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 A DMM that works like you do
 in the 21st century.

 © Agilent Technologies, Inc. 2006

This offer is only available from Authorized Agilent Distributors.
Go to the website below to locate an approved distributor.
www.agilent.com/fi nd/DMMpromo

 Agilent 34410A digital multimeter
• >150x faster reading rate at 6.5 digits*
• Improved accuracy*
• Open I/O with LAN (LXI Class C 
 compliant), USB, and GPIB
• 100x more reading storage*
• Dual display

*Compared to Agilent’s industry leading    

  34401A digit multimeter.

26% off through 30 November 2006.

Buy an Agilent 34410A for the price of an Agilent 34401A

The Agilent 34410A digital multimeter is built for the 21st century. Take 

readings at 10,000 per second. Log data automatically and with more read-

ing storage. Detect peak inputs as short as 20 microseconds. View two 

measurements at once via the dual display. Take advantage of expanded 

measurement ranges. Even measure temperature or capacitance.

Based on years of working closely with our customers, this new DMM is 

pure Agilent; designed to work the way you do. And because it is Agilent, 

the 34410A is the only DMM with a fully open confi guration, so you can easily 

integrate it into your workfl ow, regardless of I/O connectivity to your PC.

Take 26% off your purchase of a 34410A 

Go to www.agilent.com/fi nd/dmmpromo. Offer ends 30 November 2006.
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Starts at
$105

*4-Channel
Oven

Temperature
Data Logger

USA

MADEMADE
ININ*

High-Speed 8-Channel
Thermocouple Interface Card

Starts at
$319

48- and 96-Channel USB
Digital I/O Interface 

OMG-USB-DIO Starts at
$1499

OM-CP-
QUADTHERMOVAULT

Go to: www.omega.com/dilbert for your daily dose of DILBERT! 

Starts at
$649

Starts at
$1090

*In-Transit Temperature Recorder
OM-CP-TRANSITEMP-EC-13

Shop Online at 

© COPYRIGHT 2006 OMEGA ENGINEERING, INC. ALL RIGHTS RESERVED© United Feature Syndicate, Inc.

For Sales and Service, Call TOLL FREE 

etestandmeasurement.com
Shop Online:

Starts at
$575

TCIC Series
*OMWT Series Wireless
Temperature and Process Transmitters

Starts at
$214

Starts at
$240
Per 13

Starts at
$113

OME-PCI-1800H

Starts at
$575

High-Performance Analog
and Digital I/O Boards

*Transient Pressure
Data Logger

OM-CP-PRTRANS
*Direct Sensor to
Data Acquisition

iNET Series Starts at
$999

*8 Channel
Thermocouple Data Logger

OM-CP-OCTTEMP

OM-PL Series

Analog-to-Frequency Modules
for Micro PLC Digital Inputs

DRP-8500
OMB-DAQBOARD-500

Starts at
$349

*Low-Cost 16-Bit, 200 kHz PCI
Data Acquisition Board

Temperature, Process, and Strain
Controllers and Signal Conditioners

*iDR
Series

Starts at
$995

Starts at
$60

OM-DAQPRO-5300

Handheld
Data Logger

OM-EL-USB
Portable Data
Loggers with
USB Interface 

Starts at
$599

*Triaxial Shock Data Logger
OM-CP-SHOCK101

Starts at
$240

*Portable, Low-Cost Data Loggers

100,000 process control and measurement products (and counting)
Need More DILBERT?

Visit omega.com to
order New Horizons in

Data Acquisition
Volume 20

featuring 120
DILBERT

CARTOONS!

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

Need More Data Acquisition Options?
Shop online at omega.com
Need More Data Acquisition Options?
Shop online at omega.com®
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Specifically Designed
For Whatever.

The TGAR System Makes Automotive Conducted Immunity Testing Simple, Easy, And Flexible.
The innovative, user-friendly TGAR System is so flexible it can handle most existing specs – and most new ones.  More than

likely, you’ll never have to buy another transient generator system.
The features you want are finally here!  Model TG6100 has a current rating of 100 amps, covers a large amount of existing

specs and is capable of generating custom pulses.  Meets the requirements of ISO 7637-2 (2004), SAE J1113-11, JASO and SAE
J1455 International Automotive Standards.  It also meets the requirements of Ford, DaimlerChrysler, General Motors; and many
of the test specs of Toyota, Honda, BMW, Mercedes Benz, and more.  As software updates come along, just download them from
our website.

It has a built-in oscilloscope for easy pulse verification and self-calibration, and the test data is conveniently included in the DUT
test report.  Lab-View based software and built-in arbitrary waveform generators allow users to create custom waveforms.  It even
includes a built-in auxiliary power supply.

New Lower-Cost System
A second, lower cost TGAR system with a base current rating of 32 amps is now available. 

Both systems are backed by the most comprehensive warranty in the industry and by the AR Worldwide global support team.
For more information, visit www.ar-worldwide.com or call 215-723-8181.

System meets the requirements of
ISO 7637-2 (2004) and SAE J1113-11 
International Automotive Standards

Software updates will be easily handled via
downloadable files from website

Built-in oscilloscope allows for easy pulse
verification and self-calibration

Pulse verification and system calibration data is
included in the DUT test report

LabView-based software and built-in arbitrary
waveform generators allow users to create 

custom waveforms

System includes built-in auxiliary 
power supply

rf/microwave instrumentation • modular rf • receiver systems • ar europe
USA 215-723-8181. For an applications engineer, call 800-933-8181.
In Europe, call ar emv  United Kingdom  01908-566556 • ar emv France 33 -1-47-91-75-30 • emv Germany 89-614-1710 emv Netherlands 31-172-423-000

Copyright© 2006 AR Worldwide. The orange stripe on AR Worldwide products is Reg. U.S. Pat. & Tm. Off.

ISO 9001:2000
Certified
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Vehicle buses get the light
A maker of fiber-optic transceivers for automotive and IEEE 1394 
serial buses built an automated production test station that tests for 
the average optical power on transmitters and for the bit-error rate 
on receivers.
Martin Rowe, Senior Technical Editor

CALIBRATION   COVER STORY  

Calibrating space
Engineers at Hamilton Sundstrand keep astronauts comfortable by 
calibrating systems that test environmental controls in spacecraft 
and space suits.
Martin Rowe, Senior Technical Editor

SEMICONDUCTOR TEST

Silicon Debug
Design-for-debug methodologies and data analysis can 
pave the path to greater efficiency in chip validation in target systems.
Bart Vermeulen, Philips Research Laboratories, 
and Yu-Chin Hsu and Robert Ruiz, Novas Software

ATE

Test compression
Does compression need to be 100 times better to support 
ever-increasing test-data volume and application time?
Ron Press and Jay Jahangiri, Mentor Graphics
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ONLINEwww.tmworld.com
> Check out these exclusive features on the 
    Test & Measurement World Web site:

Communications Test Report
● Switching in the automated lab 

Communications test labs often need to share test systems with 
remote locations. In this exclusive interview, Roberta Gonza-
lez, cofounder of EdenTree Technologies, discussed the role of 
switching systems in remote-access applications.

WiMedia test tools emerge
Certification standards for the WiMedia wire-
less networking radio are not yet finalized, 
but that has not deterred test-equipment 
developers, who are beginning to introduce 
products that support certification efforts.

Test metric tackles IPTV
IPTV poses challenges for engineers who must evaluate the per-
formance of network equipment. The new Media Delivery Index 
metric provides insight into the Internet's ability to handle video.

www.tmworld.com/comm
 

Automotive & Aerospace Test Report
● Structural testing and calibration meet industry demands

Measurement data from the shop floor has become an indica-
tor of part quality and process integrity. In this interview, Richard 
Bono, application specialist at The Modal Shop, shares his expe-
rience with techniques that improve manufacturing quality.

Test lab ensures compliance
Mark Abrahamson, an electromagnetic compliance engineer for 
vehicle testing at TÜV SÜD America, described his company’s 
role in testing products for compliance with industry standards.

www.tmworld.com/aatr
 

Firms implement DFT for CDMA devices
When Qualcomm migrated to deep submicron processes, its engi-
neers needed new test methods to handle delay defects at wafer sort 
and final test. In this Web-exclusive feature, Gaurav Bhargava and 
Michael Laisne of Qualcomm and Martin Amodeo of Cadence Design 
Systems describe an effort that successfully implemented DFT in mul-
tiple 90- and 65-nm designs.

www.tmworld.com/dft_cdma

Blog commentaries and links

“Taking the measure”
by Rick Nelson, Chief Editor

● Petaflop supercomputer on the way
● People are not dual-core processors
● Natural-language expert thwarts computer-language firms

www.tmworld.com/blogs

•

•

•

.com

The Virtual Industrial

Exhibition celebrates its

5   birthdayth

20,000,000
visitors in 2005

7,000,000
visitors in 2003

14,000,000
visitors in 2004

2,500,000
visitors in 2002

700,000
visitors in 2001

Thank you
for your support

TMW06_10TOC_ID.indd   4TMW06_10TOC_ID.indd   4 9/25/2006   12:00:16 PM9/25/2006   12:00:16 PM



25 Eastmans Road, Parsippany, NJ 07054 • P: 973.386.9696  F: 973.386.9191 • www.noisecom.com

Sure, other companies talk about diodes, generators and components, but why work with an imitator when
you can work with Noise Com?  With 25+ years’ experience and knowledge, only Noise Com can deliver total
noise solutions.  From custom components to complex instrumentation, you’ll find the reliability and control you
need, and the results you expect. 

COUNT ON THE NOISE LEADER.  COUNT ON NOISE COM FOR:
• Custom designs
• Complete line of noise solutions 
• Analog and digital noise
• Passion for innovation
• Proven expertise
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www.keithley.com

A  G R E A T E R  M E A S U R E  O F  C O N F I D E N C E

publisher@keithley.com   � 1-800-588-9238   � Fax 440-248-6168

S E R I E S  2 6 0 0  S O U R C E M E T E R ® I N S T R U M E N T S

versatile � multi-channel � I-V test solutions

COMPARE:
Up to 400% faster test times 

Unparalleled system automation

Ease of integrating multiple instruments

Give us five minutes and we’ll cut your test time by50%.
Visit www.keithley.com/at/302 to see how.

Half THE SIZE.

THE COST.

YOUR TEST TIME.
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Stereotype threats

®

Post your comments at www.tmworld.com/blog.

In our September cover story, we commented on the dearth of 
women in engineering (“Where are the women?” p. 32). Based 
on a recent study, one might assume women are simply not smart 
enough to excel in such a demanding field. John Philippe Rushton, 
professor of psychology at the University of Western Ontario, says 
he found that men are smarter than women (and not just in science 
and math) by 3.63 IQ points.

What prompts such research, and should it take place at all? It’s 
difficult for someone trained in science and math to con-
tend that some studies aren’t worth doing. And I was un-

easy with the uproar that forced Lawrence H. Summers to 
resign as president of Harvard after questioning whether 
innate differences between men and women might ex-

plain why fewer women succeed in science and math careers.
But let’s look further at the potential problems with studies like 

Rushton’s that might address the questions like the one Summers 
put forward. First, we can’t even define intelligence, let alone de-
vise tools to accurately measure it. 
(See the online version of this arti-
cle at www.tmworld.com/2006_10 
for links to criticisms of Rushton’s 
study.) But more pernicious is the 
damage that publication of the 
dubious results can cause.

As other studies have shown, a 
phenomenon called “stereotype 
threat” causes people prompted to think about negative stereo-
types to conform to them. Specifically, women tend to perform 
poorly on math tests if you suggest to them before asking the 
questions that they might. But University of Texas psychologist 
Matthew S. McGlone has conducted a study showing evidence of a 
countervailing effect. When prompted to think about stereotypical 
strengths rather than weaknesses, people perform better.

In McGlone’s study, he presented identical math tests to two 
groups of college students, each containing men and women. For 
one group, he prefaced the math test with questions about coed 
housing and other aspects of campus life that bring gender issues 
to the forefront. For the other group, he prefaced the math test 
with questions about how each student had come to be accepted 
at the elite liberal-arts college they were attending. 

The result: Women subjected to the stereotype-threat questions 
about gender underperformed men by 25 to 30%. For the other 
group? “There was no significant difference between men and 
women,” McGlone reported.

The so-called study Rushton performed and the question Summers 
posed amount to pervasive, culture-wide, and self-fulfilling stereo-
type threats that discourage women from trying to excel. T&MW

[ EDITOR’S NOTE ] 

RICK NELSON, CHIEF EDITOR

It’s difficult for 
someone trained in 
science to contend 
that some studies 
aren’t worth doing.
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Switch value....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
requirement, then match one of our 1000’s of standard products to fit your need! For close to 15 years, we have
been manufacturing state-of-the-art programmable switching systems for use in the ATE, communication, teleme-
try and broadcast industries. We provide connectivity solutions from 1x2 to 1024x1024, and covering DC-40GHz.
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
switching solution. Give us a call for your free catalog and tell us about your requirement. We’re listening. 

7671 San Fernando Road
Burbank, CA 91505  USA

State-of-the-Art Switching Solutions +1 818-381-5111
+1 818-252-4868
sales@uswi.com
www.uswi.com

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

Controlled with

TCP/IP

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

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

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

Download our latest control software
called RouteWarePRO and

take it for a FREE 30-Day test drive!

We’ve Moved! 

Please note our new address,

phone and FAX numbers

TE
CH

N
O

LO
G

Y
TE

CH
N

O
LO

G
Y

IN
TE

R
F

IN
TE

R
F A

CE
S

A
CE

S

SI
G

N
A

L 
TY

P
ES

SI
G

N
A

L 
TY

P
ES

Call to get your 
FREE Catalog

Phn
Fax
Email
Web

tmw061001.indd   8tmw061001.indd   8 9/20/2006   11:40:59 AM9/20/2006   11:40:59 AM



OCTOBER 2006   9TEST & MEASUREMENT WORLD  www.tmworld.com

TESTVOICES
[An exclusive interview with a test engineer]
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Q: What functions do the ICs perform?
A: The ICs are the electrical interface between the printer 
and the nozzles that eject the ink. They receive digital 
commands and control the firing of the ink nozzles.

Q: What measurements do you perform on an IC? 
A: Starting with schematics and circuit descriptions as test 
guides, I evaluate the performance of analog components 
within the IC, including DACs, ADCs, current sources, 
amplifiers, voltage references, and resistances. The rack in-
cludes an LCR meter, a source-measure unit, an oscillo-
scope, and a VXI chassis that contains a DMM, a digital 
pattern generator, and a switch matrix. I use the pattern 
generator to simulate digital commands from the printer. 
The oscilloscope lets me check output waveforms that 
drive the print nozzles. I perform the analog and paramet-
ric tests with the LCR meter, DMM, and source-measure 
unit. The wafer under test sits atop a thermal wafer chuck.

Q: How do you automate your tests?
A: Because we use HP Unix workstations to control the 
instruments, I often have to write custom drivers in C for 
each instrument. Rather than use the drivers that come 
with instruments, I write drivers that perform specific 
measurements. A driver contains only the code needed to 
set up an instrument and make the measurements I need. 
Then, I use Vee version 4 to produce test sequences.

Q: How do you make use of the drivers?
A: The drivers let me change parameters such as voltage, 
frequency, or temperature before a series of measure-
ments so I can produce plots of device performance. 

Once I import the driver into Vee, I can see the function 
and the input variable names. Often, that’s enough in-
formation for me to understand what the function does. 
Source code comments provide additional information.

Q: How has automation improved the way you 
perform evaluations?
A: It doesn’t pay to perform a manual test on a device. 
Because I have a library of test functions already written, 
I can run tests faster and easier using automation, partic-
ularly because each test may require repeated measure-
ments using different parameters.

Q: What else have you done to streamline the tests?
A: I’ve developed interface boards that let anyone 
quickly connect instrument probes and cables to the 
wafer prober. The board becomes a “mini test head” that 
contains connectors, switches, and relays that minimize 
setup time.

Q: What do you do with the test results?
A: I share test results with designers so we can compare 
measured results against simulated results. Often, we find 
differences in how a device will work when integrated 
into a printer. A test is, in effect, an experiment.

Q: Why does a designer need to run tests?  
A: Designers often place circuits on test wafers and then 
test the circuit using the automated test station. A de-
signer can often find the driver’s measurement functions 
he or she needs to run a test. If I can write a driver that 
someone else can use, I’ve improved productivity. T&MW

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

Richard Clark is a product engineer at Hewlett-
Packard’s Corvallis, OR, facility. He evaluates 

and characterizes ICs used in the print heads of 
inkjet printers. He performs most of his testing at 
the wafer level, controlled by drivers. In a recent 
interview, Clark described the measurements he 
performs using numerous test instruments. He also 
explained how he automates his tests and how he 
writes instrument drivers.

Keep the ink flowing
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YEAH, IT’S THAT FAST.
IT’S THAT SIMPLE.

Some companies are just known for their consistent quality.

From quote to delivery, we serve up the world’s best online PCB ordering.
Consistent, quality proto-boards, every time.

•  2-6 layer, quickturn proto-boards
•  Complete customer service, 24/7, 365 days a year
•  Over 30 years of manufacturing experience
•  The ultimate in easy online PCB ordering

www.sunstone.com

 13626 S. Freeman Road   Mulino, OR 97042    |    503.829.9108

“Sunstone has done a great job with all of our orders. We rely on 
your easy online ordering system, quality 
boards, and fast lead times.”   
                      
              -  Sunstone customer feedback
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BP Microsystems 
changes name
BP Microsystems, a supplier of device 
programming systems, has announced 
that it will now be known as BPM 
Microsystems. The name change 
coincides with the opening of BPM 
Microsystems’ new headquarters build-
ing in Houston, TX.

“Our new name will reflect the 
same high-quality company that cus-
tomers and the industry alike have 
depended on for the past 21 years,” said 
Lyman Brown, VP and COO. “How-
ever, we look forward to no longer 
being confused with BP Amoco, the 
oil company, who also has its head-
quarters in Houston.”

The original BP name was created 
from the founders’ first names—Bill 
White and Peter Cole—when they 
opened the company in 1985. BPM 
Microsystems continues today under 
the direction of CEO and president 
Bill White. www.bpmmicro.com.

Synopsys broadens 
DFM portfolio
Synopsys has announced that it has 
completed the acquisition of Sigma-C 
Software, a Munich-based company 
providing simulation software that 
allows semiconductor manufactur-

ers and their suppliers to develop and 
optimize process sequences for optical 
lithography, e-beam lithography, and 
next-generation lithography (NGL) 
technologies. Synopsys acquired 

SIGMA-C in an all-cash transaction 
for $20.5 million.

The acquisition will enable Synopsys 
to more tightly integrate design and 
manufacturing tools, allowing customers 
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NEWSBRIEFS

Adlink Technology America has released a series 
of cards and chassis addressing PXI and PCI data-
acquisition applications. The company’s $1195 14-
bit DAQe-2010 and $1495 16-bit DAQe-2016 fea-
ture a maximum 2-Msamples/s and 800-ksamples/s 
sampling rate per channel, respectively, across a 
PCI Express x1 lane. The company also introduced standard PCI and PXI modules: the $1495 DAQ 2016 and 
the $1695 PXI 2016. Each provides 12-bit, 1-Msample/s performance. Each of the four new modules provides 
two 12-bit, 1-Msample/s analog outputs, two 16-bit counter/timers, and 24 channels of digital I/O. They 
include support for C/C++, Delphi, Visual Basic, .NET, Matlab, and LabView programming environments.

The new chassis introduced by the company include the $2600 14-slot compact PXIS-2670 (pictured), which 
measures 258x448.4x177.8 mm. A separate power partition accommodates 500-W power supplies by effec-
tively dissipating heat and controlling radiated emissions. The company has also debuted two PCI chassis: 
the $1390 13-slot PCIS-8580-13S and the $1250 four-slot PCIS-8580-4S. Each of the PCI chassis makes use of 
a “serialized bridge” technique to support parallel PCI signal transmissions in four-pair, 622-Mbps serialized 
LVDS signals. www.adlinktech.com.

PCI, PXI modules and chassis 
support data acquisition

LeCroy has increased the bandwidth 
of its four-channel WaveRunner Xi 
and WaveSurfer Xs oscilloscopes. The 
WaveRunner 204Xi now runs at 2 GHz, 
while the 104Xi runs at 1 GHz. The 
WaveSurfer 104Xs now runs at 1 GHz, an increase from 600 MHz.

All three scopes feature a new software tool for finding anoma-
lies in captured waveforms. Called WaveScan, the software feature 
lets you specify any of 20 waveform parameters that differ from 
a “normal” parameter. Parameters include frequency, rise time, 
pulse width, greater than, less than, or inside or outside a range. 
The software also provides statistics on occurrences that meet 
your criteria. For example, you can get a distribution of edges that 
fail to meet a minimum rise time.

The three scopes also add decode and data trigger options for 
the I2C and SPI data buses. CAN bus decoding was previously 
available.

LeCroy has also introduced two ZS Series 1-M�, 0.9-pF active 
probes with 1.5-GHz and 1-GHz bandwidths. The probes come 
with a kit of short leads that minimize inductance.

Prices: WaveRunner 204Xi—$22,250; WaveRunner 104Xi—
$16,250; WaveSurfer 104Xs—$12,890. Probes: 1.5 GHz—$1190; 
1 GHz—$490. LeCroy, www.lecroy.com.

Scopes get bandwidth 
boost and analysis tool
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to perform more accurate design layout 
analysis with 3-D lithography simula-
tion and to understand yield issues for 
effective DFM implementation. 

Sigma-C products complement 
Synopsys’ design for manufacturing 
(DFM) and TCAD solutions, with 
SOLID+ providing analysis of vari-
ability within the lithography process 
on design layout in the DFM flow, 
and SOLID E providing lithography 
models for optimizing the lithography 
process. SOLID+ and SOLID E share 
a central database of lithography mod-
els to help ensure high accuracy and 
consistency of simulation results 
between design and manufacturing. 
www.synopsys.com.

Agilent completes 
acquisition of Xpedion
Agilent Technologies has announced it 
has completed the acquisition of Xpe-
dion Design Systems, a privately held 
company that provides software for 
wireless and high-speed digital circuit 
and systems design in the communica-
tions industry. Financial details were 
not disclosed. By adding Xpedion’s 

products to its portfolio, Agilent will 
increase its emphasis on design verifi-
cation and design for manufacturing 
(DFM), giving customers a design flow 
covering RFIC design, design verifi-
cation, and DFM. www.agilent.com.

© 2006 National Instruments Corporation. All rights reserved. National Instruments,
NI, and ni.com are trademarks of National Instruments. Other product and company

names listed are trademarks or trade names of their respective companies.
2006-6993-501-101-D

To compare specifications and view
application videos for the NI high-speed
digital modules, visit ni.com/highspeeddigital.

Logic Analysis
to Digital ATE

High-Speed Digital I/O
As part of the National Instruments 
mixed-signal suite, high-speed digital 
modules from NI offer the flexibility and 
features to address applications ranging 
from digital interfacing to advanced digital test.

Features
Programmable

DIO
LVDS
DIO

PCI Express
DIO

Bus PXI, PCI PXI, PCI PCI Express
Data Rate 100 Mb/s 400 Mb/s 50 Mb/s
Channels 20 16 32
Voltage -2 to 5.5 V 

(10 mV steps)
LVDS 2.5, 3.3, 

or 5.0 V
Triggering � � �

Scripting � � –
Hardware
Compare

� – –

Applications
Logic
Analysis

� � �

Pattern
Generation

� � �

BERT � – –
Digital ATE � – –
Sustainable
Streaming

– – �

(800) 891 8841

NEWSBRIEFS

Tidal Engineering has added a barcode/OCR reading feature to 
its multichannel, microprocessor-based Synergy controller. The 
environmental-chamber controller’s new macro capability accepts 

digital data from a part’s barcode/
OCR label and implements the 
appropriate test profiles without 
further operator intervention. 

The Synergy Controller uses 
the Microsoft Windows CE .NET 
embedded operating system and 
includes a front- or flush-mounted 

320x240-pixel (color STN) touch screen. The controller assumes 
command of an environmental chamber’s conditioning systems to 
facilitate the programming of temperature, humidity, altitude, and 
vibration versus time. In addition, operators can program up to six 
custom outputs. Temperature is measured using a 100-� platinum 
RTD probe or a thermocouple, whereas humidity is measured by 
an electronic sensor. 

The controller’s communications capabilities include RS-232, 
RS-485, Ethernet, and GPIB. Its Web-Touch Remote built-in Web 
server enables remote control and monitoring from any standard 
browser. A USB flash disk, 32 Mbytes of onboard flash, 32 Mbytes 
of SDRAM, and USB storage come standard.   

Base price: $2750. A 30-day demo is free. Tidal Engineering, 
www.tidaleng.com.
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Vision 2006, November 7–9, 
Stuttgart, Germany. Sponsored 
by Messe Stuttgart. 
www.vision-messe.de. 

Aerospace Testing Expo North 
America, November 14–16, 
Anaheim, CA. Organized by 
UKIP Media and Events. 
www.aerospacetesting-expo.
com/northamerica. 

Electronica, November 14–17, 
Munich, Germany. Sponsored by 
Global-Electronics.net. 
www.global-electronics.net. 

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

C A L E N D A R
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WiMAX world

Oct 11 – 12, Boston

Please visit us: Booth 408

We’ve got your destination in hand

No matter what area of WiMAX you specialize in, 
Rohde & Schwarz offers the full bandwidth of test and 
measurement systems you need in R&D and production:

◆ Radio conformance test systems
◆ Signal analysis products
◆ Signal generators

Get your WiMAX products to market faster.

www.rohde-schwarz.com/ad/wimax
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tive EMC test facility to provide uniform 
fields for immunity testing. 

Brian Jones described how Britain is adjust-
ing to the new EMC Directive, which becomes 
effective next year and receives full enforcement 
on 2009. Hirayr Kudyan discussed how he per-
forms measurements on a system’s power bus to 
predict the product’s EMC performance before 
the product is completely designed. Ken Wyatt 
demonstrated the effects of ESD on electronic 
circuits. He creates ESD discharges to show how 
today’s high-bandwidth oscilloscopes reveal 
more about ESD waveforms than was known 
when test standards were written. T&MW

For more details about the technical sessions and 
the products that were exhibited during the show, 
see our online reports from the EMC Symposium 
at www.tmworld.com/EMC_2006. 
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EMC design and test software was in abundance at 
this year’s symposium. “EMC simulations are sim-
ply tests done with computers,” said Bruce Ar-
chambeault, distinguished engineer at IBM. Soft-
ware appeared from IBM (www.mossbayeda.com), 
Ansoft (www.ansoft.com), Advanced Electro-
magnetics (www.aemi-inc.com), ScanCAD 
(www.scancad.com), Zeland Software (www.
zeland.com), EMS-Plus (www.ems-plus.com), 
NEC (www.emistream.com), SimLab Software 
(www.simlab-emc.com), and Applied Simula-
tion Technology (www.apsimtech.com). 

Software from Flomerics (www.flomerics.
com) simulates PCB emissions. Comsol (www.
comsol.com) also exhibited its general-purpose 
modeling software that includes electromagnet-
ics. Quantum Change (www.quantumchange.
com) offers software that automates EMC mea-
surements in the lab, and Traxstar Technolo-
gies (www.traxstar.com) offers software for 
managing EMC labs.

Agilent Technologies (www.agilent.com) 
announced a return to the CISPR EMC compli-
ance market when it previewed a CISPR-com-
pliant preselector for frequencies up to 1 GHz. 
Rohde & Schwarz (www.rohde-schwarz.com) 
introduced a new FFT scan option for its EMI 
receivers that reduces measurement time. A man-
agement buyout of the Test Systems Division of 
Schaffner (www.schaffner.com) will result in a 
new company. The new company, which has not 
yet been named, will be headquartered in Luter-
bach, Switzerland; and Berlin, Germany.

TECHNICAL SESSIONS
This year, the technical sessions included papers 
that covered signal integrity. In one session, 
Antonio Ciccomancini of CST simulated the 
physical parameters of a 16-layer backplane over 
the 0–20 GHz range. In the “Extreme EMC” 
session, Ron Brewer discussed how today’s 
spacecraft are tested to yesterday’s EMC stan-
dards. Johan Catrysse gave a presentation about 
IEEE 1302, a standard that covers test methods 
for characterizing EMI shielding gaskets. Gang 
Feng of the University of Missouri-Rolla dis-
cussed a method for measuring EMI coupling 
paths in electronic systems. Robert Johnk 
explained how NIST worked with General 
Motors to characterize the company’s automo-

> > > IEEE Symposium on Electromagnetic Compatibility, 
August 7–10, Portland, OR. www.emcs.org.

SHOWHIGHLIGHTS

VON (which originally stood for Voice On the Net) has grown from a niche 
show into one that now boasts 250 exhibitors. Although voice over IP (VoIP), 
is still growing, video has really fueled VON’s growth. The Fall 2006 edition 
of VON saw the emergence of IP Multimedia Subsystem Networks—a 
protocol that merges IP services with a range of access networks

Spirent Communications (www.spirentcom.com) introduced the 
Spirent Protocol Tester with predefined test cases for testing IP Multimedia 
Subsystem (IMS) core-network elements. As part of the announcement, 
Reef Point Systems demonstrated its security for voice and video calls that 
use IMS to provide network access. Tektronix (www.tektronix.com) an-
nounced Spectra2|VQM version 2.0 software for its Spectra2 network tes-
ter, which early IMS adopters can use in network test. Spectra2|VQM 
version 2.0 adds video-quality testing to its voice capabilities.

Radcom (www.radcom.com) announced Omni-Q for IPTV, an instru-
ment that monitors IPTV networks for network quality (jitter and packet 
loss), video stream quality, video decoding, video stream statistics, and other 
parameters. Ixia (www.ixiacom.com) added capabilities to its Optixia 
modular test platform that support voice, video, and data testing. T&MW

To read about more products exhibited at VON and to learn about the panel ses-
sions, see our online coverage at www.tmworld.com/VON_2006.

EMC software takes center stage

> > > VON Fall 2006, Boston, MA, September 11–14, 2006. 
Pulver Media. www.von.com.

Voice and video continue 
to grow

Ken Wyatt, EMC engi-
neer at Agilent Technolo-
gies, demonstrated ESD 
waveforms on a high-
bandwidth oscilloscope.
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Climb to a new level of what’s possible. The Agilent PSA Series 
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need at maximum afterburner. The growing complexity of your 
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Background image courtesy of GlobeXplorer
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TEST ENGINEERS can expect 
to confront RF, memory, and 
compression-based-scan test 

challenges; perform timing measure-
ments; deal with manufacturability and 
yield issues; and contend with soft er-
rors. That observation is based on the 
line-up of new full-day tutorials 

planned for the International Test Con-
ference, which will be held during the 
week of October 22 in Santa Clara, CA.

Six new advanced tutorials and one 
on test fundamentals will complement 
10 updated sessions, bringing the 
roster to 17 total tutorials scheduled 
for Sunday and Monday, October 22 
and 23.

ITC program committee member 
and ARM fellow Rob Aitken, who 
heads up the tutorial effort, said in a 
phone interview that the new tutorial 
on test fundamentals will meet the 
needs of 30% of attendees at ITC. 
Other tutorials will bring test veterans 
up to speed on emerging topics like 
RF design for test (DFT), for which a 
session will discuss how to extend 
techniques developed for mixed-signal 
test to the RF domain.

A tutorial on design for manufactur-
ability (DFM) will demonstrate that 
DFM and yield issues are no longer 
the exclusive domain of designers. Said 
Aitken, “The final arbiter of yield is al-
ways test, so the interaction between 
them has to be understood.” Yervant 
Zorian, chief scientist of Virage Logic, 
is one of the presenters of the DFM 
session, which will complement a 
DFM and yield workshop that Zorian 
has organized for October 26–27.

A tutorial on memory test might 
seem to cover old ground, but, said 
Aitken, what’s new is that DFT engi-
neers now must place test and repair 
circuitry on hundreds or thousands of 
memory blocks within 90-nm or 65-
nm designs. “The purpose of the tuto-
rial is to give a practical description of 

the issues involved and the 
tools available to help.”

Other topics include digi-
tal timing measurement. 
“Test engineers are going to 
spend a lot of their time 
with oscilloscopes and other 
instruments trying to debug 
their devices and their tests,” 
said Aitken. Another session 
will cover soft errors, which, 
he said, will occur not just 

in memories but in standard logic as 
well, as designs move toward 45 nm. 
Finally, a session on compression-based 
test will describe how to detect, ana-

lyze, locate, fix, and log failures based 
on compressed data.

Participation in the tutorials earns 
credits toward an IEEE Computer So-
ciety Test Technology Technical Coun-
cil Test Technology Certificate.

In addition to the tutorials, ITC will 
feature lectures—essentially mini tutori-
als—interspersed throughout the tech-
nical program. One called “Test Experi-
ments and Case Studies” has this goal, 
according to Aitken: “By giving people 
the ‘Science 101’ about how to conduct 
a test experiment, we’ll have more and 
better trained experimenters conduct-
ing more and better experiments and 
publishing their results at ITC. So, the 
whole community wins.” T&MW

For a link to the transcript of my interview 
with Aitken, as well as a list of the seven 
new tutorials being offered at ITC, see 
the online version of this article. 
www.tmworld.com/2006_10.

Challenges run gamut from timing to DFM

[SEMICONDUCTOR TEST] RICK NELSON 
CHIEF EDITOR  

rnelson@tmworld.com

The ITC has added seven tutorials to the line-up it 
offered in 2005. Courtesy of the International Test Conference.

Vimicro orders multiple J750s
Teradyne has announced that Beijing-based fabless semiconductor 
Vimicro International has selected the J750 as its major device test plat-
form and has purchased multiple systems for testing multimedia proces-
sors. Dr. Edward Yang, director of chip operations and purchasing at 
Vimicro, said the selection was based on Teradyne’s demonstrated level 
of customer support in China. www.teradyne.com; www.vimicro.com.

QFP socket exceeds 10 GHz
Ironwood Electronics’ SG-QFE-7000 socket al-
lows 0.4-mm-pitch, 14-mm-body QFP ICs to be 
used in socket in very-high-bandwidth applica-
tions. The 28-pin plus center-power-pad socket 
operates at 10 GHz with less than 1-dB attenua-
tion. It can dissipate several watts without extra 
heat-sinking and can handle up to 100 W with 
a custom heat sink. The contact resistance is typically 23 m� per pin. 
Temperature range is –35°C to 85°C. www.ironwoodelectronics.com.

Verigy Q3 revenues up 81%
Verigy has reported revenue of $214 million for its third fiscal quarter 
ending July 31, 81% above last year. Orders were $199 million, up 36% 
over the same period a year ago. Third quarter net income on a GAAP 
basis was $13 million, taking into account $24 million of net charges 
related principally to Verigy’s spin-off from Agilent Technologies. For the 
fiscal fourth quarter ending October 31, the company said it expects 
revenue to be from $185 to $200 million. www.verigy.com.

TECHTRENDS
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CAMERA demonstrations 
usually take place in clean 
or benign environments that 

come close to ideal. But cameras on 
production lines often must operate in 
toxic or dirty environments and must 
withstand shock and thermal stress. 
Cameras chosen for industrial use, 
therefore, require special protection—
an aspect of system design engineers 
might forget.

Several years ago, in response to an 
auto manufacturer's requirement to 
protect cameras, Tectivity, a distribu-

tor of imaging components, developed 
a protective housing that accepts a 
variety of commercial cameras. “Our 
VideoModule protects a camera, as 
well as an optional LED light source, 
from heat, dirt, oil, physical damage, 
and tampering,” said Jon Heywood, 
president of Tectivity. “A sealed hatch 
lets technicians quickly adjust lens set-
tings without removing the camera 
and without disturbing the camera’s 
calibration.”

Generally, it costs less than $500 to 
protect a camera, but costs increase 
when customers choose options such 
as internal light sources or special con-

nectors. Most options and add-ons 
reside within a VideoModule enclo-
sure. If a camera will point upward, 
at the bottom of a product, Tectivity 
can equip a VideoModule with an air 
blow-off and a mechanical eyelid that 
opens, lets a camera take a picture, and 
then closes to protect the camera.

Cohu Electronics offers cameras in 
sealed containers filled with dry nitro-
gen at a positive pressure of 5 psi. “You 
can hose down the enclosures without 
affecting the camera,” explained Tim 
Jones, Cohu’s OEM products manager. 
“We use a metal MIL-Spec connec-
tor on our enclosures, and we ‘pot’ the 
cable with a two-part epoxy to prevent 
the condensation of moisture, which 
could short-circuit signal pins.” Cohu 
also offers a wash-wipe unit that can 
pump washer fluid to the camera and 
wipe grime off a transparent face plate.

In addition to being protected by 
special enclosures, cameras themselves 
must be able to withstand extreme 
temperatures. “Often, cameras must 
work at high temperatures and un-
dergo many temperature changes, both 
of which can damage sensitive com-
ponents,” said Scott Massey, program 
manager at Dalsa. “We qualify our 
cameras to ensure they function prop-
erly across the 0°–50°C temperature 
span for their specified life.” 

To support operation in these ex-
treme environments Dalsa offers cool-
ing options, such as heat sinks or a 
capability to attach a solid-metal plate 
to a camera to dissipate heat. Cameras 
that operate under extreme conditions 
may require a special enclosure that 
should provide a way to cool a camera 
directly, noted Massey. Or, enclosures 
should include the means to attach 
passive or active cooling equipment.

Dalsa also tests cameras to ensure 
they stand up to jarring and rapid 
motion. “We test to guarantee the 
durability of the camera’s electronics 
and to make certain the image sensor’s 
alignment remains true,” said Massey. 
“When a camera undergoes stress, its 
sensor must stay aligned.” T&MW

Protect your cameras

[MACHINE VISION] JON TITUS 
CONTRIBUTING TECHNICAL EDITOR  

jontitus@comcast.net

The protective enclosure that holds 
this camera gives technicians access 
to components and controls through 
hatches. Technicians can remove a 
front shroud and easily adjust a lens 
or filter. Note the use of chains and 
captive screws to keep parts nearby. 
Gaskets create a tight seal between the 
body and hatch lids. Courtesy of Tectivity.

MVTec offers vision kit
MVTec is offering the “Hands-
on Machine Vision” kit to help 
its distribution partners dem-
onstrate machine-vision func-
tionality to 
prospective 
custom-
ers. The kit 
includes an 
aluminum 
case with sample industrial 
objects, illumination devices, 
and a camera, all of which can 
be combined with a notebook 
computer running the firm’s 
Halcon software to form a com-
plete machine-vision system. 
www.mvtec.com.

Cameras sport 
1-GHz DSPs
Vision Components’ VC44xx se-
ries cameras incorporate Texas 
Instruments’ 1-GHz, 8000-MIPS 
DSPs and feature an RS-232 
and an Ethernet interface as 
well as an external trigger input. 
Standard features also include a 
high-speed encoder interface. 
The first camera in the series, 
the VC4466, has a 1⁄3-in. CCD 
sensor with a 1024x768-pixel 
resolution and a maximum 
frame rate of 30 frames/s (60 
frames/s in binning mode). 
www.vision-components.com.

Credit-card-sized camera 
weighs 21 g
Basler Vision Components is 
offering a board-level version of 
its A600f camera. The CMOS-
sensor based camera has a full-
frame shutter that can operate 
at 100 frames/s at 656x491-
pixel resolution. The camera 
includes an IEEE 1394 interface  
and an area of interest (AOI) 
feature that allows it to operate 
with higher frame rates at lower 
resolutions. www.basler-vc.com.
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Engineers often develop centralized mea-
surement systems when they need precise 
timing across dozens or even hundreds of 
channels. When used in large applications 
such as aircraft wing measurements, cen-
tralized systems need long wires. Of 
course, long wires are likely to pick up 
interference, which reduces measurement 
accuracy. Decentralized, or distributed, 
systems can use shorter wires but can suf-
fer from synchronization errors.

You can improve the timing of decen-
tralized systems by taking advantage of 
IEEE 1588, “A Precision Clock Syn-
chronization Protocol for Networked 
Measurement and Control Systems,” 
which lets you synchronize measure-
ments to less than 1 µs. That capability is 
what prompted the LXI Consortium 
(www.lxistandard.org) to choose IEEE 
1588 as part of its instrument standard. 
With such precise synchronization, you 
can build a reliable distributed measure-
ment system where you might otherwise 
need a centralized system.

To compare centralized and 
distributed systems, Alex B. Mc-
Carthy, senior product market-
ing manager at National Instru-
ments, conducted an experiment 
using a rotating shaft. McCarthy 
used three shaft encoders that 
produced 2500 ticks/revolution 
to measure shaft rotation. The 
centralized system used one PC 
that contained three counter 
cards to count encoder pulses. 
The distributed system used two 
PCs, one with one counter card 
and the other with two. Each 
PC in the distributed system 
contained an IEEE 1588 inter-
face card. At 2160 rpm, the encoder’s 
tick period was 11.1 µs. Synchronization 
error in the distributed system was just 
230 ns, which was insignifi cant in this 
application.

To learn more about McCarthy’s ap-
plication, you can download a zip fi le 
that contains his paper, “LXI uses IEEE 

1588 PTP to Simplify Large-Scale 
Measurement Systems,” from the online 
version of this article at www.tmworld.
com/2006_10. The zip file contains 
LabView code used in the IEEE 1588 
example as well as links to related arti-
cles about IEEE 1588.

TESTDIGEST

IEEE 1588 supports distributed test systems
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Two computers use IEEE 1588 interface cards 
to synchronize their measurements.
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Design for manufacturing (DFM) 
and design for yield (DFY) are be-
coming increasingly hot topics as 
EDA companies attempt to help 
chip makers contend with random 
defects and process variations that 
can prevent fast, profi table ramp to 
volume in 65-nm and below pro-
cess technologies. Tools addressing 
DFM and DFY issues are available 
from the big EDA fi rms, including 
Cadence, Magma Design Automa-
tion, Synopsys, and Mentor Graph-
ics. Such tools provide optical prox-
imity correction (OPC) and support 
resolution (or reticle) enhancement 
technology (RET), they provide critical 
area analysis (CAA) and address the ef-
fects of chemical mechanical polishing 
(CMP), they enable manufacturing-
aware design rule checking (DRC), and 

they can perform parametric yield mea-
surement and optimization. Beyond 
those functions, Cadence’s Precision 
Router lets designers model manufac-
turing effects during the design process.

The big firms tout the smooth 
melding of DFM/DFY tools with 
other design-flow components. 
“Only an integrated solution closes 
the DFM gap to address yield is-
sues,” said Anantha Sethuraman, 
Synopsys VP for DFM. 

John Lee, GM of the physical ver-
ifi cation business unit at Magma De-
sign Automation, noted that integra-
tion extends to foundries’ reference 
flows, pointing out as an example 
that Magma tools have been quali-
fi ed by IC-manufacturer TSMC.

Conversely, point-tool makers 
emphasize a laser-like focus on a 

particular DFM/DFY niche: “Our mo-
tivation in starting Stratosphere Solu-
tions was to build differentiated tech-
nology that meets a focused market 
demand,” said Prashant Maniar, chief 

CAA

OPC

DRC

Test
chips

Production
test

SSTA

Manufacturing

Process data

Production yield data

Design
CMP

DFM, DFY get EDA industry emphasis
D E S I G N  F O R  M A N U F A C T U R E

DFM and DFY tools overcome the one-way bar-
rier between design and production; they make 
use of or assist in the capture of manufacturing 
data for use in the design process.

Martin Rowe, Senior Technical Editor
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Fiber Optic Essentials lives up to its name. 
In fewer than 300 pages, you will learn 
about the fundamentals of fi ber optics, 
from the fi ber itself to the trans-
mitters and receivers to the de-
sign of FO systems. You’ll also 
get a brief exposure to net-
work protocols and to fi ber-
optic applications outside of 
communications, such as 
medical imaging.

The authors pack a tre-
mendous amount of infor-
mation into the fi rst three 
chapters without over-
whelming you. By the time you 
fi nish chapter 1, you’ll have a grasp of 
how light travels through fibers and 
why connectors and proper alignment 
are important. You’ll also learn about 
waveguides, single-mode fi ber, multi-
mode fi ber, and plastic fi ber.

After reading chapters 2 and 3, you’ll 
have an understanding of transmitters 
and receivers. You’ll learn how LED 
and laser light sources illuminate fi bers 
and which specifi cations are important. 
On the receiver side, the authors cover 
how PN and PIN photodiodes convert 
optical pulses into electrical signals. By 

chapter 4, you’ll be ready to put a fi ber-
optic link together. You’ll learn how to 
develop a loss budget and how the all-
important signal-to-noise ratio (SNR) 

and bit-error rate (BER) 
parameters affect a link’s 
health.

After spending a chapter 
covering repeaters and opti-
cal amplifiers that lengthen 
links, the authors explain how 
wavelength multiplexing lets 
you send multiple transmis-
sions through a fi ber. You’ll also 
learn about test equipment that 
can produce eye diagrams and 

calculate BER. Finally, you’ll get an 
overview of optical-communication 
protocols. The book wraps up with a 
glossary and a list of acronyms.

My only minor criticism is that dur-
ing their discussion of BER in chapter 
3, the authors should have mentioned 
that the book has a further discussion of 
BER in chapter 8. Other than that, I 
found this book useful and educational. 
(Disclosure: The book’s publisher is 
owned by Test & Measurement World’s 
parent company.)
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strategy offi cer of the fi rm, which de-
velops silicon intellectual property (IP) 
designed to help silicon manufacturers 
reach DFM and DFY goals through 
process-variability characterization.

What DFM and DFY tools generally 
have in common is the ability to make 
use of actual manufacturing data in the 
design process or to assist in the capture 
of such data. OPC, CMP, and CAA 
tools generally work with test-chip data, 
which can be captured with the aid of 
Stratosphere’s StratoPro, for example. 
Tools like Mentor Graphics’ YieldAssist 
moves beyond the test-chip level to 
continually obtain yield-enhancement 
data from production-test systems. 

Some DFM/DFY tools don’t at-
tempt to alter a design to comply with 

manufactur ing requirements—they 
just give you a more accurate picture 
of how your design will translate to 
real silicon. Steve Smith, senior direc-
tor of marketing for the Synopsys 
Galaxy platform, cited an example: 
For one chip, a worst-case-corner 
analysis indicated a customer could 
guarantee only 404-MHz perfor-
mance, whereas the Synopsys Prime-
Time VX variation-aware statistical 
static timing analyzer (SSTA) showed 
a 99% probability that the chip would 
run at 474 MHz. 

See the online version of this article  
at www.tmworld.com/2006_10 for 
links to detailed information on DFM/
DFY tools and suppliers.

TESTDIGEST

DFM, DFY get EDA industry emphasis (continued)

B O O K  R E V I E W

A quick course in fiber optics
Fiber Optic Essentials, Casimer DeCusatis and Carolyn J. Sher DeCusatis, 
Academic Press (books.elsevier.com), 2006. 271 pages. $49.95.

Martin Rowe, Senior Technical Editor

Rick Nelson, Chief Editor
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Hand-Held Oscilloscope

www.aemc.com
(800) 343-1391

Introducing the dynamic OX7100 series Oscilloscope from
AEMC®. This scope functions as a Harmonic Analyzer,
Oscilloscope, FFT Analyzer, Multimeter and Recorder.

The OX7100 series features:
•  100 MHZ, 1GS/s in one-shot and 25GS/s in ETS with 

memory depth of 2500 counts per channel
•  33 direct command keys and “Windows-like” menus
•  12-bit resolution provides deeper accurate zooming

•  Four fully isolated inputs to 600VAC, 850 VDC

• Plug-and-Play input probes and accessories
•  Stores 127,500 Readings

SCOPE BOWL KICKOFF!
Purchase either an OX7102C 

or an OX7104C, receive 
FREE Recorder Function firmware and

Free Harmonic Analyzer firmware upgrades.
A $568.00 VALUE!

With the purchase of every 
Power Kit receive a 

FREE 4th AC Current Probe.
A $389.00 VALUE!

For details, visit us on the web.
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PROJECT DESCRIPTION
Firecomms (Cork, Ireland, www.firecomms.
com) manufactures fiber-optic transceivers 
used in IBD-1394 and MOST automotive 
optical serial buses. Each transceiver consists of 
a resonant-cavity LED (RCLED) and an LED 
driver IC for transmitting data. The device’s 
receiver section consists of a pin diode and a 
combination transimpedance amplifier and 
limiting amplifier. The IBD-1394 transceivers 
use low-voltage differential signaling (LVDS), 
while the MOST de-
vices use TTL-level 
electrical signals. 

A production test 
system performs func-
tional checks on all 
devices. The com-
pleted parts arrive at a 
device  handler  in 
tubes that hold about 
50 devices. The han-
dler moves the DUT 
to a test head that 
makes connections to 
test equipment. 

To perform an av-
erage-optical-power 
test on a transmitter, a 
clock generator pro-
duces a clock signal that excites the transmit-
ter at the device’s maximum bit rate. An opti-
cal splitter divides the DUT’s optical output, 
with 50% going to a plastic fiber that connects 
to an optical power meter. The system mea-
sures average optical power over a –40°C to 
95°C temperature range for a known input 
current. The remaining optical power goes to 
a 650-nm optical detector that connects to an 
oscilloscope, which measures the rise time, fall 
time, pulse width, and pulse amplitude of the 
optical pulse.

Production tests also include measurements 
on the receiver circuits. Here, a “golden” Fire-
comms RCLED transmitter sends a calibrated 
light level through a plastic fiber to the DUT. 
A bit-error rate (BER) tester generates a 
PRBS7 data pattern for the RCLED to send 
to a receiver under test to simulate bus traffic. 
An oscilloscope measures the differential out-
put voltage swing and timing parameters of 
the receiver’s electrical output.

The transceivers have a so-called “wake-
on-LAN” feature. When not in use, the device 
enters sleep mode to conserve power, return-
ing to full power when it receives data. The 
test system’s source-measure unit measures 
“sleep current” drawn through the DUT’s 
power pins. Maximum allowable sleep current 
is 10 µA.

Firecomms also makes consumer-grade 
IEEE 1394 optical transceivers that receive the 
same tests as their automotive cousins, but 

over a smaller temperature range: –20°C to 
70°C. For commercial-grade components, 
Firecomms tests transmitters with a 40-MHz 
clock instead of the 250-MHz clock used in 
automotive-grade devices. “A 40-MHz clock 
is fast enough to give us a high degree of con-
fidence in the part,” said CTO John Lambkin.

LESSONS LEARNED
“Signal integrity is important in testing these 
devices,” commented senior engineer Mike 
O’Gorman. “Sending 250 Mbps through ca-
bles and test pins to probe a part requires care-
ful design. It has to be correct every time be-
cause of the hostile production environment 
with vacuum pumps running on the next 
bench, and molding presses hammering out 
parts close by.” O’Gorman uses high-quality 
cables and BNC and SMA connectors to 
maintain signal quality. “Don’t skimp on the 
cables” he advised.
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DEVICE UNDER TEST
Automotive-grade and 
consumer-grade plastic 
fiber-optic transceivers 
designed for automotive 
optical serial buses such 
as Intelligent Transporta-
tion System Data Bus-
1394 (IBD-1394) and 
Media Oriented Systems 
Transport (MOST). The 
devices send and receive 
light over plastic optical 
fiber at data rates up to 
250 Mbps. Their primary 
use is for carrying digi-
tized audio and video.

THE CHALLENGE
Test the transceivers dur-
ing production for para-
meters such as average 
optical output power and 
current consumption. On 
the receiver side, mea-
sure output voltage lev-
els and pulse timing. 

THE TOOLS
● Agilent Technologies: 
bit-error-rate tester, high-
speed oscilloscope.
www.tm.agilent.com.
● Keithley Instruments: 
source-measure unit. 
www.keithley.com.
● National Instruments: 
graphical programming 
language. www.ni.com.
● Newport: optical 
power meter. 
www.newport.com.
● Singlewell Industrial: 
test handler. 
www.singlewell.com.tw
● Stanford Research Sys-
tems: clock generator. 
www.thinksrs.com.
● Tektronix: oscilloscope. 
www.tektronix.com.

Oscilloscope

Clock generator

Test 
head

Test 
handler

Source-measure
unit

Optical power 
meter

BER tester

Production test sytem
Device under test

Devices to test

A production test system measures optical power, differential voltage 
swing, and timing.

F I B E R - O P T I C S  T E S T
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Vehicle buses get the light

PROJECTPROFILE

Martin Rowe, Senior Technical Editor.

TMW06_10PP_ID   25TMW06_10PP_ID   25 9/20/2006   3:28:50 PM9/20/2006   3:28:50 PM



26   OCTOBER 2006 www.tmworld.com  TEST & MEASUREMENT WORLD  

MARTIN ROWE, SENIOR TECHNICAL EDITOR
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CALIBRATING

Engineers at 
Hamilton Sundstrand 
keep astronauts 
comfortable by 
calibrating 
systems that test 
environmental 
controls in 
spacecraft and 
space suits.
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Windsor locks, ct—Space is one hostile environ-
ment. There’s no air to breathe nor gravity to hold 
you down. Temperatures are frigid where the sun 

doesn’t shine and burning hot where it does. Anything that 
generates heat has no air to cool it. Thus, equipment and as-
tronauts would overheat without proper cooling.

Companies who design and manufacture equipment des-
tined for space must carefully calibrate their products to 
withstand the hostile conditions, and they must subject the 
products to rigorous test regimens before delivering them. 
One such company is Hamilton Sundstrand Space, Land, 
and Sea Systems-Windsor Locks (SLS-WL), which has been 

making space suits since the 1970s. The company also makes 
environmental controls for the Space Shuttle and the Inter-
national Space Station as well as for aircraft and submarines.

Environmental controls in space must perform perfectly 
under extreme conditions; there’s no way to recall a product 
from orbit without great expense. Pumps, tanks, heat ex-
changers, motors, sublimators, evaporators, regulators, and 
electronics that control environmental systems need extensive 
testing before they launch. The systems that test these compo-
nents must simulate conditions in space. The equipment that 
makes performance measurements and monitors the environ-
ment must be accurate—and that means regular calibration.
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Phil Noll, calibration lab manager at 
Hamilton Sundstrand, stands among 
the mannequins in the company’s 
space-suit museum.
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Simulating space and test-
ing environmental systems re-
quires SLS-WL to make many 
physical measurements, all of 
which require ca l ibrated 
equipment. Instrumentation 
in test stations, called “test 
rigs,” measures temperature, 
pressure, liquid and gas flow, 
vacuum, humidity, dew point, 
and vibration. Some of the 
company’s test rigs date back 
to the Apollo program—SLS-
WL provided the or ig inal 
lunar space suit—but they’ve 
been refurbished to meet cur-
rent needs.

Electronic test equipment used 
throughout the SLS-WL facility mea-
sures voltage, current, resistance, time, 
frequency, power, and phase. The test rigs 
employ data-acquisition systems that re-
cord physical measurements from trans-

ducers such as temperature probes, pres-
sure gauges, and flow meters.

As you might expect, the Hamilton 
Sundstrand facility is loaded with envi-
ronmental chambers. Temperature cham-
bers, for example, test products over the 
wide range of temperatures encountered 

in space, with temperature cy-
cling from –100°F to 350°F. 
Temperature/humidity cham-
bers test at –100°F to 250°F at 
10% to 98% RH. Thermal 
vacuum chambers test prod-
ucts down to 10–8 Torr and 
over temperatures from –300°F 
to 300°F.

Cool water
The Hamilton Sundstrand 
space suits, or Extravehicular 
Mobility Units (EMUs), have 
environmental systems that in-
clude oxygen and water tanks, 
batteries, a sublimator, fans, 

and regulators. These systems reside in a 
backpack with astronaut controls acces-
sible through a front display and control 
module (Figure 1). 

Pressure testers ensure that the tanks 
and tubes on the EMUs won’t fail. For 

CALIBRATION
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Mini-workstation
mounts

Lower torso
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Radio
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pump/motor assembly

Secondary
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FIGURE 1.  A space suit, called an Extravehicular Mobility Unit (EMU), contains oxygen tanks, cooling systems, and other envi-
ronmental controls that require rigorous testing. Courtesy of Hamilton Sundstrand.

Table 1. Electronic calibrations performed 
in SLS-WL metrology lab
FUNCTION RANGE UNCERTAINTY

Voltage 1100 VDC 7 ppm @ 10 VDC

Voltage 750 VAC 80 ppm @ 10 VAC

Current 20-ADC source 90 ppm @ 1 A

Current 300-ADC measurement 0.04%

Power 6000-W AC/DC 0.02% full scale

Power Power factor 90º lead / lag

Resistance 100 M�  12 ppm @ 10 k�

Frequency 10 �Hz through 225 MHz 0.06 ppm

Time  ± 0.06 ppm
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testo 350, the portable flue gas analyzer system for complex thermal processes,

industrial burners and boilers and for stationary spark ignition engines. 
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example, an oxygen tank, which 
operates at approximately 7600 
psig, is tested with supply pres-
sures up to 10,000 psig. (The 
high tank pressure is necessary to 
supply enough oxygen for a 
spacewalk while keeping the tank 
sufficiently small.) Vacuum leak-
age testers verify that parts don’t 
leak water or oxygen into space.

Water in a space suit? Yes, and 
it’s not for drinking (although the 
EMUs do have an in-suit drink 
bag). “An astronaut on a space 
walk has a high metabolic rate,” 
said calibration lab manager Phil 
Noll. To keep astronauts cool, space suits 
are water cooled. They need a water tank, 
tubes, a pump, and a sublimator to extract 
the heat from the water.

The SLS-WL Thermal Vacuum Space 
Simulator includes a data-acquisition 
system that technicians use to make 
measurements from specifications writ-
ten by test engineers. Several Hewlett-
Packard 3852A data-acquisition systems 
have been in place since the late 1980s. 
As long as these instruments are cali-

brated, they continue to provide valid 
measurements.

“We’re not very quick to change in-
struments, because our test sheets are 
written to specific requirements and all 
equipment has been safety certified for 
each application,” said Noll. Because 

many of the products produced in Wind-
sor Locks remain in production for years, 
so do their test rigs. 

Not all data-acquisition systems date to 
the 1980s. For example, a thermal cham-
ber that tests Flight Releasable Attach-
ment Mechanism (FRAM) systems con-

CALIBRATION  

Into the earth
Metrology lab

Underside of metrology lab floor

Diatomaceous
earth surrounds

lower 10 ft
of tube

55-ft, 6-in. 
copper tube
filled with 
rock salt

Salt water
seeps out
from tube

3 ft

3 in.

The metrology lab’s grounding system consists of a copper 
tube embedded into diatomaceous earth under the floor.

Engineer for methods and standards Scott Shepard (back) develops calibration 
procedures and provides technical assistance to the metrology lab. Technician Dave 
Zisk (foreground) calibrates and certifies instrumentation used for production testing 
of environmental controls.

Engineers and technicians in the SLS-WL metrology 
lab must make measurements as accurately as pos-
sible. A key component of minimizing measurement 
uncertainty is stability, both in the environment and 
in the way instruments and systems are grounded.

Environmental controls maintain the lab’s tem-
perature and humidity. Engineers monitor those 
conditions 24 hours a day. Temperature and humid-
ity dataloggers connect to a networked PC, which 
provides data through the lab’s intranet Web page.

Maintaining a stable electrical ground is also 
crucial in achieving consistent measurements. Thus, 
the lab has a specially designed grounding system. 
The figure shows a 55-ft, 6-in. copper tube with 
holes at the bottom embedded into the ground. 
Diatomaceous earth surrounds the lowest 10 ft of 
the tube.

Because the earth at the bottom of the tube 
is cooler than that at the top (the lab floor), the 
tube draws heat from the lab. As the air cools, 
it creates condensation, which provides a solid 
bridging, self-maintaining ground system. Specific 
electrical outlets in the laboratory are connected 
to this ground plane. Appropriate fuses ensure 
safe operation at all times.

Martin Rowe, Senior Technical Editor
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 Explore the boundaries of what’s possible. The new Agilent 

MXG signal generator allows you to test the limits of your 

own designs. Change in wireless technology is no longer 

simply emerging, it’s surging. It’s not merely a question of 

test technology keeping pace, it has to anticipate. Stay ahead, 

fi nd the edge, move it forward. 

To see how the new Agilent MXG lets you measure at levels 

never before possible, go to www.agilent.com/fi nd/possible1. 

It’s signal generation at the edge of possibility.

© Agilent Technologies, Inc. 2006

 u.s.  1-800-829-4444, ext. 5461
canada 1-877-894-4414, ext. 5461
www.agilent.com/fi nd/possible1

 Nothing else has a range this deep.
 A signal generator with an ACLR of –76 dBc

Agilent MXG Signal Generator

ACLR (3GPP W-CDMA) -71 dBc spec., -76 dBc meas. (1-carrier)

 -65 dBc spec., -70 dBc meas. (4-carrier)

Switching speed (SCPI)    1.2 ms

Simplifi ed self-maintenance Onsite calibration in less than 1 hour

Signal Studio software  W-CDMA, WiMAX, cdma2000/1xEV,          

 GSM/EDGE, WLAN, TD-SCDMA
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nects to relatively new 
measurement equipment: 
data-acquisition cards in-
stalled in an industrial PC 
that runs National Instru-
ments’ LabView.

Used on the Interna-
tional Space Station (ISS), 
FRAM systems consist of a passive 
FRAM and an active FRAM, and they 
let astronauts transport cargo between 
the Shuttle Orbiter and the ISS. One 
passive FRAM is permanently mounted 
in the Orbiter’s cargo bay, and another is 
mounted on the ISS. An active FRAM 
containing cargo is mated to the passive 
FRAM in the Orbiter. Should equip-
ment in the ISS need replacement, astro-
nauts can transfer the active FRAM from 
the passive FRAM on the Orbiter to the 
passive FRAM on the ISS.

A FRAM thermal/vacuum test sub-
jects the mechanism to temperatures 

from –140°F to 260°F with vacuum well 
below 10–4 Torr. The FRAM system is 
mounted on a test stand where custom 
motors move FRAM mechanisms into 
place. Technicians use transducers and a 
data-acquisition system to measure 
torque (in. lbs) and force (lbs) while also 
measuring temperature and vacuum.

The FRAM test rig is one of several 
that requires calibration of its test instru-
ments right at the rig. “We calibrate each 
parameter end to end in place,” said Noll. 
A technician rolls an equipment cart 
containing the required stimulus to the 
rig in order to perform the calibration.

Safety precautions
Some tests require spe-
cial test areas because of 
safety issues. For example, 
the company has an area 
outside the main building 
where technicians assemble 
the pumps and equipment 

that provide the high-pressure oxygen 
and nitrogen necessary for EMU testing. 
This test lab contains intrinsically safe 
and explosion-proof systems.

To test the EMU’s high-pressure O
2

tanks, technicians start with liquid oxy-
gen or nitrogen, change it to a gas, and 
initially pump the tanks to approxi-
mately 2200 psig. While monitoring air 
quality and pressure with a data-acquisi-
tion system, they increase the pressure to 
10,000 psig.

During testing of the O
2
 tanks, an HP 

3852A data-acquisition system collects 
temperature, pressure, and flow data and 

Enter into
inventory

Receive new
instrument

Complete 
initial accuracy 

evaluation

Move metrology
standards to 

test stand

Instrument
recalled for 

periodic
calibration?

Calibrate
instrument in

metrology

Calibrate
instrument

Update
database

Adjust, repair,
or scrap

Print
calibration

report

Update
database

Issue non-
conformance

Vendor 
calibration

certification?

Pass
calibration?

Significantly
out of 

tolerance?

Permanently
installed on
test stand?

Certified
outside
vendor?

Issue 
instrument

(if applicable)

No

No No

No

No

Yes

YesYes

Yes

Pass
operational

check?

No

Yes

Yes

Issue
instrument

FIGURE 2.  Permanently installed measurement equipment receives calibration while installed in a test rig. All other equipment is 
calibrated in the metrology lab. Courtesy of Hamilton Sundstrand.
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Table 2. Calibration labels and their meanings
COLOR STATUS

Green Item is within acceptable tolerance and is ready to return to its test rig

White Item is within tolerance but not issued to a test rig (put on the shelf)

Yellow Item is calibrated over a limited range
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Look beyond the possible. Instead of connecting a separate 

PC to your One Box Tester (OBT) on a manufacturing line, 

why not put the Windows XP PC right in the OBT and make 

it truly “one box?” That’s exactly what we did with the 

Agilent E6601A wireless communications test set. Not only 

do you have the fastest, most advanced phone calibration 

test set, you can save costs (not to mention space and 

complexity) by doing away with your need for external PCs. 

Stay ahead, fi nd the edge, move it forward. 

To see how the industry-standard Agilent 8960 and new 

E6601A test sets can cut costs in your wireless manufacturing 

operation, go to www.agilent.com/fi nd/possible1. It’s wireless 

testing at the edge of possibility.

Agilent  E6601A Wireless Communications Test Set

• Calibration measurement times reduced by up to 30 percent

• Fast Device Tune techniques 

• Remote desktop capability

• Perpetual, transportable, and monthly software licenses

• GPIB, USB, & LAN control of other devices

• 2G, 3G, 3.5G format coverage

© Agilent Technologies, Inc. 2006

 u.s.  1-800-829-4444 ext. 5461
canada 1-877-894-4414 ext. 5461

www.agilent.com/fi nd/possible1

A new way to cut mobile phone calibration costs.
Open Windows XP PC inside every test set
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sends the data to a computer at the oper-
ator’s console. The console contains two 
monitors, one for the operator and an-
other for a test engineer. While the tech-
nician runs the test and monitors the 
performance of the test rig, the engineer 
monitors the item under test, keeping 
track of parameters such as coolant flow, 
pressure, and temperature.

The measurements that these test rigs 
perform start with a specification. A de-
sign engineer who needs a measurement 
provides the requirement to metrology 
engineering. Metrology engineers write 
a measurement specification that con-
tains information such as measurement 
type, range, scale, and accuracy. Often, an 
existing test rig has the measurement ca-
pability that the design engineer requires. 
A test technician and metrology engi-
neer review the measurement specifica-
tion and decide which existing test rig to 
use or, if necessary, what the require-
ments are for new equipment.

The calibration lab
Sensors, meters, and other equipment 
used on test rigs as well as the test equip-
ment used in manufacturing and engi-
neering need calibration. That’s the job 
of engineers and technicians in the me-
trology lab. The lab consists of several 
calibration stations as well as a station for 
documenting and labeling equipment. 
(For a discussion of the metrology lab’s 

construction and grounding system, see 
“Into the earth,” p. 30. The online ver-
sion of this article contains a floor plan 
of the metrology lab.)

The electronic calibration station 
consists of two identical racks. Each 
contains a Fluke 5700 multifunction 
calibrator, an Agilent 3458A digital mul-
timeter (DMM), and a Yokogawa power 
analyzer. In addition, the engineers can 
add instruments that provide any other 
required electrical stimulus. The stations 
calibrate DMMs, oscilloscopes, counters, 
power meters, data-acquisition systems, 
and other equipment that needs electri-
cal input or measurement—about 1500 
instruments. “We calibrate all the instru-
ments used in SLS-WL,” said Noll. 
Table 1 shows the capabilities of the 
electronic calibration stations.

The lab also houses calibration refer-
ences. Under the care of senior electri-
cal technician Dave Bates, standards such 
as the Fluke 732B voltage references re-
main powered at all times, which main-
tains their stability. Bates uses these ref-
erences to check the multifunction 
calibrators. Every two years, the calibra-
tors, system DMMs, and voltage refer-
ence return to their respective manufac-
turers for calibration.

At the time of my visit, technicians 
still performed manual calibrations on 
electronic instruments. To automate the 
calibration procedures, SLS-WL metrol-

Technician Dave Bates certifies all calibration standards used in the Hamilton Sund-
strand SLS-WL metrology lab.
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ogists are implementing Fluke’s MET/
CAL software. Although MET/CAL has 
many automated calibration procedures 
that cover much of the SLS-WL test 
equipment, most procedures need to be 
modified to meet specific lab needs.

Vibration is an important test for 
space-bound equipment, and the metrol-
ogy lab has a dedicated accelerometer 
calibration station. At the time of my visit, 
the accelerometer calibration station—a 
rack of equipment—was about to be re-
placed by a benchtop in-
strument manufactured by 
PCB Piezotronics. The ex-
isting Bruel & Kjaer sys-
tem had been in use since 
the 1980s and has a fre-
quency range of 5 Hz to 
10 kHz. The new system 
has a wider frequency 
range: 3 Hz to 50 kHz.

“Calibrating accelerom-
eters requires a certain 
amount of finesse” said 
Noll. He pointed to the 
way an accelerometer 
under test was placed in the 
calibrator’s test fixture. The 
sensor’s wires must be held 
down so they don’t vibrate 
relative to the sensor.

Temperature 
calibration
Across the lab from the 
electronic and accelerom-
eter calibration stations is 
the temperature-calibra-
tion area. Here, technician 
Dave Zisk calibrates temperature probes 
used throughout SLS-WL. He calibrates 
some probes in the metrology lab, but 
probes installed in test rigs must be re-
certified in place.

In the lab, Zisk has several options for 
calibration. An oven that contains a 25-�
standard platinum resistance temperature 
detector (SPRTD) probe lets him com-
pare a probe under test to a known cali-
brated probe. He also uses thermal wells 
and oil baths to calibrate “working” 
probes—those used in the facility’s test 
labs. The box on this page highlights the 
metrology lab’s temperature-calibration 
capabilities. 

An instrumentation rack connected to 
the SPRTD and probe under test con-

tains an HP 3456 DMM, which mea-
sures four-wire resistance from RTD and 
thermistor probes and measures voltage 
from thermocouple probes. A reference 
junction provides a 32°F reference for 
the instrumentation, and a switch system 
connects the probes and reference junc-
tion to the DMM. A PC running Lab-
View stores resistance measurements 
from the SPRTD and probe under test. 
The software includes the calibration 
curve for the SPRTD and also converts 

the resistance measurements to tempera-
ture. Then, software generates a calibra-
tion curve for the probe under test from 
resistance or voltage measurements.

To calibrate probes installed in the test 
rigs, Zisk uses a “Black Stack” thermom-
eter from Hart Scientific. The thermom-
eter measures temperature from a stan-
dard probe under test, from which a 
laptop computer calculates the probe’s 
new resistance-temperature curve.

SLS-WL has six standard platinum 
probes. Technicians use five to calibrate 
working test devices. A sixth remains in 
the metrology lab as a check for the 
other five. These standard probes require 
calibration, too. Because they are the fa-
cility’s reference probes, they need to be 

Automatic calibration system: Rig 257

Automatic or manual calibration of 
 ● thermocouples 
 ● RTDs 
 ● thermistors 
 ● temperature switches 
 ● thermometers

Technology: 
 ● oil bath vs. SPRTD 
 ● thermal well vs. SPRTD 
 ● thermal well vs. standard thermocouple 
 ● oven vs. SPRTD 
 ● aluminum freeze point (1220.5814°F) 
 ● zinc freeze point (787.24°F) 
 ● tin freeze point (449.55°F) 
 ● gallium melt point (85.57628°F) 
 ● water triple point (32.018°F) 
 ● mercury triple point (–37.90192°F) 

Range: –65°F through 2000°F 

Uncertainty: SPRTD: 0.036°F

Temperature-calibration 
capabilities 
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calibrated at known, stable, and repeat-
able temperatures.

The metrology lab contains several 
Isotech fixed-point temperature cells 
that serve as primary temperature stan-
dards. The cells contain mercury, gallium, 
zinc, tin, aluminum, and water from 
which they achieve freezing points or 
melting points of these elements as well 
as the triple point of water (Ref. 1). Me-
trologists maintain a gallium cell—melt-
ing point 85.57628°F—at all times that 
they use as a quick check for damage to 
any of the six standard probes

“We use the primary standards at six-
month intervals,” said Noll. When I asked 
how Hamilton Sundstrand can justify the 
cost of these primary standards, Noll re-
plied that an SPRTD calibration can cost 
up to several thousand dollars, and the 
company comes out ahead in the long 
run by purchasing its own primary stan-
dards and by being able to obtain imme-
diate verification of standards accuracy.

Data collection and tracking
Accurate and complete calibration data is 
essential for a company to prove that its test 
equipment is operating within acceptable 
parameters. Several SLS-WL customers 
and accreditation agencies audit calibra-
tion procedures and records regularly. On 
the day of my visit, Scott Shepard, engi-
neer, methods and standards, was working 
with a NASA audit team. The SLS-WL 
“Gage Recall System” ensures compliance 
with MIL-STD-45662A, ANSI Z540, AS 
9100, ISO 9000, and ISO 17025. The sys-
tem includes a relational database and an 
intranet Web page.

For each item that requires calibra-
tion, the database stores information 

such as calibration results, calibration 
dates, the next recall date, and the loca-
tion of each instrument and accessory 
used for electrical, mechanical, or physi-
cal measurements during the calibra-
tion. Every item that requires calibra-
tion has a serial number and bar code 
for easy tracking. 

Because the database tracks hardware 
test information, engineers always 
know which products were tested with 
each gage. The system displays data on 
the lab’s intranet, where technicians 
and engineers can view the calibration 
information.

Figure 2 shows the flow of an item as 
it passes through calibration. The figure 
highlights two paths, depending on 
whether the item is to be calibrated at 
SLS-WL or at an outside calibration 
house. Following calibration, a techni-
cian places a green, white, or yellow 
label on the item before returning it to 
its location or placing it on the shelf. All 
items that fail calibration receive a red 
sticker. Table 2 shows the label colors 
and what they designate.

Hamilton Sundstrand’s Space, Land, 
and Sea metrology lab supports instru-
mentation used for numerous electronic, 
physical, and dimensional measure-
ments. Calibration of measurement 
equipment used in test rigs ensures that 
the company’s environmental controls 
will keep astronauts safe and comfort-
able in space. T&MW

REFERENCES
1. For information on the freezing, melting, 
and triple points of various substances, see 
the International Temperature Scale of 1990 
(ITS-90), Table 1. www.its-90.com/
table1.html.
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The online version of this article includes a floor plan of Hamilton 
Sundstrand's metrology lab. www.tmworld.com/2006_09

Interested in learning more about testing equipment for space? Check out 
these articles by Martin Rowe that appeared in previous issues of T&MW:
“Measuring space” explains how engineers at NASA's Jet Propulsion Labo-
ratory perform tests on equipment designed for unmanned spacecraft. 
September 2005. www.tmworld.com/2005_09
“There’s no place like space” details how engineers at General Dynamics 
C4 Systems develop and test communications systems for space missions. 
September 2004. www.tmworld.com/2004_09
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For reasons of cost, performance, power, and miniaturization, many elec-
tronic systems that once consisted of several printed circuit boards are 
now manufactured as a single semiconductor device. As a result of this 

complexity, previously accessible system signals can no longer be observed, and 
the process of isolating and analyzing silicon problems has become tedious and 
time consuming. 

Using a process called silicon debug, engineers try to locate the sources of er-
rors in their devices. They work to understand the root cause, correct or work 
around the root cause, and prepare the device so high-volume manufacturing can 
proceed. 

Engineers currently use various software and hardware tools to debug sili-
con. But because failure modes are complex and often arise only in corner-case 
scenarios under at-speed operation of the system, external debug equipment is 
insufficient to track down the source of system failures. 

Design-for-debug (DFD) methodologies offer a better solution. By embed-
ding DFD logic right on a chip and then stimulating and evaluating it with com-

mercial silicon debug and analysis tools, device 
manufacturers can make it possible for test engi-
neers to view signals on a chip and track down 
the causes of failure.  

Using DFD logic
By adding DFD logic to chips, designers make it 
possible for test and product engineers to observe 
key internal signals and use a host-side commer-
cial debugging tool to analyze and understand 
nonconformant chip behavior. One of the most 
popular silicon debug techniques is state dump-
ing. This technique can be implemented using a 
standard on-chip DFD architecture that consists 
of only three debug features, which we call the 
“ABC” of silicon debug. An IEEE 1149.1 stan-
dard Test Access Port (TAP) controls all three 
features:
● Access to the internal scan chains. Reusing the 
internal scan chains, which are typically already 
inserted to facilitate chip manufacturing test, is 
a common way to enable easy debugging. Re-

DESIGN-FOR-DEBUG 
METHODOLOGIES 
AND DATA ANALYSIS 
CAN PAVE THE 
PATH TO GREATER 
EFFICIENCY IN CHIP 
VALIDATION IN 
TARGET SYSTEMS.

Video signal
source

Computer
executing
debugger
software

Serial connection

Prototype chip
(Device under 
debug + DFD)

Display

FIGURE 1.  This application setup uses a debug architecture to 
obtain state data from a chip embedded in a system.

SEMICONDUCTOR TEST

Silicon 
DEBUG

BART VERMEULEN, NXP SEMICONDUCTORS, AND 
YU-CHIN HSU AND ROBERT RUIZ, NOVAS SOFTWARE

Views generated by 
debugger software
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using the scan chains is inexpensive and 
provides the complete state of the chip 
when scanned out via the TAP.
● Breakpoints. When an important, in-
ternal event or sequence of events is de-
tected, an on-chip breakpoint module 
stops the functional clock signals. This 
breakpoint is programmable via the TAP.
● Clock control. When the functional 
clock signals have been stopped, an on-
chip switch is programmed to have the 
functional clock signals follow the TAP 
clock during scan out.

The resulting debug architecture 
scales well with the chip's number of 
clock domains and flip-flops, 
and we have found that its 
cost in terms of silicon area 
is typically well below 1% 
of the total chip area. The 
DFD logic provides full ac-
cess to the internal signals 
at predefined points in time, 
while the chip is operating 
in its intended application 
board.

Figure 1 shows the setup we use to 
debug silicon. The setup uses the debug 
architecture to obtain state data from a 
chip embedded in a system. A desktop 
computer is connected to the on-chip 
TAP controller. Normal user-defined 
TAP instructions control this setup. 

When using such a setup for your 
own debug application, your first step is 
to program the breakpoint, or the point 
in time when you want to take a snap-
shot of the circuit’s state. Then, the chip 
is functionally reset and initialized in its 

environment to a known, stable state. 
The application starts to execute, and 
when the breakpoint is hit, the break-
point is activated and the on-chip func-
tional clocks stop. 

The debugger software running on the 
desktop computer detects the stopped 
clock, switches the circuit into debug 
scan mode, and extracts the content of 
the on-chip scan chains. The resulting 
bit stream (referred to as a state dump) is 
stored on disk for further processing and 
interpretation. In most cases, this post-
scan dump-data operation is performed 
by the debug system itself.

Your next step is to prepare the data 
for use with host-side debug systems. 
The software maps the data (which 
consists only of ones and zeroes) to its 
origin in the design and system time as 
follows:
1. For each scan data extraction, the soft-
ware adds a time stamp or cycle number 
based on the breakpoint that was hit;
2. The software associates the data with 
the gate-level signal names in the HDL 
design; and
3. The software subsequently writes the 

data in a format such as the Value Change 
Dump (VCD) standard.

As an alternative to gate-level map-
ping, you can associate the data with sig-
nals at the register transfer level (RTL). 
Hardware designers trying to understand 
the behavior of their silicon often prefer 
this level of design abstraction.

Expanding the data
The scan dump is formatted into a VCD 
file. To allow you to observe internal sig-
nals not accessible via the DFD logic (for 
example, values are in the combinational 
logic clouds between the scan registers), 

the software computes the missing data 
through a process called “data expan-
sion.” In this process, the software
1. reads the mapped fan-in-cone scan 
register values corresponding to the in-
ternal signals to be observed;
2. sorts the combinational logic between 
these registers using a linear ordering 
algorithm;
3. computes the values for these signals 
using a cycle-based evaluation; and
4. creates a VCD file with the computed 
values.
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FIGURE 2.  As a result of data expansion in a debug environment, all computable combinational signals 
contain a Boolean value of 1 or 0.

SEMICONDUCTOR TEST

Table 1. Data expansion results
 TOTAL DUMPED DUMPED-TO- EXPANDED OBSERVED          OBSERVED SIGNAL
CASE SIGNALS SIGNALS TOTAL RATIO SIGNALS SIGNALS PERCENTAGE

Circuit 1 347 110 32% 237 347 100%

Circuit 2 32,009 4,593 14% 25,560 30,153 94%

Circuit 3 138,842 13,190 9.5% 125,652 138,842 100%

Circuit 4 4,568,074 173,544 3.4% 4,356,475 4,530,019 96%

(continued)
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The result of data expansion is that 
all computable combinational signals 
contain a Boolean value of 1 or 0 (Fig-
ure 2). If some of the state values are 
not available (that is, are not provided 
in the scan dump), some circuit values 
cannot be computed. In the generated 
views, these values are denoted with 
the special value “NC” (not computed). 
The computed values from data expan-

sion, along with the scan dump values, 
are passed to a debug system via the 
VCD file.

Although data expansion can be con-
sidered similar to simulation, it is not 
burdened with the computational over-
head that a simulator requires for time 
processing. You could further optimize 
data expansion by dynamically generat-
ing the combinational signal values for 
display in a debug system rather than by 
using a VCD file.

Usually, software-based debug systems 
read VCD files dumped from pre-silicon 
design simulations to trace the root cause 
of errors detected prior to tape-out. 
Using VCD files containing information 
obtained from actual running silicon, and 
created using the steps described above, 
effectively makes the debug of silicon 
the same as for simulation.

Because most designers are familiar 
with their simulation-centric verifica-
tion environment, they can now imme-
diately assist with silicon debug. Design-
ers can apply pre-silicon techniques to 
isolate the root cause of any problem, 
all while operating in their familiar tool 
environment. The standard capabilities 
available in debug tools include the abil-
ity to perform source tracing, waveform 
viewing, schematic viewing, and value 
annotation on any of the design views. If 
available, expected data based on golden 
simulation results can help narrow down 
an error’s root cause by highlighting dif-
ferences with actual silicon data. 

Case studies
For a set of typical use cases, we measured 
the effectiveness of the data-expansion 
method. We selected modules of two real 
designs and dumped out all register val-
ues and input values of the designs. Then, 
we applied the data-expansion capability 
available in the Novas Siloti SilVE vis-

The interest in using a structured and standard DFD methodology is 
growing as evidenced by the tripling in registration for the 2005 Silicon 
Debug and Diagnosis Workshop compared to that for the inaugural event 
in 2004. (The workshop is held in conjunction with the International Test 
Conference). In response to this interest, several vendors are develop-
ing commercial solutions that support emerging DFD methodologies. 
The reuse of existing DFT techniques such as scan chains and the TAP 
is a DFD methodology that can be readily adopted. With over half of all 
designs now outfitted with an IEEE 1149.1-based TAP, and more than 80% 
of designs containing scan chains, a DFD methodology reusing these test 
structures offers a viable option for most design teams.

We, therefore, foresee that cooperation between silicon manufacturers 
and electronic design automation (EDA) vendors will lead to industry-
wide standardization in the area of silicon debug. This standardization will 
provide the catalyst for EDA vendors to develop tools that generate the 
DFD logic and automate its inclusion in a chip design. The industry also 
needs a standard format for sharing debug data among debugger tools, 
and the IEEE has begun such standardization activities through its P1687 
and P1149.7 working groups.

Bart Vermeulen, Yu-Chin Hsu, and Robert Ruiz

The future of DFD methodologies
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SEMICONDUCTOR TEST

ibility enhancement tool to calculate the 
missing values. Table 1 shows the results. 

While the size of the circuits varied 
significantly, the percentage of observ-
able signals did not. The observable sig-
nals ranged from the mid-90s to 100% 
of all the signals. With this methodology, 
you can observe nearly all of the signals 
by dumping out only a limited num-
ber of registers and primary inputs for 
data expansion. This methodology also 
keeps the area impact to a minimum by 
leveraging already existing design-for-
test (DFT) resources that would other-
wise be idle during system-level debug.

Overall our approach br idges the 
traditionally separate environments of 
chip designers and silicon-validation en-
gineers. The DFD logic can be readily 
used on all digital chips. The application 
allows engineers to share knowledge 
from both domains to find and resolve 
design errors in silicon more quickly and 
easily, yielding shorter time-to-market 
and higher product quality. T&MW

Bart Vermeulen is senior scientist at NXP 
Semiconductors, founded by Philips. He 
has more than nine years of experience in 
SOC test and debug working for Philips Re-
search, where he was involved in the defini-
tion and development of the debug strategy 
for a number of large Philips system chips. 
He has published more than 25 conference 
papers and holds two US patents on the 
topic of SOC debug. Vermeulen holds an 
MS degree from the Eindhoven University 
of Technology, the Netherlands.

Yu-Chin Hsu, VP of RD at Novas Software, 
is former head of the synthesis product line 
at Avant!. Hsu has over 16 years of R&D 
experience in EDA and has held faculty posi-
tions at the University of California and Tsing 
Hua University in Taiwan. Hsu holds a BS 
degree from Taiwan University and a MS de-
gree and PhD from the University of Illinois.

Robert Ruiz is senior product marketing 
manager at Novas Software. Prior to join-
ing Novas, he held various marketing and 
technical positions for the verification and 
test-automation product groups at Synop-
sys and Viewlogic Systems. He also has 
experience as an ASIC designer. Ruiz has 
a BSEE from Stanford University.
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Scan technology is essential for 
testing the digital content of 
large-volume devices. By using 

scan, you can make the device itself re-
sponsible for some of the “test” chores, 
and you can shorten the time needed for 
automatic test pattern generation. The 
key to setting up a successful scan-test 
operation is deciding exactly how much 
scan compression an application needs. 

In scan-test mode, scan structures 
allow each sequential gate to be concat-
enated with other sequential gates and 
configured as a long shift register called 
a scan chain. Each sequential gate can 
be loaded with a predefined value and 
treated as a control point. 

Once the device captures values into 
the sequential elements, an automated 
tester can enable scan test and “observe” 
results. Instead of trying to create patterns 
for a complex sequential circuit, all sequential gates 
behave as control and observe points. Overall, the 
test problem is reduced to testing the small blocks 
of combinational logic between the sequential 
gates. Scan simplifies the test problem enough that 
automated test pattern generation (ATPG) tools 
can quickly and efficiently create test patterns.

Increases in test volume
Historically, as devices grew in gate count, scan 
test data volume and application time grew as well. 
A device that contains twice as many gates as the 
previous generation has scan chains that are twice 
as long, unless more scan chains are added. This is 

due not only to larger designs but also to the ad-
ditional pattern types necessary to detect newer 
defect mechanisms. At the same time, these larger 
designs are moving to more modular and hierar-
chical design methodologies, creating the demand 
for fewer test signals from each circuit block.

As a result of the emergence of new fabrica-
tion technologies, standard stuck-at scan tests 
are no longer sufficient. Many companies have 
seen significant growth in the number of timing-
related defects at 130 nm and below. At-speed 
scan testing has become necessary to detect this 
growing population of defects, but unfortunately, 
the most popular approach for at-speed scan re-
quires a more complex pattern. 

RON PRESS AND JAY JAHANGIRI, MENTOR GRAPHICS

Detected
defects

Detected
defects

Defect population
changes

Gate count grows,
pattern size increases

At-speed
tests

Defect population

Traditional
patterns

Timing and
other defects Timing 

defects
Other defects

Fab process changes
for 130 nm and smaller

FIGURE 1.  New tests related to timing are needed to cover new defects intro-
duced by fab process changes.

ATE

Does compression need to be 100 times better to support 
ever-increasing test-data volume and application time?

COMPRESSION
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The most desirable application of at-
speed scan test involves loading values 
into the scan chains at a slow clock rate 
and then applying two cycles at the sys-
tem clock frequency. At-speed patterns 
can use internal PLLs for the at-speed 
launch and to capture pulses to provide 
accurate clocking. Because two cycles are 
required in the functional mode of these 
tests, at-speed scan patterns 
are typically three to five 
times larger than a stuck-at 
pattern set. Note that ATPG 
tools can support at-speed 
scan tests that are simpler 
and require fewer patterns—
these are called launch-off-
shift patterns. Such tools im-
pose more design constraints, 
however, and will test more 
nonfunctional logic, possibly 
reducing yield.

In addition to using at-
speed scan testing, some 
companies are starting to 
apply tests that target spe-
cific types of defects or the 
physical locations where 
certain defects are most 
likely to occur. One new 
pattern type statistically targets bridge 
defects that may have escaped stuck-
at pattern tests. The idea is to detect a 
fault at each gate terminal multiple times 
while randomly changing how the fault 
is detected. This pattern type is referred 
to as multiple-detect pattern and can be 
created for stuck-at and transition faults.

Another new family of tests is based 
on targeting physical locations within the 
device layout database (GDSII) to iden-
tify the most likely defect locations. Since 
these tests use design-for-manufacturing 
(DFM) layout rules to identify the likely 
defect locations, they are often called 

DFM-based fault model tests. The first 
such fault model to be used is based on 
bridge extractions, and some manufactur-
ers are using a combination of multiple-
detect patterns and deterministic bridge 
extraction patterns (Figure 1). 

As fabrication technologies evolve, test 
application time and test data volume are 
drastically increasing just to maintain test 

quality requirements (Figure 2). For ex-
ample, new tests require:

• greater than 2X the test time to han-
dle devices that double in gate count 
but maintain the same number of scan 
channels,

• 3X to 5X the number of patterns to 
support at-speed scan testing for the grow-
ing population of timing defects at 130-
nm and smaller fabrication processes, and

• 5X the number of patterns to handle 
multiple-detect and new DFM-based 
fault models.

This equates to a minimum of 10X 
compression for increased design sizes 

and at-speed test patterns just to main-
tain quality and tester throughput. If 
newer multiple-detect or DFM-based 
fault models are added, then the test time 
will increase to 20X. 

Thus, the starting point is 10X com-
pression just to maintain tester through-
put and 20X if new fault models are 
used, which becomes 40X if the next 

design doubles in size. If 
you consider reducing the 
block-level routing and 
top-level scan pins by 5X, 
that means you need 5X 
more compression on top 
of the existing compres-
sion. Supporting multisite 
testing or DFM-based 
fault models will triple the 
compression requirements 
at a minimum. A major 
benefit of compression is 
to reduce test pin count, 
which is a major cost ben-
efit at manufacturing. As a 
result, some companies are 
already looking for com-
pression well beyond 100X 
tester cycle reduction.

Test-compression techniques
A few important factors to consider with 
any compression technique are:

• the amount of compression possible,

• the scalability of compression (does 
the compression technique work with 
various design sizes, with few or many 
scan channels, and with different types of 
designs?),

• the robustness in the presence of X 
states (can the design maintain compres-
sion while handling X states without 
losing coverage?), and

• the ability to perform diagnostics 
of failures when applying compressed 
patterns.

Popular scan techniques include 
Illinois Scan, a technique that involves 
connecting many internal scan chains to 
a common scan channel, and embedded 
deterministic test (EDT), which employs 
a combination of approaches to provide 
high compression while working in the 
presence of X states. The input side is 
called a continuous-flow ring genera-
tor (Figure 3). It is similar to a linear 
feedback shift register (LFSR) in that it 
can produce random data, but the device 
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FIGURE 2.  The number of tests and corresponding data volume 
increase with each new fabrication process technology.
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FIGURE 3.  The embedded-deterministic-test decompressor shown here employs a 
continuous-flow ring generator. 
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ATE

is used to decode compressed data with 
every shift of scan channel values. 

In Mentor Graphics’ EDT implemen-
tation (see the sidebar “Modular embed-
ded deterministic test” accompanying 
the online version of this article at www.
tmworld.com/2006_10), the initial ATPG 
process of determining which values to 
load into scan cells to detect as many faults 
as possible is exactly the same as in stan-
dard ATPG. This is true for any type of 
scan pattern. But if standard ATPG were 
used, it would use random values to fill 
up the unspecified scan cells that cannot 
improve targeted fault detection.

Instead, EDT processes the desired 
specified bits for the pattern and deter-
mines how to load them through the 
decompressor. When the resulting com-
pressed pattern is loaded through the de-
compressor, the specified bits get loaded 
into their respective scan cells. A side effect 
of the decompressor is that all the unspeci-
fied bits get loaded with random data. As a 
result, lots of tester cycles are saved by not 
having to specifically load random data.

In a tester using EDT, scan-chain 
outputs feed into a compactor. Several 
scan chains are XOR-combined into in-
dividual scan channels. Each scan chain 
only propagates to one gate with this 
configuration, which controls routing 
congestion. 

One of our most important consider-
ations when developing the EDT archi-
tecture was how to handle X states. Even 
if no X’s are present in the design, the 
design may still need to accommodate 
X’s when considering false and multi-
cycle paths for at-speed patterns. Other-
wise, there could be huge losses in test 
coverage and compression. 

The EDT compactor has a mask-
ing capability at each scan chain output 
(Figure 4). Masking is only used when a 
fault that was specifically targeted is dis-
rupted by an X propagating to the same 
scan channel. EDT determines when 
masking is needed automatically dur-
ing pattern generation. Values are loaded 
into the mask register during scan chain 
loading so no special tester protocol is 
needed. The decompressor treats the val-
ues as specified bits that are automatically 
solved during pattern generation.

In EDT, many internal scan chains are 
loaded through a small interface of sev-
eral scan channels. The ratio of internal 
scan chain to channels defines the maxi-
mum possible compression. EDT pro-
vides the following capabilities:

• very high levels of compression—many 
devices have been designed with effective 
compression in the 100X range;

• scalability—effective compression is 
possible with just one scan channel and 
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Table 1. Illinois vs. EDT scan effectiveness

DESIGN GATES METHOD COVERAGE VOLUME COMPRESSION

A 543k ATPG 98.83% 61M 1.0

Illinois 97.45% 2.8M 21.9

EDT 98.85% 1.3M 46.8

B 576k ATPG 98.71% 75M 1.0

Illinois 98.48% 2.1M 35.5

EDT 98.71% 1.3M 57.0

C 1.2M ATPG 97.06% 578M 1.0

Illinois 96.75% 10M 57.3

EDT 96.99% 7.7M 75.6

D 1.2M ATPG 99.88% 25M 1.0

Illinois 95.16% 2.7M 9.2

EDT 99.86% 0.8M 32.1

E 1.5M ATPG 99.04% 59M 1.0

Illinois 98.17% 2.8M 21.5

EDT 99.03% 1.6M 38.1

F 2.1M ATPG 98.86% 193M 1.0

Illinois 96.95% 11.7M 16.5

EDT 98.84% 4.3M 44.8 
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has been used in smart cards 
that have only a three-pin 
test interface;

• compressed pattern diag-
nostics;

• no loss of coverage in the 
presence of X states, mak-
ing possible the masking ca-
pability; and

• f lexibi l i ty—the EDT 
logic is only based on the 
number of scan chains 
and works as a transform 
function (with no need to 
change the EDT logic due 
to core design changes as 
long as the number and interface to scan 
chains remains constant).

To demonstrate the compression value 
of EDT technology, we evaluated six de-
signs using both ATPG without compres-
sion, EDT, and Illinois Scan (Table 1) with 
the same scan-chain-to-channel ratio on 
the input side. For accurate comparison, 
no compaction was used on the output.

We found that the highest coverage 
using standard ATPG was reached by 
EDT for all six designs. Also, the EDT 
compression ratio (normalized for the 
coverage achievable by Illinois Scan) is 
noticeably better. As a result, a design 
configured with EDT compression logic 
can accommodate more patterns of vari-
ous types within the same tester data 

volume and test application 
time. Even greater com-
pression can be achieved 
by using the EDT compac-
tor on the output that is 
capable of masking un-
known states. Using a com-
paction technology without 
masking can result in huge 
coverage loss and lower 
compression. T&MW

Ron Press received a BSEE 
from the University of Mas-
sachusetts and has worked 
in the test and built-in test 

industry for more than a decade. He is 
the technical marketing manager for the 
Mentor Graphics design-for-test division 
in Wilsonville, OR.

Jay Jahangiri is a technical marketing 
engineer for Mentor Graphics’ design-for-
test products. He worked as a DFT engi-
neer for Texas Instruments and Raytheon 
before joining Mentor Graphics in 2000. 
He has a BSEE and an MBA.
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FIGURE 4.  An EDT compactor can mask unknown states from dis-
rupting fault detection.
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Moog
As test equipment lead for the remote electronic 
units (REUs) at Moog, a manufacturer of control 
products for the aerospace industry, Pavan Bathla 

is responsible for estimating the time, cost, level of automation, 
resources, and skill sets required for testing. He chooses the 
tools and platform, architects the hardware and software, and 
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Due to the production volumes on the REU, Bathla chose what 
he calls an asynchronous concurrent and reject test strategy, 
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initial failure detection. This strategy provides the highest possi-
ble throughput and device utilization, thereby saving his com-
pany time and money. He demonstrated expertise in the archi-
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both the Windows and PXI-real-time operating systems to all 
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simulation.

In addition, he has led the test software philosophy team for his 
division and has spearheaded user group meetings. Bathla main-
tains a blog called Synergy Energy, which is his channel for shar-
ing knowledge and collaborating with counterparts in the industry. 
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Jay L. Bucher
Promega

Currently manager, metrology services, at Pro-
mega, a maker of products that help researchers 
in the life sciences, Jay Bucher boasts a lengthy 

career in testing—including 24 years working in US Air Force cali-
bration laboratories. Many of Bucher’s efforts have benefited the 
worldwide metrological community. For example, he helped cre-
ate the American Society for Quality (ASQ) Certified Calibration 
Technician (CCT) Program and is a subject matter expert for 
exam questions.

 Bucher is editor and co-author of The Metrology Handbook
and A Quality Calibration System: Developing and Managing a 
Calibration Program, both issued by ASQ Quality Press. He is 
also the managing editor and publisher for the ASQ metrology-
focused quarterly publication, The Standard, and he has pub-
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T
esting is the cornerstone of success-
ful development and manufacturing 
for any electronic component, sys-
tem, or end product. Without test-
ing, quality is just a dream. The test 

engineer builds in quality—from design to 
production—and often plays a critical role in 
identifying in-service issues or introducing 
product improvements.

To recognize the vital role that the test en-
gineer plays and to salute the creativity and 
hard work that goes into making products 
safer, more reliable, and more economically vi-
able, Test & Measurement World announces its 
fourth annual Test Engineer of the Year com-
petition. Thanks to the generosity of the award 
sponsors—Agilent Technologies, Keithley In-
struments, and National Instruments—the 
winning candidate will designate a $30,000 
donation to an engineering school. 

From the many engineers who have been 
nominated for this award over the past few 
months, our editors have selected six individu-
als as the finalists, which we first announced in 
our September issue. There’s still time for you 
to cast your vote (using our online ballot) be-
fore the November 3 deadline. When review-
ing the summaries of the finalists’ accomplish-
ments, please consider both their on-the-job 
skills as well as their overall contributions to 
the test field and the industries they serve. 

Test & Measurement World will present the 
2007 Test Engineer of the Year award at our 
“Best in Test” gala during the 2007 APEX 
Show (February 20–22, 2007, Los Angeles 
Convention Center). In addition, the cover 
story of our March 2007 issue will profile the 
winning engineer.

AWARDS

  Vote for the 2007 
TEST ENGINEER 

of the Year
Our editors selected six fi nalists for this annual award. 

To help choose the winner, cast your ballot by November 3.

DEADLINE: NOVEMBER 3, 2006 
WWW.TMWORLD.COM/TEOTY

THERE’S STILL TIME TO VOTE! 
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lished several papers and made a number of presenta-
tions to professional groups.

Over the years, Bucher has served as a division officer 
for ASQ Measurement Quality Division (MQD) in several 
capacities and currently is MQD treasurer. He has orga-
nized and coordinated a new section in Wisconsin for the 
National Conference of Standards Laboratories Interna-
tional (NCSLI) and currently is the North Central Regional 
Coordinator for NCSLI. Bucher is a recipient of the Max J. 
Unis award, which honors outstanding contributions to the 
metrological community and is the highest recognition 
available from ASQ MQD, and he also received the NCSLI 
2005 Region/Section Coordinator of the Year Award.

RF TEST

Stephen J. Cousineau 
Skyworks Solutions

Stephen Cousineau is RF production test 
development manager at Skyworks Solu-
tions, a maker of radio solutions and preci-

sion analog semiconductors. He works exclusively in the 
production test environment, where even a few millisec-
onds of test time savings is important. 

While the ATE systems at the company were able to 
perform parallel RF testing and the test handlers could 
perform multisite testing, these capabilities were not 
being used because of two technical road blocks. First, 
the tester did not have sufficient RF resources to address 
all of the I/O ports on a cellular phone transmitter (TX) 
front-end module in a multisite mode. Second, because 
the load board was of hard-dock design, it was impossible 
for engineers to create a load-board layout that did not 
compromise one of the sites for RF measurements. 

Cousineau found the key was expanding the capability 
of the RF test head through the use of an internally de-
signed RF multiplexer containing switching, filtering, 
coupling, and amplification. The new RF multiplexer is 
housed in a fixture that mounts to the test head and soft 
docks (with flexible RF cables) to the test handler. Custom 
test code calibrates and controls the RF multiplexer. With 
this new system, test time has been cut in half and 
throughput has been doubled. 

ENVIRONMENTAL TEST

Clayton Forbes
National Technical Systems

Clayton Forbes is the senior dynamics en-
gineer for NTS, an engineering and testing 
services provider. As the program man-

ager on a qualification and acceptance test program for 
engine hose assemblies manufactured by Smiths Aero-
space for the Space Shuttle, Forbes worked closely with 
Smiths Aerospace, Boeing, and the United Space Alliance 
to enable a tight deadline to be met on leak, flow, pres-
sure, and burst testing. When the USS Nimitz aircraft car-
rier required vibration testing on an onboard file server for 
the storage of aircraft technical data, Forbes answered the 
challenge, designing a test fixture to accommodate the 
7.5x6x3.5-ft, 3770-lb file server.

In addition to his lab work, Forbes supports customers 
in aerospace, defense, transportation, electronics, and 
telecommunications, in both the US and Europe, provid-

ing training and consulting services on product design for 
compliance and reliability. He takes an active role in the 
development of standards as a participant in the GR-63-
CORE Issue 3 and MIL-STD-810G working groups and in 
the ANSI T1.E1 committee developing compliance stan-
dards for telecommunications equipment. Internally, 
Forbes provides training in dynamics theory and test trou-
bleshooting, enabling best practices to be deployed 
across the NTS network.

COMMUNICATIONS TEST

John Gmitter
Harris
John Gmitter is a lead test engineer in 
Harris Corp.’s RF Communications Divi-
sion, which designs and manufactures se-

cure radio systems. Gmitter and his team needed to cre-
ate a “next generation” test platform that would consume 
less floor space, reduce test times, cost less, and be ex-
pandable for increasing throughput. 

In particular, the engineers needed to move away from 
a set of test instruments that was no longer going to be 
supported by the manufacturer. Gmitter and his team 
evaluated multiple platforms and hundreds of instruments 
and ended up developing a modular hardware platform 
and software architecture that allowed instruments to be 
interchanged. The architecture supports parallel testing 
and high instrument utilization. The system, which is built 
from off-the-shelf hardware and software, can incorporate 
additional instruments when required. The project accom-
plished all of the stated goals and is expected to give 
Harris a competitive advantage. 

SEMICONDUCTOR TEST

Eric R. Ramelli
Philips Semiconductors
A senior test engineer at Philips Semicon-
ductors, Eric Ramelli has a strong knowl-
edge of the Credence Vista series and the 

Agilent 93K testers, and he has become a valued mentor 
for other engineers. He has also helped solve problems 
when the company has encountered tester limitations. In 
one case, Ramelli created binning on the ATE to help the 
production facility pinpoint tester issues. One product being 
tested required a resistive measurement of 10 �. Such small 
values are difficult to measure due to factors such as tester 
driver resistance, socket resistance, and contact resistance. 

Once an accurate measurement procedure was devel-
oped, Ramelli needed to help the production facility de-
termine when the tester hardware was generating incor-
rect measurements that were causing good parts to fail, 
such as when a dirty socket added contact resistance. 
These complications needed to be caught quickly to pre-
vent the rejection and disposal of good parts. Ramelli 
helped devise many methods—such as a delta resistance 
calculation between pins—that enabled the test floor to 
pinpoint troubles. He also developed a test program to 
allow a microcontroller to trim out its internal RC oscillator 
circuit. Older methods had extreme test time, which con-
sumed resources. The new test method allows a square 
wave to be used for comparison purposes to generate the 
value to be used in the program. T&MW
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promo.us.yokogawa.com and enter key code ADA611

Tektronix is a registered trademark of Tektronix, Inc. Not an actual customer picture or quote.
Information on the DPO4000 was gathered from www.tek.com, the DPO4000 Data Sheet and the DPO4000 User's Manual

Memory partitioning

Zoom window(s)

Input low-pass filters

Math channel(s) 

Analysis windows

Serial bus analysis
(CAN, I2C and SPI)

View, replay, save, search and 
analyze up to 2,000 waveforms

2 windows (zoom time
and/or voltage axes)

13 filters: from 200 MHz to 8 kHz

4

2 windows: X-Y display, FFT    
(frequency), waveform parameter 
trending and histograms, 
waveform accumulation 
histograms, serial bus analysis

View data tables from 2 buses 
together, in real-time

None

1 window 
(zoom time axis only)

2 filters: 250 & 20 MHz

1

1 window: 
Serial bus analysis only

View the data table of 
only 1 bus at a time

Yokogawa DL9000 Tektronix DPO4000

The flexibility of History Memory and the other advanced features of Yokogawa’s 
DL9000 series digital oscilloscopes help me quickly locate waveform anomalies, 
troubleshoot problems and analyze waveform behavior.  Tek’s DPO4000 series 
doesn’t have all the features I need.

Yokogawa DL9000 Series:

• Bandwidth: 500 MHz, 1 or 1.5 GHz

• Max Sampling Rate: 10 GS/s

• Max Memory: 6.25 Mpoints/channel

• Price: starting at $9,295

Yokogawa Corporation of America
yokogawa.com/tm
800-888-6400

Want to know why
I bought a Yokogawa Scope?
Want to know why
I bought a Yokogawa Scope?
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Digitizers offer three channel counts
For digitizing applications that require high-speed 
sampling and data streaming, you can use the UF2-
3130 series of digitizer cards from Strategic Test. The 

12-bit, 25-Msam-
ples/s cards come 
with two, four, or 
eight channels. 
They use a 66-
MHz PCI-X bus to 
stream data at 
225 Mbytes/s to 
the standard 64 
Mbytes of mem-
ory (4 Gbytes are 
optional).

The cards let 
you adjust sample rate so you can maximize memory 
use when you don’t need to sample at full speed. Each 
channel has its own amplifier and ADC, which means 
you can sample all channels simultaneously. The UF2-
3130 series features options such as gated triggering 
and four TTL digital inputs per analog input. Thus, you 
can read digital status signals synchronously with ana-
log measurements.

Software support includes drivers for Windows and 
Linux. Optional drivers for Matlab, LabView, Vee, Dasy-
lab and LabWindows/CVI are also available. 

Prices: two channels—$4690; four channels—$6190; 
eight channels—$10,390. Strategic Test, 
www.strategic-test.com.

Aeroflex adds 
software update 
to 2975 test set
Aeroflex has an-
nounced a new soft-
ware version—Release 
1.9.2—for its 2975 
Project 25 radio test 
set. The new software 
adds eye-diagram 
functionality for P25 

waveform analysis. With this diagram, users can quickly 
see the C4FM (compatible four-level frequency modu-
lation) deviation points as well as any offset or imbal-
ance in the four frequency levels corresponding to 
C4FM modulation (±600 Hz and ±1800 Hz). This new 
eye diagram feature is included in Option 2975OPT30 
Modulation Analysis and is free of charge.

In addition, Release 1.9.2 has a new configuration 
to simplify the ordering of LSM testing options. Op-
tions 11 (LSM/Phase 2) and 13 (LSM Advanced/P25 

Phase 2 Advanced) have now been combined into a 
single option—the 2975OPT29 CQPSK (compatible 
quadrature phase shift keying) Generate/Receive and 
Analysis option, which provides tests for linear simul-
cast modulation.

The 2975 is a digital radio test platform that tests 
radio equipment to ensure proper operation to vari-
ous Project 25 standards (www.p25.com), including 
parametric testing for compatible four-level fre-
quency modulation and interoperability testing of 
P25 systems.

Base prices: 2975—$21,495; Release 1.9.2—free; 
2975OPT30 Modulation Analysis option—free; 
2975OPT29 CQPSK Generate/Receive and Analysis 
option—$8000. Aeroflex, www.aeroflex.com.

USB data-acquisition modules 
take power from bus
National Instruments has ex-
panded its USB line of data-acqui-
sition modules by introducing four 
bus-powered modules that feature 
the performance of the company’s 
M series instruments. The new 
USB-621x series also increases 
sampling rate for the company’s 
bus-powered USB modules from 
50 ksamples/s to 250 ksamples/s 
with 16-bit resolution. All models 

in the series include two 32-bit counter-timers for fre-
quency measurements, timing, and totalizing. The 
USB-6215 and USB-6218 have analog inputs with 60-V 
isolation. 

National Instruments, www.ni.com/usb.

Genesys 2006.07 addresses ease of use
Agilent Technologies has updated its Eagleware prod-
uct line with the release of Genesys 2006.07, a new 
version of the company’s RF and microwave design 
software. The enhanced optimization in Genesys 
2006.07 includes improved modeling for faster solu-
tion convergence. 

The new release supports eye diagrams to help with 
the analysis of complex RF modulated signals and to 

PRODUCTUPDATE

 ANALOG DIGITAL ANALOG
MODEL INPUTS  IN/OUT OUTPUTS PRICE

USB-6210 16 4/4 none $499

USB-6211 16 4/4 2  $699

USB-6215 16 4/4 2 $899

USB-6218 32 8/8 2 $1099
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help determine the effects of digital-
signal interference. New examples 
and learning tools are also included, 
such as tutorials to help with creat-
ing datasets, with scripting, and with 
equation writing.

Base price: $5000. Agilent 
Technologies, www.agilent.com/
find/eesof.

SONET/SDH modules
Exfo has added optical transport 
network (OTN) testing to its IQS/
FTB-8120 and IQS/FTB-8130 Trans-
port Blazer SONET/SDH test mod-
ules. The IQS/FTB-8120 (2.5 Gbps) 
and IQS/FTB-8130 (10 Gbps) com-
bine SONET/SDH, next-generation 
SONET/SDH, and now OTN testing, 

as defined in 
ITU-T G.709, 
in a common 
platform to 
help stream-
line customers’ 
testing needs.

The OTN 
software op-
tion runs on 
the IQS-500 
test system for 
manufacturing 
and R&D test 
applications. It can also be used with 
the FTB-200 compact platform and 
the FTB-400 universal test system to 
ensure coverage of a wide array of 
test and measurement applications, 
ranging from R&D verification to 
field turn-up and troubleshooting. 
It includes forward error correction 
(FEC) generation and analysis, as 
well as support for all OTN layer 
alarms and errors. The OTN soft-
ware supports both OTU1 (2.7 
Gbps) and OTU2 (10.7 Gpbs) test 
rates. 

Exfo Electro-Optical Engineering, 
www.exfo.com.

Vector signal generator
The p1411A RF vector signal gener-
ator from PrecisionWave features a 
spectrum-analyzer display along 
with an internal IQ waveform gen-
erator. The instrument is available 
in benchtop or ATE configurations. 
Serving the 800-MHz and 1700-
MHz cellular bands, the p1411A 
produces EDGE, GSM, IS-95, 
NADC, PHS, WCDMA, and CW 
signals. User-created IQ waveforms 
can generate other signal types, 
specify data content, or create 
worst-case signal scenarios for de-
velopment and test of RFICs, subas-
semblies, or completed wireless 
products.

PrecisionWave’s spectrum analyzer 
display continuously shows the in-
strument’s output without necessitat-
ing the use of an expensive external 
spectrum analyzer. A 7-in. TFT dis-
play includes a touch panel for easy 
instrument control without external 
mouse, stylus, or keyboard, though 
these may be connected. The instru-
ment supports LAN programming of 
automated R&D or  manufacturing 
applications within the Microsoft 

PRODUCTUPDATE

Be Prepared
ATEasy – All The Tools You Need
Combining a test development environment and test 
executive into one integrated, complete package, ATEasy’s
open architecture offers all the tools necessary to develop 
and maintain software components—from instrument 
drivers to complex test programs.

Full-featured Runtime & Development Environment 
Seamless integration of DLL, .h files, ActiveX/Com,
.NET, and IVI components
Fast and easy integration or migration of LabView 
and LabWindows/CVI code

 Supports GPIB, PXI, VXI, PCI, TCP/IP, and
 RS-232 interfaces

 VB-like form editor for creation of GUIs
 Supports royalty-free, run-time executables

Flexible Test Executive
 Full control of test execution, sequencing,

 debugging and data logging
 Customizable user interface
 Integral touch panel user interface
Fault analysis module to troubleshoot and fix UUTs

As a seamless rapid application development framework
for functional test, ATE, data acquisition, process control,
and instrumentation systems, ATEasy contains all the tools
you need in one integrated package. No other software 
package offers the value and versatility of ATEasy!

www.geotestinc.com

To find out how ATEasy can help you be 

prepared, go to www.geotestinc.com and

download a free 30-day evaluation copy.

Download now!
www.ateasy.net
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wide- and narrow-band or peak and 
rms sensors without external filters. 
The leveling head maintains preci-
sion and noise immunity over a 
–130-dBm to +24-dBm range. The 
standard head has 50-� character-
istic impedance with 75-� as an 
option. 

Fluke, www.fluke.com.

Serialization support
BPM Microsystems has announced it 
has added support for device serial-
ization using FX4 and FX2 socket 
modules. This serialization feature 
was integrated with the release of 
BPWin 4.62 to accommodate what 
the company calls the increased de-
mand for enhanced 7th generation 

Visual Studio or Microsoft Visual Stu-
dio .NET environments. The instru-
ment may also be controlled and 
monitored from Web applications.

Base price: $9990. PrecisionWave, 
www.precisionwave.com.

Time and frequency 
receivers
Symmetricom now offers its XLi and 
XLi SAASM Series of GPS synchro-
nized time and frequency receivers 
with an HTML Web interface that im-
proves the net-centricity of the in-

struments by providing a remote 
graphical user interface. The Web 
interface, which will come standard 
with all units, simplifies access to 
status, configuration, control, and 
support of the product.

The company is also offering Win-
dows-based time monitor software 
that performs automatic collection 
of time and frequency measure-
ments, as well as a wide range of 
time and frequency computations, 
including frequency offset, drift, sta-
bility (Allan Variance), MTIE/TDEV 
wander, phase deviation, and more. 
In addition, the time monitor soft-
ware allows easy plotting of data 
with a choice of five different graph 
types and supports numerous tele-
com masks (ITU-T, ANSI, ETSI), 
which can be overlaid on the plot.

Symmetricom, 
www.symmetricom.com.

RF reference source
Fluke has released the 9640A RF 
reference source that covers 10 Hz 
to 4 GHz with a best level accuracy 
of ±0.05 dB. The source combines 
level precision, dynamic range, and 
frequency span in a single unit in 
order to calibrate a wide range of 
RF test equipment. 

Fluke’s MET/CAL automatic cali-
bration-measurement software sup-
ports the source with a range of 
common RF workload procedures. 
The source outputs a pure sinewave 
to eliminate differences between 

PRODUCTUPDATE

I N T R O D U C I N G  T H E

Discover the new standard in LED color
and intensity testing - Ultra FINN 

1-877-551-4129       
www.testcoach.com

™
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device-programming technology. 
Previous versions of software al-
lowed for device serialization using 
only single-socket modules. 

All algorithms added to future 
BPWin software releases will sup-
port this new feature, although cus-
tomers seeking FX4 and FX2 de-
vice-serialization support for 

algorithms released prior to BPWin 
4.62 will need to enter a device re-
quest through BPM’s Web site. All 
7th generation customers with a 
current software support contract 
can download the latest software 
version.

BPM Microsystems, www.
bpmmicro.com.

Stereo vision system
Designed as a drop-in replacement 
for its predecessor, the Bumblebee2 
stereo vision camera system from 
Point Grey Research acquires 48 
frames/s at a resolution of 640x480 
pixels (VGA) or 18 frames/s at a res-
olution of 1024x768 pixels (XVGA), 
depending on the model. Both 
models come in color and mono-
chrome versions with a choice of 
3.8-mm or 6.0-mm focal length 
lenses.

The binocular Bumblebee2 em-
ploys two 1⁄3-in. progressive-scan 
CCD sensors and transmits both the 
left and right images to a PC via an 
IEEE 1394 interface. The system is 
precalibrated for lens distortions, 
and the left and right images are 
aligned within 0.05-pixel rms error. 
Calibration files are embedded in 
the camera allowing the supplied 
software to retrieve the image cor-
rection information.

The included Digiclops and Tri-
clops software development kits en-
able you to control camera settings, 
adjust image quality, and access 
real-time depth range images. Sam-
ple programs and source code are 
also included.

Point Grey Research, 
www.ptgrey.com.

Waveform viewer
The new M1 Waveform Viewer from 
Amherst Systems lets you capture 
data with different oscilloscopes and 
save it in a common format for plot-
ting and analysis. The software 
makes it easy to share your data with 
colleagues or customers who use a 
different scope.

Using the M1 Waveform Viewer, 
you can capture data from scopes 
made by Agilent Technologies, 
LeCroy, Tektronix, and Yokogawa. 
You can save the data in comma-
separated variable (CVS), Microsoft 
Excel (XLS), or Agilent BIN format, 
and you can analyze the data without 
importing it into Excel or other pro-

PRODUCTUPDATE
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Meet the DMM that 
takes testing to a 
whole new level.

©2006 Fluke Corporation. All rights reserved. Ad 01977

The NEW Fluke 8845A and 8846A 
6.5 digit precision multimeters deliver 
all the functions you expect in a DMM 
and more. First, you’ll fi nd high levels 
of performance and accuracy: 
• Analog performance up to 24 ppm 
• Wide current range from 100 µA to 10 A
• Wide ohms measurement ranges—

10 Ω to 1 GΩ

You’ll also fi nd a wealth of built-in, 
easy-to-use extra features, such as: 
• Temperature, capacitance, period, and 

frequency measurements
• 2 x 4 wire ohms to make precision 

4-wire measurements with just two leads
• A dual readout graphical display with 

histogram and trending analysis
• A USB memory port to easily transfer 

and archive test data
• Multiple connectivity options including 

RS-232, IEEE-488.2 and Ethernet

Whether you choose the 8845A or 
8846A, you’ll fi nd a whole new level of 
performance and value.

Fluke. Keeping your world   
up and running.

For more information about 
the new Fluke 8845A/8846A 
Precision Multimeters, go to
www.fl uke.com/884x
or call 1-800-44-FLUKE.

View results in Histogram mode to reveal stability or noise 
problems in analog circuits.

Use the built-in TrendPlot paperless chart recorder to 
graphically identify the extent of drift and intermittent 
events in analog circuits.

Handle even the most demanding measurements with high 
accuracy and 6.5 digit resolution. 

Discover high 
levels of perform-
ance, accuracy, and 
usability with the 
new Fluke 8845A 
and 8846A DMMs.
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grams. Analysis features include 
automatic pulse-parameter measure-
ments, multi-acquisition analysis, 
multi-acquisition statistics, Lock-X-
axis, and global markers.

The software’s data-source win-
dow lets you navigate and analyze 
multiple waveforms simultaneously 
from different sources. Its user in-

terface is a simplified enhance-
ment to the company’s M1 Oscillo-
scope Tools. Thus, you can use a 
common user interface regardless 
of oscilloscope.

Price: The M1 Waveform Viewer 
was initially offered as a free down-
load, but the company reserves the 
right to charge for downloads with-

out notice. List price is $145. Am-
herst Systems, www.Amherst-Sys-
tems.com/M1_WV.html.

Insulation testers
Megger’s family of eight insulation 
testers offers test voltages from 10 V 
to 1000 V for installation, mainte-
nance, service, and repair work in 
the electrical, power, and telecom-
munications industries. Each instru-
ment features dual digital and ana-
log arc displays 
that simultane-
ously show both 
the measurement 
result and the ac-
tual test voltage 
being delivered.

To meet low-
voltage insulation 
testing require-
ments, the instru-
ments deliver test 
voltages from 10 
V to 100 V select-
able in 1-V incre-
ments. They also include an insula-
tion resistance measurement range 
that extends from 20 G� to 200 G�, 
with the option to display the insula-
tion test voltage or leakage current 
on the secondary display.

Measurement of cable distance 
by capacitance is included on two 
of the models, providing a conve-
nient cable length test. Some mod-
els also furnish timed insulation 
tests for polarization index and di-
electric absorption ratio measure-
ments. A 200-mA continuity mea-
surement is available with 0.01-� 
resolution for fast, accurate cable 
resistance measurements. All units 
conform to IEC1010-2 for Category 
IV 600-V applications. 

Megger, www.megger.com.

Ready-to-run DAQ 
software
A new software application from 
Data Translation can help you ac-
quire data from the company’s USB 
or PCI data-acquisition products. 
With the .NET-compatible quick-
DAQ, you can acquire and plot data 
in real time at acquisition rates up to 
2 Msamples/s. 

The software lets you specify input 
channels and how to display data 

PRODUCTUPDATE

“I CAN MEET WITH 
SEVERAL SUPPLIERS      
 A DAY.”

®

®

and the DESIGNERS SUMMIT

Tuesday – Thursday
FEBRUARY 20 – 22, 2007   
Los Angeles Convention Center

FOR MORE INFORMATION   
contact 877-472-4724 (US/Canada) or
shows@ipc.org
www.GoIPCShows.org

Suppliers, services, OEMs, new 
products and technologies, new 
contacts and old friends. IPC 
Printed Circuits Expo®, APEX®

and the Designers Summit bring 
together all segments of the 
industry with a full program of 
technical sessions, courses and 
plentiful networking opportunities 
on and off the show fl oor.

Mario is in regular contact with his 
many suppliers who are spread 
throughout the world. But he rarely 
sees them.

“The phone and Internet work well, but 
they can’t replace face-to-face contact,” 
he says.“ Attending APEX/IPC Expo 
allows me to have several meetings with 
suppliers in a single day and achieve 
great utilization of my show time.”

Mario Dion
Senior Project Manager
Solectron EMS Canada Inc.

It’s MY Show!
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Go to www.tmworld.com/crossword to complete the crossword online 
and to view the puzzle’s solution.

Instrument Interlude

Register and complete the puzzle today to be eligible 
to win a FREE iPod!

DOWN

1 PC-Based Oscilloscope

3 Software emulation of 
certain behaviors

5 Number of years since
LabVIEW invention

6 Unwanted signals

9 Next generation, high-
bandwidth, high speed 
PC bus based on PCI

10 Instrument that measures
the viscosity of transpar-
ent liquids and gases

12 Revolutionary graphical
development software for
test, control, and design
applications

15 Deviation from an ideal
timing event often seen 
in clocks

17 Most commonly used 
control algorithm
(acronym)

ACROSS

2 Detector, kind of

4 Common Spectral
Analysis Algorithm
(acronym)

7 Sine, square, triangle,
and sawtooth are
examples

8 Run until structure for 
continous execution

11 PCI Extensions for
Instrumentation

13 Make or break an
electric circuit

14 Programmable logic 
hardware (acronym)

16 External stimulus that 
initiates instrument 
functions

18 Software used to 
easily connect to
instruments

19 LabVIEW-based 
function
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PRODUCTUPDATE

using numerical, graphical, or gauge 
readouts. You can view data in real 
time or store it for analysis later. You 
can also export data from quickDAQ 
into other applications such as Excel 
or Matlab for analysis.

When you install quickDAQ, you 
get a toolbar that provides access to 
measurement functions that let you 
operate your instruments and dis-
play data. To build an application, 
you drag and drop displays from a 
palette. You can enter mX+b factors 
to convert voltage readings from 
sensors into engineering units.

Price: $195. Data Translation, 
www.datatranslation.com.

Fax test tool 
FaxLab 6, the latest upgrade of 
QualityLogic’s fax interoperability 
test tool, adds 12 V.34 profiles and 
12 V.17 profiles for emulating multi-
function peripherals from a variety of 
manufacturers at various resolutions 
and compressions. With this release, 

GE
Energy

Meet the 
oscilloampspectrumtapescopealyzer! 
Forget the hassle of multiple boxes. With the all-new Bently Nevada™ ADRE® System,
we’ve packed the power of an oscilloscope, a spectrum analyzer, signal conditioners, 
amp racks, and even a fully digital recorder into one very small yet very powerful 
box—without any sacrifice in functionality.

Find out what all the buzz is about and why multichannel machinery 
data acquisition just took a quantum leap forward. 

Visit us online at www.ge-energy.com/oc/adre 

1631 Bently Parkway South
Minden, NV 89423
+1 (775) 782-3611

- View dynamic frequency changes over

time every 4 µs in real time
- FM: View modulation frequencies up to

50 MHz on up to 20 GHz carriers
- Analyze VCO settling, PLL responses

and more
- Analyze frequency hopping,

chirp radar, channel frequency droop
up to 20 GHz

- Powerful analysis:
Statistical distribution (histogram),
FFT analysis, smoothing

- Zero dead-time measurements:
period back-to-back, detect
phase jumps

- View Allan Dev and Modified

Allan Dev vs τ.

Pendulum Instruments
Experts in Time & Frequency Calibration, Measurement and Analysis

Phone: +1 510-428-9488 (US) or +46 8 598 510 55 (International)

www.pendulum-instruments.com Incorporating XL Microwave

- TimeView -

Modulation Domain Analysis

• Ultimate Frequency Analysis Tool
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AC POWER DISTRIBUTION & CONTROL SYSTEMS
Product is rack or strip mounted 
with: Circuit Breaker Protection, 
EMI/RFI Filtering, Spike/Surge 
Protection, Remote Power On/
Off, Remote Reboot, Emergency 
Shutdown, Redundant Power, 
Sequential Power Up/Down 
and Power Regulation. Agency 
approved systems. ISO9001:2000 
Certified.
Pulizzi Engineering, Inc.
E-Mail: sales@pulizzi.com 
Website: http://www.pulizzi.com 
Phone: 800-870-2248

THE BLUECAT® NEW HORIZONS® IN DATA 
ACQUISITION SYSTEMS 
features 120 Dilbert Cartoons and 
over 130 full color pages of the latest 
information and products for the DAS 
market from  USB Data Acquisition, 
Ethernet Data Acquisition, Signal 
Conditioners; Portable Dataloggers; 
Wireless Devices; and Plug-in 
Boards. Every product can be pur-
chased online.  Call, email or visit 
our website for more information.
OMEGA ENGINEERING, INC.
Tel: 203-359-1660
Email: info@omega.com
www.omega.com  

Why is dScope Series III
making waves in audio test?

Intuitive feature rich software

Accurate rapid results 

Responsive expert support 

These are some of the reasons why companies including Bose,
Blaupunkt, Mitac, Samsung, Philips and Sony are choosing dScope
Series III for their R&D, verification and production test needs.

Contact us for further information or to arrange a demo

www.prismsound.com
Email: sales@prismsound.com

+1-973-983-9577    
+44 (0)1223 424988

✔

✔

✔

…and surprisingly affordable at $11,305.00 

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

T1 E1 ANALOG BULK CALL GENERATOR
The most complete TDM emulator 
on the market. All interfaces - 2-wire, 
4-wire, T1, E1, T3 interfaces; All 
protocols - HDLC, ISDN, CAS, SS7; 
Any traffic - Voice, Digits, Tones, 
Fax, and Modem; and capacity to 
analyze and simulate thousands of 
channels - Automatic, Remote 
access, and Scriptable.
GL Communications Inc.
301-670-4784 x114 or
www.gl.com/bulk

OVER 5000 UNIQUE OPTICAL PRODUCTS 
WITH 5,000,000 IN STOCK! 
Low cost provider of commercial grade 
optics and optical equipment. Ideal 
for low volume, educational applica-
tions, prototype, research, start-up, 
initial run requirements and single 
unit application use. A line of 5000 
lenses, prisms, mirrors, windows, 
filters and accessories are available 
with 5,000,000 optics available for 
delivery. Call 1-856-573-6865, Email: 
TMW@AnchorOptical.com or visit 
www.AnchorOptical.com/TMW for 
FREE 92 page catalog devoted to optics.
Anchor Optics

FREE PULSE I-V MEASUREMENTS CD
Keithley’s Pulse I-V Measurement 
Guide CD is packed with useful 
brochures, data sheets, and applica-
tion notes on how to address char-
acterization challenges like new 
semiconductor materials, shrink-
ing device dimensions, and higher 
operating speeds without device 
self-heating problems. For a free 
copy, call 1-800-588-9238 (US only) 
or visit www.keithley.com/at/378

TestLit Review®
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FaxLab now emulates 151 V.17 and 
27 V.34 fax machines, multifunction 
peripherals, fax modems, and PC-
based fax software.

Using detailed statistical profiles 
and a comprehensive set of test 
calls, FaxLab plays back the behav-
ior of real-world devices, allowing 
you to replace a room full of fax de-
vices with software. FaxLab uses 
QualityLogic’s ChannelTrap, an ex-
ternal hardware device that gener-
ates and receives facsimile traffic. 
With additional ChannelTraps, Fax-
Lab can execute up to 32 fax calls 
simultaneously.

Other enhancements that can be 
found in Release 6.0 include im-
proved V.34 to V.17 fall-back and 
analysis capabilities, plus automa-
tion features that let you remotely 
select, start, and stop ChannelTraps; 
select and execute test calls using 
specified emulations; load and exe-
cute saved ChannelTrap test config-
urations, including call lists; log exe-
cution of test calls; and retrieve 
pass/fail and ITU Figure of Merit test 
call results. 

QualityLogic, 
www.qualitylogic.com.

Post-AOI sorting
Promation has introduced three new 
versions of equipment for sorting 
and rework after automated optical 
inspection is performed. To meet 
the needs of a variety of manufactur-
ing processes, 
this new series 
has been de-
signed to provide 
in-line sorting in 
configurations 
that meet each manufacturer’s in-
spection and sorting requirements.

The systems allow for a failed PCB 
to be lifted from the line for further 
inspection and rework, while the 
passed boards continue to travel un-
derneath. Each configuration offers 
varying degrees of buffering capa-
bility, as well as other features. 
Through a simple modified SMEMA 
interface, each system accepts pass 
or fail signals from the automated 
optical inspection system and then 
sorts accordingly. 

Promation, 
www.pro-mation-inc.com.

PRODUCTUPDATE
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SFL2500
FAULT 
LOCATOR ON 
COMPONENT 
LEVEL

Quickly finds faults in electronic equipment
units by analog signature analysis (ASA), 
for safe and effective testing.

DESIGNING AND MANUFACTURING!
Tel: +7 (4712) 54-54-17 (multi-channel)
Fax: +7 (4712) 56-35-50
www.sovtest.ru • info@sovtest.ru

FREE CD

Technical
Applications

and Product Information

www.DataLoggerSales.com
800-9-LOGGER

Introduction to Data
Logging

10 GHz Signal  Probing
Noise Free -  Hands Free
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DESIGNING SOLUTIONS.  CONNECTING TECHNOLOGY.  DELIVERING RESULTS.   SINCE 1983

408-982-0660   www.emulation.com  sales@emulation.com

• High frequency signal measurement at 1 GHz, 
3 Ghz, 5 GHz, 10 GHz range

• Hands free clip on probing
• Excellent for single-ended and differential signal measurement
• Works with Agilent, Tektronix, Lecroy scopes and analyzers

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

Great Deals @
CirCircuit Specialists, Inc.cuit Specialists, Inc.

Programmable DCProgrammable DC
Power SuppliesPower Supplies

3290N3290N 2.9GHz RF Field2.9GHz RF Field
SStrengthtrength AnalyzerAnalyzer

wwwwww.CircuitS.CircuitSpecialistpecialists.coms.com

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

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

$1899.0$1899.000 !!

NewNew
ModelModel

Coming Soon!Coming Soon!

OnlyOnly
$2988.0$2988.000 !!

2.9GHz2.9GHz
VVersionersion

AA Sophisticated ScopeSophisticated Scope
AdapterAdapter

200MHz USB DSO200MHz USB DSO
$819.00$819.00

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$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

Price Breakthrough!Price Breakthrough!

Handheld Spectrum AnalyzerHandheld Spectrum Analyzer

PROTEK 7830PROTEK 7830

•100kHz to 2.9GHz
measurement range
•Measures and demodu-
lates W-FM /N-FM /AM
/SSB signals
•Sweep mode (Free
Run, Single Run, 
Squelch Run)
•PLL tuning system for
precise frequency tuning
•100 Saves and loads for
wave forms and settings

Coming Soon!Coming Soon!

����� (732) 548-3737 www.bvsystems.com

BERKELEY VARITRONICS SYSTEMS
METUCHEN, NJ 08840
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Spectrum
Analysis
• Calibrated Receiver
• iPAQ® PocketPC®

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

triggers
• Screen snapshots
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Q: This year, your company surveyed 
engineers on the “future of audio.” 
What did you find?
A: Probably the most significant finding 
was confirmation of an emerging multi-
channel market that we’ve been sensing 
for years. The survey showed that the per-
centage of engineers needing audio ana-
lyzers with only two channels is expected 
to drop from 62% today to about 37% five 
years from now. For the same period, the 
percentage of those who require six chan-
nels or more is expected to rise from 16% 
to 33%.

Q: What are the biggest changes in 
audio, and how are they affecting 
test?
A: Over the last decade, we’ve seen a pro-
gressive increase in digital content in audio 
products, and I don’t mean just analog-to-
digital converters. Signal processing has 
moved almost entirely from the realm of 
analog design to digital. Among the bene-
fits are greater versatility and accuracy, and 
the implementation of audio features that 
were impractical with analog, such as very 
sharp bends, limiting filters, and artificial 
reverberation. 

But there’s a dark side, too, in that the 
audio contains digital artifacts that we call 
out-of-band noise. This energy is well 
above the audio band, and while it will 
never get to your loudspeaker, it can have 
some very interesting effects on the next 
device that you hook it to, as well as to 
your test instruments. We need to use very 
sharp bandwidth-limiting filters to ex-
clude the effects of this out-of-band noise.

Q: How about the evolution in audio 
products?
A: Audio devices deliver an increasing 
level of functionality, often in very com-
pact packages. We’re witnessing a fusion of 
what were once distinctive or classic prod-
ucts, such as the cell phone. Now, the cell 
phone is being merged with a digital cam-
era, and how long will it be before we see 
the cell phone merged with an MP3 

player? Audio products are growing more 
sophisticated, more multipurpose, and 
more portable. All this influences the fea-
tures that engineers will want to test. At 
the same time, we see high-end, multi-
channel audio systems for home theater 
and for automotive. It’s not uncommon 
for cars to have 10-, 12-, or even 14-chan-
nel systems.

Q: How are these developments 
affecting your instrument offerings?
A: To address this growing multichannel 
market—from autos to Dolby 7.1 to tradi-
tional mixing consoles—we introduced 
our APx585. This analyzer, which comes 
with easy-to-use PC-based software, fea-
tures eight analog audio inputs and eight 
analog outputs. It also supports eight chan-
nels of digitized audio. This ability to test 
more than two channels at any one time 
has obvious throughput benefits for test 
engineers and their companies.

Q: Do you see a greater need to 
serve engineers who don’t have a 
strong audio background?
A: A very strong “yes.” Many technical 
schools are focusing more and more on 
digital technology, and less on analog. 
Many R&D facilities also are designing 
consumer products that need to be mass-
produced, typically offshore, by contract 
manufacturers. In those locales—China, 
Southeast Asia, and so forth—you find a 
wide variety of backgrounds in produc-
tion test engineers. Many of them have 
not been exposed to some of the special-
ized parameters that we measure in audio, 
such as distortion or signal-to-noise ratio. 
So, a growing part of our job is providing 
the training and support that these engi-
neers need. T&MW
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Bruce Hofer cofounded 
Audio Precision in 1984 
with a group of audio 
engineers from the labs 
of Tektronix. In addition 
to serving as board chair, 
Hofer remains technically 
active as the company’s 
principal analog design 
engineer. He has received 
12 patents and has pub-
lished many articles and 
papers, and in 1995 he 
received the Fellowship 
Award from the Interna-
tional Audio Engineer-
ing Society (AES). Hofer 
earned his BSEE degree 
from Oregon State Uni-
versity in 1970.

Contributing editor Larry 
Maloney spoke with Hofer 
about trends in the audio 
test market in a recent 
telephone interview.

VIEWPOINT
[An exclusive interview with a technical leader]

How test answers the audio boom

BRUCE HOFER
Chairman and Cofounder
Audio Precision
Beaverton, OR

Bruce Hofer comments on ease-
of-use challenges, audio products, 

new application support programs, and 
other issues in the online version of this 
interview: www.tmworld.com/2006_10.
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we are!
Verigy - a new premier semiconductor test company

Building from the roots

of Hewlett-Packard and

the strengths of Agilent

And celebrating new

beginnings

Verigy - ready for the

road ahead

Our technology and

innovation in scalable

platform architecture

shortens time to market

and lowers the overall

cost of test.

Our solutions and

support, delivered

globally with world-class

professionalism,

expertise, and integrity,

provide outstanding

customer experience.

Our new company

is streamlined, more

flexible, and focused

exclusively on

semiconductor test.

www.verigy.com
Register for the 1st annual

SOC User Group Meeting, VOICE 2006.

www.verigy.com/go/voice2006
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NI TestStand is a ready-to-run test management environment from National Instruments for automating your test and
validation systems. With NI TestStand you can:

Mr. Symtx Man

Symtx Teststand Guru

Symtx(800) 891-8841To learn how Symtx and other electronic manufacturers are 
accelerating development and reducing costs, visit ni.com/teststand.

NI TestStand – The Industry Standard 
in Test Management Software

“At Symtx, we design, manufacture, and install hundreds of
advanced functional test systems worldwide every year.  
By using NI TestStand, we are able to meet vastly different 
customer requirements and still reduce our software
development time by more than 30 percent.”

Atanu Bhattacharya
Test Software Manager

Symtx

• Develop, manage, and automate your test sequences
• Simplify your maintenance through a modular, 

fully customizable test-system framework
• Leverage toolkits and add-ons from NI TestStand 

product and solution partners

• Execute test modules written in any programming language
• Specify sequence flow, reporting, database logging, 

and connectivity to enterprise systems
• Maximize test throughput with built-in parallel and batch

execution and synchronization
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