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Switching?

We don’t make just “pretty” boxes.....

~ __ Controlled with

Series G2 = i ; TCP/IP

Rack Mountable Switching Systems

We know what you’re thinking, out we are very
excited for engineers to know about our Series G2 product line!
Except to our existing clients, this “box” doesn’t look that pretty to
the naked eye. But, if you review all the features included in our
programmable switching products, you'll see the hidden beauty!
The best part is that you get all these features at a competitive
price. See if you can find all the features included, then give us

a call Download our latest control software called
. RouteWarePRO and take it for a
- 1000’s of plug-in modules available FREE 30-Day fest drive today!
- Built-in Ethernet, GPIB and Serial ports B ——
- Hotswap redundant power supplies
- Field upgradable firmware | Roweniare 24 Eaeple =3

- Rugged aluminum construction
- Built-in rack and chassis slide mounting

- Solid-state, relay, digital or fibre optic switching @ BB e
- BluiIT—in forced air cooling with mor?i’ro_rilng =5 a g:“i'r "'&2‘* = .

- Field proven performance and reliability s o

- BITE for superior performance W ggg—_

- International wide-range AC power capacity ;ﬁ% Eg

- Infelligent front panel illuminated control keypad plton Lot

- Long life high contrast VFD display E‘E‘JE E%

- Hinged front panel access to power supplies En:gv; L .En -

- Free LabView VISA drivers

- Excellent product support and quality

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

Universal
Switching

Call to get your
\ \ FREE catalog today.

Corporation
P ﬂ Phn +1818-381-5111

State-of-the-Art Switching Solutions Fax  +1 818-252-4868

7671 North San Fernando Road 1SO 9001:2000 Certified Email sales@uswi.com
Burbank, CA 91505 USA Web uswi.com




Need More Data Acquisition Options?
Shop online at omega.com®

100,000 process control and measurement products (and counting)
DOGBERT'S PASSUWORD £

RECOVERY SERVICE
FOR MORONS

I DON'T REMEMBER
MY PASSWORD.
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Need More DILBERT?

Visit omega.com to order
New Horizons in

‘ u Data Acquisition
Volume 23—featuring

120 DILBERT CARTOONS!

www.dilbert.com scottadams@aol.com

1-17-07  ©2007 Scott Adams, Inc..
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Spend-up.to 19% less

Agilent's 34401A DMM, Specification 34405A 34401A 34410A 34411A

the long-held industry Resolution 5% digits 6% digits 6% digits 6% digits

standard, now sports dual display dual display

a new look along with .

a 9% price cut. And Egcs:lucrgc(\:/ 250 ppm 35 ppm 30 ppm 30 ppm

the high performance

34410A is 19% less than Max _Readings/s 19 1,000 10,000 50,000

. (continuous to PC)

it was before.
Connectivity USB GPIB GPIB, USB, LAN GPIB, USB, LAN

RS-232 LXI Class C Xl Class C
Price S745* S 585" $1,995"
. $L070°  $1215"

Supply & Services 800-225-5370 www.stanleysupplyservices.com/DMM

Take advantage of these new prices today; go to

© Agilent Technologies, Inc. 2007
* Prices in USD and subject to change

Agllent Technologies




NOVEMBER 2007
VOL. 27 NO. 10

MEASUREMENT

WORLD-

FEATURES

PROJECT PROFILE

27 Keeping the videoconference moving
A manufacturer of videoconferencing systems must make the system
work with Microsoft Windows PCs and connect to conferencing
equipment such as phones and room systems.
By Martin Rowe, Senior Technical Editor

COVER BY: MARK WILSON

SUBSYSTEM TEST COVER STORY

2 8 RF testing spins through transmission paths
Engineers at Tyco Electronics’ M/A-COM business unit test antennas,
cables, components, and subsystems for aerospace and defense
applications.

By Martin Rowe, Senior Technical Editor

Machine vision / Page 41

MACHINE VISION
Engineers warm up to IR vision
Images from infrared cameras can identify problems visual inspec-

tions and electrical tests overlook.
9 Testvoices By Jon Titus, Contributing Technical Editor

11 News briefs

DEPARTMENTS 41
7 Editor's note

RF/MICROWAVE TEST

17  Show highlights: .
o Autotesteon 49 LXI speeds gigahertz
66  Product update measurements
' . LXI Class C instruments are making in-
74  Viewpoint . . .
roads into RF and microwave test appli-
7  Editorial staff

cations, and Class A and B instruments
73  Business staff are beginning to emerge as well.
By Rick Nelson, Chief Editor

TECH TRENDS TEST REPORT SUPPLEMENT
19 Tools take aim at memory yield
20 Send vision data to SPC software 57 PXI Test Report
® Taking PXI to the next level
TEST DIGEST ® PXI enables high-channel-count,

single-chassis data acquisition

® PX| makes inroads
into RF test

23 Evolving IC technology influences
impedance measurements

23 The tools and tricks of WLAN test

24 Simulations and measurements
show consistency

TEST & MEASUREMENT WORLD www.tmworld.com NOVEMBER 2007 3



The new
standard
for the old
standard

Anayst fis

Analyst,

The new standard

Now there’s a real choice when
expanding your Agilent in-circuit
test capacity.

Reduce your testing cost while
preserving your investment in
Agilent 3070-series test fixtures
and programs with CheckSum's
Analyst fcs™ in-circuit tester.

Analyst fcs delivers the added
test capacity you need at about
half the cost of buying and using
anew Agilent tester.

In-circuit test coverage matched to
today’s board faults. Power-on test.
Available TestJet Technology and
Boundary-Scan. High throughput
ISP programming with MultiWritef"
Fast program conversion.

Find out more at
www.checksum.com/fcs.asp
Orcall:

1-877-CHECKSUM (1-877-243-2578)

CHECKSUM

Fully tested

*Patent pending. Testlet Technology is protected under U.S. Patent Nos. 5,124,660 and 5,254,953
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Check out these exclusive features on the
Test & Measurement World Web site:

Guest commentary
A test transformation

The cost of test has been an issue ever since the IC was developed.
Who better to understand this than William Mann, who not only
founded the IEEE Semiconductor Wafer Test Workshop but also served
16 years as its general chair? In part 1 of a three-part series, Mann cov-
ers the period from an Intel executive’s call to cut test costs at the 1999
International Test Conference through the emergence of open-architec-
ture, DFT-focused ATE. In part 2, he discusses the savings that result
from testing devices in parallel. And in the final installment, he investi-
gates complementary temperature tests between wafers and packages.

www.tmworld.com/guests

Remember when 50-MHz clock signals
were state-of-the-art?

Music man Martin Rowe is back. With his latest offering, “Below a
Gigahertz,” Rowe reflects on problems with high-speed signals and
how they make yesterday’s signal-integrity problems seem trivial.

www.tmworld.com/gigahertzsong

Vote for the Test Engineer of the Year

Read about the six finalists, whom we profiled in our
October issue, and then use our online ballot to vote
for the 2008 Test Engineer of the Year. The winner
will designate a $20,000 donation to an engineering
school, courtesy of National Instruments and Keithley
Instruments. Voting deadline is December 5.

www.tmworld.com/teoty

Blog commentaries and links

Taking the Measure
Rick Nelson, Chief Editor
® Tektronix buyout—consolidation, or spin-offs?
@ Crime pays! Cybercrooks net $105B!
Engineering Students at Work
Jessica MacNeil, Contributing Editor
® Students fulfill dreams at NASA
® Internships around the world

www.tmworld.com/blogs

Take a T&M Challenge

Respondents who answer our Oscilloscope Challenge question cor-
rectly will be entered into a drawing for an Apple iPod, courtesy of
Yokogawa. Those who answer our RF Challenge correctly will be en-
tered into a drawing for a TomTom ONE navigation system, cour-
tesy of Keithley Instruments. New questions every month!

www.tmworld.com/challenge
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The industry’s leading parametric analyzer
now has lab-grade PULSE CAPABILITY

Keithley's easy-to-use Model 4200-SCS provides a total solution for
DC and pulse characterization and reliability testing.

Request a FREE Semiconductor Interactive Test Environment
Simulator at www.keithley.com/at/303.

KEITHLEY

A GREATER M EASURE O F CONFIDENCE
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Test cocktail reaching its limit?

Traditional test approaches are failing to keep pace with the re-
quirements of dense, complex devices, according to comments from
participants in the 9th European Manufacturing Test Conference
(EMTC), held October 9 in Stuttgart, Germany, in conjunction with
Semicon Europa. Conference chair Rene Segers of NXP Semi-
conductors kicked off the day-long event by noting that the tradi-
tional digital test cocktail, consisting of ATPG plus delay and I,
tests, is running out of steam. Further, he said, analog test remains
an art that resists structural-test approaches.

During the conference, engineers representing both

CHIEF EDITOR

test vendors and semiconductor makers described ef-
forts to extend test to meet today's needs. Software
will have a key role to play, according to keynote
speaker Dan Glotter, CEO of OptimalTest. He proposed that enter-
prise test-management software can improve yield by 1 to 4% (by
reclaiming false fails) and reduce DPPM levels by 20 to 50%. But
software alone won't solve all the challenges, and additional pre-
senters described other approaches for improving test processes:

e Stephane Mougin, a product engineering manager at STMicroelec-
tronics, described the application of a Credence Sapphire test sys-
tem in a multiple-time-domain approach to improving test quality

while reducing test cost.

e Enrique De Guzman, atest ~ STDF effort supports
engineer at AMI Semiconductor volume diagnostiCS.
Philippines, discussed the im-

pact of test-handler temperature characteristics when testing tem-
perature-sensitive devices. He concluded that the optimization of
handler soak time can improve both yield and test capacity.

e Peter Hotz, a field product specialist for RF test at Teradyne, de-
scribed the use of field solvers and evaluation PCBs for developing
best practices for RF device-interface-board layout.

e Joachim Moerbt, department manager responsible for mecha-
tronics activities at Advantest Europe, described a flexible high-
parallel device interface for testing DRAM modules at 400 MHz.

e Jerry Broz, senior applications engineer at International Test
Solutions, described off-line methodologies for assessing online
wafer-probe contact-resistance performance to optimize cleaning
protocols.

Finally, Ajay Khoche, lead consultant for advanced test method-
ologies at Verigy—recognizing that faults will never completely go
away—described efforts toward using the Standard Test Data
Format (STDF) to streamline test-failure dataflow to enhance vol-
ume diagnostics.

The ultimate lesson of the workshop seems to be that no one so-
lution will suffice to contend with all DUT fault mechanisms. Test
vendors and their customers will need to collaborate to enhance
existing test cocktails while developing new test techniques. T&mw

Post your comments at www.tmworld.com/blog.
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This DMM is so advanced,

it shows you the trends.

For Electronics professionals who
demand the best in performance,
accuracy and capabilities.

The Fluke 287 Electronic
True-rms logging multimeter
with TrendCapture is the best.
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Precise performance
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design performance, watching
events and glitches right on the DMM.
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Close - Closes the function and mode
menu.
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Run the new Fluke 287 through
its paces. Demos online at
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[An exclusive interview with a test engineer]

Concentrated oxygen

David Boyd is a senior test engineer at Respi-

ronics (www.respironics.com) in Kennesaw,

GA, a company that manufactures medical equip-

ment including oxygen concentrators. A 10-year
Respironics veteran, Boyd works with electrical and
mechanical engineers to ensure that the company’s W@

products are designed to accommodate test. He ' | Q
also works with manufacturing to support auto- '
mated test and data analysis. Martin Rowe recently

interviewed Boyd by telephone.

Q: What is an oxygen concentrator?

A: An oxygen concentrator removes nitrogen from air and
produces an output that is typically 93% to 95% oxygen.
Physicians prescribe oxygen concentrators for patients
who need more oxygen than the air can provide.The
units weigh about 30 Ibs and are used in many homes.

Q: Describe a typical test.

A: Each of our test stations consists of a two-bay rack.
One bay contains valves, tubing, and mass-flow control-
lers that control the test-flow rate of oxygen from the
concentrators. The stations also route each unit’s output
to a pressure sensor, and they multiplex each unit’s out-
put to an oxygen analyzer. We use a data-acquisition
card to monitor the pressure transducers’ 4-20-mA out-
puts and to control the valves. The stations also commu-
nicate serially with the concentrators.

Q: How do you support manufacturing?

A: 1 developed automated test stations for our latest line
of concentrators. I specify the test equipment and write
the software. I also visit production every day to get
ideas for how to improve the tests or make them easier
for the operators. I keep the test data in databases and
use the data to monitor our production process.

Q: What have you done to improve test for the
operators?

A: The test area is large, and concentrators may be some
distance from the test station’s monitor. I made it easier for
the operators to control the test station by giving them a
wireless interface. An operator uses a Bluetooth bar-code
scanner to scan the unit’s ID and test position, which tells

the station that the unit has been added to or removed
from the floor. The station responds with text-to-speech
outputs to the test operator through a radio transmitter
and also alerts the operator when units complete test.

I also installed a temperature/humidity monitor on
the factory floor that is connected to the test stations
over a LAN.The stations poll the monitor once a min-
ute. By using a network, we need only one monitor, and
all test stations work from the same data.

Q: What do you do with the test data?

A: I store test results in a SQL Server database. We add
several thousand data points a day because we produce
in high volumes and take multiple oxygen purity, pres-
sure, and other measurements from each concentrator.
Our QA engineers use the data to track our manufac-
turing process, looking for signs that the oxygen-purity
measurements are drifting.

Q: How do you work with design engineers?

A: I work with electrical and mechanical engineers by
suggesting features that ease testing. For example, I asked
for a serial diagnostic port so that the automated testers
can monitor concentrators during a test. We also use the
ports to download firmware updates and operating pa-
rameters to the units and to calibrate them.

Q: Must Respironics’ products comply with
specifications from regulatory agencies?

A:Yes. We document our test stations, validate them
against a protocol that demonstrates they reject out-of-
spec units, and verify calibration regularly, in compliance
with FDA and ISO agencies. T&*MW

DANIEL GUIDERA

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

from multiple sources to each
amplifier and power feedback
from each amplifier to a

Antennas individually
adjustable for polarization
and horizontal angle
collectively adjustable for

power meter. elevation (up to 20 ft) and
vertical angle (+10 degrees
= to - 45 degrees).
Single IEC power inlet, —y
internally filtered
and distributed to test <
equipment. | Dedicated (1 per amplifier)
high gain horn antennas to
‘ deliver maximum field strength
Fiber-optic isolated ‘ while minimizing cable and
GPIB control of all switch losses.
equipment within rack. -
- Reflective surfaces
i: covered in RF
Complete system - absorber.

mounted on sturd:

rolling base for ea?:y\
positioning in front
of EUT.

Test equipment housed in
shielded racks with air
conditioning or forced
air cooling options.

Imagine how we can solve your EMC or RF Systems needs!

AR people don’t do anything half-way. Whether it’s our legendary mismatch capability, the quality components we use, or the way
we check and recheck every single detail, we always take the extra step. That's what makes an AR system so completely reliable.
It isn't just that we can put a system together to solve any EMC or RF test scenario — it's the parts that go into that system!

We have complete test systems “on the shelf” that perform entire tests with just the press of a few buttons. The AS40000 Radiated
Immumity Test System (800 MHz — 40 GHz), for example, allows you to coordinate five amplifiers, a field monitor, two power meters,
two system controllers, a signal generator, and a 20-foot antenna mast with five antennas.

AR can dlso put together a customized system to solve your test problems, with the power and frequency you need —
from 10 kHz — 45 GHz. You can start with just a few essential components and then build a system around them.

Every product in your AR test system is backed by the most comprehensive warranty in the business; and a global support network
that's second to none. When you have a question about any part of the system, you know exactly who to call.

We've been here for over 35 years and we'll continue to be here, serving your needs and engineering the products that meet
tomorrow’s challenges.

To learn more, visit wuww.ar-worldwide.com or call us at 215-723-8181. 1SO 9001:2000
Certified

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

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

Copyright© 2007 AR. The orange stripe on AR products is Reg. US. Pat. & TM. Off



NEWS

Multitest debuts pick-and-place handler at Semicon Europa

Multitest launched its MT2168 pick-and-place platform at Semicon Europa (October
9-11, Stuttgart, Germany) with the goal of offering manufacturing flexibility and
optimum tester utilization. The MT2168 base unit handler is scalable from an
engineering configuration to a high-end production configuration. It sup-
ports various contact-site and pitch configurations to enable continued use
of existing load boards.

In addition, the system minimizes the number of parts in conversion kits for
different package types; conversion times for a single operator are less than
10 min. Conversion kits are available for package types including QFP, BGA,
PLCC, TSSOP, CSP, QFN, PGA, and LGA. The MT2168 covers the range of
ambient-hot applications (+155°C standard, +175°C optional) for devices
measuring from 3x3 mm to 70x70 mm with a thickness ranging from 10 mm
down to 0.3 mm. Contact sockets are available in standard, high-frequency,
and Kelvin versions.

The MT2168 optimizes the tester utilization by providing throughput up to 20,000 units/hr with up to 16 con-
tact sites while providing a soak capacity of three to five JEDEC trays as well as an index time of 0.38 s (single
mode). The company reports that the MT2168 is designed to minimize the number of pick-or-place transitions—
from the eight to 10 typical of traditional handlers down to five. Self-teaching processes replace manual adjust-
ments, resulting in a system that is stable and less sensitive to adjustments. www.multitest.com.

7 layers offers WiMAX nated Certification Lab (WFDCL)."  Tektronix to be sold
conformance testing in ~ Covper explained that 7hyersest 4 pangher

. services should reduce bottlenecks at
North America the one WFDCL in the US.The lab, Danaher reports that it has reached an
7 layers has selected Rohde & Schwarz ~ which is located in Virginia, was sched-  agreement to purchase test-equipment
to assist in the establishment of a uled to open in October. www.7layers.  maker Tektronix for approximately
WiMAX radio conformance test labin  com; www.rohde-schwarz.com. $2.8 billion in a transaction that is

Irvine, CA.The lab targets equipment
for commercial WiMAX services,

based on IEEE 802.16¢, expected to be Measure 48 temperaturesl a" at once

deployed in 2008. Data Translation’s TEMPoint, Model 9871 accepts 48 thermocou-
7 layers offers development, testing, ple or voltage inputs and provides a dedicated 24-bit analog-to-
and qualification services for GSM, digital converter (ADC) and dedicated cold-junction compensa-
GPRS, 3G, Bluetooth, and other wire- tion (CJC) for each. Housed in a 2U, half-rack box, the TEMPoint
less communication technologies. The provides 1000-V channel-to-channel isolation. A rear-panel, 37-
company has sites in Germany, China, pin connector provides eight digital inputs and eight digital out-
Korea, Taiwan, and the US. puts. The unit requires a 5-V power sup-

“We have known 7 layers as an
expert partner for wireless communi-
cations testing for many years, and we
are certain that the test and support

ply and consumes just 4 W.

The TEMPoint comes with either a
USB or an LXI Ethernet port for control
from a PC. The LXI version includes a

T
e
s & W g o
e
e—

services they can offer their clients will Web server for instrument control from a browser.
help manufacturers to market their The system’s application software lets you configure any chan-
new WiMAX products efficiently,” said nel as a voltage or thermocouple input. It supports type B, E, J,
Jack Cowper, VP of North American K, N, R, S, and T thermocouples. Each channel is individually pro-
sales and marketing at Rohde & grammable so you can mix thermocouple types. Maximum
Schwarz. throughput is 15 samples/s on all channels. Software support
He continued, “Due to a WiMAX includes the company’s Measure Foundry and QuickDAQ, Visual
Forum policy, customers should be Basic.NET, DT-Open Layers, and Matlab. A software develop-
aware that in addition to the radio ment kit adds support for other languages such as C/C++. The
conformance test services 7 layers LXI version adds an IVI-COM instrument driver.
offers, final certification tests must be Price: $6995. Data Translation, www.datatranslation.com.

conducted at a WiMAX Forum Desig-

TEST & MEASUREMENT WORLD www.tmworld.com NOVEMBER 2007 11




|
[

NI CompactDAQ
USB Data Acquisition

= Now more than
30 modules

= New NI LabVIEW
data-logging software
included

= Hi-Speed USB for up to
6.4 MS/s streaming I/O

= Compact 25x9x9 cm
form factor
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expected to be completed by the end
of the year. When the sale is com-
pleted, Tektronix, which has annual
revenues of approximately $1.1 bil-
lion, will become part of Danaher’s
Electronic Test platform, where it will
join the Fluke and Fluke Networks
subsidiaries and nearly double the
division’s revenues. www.danaher.
com; www.tektronix.com.

Intertek acquires soft-
ware testing lab

London-based Intertek has acquired
National Software Testing Labs
(NSTL), a lab that performs function-
ality, usability, quality assurance, and
compliance testing for mobile applica-
tions used in entertainment, gaming,
and banking. Headquartered in subur-
ban Philadelphia, PA, NSTL has addi-
tional offices and labs in the US, Can-
ada, Brazil, India, and Taiwan.

The NSTL acquisition followed
closely on Intertek’s August acquisition
of Product Quality Partners, a provider
of test services to wireless/mobile
application providers, network carriers,

Keithley debuts LXI system-switch/

multimeter

The Series 3700 LXI Class B-compliant system switch can control
up to 576 multiplexer channels in a six-slot, 2U form factor and
has an optional integrated 7Y2-digit digital multimeter (DMM).
Together with plug-in switch and control cards, the Series 3700
can serve in a functional test system or in data-acquisition and
measurement applications. It can perform multichannel |-V test-

CALENDAR

Optical Fiber Communication
Conference and the National
Fiber Optic Engineers Confer-
ence (OFC/NFOEC), February
24-28, 2008. San Diego, CA.
Managed by the Optical Society
of America, www.ofcnfoec.org.

Measurement Science Confer-
ence, March 10-14, 2008, Ana-
heim, CA. Sponsored by the
Measurement Science Confer-
ence, www.msc-conf.com.

APEX and IPC Printed Circuits
Expo, March 29-April 3, 2008,
Las Vegas, NV. Sponsored by
IPC, www.goipcshows.org.

See our complete calendar at
www.tmworld.com/events.

and handset and accessory manufactur-
ers who need to evaluate application
interoperability and carrier network
compatibility. www.intertek.com.

ing and accelerated stress tests.

The Model 3706 mainframe contains
multiple processors to maximize mea-
surement speed and system through-
put. It features a single-channel read-
ing rate that ranges from greater than
10,000 DCV/two-wire ohms readings/s
at 3'.-digit resolution to 60 readings/s
at 7'-digit, 26-bit resolution. The Series 3700 is available with
four mainframe options: with or without the DMM and with or
without a front-panel display and keypad. The DMM option elimi-
nates the need to manually coordinate an external DMM with a
switch topology, freeing up development time. A USB 2.0 port
allows users to save measurements to nonvolatile memory.

The Series 3700 also incorporates Keithley’s Test Script Proces-
sor for creating test scripts that are embedded in and executed
within the instrument, enabling it to perform autonomously.

Base prices: mainframe—$1790; plug-in cards—$925. Keithley
Instruments, www.keithley.com.

>> For more information
and pricing, visit

ni.com/compactdaq/new

800 327 9894

‘7 NATIONAL
’ INSTRUMENTS

© 2007 National Instruments Corporation. All rights reserved.
LabVIEW, National Instruments, NI, ni.com, and NI CompactDAQ
are trademarks of National Instruments. Other product and
company names listed are trademarks or trade names of their
respective companies. 2006-8088-821-101-D
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Maximizing the impact of test engineering

New off-the-shelf software tools help engineers increase their productivity,
while encouraging collaboration with remote partners and suppliers

A recent Test & Measurement World careers survey says it all: Design and test
engineers are being stretched to the limit. Respondents report that they lack
sufficient time, support and training to tackle all their day-to-day challenges.

Working for highly competitive
electronics and communications
companies, these time-limited engi-
neers must assure the success of new
product launches with ever tighter
deadlines, while supporting off-shore
electronics manufacturing services
(EMS) providers.

In the end, most test engineers even-
tually face the same glaring issue: How
to successfully achieve shorter product
development cycles while ensuring
product performance and quality?

Real World Pressures

Typically, engineers spend signifi-
cant effort on programming, above
and beyond what is required for test
automation. They struggle to main-
tain deployed test systems in synch
with new product releases, and they
must aggregate and interpret test data
scattered across Excel spreadsheets.
Often, they must wait several days to
see if product and process changes are

being deployed properly in produc-
tion by EMS staff in distant locations.

Before standardized software plat-
forms became available, companies like
Nortel, Alcatel and Harris realized the
need to streamline their test processes.
Yves Lacroix, Test Director at ONI
Systems in the late 1990s, recalls the
challenge of having new and complex
products and software features coming
along at an ever-increasing rate. “We
badly needed a way to systematically
introduce new products to the market,
while making sure that they met the
most stringent quality requirements for
multiple product releases.”

Working at Nortel in the 1990s,
Jean-Yves Allard, now VP of R&D at
Averna, decided to develop a platform
internally that would do just that. A
major challenge: How to sustain test
developments at partners’ sites all over
the world. There was no consistency
in how tests were being performed,
nor was their any visibility over pro-

duction results. Furthermore, Allard
recalls, maintaining software on com-
puting platforms that changed every
other year became almost impossible.
Finally, an answer to these prob-
lems arrived in the form of Proligent™
by Averna. This ready-to-use solution
eases the implementation of test strate-
gies, while accelerating and standardiz-
ing test system development. As result,
more OEMs are coming to depend
on Enterprise Test Software (ETS)
platforms like Proligent to provide an
infrastructure for defining how test
processes are created, deployed, moni-
tored and analyzed. Additionally, they
can integrate and synchronize test sys-
tems with other enterprise functions,
ranging from R&D to manufacturing
to supply chain.

Reengineering the Way You Work
Proligent delivers value to test
engineers across a number of dimen-

sions. For example, the platform

can help engineers build test systems
faster and more intuitively by avoid-
ing programming issues not directly
related to measurement automation.

Proligent CM Deployment Overview 5 .
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You can deploy Proligent on a few test and assembly stations, on a complete production line, or at contract manufacturer’s
site. Usage can be expanded as needs evolve.

TECHNOLOGY LEADER SERIES
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Proligent comes with an easy-to-use
configuration interface for creating
entire test sequences. You can easily
create a product test plan without
writing thousands of lines of code
or dealing with troublesome spread-
sheets.

The platform also makes it easy to
define test plans in terms of product
characteristics, measurement toler-
ances and test processes. Once your
test plans are defined, they can be
automatically deployed to all sta-
tions. Introducing new products is
significantly simplified, since test
sequences can be built without assum-
ing a particular product configura-
tion. Proligent’s run-time arbitration
capability helps you select the right
tolerances and binaries to be used ac-
cording to the unit under test product
specification.

When it comes to Product Data
Management, Proligent lets you
collect, store, distribute and share
product and test data in a central
database. This eliminates having to
manually sift through log files and
Excel spreadsheets. Test data is also
100% traceable.

Process control issues can be ad-
dressed, too, since Proligent manages
the flow of activities between test,

LEADER

SERIES

e Product Specifications

¢ Manufacturing or Test
Process

* Available Resources

e Test Strategy

e Assembly or Repair
Instructions

* Calibration Procedures

a

e Production Quality

¢ Process or Test
Performance

 Resource Effectiveness

e Perform Detailed

Work Sequences
o Collect Product, Test
& Process Data

e Track Resource Status

Proligent has been designed to help test engineers design test systems faster and
more efficiently, and maximize the impact of test from the early stages of concep-

tion to execution and analysis.

repair and assembly stations. Proli-
gent comes with standardized reports,
including defects Pareto, cycle time,
yield, and measurement analyses.
Since test data is exportable to XML
or CSV format, you can easily build
customized reports.

Facilitating how your organization
deals with multi-site collaboration,
Proligent can eliminate problems
caused by time zones and error-prone
updates of new product and test soft-
ware releases. When product toler-
ances, or test procedures are adjusted,
Proligent can synchronize test systems
with these engineering changes,
even when the systems are located

Customers Speak: Lower Costs, Fewer Defects

Harris Corporation, a giant electronics company, has used the Proligent
test platform alongside NI TestStand to develop its test stations.

“Proligent is a key part of the Harris strategy for implementing test
management best practices and establishing critical links to the rest of
the production flow,” explains Denis Gagnon, manager, Test Engineering,
Harris MCD. “It allows us to significantly lower the cost of developing test
software in order to automate defect detection and the characterization
of units in production. Without adding overhead to test development,
Proligent allows us to supervise, control and trace our products anywhere
our test stations are located.”

Harris is now considering retrofitting its legacy microwave test systems
to standardize on Proligent, thereby reducing maintenance costs and better
managing the collaboration with remote production facilities.

But Proligent isn‘t just a way to alleviate headaches at large compa-
nies. Proligent helped SigmaPoint, a contract electronics manufacturer,
push its operations to improved performance levels. “Using this ready-to-
use tool that incorporates best practices, we were able to develop a test
station in as quickly as three weeks,” says Steve Blouin, Test Engineering
Director, SigmaPoint.

at another facility such as an EMS
provider. All reporting is done via the
web, so information is quickly com-
municated anywhere in the world.

A Powerful Partnership

As a National Instruments Select
Alliance Partner, Averna developed
Proligent in collaboration with Na-
tional Instruments to provide addi-
tional capabilities to NI TestStand.

“In addition to the leading test
management features provided by
NI TestStand, test developers are
interested in tools to extend their
existing systems,” says Craig Ander-
son, Marketing Group Manager for
NI TestStand. “They want to easily
store and analyze their test data, as
well as manage multiple test stations.
Proligent and NI TestStand together
deliver the development efficiency,
data visibility and streamlined deploy-
ment required in today’s complex and
competitive manufacturing industry.”

And those advantages are pres-
ent, whether your company is a small
start-up or an established OEM or
EMS, or whether you manufacture
your products in-house or overseas.
Whatever the situation, Proligent is
making a big difference in how test
engineers do their jobs and contribute
toward their company’s success.

FOR MORE INFORMATION
Engineers can learn more about the
Proligent test engineering platform
by visiting www.proligent.com,
emailing info@proligent.com or call-
ing 1-877-842-7577.

TECHNOLOGY LEADER SERIES




Want to save
time and money on

INDUSTRIAL EQUIPMENT?

Let BuyerZone
do the heavy lifting
so you don’t have to.

Save time and money on industrial equip-
ment purchases. Get free advice and pricing
articles on everything from forklifts, to
pallet racks to floor cleaning equipment and
more. BuyerZone is here to do the heavy
lifting of finding all the suppliers. You just
need to make the final decision. At BuyerZone,
you’re in control. We’re just here to make
your work easier.

Join the millions who’ve already saved time
and money on many of their Industrial
Equipment purchases by taking advantage
of BuyerZone’s FREE, no obligation
services like:
® Quotes from multiple suppliers
e Pricing articles
® Buyer’s guides
. @ Supplier ratings
& e Supplier comparisons

B REQUEST FREE QUOTES NOW!
Call (866) 623-5565 or visit
BuyerZonelndustrial.com

BuyerZcne

Where Smart Businesses Buy and Sell

A division of

G\ Reed Business Information,




Tool for every trade

The new R&S®SMB100A analog signal generator — setting standards in the mid-range

In production, in the lab, or in service — the new R&S®SMB100A
signal generator is the perfect toolbox for everyday use. Not only
its broadband and SSB phase noise, its harmonics, but especially
its high output level are unique in this class of instruments. No
doubt, the new R&S®SMB100A is the ideal do-it-all solution. Just
contact us to see for yourself.

Best signal quality in the mid-range

# Wideband noise typ. -152 dBc (>10 MHz offset)

@ SSB phase noise typ. -128 dBc (20 kHz offset, f=1 GHz)

@ Nonharmonics typ. < -85 dBc (>10 kHz offset, f=1,5 GHz)
Highest output power in its class

@ typ. +25dBm

On-site servicing as a convenient alternative

@ For low cost of ownership and maximum instrument availability

ROHDE&SCHWARZ

www.rohde-schwarz.com/ad/smb
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MiIL/aero venue showcases general-purpose

instruments

> > > Autotestcon, September 17-20, 2007, Baltimore, MD, www.autotestcon.com.

Autotestcon 2007 provided test and measure-
ment companies a chance to highlight their in-
strument offerings for commercial as well as
military applications. ZTEC Instruments de-
buted its ZT4610VXI digital oscilloscope, which
targets high-density aerospace and defense ATE
applications. Aeroflex announced that its Syn-
thetic Multifunction Adaptable Reconfigurable
Test Environment (SMARTE), which includes
hardware, software, test practices, and support, is
based on the company’s fifth-generation syn-
thetic technology for providing synthetic test
systems for testing radar, satellite payloads, and
T/R (transmit/receive) modules and subsystems
for phased-array radar antennas (see p. 66). The
company also announced a modular PXI RF test
platform for wireless applications up to 6 GHz.
With this platform, the company is targeting not
only military/aerospace test applications but
commercial cellular ones as well (see p. 65).

Agilent Technologies released the latest ver-
sion of the Agilent Virtual Rack platform, which
provides an interactive way for aerospace/defense
companies to create flexible system frameworks
with minimal effort in the integration, automa-
tion, maintenance, and evolution of test systems.
Metrikos, in conjunction with Huntron, dem-
onstrated its patent-pending near-field signature-
analysis technology, which supports close prox-
imity sensing of EM fields emanating from active
or passive circuitry; its noncontact measurement
capability could make it particularly useful for
troubleshooting conformally coated boards in
military applications.

SenarioTek highlighted its new technology
for correcting RF test-system calibration errors
due to the changes in environment, including
temperature changes as well as changes related
to repeatability issues in switches, cables, and
connectors. Geotest—Marvin Test Systems
debuted a slew of PXI products, including a
standards module, a differential digitizer, 3U and
6U chassis, a signal generator, a digital I/O in-
strument, and controllers. National Instru-
ments announced its NI PXIe-5672, an RF
vector signal generator that delivers signal gen-
eration from 250 kHz to 2.7 GHz, 20 MHz of
instantaneous bandwidth, and real-time data
streaming at up to 25 Msample/s (see p. 64).

TEST & MEASUREMENT WORLD www.tmworld.com

Keithley Instruments announced
two additions to its Series 2600 Source-
Meter instruments for semiconductor
parametric analysis and testing. The
Models 2635 and 2636 provide resolu-
tions as fine as 1 fA to support test of
semiconductor, optoelectronic, and
nanotechnology devices. The company
also highlighted its new Series 3700 sys-
tem-switch/multimeter and plug-in
card family (see p. 12). JTAG Technol-
ogies introduced its ProDFT service
for testability analysis and report gener-
ation. A ProDFT report equips the user
to optimize a board or system design for
testability as well as to rapidly prepare
the tests using JTAG Technologies’ Pro-
Vision development suite.

Data Translation highlighted its
new TEMPpoint series of temperature-
measurement instruments (see p. 11).
Pickering Interfaces showcased its new high-
performance, high-density RF switching sys-
tems, which are usable to 3.5 GHz. GaGe Ap-
plied Technologies exhibited the new Cobra
CompuScope family of 8-bit, 1- or 2-Gsamples/
s digitizers. The company also highlighted its
LapScope PCI expansion chassis, which enable
laptop computers to accommodate GaGe’s
CompuScope and CompuGen cards.

Amrel introduced its eController with Eth-
ernet, which controls the company’s eLoad elec-
tronic loads and ePower power supplies while
consolidating an arbitrary waveform generator, a
waveform digitizer, and a waveform editor
within a single GUI. Intepro Systems dis-
played its first LXI-based power-supply test sys-
tem, the I-9500LXI, which targets the test of
power converters under 1000 W.

Diagnosys displayed its PinPoint IT, PinPoint
UDA, and S500 functional test systems. Tera-
dyne exhibited its Spectrum CTS commercial
avionics test system as well as the Spectrum-
9100 functional test platform for factory and
depot environments. T&’MW

See the online version of this article at www.tmworld.
com/2007_11 for links to vendors and to our full
product write-ups.

The ZT4610 VXI
digital oscilloscope
targets high-density
aerospace and de-
fense ATE applica-
tions. The C-size
instrument provides
1-GHz analog band-
width and a maxi-
mum 4-Gsamples/s

sampling rate.
Courtesy of ZTEC Instruments
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HIGH-SPEED TEST

Living In Multiple Time Domains

Raising the Value of Test using MTDs

Eric Thacker, Marketing Director

Credence Systems Corporation
eric_thacker@credence.com

ew semiconductor devices have several buses
N operating at various frequencies. Programming
methods for many ATE systems do not account for data
rate differences between buses, which complicates
device debug and places huge demand on pattern
memory. You can now successfully optimize test pattern
size, debug time, and tester costs using a Multiple Time
Domain (MTD) approach, i.e., separating each bus into
its own time domain and by programming the test rates
for each domain independently.

In spite of scan DFT-based compression algorithms,
scan vectors continue to proliferate, especially as new
“two vector” fault models are added for better fault
coverage. Also, functional test vectors are still required
on many devices to elevate quality and yield levels. You
can compress ATPG scan patterns, but functional
patterns cannot be similarly compressed. This becomes
critical since ATE pattern memory depth is limited, often
forcing expensive memory upgrades.

Functional patterns from simulation need to be processed
before loading in the tester. Signals have to be cyclized,
timing aligned, and strobes need to be added — a highly
iterative process — and the resultant pattern is then
compiled in a tester format. Functional patterns consist of
device information for high speed (HS) data and clock
buses, low speed (LS) command buses and DC pins.
The traditional way for test patterns to be cyclized is to
use the smallest period consistent with the event rate of
the fastest bus (e.g., a 5ns period) on all pins. This is
acceptable for HS pins but not for LS and DC pins.
Moreover, the 5ns period is still applied even when the
HS bus is not toggling.

The more optimal MTD approach processes each bus at
its natural frequency, by separating each into its own time
domain. If the HS pin is not toggling at maximum
frequency during the entire pattern, you can have two
different test periods for one timing domain and then
switch between periods on-the-fly. This greatly simplifies
test program development, specifically in the set-up of
timing and creation of test vectors.

Debug using traditional methods is trickier since you are
limited in the adjustment of the strobe and drive edges.
The MTD approach offers key advantages:

B The debug time is reduced, since the pattern doesn’t
need to be re-generated to move strobes or drive edges.

B The waveforms displayed at the tester are easier to
understand since the data transfers of each bus are
displayed in their own native data rate.

To be able to fully exploit MTD benefits, the tester must
fulfill certain key requirements that enable inter-instrument
synchronization, including (1) Coherent, repeatable,

test start (2) Per-domain vector sequencing, and

(3) Per-domain test period and timing.

Modern ATE architectures share the same pattern
memory for both functional and scan-based vectors,
requiring that the demand for total vector storage
between functional and scan-based vectors be balanced,
to avoid purchasing memory upgrades for the tester
channels. Platforms such as Credence Systems’
Sapphire tester with XTOS software allow engineering
teams to easily adopt MTD processing for functional
patterns, which:

B Enables faster debug cycles and
better test floor efficiency

B Eliminates unnecessary capital expenditures for
additional tester memory

The flexible XTOS software offers further benefits. The
XTOS STIL pattern compiler allows each time domain
to be a separate STIL vector file. The XTOS Waveform
display tool joins these disparate, asynchronous time
domains into an integrated display, showing the
user-selectable tester channel waveforms in a
time-coherent fashion with different period time

scales used by each domain.

To read a paper about how a leading IC manufacturer
is effectively using a successful MTD approach today,
visit www.credence.com/sapphire
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[DESIGN, TEST & YIELD]

Tools take aim at memory yield

RICK NELSON
CHIEF EDITOR
rnelson@tmworld.com
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foundry relationships, said the

intention is to unlock the
technology’s value for cus-
tomers whether or not they
use Virage Logic memories.
In addition,Virage an-
nounced the availability of a
new family of 65-nm prod-

Conference (October 21-26,
Santa Clara, CA).

As Janusz Rajski, ITC pro-
gram chair and Mentor
Graphics chief scientist and
director of DFT engineering, put it in
an interview before the show, “We
have noticed that a lot of the chal-
lenges we saw in the past are com-
pounding when we go to 65 nm and
below. Issues related to power and to
the staggering complexity and small
feature sizes of 65-nm devices add new
types of defects—including systematic
defects—that can impact yield.”

Many presentations and product
highlights focused on yield enhance-
ment for system-on-chip (SOC) de-
vices. But of course, yield has long
been an issue for memory chips as
well. As Dr.Yervant Zorian,Virage
Logic’s VP and chief scientist, puts it,
“Memories are defect magnets,” at-
tracting random, systematic, and para-
metric defects.

To help deal with such defects,Vi-
rage at I'TC introduced a new version
of its Self Test and Repair (STAR)
memory system. Originally introduced
in 2001 and, according to Zorian, now
employed by more than 100 compa-
nies, STAR has gained a dashboard of
user-selectable options that let users
make tradeoffs between test time, die
area, and diagnostic resolution.

But the key feature addressing yield,
said Zorian, is the STAR Yield Accel-
erator, part of a manufacturing-auto-
mation component of the system that,
in the new release, complements the
technology’s design-automation and
silicon-IP components (figure). The
Yield Accelerator incorporates STAR
Verifier,Vector Generator, Debugger,
andYield Analyzer components.

The STAR system from Virage Logic includes manufac-
turing-automation components, which complement the
technology’s design-automation and silicon-IP features.

The goals, said Zorian, are to local-
ize a defect to a specific cell, to deter-
mine whether the cause is design- or
process-related, and to learn from cur-
rent chips to improve future ones.
Project-based pricing for STAR with
Yield Accelerator begins at $50,000.

Virage Logic also announced that it
has opened the STAR memory system
architecture to enable the integration
of commercially and internally devel-
oped memories. Brani Buric,VP of
product marketing and strategic

ucts: SiWare Memory com-
pilers and SiWare Logic li-
braries. SiWare Memory
includes a portfolio of sili-
con-aware, power-optimized,
65-nm memory compilers along with
a dashboard capability for managing
design tradeoffs; SiWare Logic in-
cludes yield-optimized standard cells,
multiple-threshold process variants,
engineering change-order kits, and
ultralow power kits.

The new offerings broaden the
company’s Silicon Aware IP portfolio
to enable customers to design faster,
lower-power, and more area-efficient
SOCs while achieving higher yields.
Project pricing starts at $70,000. T&RMW

10-GHz ZIF socket handles BGAs

Ironwood Electronics’ CG-BGA-500 ZIF socket for 0.5-mm
pitch ball-grid arrays (BGAs) operates to 10 GHz with less
than 1-dB of insertion loss. The socket 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. The socket accommodates 6-mm BGA body-
size IC packages having 121 balls in an 11x11 array. Base
price: $616. www.ironwoodelectronics.com.

Fabless services firm picks Verigy

Verigy has announced that Alchip Technologies has selected the Verigy
V93000 SOC Series Pin Scale system as its next-generation test plat-
form. Alchip, a provider of silicon design and manufacturing services,
will use the V93000’s multisite and parallel test capabilities to support
Alchip’s requirements for testing its customers’ high-pin-count SOC and
system-in-package (SIP) devices. www.alchip.com; www.verigy.com.

Carsem selects microFLEX for automotive device test
Teradyne reports that Carsem, a provider of packaging and test services
to the semiconductor industry, has purchased a Teradyne microFLEX
test system to test battery-management devices used in automotive ap-
plications. Equipped with DC90 V/I high-current and high-voltage in-
strumentation, the microFLEX test system will be installed in Carsem’s
lpoh, Malaysia, facility. www.teradyne.com; www.carsem.com.

TEST & MEASUREMENT WORLD www.tmworld.com
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[MACHINE VISION]

ou expect a vision system to in-

dicate a pass or fail condition

after each inspection. But your
system also might identify the types of
failures, such as missing ICs, damaged
capacitors, or nonfunctional displays.
Using statistical process-control (SPC)
software to collect and process infor-
mation about the types of defects you
encounter can give you better control
over their causes and help you improve
production yields.

You may already use home-grown

statistical tools and even Excel spread-
sheets to compute moving averages,
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A Pareto chart shows the defects that
cause the most problems. Eliminating
defects related to component #1 raises
the ratio of products that pass inspec-
tion to about 77%. Test engineers can
next eliminate defects related to com-
ponent #2 and raise the ratio to better
than 87%.

standard deviations, range limits, and so
on.A commercial SPC package for-
malizes the tools and techniques and
provides information in standard charts
that other engineers can understand.
And commercial SPC packages use
standard algorithms to help you keep
processes under control and within
specifications.

SPC software produces graphic in-
formation such as the Pareto chart,
named after Italian economist Vilfredo
Pareto (1884-1923), which in SPC ap-
plications plots defects from highest to
lowest number. The Pareto chart
shown in the figure illustrates the cu-
mulative increase in the quality of
products as engineers and equipment
operators eliminate each defect. Elimi-
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Send vision data to SPC software

nation starts with the defect that causes
the most problems.

SPC techniques also produce charts
that plot how manufacturing variables
change in production lots. A typical
chart plots a variable, perhaps a critical
dimension, from each lot of products
against the expected average value. This
type of graph also includes upper-
control and lower-control limits. If a
production lot’s average dimension
exceeds these limits, part of the pro-
duction process related to the dimen-
sion has gone out of control. Engineers
don’t simply pull limits out of thin air
or use those demanded by a marketing
department; they use process statistics
to determine limits based on normal
distributions of defects.

You will find many other types of
quality-measurement charts in com-
mercial SPC software. But no matter
how you look at SPC, the goal is not to
simply plot data, but to identify the root
causes of defects and eliminate them.

If you want to link inspection data
from a vision system to SPC software,
you must ensure the vision system can
produce results in a format SPC soft-
ware can accept. Many software pack-
ages provide tools that simplify this
data-transfer step.

The QuickBuild tool within Cog-
nex’s Vision Pro software, for example,
lets engineers use comma-separated-
value or tab-separated-value formats to
transfer ASCII-encoded information to
other applications. Likewise, data from
National Instruments’ Vision Builder
and LabView programs let engineers
choose from many formats and use
ActiveX controls to exchange data be-
tween applications. Software from both
companies uses the TCP/IP protocol
to transfer data to networked comput-
ers and servers. T&kMW

FOR FURTHER READING

For an introduction to SPC, step through
Wayworld’s tutorial at www.wayworld.com.

Software supplier MoreSteam provides
more details about SPC at www.
moresteam.com/toolbox/t402.cfm.

JON TITUS

S/TEM microscope
includes monochromator
FEl's Titan3 80-300 scanning/
transmission electron micro-
scope (S/TEM) extends the ca-
pabilities of FEI's Titan,
introduced in 2005 to
provide aberration-
free, sub—/&ngstrém
vision so researchers
could study how atoms
combine to form mate-
rials, how materials
grow, and how they re-
spond to external fac-
tors. An included monochroma-
tor provides information about
bonding states of atoms and
about electronic properties on
the nanoscale. www.fei.com.

Camera aids production-
line fault finding

Designed for machine-vision
and process-control applica-
tions, the Fastcam MC1 remote-
head camera from Photron de-
livers 2000 fps at full resolution
and up to 10,000 fps at reduced
resolution. Two memory options
provide for either 2 s (1 Gbyte)
or 4 s (2 Gbytes) of record time
at 2000 fps and 8 s (1 Gbyte) or
16 s (2 Gbytes) at 500 fps.
www.photron.com.

Cognex expands wafer
reader offerings

With the addition of the In-Sight
1720, Cognex now offers three
high-performance wafer read-
ers. The In-Sight 1720 features
OCR and bar-code reading with
a 752x480-pixel CMOS sensor.
The In-Sight 1721 incorporates
a high-resolution 1024x768-
pixel CCD for 300-mm wafers
with T7 Data Matrix codes, while
the In-Sight 1722 includes infra-
red lighting for ultra-thin oxide,
nitride, and polyimide wafer
coatings. www.cognex.com.
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THE LEADER IN DATA ACQUISITION SOLUTIONS

Out-of-the-Box

DATA ACQUISITION

[Otech’s DaqBook with Out-of-the-Box DaqView software offer the widest selection of
portable data acquisition for thermocouples, strain gages, accelerometers, and many more.

> Contact IOtech for an on-site demo

DaqBook features include:

* Analog input, analog output, frequency input, timer output,
and digital I/O; all in one compact and portable enclosure

e 16-bit, 200-kHz A/D converter

* Included DaqView Out-of-the-Box software
for effortless data logging and analysis

* Comprehensive drivers for DASYLab®,
MATLAB®, LabVIEW?®, Visual C++°,
Visual C#°, Visual Basic®, and Visual Basic® .NET

* Operates -30" to +70°C

» DaqBooks attach to over 40 DBK signal conditioning
options to assemble a low-cost system, customized
to your particular application

Visit iotech.com/daqbook for complete specs, pricing,
and accessory information, or call (888) 890-3011

&
®
iotech.com/daqbook
call us (888) 890-3011
email us sales@iotech.com

©Copyright 2007, |0tech. All trademarks are property of their respective holders. For a complete listing of IOtech worldwide sales offices, see www.iotech.com/sales. 070609. TM
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USB-1608HS $1199
Simultaneous 8-channel, 16-bit, USB-based
multifunction module

Features
» Eight differential or single-ended analog inputs

» True simultaneous sampling ALSO AVAILABLE

(1 A/D converter per input)
USB-1608HS-2A0 $1399
» 250 kS/s per channel Adds two analog outputs

(2 MS/s aggregate) i
» 32-bit event counter
» Analog/digital trigger inputs
» 16 digital I/O bits—LED status indicators

PCI-2500 AND USB-2500 SERIES 1-MHz, 16-BIT
MULTIFUNCTION DATA ACQUISITION BOARDS

USB-1616HS
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USB-1616HS $1399
1-MHz, 16-channel, 16-bit, USB-based

multifunction module
ALSO AVAILABLE

| USB-1616HS-2 $1499

Adds two analog outputs

USB-1616HS-4 $1599 |

Adds four analog outputs

Features

» 16 single-ended or 8 differential
analog inputs

» 7 programmable input ranges

» Analog inputs can measure
voltage or thermocouples

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

» Synchronous I/O—analog, digital, and counter/timer
» Optional expansion module quadruples analog inputs

-

A COMPLETE RANGE OF SOFTWARE FOR EVERY
SKILL SET, INCLUDING:

\/\/’\
STARTING AT TracerDAQ®Pro $199 'T:')?%'CCR
$549 Data Acquisition Logger and mno
MORE INFORMATION Instrum.ent Software Suite
www.mccdag.com/2500 4 virtual instruments: Strip Chart,
Function Generator, Oscilloscope,
and Rate Generator
Analog Input | Digital | Analog | Counters | Timers
Product Inputs | Ranges | 1/0O | Outputs | (32-bit) | (16-bit) DAS Y Lab DASYLab Starting at $499
PCI-2511 16SE 1 24 a4 2 Intuitive graphical DAQ
, AVA,LABLE IN FOUR development environment
PCI-2513 | 16SE/8DI 7 24 4 2
SPECIALIZED VERSIONS  Over 90 data acquisition, control,
PCI-2515 | 16SE/8DI 7 24 2 4 3 www.mccdaqg.com/dasylab processing, and display functions
PCI-2517 | 16SE/8DI 7 24 4 4 2 in the following categories/
modules (availability differs by
USB-2523 | 16SE/8DI 7 24 4 2 version): Inputs/outputs * Signal
USB-2527 | 16SE/8DI 7 24 4 4 2 analysis * Trigger * Control *
Display ¢ Files » Data reduction
USB-2533 | 64SE/32DI 7 24 : 4 2 * Mathematics ¢ Statistics ¢
USB-2537 | 64SE/32DI 7 24 4 4 2 Network

Call us today at (508) 946-5100

A complete selection of low-cost DAQ hardware—and software for every skill set

MEASUREMENT COMPUTING

©2007 Measurement Computing Corporation, 10 Commerce Way, Norton, MA 02766 * 508 946-5100 * info@mccdag.com

www.mccdag.com
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TEST

SEMICONDUCTOR TEST

In semiconductor device and process
characterization and model verification,
wafer-level impedance measurements
are a necessity, especially in a world of
high-k, ultra-thin, and low-k
dielectrics. In the Webcast
“The A B C-V’s of Accurate
Impedance Measurements on

Evolving IC technology influences
impedance measurements

can be used to make impedance mea-
surements, and he describes in detail
several methods for measuring imped-
ance that differ based on the measure-

Impedance
measurements

ability and reliability to 110 GHz and
beyond. He comments on the impor-
tance of environment control in any on-
wafer impedance measurement, because
DUTs are sensitive to tem-
perature changes, electro-
magnetic interference (EMI),
and light. To optimize mea-

smaller, gate oxides are get-
ting thinner, gate leakage is
getting higher, and frequen-
cies are getting higher. He
then explains how those trends affect
impedance measurements and how en-
gineers can best ensure accurate, repeat-
able measurements.

Rumiantsev describes the LCR me-
ters and vector-network analyzers that

BOOK REVIEW

The tools and tric

253 pages. $59.95.

The rapid development of IEEE 802.11
WLAN technology has resulted in a
dearth of literature on how to test
WLAN:s, contends author Tom Alexan-
der, who sets out to fill the gap. He
largely succeeds with this book, which
serves as a readable introduction to
WLAN test without getting bogged
down in the details of the IEEE specs.
Alexander begins with a WLAN in-
troductory chapter before moving on
to test and measurement. He begins
chapter 2 with the basics, employing a

On-wafer impedance measurement methods differ depending
on the frequency of interest as well as on the type of instru-
mentation used.

ment frequency, the setup, and the
equipment used (figure). He notes that
LCR meters can be eftective at relatively
low frequencies (less than 3 GHz), while
S-parameter extraction using a vector-
network analyzer provides good repeat-

ks of WLAN test

target-practice analogy to
define uncertainty, precision,
and resolution. He divides
instrumentation into physi-
cal-layer, protocol, and in-
stallation categories, with
the last category consist-
ing mostly of ad hoc
“walk test” systems that
combine spectrum analyzers, sniff-
ers, traffic sources, GPS receivers, and
meters. Subsequent chapters provide
details on each of these areas.

TEST & MEASUREMENT WORLD www.tmworld.com

Wafer,” Andrej Rumiantsev, surement accuracy, he says,
applications group manager Impedance analyzers, vt instruments should be inte-
. LCR meters analyzers .
at Suss MicroTec Test Sys- grated into a probe system
tems, begins by summing up |—|—| to minimize cable lengths
technology trends as de- . Reflection Transmission and eliminate feed-throughs.
scribed in the International Measure: Z (1-port): sq1 (2-port): sy The Webcast, sponsored
Technology Roadmap for by Suss and produced by
Semiconductors (ITRS): In-  Frequency L - Test & Measurement World
tegration levels are getting limited Sddgedan Broadband and Semiconductor Interna-
higher, devices are getting <3 GHz RXQLC <110 GHz + tional, provides details on

auto-balancing bridge
(ABB), RF I-V, and S-
parameter impedance-
measurement methods. It
also covers probe and probe-pad con-
siderations as well as calibration and
calibration-verification methods. You
can view the archived Webcast at www.
tmworld.com/webcasts.

Rick Nelson, Chief Editor

Optimizing and Testing WLANSs, by Tom Alexander, Newnes (www.newnespress.com), 2007.

Alexander provides a
good overview chapter
on WLAN test environ-
ments, including open air,

screened room, chambered,
and conducted (in which
antennas are replaced with
cables), and he describes
near- and far-field regions
within an anechoic chamber.
In consecutive chapters on physical-
layer and protocol tests, he takes readers
through the gamut of test types, rang-
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TEST

The tools and tricks of WLAN test (continued)

ing from functional tests that occur
during development to compliance
tests that determine whether a product
meets IEEE specs as well as govern-
ment-mandated emissions require-
ments. In the physical-layer chapter, he
provide such details as how a constella-
tion diagram represents error-vector
magnitude; the protocol-test chapter
covers transport-layer, network-layer,
and data-link-layer test.

INSTRUMENTS

Additional chapters cover topics in-
cluding application-level measure-
ments (including voice over WLAN, or
VoWLAN, test), manufacturing test,
and multiple-input multiple-output
(MIMO) test. An appendix provides a
helpful list of relevant standards and
organizations. (Note: The publisher is
owned by Test & Measurement World’s
parent company:.)

Rick Nelson, Chief Editor

Simulations and measurements
show consistency

Engineers often use both eye diagrams
and S-parameters to characterize passive
components such as connectors, print-
ed-circuit board (PCB) backplanes, and
relays. When engineers Minh Tran and
An Trinh of Teledyne Relays wanted to
characterize a new design, they worked

directly with an Agilent sampling oscil-
loscope. The results proved that the s,,-
based simulations were valid.

Not content to stop there, Tran and
Trinh approached another customer to
measure s,;. This customer used an Agi-
lent VNA and also produced a simulat-
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The eye diagram on the left was made from s,; measurements on a VNA. The eye
on the right was measured with a sampling oscilloscope. courtesy of Teledyne Relays.

with customers to verify that both
methods could produce the same results.
They also showed that difterent instru-
ments could produce similar results.

Tran and Trinh measured s,, on relays
in their lab with an Agilent Technolo-
gies vector-network analyzer (VNA).
They sent their test results to a custom-
er, whose engineers produced a simu-
lated eye diagram from a simulated 2°—1
pseudorandom bit sequence (PRBS)
signal at 10 Gbps. The customer’s engi-
neers repeated the s,; measurements on
an Anritsu VNA and ran the results
through the same algorithm, which
produced nearly identical results.

The customer’s engineers then set out
to prove the validity of the simulated eye
diagrams by making the measurements

ed eye diagram. The measurements
proved consistent with those produced
by the first customer.

In addition to proving the validity of
the s,; measurements, Tran and Trinh
measured the effects that a test board
and cables had on the eye diagrams.
They also measured insertion loss of the
relays at frequencies up to 21 GHz with
the Agilent VNA. The test setup used
impedance-matched transmission lines
between the relays and the VNA. Test
results shows a nearly flat response at
frequencies up to 19.5 GHz.

For more details about the tests that
Teledyne Relays conducted, see the
online version of this article at www.
tmworld.com/2007_11.

Martin Rowe, Senior Technical Editor

www.tmworld.com TEST & MEASUREMENT WORLD
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PROJECT

COMMUNICATIONS TEST

Keeping the videoconference moving

DEVICE UNDER TEST
Videoconferencing sys-
tems that let people hold
conferences over the
Internet or over private
networks. Systems in-
clude multipoint control
units (MCUs) and middle-
ware that connects cli-
ents to conferences.
MCUs connect to audio
and video equipment
such as phones and Web-
cams. Servers can install
conferencing software on
client computers when an
attendee registers for a
meeting.

THE CHALLENGE
Verify interoperability of
the videoconferencing
software with audio/
visual equipment manu-
factured by numerous
companies. Analyze call-
setup negotiations. Inter-
ject stresses on the net-
work and evaluate audio
and video quality.

THE TOOLS

® Apache Jakarta Project:
open-source network-
traffic testing software.
jakarta.apache.org/jmeter.
® Empirix: VoIP network
traffic simulation and
monitoring system.
www.empirix.com.

® Radvision: testing soft-
ware for H.323 and SIP
networks.
www.radvision.com.

® Shunra: network emu-
lator. www.shunra.com.

e Wireshark: open-
source network protocol
analyzer.
www.wireshark.org.

PROJECT DESCRIPTION
Radvision (Fair Lawn, NJ, www.radvision.
com) manufactures videoconferencing sys-
tems. Testing of videoconferencing systems
starts with connectivity. The system must work
with Microsoft Windows PCs and connect to
conferencing equipment such as phones and
room systems. Radvision desktop CTO David
Bundy explained that engineers test the com-
pany’s products with audio and video end-
points. Thus, the lab is equipped with a wide
range of audio and video sources and displays.
“Even though there are industry standards,” he
explained, “companies interpret them differ-
ently. Testing lets us find those differences.”
To test connectivity and interoperability,
Radvision engineers start by connecting audio/
video equipment to PCs running its videocon-
ferencing server and client software. An MCU
provides clients and servers with access to a
conference (see figure). Testing starts with a
“clean” network where engineers can verify
that the system can add calls to a conference.
They use the company’s testing software to ver-
ify proper call setups and teardowns using H.323
and session-initiation protocol (SIP) protocols.
The H.323 and SIP protocols handle voice
and video, but other protocols handle network
connections and transport. Engineers use
open-source software, running on the server
PC, to measure Ethernet packet jitter, latency,
and loss. Using the software, engineers capture
the data streams from hundreds of calls and

play them back to get repeatable tests. An
open-source network protocol analyzer lets
the engineers monitor and troubleshoot net-
work connections.

After verifying connectivity, the engineers
add impairments to stress their videoconfer-
encing hardware and software. Network simu-
lators add packet jitter and latency to the test
network.The engineers use bandwidth limita-
tion to verify that their systems will drop the
bandwidth of connections as needed. For ex-
ample, a 256-kbps connection might drop to
64 kbps as network bandwidth drops.

Radvision engineers must verify that con-
ferencing software can traverse firewalls. To do
that, they verify that the software runs like a
‘Web-based application using HTTP.

The final test measures audio and video
quality, which engineers measure with live
participants. While Radvision will use voice-
quality testers, the company mostly relies on
live participants.

LESSONS LEARNED
“Even with standards and emulation tools,”
said Bundy, “you need to test with the actual
third-party endpoints for audio and video
conferencing. Network stress tools and analy-
sis tools are a must to emulate and evaluate
performance in real networks, but you must
also capture real network conditions and em-
ulate them with your tools.”

Martin Rowe, Senior Technical Editor
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MARK WILSON

Engineers at
Tyco Electronics’
M/A-COM busi-
ness unit test
antennas, cables,
components,
and subsystems
for aerospace
and defense
applications.

BY MARTIN ROWE
SENIOR TECHNICAL EDITOR

TEST & MEASUREMENT WORLD

OWELL, MA—A northeastern manufacturing city
once known for its textiles is now the headquarters
of Tyco Electronics, a maker of RF components and
subsystems used in defense and aerospace applica-
tions. No longer part of Tyco International, Tyco
Electronics M/A-COM manufactures products with
brand names such as Adams-Russell, Phoenix Mi-
crowave, and Anzac—the names of companies it has
acquired over the years.

At the Lowell headquarters, engineers design an-
tennas in many shapes and sizes that run at frequencies up to 60 GHz.
Most of these antennas fit into aircraft, missiles, and munitions. The
company also manufactures cable assemblies, designing and manufac-
turing its own cable from raw materials and making connectors in its
machine shop.

The company’s RF components include frequency converters, am-
plifiers, doublers, mixers, and switches. Many of these components
work in subsystems such as line-replaceable units (LRUs) and elec-
tronics warfare (EW) systems. Tyco Electronics also manufactures a
device that jams radio signals from improvisational explosive devices
(IEDs) and helps save lives in Iraq.

When testing RF components and systems used in aerospace and
defense applications, the Tyco Electronics engineers need to use a
variety of techniques. Their tests must not only verify the accuracy
of high-frequency signals but must also take into account the harsh
conditions of the anticipated operating environment. Tyco Electron-
ics designs products for aerospace and defense, which is not a high-
volume business. For these products, a few thousand pieces is con-
sidered high volume. Testing ranges from 100% characterization for
every unit, where each tests takes hours, to simple pass/fail tests that
take just a few seconds.

Antenna gain
Tyco Electronics’ antennas are used in communications, EW, and navi-
gation systems. They also transmit telemetry or receive GPS signals.
The antennas require full characterization for new designs, and engi-
neers led by antenna engineering manager Mark Marden measure an-
tenna pattern, gain, and voltage standing wave ratio (VSWR). Figure 1
shows two spiral antennas that mount on a launch vehicle. The diam-
eter of an antenna determines its frequency range. Other antenna
shapes include flat panels and cones, but shapes
o) and sizes vary widely. Antenna engineers char-
acterize antennas using any of six in-house
anechoic chambers that range in size from
12 ft* to 60x24x24 ft. Aircraft, spacecraft,

FIGURE 1. Spiral antennas fit onto a launch vehicle for
monitoring payload operation. Courtesy of Tyco Electronics.
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missile, and munitions-
based antennas require
full-spherical testing,
while land-based anten-
nas require hemispheri-
cal testing only.

The engineers have
devised a mechanism that
lets them measure 360°
radiating patterns of an-
tennas in the chambers.
They move the antenna
under test 360° relative
to a fixed antenna. Fig-
ure 2 shows the equip-
ment layout for an an-
echoic chamber that
engineers use to articu-
late the antenna under
test’s azimuth angle and
elevation angle. Typically, the positioner
moves the antenna under test in 0.5° and
smaller increments. Engineers can adjust
the fixed antenna’s height because it re-
sides on a movable mast, although its po-
sition remains fixed during a test. “The
antenna under test becomes the center of
the universe” said Marden.

Figure 3 shows a cone-shaped antenna
under test in a chamber. A laser-sighting
tool system aligns the antenna under test

Dual mode vertical/
horizontal polarization
source horn antenna

to the fixed antenna, and it maintains the
antenna under test’s center of rotation
during a test. Figure 4 shows the fixed
horn antenna inside the chamber.

Using an Agilent Technologies net-
work analyzer, the engineers measure
field amplitude and phase (not all cus-
tomers require phase measurements),
making some 30,000 measurements per
frequency. Each test uses eight to 10 fre-
quencies that cover the antenna’s fre-

| .
@ Elevation

VP ' .
i To antenna A Y
To antenna B~
HP
Antenna under test
Roll
RF switch RF switch
Switch control line
Switch
control Port B Port A
Switch Network

controller analyzer

rb LAN switch

GPIB

Position

Controller
controller

<— To motor/syncro

FIGURE 2. Equipment in an anechoic chamber aligns the positions of a transmitting
antenna and an antenna under test and articulates the antenna under test for data

acquisition.
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Test engineering man-
ager Bill Kane leads a
team of engineers who
develop automated tes-
ters used for production
and design verification.

quency range. A test
takes between 30 min
and two hours to run.
Engineers need about
four hours to set up
and calibrate for a test.

Before installing the
antenna under test in
the chamber, the engi-
neers calibrate the setup
using an antenna with a
known gain as a stan-
dard. That provides a
reference set of measurements to which
the engineers can compare the response
of an antenna under test.

Antenna environments

Antennas used in aerospace and defense
applications must operate over a wide
range of temperatures, and they must
withstand shock, vibration, and pressure.
Prior to placing environmental stresses
on an antenna, the engineers make base-

FIGURE 3. A mechanical arm rotates an
antenna under test around a pivot point.

Courtesy of Tyco Electronics.
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line measurements, called “acceptance
tests,” where they prove to the customer

that an antenna meets specifications. Cable engineering
After subjecting an antenna to environ- manager Herb Pflanz
mental stresses, the engineers repeat the '; and his team design
performance measurements, this time ’ ' and test cables and

called “qualification testing.” Y cable assemblies.

Qualification testing includes temper-
ature, vibration, and pressure tests as well
as highly accelerated life testing (HALT).
Engineers may subject an antenna to
more than one environmental stress at a
time. In the environmental lab, a thermal
chamber that contains heaters and LN2
(for cooling) subjects an antenna to tem-
peratures of £300°F The chamber can
reside on a vibration table, which lets en-
gineers subject the antenna to tempera-
ture and vibration simultaneously.

The environmental lab also contains
several Thermotron temperature cham-
bers, including a thermal-shock cham-
ber. An elevator moves parts through hot
and cold chambers to produce thermal
stress. A temperature/altitude chamber
stresses parts over wide temperature
ranges and over altitudes to 100,000 ft.
Humidity chambers simulate dry and
humid climates.

Engineers in Marden’s group also sup-
port production testing.“The percentage
of units tested for production per cus-
tomer requirements varies widely,” he
noted. “Mission-critical antennas such as
those used in launch vehicles will get
100% pattern and gain tested on every

MARK WILSON

In the 19th century, Lowell and other cities along the Merrimack
River gained notoriety for their textile mills. Today, all that
remains of the textile industry are the old buildings and a
museum. Although some of the spinning machines in the
museum still work, they don’t produce any textiles for sale.

But that's not to say that all spinning has left Lowell. At Tyco
Electronics, located a few miles up river from the old mills,
machines keep spinning wire into cable.

Machines like the one in the photo hold rolls of wire or insulat-
ing material that is used to form cables. As the machine extracts
materials from the rolls, the rolls spin on their axes. They also
spin as a group, an action that braids the material into a woven
pattern. The machine can spin wire for a cable’s center conduc-
tors or can spin insulating material into braided shields. _

The online version of this article contains a short video of a %/ L=
spinning machine in action (www.tmworld.com/2007_11). A spinning machine makes cable from

Martin Rowe spools of wire and thread.
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unit in addition to VSWR
measurements.”

Many of the company’s
military antennas are US
Government classified. To
make sure that test data re-
mains secure, engineers often
store measurements in com-
puters with removable hard
drives that are stored in a safe.

Cables matter

Antennas transmit and re-
ceive RF signals, but they
need cable and connectors to route those
signals to electronic equipment. Because
of the specialized uses for Tyco Electron-
ics’ products, the company manufactures
its own cables and connectors, then as-
sembles them into cable assemblies.

“We manufacture over 300 types of
cables in Lowell,” said cable engineering
manager Herb Pflanz. “We use raw wire,
Teflon, Kapton, and Nomex to make
cables for military and commercial air-

FIGURE 4. Engineers can adjust the height of a transmitting horn
antenna to accommodate different sizes of transmitting antennas.

craft.” (“Spinning lives in Lowell,” p. 32,
explains how Tyco Electronics manufac-
tures cables.)

Cables range in length from 6 in. to
hundreds of feet. Most operate from DC
to 18 GHz, but some work in the range
of 26.5 to 50 GHz.

The engineers test cables by measuring
transmitted power, reflected power, VSWR,
and insertion loss. Customers may specify
insertion-loss measurements in dB/m or

dB/100 ft.“Cables have a fre-
quency-versus-loss tradeoff.
The larger a cable’s diameter,
the lower its insertion loss but
the lower its frequency range,”’
said Pflanz. “Customers will
specify loss, length, and fre-
quency range, which dictate a
cable’s diameter.”

Sometimes, a customer
specifies sets of cables
matched for time delay, in-
sertion loss, or phase. Cus-
tomers often specify phase
matching to within £10°. To meet that
specification, Tyco Electronics engineers
design cables with the highest possible
velocity of propagation. According to
Pflanz, a cable’s velocity of propagation
typically ranges from 76% to 82%, with
100% being the speed of light.

The velocity of propagation aftects a
cable’s electrical length.“A 12-in. piece of’
cable can have the same electrical length
as a 14-in. cable, depending on velocity of
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propagation,” Pflanz noted. Figure 5
highlights how two cables with identical
lengths can pass signals at different speeds,
thus producing a phase difference be-
tween signals that entered the cables in
phase. To produce in-phase outputs, the
cables may need different physical
lengths.

Tyco Electronics keeps a database of

cable characteristics that engineers use to
specify matched cables. Cables produced
in the same lot will have nearly identical
electrical lengths for a given physical
length, but cables from different lots,
even when manufactured using the same
materials and processes,
will have different veloci-
ties of propagation and /\/_>
thus different electrical
lengths. The company will -
ship electrically matched
cable of different lengths as
long as those lengths meet
customer requirements.

Customers may also
specify amplitude-balanced cables. These
cables are often matched for +5% inser-
tion loss, but may be tighter. A customer
might, for example, specify an insertion
loss of 20 dB +1 dB.

Connecting it all
Engineers at Tyco Electronics also design
RF connectors with both standard and
custom interfaces that the company man-
ufactures in Lowell. Some connectors
have complex designs that incorporate
keying rings and self-locking mechanisms
that prevent users from using the connec-
tors incorrectly. Some are straight, while
other are bent from 45° to 90°. Some
connectors have field-replaceable ends.
Critical electrical measurements for
connectors include peak-power han-
dling, average power, and insertion loss.
Average power ratings vary with fre-
quency, and most range from 50 W to
500 W, although some connectors can
handle several thousand watts. Engineers
use power meters and network analyzers
to make these measurements.
Connectors and cables carry signals to
and from electronic devices, and Tyco
Electronics manufactures amplifiers, fil-
ters, LRUs, and other devices that process
signals. LRUs contain analog components
such as amplifiers and frequency convert-
ers controlled by microprocessors.

Many RF assemblies have analog in-
puts that adjust parameters such as gain
and frequency response. The micropro-
cessor-based digital-control boards in
LRUs have digital-to-analog converters
that generate those voltages. Engineers
use data-acquisition systems to measure
and calibrate control voltages. Senior
principal engineer Ravi Hans leads a
group of eight engineers who develop
digital control boards and test systems
that test and calibrate RF assemblies.

Engineers in Hans’ group test control
boards with oscilloscopes, logic analyz-
ers, power supplies, and data-acquisition

Cable A —> /\/
Phase

difference
Cable B —>

FIGURE 5. Cables with the same physical length but
with different propagation velocities will produce out-
puts with a difference in phase.

systems from Agilent Technologies. The
engineers developed test boards that per-
form both digital and RF testing. Using
field-programmable gate arrays (FPGAs),
engineers can configure a test board for
each digital controller. “We have unique
interfaces to our boards and need a re-
configurable test board,” said Hans. The
boards have RS-232 and USB computer
interfaces for automated control and
configuration.

To automate digital testing, the engi-
neers have developed a reconfigurable
test executive written with National In-
struments’ LabWindows/CVI. “We can
reuse code written for engineering eval-
uations, transferring them to produc-
tion,” Hans added.

Engineers in Hans’ group worked
with antenna engineers to develop a de-
vice that jams signals aimed at detonat-
ing IEDs. Engineers designed the soft-
ware and firmware that soldiers use to
program the jamming device. They also
developed tests for RF signal power, fre-
quency, spectrum performance, and DC
power consumption.

On to production

RF components and systems, ranging in
quantities from hundreds to thousands,
must go through production testing. Test
engineering manager Bill Kane oversees
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test development for RF component
production facilities in Lowell and in
San Jose, CA.

The production test teams maintain

ing one, two, or three racks of test equip-
ment. The test systems have been de-
signed to test passive components as well
as multifunction assemblies (MFAs) from

DC to 50 GHz.

The automated test systems typically
provide savings of over 90% to unit cycle
time. For example, one of the complex

more than 100 test systems between the
combined facilities. These systems can

range in complexity from automating a
few instruments on a bench to automat-
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EW systems that used to require more
than 40 hrs of manual test time can now
be tested in 3 hrs over three tempera-
tures. In addition, the test systems pro-
vide true “fire and forget” capability,
which allows one operator to operate
several stands at once; testing can also be
conducted overnight with no operator
necessary.

At Tyco Electronics, test engineers de-
velop both government-funded and
company-funded test systems. Govern-
ment-funded systems are dedicated to
testing a specific range of products, while
company-funded systems may test a
wide range of products. Test engineers
often reconfigure company-funded sys-
tems to meet production needs on new
programs using the latest equipment and
software.

Four of the single-rack test stations
test three types of high-power amplifi-
ers. Bed-of-nails fixtures connect the
tester’s power supplies to printed-
circuit boards (PCBs). Network analyz-
ers, spectrum analyzers, and digital
multimeters (DMMs) measure most
test parameters.

“Design engineers perform bench
testing while we develop the automated
test stations,” said Kane. “They use the
automated testers during product devel-
opment. We also run tests for design en-
gineering, and we often write automa-
tion code that they use. We later reuse
the code for production.”

Software engineers in Kane’s group
have developed a library of test functions
using AgilentVee that they often reuse to
test new products. Test software stores
measurement results in a database, gener-
ating as many as 90 sheets of data per
part, depending on the length of a test.
Unclassified test data resides on an Ora-
cle database; engineers can analyze the
data, looking for trends that may take
days of testing to appear, to improve
manufacturing processes.

Engineers at Tyco Electronics exten-
sively test antennas, components, and
systems used for military and aerospace
applications. “The ability to produce au-
tomated test systems in-house, alongside
the project development team, provides a
tremendous advantage in development
cycle time and cost,” said John McGuire,
manager of quality and operational ex-
cellence for the group. T&*MW
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Images from
infrared cameras E N G I N E E
can identify
problems visual
inspections and
electrical tests
= 10|RVISIO

BY JON TITUS, CONTRIBUTING TECHNICAL EDITOR

Ithough a thermal, or infrared, vision system can easily inspect printed-circuit

boards (PCBs) and their components, many people in the electronics business

don’t fully understand what thermal imaging can do for them. In essence, an

infrared (IR) camera provides a visual thermal profile that will immediately
indicate problems.

Andy Beck, national sales manager at Mikron Infrared, recently
found himself the lone exhibitor of IR-imaging equipment at a
trade show. “Engineers would ask, “What does infrared have to do
with vision?’ I explained thermal imaging and some typical ap-
plications. After a few minutes, the engineers could envision many
applications in their companies. But prior to their booth visit,
they hadn’t thought of IR imaging as an inspection tool.”

Even when engineers know about IR vision, they can discount
its value. “We used an IR camera to show a skeptical researcher
that a small IC ran at 80°C,” said Rich Barton, technical director
at OptoTherm.“But he used a thermocouple to measure the IC’s
temperature as 40°C. On small packages, a sensor acts like a heat
sink, so it cannot accurately measure the IC’s normal operating
temperature.” After the customer used a smaller sensor, thermal
grease, and insulation, sensor measurements climbed close to
80°C. “This fellow then realized all his previous measurements
were incorrect.”

A typical IR -vision project starts with a conversation that lets
equipment suppliers determine whether an IR -based inspection
system can meet key inspection requirements. “We send the in-
quirer a form with about 30 questions to answer,” said Beck. Based on the answers, a

The thermal image of a
biased computer chip

price quotation may follow to quickly separate buyers with a budget from “tire kickers.” quickly reveals a defect that
“Mikron manufactures IR cameras and provides a turnkey IR -imaging system, so we visible-light imaging would
can easily add capabilities and answer questions about any problem,” explained Beck. Nnot see. Courtesy of FLIR Systerns.

Suppose, though, engineers buy cameras from vendor A, software from vendor B, and
computers from vendor C.When their home-built system has problems, who takes re-
sponsibility and sorts everything out? “Engineers should find a reputable company and
buy a complete inspection system from it for no other reason than the vendor will take
full responsibility for the entire system,” said Beck.
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Choose your detector technology
IR sensors can employ what seems like
gee-whiz technology. FLIR Systems
manufactures two types of IR detectors,
a heat detector and a photon counter.
The heat detector, called a
microbolometer, uses small
sensors that change resistance
as they receive more or less
IR energy. The photon-coun-
ter detectors, based on indium
antimonide (InSb), absorb
photons and convert them
into electrons that sensors
store temporarily as charge.

“Microbolometers usually
require a longer integration
time than do InSb detectors,”
said David Bursell, national
director for the science seg-
ment at FLIR. “But they cost
less and might need only a
thermoelectric, or Peltier,
cooling device, if any.” Cameras in the
company’s ThermaCam A Series used in
process and monitoring applications all
employ an uncooled microbolometer
Sensor.

“The InSb detectors cost more and
may require liquid-nitrogen cooling at
—195°C [78 K],” continued Bursell.“They
detect small energy differences and pro-
duce a crisper thermal image, though.”
People often use InSb-detector cameras
in R&D labs when they need high ther-
mal sensitivity. Software provides the key
to useful inspection results. “As you apply
power to a known-good PCB, you can
take a series of images as components
warm up,” explained Ross Overstreet, sci-
ence-segment engineer at FLIR. “Then,
you do the same thing for a PCB under
test and subtract the known-good and
test images to observe any out-of-limits
changes that could indicate a problem.
The system looks for temperature differ-
ences rather than actual temperatures.”

“People might not realize IR -imaging
software does not have to deal with the
effects of lights and shadows in an image,
for example,” said Chris Bainter, FLIR’s
senior science segment engineer. “So,
that simplifies system requirements, and
algorithms can run faster. Thus, software
can do more with an image in a given
time.”

Some engineers may have overly high
expectations about what an IR camera
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can do. Unlike the IR cameras used in
science-fiction movies, real IR cameras
cannot see through most objects, so you
cannot “see” an overheated chip inside
an enclosure. Even with that limitation,

Hewlett-Package uses IR cameras in its product-safety lab to
identify potential hazards. Preliminary IR images help identify
components that require further tests. courtesy of FLIR Systems.

though, IR cameras can detect internal
problems.

“If you look at electrical panels and
one appears hotter than the others, you
could infer an overheated device behind
the hot door,” noted Beck of Mikron In-
frared. “After you open the door, the
camera can measure temperatures of in-
dividual components.”

Keep an eye on
emissivity
A basic IR camera mea-
sures radiation, not tem-
perature. Either camera
firmware or software on
a PC converts radiation
measurements to tem-
peratures based on am-
bient conditions and
material characteristics.
Camera manufacturers
provide calibration in-
formation for each cam-
era and sensor type,
based on lab measure-
ments. Users adjust
emissivity values based on the types of
materials they plan to work with.
Many engineers may not appreciate
how emissivity relates to IR measure-
ments. Emissivity values range from 0 to
1 and describe how well a surface emits
IR radiation compared to radiation from
a blackbody at the same temperature. A

blackbody has an emissivity of 1, and a
polished aluminum surface, for example,
has an emissivity of about 0.3.
OptoTherm’s Barton cautioned that if
you want to measure a surface tempera-
ture accurately, you should
have a material with an emis-
sivity of 0.5 or greater. For
emissivities below 0.5, soft-
ware compensation may pro-
duce inaccurate results. “At a
low emissivity, reflected en-
ergy from light bulbs, peoples’
heads, HVAC equipment, and
other sources interferes with
measurements,” said Barton.
Uncoated metals have a low
emissivity, so component legs,
exposed PCB traces, solder,
stainless-steel tops on ball-grid
arrays (BGAs), and similar
components can cause mea-
surement problems. Other
materials, such as glossy paint and some
plastics and ceramics may have low emis-
sivity at high measurement angles. Bar-
ton explained that if you position an IR
camera within 20° of the axis perpen-
dicular to a component’s surface, you get
a relatively high emissivity. But if you
move more than 45° away from that axis,
reflections can become a problem.

During power-up, this PCB produces a range of tempera-
tures at its components. Courtesy of OptoTherm.

“When a surface has an emissivity below
0.5 and people must measure tempera-
tures below 100°C, they can run into
difficulties,” he said.

A few tricks can help engineers over-
come low emissivity. A thin layer of Kap-
ton polyimide tape or a piece of masking
tape has a uniform emissivity of about
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0.95. Just apply the material to
the component’s surface, and
measure the temperature of the
taped area. A bit of flat-finish
paint or white correction fluid
also works well. A small piece of
tape or a dab of paint should not
affect the thermal properties of
the surface.

Some IR-inspection equip-
ment, such as OptoTherm’s
Micro thermal imager for semi-
conductors and its EL system for
PCB inspections, operate offline.
But Barton claimed that because
component densities often pre-
clude the use of inline in-circuit
testers and because flying-probe
testers take too much time, the electron-
ics industry may start to use more IR-
inspection systems on production lines.

Keep the heat inside

Often, engineers want to measure com-
ponent temperatures inside an enclosure
that blocks IR radiation. They might
need to heat a PCB to, say, 50°C to mea-
sure how much heat its components
produce under that condition.

“Our cameras operate from 7 to 14
pm, where most materials appear
opaque,” explained Barton. “Engineers
can cut a hole in an enclosure and cover
it with an exotic material such as germa-
nium or an amorphous material trans-
mitting IR [AMTIR], which comes in
several formulations. Then, they can
measure surface temperatures through
the IR -transparent material without dis-
turbing ambient conditions.”

When compared with thermal data from a
known-good board, the image of a failed board
shows specific defects that have higher-than
expected temperatures. Courtesy of OptaTherm.

If engineers need a large viewing port,
they can cover holes with a thin plastic,
but they must adjust their IR camera’s
emissivity setting to account for a small
radiation attenuation through the film.
“Films with a thickness of about 3 mils
generally have about a 90% transmit-
tance for long-wave IR radiation. Poly-
imide is one of the best plastics, and it
has a transmittance of about 93 or 94%,”
said Barton.

Go far in the near IR

Cameras that use an indium gallium arse-
nide (InGaAs) sensor extend spectral
coverage into near-infrared (NIR) and
short-wave IR (SWIR) wavelengths
where the sensitivity of standard silicon
CMOS- and CCD-sensor cameras tapers
off. And unlike thermal IR cameras that
may require cryogenic cooling, InGaAs
cameras operate at room temperature.

SWIR inspections let engineers look below the surface of silicon wafers to spot de-
fects. When viewed in the short-wave IR spectrum, a silicon disk in a flashlight with
light output at 1.55 pm appears transparent (left). When viewed in visible light, the sil-
icon appears opaque (right). courtesy of Sensors Unlimited.
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In this webcast, design and e N
test engineers facing these Attendees will learn how to:
fgre:r?:éefevs\qllslgfe,:wa?sc(’g}gf- 1. Accelerate test system development

an innovation designed to 2. Effectively manage product and test data
integrate and synchronize test 3. Define test procedures and direct how
systems with other enterprise they are followed

functions such as R&D, manu- 4. Facilitate multi-site collaboration

facturing and supply chain. 5. Achieve real-time asset management and

test visibility
- J

MODERATOR
Rick Nelson

REGISTER NOW!
I—> TMWorld.com/Wehcasts
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Signal Integrity testing
and expertise

GORE™ VNA
Microwave Test
Assemblies

EXPERIENCED
INNOVATION.

Superior engineering made simple.

Gore offers a family of proven test solutions
that provide reliable and repeatable results

to meet your requirements.

Excellent phase and amplitude stability

Precision time matching
High density solutions

Rugged and durable

2

GORE™ Ultra High
Density Interconnect
Systems

GORE™ PHASEFLEX® Microwave Test Assemblies

Proven solutions for your high data rate, RF,
and microwave applications through 110 GHz

W.L. Gore & Associates

gore.com

North America:

1 (800) 445 4673
International
1(302) 292 5100

Europe:
+49 91 44 6010
+44 1382 561511

g

Creative Technologies
Worldwide

GORE, PHASEFLEX, and design are trademarks of W.L. Gore & Associates. ©2007 W.L. Gore & Associates, Inc.
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MACHINE VISION

NIR wavelengths cover from about 0.75
to 1.4 pum, and SWIR wavelengths cover
from 1.4 to 3.0 pm.

“In this wavelength range, the In-
GaAs cameras detect reflected IR radia-
tion with a temperature sensitivity be-
tween about 150 to 900°C,” explained
Bob Struthers, director of sales and mar-
keting at Sensors Unlimited, a supplier
of NIR/SWIR sensors and cameras.
“So, even though we talk about IR ra-
diation, engineers don’t have to deal
with room-temperature background ra-
diation and emissivity as they must with
true thermal-imaging equipment.” Ex-
cept for differences in pixel size and the
number of pixels per image, NIR/
SWIR cameras behave much like sili-
CON-SENsOr cameras.

“Silicon becomes transparent at about
1.1 pm, so you can use an InGaAs cam-
era to inspect features and detect flaws
below a wafer’s surface,” said Struthers.
“You also can verify that production
processes have properly laid out a circuit’s
sublayers.” This type of inspection can
use standard halogen or incandescent
lamps that radiate well into the NIR/
SWIR band.

Test engineers can bias circuits on a
die or wafer and use an emission micro-
scope, which combines an NIR/SWIR
camera and an optical microscope, to
detect the small numbers of photons
emitted by defects. “Those emissions
occur at about 1.3 pm, which falls right
at the ‘sweet spot’ for an InGaAs cam-
era,” said Struthers.“The glass in micro-
scopes transmits radiation down to
about 2.5 pm, so it easily passes photons
at 1.3 pm. When you select glass lenses
for SWIR cameras, though, ensure they
do not include IR-blocking filter or
coatings.”

Cameras based on InGaAs sensors also
play a role in fiber-optic tests and quality
control. “The wavelengths used in fiber-
optic communications occur between
about 1.3 and 1.6 um, which coincides
with the peak sensitivity for InGaAs
sensors,” noted Struthers. “Quality-con-
trol people can use an SWIR camera to
ensure light goes through fiber-optic
components properly. And they can in-
spect laser sources to make sure you
don’t have mode hopping and that they
produce the expected light pattern and
intensity.” T&’ MW
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STANDARD & CUSTOMIZED

PULSE GENERATORS FOR
PRODUCTION TESTING

Avtech offers over 500 standard
models of pulse generators, function
generators, and amplifiers ideal for
both R&D and factory-floor testing!
And Avtech has the unique ability to
modify most instruments to meet your
special requirements. Call today!

Some of our 500+ standard models:

* AVOZ-D2-B. 100 ns rise time, 700 Volt, 70 Amp - ideal for testing diode arrays.

* AV-156F-B. Dual-channel +10 Amp current pulser, ideal for airbag initiator tests.
* AV-151J-B. A +400 V, 50 kHz function generator, ideal for piezoelectric testing.

* AVRZ-5A-B. +500 Volt pulser with 10ns rise time, ideal for semiconductor testing.

For data sheets, pricing & application notes, visit
www.avtechpulse.com

ELECTROSYSTEMS

NANOSECOND
WAVEFORM ELECTRONICS
SINCE 1975

BOX 265, OGDENSBURG
NY, 13669-0265
ph: 800-265-6681, 613-226-5772
fax: 800-561-1970, 613-686-6679
e-mail: info@avtechpulse.com
http://www.avtechpulse.com

Germany / Aust / Switz: Schulz-Electronic
France: K.M.P. Elec. Japan: Hikari, Inc.
Korea: MJL Crystek Taiwan, China: Quatek
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AR Receiver Systems CL-105/106
Electromagnetic Leak Detector.

A convenient and effective means of testing
the electromagnetic shielding at seams, doors
and filter connections.

Model CL-105/106 is a portable unit,
with a convenient carrying case, that includes
a leak detection system transmitter and a
sniffer/receiver.

The transmitter is connected via feedwire to
opposite comers of the enclosure, and will transmit
an AC current across the metallic surface.

If a poor seam exists, a signal will be detected
when scanning with the receiver pick-up probe.

For technical support: call 800-933-8181 or
visit ar-worldwide.com
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receiver systems
Other ar divisions: rfimicowave instrumentation ® modular If ® ar europe
Copyright® 2007 AR. The orange stripe on AR products is Reg. U.S. Pat. & TM. Off.
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RF/MICROWAVE TEST

LXI Class C instruments are making inroads into RF
and microwave test applications, and Class A and B
instruments are beginning to emerge as well.

LXI speeds gigahertz
MEASUREMENTS

BY RICK NELSON, CHIEF EDITOR

thernet isn’t generally considered a
E conduit for RF and microwave sig-

nals, but the appearance of the LXI
version of Ethernet on a variety of instru-
ments is simplifying and speeding RF and
microwave measurement tasks.

When considering LXI for RF applica-
tions, said Chris Van Woerkom, senior mar-
keting engineer in the Electronic Measure-
ments Group of