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You work in all kinds of 
conditions, so should 

your spectrum analyzer.

ViViewew oonlnlininee HSHSA A viidedeo o dedemomoss

DoDownwnloloadad ddememononststraratitionon gguiuidedess

wwwww..alalliliededelelecec.c.comom/l/lp/p/agagilene ththsas //

Agilent and our 
Distributor Network
Right Instrument. 

Right Expertise. 

Delivered Right Now.

800-433-5700 

www.alliedelec.com/agilent

Worst-case scenario: You’ve got minutes 

to troubleshoot RF interference that 

has shut down communications on the 

ground, at dusk, in the desert. 

Best-case scenario: You’ve got 

the only spectrum analyzer with 

benchtop performance in a lightweight 

MIL-PRF 28800F Class 2 compliant 

handheld — with secure erase to keep 

classifi ed data classifi ed.

That’s thinking ahead.  That’s Agilent.

Handheld Spectrum Analyzers (HSA)

Key Specs N9344C N9343C N9342C

Frequency 1 MHz–
20 GHz

1 MHz–
13.6 GHz

100 kHz–
7 GHz

DANL -155 dBm/Hz -155 dBm/Hz -164 dBm/Hz

Sweep time < 0.9 s < 0.7 s < 0.4 s

Weight with 
battery

3.6 kg 
(7.9 lbs)

3.6 kg 
(7.9 lbs)

3.6 kg 
(7.9 lbs)

Scan the QR code or visit
http://goo.gl/Rfbde 
to see a HSA N9344C
demo guide video

© 2011 Agilent Technologies, Inc.  (U.S. Army photo by Spc. Patrick Tharpe) (Released)

http://www.alliedelec.com/lp/agilenthsa/
http://www.alliedelec.com/agilent
http://goo.gl/Rfbde


8/16-Channel
Thermocouple/Voltage Input
USB Data Acquisition Module
• 8 Differential or 16 

Single-Ended Analog Inputs
• 24 Bit Resolution with Up to 

1000 Samples/Sec
• User Programmable for 

Type J, K, T, E, R, S, B, N 
Thermocouple or Voltage Input

Visit omega.com/om-daq-usb-2400

OM-DAQ-USB-2401 
$495

        

        

        

© COPYRIGHT 2012 OMEGA ENGINEERING, INC. ALL RIGHTS RESERVED

® omega.com

®

Data Acquisition Modules, 
Loggers & Recorders

Because of transmission frequency regulations, these wireless products may
only be used in the United States, Canada and Europe.

Temperature and
Humidity Virtual
Chart Recorder

iTHX-W3
Series 

Starts at
$295

Visit 
omega.com/ithx-w3

Portable Data Logger

OM-SQ2020
Starts at

$2445

Visit 
omega.com/om-sq2020

Visit 
omega.com/omsp-4000_series

High-Precision USB-Powered
Oscilloscopes

OMSP-4000 Series
Starts at

$856

Visit us at: 

SEMICON® West
July 10-12, 2012

Booth No. 1946



®

Find it at 
mathworks.com/connect
supported hardware list
trial request

  

Q

Hardware Support includes
Agilent, Tektronix,
LeCroy, Rohde & Schwarz, 
National Instruments,
Anritsu, Keithley, 
Yokogawa, Tabor, 
Pickering, and more  

Protocols and Standards 
supported include
GPIB, LXI, IVI, PXI, AXle, 
TCP/IP, VISA, USB, UDP, 
and RS-232

©2011 The MathWorks, Inc. 

MATLAB is a registered 
trademark of The MathWorks,Inc. 
Other product or brand names 
may be trademarks or registered 
trademarks of their respective 
holders.

connect
matlab to 
your teSt 
Hardware 

Connect your test equipment directly to 
MATLAB using standard communication 
protocols and instrument drivers that 
support thousands of instruments.  
You’ll be able to analyze and visualize your 
results as you collect them, using the full 
power of MATLAB.

with INSTRUMeNT CONTROL and

DATA ACqUISITION TOOLBOXeS 

®

®
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Crosstalk problems are back
Crosstalk, a problem associated with parallel buses, is now an issue with 
high-speed serial buses, where multiple signals on a single board can 
interfere with each other.
By Ransom Stephens, Contributing Technical Editor

eMc test

Precompliance testing for radiated emissions
some basic tools can help you identify trouble spots in your lab.
By Kenneth Wyatt, Wyatt Technical Services
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USB 3.0 making headway into cameras 
usB 3.0 doesn’t just let you download movies or transfer files faster than 
previous versions, it also improves industrial camera speeds. the usB3 
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By Paul Kozik, Point Grey Research
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Online now at TMWorld.com
Check out these exclusive features on the Test & Measurement World Website: 

Smart Measurement Solutions

ISAQ 100 
Secure Data Acquisition

Touch me 'cause you can!

• High precision measurements
18 bit resolution, 2 Mbit/s 

• Potential free measurements
Up to 3 km optical data transfer

• Absolute safety
Galvanic Isolation > 1 MV
On-desk operation up to 1000 V

• Wide input range
±250 V max. input range

• Outstanding portability
8000 hours battery power
Light weight and compact design

• Simple integration
OLE automation interface

The perfect choice for EMC critical areas
and high voltage applications!

Find out more at: www.omicron-lab.com/daq

120410_Hands_halfpage_V2_PMA.indd   1 10.04.2012   10:23:15
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Join the conversation!
Add your comments to the T&MW blogs:

Do you remember your � rst 
scope?
Senior Editor Janine Love invites you 
to share your fond (and not so fond) 
memories of your first oscilloscope. 

www.tmworld.com/4390232

Demonstrating enclosure 
resonance
There are times when an increase in harmonic content 

can’t completely be explained by circuit 
or PC board design. If you’ve already 
done a good EMC design and are still 
getting radiated emission problems, 
then perhaps resonances in the product 
enclosure are, in effect, amplifying the 

internal harmonics. Kenneth Wyatt explains.

www.tmworld.com/4390124

DLL-based clock recovery 
cranks up net bandwidths 
To meet the bandwidth demands, ever more robust 
clock recovery schemes are necessary. But, 25% over-
head is too high. Enter DLLs (delay locked loops), 
whose reduced power, size, and complexity combine 
with simpler transfer functions and improved stability 
enable clock-recovery circuits to remain locked after 
dozens of identical bits. 

www.tmworld.com/4378176

Explain this
Senior Technical Editor Martin Rowe needs you to 
explain something to a non-engineer: how Internet 
Protocol phones work.

www.tmworld.com/4390254

Stay connected with T&MW
Join us for discussions about test topics:  

LinkedIn: linkd.in/uRnG6r
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Get NEW App Note: Compare Direct Digital Synthesis 

vs. Point-by-Point Function Generator Performance
www.metrictest.com/agilent/funcgen.jsp

Point-by-point technology = more confi dence.
You’re developing new technologies every day that are faster, more effi cient 
and imaginative. Agilent 33520 Series function/arbitrary waveform 
generators provide your waveforms with the highest signal fi delity. 

With 10x better jitter than anything in 
its class you have unparalleled control 
of signal frequency. And point-by-point 
technology provides an unprecedented 
ability to generate arbitrary waveforms. 
That’s confi dence. That’s Agilent.

“I need a function generator that generates confi dence, too.”

33521A and 33522A

30 MHz sine, square, pulse bandwidth

250 MSa/s, 16-bit sampling

Point-by-point arbitrary waveforms

Dual-channel coupling and tracking

Scan the QR code or visit 
goo.gl/lgtJk to see a 
33500 Series product tour

Agilent and our 

Distributor Network

Right Instrument. 
Right Expertise. 
Delivered Right Now.

866-436-0887 
www.metrictest.com/agilent

http://www.metrictest.com/agilent/funcgen.jsp
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Martin rowe
Senior technical editor

martin.rowe@ubm.com

B
y the time you receive this, Test & 
Measurement World will have 
gone all digital: this is the last 
print magazine. Now we editors 
can focus all our energy on just 
one format, delivering news, tech-

nical information, and commentary in real time. 
With this change comes a new TMWorld.com, 

which launched earlier this month. This new site 
enables us to exchange information in an envi-
ronment custom-made for engineers involved in 
test. We look forward to bringing you more tech-
nical content as well as engage in timely, relevant 

discussions about 
your latest test 
challenges and 
discoveries.

With this rede-
sign, we’ve also 
changed how we 
organize content 
on TMWorld.com. 

The site has five Test Centers: 
• Design and Prototyping: Here, you’ll find 

articles covering design-for-test, simulation, and 
PCB layout.

• Characterization: We’ll cover signal analysis, 
signal integrity, data acquisition and analysis, 
EMC test, and topics on general-purpose mea-
surements. We also cover programming tech-
niques and test circuits.

• Manufacturing: Articles on boundary scan, 
yield, throughput, statistical-process control, sys-
tem integration, programming, inspection, IC 
test (analog, digital, and mixed-signal), board 
test, machine vision, wafer-level testing, and rele-
vant case studies go here.

• Field Service: Here you’ll find information on 
the latest portable and handheld test tools, plus 
measurement tips and techniques to get produc-
tion lines up and running quickly. Furthermore, 

all electrical measurement equipment needs cali-
bration. The Field Service Test Center also in-
cludes calibration and equipment management.

• Failure Analysis: Look here for articles on di-
agnosing failures, particularly in ICs.

Think of each Test Center as a community 
where you and fellow engineers can discuss proj-
ects, workarounds, and test techniques. All con-
tent on the new TMWorld.com is free and avail-
able without registering. If you’re inspired to 
comment, a quick-start registration can get you 
started, but we suggest that you eventually set 
up a profile where peers can find you. You can 
then follow specific articles or people and upload 
your own articles (we’ll vet them and guide you 
in making them better). So, say one of our blog-
gers covers an area of interest, you can follow 
that blogger (or any registered user). Or, if you 
think you can do better, send in your own blog!

My favorite reason for registering is the per-
sonal library, the digital equivalent of tearing out 
pages. You can save any article to your library for 
future reference.

We’ll work to keep a constant flow of content, 
but we need your help and guidance. If you have 
an article idea or you’d like to blog on a topic, 
let us know. If have images of a recent test rig 
you set up, send them in. Perhaps you have a 
measurement or programming technique to 
share. The new TMWorld.com is the forum for 
sharing it. We’ll help you connect you with like-
minded engineers who can help you get your 
design tested and out to market. Contact me at 
martin.rowe@ubm.com for Design and Prototyp-
ing, Characterization, and Field Service. Contact 
Janine Love at janine.love@ubm.com for Manu-
facturing and Failure Analysis. If you’ve never 
contributed before, now is the time. If you have 
contributed before, we welcome your new con-
tent ideas. In the meantime, see you online at 
www.tmworld.com T&MW

This new site enables 
us to exchange infor-
mation in an environ-

ment custom-made 
for test engineers. 

editor’S note 

Gone digital
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rf/microwave instrumentation 
Other ar divisions: modular rf • receiver systems • ar europe
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 © 2012 AR. The orange stripe on AR products is Reg. U.S. Pat. & TM. Off.

www.arworld.us

ISO 9001:2008
Certified

         When it comes to the largest selection of Traveling Wave Tube (TWT) Amplifiers, AR has no equal. We cover a wider 
range of  high-power, broadband amplifiers for your specific test application than any other brand. 

         CW models also have the capability to faithfully reproduce AM, FM, and pulse modulation input signals. Features that 
are included at no extra cost are our “Sleep mode” which prolongs the tube life, rugged construction for the rigorous treatment 
in test labs, modular supplies to reduce repair turn-around, and well thought out digital displays to help you monitor essential 
amplifier conditions. 

          So before you choose a look-alike traveling wave tube amplifier, examine all the features and benefits that come along at 
no extra charge with an AR amplifier.  If you want a TWTA that will take you farther, you’ll choose the one with the AR logo  
on it … the company that stands behind our products with the global service and support that you demand.

          To learn more, visit www.arworld.us or call us at 215-723-8181.

If You Can’t Find 
The Power You Need Here,

It Doesn’t Exist.

Traveling Wave Tube Amplifiers
“T” Series–CW TWTA’s from 1 to 45 GHz. 15 to 2000 watts.

“TP” Series–Pulsed TWTA’s from 1 to 18 GHz. 1000 to 10,000 watts.

www.arworld.us/twta

Come See Us at IEEE EMC 2012  
David L. Lawrence Convention Center, Pittsburgh, PA, August 7-9, Booth 607



To read past Test Voices columns, go to www.tmworld.com/4376430.

TesTVoices

Test & Measurement World | juLY/august 2012 | www.tmworld.com 
–11–

Without looking, can you recall the color of 
your workbench’s top surface? No? You’re 
likely suffering from Cluttered Bench

Syndrome (CBS), an insidious syndrome that’s endemic to any electronics 
work environment regardless of size. I could serve as the CBS poster 
child; in no particular order, here’s what’s currently cluttering my bench:
•  Test equipment: oscilloscope and probes; spectrum analyzer; digital 

multimeters (handheld and bench); power supply; semiconductor 
tester; component impedance bridge; test leads.

• Hardware: assorted screws and nuts in various thread pitches; washers; 
unused cable ties.

•  Tools: side cutters (three types); 
scissors; needle nose pliers (two 
types); hemostats (three sizes); 
battery-powered drills (two); 
wire strippers (two styles); 
desoldering tool; soldering iron; 
SMT hot-air rework station; 
stereo dissecting microscope; 
magnifier with halo lighting 
fixture; assorted screwdriver bits.
•  Wire: miscellaneous cutoffs in 
assorted gauges (lengths too 

short to respool, too long to discard and thus awaiting future reuse).
• Sleeving: miscellaneous cutoffs (see wire, above).
• Solder & solder flux: three partially used spools (different gauges, all of 

non-RoHS compliant tin/lead composition); two flavors of flux.
• Components: unused (leftovers awaiting restocking in cabinets); used 

(leads long enough for reuse); defective (removed from equipment, 
awaiting failure analysis).

• Coffee cups: one (ceramic, used, sludged).
• Breadboards: audio-filter prototype; software-defined radio.
• Work in process: 1930s-vintage table radio; smoked power supply.
• Paper: schematics; data-sheet printouts; random scribbles.

A few simple steps can go a long way toward reducing workbench 
clutter and thus saving time and money. An interrupt-driven environ-
ment routinely pushes housekeeping chores to the bottom of the priority 
stack, so schedule a mandatory Friday-afternoon bench cleanup. If you 
must leave an instrument in a partially disassembled state, minimize 
orphaned parts by returning fasteners to their places. Create—and label—
temporary storage containers for work-in-progress, and include a brief 
up-to-date status memo. Tag items awaiting parts with their expected 
delivery dates.

And do keep the cat off your workbench. 
(Note: The price for the Valon Technology Model 5007 was originally 

misstated as $29 in the June 2012 column.The correct price is $295.) T&MW

Cluttered Bench syndrome
CaTs On WOrkBenChes
Cats love to get attention by occupying 
workspaces, but an electronics work-
bench is no place for your lab’s feline 
mascot. Flakes of solder and bits of in-
sulation get trapped in a cat’s fur and 
paws and ingested when Kitty cleans 
herself with her tongue. Heavy metals 
and wire fragments aren’t good for a 
cat’s digestive system.

The same considerations apply to hu-
mans who snack at the workbench, so 
discard that dropped doughnut and the 
coffee with the half-submerged resistor. 
Better yet, don’t eat at your bench!

FamOusly-CluTTered spaCes
Jim Williams’ bench: http://bit.ly/MiR2KA
Bob Pease’s office: http://bit.ly/P1ddUr

TOOls FOr deCluTTering
Sorting through the contents of stray 
hardware in a coffee can be slow and 
tedious. As an alternative, consider the 
under-$5.00 Easy Sorter Funnel Tray—
pour in mixed hardware, pick out what 
you need, and pour the rest back into 
the can: http://bit.ly/S74xM9

Multidrawer small-parts cabinets such as 
those made by Akro-Mills offer convenient 
storage for frequently-used static-resistant 
components: www.akro-mils.com

Brother International Corporation offers 
an inexpensive range of labeling sys-
tems that can help you identify work-in-
progress and storage containers:  
www.brother-usa.com/

Tossed casually onto a benchtop, test 
leads have a penchant for tying them-
selves in knots. Use available wall space 
and cable hangers such “The Claw” by 
Middle Atlantic Products to sort and 
suspend expensive and fragile test 
leads: www.middleatlantic.com

Brad thompson  
contriButing technicaL editor  

brad@tmworld.com
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Teseq increases  
presence in RF  
amplifier market
Teseq announced its intentions to acquire 
New York-based Instruments for Industry 
(IFI), a designer and manufacturer of sol-
id-state and TWT (traveling wave tube) 
amplifiers, to broaden its product line in 
the RF amplifier market. By combining 
the competencies of IFI and the recently 
acquired Milmega with its own EMC 
emission and immunity test expertise, 
Teseq will be able to offer customers sys-
tems for a variety of applications, includ-
ing commercial, industrial, automotive, 
military, defense, and communications.

Johannes Schmid, president of Teseq, 
said, “Because IFI is a US-based manu-
facturer, we have an immediate increase 
in the services we can offer this growing 
customer base. With the future acquisi-
tion of IFI, Teseq will expand its product 
range from 9 kHz up to 40 GHz and 
up to 10 kW. IFI brings the latest in 
GaN and LDMOS Class AB solid-
state technology and the knowledge to 
manufacture TWT amplifiers, as well 
as its excellent relationships within the 
defense and military markets, to Teseq.” 
Teseq, www.teseq.com

LeCroy announced on May 30 that 
Teledyne Technologies will acquire the 
oscilloscope maker for a cash payment 
of approximately $291 million. Accord-
ing to a press release, LeCroy will oper-
ate as a Teledyne subsidiary, keeping the 
LeCroy name. The acquisition will make 
Teledyne’s microwave technology avail-
able to LeCroy engineers. The company 
had already announced an intent to 
produce the world’s first 100-GHz real-
time oscilloscope.

“We believe Teledyne can help us 
accelerate our high-end oscilloscope 
programs to deliver real-time band-
width well beyond 100GHz by utilizing 
Teledyne’s leading InP technology,” said 
LeCroy President, Chief Executive Of-

testshell, a software framework from Qualisystems for lab manage-
ment, device provisioning, and test automation, allows engineers to 
configure, deploy, and execute a test plan to address iPv6 (internet 
Protocol version 6) performance issues. used in the networking and 
storage environment to manage and drive large-scale testing labs, 
testshell makes it possible to build complex test plans that are 
adjusted and executed from a central framework through its auto-
mated testing environment.

iPv6 testing involves multiple devices that 
need to be integrated into a setup and then 
managed and shared. in addition to simpli-
fying test setup and resource sharing, test-
shell can be extended to provide life-cycle 
management of the test lab. switches, serv-
ers, generators, and other devices in the 
testing environment can be scheduled and 
managed through a simple user interface.

eitan lavie, Qualisystems’ VP of product management and market-
ing, said “We responded to our customers’ needs by providing a 
testing framework that simplifies and upgrades the crucial validation 
process of new iPv6 products before releasing them to the market 
and brings higher confidence to the process.”

Prices for the testshell enterprise software start at $30,000 for 
small startup testing labs.

QualiSystem, www.qualisystems.com/site/content/t2.
asp?Sid=73&Pid=500.

Qualisystems’ Testshell framework  
is IPv6-ready
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ficer and Director Thomas Reslewic in 
the press release. “Furthermore, through 
a combination of Teledyne’s microwave 
and mixed signal design capabilities with 
LeCroy’s signal processing expertise, as 
well as our respective market channels, 
we envision growing our markets and 
adding new products such as signal gen-
erators and multi-function instruments.”

The acquisition of LeCroy leaves Agi-
lent Technologies as the only indepen-
dently owned competitor among the top 
three oscilloscope manufacturers

wiGig-enabled  
devices put to the 
test at plugfest
Members of the Wireless Gigabit Alliance 
(WiGig) tested the interoperability of 

devices using the multi-gigabit wireless 
WiGig technology under real-world con-
ditions at WiGig Plugfest in June, moving 
the technology closer to commercializa-
tion. This second plugfest establishes the 
basis for future interoperability of different 
products and signals the imminent transi-
tion of 60-GHz WiGig networking into 
actual products realized on the market.

The WiGig Plugfest follows the 
publication in 2011 of three Protocol 
Adaptation Layer specifications: the Wi-
Gig Display Extension, the WiGig Serial 
Extension, and the WiGig Bus Extension. 
WiGig members are now testing their 
WiGig-based products to ensure interop-
erability within the ecosystem and to pro-
vide end users with a guarantee of reliable 
solutions at product launch next year.
WiGig Alliance, www.wigig.org

LeCroy to be acquired



The total Latin American general 
purpose test equipment market 
generated $75.9 million in reve-
nue in 2011 and the compound 
annual growth rate (CAGR) is 
estimated at 12.6 percent for the 
forecast period 2012–2018. The 
continuous upgrade and migra-
tion from 2G and 3G to 4G tech-
nologies is driving market 
demand. The deployment of 3G 
is ongoing in the region, increas-
ing the demand for spectrum 
and network analyzers and simi-
lar equipment. LTE has already 
been deployed in Brazil, Colom-
bia, Uruguay, and Puerto Rico. A 
number of 4G trials and deploy-
ments that are expected to gen-
erate growth for this market 
going forward will begin in 2012.
This will create a “wireless 
decade” over the next 10 years. 
Other factors expected to drive mar-
ket growth include the increasing 
electronics manufacturing and out-
sourcing activities in the region, gov-
ernment spending on infrastructure, 
and growing opportunities in the 
education funding research area and 
defense sector for some countries. 

An important trend in the region is 
the increase in outsourcing opera-
tions. The leading telecommunica-
tion operators in the region, such as 
América Móvil and Telefónica, have 
launched strategies to outsource 
part of their maintenance activities, 
generating contracts and opportuni-
ties for test equipment vendors. 

The oscilloscopes market held the 
largest market share in 2011, fol-
lowed by spectrum analyzers, net-
work analyzers, and multimeters. 

The oscilloscope segment is the fast-
est growing segment in the Latin 
American general-purpose test-
equipment market. 

From an end-user perspective, 
the communications segment held 
the largest market share in terms of 
revenue, followed by the aerospace 
& defense and education segments. 
There are increasing opportunities 
in the cellular operators, govern-
ment, and broadcast end-user seg-
ments. 

Brazil continued to hold the larg-
est market share in the Latin Ameri-
can general-purpose test-equip-
ment market in 2011, followed by 
Mexico and Argentina. Beyond Bra-
zil and Mexico, countries such as 
Colombia, Chile, Venezuela, and 
Peru are expected to boost market 
revenue growth. Leading test-
equipment vendors are focusing on 

these countries by establishing 
operation centers and sales 
offices locally.

Some of the leading companies 
apply price increases twice a 
year; however, the price increases 
are very conservative. 

“The challenge is to consoli-
date our position in the Latin 
American market that is increas-
ingly focused on price; however, 
price is not everything in the 
value proposition,” said Diego 
Parra, Anritsu’s Latin America 
sales director. “Our sales cycle 
begins by educating the client on 
our value proposition. The market 
has begun to require more spe-
cialized technical support.” 

From a technological perspec-
tive, there is an emerging need for 
modular and integrated test 

equipment. “Local test equipment is 
required to have a greater number 
of test instruments within a single 
box. More and more, manufacturers 
of traditional box instrumentation 
are migrating or starting to increase 
modular instruments in their product 
portfolio and it is definitely having 
an impact in Latin America,” said 
Gustavo Valdes, National Instru-
ments’ strategic marketing manager 
for Latin America. 

Overall, economics are improving 
in the region and most of the local 
governments are willing to invest in 
education, which is anticipated to 
generate sustained demand for 
general-purpose test equipment. 
The Latin American region is keen 
on catching up with new technol-
ogy, which augurs well for test and 
measurement companies.
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Demand grows in Latin America for general-purpose  
test equipment
By Mariano Kimbara, Senior Research Analyst, Measurement & Instrumentation, Frost & Sullivan 

Latin America General Purpose Test Equip-
ment Market: Revenue, 2011, 2014 and 
2018
CAGR: 12.6%

Market Trends
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I N S T R U M E N TAT I O N

Active probes are worth the extra cost
In an article on the “Test & Measurement 
Designline” portion of the EE Times Web-
site, Jae-Yong Chang, product manager and 
planner for Agilent Technologies’ oscillo-
scope product line in the Oscilloscope 
Products Division, provides guidance on 
the optimal probe to use for different ap-
plications. He points out that most low-to-
mid-range oscilloscopes come with one 
high-impedance passive probe per channel. 
But what about active probes? Chang 
notes that active probes are more expen-
sive, but they offer better performance that 
may make a difference in applications that 
require high-bandwidth, high-signal fidel-
ity performance.

The article explains the issues with 
“probe loading,” or when the probe be-
comes a part of the circuit, introduces 
loading, and changes the measurement. 
Chang provides a graph that compares the 
input impedance of a general-purpose pas-
sive probe with 10-MΩ resistance and 
4-pF capacitance with that of an active 
probe with 1-MΩ resistance and 1-pF ca-
pacitance as they are used across increasing 
frequencies. He notes that although the 10:1 passive probe 
comes with higher input impedance at low frequency ranges, 
the input-loading characteristics of the active probe are usu-

ally better at high frequencies because 
of the probe’s lower input capacitance.

Next, Chang outlines the benefits 
of differential active probes as well as 
high-voltage differential probes. He 
explains how they work and that they 
provide better signal integrity due to 
very low impedance grounding and 
higher input impedance. Giving 
equal time, he drills down into detail 
on the Z0 passive probe (also known 
as a 50-Ω passive probe). Chang ex-
plains that if you select a Z0 probe as 
a low-cost alternative to a higher-
priced active probe, you should be 
careful with the resistive loading ef-
fect, because it may alter the mea-
sured amplitude of the signal as well 
as the bias point.

Finally, Chang steps through a de-
tailed comparison of a measurement 
taken with a 100:1 resistor divider 
probe and a measurement taken with 
an active probe with 1-MΩ input im-
pedance (see figure). You can link to 
his article, “Active probes: why they 

are worth buying,” from the online version of this article at 
www.tmworld.com/4389717.

Janine Love, Senior Editor

a) The amplitude of the signal measured 
with the 100:1 resistor divider probe is 
decreased to 1.65 V due to the resistive 
loading of the low-impedance probe.

W I R E L E S S  T E S T

Testing E911
In the event of an emergency, we have been trained since 
childhood in the US to dial 911 from the closest available 
phone, which back when almost every household had plain-
old-telephone service, enabled the emergency operator to look 
up the exact location of the phone line used to originate the 
call and coordinate a response. Today, with the majority of 911 
calls originating from mobile devices, pinpointing the exact 
location of callers is not so simple.

More than 10 years ago, the FCC introduced its E911 Phase II 
location requirements for US wireless network operators and 
mobile devices. E911 (enhanced 911) requires that caller location 
be provided to public-safety answering points with 50-m accu-
racy for 67% of calls and with 100-m accuracy for 95% of calls (see 
figure). The FCC is also investigating ways to further improve the 
performance of locating 911 callers who use mobile devices.

b) The output measured with an active 
probe with 1-MΩ input impedance makes 
the amplitude measurement correctly.

A typical E911 call from a mobile phone can pinpoint the call-
er’s location to within 50 m, translating to about 27 houses in 
this type of neighborhood.
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P R O D U C T  T R Y O U T

iOS logic analyzer shows the bits

Oscium, the company that developed 
the iOS-based iMSO-104 oscilloscope 
and WiPry WiFi spectrum analyzer/
power meter, has now developed the 
LogiScope, a 16-channel logic analyzer 
for the iPad, iPhone, and iPod Touch. I 
tried the $389 LogiScope on an iPad 2 
rather than on an iPhone because of 
the iPad’s larger screen. Viewing 16 
traces on the iPhone’s screen is, well, 
challenging.

As the figure shows, the LogiScope 
comes with two wiring harnesses, each 
holding eight color-coded input wires 
and a ground wire. The leads connect to 
standard-sized pins. The instrument also 
comes with a bag of 16 clip leads. I used 
16 channels of a 24-channel logic demo 
board as a signal source.

After downloading the free app from 
Apple’s App Store, I connected the Lo-
giScope. The iPad immediately found 
the instrument and signals appeared. 
Navigating the menus is easy and is 
similar to the way you navigate the 
menus on Oscium’s other products. 
Each trace on the screen is color-coded 
to match the color of the wire. Using 
your finger, you can move any trace up 
or down the display.

The “Digital” menu lets you turn 

on any channel and give each a name. 
The “Cursor” menu lets you enable 
cursors for measuring time between 
events or the frequency of a signal. Us-
ing the “Measure” menu, you can 
measure duty cycle, pulse width, and 
frequency. 

The LogiScope also provides a two-
level tr igger. Virtual logic gates add 
combinational logic for building a trig-
ger. The virtual gates let you set up 
AND, NAND, OR, NOR, XOR, or 
XNOR conditions to trigger an acqui-

sition. Trigger conditions include rising 
or falling edges, levels, or pulse width.

Overall, the LogiScope is a handy tool 
for troubleshooting logic circuits. To read 
my complete product tryout of the Lo-
giScope, go to the online version of this 
article at www.tmworld.com/4389719. 
To read my tryout of the earlier-released 
WiPry spectrum analyzer, go to “Prod-
uct tryout: iOS spectrum analyzer/
power meter lights up WiFi” at www.
tmworld.com/4378083.

Martin Rowe, Senior Technical Editor

All of this is spurred by a basic problem: Despite all the 
technology, location accuracy is often just not good enough 
when calls are placed from mobile phones; in some cases, us-
able location information is impossible to obtain, especially 
when calls are made from indoors. Today, more than 70% of 
911 calls originate from mobile devices, and more than 60% 
of 911 calls originate indoors.

Industry bodies such as 3GPP and 3GPP2 have developed 
compliance standards for mobile devices to help ensure the 
FCC’s location accuracy requirements are achieved. Since 
these standards are global, they are often a requirement in 
other markets as well. For 2G and 3G devices that use CDMA, 
GSM, or WCDMA technology, the requirements are well  
established. The recent push to launch LTE, or 4G, networks, 
however, is shaking things up.

With LTE migration well underway in North America, 
wireless service providers are working to upgrade the tech-
nologies that enable caller-location identification in order to 

deploy E911 capabilities. Designers need to understand how 
the different positioning technologies (or combinations of 
technologies) play into the requirement to support E911 on 
LTE networks in North America and must also understand 
the implications for testing the complex positioning scenarios 
that can result.

No current positioning technology is capable of providing 
the FCC’s required accuracy level by itself, so a combination 
of technologies will likely be needed. Current LTE standards 
support three handset-based positioning technologies: ECID, 
A-GNSS, and Downlink OTDOA. LTE deployments also 
employ two location protocols: LTE Positioning Protocol and 
Secure User Plane Location Version 2.0. 

In the online version of this article, we discuss the FCC’s 
standards and how they translate into location protocols, and 
we also explain how engineers can test E911 in LTE net-
works: www.tmworld.com/4390391.

Brock Butler and Susan Ahimovic, Spirent 

^
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T
he inexorable demand for electronic systems 
with increasing bandwidth and decreasing size 
puts more high-speed channels in ever-closer 
proximity. Technologies such as 40-Gbps and 
100-Gbps Ethernet employ up to 10 channels at 
10 Gbps each or four channels at 25 Gbps. When 

so many high-speed serial lanes reside in a single system, 
they’re bound to interfere with each other.

Serial buses such as Ethernet, Fibre Channel, and PCI Ex-
press capitalize on the robust nature of serial technology, with 
its interference-canceling differential signaling and jitter-can-
celing embedded clocking. To achieve incrementally greater 
data rates, the emerging technologies employ multiple serial 
lanes that operate in parallel. With each additional lane, a bus 
scales to a higher data rate (Ref. 1). Unfortunately, every chan-
nel is both an aggressor and a victim. Differential signaling can 
only partially cancel crosstalk at these high data rates. After a 
decade spent developing serial data technologies and dealing 
with jitter, closed-eye diagrams, and pre-emphasis and de-em-
phasis, and then having equalization save the day, engineers 
have realized that crosstalk has come back to haunt them.

Marty Miller, chief scientist at LeCroy, put it like this: 
“When we started switching from parallel to serial intercon-
nects, crosstalk stopped being a big concern, but now we’re 
moving to serial channels in parallel. We have systems with 
dozens of SerDes on one chip operating at 50 times the data 
rate [of parallel buses]. We’re looking at a crosstalk nightmare.”

What is crosstalk, anyway?
Crosstalk is the electromagnetic interference of multiple sig-

nals that occurs when radiation from an aggressor channel is 
picked up by a victim channel. Maxwell’s equations describe 
electromagnetic radiation only when electric and magnetic 
fields change. Crosstalk is generated during logic transitions. 
With rise and fall times of 20–30 ps at 10 Gbps or 5–10 ps at 
25 Gbps, the emerging high-rate standards have rapidly 
changing electric fields that can couple from one lane to an-
other. The faster the change, the louder the crosstalk.

High-speed serial systems use differential signaling to beat 
back all types of EMI (electromagnetic interference). Differ-
ential pairs consist of two conductors. One carries the signal, 
and the other carries the inverse of the signal, or its comple-
ment. If the conductors are arbitrarily close together and are 
of precisely the same length, then they carry identical EMI. 
The receiver takes the difference of the pair, canceling the 
interference and reinforcing the differential signals. This is 
called common-mode rejection, because signals common to 
both elements of the pair are rejected.

Unfortunately, real differential pairs have non-zero separa-
tion, are not exactly the same length, and suffer other asym-
metries such as impedance variations at contact points and 
variations in trace widths, thickness, and roughness. These im-
perfections limit common-mode rejection.

Engineers developing multilane serial links anticipated cross-
talk’s return, but that’s not the whole story. Pavel Zivny, domain 
expert on high-speed serial data with Tektronix, said, “Intersig-
nal crosstalk was expected, but there’s another source of cross-
talk that we didn’t anticipate. As the transmitters on a SerDes 
chip draw current from the power plane, they generate power-
supply variations that have different properties.” Current draw 

OSCILLOSCOPES

Crosstalk, a problem associated with parallel buses, is now
an issue with high-speed serial buses, where multiple signals

on a single board can interfere with each other.
By RansoM sTephens, ConTRiBuTing TeChniCal ediToR

Crosstalk 
problems are back
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in one device can cause variations in the power delivered to an 
adjacent device, a condition known as “chip crosstalk.”

Intersignal crosstalk, appears as sporadic jolts on the victim 
whenever an aggressor makes a logic transition. This interfer-
ence lasts for the duration of that transition, whereas chip 
crosstalk has a longer duration.

Crosstalk is exacerbated by pre-emphasis and de-emphasis, 
which enable high-speed serial data receivers to reach a low 
BER (bit-error rate), even when signals are so degraded their 
eye diagrams are closed. At the transmitter, pre-emphasis en-
hances the high-frequency content of signals, which fends off 
the low-pass nature of the transmission lane’s frequency re-
sponse. Unfortunately, that high-frequency content generates 
the most crosstalk.

It’s worse at the receiver. As Miller said, “Two of the three 
standard equalization techniques, CTLE (continuous-time 
linear equalization) and FFE (feed-forward equalization), am-
plify crosstalk noise. The third technique, DFE (decision-feed-
back equalization), is the only one that doesn’t make it worse, 
but nothing we have now makes it better.”

Another complication arises in systems with parallel buses. 
Because the channels in parallel buses are frequency locked, 
they have fixed-phase relationships. With fixed-phase rela-
tionships, the time position of intersignal crosstalk in the eye 
diagram is also fixed. If crosstalk jolts occur at the crossing 
point in an eye diagram, they have a smaller impact on the 
BER than if the crosstalk jolts are offset by half a bit period 
and occur in the center of the eye at the victim.

Figure 1 shows an eye diagram with no crosstalk jolts. In 
Figure 2a, the crosstalk jolts appear at the crossings, and in 
Figure 2b, the jolts appear at the eye opening’s widest point. 
In many systems that use multiple serial lanes, including 
40/100 GbE (Gigabit Ethernet), each lane operates at the 
same nominal frequency, but the lanes aren’t locked. Because 
each channel operates on a clock recovered from the data, the 
relative phases are free to float. Figure 3 shows how un-
locked, or “asynchronous,” crosstalk smears the traces and is 
deceptively similar to the effect of random noise and jitter.

Oscilloscopes analyze crosstalk
If you’re in complete control of a serial-data link’s individual 
lanes, you have the luxury of performing systematic, straight-
forward crosstalk analyses. Assume that you have a 100-Gbps 
link made from ten 10-Gbps lanes. Start by analyzing lane 1. 
Turn off lanes 2 through 9 and check the waveform and eye 
diagram of lane 1. Then, turn on a lane adjacent to 1. Any 
degradation you see is caused by crosstalk. Next, turn on each 
lane, and you can gauge the trouble. This is a simple diagnostic 
recipe for finding lanes that are more troublesome than others.

If the lanes are frequency locked, you should be able to 
isolate the problem. If they’re not locked, the degradation will 
look like a mix of random jitter and noise. In the unlocked 
case, it’s better to examine the waveform, bit by bit, compar-
ing the aggressor waveform to the victim waveform.

Unfortunately, these techniques won’t help you estimate 
the eye closure corresponding to a given BER, which is what 

FIGURE 1. An eye diagram that has no crosstalk will have no 
impairments. Courtesy of Tektronix.

FIGURE 2. These eye diagrams display the effects of  
different victim-aggressor phase relationships. a) The  
aggressor and victim are in phase, and the crosstalk  
impairment is at the crossing point. b) The aggressor and  
victim are half a bit out of phase, and the crosstalk  
impairment is at the center of the eye.    

a.

b.

FIGURE 3. When the aggressor and victim are asynchronous, 
crosstalk noise varies across the victim’s eye diagram.  Ph
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compliance testing requires, usually down to a BER of 10–12. 
Plus, you’re not likely to have that much control of individual 
channels. Rob Sleigh, product marketing engineer for sam-
pling scopes in Agilent Technologies’ Digital Test Division, 
said, “At these speeds, the connectors and ICs have much 
smaller geometries and we should expect crosstalk from vari-
ous sources. Additionally, 100 Gigabit Ethernet gearboxes 
switch between 4x25 Gbps and 10x10 Gbps, and since you 
can’t shut off individual lanes, it makes crosstalk isolation even 
more challenging.”

How Tektronix addressed the problem
Perhaps the most annoying problem with crosstalk is that jit-
ter-analysis software frequently mistakes crosstalk for RJ (ran-
dom jitter). Since RJ contributes disproportionately to the 
estimate of total jitter defined at a given BER, crosstalk can 
appear as a far more egregious problem than it really is.

In Zivny’s view, “The main problem is to accurately predict 
total jitter and eye opening while providing a quantitative mea-
sure of the crosstalk problem.” Tektronix accomplished these 
goals by implementing an approach that Zivny conceived.

In the early 2000s, manufacturers of test and measurement 
equipment were in a heated battle to determine the most ac-
curate jitter-analysis technique (Refs. 2 and 3). At the time, 
measurements taken with different equipment often varied by 
more than 100%. One of the approaches that brought the 
problem under control was to use a spectral technique for 
measuring RJ. With this technique, engineers look at the 
spectrum of the timing of logic transitions; periodic compo-
nents show up as spikes that can be removed.

Figure 4 shows the effect that crosstalk has on the spec-
trum of uncorrelated jitter. Note the higher noise level and 
additional spikes in Figure 4b that are missing from Figure 
4a. The RMS value of the remaining smooth continuum is 
then identified with RJ. RJ is assumed to follow a Gaussian 
distribution, and the amount of eye closure at a given BER 
can be estimated using the dual-Dirac model (Ref. 4). Cross-
talk shows up in that continuum and, thus, the spectral tech-
niques mistake crosstalk for RJ and overestimate eye closure, 
sometimes by more than an order of magnitude.

Zivny’s idea was to first isolate RJ and crosstalk from the 
spikes of sinusoidal and periodic jitter in the spectrum. Be-
cause this data set doesn’t contain any elements that are cor-
related to the data, like intersymbol interference, it’s called 
uncorrelated jitter. The data is then transformed back into the 
time domain where the cumulative distribution function is 
used to isolate unbounded Gaussian RJ. The remaining 
bounded jitter is labeled NP-BUJ (nonperiodic bounded un-
correlated jitter). Whatever crosstalk that exists in the jitter 
distribution is isolated in NP-BUJ.

There is no a priori reason to believe that NP-BUJ is ex-
clusively crosstalk. Engineers have a good idea of what’s going 
on in their systems, so it’s not much of a stretch to equate 
NP-BUJ with the horizontal eye-closure caused by crosstalk. 
This analysis is also performed in the vertical direction where 
noise plays the voltage equivalent role of jitter to get NP-
BUN (nonperiodic bounded uncorrelated noise) (Ref. 5). 
Whether or not NP-BUJ and NP-BUN are exclusively 
caused by crosstalk doesn’t affect the eye closure estimates at 
given BERs.

LeCroy extracts crosstalk residuals
At LeCroy, Marty Miller’s approach is quite different. Miller 
said, “My belief is that the most important aspect an oscillo-
scope brings to the table is noise analysis and, to first order,  
crosstalk is signal-to-noise degradation—radiative effects with 
variations and fluctuations that you can see on a scope.” Mill-
er’s approach is to automate a detailed examination of the 
victim waveform.

The approach starts with the test patterns. “It’s important in 
any crosstalk analysis,” Miller said, “that the patterns transmit-
ted on the aggressors not only be distinct from the victim test 
pattern but have a different length.” If the aggressor pattern is 
the same length as the victim pattern, crosstalk will appear to 
be correlated to the data. If the aggressor pattern is precisely 
the same pattern as the victim pattern, not only will the cross-
talk be correlated, but the crosstalk and the signal can exhibit 
constructive and destructive interference, or beats.

Miller likes a short test pattern on the victim and long pat-
terns on aggressors. This makes it possible to fully evaluate 

FIGURE 4. A spectral plot of RJ and PJ shows that crosstalk adds noise and spectral peaks that are missing in (a) 
and present in (b).
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each bit in the victim pattern subject to a representative sam-
ple of crosstalk impairments.

The next step involves evaluating the shape, or trajectory, of 
each symbol in the victim test pattern. By comparing each 
repetition of a symbol, Miller’s technique separates the cross-
talk impairment into a waveform of its own that he calls 
crosstalk residuals. The residuals are what you would see on 
the victim lane if you could turn off the victim signal and 
look at the crosstalk alone on that lane. The process is inde-
pendent of any phase relationships between the victim and 
aggressors, so it doesn’t matter whether or not the victims and 
aggressors are frequency locked.

The final result is a novel construct Miller calls a “signal-
centric contour plot” (Figure 5). This plot is a combination 
of the trajectories of every symbol in the test pattern with all 
the jitter and noise as well as the actual crosstalk distribution 
portrayed as a fluid cumulative distribution function from 
which the probability of a deviation from the mean waveform 
can be calculated. It’s like a generalized BER-contour plot 
and provides eye-closure estimates to any BER, with crosstalk 
properly included in the calculation.

Agilent opens the catalog
Agilent applications engineer Stephen Didde commented 
that, “The error detector of a BERT [bit-error-rate tester] has 
100% data capture. It’s the only test equipment that actually 
measures eye opening at very low BER. No matter what sig-
nal impairments there may be, crosstalk from different lanes, 
power-supply interference, or other unknown problems, the 
BERT measurement can be trusted.”

In addition, Agilent is bringing more of its test equipment 
to home in on the problem. Sleigh said, “You shouldn’t rely 
on one instrument to identify and determine root causes for 
crosstalk. In addition to time-domain waveform analysis using 
an oscilloscope, other tools such as vector network analyzers 
and simulation tools such as ADS [Agilent’s Advanced Design 
System software] can provide insight into crosstalk issues early 
in the design process.”

Mike Resso, signal integrity measurement specialist in Agi-
lent’s Component Test Division, added, “Crosstalk is ulti-
mately a problem of common-to-differential mode conver-
sion. The differential S-parameters of a victim lane indicate 
how susceptible it will be to electromagnetic radiation within 
the board, regardless of its source. In fact, not only can the 
magnitude of crosstalk be determined, but the position where 
crosstalk is picked up by the lane can be located” (Ref. 6).

Performing a complete calculation of crosstalk would re-
quire a scattering matrix with two elements for every trace, 
four for each differential pair of traces. A 10x10-Gbps differ-
ential system would require a 40x40 scattering matrix, which 
would require 1600 S-parameter measurements. No system is 
yet capable of making these measurements at that scale in an 
automated fashion. Resso said that Agilent engineers can 
measure six complete channels, a 24x24 scattering matrix that 
can account for a victim and up to five neighboring aggres-
sors. He added, “The calibration takes about 15 minutes as 
well as the measurement, and the resulting file is 37 mega-
by t e s . To  do  more  t h an  24  po r t s  i s  d e f i n i t e l y  
feasible, but we would need to think about managing the 
huge data sets.”

OSCILLOSCOPES

FIGURE 5. A signal-centric contour plot contains a superposition of the trajectories of all symbols in a test pattern,  
including all sources of noise and lines of equal BER, here at 10–6, 10–9, 10–12, and 10–15, with crosstalk (left) and without 
crosstalk (right). 
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OSCILLOSCOPES

In July, Agilent is releasing extensions on its EZJit jit-
ter-measurement software. With that release, Agilent will 
provide amplitude-analysis and jitter-analysis algorithms 
that distinguish crosstalk from RJ and random noise. Ac-
cording to Agilent, these enhancements will improve 
total-jitter estimates in the presence of crosstalk.

Can crosstalk be corrected?
When high-speed serial buses reached 5 Gbps, it seemed 
impossible to accommodate BERs of 10–12 and lower 
without replacing standard printed-circuit-board mate-
rials with expensive new media that are less sensitive to 
intersymbol interference. But engineering innovation 
rose to the task, leading to the development of different 
equalization schemes that let receivers identify logic lev-
els at the desired BERs in highly impaired signals whose 
eye diagrams are completely closed.

Will some sort of signal compensation technique save 
the day? Zivny said, “I’ve heard techniques discussed 
going back to telegraph days: echo cancelation and hy-
brid circuits.” Sleigh added, “Once we’ve developed 
techniques to identify crosstalk, we’ll have the under-
standing we need to create techniques for solving the 
problem. Right now, we’re working on identification.”

“Only compensation applied at the transmitter is likely 
to help, because that’s where we know what’s coming,” 
Miller said. He concluded, “We’ll be discussing crosstalk 
analysis for the next 15 years much the way we’ve been 
discussing jitter analysis for the last 15.” T&MW
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Precompliance 
testing for radiated 

emissions
Some basic tools can help you identify  

trouble spots in your lab.

M
a n y  e n g i n e e r s 
br ing their prod-
ucts to the test lab 
having no idea if it 
will comply with 
EMI/EMC stan-

dards. Building a precompliance test lab 
is expensive, but you can still isolate ra-
diated emissions with magnetic-field 
“sniffer” probes on enclosures and cur-
rent probes on wires and cables.

Engineers at smaller companies often 
can’t afford a full-time compliance engi-
neer. Thus, it’s often difficult to predict 
whether a product will pass radiated 
emissions testing prior to taking the 
product to a test lab. You can spend a lot 
of time and money preparing a product, 
only to have it fail, which will require 
you to spend even more time and 
money on a redesign and a second 
round of testing. Ideally, performing 
some precompliance tests in your 
own lab will increase your confidence 
that a product will pass its compliance 
tests on the first try.

An engineer named Jeremy re-
cently sent me several questions 
about how to prepare for qualifica-
tion testing. Jeremy’s situation is 
probably similar to that of many en-
gineers. After having been laid off 
from a large firm where he worked 
on product design and development, 
he now works for a much smaller 

company where he wears multiple hats 
and has responsibility for EMC (elec-
tromagnetic compatibility)—yet he has 
little equipment available for solving 
problems. Jeremy is learning the hard 
way about EMC. He takes products to 
an EMC lab for testing, only to have 
them fail. He thinks he has found a so-
lution to a problem but is unable to per-
form any compliance tests himself; he 
has to take the design to a test lab, pay 
$600 to $1600, and then potentially fail 
the testing again.

I think we’ve all “been there and 
done that!” My heart goes out to engi-
neers in this situation, but the situation 
isn’t hopeless. There are easy ways to 
perform precompliance tests in your 
own lab. It’s an important and cost-ef-

fective set of skills to learn. You’ll end up 
saving your company considerable time 
and money if you can perform some 
simple tests on the bench at your own 
facility.

Below, I have listed Jeremy’s ques-
tions (edited to fit this space) along with 
my answers. I’m sure many engineers 
who are new to the EMC field will 
identify with Jeremy’s concerns and can 
learn from his situation.

Making near-field 
measurements
Question: When making near-field 
measurements with a small loop probe 
(Figure 1), I don’t know whether ev-
erything I see with the near-field probe 
is actually a problem. I want to change 

as little as possible, because at a small 
company, it really hurts to scrap ma-
terials because of a change to a de-
sign.

Assume that with a small near-field 
probe, I see some amplitude of emis-
sion at a chassis seam that is 16-in. 
long, I see the same amplitude of 
emission from an air slot that is 2-in. 
long, and I see the same emission 
level over the entire length of a 6-ft-
long load cable. My gut feeling is that 
the 6-ft-long cable is radiating from a 
larger area and therefore must be ra-
diating more power, but I’m not so 

sure about the 2-in. air slot and the 

EMC TEST

FIGURE 1. Loop probes can help you locate 
and identify radiated emissions.



16-in. chassis seam.
I need a way to better understand 

near-field measurements from chassis 
seams or around connectors and how 
they relate to the far-field amplitude. 
I’ve had some people tell me to fix 
every leak I see, but this can be expen-
sive and a waste of money. I’ve read ar-
ticles that say near-field measurements 
may or may not be related to the far 
field, and that sometimes problems seen 
in the far field aren’t seen in the near 
field and vice versa. 

Answer: Correlating near-field with 
far-field measurements is a common 
area of concern. Before correlating the 
measurements, engineers need to be 
sure they understand the physics of the 
situation.

Consider a “point source” (electri-
cally small) radiating E-field dipole an-
tenna (Hertzian dipole). In the near 
field, the radiating electromagnetic 
waves will be spherical, and they will 
gradually become planar (plane waves) 
in the far field. As you move away from 
this radiating point source, the E-field 
(measured in volts/meter) drops off 
with distance. 

In the near field, the equations for the 
electromagnetic (electric and magnetic) 
fields are complex and include factors 
of 1/r2 and 1/r3. In other words, the 
field strength tends to drop off quickly. 
In the far field, the measured E-field 
drops off by a factor of 1/r, where r is 
the distance away from the point source 
radiating antenna. Because this conver-
sion from spherical to planar waves is 
gradual, it’s difficult to definitively say 
where the exact transition point is, but 
most EMC engineers assume the point 
is at: distance = wavelength/(2*π), or 
about 1/6 of a wavelength.

If you were to plot the wave imped-
ance (Zω = E/H, E-field and H-field 
plots) versus frequency for a dipole an-
tenna, you would find that in the near 
field, the E-field is high (over 5 kΩ) and 
the H-field is minimal (about 20 Ω). If 
the emission source has a high current 
and low voltage (E/H < 377), the near 
field is predominantly magnetic (H-
field). If the source has a low current 
and high voltage (E/H > 377), the near 
field is predominantly electric (E-field). 
As you move out to the far field, the E-

field and H-field wave impedances con-
verge to approximately 377 Ω in free 
space. Henry Ott has a plot of this, along 
with a good explanation, in his latest 
book, Electromagnetic Compatibility Engi-
neering (Ref. 1).

So, what does this mean when mea-
suring near-field emissions on a prod-
uct? You’ll need to recognize that the 
near-field to far-field correlation is very 
complex and not a one-to-one relation-
ship. You’ll also need to consider wave-
length as you measure circuit traces, ca-
bles, seams, and apertures. Jeremy is 
right with his guess that the 6-ft. cable 
will tend to be more of a radiation risk 
than the 2-in. slot. The rule of thumb of 
1/20 of a wavelength is good to keep in 
mind. Think of the seams, gaps, traces, 
holes, and cables as antennas. Small, or 
electrically short (that is, less than 1/20 
of a wavelength), antennas are ineffi-
cient radiators. As the electrical length 
approaches 1/4 or, especially, 1/2 wave-
length, the antenna becomes an efficient 
radiator and can cause trouble.

When I’m measur ing enclosure 
seams, for example, I identify the domi-
nant harmonics and use a marking pen 
to record the length of the particular 
seam, as well as the frequencies of con-
cern. If the seam is electrically short, 
then it’s probably not the dominant 
emission source. If I’m measuring com-
mon-mode currents on a cable, I iden-
tify the dominant harmonics and, be-
cause most cables are electrically long, I 
can be relatively sure emissions on that 
cable will be a problem. The nice thing 
about a current probe is that you can 
maximize their readings by sliding it 
back and forth along the cable, then fix-
ing it in place, before you begin trou-
bleshooting.

The one thing to be wary of, though, 
is that a 10-dB drop in near-field emis-
sions does not usually equate to a 10-dB 
drop in far-field emissions. Remember, 
you’re dealing with distance factors of 
1/r3 and 1/r2 in the near field (tends to 
drop off quickly) versus 1/r factors as 
you move into the far field. You can be 
assured, however, that a significant drop 
in the near field will also help to some 
degree in the far field. If you find several 
potential seam leaks in your enclosure, 
do what Ott suggests and “kill it dead” 

by throwing everything you’ve got at 
the problem. Then, once you’ve 
achieved compliance, start removing 
fixes that aren’t required.

Simulating a far field
Question: To simulate a far field, I’ve 
tried setting up a small digital TV an-
tenna in my lab that is about 1 m away, 
but my ambient environment is too 
polluted. The 30-MHz to 60-MHz am-
bient is higher than my own emissions, 
so it doesn’t really do any good.

Answer: Setting up a nearby antenna 
where you’re troubleshooting is a great 
idea! I use that technique all the time, 
because it shows a truer picture of rela-
tive increases or decreases in field 
strength. Of course, if you could locate 
the antenna at 3 m or 10 m away, you’d 
be able to predict much more accu-
rately whether the product would meet 
the required radiated emission limits. 
The problem is that all the other ambi-
ent signals from radio, TV, and mobile 
communications tend to interfere with 
observing the harmonic signals from a 
product. Hence, EMC labs use shielded 
measurement chambers for formal 
qualification testing.

I’ve set up temporary 3-m measure-
ment sites in the basement of a building, 
which tends to help. I’ve also tried to 
orient a directional receive antenna at 
90º to the strongest ambient, which 
tends to reduce the pickup. The only 
other solution is to try shielding the 
room you’re working in with aluminum 
foil taped to the walls. I’ve also seen 
shielded tents that are used for tempo-
rary shield rooms.

Just a hint: Generally speaking, domi-
nant emissions below 200–300 MHz 
are likely due to common-mode cur-
rents on cables; above that frequency, 
emissions are more likely due to slot, 
seam (differential-mode emissions), or 
sometimes cable emissions. In this spe-
cific case of 30 to 60 MHz harmonics, 
you could probably do most of your 
troubleshooting with a current probe, 
which tends to not be as sensitive to far-
off ambient signals.

Current probes
Question: I need to make a current 
probe, but one thing that isn’t clear to 
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me is if just installing the probe can be 
enough to change the value of the 
common-mode current that is seen by a 
significant amount.

Answer: Current probes are a very 
valuable tool, and a do-it-yourself probe 
will work in a pinch (Ref. 2), but I’d 
highly recommend investing in a good 
commercial probe, such as the Fischer 
Custom Communications F-33-1 probe 
(see similar probes in Figure 2). This will 
serve you well.

Current probes do affect the com-
mon-mode cable currents to a minor de-
gree. In fact, my colleague, Doug Smith 
(www.emcesd.com) has determined that 
at high frequencies, the cable currents 
can couple into the shielded case of the 
probe and be diverted along the outside 
of the probe-cable shield. This can be at 
least partly blocked with clip-on ferrite 
chokes. The important point, however, is 
to use the probe to monitor reductions 
in common-mode currents, which gen-
erally equate to reductions in measured 
radiated emissions.

Chassis design
Question: When designing a chassis, 
what are the allowable hole and slot 
sizes, and what is the attenuation of dif-
ferent sizes? I’ve read several sources 
that recommend keeping slots and holes 
to 1/20 of a wavelength of the maxi-
mum frequency of concern.

At my last company, we made high-
power (1 kW to 10 kW) RF and DC 
power supplies, and we always used very 
small holes (about 0.1 in.) in the chassis 
for the air holes. It seems to me, though, 
that based on the 1/20 of a wavelength 
rule, I should be able to have a 2-in. slot 
for up to 300 MHz, but does this de-
pend on how powerful the source is?

Answer: After the discussion of wave-
length and what constitutes an efficient 
radiator, you now know that 1/20 of a 
wavelength is not efficient, and slots, 
seams, gaps, and traces where the domi-
nant harmonic is 1/20 wavelength will 
not tend to be an issue. At the same time, 
when considering the shielding effec-
tiveness of an enclosure, a seam measur-
ing 1/20 wavelength, or less, should not 
be an issue. In fact, the general rule of 
thumb for shielding effectiveness of a slot 
is 1/20 wavelength provides about 20 dB 
of shielding effectiveness. 

An array of slots (for example, for a 
ventilation port) will be less effective 
than small holes to some degree. There 
have been studies on the shielding effec-
tiveness of slots versus holes, and these 
studies led to the development of the 
corresponding empirical equations for 
shielding effectiveness. This is why most 
ventilation ports are often a matrix of 
small holes, rather than an array of slots.

Jeremy is correct that for very-high-
power RF sources, a chassis requires 
small holes for ventilation, and I’d suggest 
designing the enclosure for harmonics 
up to at least 1 GHz, which equates to 
approximately 1/2 in. maximum slot 
length. Again, Ott has handy charts in his 

book for determining the shielding 
properties of slots, holes, and seams. 

These are just a few hints that can 
help you prepare a design for formal 
EMC testing. To see further discussion 
of these points, see the online version of 
this article in “The EMC Blog” on 
www.tmworld.com/4376432. Plus, feel 
free to add your own questions to the 
discussion. T&MW
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FIGURE 2. Current probes measure 
common-mode currents that tend to 
cause cable radiation.
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USB 3.0 making 
headway into 

cameras
USB 3.0 doesn’t just let you download movies

or transfer files faster than previous versions, it also 
improves industrial camera speeds. The USB3 Vision 

standard will let cameras, computers,
and software interoperate as well.

U
SB 3.0, once known as 
Superspeed USB, offers 
considerable perfor-
mance improvements 
over USB 2.0, answer-
ing the demand for a 

high-speed, high-bandwidth computer 
peripheral bus. Consumers who down-
load large files such as movies and e-
books can use USB 3.0 to provide the 
high bandwidth they need for fast data 
transfers. Engineers looking to rapidly 
transfer images from industrial 
cameras can also benefit from 
USB 3.0, and several manufac-
turers of industr ial cameras 
have released entire product 
lines of USB 3.0-based cam-
eras to meet this need. 

Unlike consumer s who 
download data to memory de-
vices such as hard drives and 
flash drives, engineers need 
application software and a pro-
gramming interface to transfer 
images from a machine-vision 
camera to a host computer. In 
response, the AIA (Automated 
Imaging Association) is devel-

oping the USB3 Vision camera inter-
face standard, which will enable in-
teroperability among a var iety of 
imaging components. This standard, 
combined with the advanced capabili-
ties that USB 3.0 offers, makes USB 3.0 
a viable option for engineers who are 
developing machine-vision systems.

Best in class
Like other digital interfaces, USB 3.0 
provides high data-transfer rates over a 

single cable, which simplifies its use and 
makes it cost-effective. In fact, USB 
3.0-based vision systems are competi-
tive with systems based on other inter-
faces. It can outperform many of them 
in terms of bandwidth and low CPU 
usage (see Table 1). USB 3.0 enables 
DMA (direct-memory access) data 
transfers, which allow images from the 
camera to pass directly to host memory 
without CPU interrupts. That greatly 
reduces CPU usage during data trans-

fers and frees resources for 
image-processing applica-
tions. 

USB 3.0 cables improve 
upon the half-duplex com-
munication offered by USB 
2.0 cables, where data flows 
in only one direction at a 
time. USB 3.0 cables add five 
wires for a total of nine wires 
in the connectors, and the 
cables use a dual-simplex in-
terface that lets data flow in 
two directions at the same 
time. USB 3.0 cables are 
backward-compatible with 
USB 2.0, however, so users 

MACHINE VISION

FigUre 1. A USB 3.0 cable adds five wires to the USB 2.0  
interface. USB 3.0 uses both parts of the USB connector while 
USB 2.0 uses the left side only.



Table 1. Comparisons of digital interface standards used in vision systems.

FireWire-b Gigabit Ethernet USB 2.0 USB 3.0 CamEra Link

Bandwidth 80 Mbyte/s 100 Mbyte/s 40 Mbyte/s 400 Mbyte/s 680 Mbyte/s (8-tap)

Cable length 10 m 100 m 5 m 5 m 10 m

Power + data over 
one cable

Yes (45 W) Yes with Power over 
Ethernet (15 W)

Yes (2.5 W) Yes (4.5 to 7.5 W)  Yes with Power over 
Camera Link (4 W)

Camera-control 
standard

IIDC GigE Vision N/A USB3 Vision  
(in progress)

Camera Link

CPU usage Low Medium High Low Medium

will be able to connect USB 2.0 pe-
ripherals to a USB 3.0-enabled com-
puter, or connect USB 3.0 devices to a 
legacy computer. USB 3.0 Standard-A, 
Standard-B, and Micro-AB receptacles 
are also backward-compatible with 
USB 2.0. This relationship lets camera 
manufacturers focus on USB 3.0 tech-
nology while still supporting USB 2.0 
customers. Figure 1 shows a camera 
with USB 3.0 connector. USB 3.0 uses 
both sides of connector. USB 2.0 needs 
the left side only.

One of the most compelling features 
of the USB 3.0 interface for machine-
vision cameras is its high bandwidth. 
Because USB 3.0 provides an effective 
bulk-transfer rate of approximately  
400 Mbyte/s, which is 10 times faster 
than USB 2.0 and five times that of 
IEEE 1394b, camera manufacturers can 
build USB 3.0-based cameras that in-
corporate the fastest image sensors in 
low-cost packages. Previously, these 
sensors were limited to specialized 
high-speed cameras that offered on-
board storage or that used complex in-
terfaces to connect with expensive 
frame-grabber technology.

To demonstrate the capabilities that 
USB 3.0 offers to vision applications, 
we performed a streaming test with two 
of our Flea3 cameras (a 1920x1080 
camera at 60 fps and a 1280x1024 cam-
era at 125 fps) connected to a single 
PCIe card. The two cameras success-
fully generated a total of more than  
280 Mbyte/s of image data.

In the past, camera vendors often 
used onboard solid-state or compact-
flash storage and limited the user to 
burst capture behavior constrained by 
the capacity of the storage medium. 
USB 3.0 now lets camera vendors sup-

port image capture at high frame rates 
on a continuous basis, making it possi-
ble to use these cameras in applications 
that require 24/7 operation. 

USB3 Vision promises 
plug-and-play
To aid developers of machine-vision 
systems that use the USB 3.0 interface, 
the AIA and providers of machine-vi-
sion cameras, software, and peripherals 

are developing the USB3 Vision stan-
dard to permit interoperability of cam-
eras, accessories, and software from dif-
ferent manufacturers (Ref. 1). USB3 
Vision is scheduled for release later this 
year, and components that comply with 
the standard will offer plug-and-play 
compatibility and will let developers 
interchange components with little or 
minimal effect on an overall system. 
The establishment of USB3 Vision en-
sures greater compatibility between 
cameras and host imaging libraries, a 
benefit that wasn’t available to USB 2.0.

Like the popular GigE Vision stan-
dard, which is also maintained by the 
AIA, USB3 Vision will provide a frame-
work for transmitting high-speed video 

and related control data. Also like GigE 
Vision, USB3 Vision will make use of 
the GenICam programming interface 
(developed by the European Machine 
Vision Association) to capture camera 
attribute behavior. This will minimize 
the need to modify the host software to 
support a new camera model.

Developers who want to employ 
USB 3.0 should have no trouble find-
ing affordable products for their sys-
tems. Peripheral devices for USB 3.0 
are becoming readily available on the 
market, and chipsets used to enable the 
technology are priced very aggressively 
due to the high-volume market of 
hard-drive storage. 

USB 3.0 is also currently supported 
by the majority of new laptop comput-
ers. By 2015, all PCs are expected to 
support it. In terms of operating sys-
tems, Windows 8 will provide native 
support, Intel has just announced its 
new 7-series chipset with native sup-
port, and the Linux community is ac-
tively developing a kernel driver to 
support USB 3.0 on Ubuntu and other 
Linux operating systems.  T&MW

Reference GigE Vision—True Plug and 
Play Connectivity, AIA, Ann Arbor, MI. 
www.visiononline.org/vision-standards- 
details.cfm.
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support before transitioning to product 
management. Kozik manages all imaging 
products from initial concept to complete 
life cycle. He holds a bachelor of engi-
neering science (BESc) degree from the 
University of Western Ontario.
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USB3 Vision 
will provide a 
framework for 
transmitting  

high-speed video 
and related  

control data. 
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EUROPE: +44 (0) 1904 788600

ASIA: +65 6273 6644
JAPAN: +81-3-5800-4751

BETTER OPTICS =
BETTER sysTEm
PERFORmancE

Edmund Optics® – Performance at the Edge

Competitor – Performance at the Edge

WANT TO SEE THE FULL TEST? 

www.edmundoptics.com/better-optics
to see how Edmund Optics® outperforms 

Actual image

Actual image

Call for Better Optics in Your System

Anritsu antenna analyzer 
touts long battery life

The Site Master S331L handheld 
cable and antenna analyzer from An-
ritsu delivers eight hours of continu-
ous battery operation to allow field 
technicians to conduct a full day’s 
testing on a single charge. Covering 

a frequency range of 2 MHz to 
4 GHz, this one-port analyzer mea-
sures return loss, VSWR, cable loss, 
distance-to-fault return loss, and dis-
tance-to-fault VSWR.

Anritsu reports that the S331L has 
the highest RF immunity of any Site 
Master analyzer. A sweep speed of 
1.5 ms per data point (typical) en-
ables identification of intermittent 
problems in real time. The S331L 
also features a built-in power meter 
for testing RF power from 50 MHz to 
4 GHz and built-in InstaCal module, 
which provides fast one-connection 
calibration. Power-saving functions, 
such as a sleep mode and automatic 
display brightness, can extend bat-
tery life beyond the continuous 
eight-hour rating.

The S331L has a backlit 7-in. TFT 
touch-screen display and can store 
more than 1000 files, including 
sweeps, setups, and screenshots. In 
addition, it comes with SweepMas-
ters Direct, a trace-delivery service 
that allows users to capture, upload, 
and deliver traces. The compact ana-
lyzer weighs less than 4.4 lbs and is 
both dust- and splash-resistant.
Price: $6750.
Anritsu, www.anritsu.com

NI offers LabView/AWR 
VSS cosimulation

To unify RF/microwave design and 
test, National Instruments an-
nounced connectivity between Lab-
View system design software and 
AWR VSS (Visual System Simulator) 
software for communications system 
design. As the first major joint devel-
opment between NI and AWR fol-
lowing NI’s recent acquisition of 
AWR, the new connectivity helps en-
gineers make better use of measure-
ments in the design flow by execut-
ing LabView code directly from the 
AWR design environment.

Cosimulation within the AWR de-
sign environment is enabled through a 
LabVIEW element on the VSS dia-
gram. The AWR design environment 
can now incorporate LabView signal-
processing capabilities, including mul-
tirate digital signal processing, wire-
less standards, modulation, and 
fixed-point math. Engineers can inte-
grate VHDL and LabView FPGA mod-
ule code through NI FPGA-based 
hardware directly into VSS diagrams. 
In addition, new connectivity to both 
PXI and conventional RF instrumenta-
tion makes it easier to incorporate 
measurement data into simulations.

A whitepaper is available at www.
ni.com/white-paper/14072/en.

GAO portable ADSL2+ 
tester multitasks
The Model A0010002, a portable 
ADSL2+ tester from GAO Comm, 
lets field technicians test the physical 
layer, network layer, and phone lines 
in accordance with ADSL, ADSL2+, 
and Re-ADSL (reach-extended) stan-
dards. It also functions as a digital 
multimeter and can even conduct 
tests while the operator browses pre-
vious test records.

Network layer tests include ping, IP 
config, route, and tracert. The com-
pact tester (200×160×42 mm, weigh-
ing 900 g) performs line parameter 

SPECIAL FOCUS: Time and power savers

(continued)



Agilent Infi niiVision X-Series 
oscilloscopes give you greater signal 
visibility thanks to patented MegaZoom 
IV technology. Waveform update rates 
more than 400x faster than the 
competition reveal elusive details and 
even infrequent events. Now get the 
power of Infi niiVision X-Series up to 
1 GHz at amazingly affordable prices.

Oscilloscopes Redefi ned

1 GHz starting at $9,950**

1 GHz never looked this good.

FREE WaveGen function/arbitrary waveform

generator and digital voltmeter

www.newark.com/Agilent_Scopes

Agilent and our 

Distributor Network
Right Instrument. 
Right Expertise. 
Delivered Right Now.

800-463-9275  
www.newark.com/agilent

Scan QR code or visit 
http://goo.gl/wXVz2 
to see the Infi niiVision 
X-Series video demo

Infi niiVision 

Oscilloscopes
2000 X-Series 3000 X-Series*

Bandwidth* 
(MHz) 70, 100, 200 100, 200, 350, 

500, 1 GHz 
Update Rate 
(waveforms/sec) >50,000 >1,000,000

Price** 
(starting at) $1,255 $2,866

*Existing 3000 X-Series oscilloscopes can now also be upgraded to 1 GHz 
**Prices are in USD and are subject to change

© 2012 Agilent Technologies, Inc.

http://www.newark.com/Agilent_Scopes
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mccdaq.com/DAQHandbook

Free 
Data Acquisition 

Handbook

mccdaq.com/1608FSPlus

MORE 
THROUGHPUT

SAME LOW PRICE

NEW USB DAQ

The NEW USB-1608FS-Plus 
offers twice the performance 

of our USB-1608FS, 
at the same low price.

USB-1608FS-Plus
• 400 kS/s 

(800 kS/s burst mode)

• Up to 100 kS/s 
per channel

• Eight 16-bit 
simultaneous 
analog inputs

• Eight digital I/O 
(high-current 24 mA)

• One counter input

• Free data logging 
software and drivers 
included

• Support for Linux®,
Windows®, and Mac®

 Only $399

measurements, error detection, and 
modem simulation. DMM functions 
include the measurement of AC/DC 
voltage, loop resistance, insulation re-
sistance, and capacitance. Addition-
ally, the Model A0010002 allows 
Web-page browsing and online soft-
ware updating. Outfitted with a color 
tFt lCD and touch screen, the unit 
stores 1000 test results and seven 
test configurations. It communicates 
with a computer via RJ45 and Rs-
232 ports for data exchange. A built-
in rechargeable 7.2-V lithium battery 
offers a capacity of 4000 mAh to en-
able up to six hours of operation.
GAO Comm, www.gaocomm.com/ 

Seaward’s micro-ohmmeter 
logs test results
A data-logging function on the 
Cropico DO7010 digital micro-ohm-
meter from seaward enables test se-
quences to be downloaded from a 
spreadsheet and test results to be up-
loaded back to the data records. up-
graded with additional memory stor-
age and extra battery capacity, the 

DO7010 provides accurate four-wire 
measurement and operates for longer 
working periods between recharging.

the data-logging capability of the 
DO7010 allows measurements to be 
recorded remotely and either stored 
in internal memory or downloaded to 
a usB memory stick. An lCD graphic 
panel displays information on the 
measurement configuration. A mea-
surement is triggered when the leads 
are applied to the device under test. 
An optional remote hand terminal al-
lows control of the DO7010 at a dis-
tance of up to 15 meters.

the DO7010 offers four resistance-
measurement ranges of 6 mΩ, 60 mΩ, 
600 mΩ, and 6 Ω with resolution of  
1 µΩ, 10 µΩ, 100 µΩ, and 1 mΩ, re-
spectively. Accuracy on all four 
ranges is ±(0.1% reading +0.1% Fs). 
the instrument is capable of measur-
ing with a current of 1 A and 10 A on 
all except the highest range. It runs on 
rechargeable NiMh batteries, while 
smart battery technology extends the 
operating time of the instrument.
Price: $3355.
Seaward, www.seaward-groupusa.com

877-447-2736 or 408-428-1000
www.phasematrix.com
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Fast Pulse Test Solutions from AVTECH

Avtech offers over 500 standard models of high-speed pulse generators, function 
generators, and amplifiers ideal for both R&D and automated factory-floor testing.

Some of our Standard models:

AVR-EB4-B: +2A / -4A pulser for diode reverse-recovery time tests

AV-156F-B: +10 Amp constant current pulser for airbag initiator tests.

AVO-9A-B: 200 mA, 200 ps rise time driver for pulsed laser diode tests.

AV-151J-B: ±400 V, 50 kHz function generator for piezoelectric tests.

AVOZ-D2-B: 700 V, 70 A pulser for production testing of attenuators.

AVR-DV1-B: 1000 V, variable rise-time pulser for phototriac dV/dt tests.

Pricing, manuals, datasheets: www.avtechpulse.com
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Ethernet/USB or IEEE-488 (GPIB)
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Avtech offers over 500 standard models of high-speed  
pulse generators, function generators, and amplifiers  
ideal for both R&D and automated factory-floor testing.
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This is a belated tribute to Dr. 
Roger Pollard, an esteemed 
collaborator and colleague 
who passed away last Decem-

ber at the age of 65—much too soon.
Dr. Roger Pollard absolutely loved 

development—of engineering and 
people. His long list of accomplish-
ments spans both, and perhaps foremost 
are the 56 successful Ph.D. candidates 
he supervised during his time at the 
University of Leeds in the United 
Kingdom. Four of those  
Ph.Ds are current or retired 
members of technical staff 
at Hewlett-Packard or 
Agilent Technologies.

Roger’s relationship 
with HP/Agilent 
began more than 30 
years ago. Here’s how 
he told the story in the 
January 2008 issue of 
Agilent Measurement  
Journal:

“My Agilent odyssey started in 
1981 as a young faculty member at the 
University of Leeds looking to take a brief 
sabbatical—one different from the usual 
route of going to another university in 
another country to teach the same subjects 
to someone else’s students. Some research 
background in network measurements made 
the HP (now Agilent) division in Santa 
Rosa, California seem the ideal place, so I 
penned a request to a conference contact. 
Three months later, a three-line message 
asked, ‘Can you start next week?’”

Roger spent the next seven months 
as part of the team that developed the 
HP 8510A network analyzer, a land-
mark product that played a significant 
role in transforming the microwave 
industry. He returned to Leeds and set-
tled back into academic life until he 
received a surprise query the next 
spring: “When can we expect you?”

And so it went for nearly three 
decades. Roger and his lovely wife, 
Anne, spent part of every summer in 
Santa Rosa. He contributed to projects, 

provided a fresh perspective and served 
as a confidant to many engineers and 
managers. His visits were eagerly antic-
ipated by our R&D engineers—and 
the members of my team would often 
ask, “When will Roger be here? I 
need to run something by him.”

Through such conversations Roger 
earned tremendous respect for his 
technical skills, and many considered 
him to be a true genius. Across the 

years, he was a key contributor to 
several HP/Agilent technical 

innovations:
• Multiple calibration 
techniques & algorithms
• The measurement of 
noise figure in a net-
work analyzer
• Millimeter-wave 
component measure-
ments and equipment

• On-wafer measure-
ments

• Nonlinear vector network 
analysis

• Materials measurements
• Time-domain techniques

Those advances were a natural out-
growth of his personal research interests 
at the University of Leeds: microwave 
network measurements, calibration, and 
error correction, microwave and milli-
meter-wave circuits, large-signal and 
nonlinear device characterization, and 
terahertz technology. For many years, 
Leeds has performed some of the world’s 
best research in the terahertz range.

Within the broader engineering 
community, Roger was a long-time 
volunteer for the IMS, MTTS, IEEE, 
and ARFTS. He served as IEEE vice 
president for technical activities, IEEE 
board of directors’ secretary, and 
MTTS president. As chair of the TAB/
PAB Products Committee, Roger pro-
vided the leadership for the creation of 
IEEE Xplore, now a world-class 
resource for technical information.

Above all, Roger will be best 
remembered for his leadership and 

people skills. When I asked his col-
leagues to describe their memories of 
Roger, here is what they had to say:
• Leadership: The ability to simplify 

complexity, to harmoniously blend 
strong-willed engineering talents, to 
motivate engineers to do better 
work, and to mentor engineers.

• Infectious enthusiasm: His sense of 
humor, a passion for people, the 
constant delivery of encouragement, 
and an ability to make the Smith 
chart exciting (no small feat, that).

• Depth and curiosity: A deep inter-
est in subjects beyond engineering 
—politics, monetary policy, culture, 
language, and even construction 
methods.

• Technical ability: A genius-level 
intellect that was innovative but also 
practical and down-to-earth.

In March 2011, after Roger had 
retired as dean of engineering of 
Leeds, we were fortunate to bring him 
on as an official employee. We often 
joked that he was our longest-tenured 
summer intern because it took us 30 
years to finally hire him. He told me it 
had been a dream of his to work for 
HP/Agilent after completing his aca-
demic career. He had it backwards: It 
was our dream to have him join us.

Personally, I thoroughly enjoyed my 
weekly one-on-one meetings with 
Roger. Our conversations were filled 
with technical discussions as well as 
his novel ideas, his advice, and a fair 
bit of humor. Going forward, I’ll cer-
tainly miss the privilege of counting 
on his technical brilliance—but it’s his 
leadership and people skills I’ll miss 
the most. He made me a better leader, 
and made all of us better engineers.

Perhaps the best way to think about 
Roger—at least from an HP/Agilent 
perspective—is he didn’t think out-
side the box. How could he? He 
never saw a box. T&MW
Henri Komrij is a senior R&D manager at 
Agilent Technologies.

Remembering Dr. Roger Pollard: 
A life of innovation, collaboration, and leadership 
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