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ere Driven!

The same things that drive you, drive us. We're passionate about finding new ways to help our customers be more productive. To make testing faster, easier,

and more accurate. To make equipment more reliable and more cost-effective. To be ready for the future, today.

Building Blocks! That's The Idea

Behind Our Subampability™ Concept!
We're building amplifiers that can grow as
your needs change. When you need a more
powerful amp, you simply add the power
istead of tossing out the old amplifier. Smart!

Adaptable, Constantly Changing.

The TGAR system, for automotive transient immunity
testing, is so flexable it can handle most existing specs ...
and most new ones as they emerge.

Survival Of The Fittest.

AR amps stand up to the toughest
conditions with infinite VSWR
tolerance. You get every watt

of power, every time.

Safe Bet!
AR's highly-advanced Starprobe®
} laser probes have 3 levels of
§ safety to protect your equipment
/ and the reliability of your data.

AR battery and laser probes cover
5 kHz to 60 GHz.

K% ﬁ Your Tet s Only As Good
- As The Sum Of Its Parts.

It doesn't make sense to compromise
the quality of AR amplifiers with
inferior parts. AR offers accessories
that are power and frequency
matched to our amps.

wow!

AR Systems like the AS40000 Radiated Immunity
Test System can perform entire tests with just the
press of a few buttons ... and with unmatched
accuracy and reliability.

=1 Our Conducted Immunity
e | et Systems Stand Alone!
Powerhonse! The CI self-contained RF

When it comes to power and reliability,

those who know come to AR. For amplifiers
like the 10000A250A, awith 10,000 watts of
power, 6:1 VSWR tolerance, and a frequency

Conducted Immunity

Test Systems have no equals. For ease of use,
accuracy, flexibility, reliability, or any
features that really matter. Testing to CE,

range of 100 kHz - 250 MHz, MIL and Auto Standards.
We've Seen The Future.
‘ And We're In It.
Rgi‘a"‘ A"‘f}l:’s' - No one knows exactly
T Unique oent el 18 hat' in EMC
Radiant Arrows are about : nd L\)SV;Z:STL s
60% smaller than stndard og B AR il b
periodic antennas. They produce ut AR wi aways be
high fields even i the several steps ahead, with
toughest applications the amps and accessories
that meet the changing needs.

Get Ready For The Next Wave In EMI Receivers.
The CER2018A Receiver is a complete EMI test solution with continuous
coverage from 9 kHz to 18 GHz. It exceeds CISPR 16-1-1 Ed.2 Oct. 2007
and features Peak, Quasi-Peak, Average and RMS-Average detectors.
Easy to use, menu-driven and self calibration with itemal standard.

37T

AR Modular RF Is A Leading Supplier Of Booster Amplifiers For Tactical Military Radios.
Our battle-tested booster amplifiers cover the broadest frequencies and
wave forms and are compatible with virtually every transceiver. We're also
supplying some of the most high efficiency modules for jamming applications.

A Wide Range of Modules and Amplifier Systems.

AR Modular RF not only offers modules and rack mounted amplifiers
from 10 kHz to 6 GHz (with power that goes from watts to kilowatts), S
we also provide customer-specific designs and modifications of our products
to meet the most demanding requirements.

One Company, Infinite Solutions

_n'®

rf/microwave instrumentation ® modular rf ¢ receiver systems ¢ ar evrope

USA 215-723-8181. For an applications engineer, call 800-933-8181.

In Europe, call ar United Kingdom 441-908-282766 © ar France 33-1-47-91-75-30 * emv GmbH 89-614-1710 © ar Benelux 31-172-423-000

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



Need More Temperature Options?
Shop online at OMega.com*

100,000 process control and measurement praducts (and counting)

Find thousands
of temperature
measurement and
control products

£
AND THOSE ARE THE | SHOULD I BE ~ in one place!
COMPANY PRIORITIES [&| ~ CONCERNED THAT YOURE Visit omega.com
FOR THE COMING YEAR. || NONE OF MY PROJECTS OVER— to order your
ANY QUESTIONS? || RELATE TO ANY OF THINKING FREE copy of
§| THOSE PRIORITIES? AGAIN.  SORRY. The Temperature
Handbook™ and

Encyclopedia
6th Edition

19-08 ©2008Scott Adams, Inc./Dist. by UFS, Inc.

www.dilbert.com

%ﬁl
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PT100 RTD Elements | packages of

\ Food Service

‘ INFRARED -
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an OEM Price!
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Trigger

Positior

LeCroy WaveAce™ Series
60 MHz - 300 MHz Oscilloscopes

«» 60 MHz, 100 MHz, 200 MHz and 300 MHz bandwidths

« Sample rates up to 2 GS/s

« Longest memary in class - up to 9 kpts/Ch (18 kpts interleaved)
« Advanced Triggering - Edge, Pulse Width, Video, Slope

« 5.7" bright color display on all models

Sta

1-800-5-LeCroy
www.lecroy.com

ring at

5930

+ 32 automatic measurements

« 4 math functions plus FFT

« Large internal waveform and setup storage

« Multi-language user interface and context sensitive help
« USB connections for memaory sticks, printers and PCs

Experience the New LeCroy Oscilloscopes

www.insightwithconfidence.com/waveace
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wiring errors
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sensing diode, you can eliminate errors caused by voltage drops
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LEMO SA - Switzerland

Phone: (+41 21) 695 16 00
Fax:  (+4121)695 16 02

info@lemo.com

THE ORIGINAL
PUSH-PULL
CONNECTOR

More than
50'000 connector
combinations

The modular design of
LEMO products provides
more than 50'000
different combinations

of connectors with a
large choice of contact
configurations:

e High and low voltage
e Coaxial and triaxial

* Quadrax

e Thermocouple

e Fibre optic

e Fluidic and pneumatic
e Hybrid

e Custom solutions

e Cable assembly

‘L. LEMLO,

Contact your local partner on www.lemo.com
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Check out these exclusive features on
the Test & Measurement World Web site:

IPC’s Schuld to drive assembly-
technology standards

The trend toward high-density interconnects is driv-
ing the need for standards, as designers put more
components into less space. To help its members
deal with standards, the IPC has named Kevin Schuld
as director of assembly technology. Schuld recently
discussed the challenges he faces in gaining consen-
sus among the association’s volunteer members.

www.tmworld.com/ipc_schuld

Got Test Ideas?

In our monthly Test Ideas column, our readers share
innovative tips that can help other engineers solve
test problems. Recent articles have covered gener-
ating a swept sine in LabView, producing AC test
signals, and isolating a clock source.

Check out past columns, and then submit your
own idea. If you've built a custom test fixture, written
code to control a signal source and a measurement
instrument, or designed a circuit to get a waveform
you couldn’t get anywhere else, tell us about it. If we
publish your idea, we'll send you $150.

www.tmworld.com/testideas

Blog commentaries and links

Taking the Measure
Rick Nelson, Editor in Chief

@ What's in a name—developer, engineer,
architect?

® AIA hears turnaround prediction

Rowe’s and Columns
Martin Rowe, Senior Technical Editor
@ Has your job expanded recently?
® Love-hate relationships
Engineering Education and Careers
Puneet Lakhi, Contributing Editor
® A bittersweet honor

® Launch your career with the first flying car

www.tmworld.com/blogs

Take a T&M Challenge

Answer our latest Oscilloscope Challenge question
correctly, and you could win a $100 Best Buy gift
card, courtesy of Agilent Technologies. A new ques-
tion every month.

www.tmworld.com/challenge

www.tmworld.com TEST & MEASUREMENT WORLD



“Somebody should make a low-cost function generator
as capable as an Agilent.”

10,000,008MHz [

You mean somebody like Agilent?

The most reliable function/arbitrary waveform generators in the world have
always been Agilent. Now, for the first time, you can have that Agilent reliability
at a low cost; the new Agilent 33210A function/arbitrary waveform generator.
With all the modern LXI compliant 170, productivity features, and ease-of-use of
its older brothers, the 33210A expands your choice of function generators, each
scaled perfectly to your needs.

| NEW.

See what's new with Agilent function generators
www.agilent.com/find/agilent33210a

LXI

© 2008 Agilent Technologies, Inc. * Prices in USD and subject to change. u.s. 1-800-829-4444 canada 1-877-894-4414

- Agilent Technologies
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5,000,000 Cyele

1000’s of standard plug-in modules available
Frequency range from DC-40GHz

Built-in Ethernet, GPIB and Serial ports with LXI support
Hot-swap redundant power supplies & CPU’s
Field upgradable firmware

Various sized units to meet most needs
Solid-state, relay, digital or fiber optic switching
Field proven performance and reliability

BITE for superior performance

International wide-range AC power capacity
FREE LabView VISA drivers

World-class support and quality

1ISO 9001:
Certified

Made in the USA

See us at Satellite 2009
Washington DC, Booth 1419

L-Band
Microwave

Audio & Video - Digital

RF / IF

Universal
Switching
Corporation

TTIL / LVDS

Call to get our
catalog today!

-Of- - i i i Phn +1818-381-5111
State-of-the-Art Switching Solutions For T 8189504868
7671 North San Fernando Road Email sales@uswi.com
Burbank, CA 91505 USA Web  uswi.com
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Spatial context
can help computers
make decisions.

EDITOR S NOTE

EDITOR IN CHIEF

A valentine, things, and stuff

received a Valentine’s Day card last month,

having on its cover a photograph of a cou-

ple dancing on a bridge near a lamppost in

what appeared to be a European city. Your

obvious question might be, why would

someone send me a valentine? But my
question was, which city?

Google Images lets you attempt to answer
such questions using an iterative approach by
searching, for example, for “Budapest bridge
lamppost” or “Dresden bridge lamppost.” (My
card turned out to depict the Charles Bridge in
Prague.)

It seems there should be a more straightfor-
ward approach—instead of sorting through im-
ages returned by Google in response to text-
based queries, one
should be able to sub-
mit an image and get
text back. Such capa-
bilities do appear in
limited contexts. Fans
of mysteries will know that police officers can
submit fingerprints to the FBI's IAFIS and get in
return the name and criminal history of a sus-
pect. Also, police and casinos use face-recogni-
tion systems to search for criminals or card
counters. But generalized image recognition
remains elusive.

That may change, based on work presented
by Geremy Heitz at the Automated Imaging
Association’s 17th annual business conference,
held February 4-6 in San Diego. Heitz, a PhD
candidate at Stanford, described work he is
doing on high-level scene interpretation. Heitz
noted that humans can readily analyze scenes—
they can identify a cityscape, for example, and
detect objects and establish relationships be-
tween them: “The car passes a bus on the road,
while people walk past a building.”

That's a tough task for computers. As an ex-
ample, Heitz presented a blurred rectangle of
pixels, which neither man nor machine could
identify. But when he presented that rectangle in
the context of a country road, it became clear to
people that the rectangle represented a moving
vehicle. Computers, however, have trouble deal-
ing with context and are likely to mistake a cow
standing in a meadow for a motorcycle.

To help solve that problem, Heitz is working
with “things” and “stuff.” A thing, he said, is an
object with a specific size and shape, while stuff
is a material defined by a homogeneous or re-
petitive pattern. Given a things-and-stuff (TAS)
model, a computer can make an educated guess.
For instance, given “stuff” equals grass, “thing”
is more likely to equal cow than motorcycle.
Heitz has concluded that spatial context gained
through a TAS approach can improve any ma-
chine-vision sliding-window-detector technique.

Several attendees at the AIA meeting seemed
eager to adapt the TAS model to industrial ma-
chine-vision applications, but that might be pre-
mature. If, for example, | am expecting to see a
diode (thing) at a specific place on a printed-
circuit board (stuff), | don't want my automated-
optical-inspection system to infer “diode” if a
resistor has mistakenly been placed in the di-
ode’s spot. Indeed, Heitz said typical applica-
tions for his work lie in the surveillance and se-
curity fields. Nevertheless, his work sheds light
on how people analyze images, and that knowl-
edge will likely yield techniques that have broad
applicability (Ref. 1) across a range of machine-
vision specialties. T&MW

REFERENCE

1. Lipson, Pamela R., “AOI systems simulate human brain,”
Test & Measurement World, February 2007. www.tmworld.
com/2007_02.

‘ POST YOUR COMMENTS AT WWW.TMWORLD.COM/BLOG.
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USB Data Acquisition.

Plug and Play Measurement.

US B Data Acquisition

Product Selection Chart

TREsEwg REpreas B wuassen wo

# of Resolution
Model Summary Channels  Throughput (bits)
TEMPpoint Thermocouple, voltage, or RTD inputs, 8,16, 24, 32,
E- A/D and CJC per input, high accuracy 40 or 48
= DT9805*, 7 thermocouples, 1 CJC, temperature 8DI/16SE 50kHz
DT9806** applications, 500V isolation
5 DT9837* 4 |EPE (ICP) sensor inputs, tachometer, 4 |EPE (SE)
! DT9837A* simultaneous A/Ds + 1 Tacho
§ DT9841-VIB* | 8 IEPE (ICP) sensor inputs, simultaneous 8IEPE (SE) | 100kHz
> A/Ds with DSP, 500V isolation er channel
p
DT9832A* Simultaneous, 2 A/Ds @ 2.0MHz each, 2SE 2.0MHz SOUND & VIBRATION
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2 é’- DT9832* Simultaneous, 4 A/Ds @ 1.25MHz each, 4SE J
% 5 e RV isolation | )
NNReous, up to 12 A/Ds @ 225kHz 6 or 12SE :
& icolati .
N\ olation i
p to 16 analog inputs, 500kHz, | 16SE/8DI 500 K :
500V isolation ="
High-speed, up to 32 analog inputs, 500kHz, | 32SE/16DI 500 kHz
16-bit, 500V isolation TEMPERATURE
B01*+*, Jultifungifiealog 1/Q 7, 12 165 10Q MEASUREMENT

Every feature. Compare. Learn. Use.
Always, 5-Day Delivery.
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We can help!
Call now or visit
us online.

800-525-8528

www.datatranslation.com

DATATRANSLATION®

Inventors of High Performance
USB Data Acquisition



TEST

[An exclusive interview with a test engineer]

The RFIC evaluator

oe Flynn is a staff engineer at Sequoia

Communications, a start-up fabless semi-
conductor company that develops and pro-
duces single-chip RF transceivers for multi-
mode cellular handsets. The transceivers
enable handset manufacturers to use a single
device to communicate over GSM, EDGE,

and WCDMA networks. Martin Rowe spoke to

Flynn by telephone at his office in San Diego.

Q: What is your role in test?

A: At Sequoia, four test engineers develop evaluation
boards and automated test stations for evaluating designs.
We also perform the evaluations and analyze test data.

Q: What’s in an evaluation board?

A: In-house evaluation boards provide us with access to
every signal on the device. Our device supports multiple
bands and modes, which means we need to test five
transmit paths and seven receive paths. We use a socketed
board for functional testing and a soldered-down version
for characterization. For customers, we provide a refer-
ence design board with a single antenna port that in-
cludes all of the components required to simulate the RF
section of a cellphone.

Q: What are some of the tests you perform?

A: We test transmitters by feeding them a baseband ana-
log signal and measuring the output. We use predefined
waveforms built into a signal source along with proprie-
tary waveforms and store them in the instrument. We
also test receivers using modulated signals and measure
any distortion that the receiver produces during down-
conversion. For receiver EDGE testing, we use 8PSK

(8 phase-shift keying) modulated waveforms. We have
many waveforms for WCDMA testing, starting with
QPSK (quadrature phase-shift keying) waveforms and
then moving on to more complex waveforms.

Q: How many devices do you test in an evaluation?
A: We typically test 50 to 100 pieces. That gives us enough
data to characterize how the part will perform in produc-
tion. We also evaluate parts from multiple wafers within the
same lot. In addition, we have our silicon supplier fabricate

parts using process parameters at the corners of their specifi-
cations. This provides us with data on how well the parts
behave over the full range of production parameters. We also
test the parts over a wide range of power-supply voltages.

Q: How do you test for environmental effects?

A: We test our receivers in an environmental chamber
that’s installed in a screenroom. It minimizes interference
from commercial radio transmitters and nearby cell-
phones and base stations. Transmitter test stations don’t
need screenrooms.

Q: What are the functions of your test stations?
A: We have several test stations. One tester performs
functional test on new parts so we can verify that they
work before we characterize them. Another station cali-
brates transmitter and receiver gain stages. To minimize
cost and complexity, we have independent receive and
transmit test stations. The receiver test station includes a
vector network analyzer for measuring S-parameters and
a modulation analyzer to test the baseband output of the
receiver. Measurements include gain, noise figure, inter-
modulation distortion, cross modulation, signal-to-noise
ratio, and error-vector magnitude. A digital multimeter
measures power-supply current on every power pin
through a switching matrix.

Q: How do you analyze test data?

A:.The test data is stored and is manipulated using a
custom Web-based charting tool that allows us to com-
pare measurements on the devices over environmental,
fabrication process, and power-supply conditions. Due
to the complexity of the device, we produce as many as
1200 plots. T&MW

Every other month, we 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.

TEST & MEASUREMENT WORLD www.tmworld.com
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NEWS

Agilent, Anite demonstrate LTE end-to-end streaming video

Agilent Technologies and Anite teamed up to demonstrate
3GPP LTE interoperability at the Mobile World Congress
(February 16-19, Barcelona, Spain). The demonstration
showed end-to-end streaming video with a Blue Wonder UE
chipset, a Signalion SORBAS LTE UE (user equipment) simu-
lator, an Agilent E6620A LTE wireless-communications test
set, and an Anite SAT LTE protocol-development toolset.

The demonstration results from a strategic partnership
between Agilent and Anite to deliver LTE UE development
tools to wireless engineers. Said Paul Beaver, business unit
director at Anite, “Our partnership with Agilent plays a piv-
otal role in pioneering the LTE ecosystem.” Niels Faché, VP and GM of Agilent’s mobile broadband division,
added that the partnership addresses the early testing needs of LTE UE developers.

As a key component of the LTE streaming-video demonstration, Agilent's E6620A wireless communications
test set (pictured) provides a common hardware platform, integrating a 3GPP release-8-compliant protocol
stack (jointly developed with Anite). Helping to shorten design cycles, it offers real-time, system-rate network
emulation for L1/L2/L3 uplink and downlink via RF or digital baseband. Anite’s SAT LTE protocol-develop-
ment toolset (commercially shipping on the E6620A platform) provides a suite of development tools for UE
designers. www.agilent.com; www.anite.com; www.bluwo.com; www.signalion.com.

duplex version of LTE, which China
is adopting), and LTE mobile device

that, throughout 2009, it will progres-
sively incorporate all the additional
features and functionality needed to
meet the aggressive rollout plans
announced by the major network

Aeroflex accelerates
rollout of features for
LTE handset tester

Aeroflex has announced that it will

conformance test.
“Our accelerated product roadmap
for the Aeroflex 7100 will ensure

accelerate the rollout of the new fea-
tures planned for 2009 for its 7100 digi-
tal radio test set for LTE mobile device
test. “LTE is fast becoming a global
phenomenon with network operators
in all the current CDMA-dominated
markets (US and Asia) in addition to
the traditional GSM markets increas-
ingly opting for LTE for their next-
generation mobile broadband net-
works,” said Bill Burrows, business
development manager at Aeroflex Test
Solutions. “The decision to accelerate
our new feature roadmap for the Aero-
flex 7100 is designed to support their
similarly aggressive rollout plans and the
demanding test requirements this places
on developers designing new chipsets,
protocol stacks, and devices supporting
the LTE standard.”

The accelerated rollout of new fea-
tures for the Aeroflex 7100 during
2009 relates to LTE/CDMA2000
interworking, LTE UTRAN (UMTS
Terrestrial Radio Access Network)
and GERAN (GSM Edge Radio
Access Network) handover, TD-LTE
mode (referring to the time-domain

10 MARCH 2009

Lithium-ion-cell measurement
instruments

Data Translation has announced its VOLTpoint series of voltage-
measurement instruments for lithium-ion cell-by-cell determina-
tion. Each VOLTpoint is a stand-alone box offering 48 separate
24-bit-resolution inputs over a sampling range of £100 V, each
with its own sigma-delta ADC for direct
connection to a PC via USB or Ethernet
(the Ethernet version is LXI-compatible).

The instruments can make high-volt-
age, precision battery-stack and cell-bal-
ance measurements in commercial and
military hybrid-vehicle applications. They accept direct voltage
inputs of any value in the range of £100 V from a single cell or
from a series of stacked cells. In addition, the instruments can
make motor shunt measurements. Each of 48 separate input chan-
nels offers 1000-V channel-to-channel galvanic isolation. Maxi-
mum error for any input range is 3 mV.

The instrument comes with the software necessary to enable
out-of-the-box measurements. The vendor offers software sup-
porting the VOLTpoint, including IVI-COM drivers, .NET class
libraries, and software development kits.

Prices: DT9873 for USB—$7995; DT8873 for Ethernet (LXI)—
$8495. Data Translation, www.datatranslation.com.

www.tmworld.com TEST & MEASUREMENT WORLD
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Add errors to the PCI bus

Agilent’s N5323A PCle (PCl Express) jammer lets you test a
peripheral card, PC motherboard, or PCle interface device by
injecting errors onto the bus. The jammer, a card that inserts
between a motherboard and a peripheral, is completely transpar-
ent to both. Because it's transparent, the jammer will work with
any operating system running on the motherboard. With the jam-
mer, you can inject errors at
the physical layer, data-link
layer, and transaction layer.
Physical errors include
disparity error, drop of TLP
(transaction-layer packet)

2A

wer
and Il = 40 W
and IV=10W

200 mA

20mA

Quadrant Il Quadrant |

start and end characters, Sink 2mA Source

and link retraining. Data-link errors include dropping or inserting W

of DLLP (data-link layer packets) and sending corrupt CRC (cyclic e - av
200 p/

redundancy check) values. Transaction-layer errors include drop-
ping, delaying, replacing, or modifying TLP packets.

The PCle jammer lets you perform tests through a user interface
with software that communicates to the card over USB. Using the
Windows-based software, you can perform predefined test cases on
your peripheral or motherboard. It also provides a Tcl application
programming interface, which lets you automate tests by writing
scripts. The jammer is available in three lane versions: x1, x4, and x8.

Base price: $27,500. Agilent Technologies, www.agilent.com/
find/pciejammer.

Quadrant Ill

2mA - Quadrant IV
Source &

Introducing Affordable

operators, device developers, and
standards organizations pushing the
introduction of LTE as the next-gen-
eration mobile broadband networks,”
concluded Phil Medd, product man-
ager for the Aeroflex 7100 LTE hand-
set tester. www.aeroflex.com.

Multitest sells MEMS
test module for magnetic
resistance applications

Multitest announced it has recently
received an order from an international
IDM for a MEMS module for a mag-
netic-resistance applications in the
automotive industry. The decision was
driven by efforts to bring down the
cost of test, Multitest said.

The module will run in conjunction
with the MT99xx, Multitest’s kitable
high-speed gravity handler, which is
octal-site qualified. In addition, an
OCR (optical character recognition)
reader integrated in the contact cas-
sette of the MT99xx will enable the
customer to correlate the test results
with various test settings. The customer

also will be able to convert its MT99xx
to accommodate different MEMS
package styles. www.multitest.com.

CALENDAR

SAE World Congress, April 20—
23, Detroit, MI. SAE. www.sae.org.

International Reliability Physics
Symposium (IRPS), April 26-30,
Montreal, QC, Canada. IEEE Reli-
ability Society. www.irps.org.

ESTECH, May 4-7, Schaumburg,
IL. Institute of Environmental Sci-
ences and Technology. www.iest.
org/estech/estech.htm.

International Microwave Sym-
posium, June 7-12, Boston, MA.
IEEE Microwave Theory and Tech-
niques Society. www.ims2009.org.

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

TEST & MEASUREMENT WORLD www.tmworld.com

Power and Precision in PXI

NI PXI-4130 SMU Features

= 4-quadrant operation up to
+20Vand 2 A

= 1 nA measurement resolution
= Additional +6 V utility channel

= Compact size — up to 17 SMU
channels ina 19 in., 4U space

>> View product demos and
download specifications at
ni.com/smu

800 891 8841

‘7 NATIONAL
’ INSTRUMENTS
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PERFORMANCE
& PORTABILITY

High-speed, 16-channel, multifunction—
with stackable enclosure, carrying

handle, and BNC TEST & MEASUREMENT WORLD
connectivity Finalist

USB-1616HS-BNC

* 16 differential analog inputs, with BNC connectors
* 1 MS/s, 16-bit A/D converter

SOFTWARE

Ships with an impressive array
of software, including TracerDAQ,

* Two 16-bit, 1 MS/s analog outputs Universal Library, UL for LabVIEW™
* 16 digital 1/O lines and InstaCal. The USB-1616HS
* 4 counter inputs capable of measuring frequency, period, pulse Series is fully supported by
width, or quadrature encoders up to 20MHz DASYLab, an intuitive graphical
e 2 timer outputs programming environment for
$ 1 999 test and measurement.
OUTSTANDING PRICE/PERFORMANCE VALUE

The largest selection of low-cost data acquisition and measurement products

MEASUREMENT
AW\ S COMPUTING mccpbAQ.com

The Best Value In Data Acquisition And Measurement CALL US TODAY AT 1-800-234-4232

©2009 Measurement Computing Corporation, 10 Commerce Way, Norton, MA 02766 * (508) 946-5100 * www.mccdag.com




TECH

[DESIGN, TEST & YIELD]

Board test evolves, APEX panel to elaborate

s electronic products become
more complex, engineers
increasingly need to build in
testability at all levels—chip, board, and
system—and the testability they provide
should address complete product and
component life cycles, ranging from sili-
con debug to end-product field service.
Technologies that can serve to ensure
the quality of boards and systems range
from x-ray and optical inspection
through functional board and system
test. When it comes to

testability, bound-

The ScanFlex

Board Grabber supports

laboratory verification and prototype
programming; it can also serve in repair-
station applications. Courtesy of Goepel electronic.

ary-scan techniques play a significant
role, and vendors are focusing on ex-
panding their boundary-scan-related
offerings. We covered the topic in our
February issue (“Moving beyond IEEE
1149.1,” www.tmworld.com/2009_02),
and since that article went to press,
Goepel electronic has introduced a se-
ries of universal board fixtures (figure)
compatible with its ScanFlex bound-
ary-scan hardware platform, and JTAG
Technologies has released new versions
of its JTAG ProVision and Visualizer
development and hardware debug tools,
which now offer features such as an in-
teractive cluster test generator, buffer
and multiplexer support for memory
testing, expanded model libraries, and
an enhanced user interface that, for ex-
ample, presents board views in multiple
orientations.

In other recent boundary-scan-re-
lated news, Glenn Woppman, president
and CEO of Asset InterTech, was
named a finalist for sister-publication

EDN’s Innovator of the Year award
(www.edn.com/innovation). EDN ed-
itors selected Woppman because of his
company’s work with on-chip EI (em-
bedded instrumentation); Asset’s efforts
involve participation in the IEEE
P1687 Internal JTAG standard work-
ing group, whose goals are to provide
a nonproprietary standard for access
and control of EI, regardless of the
source of the IP.

Of course, inspection, in-circuit board
test, and functional test will continue to
play a role. Currently, the inspection
business might be in the most fluid con-
dition, because key participant Agilent
Technologies announced on February 9
that it is exiting the automated x-ray
and automated optical inspection busi-
nesses. Jack Rozwat, Americas sales and
support GM for the systems and solu-
tions team in Agilent’s electronic mea-
surements group, said the company

8-GHz BGA socket

Ironwood Electronics’ CG-BGA-4002 socket for 1-mm-
pitch 676-pin BGAs handles a 27x27-mm package size
and operates at bandwidths to 8 GHz with less than
1 dB of insertion loss. The sockets dissipate several
watts without extra heat sinking and can handle 100 W
with a custom heat sink. Contact resistance is typically

RICK NELSON
EDITOR IN CHIEF
rnelson@tmworld.com

wants to refocus its efforts on the ICT
(in-circuit test) business. Recent innova-
tions in that area include Cover-Extend
technology, which Test & Measurement
World editors chose as a finalist for this
year’s Best in Test awards.

But inspection will continue to have
a role to play, a role that you can learn
more about at the “Test and Inspection
Summit,” a panel discussion that I will
moderate. It’s slated for Wednesday,
April 1, 1:30 pm to 3:30 pm at the
I[PC APEX (www.ipcapexexpo.org) in
Las Vegas.

Panelists will include Rozwat as well
as David Buhrkuhl, president, SPEA
America; Peter van den Eijnden, presi-
dent, JTAG Technologies; Mark Hard-
ing, director of sales, North America,
Digitaltest; Carsten Salewski, president
and CEQ,Viscom; and Phil Vere, man-
aging director, Bondtest, Dage Preci-
sion Industries. T&’MW

20 mQ per pin. Temperature range is -40°C to
+100°C. Pin self inductance is 0.11 nH; mutual inductance is 0.028 nH.
Capacitance to ground is 0.028 pF. Current capacity is 5 A per pin.

www.ironwoodelectronics.com.

Sunplus adopts LTX-Credence Diamond

LTX-Credence has announced that Sunplus Technology has deployed an
LTX-Credence Diamond platform to test its SOCs for DVD players and
other mixed-signal consumer applications. Thomas Yeh, test engineer-
ing manager at Sunplus, said the company chose Diamond because it
delivers the “right cost-of-test metrics for our product portfolio” and be-
cause of the application development and support services provided by
LTX-Credence partner Spirox. www.|tx-credence.com; www.spirox.com;

www.sunplus.com.

Verigy announces lawsuit settlement

Verigy and Silicon Test Systems have announced that a lawsuit filed by
Verigy has been resolved to the parties’ mutual satisfaction. As part of
the confidential settlement, all intellectual property owned, developed
by, or assigned to Silicon Test Systems and other parties named in the
suit since June 1, 2006, has been transferred to Verigy. www.verigy.com.

TEST & MEASUREMENT WORLD www.tmworld.com
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CONTRIBUTING TECHNICAL EDITOR
larrymaloney@verizon.net

3-D vision made simple

ost machine-vision applica-

tions require only a 2-D so-

lution, but 3-D applications
have been increasing over the last five
years as manufacturers add more auto-
mation to their production lines.

“One of the biggest drivers for 3-D

is the move toward greater use of ro-
botics,” said Heiko Eisele, president of
MV Tec, a Munich-based machine-
vision software company with US of-
fices in Cambridge, MA. “While com-
panies need the increased throughput
that robots deliver, they also need a hu-
man’s ability to recognize a greater va-
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In training a single-camera 3-D vision
system, users combine a calibrated
camera with an object model to deter-
mine a specified range of poses that a
part will present to the camera.

riety of objects in three dimensions,
and that means integrating a vision sys-
tem with the robot application.”

This may sound like an expensive
proposition, but it doesn’t have to be.
Traditionally, such 3-D applications re-
quire two cameras, which use a triangu-
lation technique to acquire 3-D image
data. But with advancements in software
algorithms and precise camera calibra-
tion, you can achieve 3-D vision with
just one camera, noted Eisele. “All you
need is a standard machine-vision cam-
era, an illumination source, a host PC,
and application software,” he said.

Take the example of an application
that calls for a robot to pick a part from
a bin and feed it to the next station on a

production line. As Eisele explained, you
must first determine which parts are
suitable for grasping by the robot and
then decide the appropriate grasping
points. To accomplish that step, MVTec’s
customers use the company’s Halcon
application software to import a 3-D
CAD file of the part, from which it cre-
ates an “object model” of the part.

Along with creating the object
model, users also must calibrate the
camera. Many calibration procedures
only compute the size equivalent of a
pixel or interpolate between known
grid points. But that approach isn’t suffi-

cient for 3-D vision, said
P Eisele.You must include
Camera  (he intrinsic camera pa-
roll . .
rameters in the calibra-
tion, such as the focal
length and distortion coefficients,
as well as the position and orienta-
tion of the camera in a world
coordinate system.
During the training process
for the vision system, users com-
bine the object model with the cali-
brated camera to determine a specified
range of poses that the part will present
to the camera in six degrees of free-
dom. “This is what we call the 3-D
matching process,” explained Eisele.
“You basically are creating one con-
tour-based model for each possible
camera pose, but the software does it
automatically for you, including the
camera calibration step. We’ve simpli-
fied the process so users can focus on
the parameters of the application.”

MV Tec is approaching robot OEMs
and system integrators with this single-
camera 3-D vision concept. Among the
many possible applications: guiding ro-
bots for welding and sealing operations.
Eisele pointed out, however, that the
single-camera technique is not suitable
for measurement tasks, such as deter-
mining the thickness of solder on a part.
“This requires a two-camera solution,”
explained Eisele, “because you are not
working with a known object.You can’t
measure and determine position at the
same time with one camera.” T&’RMW
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Four-in-one frame
grabber cuts costs
BitFlow’s Karbon-CL is report-
edly the first PCI Express frame
grabber that can simultaneously
acquire images from up to four
Camera Link cameras. The frame
grabber provides zero latency
access to data, zero CPU usage,
and unlimited DMA (direct-
memory access) destination size.
In applications requiring ex-
tremely high data rates, the Kar-
bon-CL can handle up to 160
bits at 85 MHz. www.bitflow.com.

Compact LED boasts
greater output

With a form factor comparable
to fiber optics, StockerYale's
Cobra Slim LED module offers
10 times the output power of
the existing Cobra illumi-
nator. Targeted for line-
scan inspection applica-
tions, the illuminator’s
performance rivals that
of fluorescents, halogen,
and metal halide. The
modular LED can provide
broad angles of light radiation
or homogeneous lighting. www.
stockeryale.com.

Quality standards for
Data Matrix codes

To help manufacturers who want
to employ DPM (direct part
marking) for applications such
as tracking PCB serial numbers
during manufacturing, Cognex
has released a white paper that
describes the best part-marking
methods for a variety of applica-
tions. “New Standards Reliably
Verify 2D Data Matrix Codes”
also gives an overview of the
latest standards for DPM, in-
cluding new metrics for ensur-
ing 2-D Data Matrix quality.
WWW.Ccognex.com.
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Whether you choose the larger, powerful and fully custo
Racal Instruments™ 1257 or the more compact, versatile, fully
configurable Racal Instruments™ 1256, we can supply the
ideal switching system for your RF or Microwave switching
requirement.

The Racal Instrum

Nearly 50 years experience in test and measurement means we
can make it as easy as possible — whether you want to design

a system yourself, have our engineers design one for you, or
collaborate with us. Whatever you have in mind, we'll deliver

a finely crafted, fully-documented, fully supportable solution. EADS North America
Should you need another system, either next week or five years Test & Services

‘ i will e poiall of thi e T: (800) 722-2528
rom now, it will match the first. And all of this at commercial off- B R s S om
the-shelf prices. www.ts.eads-na.com

For a state-of-the-art, cost-effective RF/uW switch system,
talk to EADS North America Test & Services.
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40-Gbps and 100-Gbps Ethernet coming into focus

Today’s 10-Gbps optical and electrical
links are running out of steam. To ad-
dress the problem, engineers are work-
ing on IEEE P802.3ba, a standard that
will define an architecture for 40-Gbps
and 100-Gbps Ethernet (Ref. 1).

Although IEEE P802.3ba is still in the
works, engineers around the world are
beginning to develop products for the
high-speed links, and those products will
need testing. While much of the testing
for IEEE P802.3ba will leverage 10-
Gbps technology, some tests will require
new equipment and techniques.

IEEE P802.3ba defines an architec-
ture that can support 40-Gbps and 100-
Gbps transmission over single-mode
and multimode fibers. The key to the
architecture is its flexibility. It uses mul-
tiple lanes to carry signals on a single
fiber or multiple fibers over several
specified distances (table). The standard
also defines an architecture that sup-
ports copper connections over cables
and backplanes.

Both 40-Gbps and 100-Gbps imple-

Ixia has used its 100 GE Develop-
ment Accelerator System (Figure 1)
together with equipment from Avago
Technologies and Infinera to prove that
multilane, 100-Gbps optical transmis-
sion is possible (Ref. 2). The demon-
stration, which took place in June
2008 in Las Vegas, used
the Ixia system to gen-
erate 100 Gbps of Eth-
ernet traffic.

Earlier this year, An-
ritsu introduced cards
for its MP1800A signal
analyzer that can generate modulated
signals at rates up to 28 Gbps. That’s
enough to test future implementations
of 100-Gbps Ethernet running on four
25-Gbps lanes.

What’s still needed?

Although existing 10-Gbps Ethernet
test equipment will get things started,
IEEE P802.3ba will likely give rise to
new test equipment. For example, a
four-lane or 10-lane BER tester will

even more bandwidth than the current
30-GHz state-of-the-art.

You’ll also need BER testers, clock-
recovery units, optical spectrum ana-
lyzers, and other equipment capable of
working with signals at those speeds

FIGURE 1. Ixia used its 100 GE Devel-
opment Accelerator System to demon-
strate a 100-Gbps data link. courtesy of ixia.

and with multiple lanes of traffic.
Stressed-eye testers will let you test
optical receivers for the added signal
distortion that will occur at the higher
bit rate.

To learn more about 40-Gbps and
100-Gbps testing, download the article
“40-Gbps and 100-Gbps Ethernet will

mentations can use exist-
ing 10-Gbps fiber PHYs
(physical links). In the fu-
ture, the same architec-

Minimum distance

Transmission distances for physical media

40-Gbps Ethernet

100-Gbps Ethernet

bring new test challenges”
from the online version of
this article (www.tm-
world.com/2009_03).

ture will support 100-

1 m over backplane

40GBASE-KR4

There, you’ll find dia-

Gbps links using four

10 m over copper cable

40GBASE-CR4

100GBASE-CR10

grams of the IEEE

25-Gbps lanes.

100 m over OM3 multimode fiber

40GBASE-SR4

100GBASE-SR10

P802.3ba sublayer archi-

For 40-Gbps links, the

10 km over single-mode fiber

40GBASE-LR4

100GBASE-LR4

tecture and links to several

IEEE P802.3ba protocol
sublayers create four 10-

40 km over single-mode fiber

100GBASE-ER4

relevant technical papers.
In addition, engineers

Gbps lanes, while for 100

Gbps, the standard defines sublayers for
ten 10-Gbps lanes. Because these im-
plementations will use 10-Gbps lanes,
you can use existing optical test equip-
ment such as oscilloscopes, spectrum
analyzers, power meters, and BER (bit-
error rate) testers to test individual
lanes.

IEEE P802.3ba also defines 100-Gbps
transmission using four 25-Gbps lanes,
but those implementations will take a
few more years to develop. When they
do, test equipment will need to support
those data rates. In fact, some new equip-
ment has already begun to appear.

reduce test time over using a single-
channel instrument.

Protocol analyzers that decode the
66-bit data blocks into Ethernet pack-
ets will also help. In addition, testers
that inject unexpected alignment blocks
and remove expected alignment blocks
will help you test your network link
under stressed conditions.

The 25-Gbps data rate will require
manufacturers to develop electrical
and optical components capable of
reaching that speed, and test equip-
ment will need to keep up. For exam-
ple, real-time oscilloscopes will need

TEST & MEASUREMENT WORLD www.tmworld.com

from Agilent Technolo-

gies, Anritsu, Force10 Networks, Spirent

Communications, and the University of

New Hampshire Interoperability Lab

share their insights on this emerging
technology.

Martin Rowe, Senior Technical Editor

REFERENCES

1. Rowe, Martin, “100-Gbps Ethernet is
coming,” Test & Measurement World, De-
cember 1, 2007. www.tmworld.com/article/
CA6510289.html.

2. “High Speed Ethernet (HSE): 100 GE
Proof of Concept Demonstration,” Ixia,
www.ixiacom.com/hse/100GE-POC.
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Bias current modulation eliminates wiring errors

By modulating the excitation current applied to a temperature-sensing diode, you can
eliminate errors caused by voltage drops along sensor wires.

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

Diodes make good temperature sensors because they are
inexpensive, robust, stable, and sensitive, and they don’t
need reference junctions. Diodes require an excitation current
to produce a PN-junction voltage, which varies with tem-
perature by —2 mV/°C.The excitation current causes voltage
drops in measurement wires because of a wire’s resistance. You
need to compensate for those voltage drops so that the mea-
surement will accurately represent the diode voltage.

Many circuits remove the excitation current from the
measurement using a four-wire Kelvin connection: Two
wires carry the excitation current, while the other two wires
connect the sensor to an ADC (analog-to-digital converter)
or measurement instrument. But by using a modulated exci-
tation current, you can use just two wires and still remove the
losses in the wires.

The circuit in Figure 1 cancels the wiring-resistance error
while needing only two conductors in the sensor cable. It

relies on the fact that voltage drop in the wires is directly
proportional to current (i.e., Ohm’s Law), but the sensor
voltage is mostly constant. If you measure the total voltage
drop across the wires and sensor at two current levels, you
can remove the error. The circuit alternates the magnitude of
the excitation current (I,) between two values, I,; and I,
where I, = 2I,,. The AC component of the resulting signal is
thus (approximately) R, where R, = R, + R, plus a mi-
nor contribution from nonzero sensor impedance.

The internal oscillator of the LTC1043, set to ~500 Hz by
connecting the external 0.01-puF capacitor to pin 16, be-
comes the clock for both I; and I, excitation modulation
and synchronous demodulation of the resulting response. The
resulting toggling of the excitation ballast resistance between
1 MQ and 2 MQ (1 MQ + 1 MQ) creates the 2:1 current
modulation and an AC signal component proportional to
wiring resistance R,,, which is ,R,,.

+15V
1 M* LTc1043 |,
O—
12 }
(@]
LTC1043
13 Ib1=2Ib2 . +15V
Ipq ’bz* ™ 8 V2= Vis+ 2Ry
o ® =
* ® L ) > l Al ——> V.
V=V, + R, / ® c2 °
I 14F -
16 7 — -
Oscillator - -
0—| |—0
R == 0.01 TP
w2 — \N\N———
Vis Temperature = 10 k 10k
sensor
Cryo-Con
S400B RW7 RW=_RW7 + RWZ +15V Vo = 2Vc2_ Vc1
= total wiring resistance = 2V, + 2lp5Ry — (Vig + IpsR,)
= = 2Vts_ Vts+2Ib2Rw_ Ib1Rw
= Vi
L
Vc1 = Vts+ Ib1Rw =
Figure 1 Op amp A1 removes voltage 1CLF

drops across sensor wires.
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The other side of the LTC1043 switch, with the [, ;R , =
7., phase stored on C1 and the I,,R, = I/, phase on C2,
synchronously rectifies the I,R,, AC component. Op amp A2
buffers 17, from the resistor network where amplifier Al
subtracts it from the average sensor signal. The circuit’s output
voltage is thus independent of error voltages in any cables.
One downside of the technique is that, due to nonzero sen-
sor-impedance effects (on the order of 20 mV), you need to
calibrate the sensor for accurate operation with this new circuit.
You can calibrate the sensor in a variety of ways depending on
the temperature span and precision requirements of your appli-
cation. For example, you can perform a one-point calibration
using a convenient temperature reference such as the boiling
point of liquid nitrogen (77 K, -320.5°F and —195.8°C). T&’MW
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Tektronix DPX
Technology—See What
You’ve Been Missing.

Discover what’s real with Tektronix DPX™
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signals live with DPX technology, available on all
Real-Time Spectrum Analyzers from Tektronix.
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See a live RF demo
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Art

TESTING ENSURES MUSEUM VISITORS ENJOY
A RICH MULTIMEDIA EXPERIENCE.

|

0S ANGELES, CA—A new wireless LAN system installed at the Los An-

geles County Museum of Art (LACMA) enhances visitors’ experiences

while supporting museum staff. Currently, the system delivers multi-

media content to visitors equipped with museum-issued PDAs (per-

sonal digital assistants), it provides museum staff members with wireless

connectivity to the museum’s wired network, and it serves as a WiFi
hotspot to visitors who bring their own laptops to the museum campus.

Ultimately, the system may support wireless ticket and member-card scanners,
enable VoIP communications among museum staff members equipped with mo-
bile handsets, and provide RFID capability for controlling the museum collection,
which numbers more than 100,000 objects.

The current and envisioned uses of the wireless-LAN capability entail various
types of data traffic with widely varying quality-of-service requirements for factors
such as allocated data rate, total bandwidth, jitter, and latency. And because the
museum’s wireless LAN connects visitors and staft while providing connectivity to
the museum’s wired network, security is a concern as well. Before choosing and

of

BY RICK NELSON, EDITOR IN CHIEF
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COMMUNICATIONS TEST

Table 1. Initial estimates of device traffic
Number Data rate Total bandwidth Total bandwidth

User of devices allocated per  consumption per AP consumption for
devices per AP device (Mbps) for all devices (Mbps)  six APs (Mbps)
Guest PDAs 60 0.2 12 72
Employee laptops 3 1 3 18
Scanners 3 0.128 0.384 2.304

VolP clients 3 0.15 0.45 2.7

Guest laptops 10 0.256 2.56 15.36

installing its wireless LAN, LACMA per-
formed extensive testing to ensure secu-
rity while being able to provide the traf-
fic-handling capability necessary to
provide a positive user experience to
museum visitors and staff members.

Why wireless?

The impetus to install a campus-wide
wireless network occurred in 2003
when LACMA undertook to build the
Broad Contemporary Art Museum
within its campus. “We had been look-
ing at wireless technology for several
years, but it wasn’t really mature enough
for us in this particular environment,”
said Peter Bodell, LACMA’s CIO, dur-
ing an interview at the museum campus
in January. “We had implemented some
wireless capability in some areas, but it
wasn’t necessarily viewed as a campus-
wide project. But when the museum
said, ‘yes, we are going ahead with the
Broad building, it was the ideal oppor-
tunity to build out a campus-wide
wireless system that would connect to
our existing infrastructure.”

Bodell noted that, “Traditionally, mu-
seums have audio tours and paper-based
content, so we stepped up and said, ‘al-
right, we need to go to the next level—
we need to get it to multimedia.’ So, we
investigated a grant opportunity with the
Irvine Foundation, which we were suc-
cessful in securing. The grant provided
funds for us to deploy PDAs within the
museum and to develop content for
them. In concert with that, we looked at
wireless systems from a standpoint of,
‘OK, what’s best for us at the moment,
and what can we foresee in the future?’”

With an estimate of current and fu-
ture needs, the museum developed an
outline of expected deployed devices
and traffic patterns (Table 1) and en-
listed consultants to determine which of
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two competing vendors of wireless LAN
implementations could best meet the
museum’s requirements. Explained
Bodell, “We started out with a floor plan
for the various floors and galleries, and
we estimated we could have a capacity of
up to 300 visitors in a gallery. So, I looked
at worst-case scenarios: If I have 300
people in this space, how do I need to lay
out my access points to provide continu-
ous coverage?”’

LACMA’s unique approach

A unique approach taken by LACMA was
that Bodell recognized that the expected
mix and match of traffic would influence
whether a particular wireless LAN ven-
dor’s installation would meet expectations.
“What we typically see is a lot of end
users who say, ‘Just make sure I can con-
nect 10 clients and they can each do an
FTP session, or something like that,” said
Eran Karoly,VP of marketing at VeriWave,
which provided the traffic-generation and
-analysis equipment and software suite

used to evaluate competing wireless LAN
systems that the museum considered.

“Many end users,” said Karoly, “don’t
recognize that different uses require dif-
ferent quality of service. But LACMA
recognized that in every hall or building
there’s a variety of sessions that are going
on, and there are a variety of users, with
each having different requirements. The
user who’s using a VoIP session requires
very low delay, very low latency, and very
low jitter, while somebody who is retriev-
ing e-mail is not too sensitive to those
things. What we got from LACMA was a
blueprint that said, ‘this is the amount of
users of type a and type b and so forth,
and all of them need to be served simulta-
neously. And we were told, OK, now cre-
ate and analyze that mix of traffic’”

To do that,VeriWave established a test
bed (Figure 1) consisting of the follow-
ing components:

e a wireless LAN controller (supplied by
the participating vendors);

e six [EEE 802.11a/b/g APs (access points;
supplied by the participating vendors);

e aVeriWave WaveTest 90 traffic genera-
tor/analyzer, equipped with six 802.11a/
b/g test interfaces and one Gigabit Eth-
ernet test interface;

e a Hewlett-Packard ProCurve 3500yl
L2/L3 Gigabit Ethernet/PoE (power
over Ethernet) switch;

e a2 Windows 2003 server; and

e assorted coaxial cables, SMA connec-
tors, attenuators, and line splitters.

l 6 access points

VeriWave WaveTest 90 e
traffic generator/analyzer l

Wireless LAN

\ controller

802.1X
authentication
server

Gigabit Ethernet connection

FIGURE 1. The LACMA test bed consisted of a VeriWave WaveTest 90 traffic genera-
tor and analyzer, an authentication server, and a wireless LAN controller and six ac-
cess points provided by participating vendors.
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Jane Burrell, VP for io /
and pM
LACMA’s wireless LAN and ‘

PDAs present a great oppor-
tunity for curators and educa-
tors: “With the ability to show
images, we can tell a different
kind of story—one that we
couldn’t tell with a label.”

With its six APs, the tester modeled
the hundreds of APs that would be
mounted throughout the various art gal-
leries, hallways, public areas, and office
spaces. To ensure that the test measured
traffic conditions only—and not RF
variability or multipath effects—the APs
were directly cabled to the VeriWave test
interfaces.

The evaluation involved these tests:

e a load test, using VeriWave’s WiMix
test suite, which blends planned data and
voice applications originating from the
independent clients communicating
with each AP;

e a client capacity test, which uses the
WiMix suite with various numbers of
clients to determine the maximum num-
ber of concurrent clients each AP can
support;

e a guest PDA goodput test, which creates
high packet rates from independent PDA
clients communicating with each AP; and
e an employee Web traftic goodput test,
which models high bandwidth con-
sumption from independent employee
laptops and other clients communicating
with each AP.

The controlled testing, said Karoly,
enabled LACMA to move beyond ven-
dors’ often oversimplified claims that a
given facility will need x number of APs
to cover y square feet. And in fact, the
tests showed that although LACMA's
initial plan called for each AP to support
up to 79 user devices, neither of the two

systems under consideration could meet
that goal. Given LACMA’s defined traf-
fic, one vendor could support a maxi-
mum of 30 user devices per AP, while
the other could support a maximum of
25 user devices per AP.

“LACMA came up with a traffic pro-
file it expected every AP to handle, and
one of the conclusions of the test was
that the goal was overly optimistic, re-
sulting in a more realistic and more dense
AP deployment,” said Karoly. VeriWave
has published a case study (Ref. 1) that
provides a complete summary of the test
results. Karoly noted that VeriWave, 80%
of whose business is with equipment
suppliers while 20% is with carriers, ser-
vice providers, and IT departments like
Bodell’s, doesn’t make vendor recom-
mendations based on test results, leaving
that task to independent consultants or
the I'T departments themselves.

Bodell did not disclose the name of
the vendor ultimately chosen as a result
of the test, and in fact, different traffic
patterns at different installations may
have resulted in a different choice. He
did say that the testing was critical to
making the right choice.

“The chaps at VeriWave came in and,
in essence, set up their systems to emu-
late the traffic that we expected to see in
the galleries,” said Bodell. “And that
helped enormously in making a decision.
VeriWave helped to recommend how to
lay out the access points in the spaces so

TEST & MEASUREMENT WORLD www.tmworld.com

we could connect people to the system,
track them, and provide them with con-
tinuous coverage. It was really a matter of
saying, ‘OK, what’s the ideal number of
sessions you could have attached to any
particular access point as users move
from access point to access point within
the space? How is the handoff going to
take place? Will this type of access point
work in this environment?””

Bodell explained that the testing en-
abled LACMA to make the right deci-
sion before engaging in a substantial
capital investment and complex installa-
tion process while controlling support
costs. And in fact, he said, the technology
can help reduce costs, because an effec-
tive entrance control system, perhaps
based on RFID technology, could re-
duce the number of guards required.

That’s in keeping with a key museum
goal. Said Bodell, “The museum has al-
ways been supportive of technologies
that provide a way to leverage opera-
tional costs.” Moreover, he said, technol-
ogy is increasingly important in the mu-
seum environment: “Over the past five
to seven years, there really wasn'’t a lot of
interest in technology in the galleries.
You think of a typical art museum with
art on the walls and sculptures, but the
concept of actually having technology in
a gallery was somewhat new. It’s only re-
cently where we started to see, because
we have a lot of interest in contempo-
rary art, that a lot of modern artists are
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starting to work with technology as a
medium. So now all of a sudden, you've
got technology pieces in a gallery, and
you’ve got to be able to support that
with power and network connectivity
and access to the Internet.”

He said that going forward, PoE might
complement wireless connectivity al-
ready installed to support technology
works. “It’s very bleeding edge for a mu-
seum,” he said, “but at the same time, it’s
an area that 'm watching.”

Town squares and virtual galleries
The wireless capabilities extend beyond
the galleries, Bodell said, in support of
the museum’s effort to create an envi-
ronment that loosely mimics the feel of a
town square, “where people can come
mostly to enjoy the art but also to social-
ize and to sit down with a laptop and get
a bite to eat. We want to create that envi-
ronment where people can coexist and
communicate, and the concept is one
that we are very excited about.”

During the LACMA wireless LAN
prequalification testing, the VeriWave
WaveTest 90 and WiMix test suite pro-

vided load and client capacity tests.
Courtesy of VeriWave.

But the wireless capabilities will be best
taken advantage of not by the museum’s
restaurant customers with laptops but by
visitors who check out a PDA—a Nokia
tablet PC that Bodell selected for its long
battery life and large screen. As visitors
stroll about the museum, they can key in
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three-digit codes discretely presented near
each object that has associated multimedia
content. Visitors can listen to audio con-
tent while examining similar works on
the Nokia tablet’s screen, and they can
drill down to learn more about the artist,
the subject matter, the period when the
work was created, and so on. As visitors
tour the museum, they can select certain
By the time
they get home, the museum has e-mailed
them a link to their own personal “virtual
galleries,” where they can review their fa-
vorites and do more research.

Bodell elaborated on how the system
works: “When you check out a PDA, we
ask you for an e-mail address and set up
an account for you. As you walk around,
the device is known to the system by its
MAC address, which is in turn tied to
your e-mail address, so that device and ev-
erything you do on that device is tied
uniquely to you.You can save preferences
as you walk around, and those preferences
are transmitted over the wireless system to
a back-end database that has relationships
with the objects that you’ve selected.
When you return the device, the system
closes out your connection and automati-
cally sends you a couple of e-mails that
say thanks for coming to LACMA and
this is what you need to do to access your
virtual gallery. All the objects you saved as
preferences are there displayed for you,
and you can move them around and cre-
ate your own galleries.

“The goal,” he continued, “is to give
you access to more content that’s con-
nected to LACMA’s collections manage-
ment system, which has a lot more infor-
mation about the objects. We plan to use
that as a vehicle for CRM [customer re-
lationship management| personalization,
because we really feel that in the future—
instead of having Websites that have a
shotgun approach—we need to personal-
ize the experiences for our visitors.”

works as their “favorites.”

Telling a different kind of story
Technical considerations make up only
part of the challenges as the museum
implements its wireless LAN system.
Content creation is another challenge.
Speaking of the wireless LAN system,
Jane Burrell, VP for education and public
programs, said, “It’s a great opportunity for
us. One of the things we hear from our
curators all the time is, “We want to write
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more—there is so much more we want to
say about our objects” But there is only so
much that people can read in the galleries.
We have strict guidelines for how much
written text we can have in the galleries,
and visitors can only absorb so much. But
with the ability to show images, we can
tell a different kind of story—one that we
couldn’t tell with a label”

Furthermore, she added, “With the
back end that Peter implemented, visi-
tors can go back home and revisit what
they saw in a virtual gallery, and in fact,
they can take advantage of the whole
multimedia experience without ever
coming here. It’s given us many more
ways to connect with the visitors and
give them a fuller picture of an object.”

As for user reaction, Bodell said it’s too
early to tell, noting that the museum hadn’t
aggressively publicized the system pending
rollout of more multimedia content, which
was just becoming available during my
January visit. But Burrell said initial indica-
tions are that “People love the content—

Annie Carone, who works in LACMA’s
public relations department, uses a
wireless PDA to learn more about ob-
jects in the museum’s collection. By the
time she gets home, the museum will
have e-mailed her information about
objects that she tagged as favorites.

they’ve really been excited.” And Bodell
added that people equipped with the PDAs
spend exponentially longer times in the
galleries. The museum is undertaking a
formal evaluation of the system in pursuit
of an additional grant that would provide
funding to create more content.

As for how content gets created, Burrell
said, “Curators will work with educators
to pick objects and provide some idea of
what direction they want the content to
take. The educators decide what assets are
available—what visuals could help tell the
story, and what other stories could be
told. Then, we prepare a very detailed
outline and send it off to a freelance
writer whom we also direct to different
Websites for additional information. The
writer prepares a rough draft of a script,
and then the educators review that. The
script gets refined through a back-and-
forth process, until the curators and the
educators are satisfied with the final script.
As we are doing that, we simultaneously
are clearing the rights for the assets that
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the educators or curators have identified.
It’s a very collaborative process.”

Burrell used Kurt Schwitters’ “Con-
struction for Noble Ladies” to provide an
example of the types of information a
multimedia treatment can provide: “The
Schwitters is a painting where he used a
lot of found objects to create what he

wanted you to come away with. Most
visitors look at that painting and don’t re-
ally see all the details that are in that work
of art. But when you look at that paint-
ing on the PDA or computer screen, you
can use what we call ‘touch and listen’ to
highlight the different found objects and
bring up another screen that tells you

When it’s too fast to see, and too important not to.”
. »
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what that object is and why he chose it.”

Content creation and rights manage-
ment are proving to pose as difficult chal-
lenges as the wireless LAN installation.
Burrell said that clearing the rights to use
videos has been the most difficult. She
explained, “We’ve had so many people
turn us down for video—just small doc-
umentary filmmakers who thought, ‘OK,
this is my chance to get rich.) We only
have limited funding for the rights, so
we’ve had to say, ‘we just can’t afford it.
You would think the exposure for some
documentary with limited distribution
would be great, but they really saw this as
their opportunity to make money.”

Alternatively, she said, some institutions
simply aren’t set up to address the rights
issue. “They just ignore our requests; our
phone calls don’t get returned.”

As content creation continues, Bodell
is looking to the future of wireless tech-
nology. He said, “What the museum 1is
planning to do in later phases of the
transformation triggered by the Broad
building construction is move more to-
ward a very flexible work environment
for the staff. What I'm really looking for
is a solution that implements fixed-mo-
bile convergence, so you could have a
piece of technology on your desk that
may look like a phone, but in essence, it’s
a phone plus a data device.You can pick
it up and walk around with it, and it’s
your in-house phone, your cellphone,
your PDA.The museum doesn’t want a
fixed office environment for its staff. We
want to leverage opportunities for tele-
commuting. The concept is to use a
wired-wireless infrastructure to be able
to support that.”

Ultimately, Bodell wants to enable vis-
itors to access the museum’s multimedia
content using their own mobile devices.
“As part of the [Irvine Foundation] grant,
we used an oft-the-shelf piece of tech-
nology—the Nokia tablet. It’s a great
wireless device—you connect it to the
network, and it hangs onto the connec-
tion really well, but ultimately, the goal
over the next year or two is to let you use
your own piece of technology.” T&’MW
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WiMedia UWB

The bandwidths and frequency-hopping behavior of ultrawideband devices impose
stringent test challenges—extending from the development of software used in
bench instrumentation to the layout of device interface boards used in production.

128 subcarriers

528-MHz bandwidth
[

BY MIKE CARR, TERADYNE

iMedia UWB (ultrawideband)
constitutes a short-range wire-
less link that transfers data at

Table 1. Hop sequences for time
frequency codes

very high rates. Employing OFDM (or- | TFC

Hop sequence (carrier number)

thogonal frequency-domain modulation),

[N

a UWB link can transmit error-corrected

data at rates between 53.3 and 480 Mbps
over short distances—a capability that has

already been adopted for Wireless USB

and Bluetooth 3.0 applications.
The bandwidths and modulation
schemes used in UWB present signifi-

cant test challenges that extend from the
software used to characterize UWB de-

2
3
4
5
6
7
8
9

vices on the bench up to the layout of
the DIB (device-interface board) that
must route 10-GHz signals to and from a
DUT (device under test) during production test.
The spectrum allocated for UWB goes from 3.1 to
10.6 GHz and is divided into six frequency bands
called band groups (Figure 1). Each band group has
three sub-bands, with the exception of group 5,
which has two. The OFDM symbols can hop across

Band group 6

sub-bands in each band group, but they cannot hop
between groups.

A hopping sequence is called a TFC (time fre-
quency code) and occurs between OFDM symbol-
to-symbol transitions in a predefined order. Each
band group supports 10 TFCs (Table 1). Note that
TFCs 1 through 4 hop across all three
carriers in a band group, while TFCs 5
through 7 stay on one carrier, and TFCs

Band

/ group 1

Band
group 2

Band
group 3

Band
group 4

8 through 10 hop between two carriers.
The OFDM signal consists of 128 sub-

Band
group 5

v
Carrier Carrier
1 8

carriers spaced at 4.125-MHz intervals:
100 data-bearing subcarriers, 12 pilot

3432 3960 4488 5016 5544 6072 6680 7128 7656 8184 8712 9240 9768 10296
MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz

FIGURE 1. The spectrum allocation for UWB encompasses six band groups and ex-

tends from 3.1 to 10.6 GHz.
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subcarriers, 10 guard subcarriers, and six
null subcarriers (Figure 2).

The data subcarriers employ two
modulation schemes (Figure 3): QPSK

FEBRUARY 2009 29



RF TEST

(quadrature phase-shift keying) and
DCM (dual carrier modulation). The
quality of the UWB link determines
which scheme is used. A high-quality
link will employ the more efficient
DCM scheme with less error correc-
tion to maximize the data rate. A
lower-quality link will revert to a less
efficient, more redundant scheme em-
ploying QPSK with more error cor-
rection. This dynamic approach causes
the data rate to vary between 53.3
Mbps and 480 Mbps.

In the QPSK mode, two bits are I/Q
modulated on each data carrier. For each
UWB symbol, the net effect is

(2 bits/data carrier) x (100 data carriers)
= 200 bits/symbol.

To improve the BER (bit error rate),
UWB employs two types of redundancy:
TDS (time-domain spreading) and FDS
(frequency-domain spreading). TDS es-
sentially transmits the same data over two
bursts. FDS transmits the same data on
two carriers within the same symbol.
Each of these redundancy schemes cut

0100 data carriers

M 12 pilot carriers

W 10 guard carriers 06 null carriers

528 MHz

FIGURE 2. The 128 subcarriers of a UWB OFDM signal can be data carriers, pilot

carriers, guard carriers, or null carriers.

the raw throughput of 200 bits/symbol
in half.

The DCM mode uses a 16QAM
technique to modulate four bits on two
data carriers spaced 50 subcarriers apart.
The net throughput of this redundancy
technique is:

(4 bits/data carrier) x (50 data carriers)
= 200 bits/symbol.

UWB also uses FEC (forward error
correction) techniques to mitigate mul-
tipath fading effects as well as other ob-
stacles that may affect the quality of a
data transmission. Table 2 lists the data
rates achieved with different combina-
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FIGURE 3. UWB modulation schemes include QPSK (top) and DCM (bottom). Link

quality determines which scheme is used.
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tions of modulation schemes, redun-
dancy schemes, and FEC rates.

The duration of each OFDM symbol
is 242.42 ns. Each symbol also has a
70.08-ns pad, so the total duration of the
symbol plus pad is 312.5 ns. The follow-
ing calculations show how the data rates
are achieved.

To achieve the 53.3-Mbps rate, UWDB
makes use of QPSK as well as FDS, TDS,
and the FEC rate of 1/3.The calcula-
tions for achieving this data rate are:

QPSK = (2 bits/data carrier) x (100 data
carriers) = 200 bits/symbol,

FDS = (200 bits/symbol)/2 = 100 bits/
symbol, and

TDS = 100 bits/symbol/2 = 50 bits/
symbol.

FEC works on six-symbol intervals, so 6

symbols x 50 bits/symbol = 300 raw bits.

The FEC rate of 1/3 reduces the 300
raw bits to 100 coded bits. With symbol
durations of 312.5 ns, six symbols take
1.875 us. To transmit 100 coded bits in
1.875 Us, the coded data rate equals 53.3
Mbps.

To achieve the 480-Mbps rate, DCM
is employed with no FDS and no TDS.
The FEC factor is 3/4.The calculations
for this rate are:

DCM = (4 bits/data carrier) x (50 data
carriers) = 200 bits/symbol.

FEC works on six-symbol intervals, so 6
symbols x 200 bits/symbol = 1200 raw
bits.

The FEC rate of 3/4 reduces the 1200
raw bits to 900 coded bits. To transmit
900 coded bits in 1.875 s, the coded
data rate equals 480 Mbps.

Figure 4 shows six consecutive
UWB symbols. The frequency hopping
takes place from symbol to symbol. The
70-ns pad occurs when the UWB de-
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vice changes frequency for a hopping
TFC.The settling time for a UWB hop
1s 9 ns.

The front end of a UWB frame con-
sists of 24 synchronization symbols, six
channel estimation symbols, and 12
header symbols. The synchronization
symbols assist the receiver in timing re-
covery. The channel estimation symbols
characterize the frequency and phase re-
sponse of the transmission channel and
apply that channel information to the
header and payload symbols. The header
has information about the payload.

Transceiver details and
test challenges
The challenge for UWB test engineers is
to find cost-eftective methods for testing
UWB transceivers in as little time as pos-
sible. UWB transceivers have a basic I/Q
modulator/demodulator structure. Also
included is a fast switching PLL (phase-
locked loop), which supplies the internal
LO (local oscillator) signal that can
switch at the 9-ns rate.

Some UWB transceivers may require
analog baseband I/Q symbols. Other
UWB transceivers may have integrated

Table 2. UWB data rates
Datarates  Modulation FEC Raw data per  FEC data per
(Mbps) scheme rate FDS TDS six symbols six symbols
53.3 QPSK 1/3 Yes Yes 300 100
80 QPSK 1/2 Yes Yes 300 150
106.7 QPSK 1/3 No Yes 600 200
160 QPSK 172 No Yes 600 300
200 QPSK 5/8 No Yes 600 375
320 DCM 1/2 No No 1200 600
400 DCM 5/8 No No 1200 750
480 DCM 3/4 No No 1200 900

ing and device receiver testing. Trans-
mitter testing typically consists of
measuring EVM (error vector magni-
tude), channel power, spectral mask,
I/Q balance, and frequency-hopping
settling time. Receiver testing typically
consists of measuring gain, noise figure,
[/Q balance, PER (packet error rate),
and BER.

The analog baseband instruments
needed to test UWB transceivers require
very high bandwidths. To source OFDM
I/Q symbols at this rate requires at least
300 MHz of analog bandwidth. If the

m. WaveScope (tfcl 53.3Mbps): Fs = 4,224,000,000.00, N = 264,000 P |E||i|
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FIGURE 4. Shown here are six consecutive UWB symbols interspersed with 70-ns
pads, during which frequency hopping takes place.

DAC:s (digital-to-analog converters) and
ADCs (analog-to-digital converters) that
require digital baseband I/Q signals. Still
other UWDB transceivers may be inte-
grated with a baseband processor and re-
quire no baseband signals. These types of’
integrated devices may be implemented
as a SIP (system in a package).

For the I/Q type UWB transceiver
device, testing can be broken up into
two main parts: device transmitter test-

baseband instruments are based on DSPs
(digital signal processors), the sampling
rates for the I/Q sources should be
greater than 1.0 Gsample/s. Similarly,
baseband capture instruments should
have greater than 300-MHz analog band-
width and greater than 1-Gsample/s
sampling rates.

The digital instruments needed to
test I/Q transceivers with integrated

DACs and ADCs also require high sam-

TEST & MEASUREMENT WORLD www.tmworld.com

pling rates. A transceiver’s embedded
converters can have 8-bit parallel differ-
ential I/Os; so, a device of this type
would require a minimum of sixty-four
1.0-GHz digital channels for the base-
band digital I/O per DUT.

For integrated UWB devices, testing
is generally limited to EVM, channel
power, spectral mask, and either PER or
BER. Since the testing of an integrated
device does not require baseband instru-
ments, a production ATE (automated test
equipment) system used for integrated
UWB devices has a simpler configura-
tion than a test system used for I/Q-
based transceivers.

Testing the EVM of a UWB 1/Q
modulator requires a test system to
source compliant UWB I/Q symbols to
ensure the device is tested under the
same conditions as those under which it
will be used.

The hopping commands for the fast
settling PLL are usually sent on a digital
bus. Precise synchronization is required
between the I/Q signal sources and the
digital commands used to set the PLL.
This synchronization is required to
make sure the frequency hops of the
PLL are in lock step with the I/Q sym-
bols being sourced from the baseband
instruments.

To capture the modulated RF output
of a transceiver, whether SIP or I/Q-
based, an RF test instrument would
need better than 10 GHz of analog
bandwidth. This would ensure the in-
strument has enough bandwidth to
measure all of the band groups (3.1 to
10.6 GHz). For example, a TFC 1 signal
from band-group 6 would be centered
at 8.184 GHz and have a channel band-
width of about 1.7 GHz.
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We need
gostilncfn“(lilrl:rtri;::aﬁ;s:educe test time and the cost of test by a p Owe rf u |

testing UWDB devices in a multisite test configuration that
performs very fast background digital signal processing with h d h | d
multiple processors working in parallel on multiple sites. a n e

The tester should perform DC biasing, device setup, and RF

measurements in parallel in order to achieve the fastest test
time and the lowest cost of test. te Ste r _—

To achieve the highest parallel efficiency, you should use

a POP (pattern-orientated program) if possible. With a POP, =
the digital pattern can set up the instrumentation, send the W I th

digital commands to program the device, and initiate the

-
% UWB Band Group6 TFC1 capture CEX
|| Ede Edt Control Source Input TestSetup MeasSetup Display Irace Markers Liities Help R

antenna”

Michael OSullivan,
Field Test Engineer

ay fc1_480 dbbt | MBI EF | CAL:None 4

FIGURE 5. When analyzing UWB signals, using the same soft-
ware from the bench instrumentation on the ATE’s DSPs can
speed time to market.

RF capture. The pattern will ensure these commands are
transmitted to each site at the same time. A high-speed bus
and parallel DSPs will ensure the most cost-effective test
time.

You could also reduce the overall test time for UWDB devices
by background processing the RF and baseband measurements.
For example, the tester could send a captured RF signal to the
DSPs, which could start computing the EVM. Then, while the
tester is calculating the EVM, it could simultaneously set up
the device for another test.

Developing device interface hardware
To implement multisite testing for UWB devices, you’ll need
to design quad-site or octal-site DIBs for UWB devices, and
this is not a trivial task. The baseband analog I/Q-type UWDB
transceivers require precisely matched transmission lines. The
test system’s baseband instruments must source OFDM sig-
nals that are essentially multitones going from 4.125 MHz to
256 MHz. Differential pairs for the I and Q channels must be
tightly matched. These DIB traces should be routed close to
each other and should be of equal length and as short as pos-
sible. The baseband traces should be on the top layer of the
DIB where the DUT is located.

The RF RX and TX DIB traces are also critical. You could
design a single DIB to test UWB devices that work in difter-
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ent band groups. For example, you may
have three different products: a band-
group 1 device centered at 3.96 GHz, a
band-group 3 device centered at 7.128
GHz, and a band-group 6 device cen-
tered at 8.184 GHz. If the device pack-
ages are identical and the pin-outs are
the same, then you could design one

DIB to test the three DUTs; just be sure
that the microstrip line traces for the
RX and TX can work across the full
bandwidth of the device family. Keep-
ing these traces short and picking the
proper dielectric are key to designing
the required wideband microstrip lines.
To maintain proper signal isolation,
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make sure the top layer of the DIB has a
flooded groundplane.

Software challenges for

UWB testing

Another challenge you will face in de-
vising a test for UWB devices is creating
compliant UWDB baseband and RF
modulated signals as well as demodula-
tion algorithms for measuring EVM.
This is a daunting task that may require
you to spend many weeks studying the
WiMedia UWB standard. At the end of
this time-consuming process, your math
may not be 100% compliant, which will
lead to miscorrelation to the bench
equipment used by the designers and
may delay the completion of the ATE
test program.

You can shorten the time-to-market
cycle if you use the compliant software
from bench instrumentation on the
ATE’s DSPs. Using the same software
will provide direct algorithmic correla-
tion from the bench to the ATE and will
let you focus on other aspects of produc-
tion test. The bench software also needs
the ability to operate in the DSP engines
in the background of the test program
execution. This feature can essentially
give the ATE system bench-type quali-
ties that make debugging and correlation
much easier than before.

When employing a test procedure that
combines such software with high-band-
width instruments that have fast DSPs,
you'll find it easier to keep up with
emerging communication standards such
as WiMedia UWDB while also keeping
your test costs low. Multichannel instru-
ments will allow you to simultaneously
test multiple transceivers in parallel, and
fast DSPs that can work in the back-
ground will help improve throughput.
Because transferring bench software to
an ATE system will shorten the develop-
ment time for production test, you'll get
your products into production more
quickly and be able to meet the market
needs. T&*MW

Mike Carr is a senior RF applications en-
gineer at Teradyne. He has more than 20
years of RF/microwave ATE experience
focusing on the development of RF test
techniques and production test solutions
for RF transceiver devices. He received a
BSEE from Wentworth Institute of Tech-
nology. mike.carr@teradyne.com.
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INSTRUMENTS

A microcontroller and free test
tools let engineers operate the
tester from anywhere.

hite:
L))

Motion-sensor tester
RUNS FROM A

BROWSER

BY SEAN O’LEARY AND JED MARTI, ARTIS

utomated test stations don’t always need proprie-
Aary test tools. Using a microcontroller, a PC, and
ree software tools, we developed an automated
test station to test and align motion sensors. Test engineers
can operate the system from any Web browser in the com-
pany network and can also check the status of a unit under
test or retrieve data on a previously tested sensor module.
The motion-sensor module is an optical sensor that
uses illuminating LEDs and focused detectors to sense
moving objects. The module uses one bank of LEDs to
illuminate a target and another bank of 32 detectors to
sense motion. The sensor’s output is a bit vector indicating
the current state of each detector. The outputs of many
such sensors are assembled into a profile of the moving
object for identification by a pattern-matching system.

Server PC
o Apache Internet User
o CGI-BIN browser
y RS-232
Power supplies
Linear
Sensor UART motion
module [ | — table
fixture 8051 Microcontroller
Test station

FIGURE 1. A server PC communicates to an 8051 micro-
controller that operates a motion table and makes
measurements.

TEST & MEASUREMENT WORLD www.tmworld.com

To function properly, the sensor module’s LEDs and
detectors need to be mechanically aligned, something
that isn’t practical to do by hand. Thus, we built an auto-
mated system that provides consistent alignment and also
tests each sensor’s signal-conditioning and communica-
tions lines. The block diagram in Figure 1 shows the
main parts of the tester.

Using a motion table to move a sensor module in
front of a known-good detector array, the test station
verifies that each LED functions and is properly aligned.
The system tests the 32 detectors by moving a known-
good LED in front of the detector array under test. Sig-
nal-conditioning circuits in the test station boost the
detector’s output signal to a range detectable by an ADC
(analog-to-digital converter) in the 8051 microcon-
troller. The ADC digitizes the signals and the station
verifies the module’s data transfer.

For the movable platform, we use a commercial x-axis
table (Figure 2). A stepper motor positions the table in
increments of 0.005 in. based on direction bits and clock
pulses from the microcontroller.

We also designed a fixture that holds the sensor mod-
ule during alignment, makes electrical connections, and
provides access to the LED and detector arrays. Spring-
loaded pins make the electrical connections to the sensor
module. Holes in the fixture (Figure 3) let the sensors
under test send and receive light from the LEDs and de-
tectors as the position table moves them.

Using a Web-based system

The circuits that interface with the motor driver are lo-
cated on the station’s printed-circuit board (Figure 4),
which also contains the limit sensors, the drivers for the
optical devices, and the circuits for the sensor module.
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The 8051 has a 10-bit ADC, 8 kbytes of’
RAM, 24 I/0 pins, and two UARTSs
(universal asynchronous receiver-trans-
mitters). An external memory chip ex-
tends the total memory to 64 kbytes. The
8051’ serial port communicates between
the test-system hardware and a PC run-
ning Apache Web Server under Linux.
This approach has several advantages:

e The Apache Web Server software is
easy to set up, secure, and free; it runs
under Linux or Windows.

e Connecting the server to a serial port

FIGURE 2'. A linear motion table aligns the sensor
arrays to LEDs and detectors in the test fixture.

through a CGI-BIN
(common gateway in-
terface-binary) script is
easy. A small C program
on the server sends a
command to the test
system to start the test.
The program also inter-
prets commands and re-
trieves content such as
bit-mapped images and HTML text.
Linux C and C++ compilers are free.

e The 8051 microcontroller doesn’t
need to support a file sys-
tem, Internet protocol, or
other Web interfaces.

The test system's em-
bedded microcontroller
connects to the server
through a server’s serial
port. Test results, images,
and text are stored in a
data directory on the
server for immediate dis-
play or recall.

FIGURE 3. A test ;‘i;{tﬁfe contains holes that pass light
between 32 sensors and a test board.

The server sends a command over the
serial port that tells the station to execute
the test. Once the server sends the start
command, the station code runs through
an entire test. As the microcontroller col-
lects data, it generates tables, charts, and bit-
mapped images. Once an image is com-
pleted, the microcontroller sends it to the
server through the CGI-BIN program.

A simple welcome screen from the
Web server tells the user when to steer
the browser to the address assigned to
the station. Anyone on the corporate
network has access to this start-up screen.
From the main Web page, a user can:
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e see a statistics page indicating
the number of devices tested
and examine a summary of the
results;

e view reports, by serial num-
ber, for devices whose testing
has been completed; and

e initiate the test protocol.

Once testing is complete, the
server displays the test results for
all 32 sensors as a color graph
on the Web page. This report, including
all the graphs, is generated by the micro-
controller and subsequently transferred
to the server. This Web page contains ta-
bles and graphs detailing the results of
the test as well as any messages that indi-
cate errors or anomalies.

The Web-based system did introduce
one obstacle that we had to overcome.
When the user initiates the test protocol,
the station opens a new Web page and
begins writing to it. As tests complete,
the server adds additional information to
the Web page. We encountered a prob-

FIGUkE 4. Known-good LEDsﬂih the teétature tr.
light to a sensor module under test, and known-good de-
tectors detect the light that the module transmits.

lem regarding dead time in communi-
cating with the Web page. Web pages can
time out in four to five minutes if they
don’t receive new information. Because
one test took six minutes to complete,
we wrote some code to ping the browser
periodically to prevent timeouts, and this
lets the system complete the page.

Even though our test system does
not permit motion beyond program
limits, it is always wise to include limit
sensors when building a motion-con-
trolled tester. Limit sensors indicate
that the table is nearing the end of its

ansmit

travel. We added limit sensors to
allow the microcontroller to
cut power when the table
reaches the end of its travel. In
fact, those sensors proved useful
during software development
when the table went too far.

Overall, we have been very
happy with the results from our
testers. While the first time
through this approach presented
certain challenges, we now have a test-
setup template that we can reuse when
designing new test stations. In the long
run, our system has reduced develop-
ment time as well as training time and
overall costs. T&RMW

Sean O’Leary is a senior electrical engi-
neer at Artis. He received his ME in electri-
cal engineering from the University of Utah
in 1999. olearys@artislic.com.

Jed Marti is chief scientist of Artis. He
received a PhD in computer science from
the University of Utah in 1980.
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Modules gain EMC

standard

By Richard A. Quinnell, Contributing Editor

or the past four years, an IEEE

working group has been devel-
oping an EMC (electromagnetic com-
patibility) standard that addresses the
design and test needs of plug-in cards
for modular systems such as PXI.
While the initial efforts of the PAR-
1688 Replaceable Electronic Modules
working group have targeted EMC
qualification for military systems, the
methodology is applicable in the com-
mercial sector as well. I discussed the
standard with the working group’s
chair, Fred Heather, who is the elec-
tromagnetic environmental effects lead
for the Joint Strike Fighter program.

Q: What was the motivation for
developing PAR-1688?

Integration has been turning sys-
tems that used to be large boxes into
small cards in a cage that offer modu-
larity for repair or upgrade replace-
ment. But most current EMC compli-
ance standards require retesting of an
entire system even if only one module
changes. A full system qualification
test is expensive, so we wanted a stan-
dard that could qualify just the mod-
ule. There will still need to be an ini-
tial system-level qualification, but by
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having standards for individual mod-
ules, we can simplify the maintenance
of compliance when modules change.
Module-level standards also help as-
sure system designers that their final
result will pass qualification testing

Q: How would system designers
apply the standard?

We envision a multiple choice
based on market conditions. One way
is for the system designer to tell the
module provider what qualifications
level the module is to achieve. Another
way is for the module developer to
target a qualification level based on
expected customer applications. In ei-
ther case, the standard addresses only
module performance, not backplanes
or cables. The test fixture we devel-
oped eliminates all cabling issues com-
mon to system-level EMI (electromag-
netic interference) testing.

Q: What is the timeline for release?
We have completed the design
limits and test requirements portion
of the standard and are working on
the appendix, which covers applica-
tions guidance. Our goal is to have a
review draft to the EMCS Standards
Committee by the time the IEEE
International Symposium on EMC is
held in August. Comment and review
followed by approval and release
could come by the end of the year.

Q: Any surprises during development?
We did have to develop some
new test methods. Current standards

address near-field magnetic coupling

Fred Heather

PAR-1688 W.G. Chair
Electromagnetic environ-
mental effects lead for JSF

but not electrical coupling. We had to
create a way of measuring high-im-
pedance electric fields at distances of
a centimeter or so. Also, when we
started reducing field-strength test
levels (to account for the effects of
shielding), we got below the level that
standard probes could sense, and we
had to solve that problem.

Q): What is the applicability of the
PAR-1688 standard?

The initial standard addresses the
needs of systems that will be tested to
MIL-STD-461, including air, ship, and
ground-based systems. Our plan is to
follow up by adapting the standard to
address commercial applications such
as networking and industrial systems.
We will adopt the same test approach
and methods and adjust the compli-
ance levels, bandwidths, and such to
match various application needs.

Q: Is there a way for PXI users to
benefit from the standards effort now?

Become part of the committee.
The committee is open to the industry
and welcomes new members. There is
a lot to be learned as we share under-
standing and insights. [J
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Testing more with less using PXI

By Matthew Friedman

s the economic uncertainty remains, we all have to

make the hard choices about how to do more with
less. For more than a decade, this has been one of the
key goals of the PXISA (PXI Systems Alliance) when de-
veloping and now evolving the PXI standard. This is most
evident in the fact that the modular PXI architecture
shares a common backplane, power sup-
ply, microprocessor, display, and metal
frame across all instruments in the system
to remove the unnecessary duplication of
these components in rack-and-stack sys-
tems. This results in significant cost, space,
and power savings when considering the estimated
100,000 PXI systems to be deployed by the end of 2009,
contributing to a combined reduction of more than
600,000 power supplies, microprocessors, displays, and
metal frames that would have otherwise been purchased
and deployed for each instrument in a system with a tra-
ditional rack-and-stack approach.

PXI also compares favorably budget-wise with other
modular standards since it is based on a COTS (com-
mercial off-the-shelf) approach to system components.
For example, test system integrator NTS saved more

than $20,000 per avionics test system by switching to
PXI from VXI. Engineers can further maximize the price
and performance of their PXI systems as a result of the
high level of interoperability and wide selection of prod-
ucts offered by more than 60 PXI vendors. Furthermore,
PXI multivendor support offers a cost-effective upgrade
path to enhancing the processing performance or I/O
capabilities of a PXI system by only adding the required
functionality and thus preserving the initial investment.

Looking forward, PXI will continue to deliver a cost-
optimized solution for many automated test, measure-
ment, and control applications. The COTS-based, modu-
lar-system architecture of PXI contributes to a lower sys-
tem cost by eliminating redundant system components,
using less power and rack space, and delivering indus-
try-leading interoperability for optimized multivendor solu-
tions. This approach enables engineers to assemble
high-performance systems with measurement capabili-
ties from DC to 26.5 GHz while paying only for the re-
quired functionality and performance. []

Matthew Friedman is the PXI platform manager at National Instruments and the
PXISA marketing co-chairman. matt.friedman@ni.com.

Digitizers gain high-
impedance mezzanine

The U1061A (8-bit) and U1062A (10-
bit ) Acqiris high-speed PXI digitizers
from Agilent Technologies feature an
optional high-impedance mezzanine

permit channel interleaving, provid-
ing 2 Gsamples/s and 16-Msample
memory (U1061A) and 4 Gsamples/s
and 512-Msamples memory
(U1062A). www.agilent.com.

PXISA membership
grows to 59

KineticSystems re-
leases ADC module

The CP246 CompactPCI/PXI Bridge
signal-conditioning module from
KineticSystems incorporates eight sig-
nal-conditioning channels, eight inde-
pendent 16-bit ADCs, and 16 multi-
function digital I/O channels. By

that enables them to be combined
with a signal probe for applications
such as telecommunications and semi-
conductor component testing.

The U1062A is a 4-Gsamples/s, 3U
PXI digitizer with input bandwidths
of up to 2 GHz and acquisition mem-
ories of up to 256 Msamples/channel.
The dual-channel U1061A, with up
to 1-GHz of instantaneous band-
width, provides synchronous sam-
pling on both input channels of
1 Gsamples/s with up to 8 Msamples
of acquisition memory. In single-
channel applications, both digitizers
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The PXISA (PXI Systems Alliance) re-
ports that it welcomed 14 new mem-
bers in 2008, bringing its total mem-
bership to 59 companies. New execu-
tive members are Averna, BAE
Systems, LeCroy, and One Stop
Systems. The 10 new associate mem-
ber companies are Beijing Control
Industrial Computer, C & H
Technologies, Corelis, DAQTron,
EADS North America Test and
Services, Elektrobit Austria, Elma
Electronic, Integrated Device
Technology, Ranatec Instrument, and
Tabor Electronics. www.pxisa.org.

combining all of these functions in a
single module, the CP246 eliminates
the need for complex field wiring.
The company claims that this reduces
system noise while increasing the ac-
curacy of the data measured.

KineticSystems reports that typical
applications for the single-width
module include rocket motor testing,
wind tunnel testing, vibration and
torque measurements, RTD tempera-
ture measurements, and general-pur-
pose digital control or monitoring.
Base price: $400 per channel. www.
kscorp.com.
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generation and RF vector signal
RF Te St S O I uti on analysis, Aeroflex solves your RF
test needs by combining the best
attributes of configured solutions
and the benefits of modularity.

The Aeroflex 3000 Series PXI
modular RF instruments together
with Aeroflex PXI Studio
application software provide
stimulus and response
measurement capability for a
wide variety of application needs
to 6 GHz, including advanced
digital communications systems
such as WiMAX and WLAN.

The modular system is
configurable to satisfy different
application needs.

Just about any combination of
Aeroflex's extensive range of PXI
modular instruments can be
selected to provide the best
combination of performance,
functionality and cost.

The PXI system is a truly open
hardware platform that delivers
the flexibility for just about any
future application need, at the
same time offering an out of the
box ready-to-go solution for
today.

Contact Aeroflex today to
receive a PXI brochure, request a
quote or arrange a product demo.

/1900

www.aeroflex.com/t&mw0309
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32 Channel Digital I/O,
Programmable Threshold
Module

Digital Control Just Got Easier and Safer

Introducing the new Pickering Interfaces Model 40-412 Programmable Threshold Digital Control
module. With 32 channels of I/O, the 40-412 is unique as it offers both high and low drive circuitry at
voltages up to 50 volts, programmable input thresholds for accurate read back, and protection circuitry
to prevent damage from over current and thermal overload conditions. The 40-412 can be used for
basic digital control and with up to 0.5 Amp of low side drive and 0.4 Amp of high side drive, the
40-412 is also ideal for control of large relays and solenoids. Go to www.pickeringtest.com to learn
more and see all of the other Pickering testing products.

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

(East Coast Regional Office) Woburn, MA. Tel: +1 781 897 1710
E-mail: ussales@pickeringtest.com u k n
= = Direct Sales Offices in USA, UK, Sweden, p g
WWW.pICkerlngtest.Com Germany, Czech Republic, France and China I—_
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Facing legacy issues in PXI systems

By Richard A. Quinnell, Contributing Editor

n the 10 years since its introduc-

tion, PXT has seen its share of tech-
nical changes, including rising perfor-
mance specifications for modules and
the evolution of the PC-oriented
hardware and software at PXI’s core.
Applications have also changed, with
many PXI systems becoming embed-
ded parts of larger

bility built into PXI allows virtually
unlimited reuse of boards and applica-
tions software and simplifies the intro-
duction of new capabilities when an
engineer is reconfiguring a PXI chassis
for various bench uses. When the sys-
tem elements and configuration need
to remain stable for many years as an

test and measure- PXI Express 32-bit CompactPCl
ment systems. The peripheral module module

resulting combina-
tion of long-term
fixed installations
and changing tech-
nology has raised a
specter of legacy is-
sues in PXI designs
that test engineers
will need to exorcise.

It’s not a particu-
larly frightening spec-
ter. Maintaining com-
patibility has been a
key goal of the
PXISA (PXIT Systems
Alliance) as it has
handled technical
evolution throughout
its history. Even major changes such as
a move from the parallel bus of PXI to
the serial bus of PXIe (PXI Express)
have provided for the reuse of existing
system components.

For the move to PXlIe, the PXISA
defined a hybrid system slot that
would accept cards of either bus type
(Figure 1). This hybrid slot allows de-
velopers to populate a system with
older cards and then replace them
with PXIe upgrades as needed without
altering system configuration. Even
software could remain unaffected;
with PXIe, the bus change is transpar-
ent to the OS (operating system) and
applications layers of software.

Despite these efforts, legacy issues
are beginning to arise in PXI systems.
In part, these issues stem from an in-
creasing use of PXI as an embedded
component of test and measurement
systems. The intergeneration compati-
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Fig. 1 The PXI standard has maintained a high level of compatibility
as it evolves, such as the definition of a hybrid card slot to accept both
the new PXI Express as well as legacy CompactPCl and PXI modules.

embedded instrument, however, indi-
vidual changes that have little impact
on bench reconfigurations can accu-

mulate to create significant problems.

Legacy concerns vary

The types of legacy concerns that
arise depend on what the test engi-
neer is trying to accomplish. Simply
changing a connector to make a PXI
card compatible with a hybrid slot
has little or no effect on the card’s
functionality (Figure 2). But when the
goal is to maintain an older existing
system essentially unchanged during a
long installed life, engineers may find
it difficult to obtain the technical sup-
port or replacement cards they need.
The continual evolution and obsoles-
cence of PC processors and OSs—
particularly Windows—affect PXI-
based systems, especially those that
include a PCI or CompactPCI card.

Hybrid-slot-compatible
PXI module

Parts obsolescence becomes a con-
cern when identical replacements
rather than functional equivalents are
needed to avoid long and costly recer-
tification testing, as in military sys-
tems. “The biggest issue we have is
with embedded control processors on
modules,” said Mike Dewey, senior
product marketing
manager at PXI
equipment maker
Geotest. “We are at
the mercy of the
Intel roadmap and
can expect only a
three- or four-year
run life on a specific
component.”

Board vendors
can generally handle
the situation by
maintaining func-

> tional equivalence
through processor
generations. When
exact component
replacement is a re-
quirement, however,
or changes in clock
speed and other processor timing
create problems elsewhere in the sys-
tem, test engineers may have a prob-
lem despite equivalent functionality.
“Sometimes it is better to stick with
what you have and go to the second-
ary market that is reselling older
products,” said Dewey.

Although software doesn’t “wear
out,” the obsolescence of an OS can
create system-maintenance challenges.
“Many [PXI] vendors support a cou-
ple of OS generations back,” said
Matt Friedman, PXI platform man-
ager at National Instruments, “but it
is a moving target, and older versions
lose support over time.” Geotest’s
Dewey also pointed out that third-
party applications software providers
may also gradually drop support for
older versions and OSs.

The support issue is also a concern
for developers seeking to upgrade ex-
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isting systems with minimal impact.
Replacing a module in order to get
higher performance or gain additional
features may not be possible if the leg-
acy system’s OS is unsupported.

“New module introduction be-
comes problematic under an older
0S,” said Tim Carey, PXI product
manager at instrument maker
Aeroflex. “Our new products aren’t
even engineered for Windows 95 or
NT anymore, so we don’t know what
their behavior would be in a legacy
OS system.” Even if a new product
supports a legacy OS, some new card
features may not be accessible under
that older version.

Upgrades create challenges
Developers contemplating upgrades to
system hardware also face additional
issues. An older card cage, for in-
stance, may not offer the power mix
that newer boards require. “Logic in-
terfaces have moved from 5 V to 3.3
V,” noted Geotest’s Dewey. If an engi-
neer moves a system to a new chassis
to gain PXIe support, older cards that
use the local bus will lose that back-
plane connection in a hybrid slot.
Even if not using the local bus, older
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Fig. 2 Modifying an older PXI module (left) to make it compatible with a
hybrid slot can be as simple as swapping a connector (upper right); most
vendors will perform the swap for a modest charge.

cards that include the J2 connector
will not fit into a hybrid slot, although
that can be readily corrected. “Most
vendors will take their card back and
swap out connectors to preserve their
customer’s investment, even if it is sev-
eral years old,” said Dewey.

If it is the software that needs to be
upgraded—for instance, to gain access
to new board features or because of a
new release for third-party application
software—then older boards generate a
different concern. “When updating the
OS, developers need to make sure their
vendor provides drivers for their legacy
boards that support the latest and
greatest,” noted NI’s Friedman. Also,
developers will need to make sure the
processors in older cards can handle
the demands of the upgraded OS.

TABLE 1.

HARDWARE AND SOFTWARE LEGACY

ISSUES FOR PXI TEST SYSTEMS

Goal Hardware considerations Software considerations
Maintain Embedded controller obsolescence  Board-vendor driver support for older
can reduce parts availability. OS versions may decline.
CompactPCI card changes can Support for older versions of third-
trigger recertification. party software may decline.
Upgrade Card supply-voltage and current Drivers for new cards under old OS
changes may affect cage may not be available.
gLz Older processor may not be able to
DMA (direct-memory access) timing  run new OS.
changes can affect system behavior. Older OS may not support new card
Hybrid slots will not support PXI functionality.
local bus use. A single hardware or software change
can snowball to affect more of system.
Future-  PXle hybrid compatibility Design for processor speed indepen-
proof retains upgrade options. dence to accommodate CPU changes.
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Partitioning choices can
affect ease of updating.
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Design for code parallelization to
take advantage of multicore.

Use of RTOS or Linux can avoid
Windows legacy issues.

This interaction of hardware and
software can quickly snowball, with
one change triggering a need for addi-
tional changes elsewhere in the sys-
tem. Engineers facing such an ex-
tended system upgrade may want to
look beyond their immediate need to
avoid repeating the experience.

“You need to take stock of the
whole system status such as where in
their life cycle all the components are
and how many years the system will
need to run, then ask suppliers their
support policy and how long things
have been in production,” said
Dewey. “If it’s more than five years,
they [the components] may not be
available much longer. The last thing
you want to do is make a whole sys-
tem upgrade, then find out later that
a few more parts became obsolete.”

Future-proofing design

As PXI increasingly becomes an em-
bedded test element, such legacy is-
sues will continue to grow in impor-
tance. Engineers creating new systems
may want to take steps to mitigate
these legacy concerns and future-
proof their designs.

Aeroflex’s Carey pointed out, for
instance, that the system controller is
the technology element changing at
the fastest pace, making embedded
Windows-compatible processors risk-
ier. Added Dewey, “If someone really
wanted to get longevity out of their
system design, they might want to use
an external controller based on an in-
dustrial PC.”

Another factor to consider is the
potential of PXIe. Not every PXI
module will migrate to the standard,
but many that need high performance
eventually will. Developers should
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consider including hybrid slots in
their test system to allow for such mi-
gration and should also make sure
that the modules they choose are hy-
brid compatible.

In addition, developers may want
to partition their system functionality
among modules to simplify future up-
grades. Digital technology evolves
faster than analog, for instance, so
there may be an advantage in separat-
ing signal conditioning from digitiza-
tion steps.

“In our signal generator design, we
have a synthesizer module and an RF
output module with frequency multi-
pliers,” said Aeroflex’s Carey. “We
segmented it that way so that as re-
quirements shift, only one part of the
system changes. Customers upgrading
from 3 GHz to 6 GHz, for instance,
only needed to replace one module.”
Too much segmentation can become
a drawback, however. “We could
have separated out the baseband, too,
but then size, cost, and calibration
became issues,” Carey said.

To help future-proof software, de-
velopers should ensure that applica-
tions code behavior is independent of
processor changes. “If you use good
programming practices, such as no
hard timing loops, then moving to a
faster processor is not a problem,”
said Dewey. “You need to use devel-
opment tools that help keep you inde-
pendent of the processor speed.”

Developers might also want to
structure code to take advantage of
parallel processing. Processor technol-
ogy has stopped evolving toward
higher clock speeds for increased per-
formance and is now moving to multi-
ple cores on chip. The move to multi-
core can provide faster computing and
can also change the way a test runs
from sequential steps to simultaneous
operations in parallel, but only if the
code structure supports parallelization.

Moving away from the Windows
OS family is also a possibility. For
many applications, a real-time OS
might be appropriate, especially if
deterministic or mission-critical op-
eration is important in the testing.
For others, a switch to Linux might

www.tmworld.com

help prevent OS obsolescence from
forcing legacy systems to change.

Finally, developers should consider
getting expert advice. “Work with
your vendor to find the correct compo-
nents for your system that will have
long working lifetimes,” said NI’s

Friedman. “They will help address spe-
cific needs and recommend choices.”
These may end up being vendor-spe-
cific, but with the right provider, the
risk is small and the potential benefits
great if your PXI system design is to
have a long and productive life. []

PHASE MATRIX FAMILY OF
PX| DowNCONVERTER MODULES

Systems Alliance

FEATURES:

+ Fast-Tuning LO: < 1 msec.

+ 100 KHz to0 26.5 GHz Frequency Range
+ Wideband and Narrowband [F Outputs:
- 250 MHz IF / 350 MHz BW
-21.4 MHz IF / 30 KHz BW & 8 MHz BW

* YIG Pre-Selector and Programmable Attenuator
+ Six (6) Primary User Configurations

5 ! Phase Matrix, Inc."
l \\ ‘ 109 BONAVENTURA DRIVE, SAN JOSE CA 95134

TEL: 408-428-1000 EMAIL: SALES@PHASEMATRIX.COM
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BertScope boosts speed,
decomposes jitter

Synthesys Research has boosted the speed of its flag-
ship BertScope BER (bit error rate) tester from 12.5
Gbps to 17.5 Gbps. With their higher speed, the
17500A and Si 17500C instruments can perform BER
tests and display eye diagrams on 14-Gbps Fibre
Channel devices and systems. They can also analyze
serial data streams from 500 Mbps to 17.5 Gbps. The
17500C adds a jitter source for receiver testing.

The company has also added a software option
called Jitter Map to the BertScope line. Jitter Map uses
the BertScope’s BER tester to decompose jitter into
random and deterministic jitter, then further decom-
poses deterministic jitter into data-dependent jitter,
bounded uncorrelated jitter (such as sinusoidal), inter-
symbol interference, and other components, displaying
them as a map of total jitter.

Jitter Map analyzes signals for bounded uncorre-
lated jitter by looking at the same bit in a PRBS pat-
tern. Such analysis lets you find which bits contribute
to bit errors. The software also contains a divider that
lets you look at a clock rate divided by two, four, five,
and so forth and display an eye diagram for each one.
This lets you find
which clock sig-
nals in a circuit
contribute to peri-
odic jitter.

'BERTScopeS_
5~

S, To reduce the
= time needed for
A
w;?__“?—' . making jitter and
® 0= 0~ BER measure-
- ments on long bit

patterns such as

PRBS31, Jitter Map uses data obtained from short pat-
terns such as PRBS7. It then measures total jitter on the
longer pattern and calculates the jitter components
based on the shorter patterns.

Base prices: BertScope 17500A—%185,000; Bert-
Scope Si 17500C—$235,000; Jitter Map—$15,000.
Synthesys Research, www.bertscope.com.

Move VXI modules to LXI

Bustec, a manufacturer of VXI data-acquisition prod-
ucts, has introduced an LXI chassis that accepts up to
eight of the company’s I/O modules. The ProDAQ1600
accepts I/O modules originally designed for the com-
pany’s VXI cards. It also lets you use Ethernet as your
data-acquisition bus in place of internal buses such as
PCl or PCI Express.

Because of the half-rack, 1U-size of the ProDAQ
6100, you can install two chassis side-by-side in a stan-
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dard 19-in. instrument rack. 1/O cards
include analog input, analog out-
put, digital 1/O, serial com-
munications (RS-232, RS-
485), and counter/timer.
With the company’s 24-
channel analog-input
cards, you can use up to 192
channels in a single chassis.

The ProDaq 6100 is a Class B LXI instrument, which
lets you synchronize measurements with 20-ns accu-
racy. Class B LXI instruments support the IEEE 1588
timing protocol.

Prices: ProDAQ 6100—%950; I/O modules—$300 to
$5000. Bustec, www.bustec.com.

ADS simulator speeds eye
measurements

Agilent Technologies has introduced a million-bit-per-
minute signal-integrity channel simulator for multigiga-
bit chip-to-chip data-link design. The channel simula-
tor—part of Agilent’s ADS (Advanced Design System)
EDA software platform—allows an interactive eye-dia-
gram measurement from channel simulations per-
formed within the ADS signal-integrity design and
analysis environment.

The most common applications for the ADS channel
simulator are design and verification of the chip-to-
chip multigigabit-per-second serial links found in many
consumer and enterprise digital products—from laptop
computers to data center servers to telecommunica-
tion switching centers to Internet routers. The simula-
tor helps signal-integrity engineers take into account
physical phenomena such as impedance mismatch, re-
flections, electromagnetic coupling, crosstalk, and mi-
crowave frequency attenuation due to the skin effect
and dielectric loss tangent.

The ADS channel simulator allows engineers to per-
form “what-if” design-space exploration. To aid this
workflow, the ADS channel simulator uses impulse-
response analysis to automatically extract a linear FIR
(finite input response) model from any combination of
ADS circuit-level and physical-level components. This
results in simulation throughput of more than 1 million
bits per minute. Fast eye measurement lets engineers
produce the resulting eye measurements—and opti-
mize transmit and receive equalization—in serial links
such as PCl Express, USB 3.0, and 10-Gigabit Ethernet.

The channel simulator will be available as part of the
ADS 2009 release. It is offered as part of both the leg-
acy E8885 Convolution Simulator and its successor, the
W2302 Transient Convolution Element in the ADS.

Base price: $26,000. Agilent Technologies, www.
agilent.com.
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Corelis unveils entry-level
I12C bus analyzer

Corelis has introduced the BusPro
12C, an entry-level bus analyzer for
12C hardware debugging, software
development, and in-system pro-
gramming. Applications for the Bus-
Pro 12C include embedded software
and firmware development, hard-
ware debugging, and system-perfor-
mance verification. The analyzer also
facilitates the programming and veri-
fication of 12C-compatible EEPROMs.
It supports Standard-mode, Fast-
mode, and Fast-mode Plus with 12C
bit rates of up to 5 Mbps.

For software development, the
BusPro monitors and logs 12C bus
traffic in real time. Hardware debug-
ging features include exercising the
12C bus and communicating with its
peripheral components.

The analyzer provides a USB 2.0
interface, two general-purpose 1/0
channels, programmable trigger
events, and automatic detection of
bus voltage and signal thresholds.

Price: introductory price—$995;
list price—$1250. Corelis, www.core-
lis.com/buspro.

UEI unveils six-slot
GigE 1/O chassis

United Electronic Industries has re-
leased the DNR-6-1G, a portable
Gigabit Ethernet I/O chassis with six
slots. UEI calls the new chassis the
"HalfRack,” as it offers all the fea-
tures of the company’s DNR-12-1G
Racktangle 12-slot chassis in a half-
rack-width configuration.

The HalfRack’s six I/0 slots pro-
vide up to 150 analog inputs, 192
analog outputs, 288 digital 1/Os, 48
counter or quadrature channels, 72
ARINC-429 channels, and 24 serial
or CAN bus ports. The DNR-6-1G is
electrically compatible with the
“cube” form factor that UEI uses for
some |/O boards, which means there
are currently more than 30 I/O mod-
ules available for the chassis.

The UEIDAQ Framework software
provides an application program-
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oSystem includes 1 controller box
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APPLICATIONS

eMulti-channel source for high-speed serial data communication test (QSFP
Active Cables for Ethernet, InfiniBand, Fibre Channel, and others)

eCrosstalk analysis for high-density opto-electronic components (with
independent channel phase adjustments and optional jitter injection)
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lengths, low cost per channel, and individual channel control

For additional details,
application notes and
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Consolidate multiple test resources into one interface

with VPC’s WIRE+ products

easy-to-engage
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from 2-75 modules
Reliable connections |
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10,000+ cycles
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accessories
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Complete your interface solution |

Mass InterConnect solutions  j--._.___

PRODUCTUPDATE

ming interface that supports Win-
dows, Vista, and Linux as well as
real-time operating systems such as
QNX, RTX, and RT Linux.

Price: $3350. UEI, www.ueidag.com.

EXFO platform leverages
OTN test suite

EXFO now offers an EoOTN (Ether-
net over optical transport network)
and advanced OTN analysis suite for
testing packet-based OTNs. The
FTB-8130NG Transport Blazer and
the FTB-8130NGE Power Blazer test
modules enable the testing of
EoOTN through the generation and
mapping of 10-GigE LAN traffic di-
rectly into OTU%e and OTUZ2e pay-
loads. In addition, EXFO offers mod-
ules that support the ability to
analyze and manipulate OTN over-
head bytes and to intrusively test
OTN signals in through mode at up
to 43 Gbps.

EXFO Electro-Optical Engineer-
ing, www.exfo.com.

Mass InterConnect Solutions
...creating order out of wiring chaos
— - — S —

Scope Probe
& Test Lead Kits

215 Denny Way
El Cajon, CA 92020 USA

800-772-1519

ﬁscilloscope Probes

Test Leads

e Differential Probes
e SMD Probes
e BNC Cables

EASY ONLINE ORDERING ¢ SAME DAY SHIPPING
www.probemaster.com
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TestiMIART

®2/4/8/16 inputs and one signal source

mSample allinput simultaneously up to 102.4 kHz
H130 dB dynamic range

® Continuous recording at full speed for 8chs

B FFT sizes up to 64K

® FRF, Tri-Spectra, Octave, Order Tracking

® 1.7kg. Battery life: > 6 hours

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

CRYSTAL Santa Clara « 408-986-8880

instruments www.go-ci.com

Great Deals @
CircuitSpecialists.com

Portable
Paperless

Recorders and
Data Acquisition
Stations

High performance, easy-to-use portable recorder
displays real-time measured data on clear, wide-
angle color LCD, and handles wide range of
measurement in your lab, plant, or test stand.

* Powerful stand-alone data logging capability and
record on- site changes in temperature, voltage, current,
flow and pressure.

* Features include: secure high capacity memory w/internal
memory of 200MB, choice of compact flash and USB
removable storage media, detachable input terminals that
simplify field wiring, and advanced network connectivity
with email, file transfer, and web server functions.

* CE compliant e Price starts at $3460

For more info, go to the OMEGA Engineering Inc. web site:

http://www.omega.com/pptst/RD-MV1000_2000.html

4.5 Digit, True RMS Autoranging
Bench Top Multimeter

+Digital & Analog
display, 22K count
and 44 segment v
bar graph Rt i
+Auto/Manual range ‘!”"““g‘m\\\‘\\‘f
*DCV 1000V in - ' il
5 ranges N/ 7
ACV 700V in New!
5 ranges. Plus AC/DC current,
resistance, capacitance, logic & temp.
*RS232 I/F & Windows software.

Item # CSIMS8040: $129.00

Programmable DC Loads

The 3710Ais a
programmable
electronic DC
load, capable of
supporting up to
150W of power
& the Model 3711A, 300W of power.These
devices can be used with supplies up to
360VDC and 30A. They feature a rotary
selection switch and a numeric keypad
used to input the maximum voltage, current
and power settings. Optional RS-232, USB
& RS-485 adaptors are available.

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

Programmable DC
Power Supplies

*Up to 10 settings stored in memory
*Optional RS-232, USB, RS-485 adaptors
*May be used in series or parallel modes with
additional
supplies.
*Low output
ripple & noise
*LCD display
with backlight
*High resolution at 1mV

Model CSI3644A | CSI3645A | CSI3646A
info@omega.com Tel: 203-359-1660 DC Voltage 0-18V 0-36V 0-72V
WWW.0mega:Com BC Current A A T5A
Power (max) 90w 108W 108W

Price $199.00 $199.00 $199.00

LinkUp?

» Troubleshoot Network
Connectivity Problems

» LEDs & LCD Display
Allow More Detailed
Link Analysis

» Auto-Negotiation,
Power-Over-Ethernet

and Data Packet Loopback
Tests

Call today to place your order:
Toll Free

.00
1-866-442-7767 (§ 349

\www.CircuitSpeciaIists.com
USB Powered 200MHz DSO

With Two FREE 250MHZ Scope Probes
200MHz USB DSO

$899.00
Item #: SDS 200A

Circuit Specialists,Inc.
www.CircuitSpecialists.com
800-528-1417 | Fax:480-464-5824
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[An exclusive interview with a technical leader]

HARALD KRUGER

CEO
Pendulum Instruments
Stockholm, Sweden

In 1998, Harald Kruger
acquired Pendulum
Instruments as a spinoff of
Philips Electronics and be-
came the company’s CEO.
Over the last decade, he
has successfully built the
40-year-old company into
a leading innovator in
solutions for calibration,
measurement, and analysis
of time and frequency. In
2005, Kruger led Pendu-
lum’s acquisition of Califor-
nia-based XL Microwave,
expanding Pendulum’s
high-frequency capabili-
ties. Last year, Pendulum
Instruments became part
of the Orolia Group, a pre-
cision electronics technol-
ogy firm based in France.
Kruger earned his MSc de-
gree in economic science
at Linkoping University in
Sweden in 1994.
Contributing editor Larry
Maloney conducted an
e-mail interview with
Kruger on the growing
importance of time and
frequency measurements
in a variety of applications.
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When time and frequency matter

Q: What test challenges drive the
need for greater time and frequency
accuracy?

A: In communications, for example, the
move from analog to digital TV is one im-
portant driver. Another driver is the de-
ployment of higher bandwidth 3G net-
works, including WiMAX, with tight
demands for frequency control and time
synchronization.

Q: How do Pendulum’s products
address these challenges?
A: Our CNT-90 family of time/frequency
analyzers is optimized for high measure-
ment speed, which is crucial in many ap-
plications. In R&D, you need to follow
transient frequency behavior, start-up be-
havior, fast modulation, radio-channel-
switching time, frequency settling, and
other parameters. For long-term monitor-
ing of frequency or time intervals, as in ap-
plications where you must compare two
reference frequencies, our CNT-91 time/
frequency analyzer can capture and contin-
uously output up to 10,000 results per sec-
ond to a controller for an unlimited time.
Time and frequency calibrations basically
involve an accurate frequency reference, the
actual signal under test, and an accurate
comparator between these two signals.
High-frequency accuracy in a measurement
or calibration situation is always limited by
the accuracy of the frequency reference.
Pendulum ofters several frequency standards
with very accurate rubidium clocks, both
GPS-controlled and stand alone. Our latest
product launch, the CNT-91R, combines
an integrated rubidium clock with a high-
performance frequency analyzer. So, you
get a high-accuracy frequency calibrator in
one portable box.

Q: What are your target industries?

A: Oscillator manufacturers, aerospace/
defense, metrology labs, telecommunica-
tions companies, and a variety of electron-
ics industries. Our customers include such
enterprises as Ericsson, USAE Royal Air
Force (UK), NDK (Japan), and Foxconn,

as well as mobile telephone operators in
more than 50 countries.

Q: What are the performance
advantages of dedicated frequency
analyzers?
A: Unlike a digitizing multipurpose instru-
ment, the CNT-91 requires the time stamp
of just two signal zero crossings to calculate
frequency between sample points. A digi-
tizing type of instrument would need
thousands of sample values during the
measurement to identify and calculate fre-
quency. Even if these samples are captured
at high speed, the high number of data
points needed slows down the calculation.
For time-interval measurements, such as
the skew between antenna signal outputs,
the very high resolution of a 50-ps single-
shot in CNT-91 corresponds to a 20-GHz
sample clock frequency in a digitizing so-
lution. To reach 50-ps resolution in a unit
with a 200-MHz sample clock would re-
quire the average of 10,000 time intervals.
The CNT-91 does it in one single interval.
That’s a big boost in throughput for test
engineers.

Q: Do more customers want system
solutions?

A: We see a growing demand from cus-
tomers, such as high-tech labs, to set up
large frequency-distribution systems. These
typically involve fiber-optic solutions that
distribute signals over long distances with-
out EMI [electromagnetic interference].
One telecom customer needed to deliver
two different frequencies from the 10th
floor of a building to several labs on other
floors. Pendulum provided a flexible, eco-
nomical solution consisting of two GPS-
controlled frequency standards, four distri-
bution amplifiers, and multiple racks with
output boards to fiber. T&’MW

Harald Kruger addresses more

questions on time and frequency
applications in the online version of this
interview: www.tmworld.com/2009_03.
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Take of Your Test Lab
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Cast your votes by Feb

Do you need to automate your lab
and increase testing efficiency?

MRV offers the most complete solution for efficient test lab management.
Our energy efficient lab automation product set allows you to improve
the efficiency of nearly every aspect of your test lab. Managing and
planning power consumption, automation, reconfiguration and testing,
and providing secure remote presence to any device increases the

throughput of your lab and decreases expenditures.
MCC 288

LX 4048T

Find out why network equipment manufacturers around the world have chosen MRV’s Test Automation Solutions at

Sales@mrv.com or (800) 338-5316




Why is Agilent the fastest growing
oscilloscope manufacturer?

Because we listen to you.

To build our scopes, Agilent carefully examines the challenges you face. Then we
deliver products that solve your problems in imaginative ways. Like the multi-chip
module that enables Infiniium’s industry-leading signal integrity. And the ASIC that
underlies InfiniiVision's patented MegaZoom deep memory giving you the industry’s
best signal visibility. You'll find innovations like these in each of our scopes —
that's why more and more engineers are choosing Agilent over other scope brands.”

Agilent 20 MHz to >90 GHz real-time and sampling scopes

» Handhelds, portables, rack-mounts and benchtops

» 40+ application-specific software packages for exceptional insight
* Innovations that satisfy your toughest demands

See why more and more engineers choose Agilent.
Download our catalog
www.agilent.com/find/scopecatalog
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