information
between 0 Hz and (Fs/2) - (Fs/N). The frequency lines, or bins,
occur at intervals of Fs/N. Thus, the sampling frequency deter-

mines the frequency range or the bandwidth. The number of
sampled points determine the frequency resolution, also called
the resolution bandwidth (RBW).

As you lower RBW, a DFT better resolves signals, so individ-
ual frequency components become visible (see figure). Notice
that decreasing the RBW also lowers the displayed noise floor.
But, the finer frequency resolution and lower noise come at a
price; longer acquisition times, which mean you must take more
samples. Thus, data-transfer and computation times increase
and overall measurement throughput decreases.

The lower noise floor effectively increases dynamic range, but
this situation applies only for narrowband signals, such as pure
sine waves. The bandwidth of such signals fits entirely within
one frequency bin. Observe caution when measuring modulated
signals. Their power spans several frequency bins, and you’ll ob-
serve their average power reduced by an amount that equals the
observed noise-floor reduction due to decreasing the RBW.
Thus, the dynamic range for these signals remains constant. Re-
ducing RBW does not improve the dynamic range for broad-
band modulated signals.

You also can use a preamplifier to help an RF analyzer mea-
sure signals that may remain hidden beneath the instrument’s
noise floor. Suppose you apply signals with -110 and -145 dB
amplitudes to an analyzer with a -140 dB noise floor. The latter
signal falls below the noise floor, so the analyzer cannot detect it.
A preamp with a 30 dB gain would boost the two signals to -80
and -115 dB, which raises the weaker signal above the noise
floor. The analyzer’s software then “lowers” the measured spec-

trum by 30 dB. In effect, the two signals now exist at their origi-
nal levels of -110 and -145 dB and the noise floor moves down
by 30 dB to -170 dB. Obviously you cannot change the actual
noise floor, but the relative difference between the signals is cor-
rect due to amplification of the signal. In effect, you can increase
the effective sensitivity of the analyzer and lower the noise floor
in relation to the signals.

THE DATA DETECTIVETHE DATA DETECTIVE

Fourier Rules in the Frequency Domain
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Go to http://rbi.ims.ca/4400-502 to solve the challenge!

By taking more samples over a longer

time, you can decrease the resolution

bandwidth and separate nearby signals

from one another. The better resolution

comes at the cost of longer processing

times, though.

Phil’s production-line test instruments indicate 
a signal source produces one or more spurs
that shouldn’t exist in good products. But Jane,
an engineer in the development lab, can’t
detect and measure any spurious signals. 

Who’s Got the Spur?

Can you suggest ways Jane could improve her measure-
ments to determine whether the spurs do exist?

http://rbi.ims.ca/4400-502
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High-reliability, low-volume
products, such as avionics and

vectronics (space and other vehicle
electronics), present different chal-
lenges from more familiar consumer
products. They demand zero fail-
ures—either perfect manufacturing
and test processes or sufficient redun-
dancy to compensate for any system
faults that emerge during operation.
No one wants an airplane’s guidance
system to fail over the Atlantic or a
communications satellite to stop serv-
ing its customers. 

One way to increase reliability—re-
ducing parts count—relies on a few
complex parts rather than many sim-
pler ones and introduces its own test
challenges. Kamill Hilberth, CTO at
Superior Electronics, a contract man-
ufacturer and independent test-pro-
gram developer for military and other
high-reliability applications, ex-
plained, “Testing the parts on a com-
plex board can produce diminishing
returns, discouraging comprehensive
functional test as well as bed-of-nails
test. In addition, component cost and
complexity represent a powerful in-
centive for introducing noninvasive
verification to avoid damaging them

[the parts] during test.” So, man-
ufacturers of high-value boards—
like others in the industry—rely in-
creasingly on inspection.
“Because machine vision deals
with structure rather than func-
tion,” said Hilberth, “it can find
faults hidden even to customized solu-
tions like built-in test.”

Yet, inspection of such PCBs also
presents challenges. Double-sided
PCBs containing multichip modules
and other complex components
thwart attempts at manual or auto-
mated optical inspection. Manufac-
turers of these systems rely heavily on
thermal and x-ray techniques. Avion-
ics, because of low manufacturing
volumes and frequent design and en-
gineering changes, can permit much
wider variations of “acceptable” than
more conventional products do. 

“Under these circumstances,”
Hilberth said, “matching observed
images with reference files resembles
human signature recognition. No
two signatures will be identical. Nev-
ertheless, we need to develop accept/
reject criteria through extensive
image libraries and special filtering
algorithms.” 

Designers must find ways to bal-
ance decision criteria to avoid failing
good boards or passing faulty ones.
To improve fault coverage, inspection
systems must generally produce
higher-resolution images. 

Because increasing image resolution
requires acquiring more informa-
tion—a narrower field-of-view and
more “snapshots,” for example—
inspection often involves trading off
between test time and comprehensive-
ness. In high-volume applications
where throughput is critical, manufac-

turers might risk missing a fault dur-
ing inspection and finding it later.
Avionics and other high-reliability
products encourage the opposite ap-
proach. A “failure is not an option”
strategy means accepting higher costs
and longer test times to ensure that no
failures survive to the final product.

Hilberth also advocates incorporat-
ing corresponding noninvasive inspec-
tion steps into field and depot testing
and into so-called “health manage-
ment systems”—monitoring tech-
niques that report on the mission
readiness of electronics during normal
operation or as part of field mainte-
nance. To employ inspection in this
way requires a common fault data-
base between the two venues to allow
the manufacturer to correlate results
and thereby more easily detect pat-
terns or trends. Inspection can also 
reduce the number of hidden faults
during manufacturing, making health-
management decision engines more
effective. 

Manufacturers of avionics and vec-
tronics must address the same issues
as their more traditional counterparts.
Although boundary conditions, qual-
ity criteria, and economic benefits dif-
fer dramatically, inspection increas-
ingly provides viable solutions. �

A V I O N I C S

Keep ’em flyin’
Steve Scheiber, Contributing Technical Editor
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AIA reaches record
membership

DURING THE 2005 International
Robots & Vision Show, the Au-

tomated Imaging Association (AIA)
announced that its membership is at a
record high of 240 companies from
25 nations. “It’s quite gratifying to see
the growth of our industry and trade
association, from a handful of compa-
nies with minimal sales in the early
1980s to a multibillion dollar global
marketplace filled with hundreds of
successful companies,” said AIA exec-
utive director Jeffrey A. Burnstein.
www.machinevisiononline.org. �

Dalsa receives major
contract

DALSA HAS ANNOUNCED that
it has received a contract valued

at $1.7 million in Canadian dollars
(about $1.44 million US) from an
Asian scientific research facility.
Under the terms of the contract,
Dalsa will design a custom CCD
image sensor chip and deliver follow-
on production units throughout
2006. The Ontario-based company
also has the potential to receive sub-
sequent orders from the customer

upon the successful completion of
this project. 

Savvas Chamberlain, CEO of
Dalsa, released a statement saying, “I
am very pleased that Dalsa technol-
ogy continues to make successful in-
roads into Asia. This contract is yet
another excellent example of how
leadership in technology enables
Canadian companies to successfully
expand into new world markets.”
www.dalsa.com. �

Court sides with
Cognex

COGNEX REPORTS THAT on
September 9, the US Court of

Appeals for the Federal Circuit af-
firmed an earlier lower court decision
that the claims of 14 machine-vision
patents asserted by the Lemelson
Partnership are unenforceable for
reasons of prosecution laches (or de-
lays in asserting a legal right or
claim). In this case, Cognex says that
Lemelson delayed prosecution by up
to 39 years after the filing of the orig-
inal patent.

“This ruling confirms Cognex’s be-
lief that Lemelson abused the patent
system when he obtained his so-
called ‘machine-vision’ patents. And
the ruling also helps to give credit for
the development of machine vision to

w w w . t m w o r l d . c o m
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Heating up
Steve Scheiber, Technical Editor

As optical and x-ray inspection
techniques continue to im-

prove, we sometimes lose sight of
other technologies that could add to
our quality arsenal. Infrared inspec-
tion has enjoyed a mixed history at
best. Although infrared inspection is
still used to inspect bare boards for
shorts, its entry into loaded-board

manufacturing proved
less successful, suf-
fering as much from a
lack of corporate en-
thusiasm as from any
drawbacks to the

method itself. Circumstances en-
courage taking another look.

One of the challenges of increas-
ingly powerful components is their
heat dissipation. Concern has arisen
that normal operating temperatures
of some components can create “hot
spots” on the board that approach
tolerance limits of board substrates
and other components. 

As with visible-light and x-ray
products, the resolution and sensitiv-
ity of infrared inspection hardware
and software have improved dramati-
cally in recent years. Although it
might be argued that identifying lo-
cations with heat problems on
boards during full-scale production
would constitute closing the barn
door after the horse has bolted, in-
corporating infrared inspection into
prototype, pre-production, and initial
ramp-up can minimize problems
once full production begins. 

Readers of this space will no
doubt recognize that my fascination
with this technique is far from new.
Nevertheless, it could offer solutions
in some situations where more con-
ventional inspection techniques fall
short. �

N E W S

NETHERLANDS-BASED Quest Innovations has announced that it has
signed an OEM licensing agreement with Pleora Technologies for Ple-

ora’s iPORT PT1000-VB In-Camera IP Engine. The agreement allows
Quest to develop scalable processing units and smart cameras with Gigabit
Ethernet (GigE) interfaces.

“Through this agreement, we are incorporating GigE interfaces into our
scalable machine-vision processing hardware,” said Richard Meester, presi-
dent and CEO of Quest Innovations, in a prepared statement. “We will re-
lease our first GigE camera with processing capabilities in November at the
machine-vision show in Stuttgart [Vision 2005, November 8–10]. We’ll also
launch a new high-precision—10 micron—laser-scanning system based on
our Raptor camera that reduces object scanning times dramatically com-
pared to current systems on the market.” www.quest-machinevision.com;
www.pleora.com. �

Firms unveil scalable GigE 
vision products

Contact Steve Scheiber at
sscheiber@aol.com. 
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those who truly deserve it...the many
highly skilled engineers at Cognex
and elsewhere who have spent years
inventing, developing, and manufac-
turing the machine-vision products
that serve industry so well today,”
said Dr. Robert J. Shillman, chairman
and CEO of Cognex, in a prepared
statement. www.cognex.com. �

View acquires 
Micro-Metric

VIEW ENGINEERING recently 
announced that it has acquired

privately held Micro-Metric, a manu-
facturer of high-magnification, non-
contact critical dimension and coordi-
nate nanometrology systems. View
Engineering provides large-area video
and laser-based coordinate measuring
systems. 

Vijay Patel, president of View Engi-
neering, released a statement saying,
“Micro-Metric brings technological
expertise in high-magnification mi-
croscopy and submicron feature mea-
surement to our strengths in high-
speed, large-area metrology systems.
Micro-Metric extends our technology
roadmap for micromachined and mi-
croelectronic component metrology
into the nanoscale realm.” Micro-
Metric will continue to operate from
its headquarters in San Jose.
www.viewengineering.com.

Omron to establish
base in Shanghai

OMRON PLANS TO establish a
vision sensing and control de-

velopment center in Shanghai, China.
The center, to be named “Omron In-
stitute of Sensing & Control Technol-
ogy (Shanghai) Co.,” will be located
in Zizhu Science Park, Shanghai, and
is scheduled to open in October
2006. It will form one of Omron’s
core R&D facilities and will concen-
trate on vision-sensing technology,
particularly object and shape recogni-
tion, including human faces.
www.omron.com. �

Matrox supports 
PCI Express

TO MEET the needs of customers
migrating from PCI and PCI-X,

Matrox Imaging has announced that
its Solios family of frame grabbers

will now support PCI Express. The
protocol is included on both the
Camera Link and analog variants of
the Matrox Solios, Matrox Solios
eCL, and Solios eA, and both ver-
sions are designed for four-lane (x4)
PCIe. www.matrox.com/imaging. �

Our X-Ray 
Line-Scan Cameras can

help you see what
you’ve been

missing.

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

To see what you’ve been missing, visit our website at
www.whatifcameras.com/tmw.
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Machine-vision technology has
been used for more than 30

years, yet is perceived as being diffi-
cult to set up. This perception comes
from vision products that were diffi-
cult to use, often underpowered, and
required a vision expert. Fortunately,
a new generation of vision products
are changing this perception and
bringing wider acceptance
for vision technology.

Figure 1 shows an assem-
bly process for electric
drills. A conveyor moves
printed-circuit boards from
manufacturing to the ma-
chine-vision system, which
detects the board, checks
that each board is the cor-
rect type, checks for missing
components, and reports
the board’s position and
orientation to a robot arm
controller for correct inser-
tion into the drill assembly.
A few years ago, this task
would have required an ex-
pensive vision system and
extensive development.

Most machine-vision sys-
tems have a way to position
the parts in the camera’s
field of view (the conveyer
belt here), a “part-in-place”
sensor to detect that a part
is present, lighting, a cam-
era, a vision computer to do
the inspection, and some outputs
based on the results of the inspection.

Hardware
The part-in-place sensor has devel-
oped from the lowly photocell to be
smarter and easier to use. Sensors are
now available for specific types of
materials, such as reflective or matte
surfaces. Some “smart sensors” in-
clude simple processing that, for ex-
ample, allows them to detect and sort
different colored parts.

In the past, vision systems used
cameras designed for surveillance or
television. These cameras were unsuit-
able for making fast and accurate
measurements of part dimensions.
Machine vision now uses specially de-
signed cameras that are fast and pro-
vide the high-quality images needed
for inspection and measurement.

Lighting is a key component in a
machine-vision system—you can’t in-
spect or measure something you can’t
see. Carefully designed lighting en-
hances the features in a part that you
want to inspect or measure while sup-
pressing visual features that interfere
with the inspection or measurement.
For example, to find and count small
particles on a surface, you can use a
ring of lights pointing nearly parallel
to the surface. This “dark field” illu-
mination makes the surface black

while particles catch the light and ap-
pear bright white.

The advent of intense, inexpensive,
uniform, and reliable LED lighting
has made setting up a machine-vision
system much easier. You can find hun-
dreds of lighting products specifically
designed for machine vision. Most
lighting vendors will recommend ap-

propriate lighting for your
machine-vision task, so you
don’t have to be an expert.

The vision computer can
be a specialized processor
inside the camera—a “smart
camera”—or a separate,
specialized computer, typi-
cally based on personal
computer technology (Fig-
ure 2). The advantages of
this approach include in-
creased computational
power and a huge base of
available software and expe-
rienced programmers.

For advanced applications
that call for data rates of
tens of megabytes per sec-
ond, you can turn to faster,
more powerful dedicated vi-
sion-processing boards. Al-
though such boards are not
new, today’s versions use
DSPs and FPGAs for extra-
ordinary computational
power.

Most vision computers—
from smart cameras through high-end
processor boards—include some form
of digital I/O. Lower-end computers
generally provide one or two input
lines to trigger image acquisition and
two or three output lines to drive part
sorting. More capable hardware fea-
tures more I/O lines and additional I/O
protocols, such as Ethernet, FireWire,
USB, and serial and parallel ports.

Some newer vision computers inte-
grate what amounts to a small pro-
grammable logic controller (PLC) into

T E C H N O L O G Y

Machine vision looks good
Ben Dawson, Dalsa Coreco

Data to
robot arm

To drill
assembly

Part-in-place
sensor

Vision
computer

Circuit
boards

Camera and
lighting above
conveyor belt

Laser

Conveyor belt
movement
encoder

Fig. 1 In this electric-drill assembly process, a conveyor moves printed-
circuit boards from manufacturing to the machine-vision inspection system.
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the vision computer. For example, our
vision computers provide separate
logic that delays the part-sorting out-
put signals.

Standardization
An increasing number of standard-
ized machine-vision components are
making it easier for vision designers
to assemble a machine-vision system.
Components for part positioning are
standardized already, and lighting,
optics, and sensor (camera) compo-
nents are fast moving in that direc-
tion. Standard vision components
reduce deployment efforts—you get 
a familiar mechanical or electrical
interface.

Vision application en-
gineers understand an
inspection system’s
lighting, optics, algo-
rithms, and computa-
tion capability, but
they don’t necessarily
understand the unique
characteristics of a particu-
lar task. System development
often bogged down while the
vision application engineer educated
you about the system’s capabilities
and you educated him or her about
what you wanted to accomplish.
Standard-component specifications
embody much of this specialized
knowledge and so facilitate this
communication.

Algorithms
In addition to the many hardware ad-
vances, sophisticated machine-vision
algorithms are also improving vision-
system performance. For example,
most machine-vision programs start
by locating the part within the image,
which they accomplish using a search
algorithm. Machine-vision vendors
are competing to improve the ease-of-
use, speed, accuracy, and robustness
of their search algorithms. Figure 3
shows a search algorithm setup screen
from Dalsa Coreco’s Sapera Process-
ing software. Speed and accuracy are
easily quantifiable. Robustness is
somewhat more elusive.

One measure of “robustness” is
how well a vision system ignores ac-
ceptable variations. Manufactured
parts exhibit such variation, and
“naturally manufactured” parts, such
as apples or oranges, have even more.
Robustness also indicates how well
the system tolerates “distractions,”
such as changes in lighting conditions,
unexpected objects in the field of view
(an operator’s hand, for instance), or
changes in a part’s reflectance. These
conditions depend on the individual
situation.

The more robust an algorithm is,
the easier it is to use. If, for example,
the algorithm can tolerate or compen-
sate for some changes in lighting, then
less effort is needed to shield the vi-

sion system from stray light and to
control variations in system

lighting.

The user interface
Perhaps the most important factor in
ease-of-setup is how the hardware ca-
pabilities, such as inputs and outputs,
and the processing algorithms are pre-
sented to the user. Algorithms such as
search or convolution (for spatial fil-
tering, pattern matching, edge detect-
ing, and so forth) have always been
encapsulated into subroutine libraries.
A well-designed subroutine library of-
fers high execution speed, compact
memory, and consistent execution
time—important in real-time applica-
tions that press the limits of hardware
performance. A major disadvantage is
the modest-to-long learning curve re-
quired to use a library, and a subrou-
tine library can contain only a limited
amount of prior knowledge about a
particular machine-vision application. 

A key advance in ease-of-setup was
the development of graphical pro-
gramming packages. These packages
present the vision system’s software
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Fig. 2 A compact, PC-based
vision computer, such as this
one from Dalsa Coreco’s ipd
group, can perform complex
image analysis.
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components in a graphical user inter-
face so that you can design your ap-
plication by connecting components
rather than by programming. Not
having to write code and having help
online greatly reduces the system de-
velopment time. For example, library-
based applications typi-
cally take months to set
up, while ones based on
Dalsa Coreco’s Wit or
Sherlock packages, for
example, can be done in
weeks. There are still
high-performance vision
applications, such as 
inspecting large LCD
panels, that require the
performance of a sub-
routine library, but most
applications can be im-
plemented more quickly
with a graphical pro-
gramming package.

The latest and, in my
opinion, hottest develop-
ment in vision software
is to tailor it for specific
classes of applications.
For example, our iN-
spect vision appliance is
designed for inspection
requiring single or multi-
ple views of a part,
while the iLabel vision
appliance inspects labels
on boxes, bottles, cans
and similar items. Limit-
ing the problem domain
allows the embedding of
a large amount of appli-
cation-specific knowl-
edge into each product.

Embedding functionality in this
way can permit a much simpler user
interface to the algorithms and hard-
ware resources. Each specialized
product’s interface consists of panels,
somewhat similar to a Windows wiz-
ard, that walk you through the prob-
lem (Figure 4).

By precisely matching system and
application, you can often set up and
verify a vision application in hours
and with minimum help, although you
may still need help with lighting and

lens selection. These specialized prod-
ucts are designed so that users who
are not vision experts can quickly
build test and measurement setups. 

Machine vision is becoming an in-
creasingly important component in
test strategies. The technology is being

driven by processor performance lev-
els, the challenge to improve algo-
rithms, and the creation of standard-
ized products. System development
has recently started to emphasize ease-
of-setup, as this is a critical factor in
using machine vision for efficient and
effective manufacturing. �

Ben Dawson earned his MSEE and PhD from
Stanford. He was on the research staff at MIT
and served as director of research and develop-
ment for Imaging Technology. He is now director
of strategic development at ipd, a Dalsa Coreco
group.
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Fig. 3 A search-algorithm interface should combine ease-of-
use with speed, accuracy, and robustness.

Fig. 4 An application-specific interface can walk you through
system setup. 
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Now it’s easier than ever to 

use DVT vision sensors. Intellect’s
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faster image updates, custom
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and ready-to-use label
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When examining the role of
inspection in manufactur-

ing test, you must look at both its
costs and its benefits. Managers are
notoriously unwilling to authorize
the purchase of capital equipment
without some assurance that the ex-
penditure can be justified. 

As bed-of-nails access continues
to decline in many products, manu-
facturers must increasingly rely on
functional test, hot mockup, and
creative use of self-tests to verify
that a circuit works. Developing
comprehensive test programs for
such situations is challenging, and
the resulting fault reports may flag a
board as bad but often cannot pin-
point the exact failure location
closer than a particular
section or logic block.
Diagnostic techniques
such as guided probing
must zero in on the ac-
tual fault. 

Government demands
to eliminate lead from
components and solder
complicate the situation
further. Higher melting
points and other inherent
characteristics of lead-
free solder will ensure
higher defect rates, at
least at the beginning. 

Also, because lead-free
solder is more brittle
than its tin/lead counter-
part, companies may
limit physical probing on
faulty boards for fear of
creating problems rather
than correcting them. In that case, it
is very likely that more boards will
be scrapped rather than repaired. 

Inspection to the rescue
An effective inspection step can dra-
matically reduce the cost and quality
penalties introduced by these manu-

facturing trends. Because inspection
“looks” at the board to determine
whether it was built correctly, it can
more easily identify the exact cul-
prits for the faults that it finds. 

Automated optical inspection can
spot bent and broken leads, solder
shorts, and other faults on visible
nodes. Techniques like x-ray inspec-
tion will see missing or misplaced
balls under ball-grid arrays, bad sol-
der joints, and other problems hid-
den from more conventional tech-
niques. Adding inspection to a test
strategy will ensure that more
boards can be repaired successfully
and fewer end up as scrap.

The impact of fix vs. scrap is far
from trivial. Most economic analy-

ses will show that if there is more
than a small amount of scrap, its
cost overwhelms all other costs. 

Manufacturers often measure
process quality in defects per million
opportunities (DPMO). Stig Oresjo,
senior test strategy consultant with
Agilent Technologies, presents the

number of defect opportunities as
the sum of the number of compo-
nents and the number of solder
joints. You can calculate expected
yields with this equation:

where:
DPMO = defects per million oppor-
tunities
N = number of defect opportunities

Running the numbers
To justify investing in an inspection
system, you need to calculate the
number of faulty boards you pro-
duce and the expected savings from

repairing them rather
than scrapping them.
Consider a board with a
manufacturing cost of
$400 that contains 550
components and 4450
solder joints—a total of
5000 defect opportuni-
ties—built with a process
that produces a DPMO
of 75. Using the equation
above, yield from assem-
bly (before any test or re-
pair) would be 68.7%. 

Assume that without
an inspection step, you
can identify and success-
fully repair half of the
defective boards. In that
case, the effective yield
after test and repair is
84.35%. To ship
160,000 good boards per

year, you would have to build
189,686 boards. At $400 per board,
the scrap costs the operation almost
$12 million (Table 1).

Suppose you add an inspection
step to diagnose the failures more ef-
fectively so you can repair more
boards. Assume that fixing the

Table 1. Scrap cost with no inspection
Number of components 550

Number of solder joints 4450

Defect opportunities 5000

Nodes 500 to 1500

Yield from assembly 
(before test or repair) 68.7%

Repaired boards, as a 50% of failures,
result of test only or 15.65% of board starts

Yield from test and repair 
(no inspection) 84.35%

Number of boards planned to 
ship per year 160,000

Board starts, including scrap, 
needed to reach planned shipment 189,686

Cost per board $400

Value of scrapped boards, $400 x 29,686 boards = 
15.65% of board starts $11,874,400
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Justifying inspection in a test strategy
Steve Scheiber, Contributing Technical Editor

Yield = [1 – DPMO ]N(1,000,000)

Machine-Vision & Inspection T E S T  R E P O R T
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boards costs 25% of their value. If
inspection allows you to repair even
half of the previously scrapped
boards, the cost picture would look
like the “Fix 50% of boards” col-
umn in Table 2.

The inspection and repair steps
reduce the number of board starts
required to ship 160,000 boards to
173,583 and saves more than 
$5 million. The need for fewer
board starts also increases the effec-
tive capacity of the production line
and can postpone the need for labor
overtime or new production facili-

ties, representing huge potential ad-
ditional savings.

Repairing a larger proportion of
the boards improves this picture fur-
ther. If you can repair 90% of the
previously scrapped boards, as in the
third column of Table 2, effective
yield increases to 98.4%. 

The number of board starts drops
to 162,544. The total cost for board
scrap and repair now totals only
$3,307,000, so you save more than
$8.5 million in a single year. Num-

bers like these go a long way toward
convincing company controllers that
inspection systems will pay for
themselves in short order.

Increasing the benefits
For many boards, especially expen-
sive ones, the average repair cost is
much less than 25%. Repairing a
board worth $2000 would rarely ex-
ceed a few hundred dollars, reducing
the total repair cost and making in-
spection an even more attractive 
option.

The calculations in Table 2 hinge
on meeting a 75 DPMO specifica-

tion. If the number of defects were
even double that, first-pass yield
drops to 47.2%. You would need to
build almost 340,000 boards to ship
160,000, and the other costs would
skyrocket as well.

Of course, adding an inspection
step is not always cost-effective. Re-
pairing very simple, inexpensive
boards could actually exceed the
cost of scrapping them. 

Similarly, repairing boards that
are conformally coated for high-reli-

ability applications requires recoat-
ing the boards after repair, so the
cost of fixing them may also exceed
their value. In these cases, scrapping
the boards remains the most eco-
nomical alternative.

Getting there from here
The object of any test strategy is to
ensure that you ship good products
to customers. With the advent of
lead-free solder, which has a higher
melting-point and is more brittle,
you also need to be reasonably sure
that merely shipping the products
will not make them fail. 

Incorporating inspection can alle-
viate some of those concerns. But
convincing company managers to
spend what can be a significant sum
on capital equipment requires num-
bers to show how the purchase will
ultimately benefit the company’s
bottom line. 

Fortunately, generating convinc-
ing numbers is not difficult. The
only task remaining is selling those
numbers to the managers who must
sign the checks. �

w w w . t m w o r l d . c o m
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Table 2. Savings by adding inspection
REPAIRING BOARDS THAT WOULD HAVE BEEN
SCRAPPED AFTER TEST ONLY 

Fix 50% of boards Fix 90% of boards

Number of boards planned to ship per year 160,000 160,000

Yield from assembly (before test or repair) 68.7% of board starts 68.7% of board starts

Repaired boards, as a result of test only 50% of failures, 50% of failures, 
or 15.65% of board starts or 15.65% of board starts

Yield after test and repair (no inspection) 84.35% of board starts 84.35% of board starts
(leaving 15.65% scrap) (leaving 15.65% scrap)

Repaired boards as a result of inspection 50% of scrap, 90% of scrap, 
or 7.825% of board starts or 14.085% of board starts

Yield after test/inspection and repair 92.175% of board starts 98.435% of board starts

Board starts needed to reach planned shipment of 160,000 173,583 162,544

Number of scrapped boards per year 13,583 2,544

Cost per board $400 $400

Value of scrapped boards $5,433,200 $1,017,600

Cost of repairing extra boards $1,358,300 $2,289,400
as a result of inspection ($100 each) ($100 x 13,583 boards, ($100 x 22,894 boards,

or 7.825% of board starts) or 14.085% of board starts)

Value of scrapped plus extra repair $6,791,500 $3,307,000

Savings over no inspection $5,082,900 $8,567,400
("Value of scrapped boards" from Table 1)
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Intelligent camera

The Impact T22 from PPT Vision is an
intelligent camera designed as a drop-
in replacement for obsolete or under-
powered vision systems. An extension

to the Impact
T-series, the
T22 has an
image-pro-
cessing com-
puter inside
the camera,
enabling it to
be deployed

without the additional image-process-
ing hardware typically found in older
machine-vision systems. With a 1/2-in.
CCD, the Impact T22 is interchange-
able with older, camera-based vision
systems, enabling manufacturers to
upgrade older vision engines to
achieve 100% real-time inspection
while reusing existing optical and light-
ing components. The Impact T22 is a
suitable replacement for both analog
and digital systems. PPT Vision,
www.pptvision.com. 

Image-processing board 
The XRI-1200 from Dalsa Coreco is a
PC-based digital image-processing
board designed for x-ray imaging appli-
cations in which images contain motion
artifacts and exhibit low-contrast, high-
noise characteristics. The new board
performs adaptive image processing to
reduce noise in both still and dynamic
images, significantly improving image
quality and contrast. An FPGA-based
image-processing engine performs
real-time digital image processing in
three dynamic stages, improving mea-
surement and diagnostic accuracy.
The real-time image-processing en-
gine employs adaptive frame averag-
ing to reduce noise while compensat-
ing for sensor non-uniformity and lens
distortions.

The XRI Software Development
Toolkit (SDK) includes tools, utilities,
and installation scripts to promote rapid
application development, diagnosis, and

deployment. The XRI-SDK imaging li-
braries permit users to control all as-
pects of the image-acquisition process
and image-storage function on both
the local and host computers. Price:
$3500 (OEM qty). Dalsa Coreco,
www.imaging.com. 

Smart cameras
The VC40xx series of smart cameras
from Vision Components provides VGA
monitor output, fast trigger input and

output, and
four digital
inputs and
outputs.
Each model
in the series
supports
both serial

and Ethernet interfaces. The cameras
use the C64 DSP from Texas Instru-
ments, which delivers computational

power as high as 3200 MIPS. The
128-Mbyte SD card provides additional
storage and can be accessed much
faster than the 16-Mbyte MMC card
available in the company’s VC20xx se-
ries. At the high end in the series, the
Model VC4066 provides 1024x768
pixel resolution at 30 full frames per
second. Vision Components, www.-
vision-components.com.

Sensor software
Cognex has released version 1.2 of the
Intellect software for DVT vision sen-
sors. The new version features im-
provements to the user interface and
increases object sorting efficiency by
allowing a single tool to identify and
count multiple shapes or colors. Intel-
lect 1.2 also includes faster image up-
dates, a new optical character verifica-
tion tool, custom drivers for robotic
applications, and a preconfigured tool

P R O D U C T S

IEEE1394 Digital CCD Camera Line

Always a new perspective

FOculus
- 11 monochrome and 11 color cameras -
Makes digital imaging processing applications easy with features like:

www.net-gmbh.combh

Contact
Europe +49 8806 92 34-0 
United States +1 219 934 9042

•  1/4“, 1/3“, 1/2“, 2/3“, 1/1.8“ 
Progressive Scan CCD Image Sensor

•  Resolution VGA, SVGA, XGA, SXGA, UXGA 
•  Frame rate: 60 fps to 7.5 fps

•  IEEE1394.a acc. IIDC v.1.3 Interface
•  Solid and highly shock-resistant 
• Software Development Kit (SDK)

www.net-gmbh.com 
www.net-usa-inc.com
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for label position and gross defect in-
spection. A free download is available
at the company Web site. Cognex,
www.cognex.com/dvt. 

Fluorescent light source
The Exfo X-Cite 120 fluorescent
source has a light spectrum similar to
that of conventional mercury lamps, but
lasts much longer, providing a 1500-hr
bulb life. The integrated Intelli-Lamp
system provides safe operation, ensur-
ing that the light source cannot be
switched off while the lamp is still hot.
The light is directed to the microscope
via a flexible liquid guide. The intensity
of the light emitted by the Exfo X-Cite
120 can be controlled with an optional
iris-diaphragm. Alignment-free adapters
are available for Olympus BX2 and IX2
series microscopes. Olympus,
www.olympus-europa.com.

Infrared camera
The ThermoVision SC6000 scientific-
grade infrared camera from Flir Sys-
tems offers simultaneous and indepen-
dent analog and digital output data

streams—a fea-
ture that allows
for the sending of
corrected imagery
to a video monitor
while uncorrected
data is sent to a

digital recording system. The new cam-
era also features fast and user-ad-
justable frame rates with a camera out-
put of 50 Mpixels/s. It supports analog
video during windowing operations and
offers advanced synchronization fea-
tures. Optional software provides the
tools for users to automate data acqui-
sition, advanced analysis, or custom
programming for easy integration with
other software applications. Flir Sys-
tems, www.flirthermography.com. 
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oltage transients and equipment damage can prevent a
cable-harness tester from operating properly—and can
have a direct impact on your business. Without a viable
tester, you can’t certify incoming cable and harness as-
semblies before adding them to your inventory. Similarly,
you may be unable to certify the quality of your own

products, and thus will be unable to ship them.
The major threats to a tester’s proper operation come from electri-

cal and mechanical hazards, but cable testers can also be damaged by
other factors (see “Component failures,” p. 52, and “Software threats,”
p. 54). Regardless of the source, you can take preventive steps and de-
velop repair procedures to keep your cable-harness testers in working
order.

Attachment of a “live” cable
Each of the 100 or more test points in a typical cable tester connects di-
rectly to an integrated circuit (IC) used in applying or measuring test
signals.Although various means of overload protection can be built into
each point, it becomes economically impractical to isolate the test points
from more than a few volts higher than the maximum test voltage.
Should the operator inadvertently connect a live cable to the tester, se-
vere damage may ensue.

If the overvoltage from the live cable is considerably above the test volt-
age, breakdown of the affected IC may transmit the overvoltage through
the power bus, reaching many interconnected ICs and rendering the cir-
cuit board unrepairable. ICs may actually explode leaving a blackened
crater on the inside of the case (Figure 1).

CHRISTOPHER E. STRANGIO, CAMI RESEARCH

Take action to
prevent  electrical,
mechanical, and
software threats
from damaging your
cable-harness tester.

ROTECTING
theTESTER

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

FIGURE 1. Overvoltages applied from
live cables to sensitive tester inputs can
result in ICs exploding within instrument
cases. To prevent this type of damage,
keep power sources away from cable-
test benches.

CABLE TEST
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Component failure
Not all failures are externally induced.

Under normal circumstances, equip-
ment will ultimately fail given enough
time and use. The “mean time be-
tween failure” spec statistically pre-

dicts how long you can expect normal operation, on aver-
age, before failure occurs. While end-of-life wear-out
cannot be avoided, you need not invite it prematurely.

Turn off computers and test equipment at the end of
the workday or when they are not being used. Fans and
other mechanical components wear predictably while
powered-up during periods of disuse, and semiconduc-

tors age faster when powered-up because of heat and
current flow. You can use timers or remote network con-
trol to manage end-of-day shutdown and beginning-of-
day startup, or you can simply assign this job to a spe-
cific employee.

You can also prevent overheating by regularly cleaning
filters, vacuuming vent holes, and locating equipment
away from known heat sources. And be sure to block
unauthorized use by untrained personnel; you should re-
quire passwords for computer-controlled equipment, and
you should lock power sources when other access con-
trols become impractical.—Christopher E. Strangio
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CABLE TEST

Preventive measures:
● Do not allow any power sources on the
test bench.
● Keep the work area clutter-free and
uncrowded.
● Disconnect any unused interface ca-
bles from nearby computers or other
equipment.
● When testing long cables, ensure that
both ends are labeled, and include in the
test procedure a positive confirmation
that both ends are detached before at-
taching the cable to the tester.
● Ensure that any batteries that may be
attached to the cable, or built into the
cable, are disconnected.
● If you test harnesses built into an
equipment cabinet, ensure that all con-
ductors and the shield conductor (if
tested) are isolated from ground during
testing. Ground differential voltage may
cause the test to fail or damage the tester.

Static discharge
Another potential source of electrical
hazard is static discharge that can enter the
test-point terminals.Taking the usual pre-
cautions of working on a grounded work-
bench with dissipative mats, grounding
the test equipment, and wearing a wrist
strap may not be sufficient to protect the
cable tester from static damage. Charge
may develop on the insulation of long ca-
bles as a result of frictional motion when
the operator coils or uncoils the cable
while moving it to the test bench.Charge
on the insulation can then attract oppo-
site charge on the copper conductors just
under the insulation. This in turn forces
charge to the cable endpoints where it re-
mains trapped (Figure 2).

A properly grounded operator can
pick up the cable by its connector,
which is insulated from the outer jacket
and conductors, and unknowingly dis-
charge the copper conductors into the
test equipment at the moment he or she
attaches the connector. The volume of
charge released may overload clamping
diodes built into the tester’s ICs, causing
damage to the circuitry. Generally, ca-
bles longer than 10 ft (3 m) pose in-
creased risk, especially cables with rub-
ber insulation.

Preventive measures:
● Work with a humidity level of 60% or
higher (although this is not usually pos-
sible during winter months).
● Equip the tester with transient sup-
pressor boards in which special high-
speed Zener diodes protect each point
from transients higher than the test volt-
age and less than ground.
● Attach a grounding plug to the cable
momentarily before connecting it to the
test equipment. The grounding plug
consists of a mating connector in which
all pins are connected together and tied
with a single wire to an earth ground.

Power-line transients
You also need to protect your cable-har-
ness tester from power-line transients.
A 1-s power interruption may disrupt
batch testing and cause a loss of log 
data or batch reports, requiring a super-
visor to restore normal operation and
possibly requiring the need to repeat a
test. Power surges and switching noise
risk damage to equipment as well as
stored data.

Preventive measures: 
● Use a 600-W to 1000-W uninterrupt-
ible power supply (UPS). Such a UPS
should be sufficient protection for most
workstations, and it represents a small
fraction of the cost of the equipment it
protects. (A UPS typically costs less than
$100 for the tester alone,or less than $200
for both the tester and computer.)
● If your facility provides building-wide
uninterruptible power, add a surge sup-
pressor to the tester’s power input.

Conductive debris
The final electrical hazard that you
should worry about is debris that can
conduct electrical charges. Wire clip-
pings, metal punch-outs, metal dust, or
spilled beverages may cause unintentional
connections between test points, or they

+++++
+++++
– – – – –

– – – – –
– – –
– – –

– – –
– – –

+++++
+++++
– – – – –

– – – – –

– – – – –

– – – – –
a)

b)

c)

FIGURE 2 a) Friction can develop a
negative charge on cable insulation,
which attracts a positive charge to the
b) copper conductor. That positive
charge, in turn, c) drives negative charge
toward the ends of the cable, which can
result in tester damage, particularly for
cables 10 ft long or more.
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may work their way onto the circuit
board and introduce shorts. Coffee and
soda are highly conductive when liquid,
and they leave conductive residue when
dry, creating a difficult repair problem—
especially for testers measuring isolation
resistance above 1 M�.

Preventive measures: 
● Do not permit cable assembly or repair
in the vicinity of the test equipment.
● Do not permit food or drink at the test
station.
● Place a dust cover over the test equip-
ment when it is not in use.
● Avoid situating the test equipment in
the same room as grinding or metal-
working machines.

Defective connectors
A cable tester can also become inopera-
ble as a result of mechanical hazards, such
as defective connectors. If the physical
characteristics of connectors used on
your cables are slightly out of specifica-
tion, they may deform or in other ways
damage the mating connector on your
cable tester.

For example, plastic RJ45 modular
plugs sometimes have excess unremoved
flashing from the mold, or sharp edges,
which catch the wire pins on sockets.
When unplugged from the tester, the
wire pins may hang up on the flashing

and become bent upon removal, perma-
nently damaging the socket. Note that
the same problem may damage your cus-
tomer’s connectors and you may be held
responsible.

Preventive measures:
● Carefully inspect sample parts before
committing to a supplier.
● Require a quality certificate from the
supplier before accepting incoming parts.

Connector wear out
Even high-quality connectors, though,
can eventually cause problems.The nat-
ural wear caused by the friction of insert-
ing or removing connectors from mating
sockets cannot be avoided. Some simple
precautions will prevent premature fail-
ure and quickly restore equipment to a
functioning condition.

Preventive measures: 
● Use connector isolators (also known
commercially as “connector protectors”
or “connector savers”). These small
adapters insert between the cable tester
and cable connector to absorb the force
and wear of repeated insertions. They
may be easily unplugged and changed
when necessary and are widely available
for D subminiature connectors.
● Require that the mating connectors on
your test equipment have solid metal

Software threats
Software threats can come from either inter-
nal or external sources. Inadvertent erasure of
valuable data, malicious action, or internal
hardware failure may expunge critical pro-
grams, procedures, scripts, and log files. No
other process failure yields as easily to correc-

tion or risks such adverse consequences. The best way to protect your equip-
ment against the loss of key data is to perform regular backups. 

Schedule daily automatic backups of your computers, being sure to in-
clude cable databases, scripts, log files, and written procedures. Various
commercial software packages offer daily networked backup of specified
machines without human intervention. End-of-day backup scripts may in-
clude automatic equipment power-down when complete. Be sure to keep
an off-site backup, refreshed weekly or monthly, to protect against the cata-
strophic loss of a facility.

You should also write-protect your data to prevent inadvertent erasure or
malicious damage. Establish a log-in procedure for your cable tester soft-
ware to ensure that ill-trained employees do not apply a tester’s learning ca-
pability to a faulty cable to force a defective work lot to pass.

Christopher E. Strangio
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pins, not stamped pins, and include gold
plating.

Improper insertion
Test technicians can also be a source of
connector problems. Technicians who
apply excess force off-axis from the in-
sertion direction may bend the pins or
shell of a mating connector.

Preventive measures: 
● Provide proper training and written
procedures for test technicians.
● Situate the cable tester, connector
boards, or panel so that the force applied
during insertion easily aligns with the
connector axis.
● Ensure that keying marks or other in-
dicators of orientation appear clearly on
the mating connectors.
● Some cables have intentionally plugged
holes in female connectors to prevent
backward insertion. Expressly mark the
technician’s work sheet or procedure if
hidden orientation keys exist in the test
cable.

Improper storage
You also need to take proper care of a
tester’s ancillary components. Most cable
testers use plug-in connector boards to
accommodate many different connector
styles.When boards are detached from the
tester, connectors may be damaged if not
properly stored.

Preventive measures: 
● Store boards in a rack so the connec-
tors do not make contact with other
boards during storage.
● Use a dust cover over large or fragile
connectors, or put boards in bubble bags.
● Store filled racks in closed cabinets.

Our dependence on complex systems
in manufacturing leaves us vulnerable to
process failures that may have expensive
consequences. By taking well-thought-
out precautions, you may avoid the pre-
ventable accident that can extract a heavy
cost in time and inconvenience. T&MW

Christopher E. Strangio is the president
and founder of CAMI Research and holds
degrees in electrical engineering from 
Villanova University and MIT. He has been
awarded two patents, developed CAMI’s 
CableEye PC-based cable and harness test
system, and is a senior member of the IEEE.
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LEMO 

Hermaphroditic

Connectors

LEMO is committed 

to excellence in everything

we do, from designing custom connectors

to full cable assemblies – even for your most 

challenging projects.

The LEMO S Series connector features hermaphroditic half-moon

inserts for easy blind mating, making it an excellent choice for

test and measurement and industrial control environments. Our 

precision machine-screwed contacts ensure low wear and tear,

while gold plating provides superior electrical performance.

When you demand excellence, choose LEMO.

From concept to connection.

© 2005 LEMO USA, Inc.  All rights reserved. LEMO is
a registered trademark of INTERLEMO HOLDING SA

LEMO USA, Inc.  800-444-5366
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R
ecovering from a false start in the mid-’90s, voice over
Internet Protocol (VoIP) has re-emerged as a viable
contender for telephony applications. Transmitting
time-critical voice traffic over the data-centric Inter-

net Protocol has required the development of complex proto-
cols,which in turn has led to dramatic changes in network com-
munications test.

One of the changes that VoIP is bringing to communications
test is a huge growth in the market for VoIP test equipment, ac-
cording to analysts Sankara Jambulingam and Olga Yashkova of
market research firm Frost & Sullivan. In their report, “World
VoIP Test Equipment Markets,” the analysts foresee the market
blooming from $215.8 million in 2004 to nearly $640 million
in 2008, an annual growth rate of more than 30%.

The market expansion includes R&D and manufacturing
equipment, but Yashkova said that the biggest growth is in sys-
tem monitoring and troubleshooting equipment,a market that
should expand by more than 50% each year. Jambulingam ex-
plained,“As the size of VoIP networks expands, the scalability
limitations of open source tools has come to light. Unlike data
communications, which can tolerate delay and changing data
rates, anything that goes wrong with voice is instantly felt by
the user.” This sensitivity to timing makes monitoring and
troubleshooting large networks critical to providing the qual-
ity of service (QoS) that users have come to expect from tele-
phony systems.

Test equipment challenges
Test equipment vendors participating in this growing market
face significant challenges, according to the analysts. Because
standards for VoIP are still evolving, test equipment must be ca-
pable of interpreting a variety of protocols and must also be able
to detect interoperability issues arising from differing imple-

RICHARD A. QUINNELL, CONTRIBUTING TECHNICAL EDITOR
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mentations of protocols. In addition, the
analysts noted, the equipment needs to be
relatively easy to use.Voice applications
are highly complex uses of the network
that cannot be treated as simply another
application, they said. The more the
equipment can simplify delving into that
complexity, the better.

Test engineers also face a challenge:
blending VoIP systems with traditional
time-division multiplexed (TDM)
switched-circuit sys-
tems telephony. Han-
dling blended systems
will require the use of
traditional audio tele-
phony and data net-
work test equipment as
well as an understand-
ing of both SS7 and In-
ternet Protocol, ac-
cording to Bahaa
Moukadam, VP of IP
telephony at Spirent
Commun i c a t i on s .
“One thing we are see-
ing everywhere, both
on the VoIP equipment
side and the telephone
carr ier side,” said
Moukadam, “is that
they [engineers] have
in-depth knowledge only of their side.
Merging VoIP and switched-circuit tele-
phony needs a deep understanding of
both.”

To meet that need, Moukadam says,
VoIP developers are
turning to their test
equipment suppliers.
“More and more cus-
tomers are saying that
they need help with expertise as well as
tools,” he said. He added that customers
are also asking for help in creating test
plans and test methodologies.

System test demands scalability
Regarding the needs of VoIP test equip-
ment, Moukadam agreed with the Frost
& Sullivan analysts. An ability to handle
both protocol variations and scalability is
essential, he said, particularly scalability.
He noted that testing must be able to sim-
ulate an entire network of mixed tradi-
tional and VoIP telephony along with data
communications,all at varying load levels.
This requirement implies that some VoIP

test equipment will need high perfor-
mance if it is going to help evaluate equip-
ment targeting a large enterprise environ-
ment. Spirent, for example, offers its
Abacus 5000 test system, which handles
analog,TDM, and VoIP calls with 50,000
IP phone calls under test.

Moukadam also commented that
VoIP test equipment must go beyond
simply testing against the protocols and
must include evaluation of their voice

quality. “To test voice applications by
looking only at the IP level is not
enough,” he said. “QoS tests need to
evaluate the subscriber experience.”

Blended-nature telephony systems
are likely to be in place
for a long time as VoIP
slowly replaces tradi-
tional telephony, first
for enterpr ise cus-

tomers and then working outward to re-
place telephone systems for residential
customers. In order to provide the kind
of user-level-experience testing that
Moukadam recommends, test engineers
will need a full suite of both VoIP and
analog test equipment for conducting
end-to-end tests in a blended system.

Many pieces of the puzzle are avail-
able, as some manufacturers have begun
to offer equipment for voice quality and
network testing as well as network
analysis in VoIP systems. In addition, you
can also find an array of Ethernet ana-
lyzers and traditional telephony test
equipment products on the market.

More challenges await
Yet, even while test equipment vendors
are embracing the need to test blended
systems, new applications and challenges
are arising.One is the “triple-play” com-
bination of data communications, VoIP
telephony, and Internet television
(IPTV). As with voice, video signals re-
quire sophisticated protocols in order to
generate a user experience comparable
to that of conventional cable and satellite

television. Emergence of the IPTV ap-
plication will continue and compound
the challenges faced by test equipment
vendors.

Nor will the challenges stop there.
There is also a move within the industry
to combine wired and wireless commu-
nications systems. This blending of two
approaches will affect test equipment in
an exact parallel to the effect that blend-
ing voice and data has on wired net-
works. Test engineers will need to de-
velop familiarity with both types of
networks, which are substantially differ-
ent, and test equipment vendors will
need to be there to help.

The impact of all these changes will be
an expansion of requirements for com-
munications test. Lab equipment, field
equipment, and test engineers will need
to stretch their capabilities to be able to
cover the diversity of equipment and
protocols involved in communications.
This, in turn, represents a tremendous
opportunity for those with enough
reach. T&MW

58 NOVEMBER 2005 www.tmworld.com  TEST & MEASUREMENT WORLD

COMMUNICATIONS TEST 

* On communications test, visit
WWW.TMWORLD.COM/COMM 

FOR MORE INFORMATION

DSL

IPTV clientData
services

Voice
services

Core network Access network

Edge network

Video server

ER

ER

EAR

EAR

EAR

EAR

Full evaluation of VoIP and IPTV designs will require testing in a complete system environment in order
to ensure that the customer experience will be as desired. Courtesy of Spirent Communications.

TMW05_11F4.qxd  10/19/2005  3:48 PM  Page 58



Professional Test System
for Cables and Wire Harnesses

CableEyeCableEye®

CAMI Research Inc.
CAMI ®

www.cableeye.com
(800) 776-0414
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Whether you're an R&D engineer 
designing cables for a new product 
or a production worker checking 
hundreds of cables an hour, 
CableEye's unique graphic wiring 
display tells you what you need to 
know clearly and immediately. 
Graphically see missing or shorted 
conductors, miswired cables, 
reversed diodes, and backward 
connectors. Print crystal-clear test 
results including the wiring 
schematic. Graphically compare 
two cables by alternating the 
display between your test result 
and the ideal cable. Run a 
high-speed resistance test loop 
while you flex the cable to check 
for intermittent connections. Trace 
hidden wires graphically with our 
minihook probes.

How much is your time worth? 
Chances are that it won't take 
long for CableEye to earn back 
your investment (basic systems 
start at $1295).

See what our customers say 
about return-on-investment at 
www.cableeye.com/testimonials 
or try a free demo unit today!
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For more information on PXI, PCI and CompactPCI modules,
call us at 1 877 227 4747 or visit our website at www.acqiris.com

1 GHz, 2 GS/s
and < 16 W

High-speed digitizers with GHz performance,
now available in single-slot 3U PXI format.

Acqiris, the reference for high-speed data conversion, introduces single-
slot high-speed PXI digitizers with unprecedented performance, size and 
power consumption. Using large-scale IC technology, the DC140 and 
DC135 deliver synchronous dual-channel or interleaved single-channel 
acquisition at up to 2 GS/s, with up to 16 Mpoints of on-board memory, 
in a unit that consumes less than 16 W.

With its cutting-edge PXI technology, Acqiris is 
changing the face of data conversion in measurement 
and automation.
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Bud expands
enclosure line
The Style G line of
Plasticase enclosures
features rounded corners
and edges as well as a four-piece
construction, which makes each of the
component parts easier to machine, compared with
two-piece models, according to the vendor. Plasticase
Style G is constructed of self-extinguishing ABS plastic
material with a UL94-5VA flammability rating. The exte-
rior features a mar-resistant textured surface with the
base attached to the cover with four color-matched
screws. Standard color for the Plasticase Style G is black
with other colors, top configurations, and modifications
available. The Plasticase Style G is also equipped with
internal PCB mounting bosses. External dimensions
range from 5.00x3.80x1.50 in. to 6.75x6.25x1.63 in.

Base price: $6.75. Bud Industries, www.budind.com.

Mentor expands DFM strategy 
with YieldAssist
Mentor Graphics’ YieldAssist diagnostic tool for en-
hancing semiconductor yield aims to quickly and accu-
rately identify and isolate yield-limiting defects. Yield-
Assist expands Mentor’s design-for-test (DFT) product
portfolio beyond classical test generation and defect 
detection. 

YieldAssist is based on the premise that failing de-
vices from the wafer-sort phase of manufacturing test
can provide a gold mine of information. YieldAssist al-

lows semiconductor
manufacturers to har-
vest this information
through its ability to
directly read failure
logs from compressed
test patterns and
identify both system-
atic and random de-
fects to drive failure
analysis and yield im-
provement. It also

provides a link back into the design process for im-
proving design for manufacturability as well as for
adaptively improving the quality of the manufacturing
test itself.

The vendor positions YieldAssist as a product that
addresses one key area—rapid high-volume diagno-
sis—out of three necessary for an effective overall
yield-learning strategy. The other two areas include
manufacturing test, which the company’s TestKompress
or FastScan automatic test-program generation tools

address, and defect isolation, which the company ad-
dresses by providing a link between YieldAssist and
the firm’s Calibre results viewing environment, which in
turn provides a physical layout view that helps users
isolate defects to particular physical locations—see the
red arrow in the accompanying figure.

Base price: $126,000 per year for a term-based li-
cense. Mentor Graphics, www.mentor.com

Lead-free supply offers 
undervoltage alarms
The Omron S8VM power supply features an under-
voltage alarm that signals when voltage falls and indi-
cates the cause, facilitating troubleshooting by onsite
operators. Combinations of LEDs indicate whether
voltage loss is due to a momentary power interruption,
an overload, or a drop as
the power supply itself
loses voltage due to aging.

The S8VM is 40% more
compact than earlier
Omron models and is cur-
rently available in ratings
from 15 to 150 W at volt-
age levels from 5 to 24 V.
It can operate at 100%
load temperatures to
50°C. Versions rated from
300 to 1500 W will be re-
leased in 2006. 

The S8VM meets global environmental and safety
standards; it contains no lead in order to meet with
the requirements of the RoHS directive effective in
July 2006.

Base prices: 15-W model—$59; 150-W model—
$154. Omron Electronics, www.omron.com/oei.

Boundary scan for analog
The JTAG Technologies STA476 graphical software
tool supports use of the SCANSTA476 analog voltage
monitor from National Semiconductor; it works with an
evaluation board from National containing the
SCANSTA476.

The STA476 utility allows selection of any of the
eight analog inputs on the evaluation board. DC mea-
surements can then be conducted on the selected
channel or channels using a JTAG Technologies con-
troller to initiate the test and access the results over a
standard IEEE 1149.1 boundary-scan interface.

Base price: free to JTAG Technologies customers.
JTAG Technologies, www.jtag.com.
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PMC sports Camera Link
interface, FPGA
The CAML-MOD3 Camera Link
adapter module for the VMETRO’s
Xilinx Virtex II Pro-based PMC-
FPGA03 PCI mezzanine card (PMC)
can capture video from two base-
mode cameras or one base-,

medium-, or full-mode camera. The
CAML-MOD3/PMC-FPGA03 combi-
nation merges data acquisition with
the benefits of a local user-program-
mable FPGA.  

The FPGA can be used to imple-
ment functions such as edge detec-
tion, FFTs, digital filtering, and cor-
relation to serve applications

including target tracking, feature
recognition, and real-time filtering.
The CAML-MOD3 uses the Mini
Camera Link (MiniCL) HDR26 con-
nector standard and is compatible
with traditional Camera Link equip-
ment employing the MDR26 con-
nector. In base mode, up to two
cameras can be attached via sepa-
rate cables; in medium and full
modes, a single camera connects via
two cables. Sample firmware and
host software for capturing Camera
Link data, provided in VHDL and
C++, respectively, allows developers
to concentrate on implementing
their own proprietary processing.

Price: CAML-MOD3—$995.
VMETRO, www.vmetro.com.

Arendar adds data analysis
and reporting
Arendar test-data-management
software has several new features in
its 2006 version. Arendar 2006 uses
online analytical processing for data
analysis and reporting. With that
feature, you can quickly analyze

data through an unlimited number
of perspectives, such as by product
line, product, date, or operator.
Thus, you can quickly spot trends in
performance.

Arendar 2006 lets you organize
data using familiar folders, allowing
you to isolate specific test data and
administer security rights. You can
set viewing, modification, and ac-
cess to data folders for each user
through a security log-in box.

The Arendar software lets you im-
port data from test applications writ-
ten in numerous languages. It has
direct hooks to LabView and Test-
Stand, making it a test-data man-
agement tool for storing, viewing,
and analyzing data on a single work-
station or across a network. 

Prices: $1995 for the desktop edi-
tion; $9995 for the server edition. 
VI Technology, www.vi-tech.com. 
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Scope decodes 
CAN bus symbols
LeCroy’s Vehicle Bus Analyzer (VBA)
is an oscilloscope and protocol de-
coder for the CAN bus. The VBA is
based on the Waverunner scope
platform. It lets you see electrical
signals on the CAN bus, and it de-
codes the signals into bus symbols,
eliminating the need for a protocol
analyzer. Because the VBA has four

scope channels,
you can view
and decode the
bus while look-
ing at other sig-
nals such as
those from sen-
sors or engine
control units. Or,

you can view and decode up to four
CAN buses at once. You can set up
triggers based on CAN bus symbols
to isolate events.

LeCroy offers two VBA models:
the VBA 6050 ($18,900) is a 500-
MHz scope with 2 Msamples of
waveform memory on four channels
or 4 Msamples on two channels. The
VBA 6100 ($23,990) has 1 GHz
bandwidth. It can interleave both
sampling rate and bandwidth to
achieve 10 Gsamples/s and 4 Msam-
ples/channel on two channels. 

LeCroy, www.lecroy.com.

Sentaurus extends TCAD
physical modeling
Synopsys has announced the avail-
ability of its Sentaurus Technology
CAD (TCAD) tool suite, which now
combines core TCAD products for
multidimensional process, device,
and system simulation into a single
user interface.

Created by combining existing
Synopsys products with those ac-
quired with the Synopsys acquisition
of ISE, Sentaurus provides calibrated
physical models and 2-D and 3-D
modeling capabilities to address 
future challenges in semiconductor
development while maintaining con-
tinuity with customers’ existing soft-
ware installations. 

The application space of Sentau-
rus spans the complete range of
semiconductor technologies, cover-
ing deep-submicron-logic, memory,
power, compound-semiconductor,

mixed-signal, optoelectronic, and RF
devices. The Sentaurus tool suite en-
ables customers to explore and opti-
mize a range of process and device
alternatives, optimize performance
and manufacturability, and improve
parametric yield. Through proper
calibration with prototype wafers,
TCAD can predict the behavior of

silicon in the manufacturing line for
new technology nodes. The com-
pany cites a 2004 International Tech-
nology Roadmap for Semiconduc-
tors (public.itrs.net) estimate that the
use of TCAD will provide as much as
a 40% reduction in technology de-
velopment costs.

Synopsys, www.synopsys.com.
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■ Price: 1 GHz models start at $10,995
1.5 GHz models start at $15,995

■ Size: Only 14"W x 8"H x 7"D and weighs
only 14 lbs. but comes with a large
8.4” XGA display

■ Fast: Real-time sampling up to 
10 GS/s (1.5 GHz model); repetitive
sampling up to 2.5 TS/s

Acquire up to 450M points/sec when
using 4 channels 

■ Flexible: Capture and save up to 1600
closely-spaced events on each of 4 channels
simultaneously with no more than 400 ns
between acquisitions.
—OR—
Capture and display up to 25,000 
waveforms/sec on each of 4 channels 
simultaneously while retaining the most 
recent 2000 waveforms in History Memory 
for later viewing and analysis.

To discover more about 
Yokogawa’s scopes, please visit
promo.us.yokogawa.com and 
enter key code ADB511.

K E Y  F E A T U R E S

of the                    DL9000 Series

Need a high performance 1 or 1.5 GHz scope at a 500 MHz price?
It’s yours with the Yokogawa DL9000 signalXplorer!
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Multifunction USB devices
Equipped with a 1-MHz, 16-bit ana-
log-to-digital converter, the Per-
sonal Daq/3000 series offers a vari-
ety of synchronous, multifunction
I/O in a single USB-based device.
Each of the three models in the se-
ries provides eight differential or 16
single-ended analog inputs with
seven programmable input ranges
from ±100 mV to ±10 V full scale.
By attaching an optional PDQ30
module, you can expand inputs to
32 differential or 64 single ended.
Models also include up to four 1-
MHz, 16-bit analog outputs; 24 dig-
ital I/O lines; 4 counter inputs; and
2 timer outputs.

Prices: $899 to $1099. IOtech,
www.iotech.com. 

Digital storage scopes
Two new models join the TDS1000
and TDS2000 series of digital stor-
age oscilloscopes, offering cost-ef-
fective choices for design and devel-

opment, service and repair, manu-
facturing, and education applica-
tions. As an entry-level model, the
TDS1001 provides two channels, 40-
MHz bandwidth, and a monochrome
display. The TDS2004 furnishes four
channels, 60-MHz bandwidth, and a
color display. 

Price: TDS1001—$850 MSRP;
TDS2004—$1600 MSRP. Tektronix,
www.tek.com. 

DC/DC converters for ATE
Vicor’s “E grade” line of second-
generation DC/DC converter mod-
ules and VIPAC arrays (which oper-
ate from –10°C to +100°C) cost
approximately 15% less than “C
grade” versions (which operate
from –20°C to +100°C). Targeting
ATE, communications, defense, and
aerospace applications, the convert-
ers are available in four input
ranges, seven output voltages, and
three package sizes (quarter, half,
and full brick). 
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Different base-plate and pin op-
tions are available. High-frequency
ZCS/ZVS (zero current and zero volt-
age switching) provides for high
power density, low noise, and high ef-
ficiency, which ranges from 80% to
90% depending on output voltage.
Customers can configure the modules
and VIPAC arrays using design tools
available at the vendor’s Web site.

Base price: $0.29 per watt in
quantities of 1000. Vicor, www.vicor-
power.com.

PC oscilloscope
Connecting to a PC through a USB
2.0 port, the PicoScope 3224 two-
channel oscilloscope boasts 12-bit
resolution, a 20-Msample/s sam-
pling rate, and a large 512-ksample
memory buffer. The USB 2.0 inter-
face also powers the unit, eliminat-
ing the need for an external power
supply. A 72-dB dynamic range en-
ables the scope to detect low-level
harmonics when used in spectrum

analyzer mode. It also offers 1%
voltage accuracy and 100-ppm
time-base accuracy. PicoScope 3224
comes with both PicoScope and 
PicoLog software applications, a 32-
bit Windows driver, and support for
numerous third-party applications.
Pico Technology, www.picotech.com.

Power quality monitor
Capturing up to eight channels of
input data to an internal hard drive
at a fixed sample rate of 6250 Hz,
the Dash 8Xe lets you monitor a va-
riety of power events, such as inter-
rupts, swells, sags, harmonics, un-
balance, and power factor. It
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permits harmonic analysis up to the
50th harmonic, while maximizing the
duration of an acquisition stored on
the 36-Gbyte hard drive. In tran-
sient mode, the Dash 8Xe captures
high-speed glitches and other
anomalies at a sample rate of 200
kHz per channel. The unit is
equipped with a 15-in. monitor with
touch-screen control for real-time
data viewing and analysis. Base
price: $12,000. Astro-Med,
www.astro-med.com/power. 

DDS function generator
Useful for many general-purpose
test and bench troubleshooting ap-
plications, the Model 271 10-MHz
function generator creates a wide

variety of
standard and
arbitrary
waveforms
using direct
digital synthe-
sis to achieve

exceptional accuracy and stability.
The Model 271 features extensive
modulation capabilities, including
sweep, AM, gating, trigger/burst,
FSK, and hop. Price: $1495. Fluke,
www.fluke.com. 

Industrial multimeter
Intended for heavy-duty use, the
500 Series of industrial multimeters
is waterproof to IP67 standards and
drop-proof to up to 6 ft. All three
models in the series carry a safety
rating of CAT IV 600 V and CAT III
1000 V. Each meter measures volt-
age, resistance, electrical and elec-
tronic frequency functions, and
DC/AC current. In addition, units
feature 1000-V input protection for
all functions, dual-sensitivity fre-
quency functions, and diode open
circuit voltage of 2.8 VDC. Other
features include true RMS measure-
ments with capacitance and Type-K
temperature, peak hold, 6000-
count LCDs on the EX510 and
EX520, and a 44,000-count LCD on
the EX520. Extech Instruments,
www.extech.com. 
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Test engineers working on auto-
motive and aerospace applica-

tions can expect a couple of new
tools to arrive soon. The IEEE is
developing two standards—
IEEE P1671.1 and IEEE
P1671.2—that cover the use
of automatic test markup lan-
guage (ATML) for exchang-
ing descriptions via XML
technology on both the test
performed and the instruments
evaluated. Work on the standards
is already well underway; final in-
ternal ballots are ready for 2006, and
delivery is expected in 2007.

In addition, these two standards
support the IEEE P1636.1 ATML test
results standard, which covers the ex-
change of test results via XML tech-
nology. All three standards come
under the aegis of the IEEE’s
Standards Coordinating Committee
(SCC) 20—Test and Diagnosis for
Electric Systems group.

The IEEE P1671.1 standard is ti-
tled, “Trial-Use Standard Automatic
Test Markup Language (ATML) for
Exchanging Automatic Test

Equipment and Test Information via
XML: Exchanging Test Descrip-
tions.” It employs XML to define a
format for exchanging information
on test performance and conditions
as well as the diagnostic requirements
involved. Moreover, it facilitates the
use of test descriptions to locate,
align, and verify the proper operation
of a unit under test; helps in prepar-
ing and documenting test programs;
and provides a common description
for automatic test systems (ATS) in
the automotive, semiconductor, aero-
space, and military sectors. 

The second new standard, IEEE
P1671.2, is named, “Trial-Use
Standard Automatic Test Markup
Language (ATML) for Exchanging
Automatic Test Equipment and Test

Information via XML: Exchanging
Instrument Descriptions.” This re-

lated standard focuses on the test
and diagnosis of electronic sys-
tems by describing common in-
strument descriptions shared
across various automatic test
systems. In practice, an XML-
based format exchanges the
static description of an instru-

ment to permit more dynamic
instrument descriptions to fill

such functions as test configura-
tion descriptions and instrument ca-

pability descriptions.
According to Les Orlidge, IEEE

SCC 20 chairman, “IEEE P1671.1
test description will add the facility to
define test requirements suitable for
use within a test executive and/or di-
agnostic reasoner system, allowing
portable test descriptions to be speci-
fied to augment the existing test re-
sults. IEEE P1671.2 instrument de-
scription will provide a foundation to
allow full instrument comparison
over the Internet or direct inclusion
of instrument details into an inte-
grated test system.”

The IEEE’s SCC 20 working group
hopes to expedite international adop-
tion of these test procedures through
agreements and alliances with key in-
ternational test equipment providers
and users. Once in place, the stan-
dards will facilitate an open industry-
backed approach to exchanging test
information promoting interoperabil-
ity, scalability, and supportability re-
quired by the testing community. �

Further information about these standards is
available on the IEEE Web site,
standards.ieee.org.

T E S T  D A T A

IEEE sets in motion dual ATML test standards
Greg Reed, Contributing Technical Editor
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The automatic test markup language (ATML)
will facilitate an open exchange of test data
among industry, academia, and government. 
C o u r t e s y  o f  I E E E .
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IPC and JEDEC 
to host “lead free” 
conference

IPC AND JEDEC have announced
that they will host the 11th

International Conference on Lead
Free Electronic Components and
Assemblies in Boston, MA, from
December 6 to 8. The goal is to help
the industry prepare for such issues as
new alloys and materials evaluations,
inspection changes, tin whiskers, reli-
ability, and increased assembly costs.

Workshop topics will include pro-
tocols for WEEE and RoHS compli-
ance, best practices in implementing
lead-free assembly, and strategies for
ensuring the reliability of solder at-
tachments, PCBs, and components.

Conference topics will include case
studies in RoHS compliance, aero-
space industry response to the global
transition to lead-free solder, impact
of RoHS compliance on exempt in-
dustries, and lead-free assembly and
miniaturization.

Additional lead-free conferences are
planned for 2006 at locations in the
US (Santa Clara, CA, and Austin,
TX), Sweden, Singapore, and
Germany. www.ipc.org/leadfreeNA. �

Aerospace firm 
reduces noise levels

WITH THE AID of the NASA-
funded Space Alliance

Technology Outreach Program
(SATOP), operations at Smiths
Aerospace’s Long Island facility are
now much quieter. When redesigning
its manufacturing floor, Smiths,
which produces aircraft power and
control system components, wanted
to reduce the noise level resulting
from vibration testing in the environ-
mental stress screening test lab. The
company followed the recommenda-
tions of a SATOP partner and in-
stalled special acoustic noise-reducing
panels that have solved the problem. 

The walls of the lab were con-
structed of hollow framing with sheet
rock panels, which could not reduce
or suppress noise transmission. “The
ESS shock tests range from 3 to 6
GRMs at frequencies ranging from 1
to 3 kHz, and the noise output
ranged from 70 to 110 dB....We tried
to minimize the noise by upgrading
the ceilings in adjoining areas.
Unfortunately, this tactic didn’t help
at all,” explained Ben D’Cruz, techni-
cal services manager at Electronic
Systems of Long Island, a division of
Smiths Aerospace. 

D’Cruz turned to SATOP for help
and was referred to a SATOP alliance
partner, OSHEX/Environmental
Safety Associates. OSHEX recom-
mended that Smiths install panels
made of Barrier Septum Composite, a
non-reinforced loaded vinyl noise bar-
rier sandwiched between two layers of
fiberglass. The panels did the job, and
according to D’Cruz, “The resulting
noise reduction was immediately ap-
parent in the adjacent work centers.”
www.spacetechsolutions.com. �

VTI delivers 
accelerometers to
Korean automakers
Finland’s VTI Technologies has been
selected by automakers in Korea as a
supplier of low-g accelerometers for
electronic stability control and active
suspension systems. Deliveries of VTI’s
SCA610 and SCA620 single-axis ac-
celerometers have already begun.

“We have cooperated with Korean
part manufacturers and system sup-
pliers for several years. Our first ap-
plications were for ABS systems, and
these new applications are in vehicle
stability and suspension. The Korean
car manufacturers are implementing
new features into their car models
very fast. They rely on proven tech-
nology for the most critical parts, like
sensors, as well as on global suppliers
like VTI,” said Hannu Laatikainen,
VP of sales and marketing for VTI
Technologies. www.vti.fi. �

w w w . t m w o r l d . c o m
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E D I T O R ’ S  N O T E

Advancing test 
interfaces
Greg Reed, Technical Editor

Recent documents issued by the
PXI Systems Alliance (PXISA)

and the LXI Consortium detail the
latest developments of PXI and LXI
test communications interfaces and
promulgation of corresponding stan-
dards. Each organization has good

reason to be opti-
mistic about success.

The PXISA re-
leased the PXI
Express specification,
which integrates PCI

Express and CompactPCI technol-
ogy into the PXI standard. PXI
Express gives users expanded band-
width (up to 6 Gbytes/s per system)
while preserving compatibility with
existing PXI products.

The LXI Consortium has released
its first technical specification. The
document intends to advance sys-
tem integration by inclusion of func-
tional areas, a unified trigger model,
and application of IEEE 1588 for
test and measurement. 

PXI, based on PC technology,
and LXI, based on Ethernet connec-
tivity, offer advancement potential
beyond traditional backplane buses.
Today, PXI is well-entrenched with
65 member companies and more
than 1150 products. Although still
new, LXI has already signed on 20
members and counts several prod-
ucts in the marketplace.

Any successful technology ad-
vancement requires more than ele-
gant design concepts. While we see
tangible proof of PXI advancements
and some initial success for LXI, fu-
ture new product introductions with
“PXI inside” or “LXI inside” will truly
prove the direction of test interface
advancements. �

N E W S

Contact Greg Reed at editor@aatr.net.
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For many automotive industry
suppliers, testing products

against regulatory standards is an in-
tegrated part of production. As a re-
sult of this need for advanced product
testing, CAR Engineering, a multidis-
ciplinary engineering and machine
shop, has experienced a boost in re-
quests for pre-tested products. 

Recently, a manufacturer of remote
visual inspection equipment asked the
company to design a miniature-sized
borescope with improved perfor-
mance and efficiency. Used for detect-
ing subtle irregularities within castings
and complex assemblies, an optical
borescope offers a nondestructive test
mechanism that can ensure the struc-

tural integrity of a complex aircraft
engine or can diagnose a simple cause
of an automobile squeak. Smaller
components often mean additional
cost and loss of precision, so the chal-
lenge for CAR was to meet quality
specs in a cost-effective manner. 

CAR selected Kerk Motion
Products as a partner for miniaturiz-
ing the borescope. The engineering
backbone of the resulting borescope
consists of Kerk’s mini series of lead
screws, which are made of 303 stain-
less steel. With its small-diameter
lead-screw components, the mini se-
ries provides reliable precision motion
control at as little as 1/10th the cost
of miniature ball screws. 

The new borescope uses four lead
screws simultaneously, resulting in
both a clockwise and counterclock-
wise direction within the subassem-
bly, thus loosening one or two of the
positioning leads and tightening the
balance. This variability accommo-
dates the high-load capacity, high
speeds, and smooth motion necessary
for the borescope’s operation. 

The borescope lens now provides
25% more articulation, and the size
of the motion control subassembly
has been reduced by about 50%. The
final product is in its last build and is
expected to be in full production,
with about 2000 units annually, by
April 2006. �

C A S E  S T U D Y

Mini-subassembly borescope ensures integrity
Greg Reed, Contributing Technical Editor
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When a major aerospace man-
ufacturer won a contract for

producing a radar dome to sit atop
the Boeing 737-700 aircraft, the com-
pany turned to KineticSystems for
help in developing the necessary struc-
tural test. The radar dome project,
known as “Project Wedgetail,” in-
cludes an airborne early warning and
control (AEW&C) device equipped
with multi-role electronically scanned
array (MESA) radar housed within a
dome structure (figure). Tests for
Project Wedgetail needed to include
structural analysis as well as stress
testing of the sensitive radar and an-
tenna electronics inside. 

KineticSystems conducted initial
ground testing with software that
simulated air performance conditions
on the Wedgetail module in isolation
from the aircraft. Later, the company
verified the Wedgetail’s structural in-
tegrity by performing further simu-
lated structural testing of the dome
mounted on the aircraft. Eventually,
in-flight tests fully confirmed the
structural stability of the radar dome.

To simulate flight conditions,
KineticSystems used a system of actu-
ators linked to hydraulics to apply
various loads to the Wedgetail mod-
ule. A system of strain gages and

transducers measured additional
forces encountered during flight. The
company used a data-acquisition sys-
tem to process information gathered
from all testing processes in real time
and then analyzed the results using
Excel files and data plots. The setup
allowed operators to change parame-
ters and zoom in on specific test
processes, such as the aerodynamics
profile.

The testing revealed failures that
necessitated design modifications
until both the module and the aircraft
were deemed reliable under all flight
conditions. To ensure all components
remain reliable, the aerospace manu-
facturer will continue to conduct fa-
tigue testing periodically throughout
the life of the module and aircraft.

As a result of the structural lab
testing, the manufacturer was able to
develop a radar dome with a low
aerodynamic drag profile while meet-
ing the requirements of fore and aft
coverage on Boeing’s 737-700 air-
craft. Along the way, the electronics
test procedures also led to enhance-
ments to the reception of radar data. 

Bernie Spear, at KineticSystems-
West observed, “The Wedgetail pro-
ject presented significant test chal-
lenges, but the test team verified a
structurally sound module within the
dome which meets all flight require-
ments.” Today, the airworthy radar
dome system accounts for 360° cov-
erage and a range of 200 nautical
miles.  �
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MESA radar/integrated IFF

Communications

Mission data processor

Galley

Crew area rest seats

This diagram shows components of the early warning and control system. The MESA radar
component is located inside the dome structure. C o u r t e s y  o f  K i n e t i c S y s t em s  a n d  G a g e  A p p l i e d  Te c h n o l o g i e s .

Structural test toolset
KineticSystems used the following tools and subsystems to perform struc-
tural tests on the Wedgetail radar dome:
● Motorola VME processor host with a VME target computer for control
and PC-based load control system terminal display (made by Cyber-
System) with operator stations.  
● KineticSystems-Cyber FM 7000 load-control system using 40 channels of
the National Instruments PCI-7030RT series boards as a servo controller.
● KineticSystems-Cyber Versaplex data-acquisition system with a strain-
gage signal conditioner, a low-level multiplexer, and a 50-kHz 16-bit ADC
interfaced to a load control system computer display.
● Structural test instrumentation (customer installed) with strain-gage trans-
ducers, deflection transducers, and hydraulic actuators controlled by the
KineticSystems-Cyber load control system.

A E R O S P A C E  T E S T

Structural test verifies radar dome
Greg Reed, Contributing Technical Editor
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Bidirectional digital I/O card
Built on a 3U PXI card, the GX5641
provides 64 bidirectional TTL or differ-
ential channels, for 128 individual digi-
tal inputs or outputs. The card’s chan-
nels can be predefined to convert TTL
to differential or vice versa. You can
operate the GX5641 I/O card inde-
pendently or control it through soft-
ware. Geotest-Marvin Test Systems,
www.geotestinc.com. 

HALT/HASS controller option
A configuration option for the Synergy
controller allows it to take complete
command of an environmental cham-
ber’s temperature and vibration sys-
tems for highly accelerated life testing
(HALT) and highly accelerated stress
screening (HASS) to accelerate prod-

uct reliability and throughput while re-
ducing costs. Outfitted with a color
touch screen, the two-channel Synergy
controller offers total programming of

temperature, humidity, altitude, and vi-
bration versus time. It also provides six
event outputs for special applications.
Communication capabilities include
built-in 10/100 BaseT Ethernet, RS-
232/485, GPIB, and Web-based re-
mote control. Base price: $2755.
Delivery: 4 to 6 weeks. Tidal
Engineering, www.tidaleng.com.

Sensor processing system
The recently upgraded daqPC data-ac-
quisition, storage, and network system
now achieves a sustained, continuous
recording and playback speed of 600
Mbytes/s. Available in rack-mount and
portable versions, the PC-based sensor
processing system employs ICS and
third-party boards for applications that
require acquisition, processing, and
archiving of analog input signals.
Maximum storage capacity of the
daqPC in a 7U high chassis is more
than 2.8 Tbytes. Interactive Circuits &
Systems, www.ics-ltd.com.

CAN/LIN validation software
Used in conjunction with the
TDS5000B and TDS7000B digital
phosphor oscilloscopes, the TDSVNM
program enables efficient testing and
debugging of low-speed serial buses,
including CAN-based and LIN-based
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networks. The application software per-
forms CAN and LIN timing and proto-
col analysis, measures oscillator toler-
ance and propagation delay, aids in
setting the optimum sample point, and
simultaneously decodes time-corre-
lated CAN and LIN messages. It also
allows you to set trigger conditions
based on the content of a CAN mes-
sage. Tektronix, www.tektronix.com. 

Up-time optimization services
Automotive component manufacturers,
machine builders, and others seeking
faster test-intensive assembly opera-
tions can now access InterTech
Development’s Uptime Optimization
consulting service. The service details
how to incorporate online calibration
and validation of test technology, au-
tomation of temperature compensa-
tion during testing, and similar engi-
neering that minimizes or eliminates
previous needs to shut down test-cen-
tric assemblies for recalibrations.
InterTech estimates that a combination
of solid-state capabilities for online
calibrations can eliminate up to 60
min. of assembly downtime in each 8-
hr shift using machines with leak test-
ing stations. InterTech Development,
www.intertechdevelopment.com. 

6-GHz PXI RF test modules
When used with the Aeroflex 3010 RF
synthesizer, the 3025 and 3035 PXI
modules allow high-speed testing of
RFICs and other devices intended for
WLAN and WiMax applications as well
as for satellite TV broadcasting and mili-
tary communications. The 3025 digital
signal generator ($15,000) covers a
frequency range of 86 MHz to 6 GHz.
The 3035 6-GHz digitizer ($8000)
works with the 3010 RF digitizer to
provide vector signal analysis of RF
signals. Aeroflex, www.aeroflex.com.

EUI functional tester
The Pro One EUI, a universal elec-
tronic unit injector (EUI) functional test
machine, lets you test fuel injector per-
formance by automatically comparing

a range of performance measure-
ments against acceptance criteria. By
changing the profile and fixturing, you
can set up the machine to accommo-
date several different product en-
velopes. All measurements are auto-
matic and traceable with the proper

calibration. The Pro One EUI uses a
programmable fuel injector module ca-
pable of generating the appropriate
waveforms for virtually all solenoid-
based diesel injectors on the market
today. Michigan Custom Machines,
www.mcm1.com.
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CompactPCI subsystem
This 4U rack-mount CompactPCI enclosure comes with
a 64-bit, 8-slot 6U backplane and redundant power
supplies. The backplane dedicates one slot to the sys-
tem CPU board and seven slots to peripheral boards.
Designated the cPCIS-6418U, the high-availability sub-
system supports a PICMG 2.5-compliant H.110 CT bus;
front-access, hot-swap cooling system; and hot-swap
500-W and 200-W redundant power supplies with uni-
versal AC input. Price: $2695. Adlink Technology,
www.adlinktech.com. 

Temperature transmitter
Small enough to fit almost any-
where, the OM-CP-RFRT-
DTEMP101A temperature
recorder and wireless transmitter
measures and records up to 5461
temperature readings. When en-
abled, the battery-powered de-
vice transmits readings back to
the host computer where the
data can be analyzed in real
time. Readings are also logged to internal memory for
added data security. Price: $449. Omega Engineering,
www.omega.com. 
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Sensor for LED testing
Designed for use in testing LEDs for
a wide range of applications, the
Smart FINN sensor delivers full-color
and intensity readings for a broad
spectrum of LEDs. Test Coach,
www.testcoach.com.

PCI I/O boards
The OME-PCI-1800 series “plug-and-
play” boards allow continuous 330-
kHz data acquisition. They feature a
digital data transfer rate of up to 5.4
Mbytes, digital-to-analog throughput
of up to 2 MHz, three external trigger
modes, onboard FIFO, and advanced
scanning. Base price: $575. Omega
Engineering, www.omega.com. 

Field-monitoring equipment 
AR Worldwide is introducing a new
line of field-monitoring equipment,

including a laser-pow-
ered e-field probe

(100 kHz to 2.4
GHz), a field
monitor, and

six new bat-
tery-powered
E- or H-field
probes that

cover the 100 kHz to 60 GHz fre-
quency range. AR Worldwide,
www.ar-worldwide.com. 

High-speed AWG 
Tabor Electronics’ fastest Wonder
Wave arbitrary waveform generator
is the Model 1281. With a sample
rate of 1.2 Gsamples/s at 12 bits,
analog bandwidth to 400 MHz, and
flexible modulation capability, this
AWG meets the demands of applica-
tions from industrial to telecommuni-
cations. Tabor Electronics, 
www.taborelec.com.

WLR and MEMS
Micromanipulator pro-

vides a complete line
of WLR and MEMS
test systems. Sta-
tions, thermal
chucks, and Versa-
Tile holders, plus a
wide variety of
MEMS micro-tools

for assembly, test, and packaging
are available. Micromanipulator, 
www.micromanipulator.com. 

Single-line power filters
Spectrum Control offers feed-thru
AC and DC single-line power filters
up to 500 A, with attenuation of 4 to
90 dB from 1 MHz to 1 GHz. UL- and
Semko-approved, these filters fea-
ture voltage ratings of 130 VDC and
250 VAC. Spectrum Control,
www.specemc.com.

Low-cost USB DAQ
The new usbDAQ modules from
CEC ship with a free TestPoint appli-

cation to get you
up and running in
minutes.The de-
vices have multi-
function capabili-
ties with eight
channels of 12 or
14 bit analog in-
puts, two analog

outputs, 12 digital I/O lines. and
one counter. Base price: $145. CEC,
www.cectp.com/TMW.

High-resolution 
line-scan lenses
Edmund Optics has introduced
large-format lenses for line-scan and
area-scan cameras. These high-per-
formance imaging lenses are com-
patible with leading-edge cameras
and provide twice the amount of
light throughput of comparable
lenses. Typical applications include
web inspection and flat-panel (LCD,
Plasma) inspection. Edmund Optics, 
www.edmundoptics.com. 

Power products
AMREL/American Reliance manufac-
tures the eLOAD line of programma-
ble air- and water-cooled loads (800
W to 100+ kW, up to 600 VDC/1500
ADC) as well as the ePOWER line of
programmable linear and switching
power supplies (20 W to 900+ kW, up
to 800 VDC/2700 ADC).
AMREL/American Reliance,
www.amrel.com. 

Cable tester with 
USB interface
The CableEye tester is now available
with a USB interface providing in-
creased scanning speed and fast,
problem-free setup. You can view a
live videoclip demonstration at the
CAMI Research Web site. Hardware

CATALOGS & PRODUCTS
The following write-ups were supplied by advertisers in this issue.
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upgrades are available for existing
M3 owners. CAMI Research,
www.camiresearch.com/USB.

Free solutions sourcebook 
IOtech offers a
compilation of vi-
bration measure-
ment applications
for automotive, 
industrial, med-
ical, and aero-
space equipment.
The WaveBook

and ZonicBook series of measure-
ment products are featured in these
applications. IOtech, www.iotech.com. 

Troubleshooting guide
A free CD, “Interactive Test & Mea-
surement Troubleshooting Guide:
How to Avoid Common Measure-
ment Errors,” lets users explore the
symptoms and causes of errors asso-
ciated with low voltage, low current,
low resistance, high resistance, and

voltage from high-resistance source
measurements. Keithley Instruments,
www.keithley.com/at/229. 

Analysis software 
enterprise edition
Gain insight into your product perfor-
mance throughout your product life-
cycle. The SigmaSure Web-based
software provides real-time access,
control, and analytics of your manu-
facturing test results from any tester
at any location. SigmaQuest,
www.sigmaquest.com.

Electronic manufacturing
automation
Aerotech’s brochure, “Automation
Solutions for Electronic Manufactur-
ing, Test and Inspection, and Data
Storage,” presents motion-control
and positioning solutions for elec-
tronic assembly, pick-and-place, PCB
laser drilling and stencil cutting, wafer
singulation, optical inspection, and
more. Aerotech, www.aerotech.com.
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Buffalo Grove, IL USA
Tel - 847 465 1818
Fax - 847 465 1919

www.epixinc.com/tm

SILICON VIDEO® 9M001 camera
1.3 megapixel, 10 bit, progressive
scan, monochrome or color sensor
with a maximum programmable
resolution of 1280 x 1024 pixels.
SILICON VIDEO® 9T001C color
camera 3 megapixel, 10 bit, pro-
gressive scan, with a maximum
programmable resolution of
2048 x 1536 pixels.
PIXCI®SI PCI Interface supplies
power, programmable pixel clock,
controls, and trigger input.
XCAP-Lite Software is WIN XP/
2000/NT/ME/98/95 and Linux
compatible and provides dedicated
camera control including exposure,
sub-windowing, sub-sampling,
mirror/flip modes, color balance,
and frame rate.
Optional XCAP-Ltd. and XCAP Std.
software provides advanced
capabilities.
Cable supplies power, pixel clock,
and control.

$995either at complete
system

2048 x 1536 at 12fps

1280 x 1024 at 30fps

Complete imaging systems:
Computers, Cameras, Power
Supplies, Lenses, Software,
Lights, Frame Grabbers.

or

Camera, Board, Cable & Software
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When 8-bit Scopes
Aren't Enough…

High-Resolution, Isolated,
Mixed-Signal Instruments

for Electro-Mechanical
Measurements

®

Tune in November 30th, 2pm EST:

�Understand key differences between 
oscilloscopes, recorders and hybrid instruments
�Identify key instrument specifications for 
electro-mechanical problems
�Why hybrid instruments are often the best
choice
�Discuss specialized functions desgined for 
electro-mechanical applications

To register and view archived webcasts:

www.tmworld.com/webcasts

Registration is Free! 
Don’t miss out!

Sponsored by:

Produced by:
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• Video rates to 100,000 
frames per second.

• Data instrumentation 
rates to 1.25 million 
samples per second.

• Automatically
synchronized for your 
testing and analysis.

www.drsdigitalimaging.com

For details on the Lighting RDTTM digital video 
system, call 1-760-918-0526

Synchronized Video & 
Data Acquisition
Synchronized Video & 
Data Acquisition

TMW548066_DRS.indd 1 10/11/2005 2:58:39 PM

• Bus Monitors

• Protocol
Analyzers

• Host
Adapters

• Multiplexers

• Battery
Applications

• Software 
Tools

I2C/SMBus

www.mcc-us.com
I2C is a trademark of Philips Corporation

TM

sales@sealevel.com

www.sealevel.com

Sealevel Systems, Inc.

864.843.4343 TEL

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

USB to Digital
� 48/96 TTL (SSR rack compatible)
� Reed and Form C relay outputs
� Optically isolated inputs
� Daisy chain multiple units
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Spectrum
Analysis
• Calibrated Receiver
• iPAQ® PocketPC®

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

triggers
• Screen snapshots

Looking For A Perfect RF Tight
Test Environment?

We think you’ll
find our patent-
ed STE Series RF
Test Enclosures
your better
choice!

✔✔ Perfect for 802.11a, b, g
✔ Cellular, PCS, GSM Tests
✔ Bluetooth, RFID, 3G Tests
✔ Wide Variety of Interface

& Connector Options
✔ Isolation Up To 18GHZ!
✔ FAST Delivery!
✔ Thousands Shipped

Worldwide!

Wireless Device Testing...Made Easy!

800-446-2295

www.ramseytest.com
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UltraFast  Digitizer Cards 

✔  8 x 25 MS/s  12-BIT A/D channels

✔  Simultaneous sampling

✔  8 to 256 MSample onboard memory

✔  8 input ranges from ±50 mV to ±10 V

✔  c/c++, LabVIEW®, MATLAB®, VEE®, Linux...

www.strategic-test.com/uf31
(866)898-3278

Visit our website for datasheets !
> 150 A/D, AWG, Digital PCI, PXI, cPCI models !

P/N: UF3132

ab

TO ADVERTISE

For more information 
about advertising in the
Test & Measurement World’s
Classified or TestMart 
section, please contact:

Kathy McNamara
Phone: (800) 438-6597

E-mail: kathy.mcnamara@reedbusiness.com

REFURBISHED TEST EQUIPMENT
DC-26GHZ    Bought and Sold

A-Comm Electronics
303-770-4855   303-770-6266 Fax
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888.542.8256
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Great Deals @
CirCircuit Specialists, Inc.cuit Specialists, Inc.

Programmable DCProgrammable DC
Power SuppliesPower Supplies

32903290 2.9GHz2.9GHz RF FieldRF Field
SStrengthtrength AnalyzerAnalyzer

wwwwww.CircuitS.CircuitSpecialistpecialists.coms.com

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

34 Channel Logic 34 Channel Logic AnalyzerAnalyzer

500MHz T500MHz Timing Mode iming Mode 
Sample RateSample Rate

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

Item#Item# LOGICPORTLOGICPORT

WWide Bandide Band
Reception for:Reception for:
Mobile Systems
Cellular
Cordless
CB
Paging
Cable TV
Satellite TV
Hidden Camera
Teletapping

$1899.0$1899.000 !!
OnlyOnly

2.9GHz2.9GHz
VVersionersion

AA SophisticatedSophisticated
ScopeScope AdaptorAdaptor

200MHz USB DSO
$829.00$829.00

Full Details on web
Item#: 200DSO

CirCircuit Specialists, Inc.cuit Specialists, Inc.
wwwwww.Cir.CircuitSpecialists.comcuitSpecialists.com
800-528-1417 // Fax:480-464-5824

Model CSI3644A CSI3645A CSI3646A

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

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

•Up to 10 settings stored in memory 
•Optional RS-232 interface
•May be used in series or parallel modes with
additional
supplies.

•Low output
ripple & noise 

•LCD display
with backlight

•High resolution at 1mV NEW!
NEW!

OnOn
Sale!Sale!

CA1640-20
20MHz
Sweeping Function
Generator

$260.00

QK5020
20MHz
2-Channel Analog 
Oscilloscope

$250.00

1GHz Spectrum 
Analyzers
AT5011 
AT5010 
AT5010B 

NT Scope-2200
Stand alone
200 MS sampling
10/100T

$795.00

www.madelltech.com
Phone: 714-670-9023, 402-319-4101

E-mail: info@madelltech.com

$122500

$102500

$87500

Transistor Curve Tracer
Current: 0-10A
Voltage: 0-500V, 
5KV Optional
Step voltage: 2V/step
Coupling: transistor 
matching, field transistor
matching

$589.00

Free tools with purchases

Test and measurement, SMT equipment, 
Rework stations, Lab equipment,
Bio-laboratory, Optics and more

Multi-user Multi-units for Nx2 channels
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t more and more companies, engineers are drowning
in test data, says Richard House of VI Technology. In a
recent interview with Test & Measurement World, the

test-industry veteran assessed the problem and suggested
some solutions.
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VIEWPOINT
[An exclusive interview with a technical leader]

Find your way through the data maze

Richard House is presi-
dent of VI Technology, a
company specializing in
test data management,
automated test products,
and professional services.
House has nearly 20 years
of experience in engineer-
ing, marketing, and cor-
porate operations in the
test and measurement
field. Prior to joining VI
Technology in 1999,
House held the positions
of director of engineering
and strategic marketing
manager at National
Instruments.

RICHARD HOUSE
President
VI Technology
Austin, TX

A
T&MW: To what extent have the
number and complexity of tests in-
creased at OEMs?
House: Very significantly. Taking auto-
mated measurements used to be difficult
and time consuming, but new, off-the-
shelf test equipment and software have
made the process much easier and faster.
Combine that with cheap hard-disk space,
and there’s little pressure on engineers to
cut down on tests. New sequencing soft-
ware also allows for very complex tests,
such as sweeping measurements over vari-
ous voltage and temperature ranges, or it
can enable a test step to be repeated many
times until it passes. Engineers also know
that the repercussions of not getting
enough test data can be very costly. Tests
may have to be revalidated, which can be
very expensive, or engineers may need to
regain access to test equipment that they
share with other departments. Engineers
look bad if they have not performed all the
tests needed. The problems come when
they need to retrieve that data.

T&MW: What is the impact of poor
test data management on companies?
House: Higher costs, longer time to mar-
ket, missed opportunities, poor product
quality, and dissatisfied customers. Produc-
tivity is lost, too. Engineers complain that
they have better things to do than hunt for
lost data. At one communications com-
pany we worked with, it took over 24
hours before engineers could get a report
back. A semiconductor firm held a frus-
trating meeting every Friday in an attempt
to standardize nomenclature for test files.
At still another company,one group feared
that its funding would be cut because of
difficulties in retrieving data and generat-
ing required reports.

T&MW: How does your Arendar
software address these problems?
House: In essence, it creates a system for
managing test data from the very start of
product development. Most engineers are
not skilled in creating databases and net-
works. They also hesitate to get IT in-
volved, for fear it will slow the testing
process and cause costs to soar. Arendar
eliminates these problems. Deploying this
software is as simple as using an installer,
and the cost is comparable to that of test-
development software—under $10,000
for the server and about $2000 for each
station.

T&MW: When in a product’s life
cycle is Arendar most useful?
House: It is primarily a tool for manag-
ing tests during the design and manufac-
turing stages of a new product. However,
companies also use Arendar to track field
tests on products that have been returned
because of problems. They will then
compare these incoming field tests with
original tests.This analysis can help them
spot trends in failed products that can
then trigger needed changes in design or
manufacturing.

T&MW: What are some other bene-
fits for customer companies?
House: Arendar makes test data univer-
sally acceptable and useful. It helps com-
panies capture data from test software, as
well as legacy data files, and organizes it in
a Microsoft SQL Server or Oracle data-
base. Engineers can then access the data
through a standard Web browser, through
their interactive analysis software, or over
a network. In essence,we are bringing en-
terprise-class software to test engineers at
a very low cost. T&MW

� The online version of this
article includes more Q&A
showing examples of success-
ful Arendar installations, as
well as information on engi-
neering services offered by VI
Technology. 

www.tmworld.com/archives
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(800) 891 8841To view a tutorial on minimizing error in DC measurements,
visit ni.com/modularinstruments.

Measure Signals from Picoamps to Kilovolts
The new National Instruments PXI-4071 71⁄2-digit FlexDMM is 
a modular instrument that uses patented techniques and 
industry-leading software to deliver: 

• Three times more accuracy than traditional 71⁄2-digit DMMs

• Flexible resolution from 26 bits at 7 S/s to 10 bits at 1.8 MS/s

• Wide measurement ranges ±10 nV to 1,000 VDC, ±1 pA to 3 A, 
and 10 µΩ to 5 GΩ

With innovative hardware capabilities and more than 
400 measurement and analysis functions, the NI PXI-4071 
revolutionizes DC measurements for user-defined applications.
From DC to RF, NI modular instruments power measurements 
from prototype to production.

Industry’s Most Accurate 71⁄2-Digit DMM

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

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

digital I/O, counters

Choose from a complete set of NI modular instruments.

3X More Accurate
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