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Hello faster update rates. 

Goodbye status quo.

Agilent 

2000X 

(MSO/DSO)

Comparable 
Leading

Competitor’s 
Model

Agilent 

3000X 

(MSO/DSO)

Comparable 
Leading

Competitor’s 
Model

Agilent 

7000B 

(MSO/DSO)

Comparable 
Leading

Competitor’s 
Model

Bandwidth (MHz) 70-200 50-200 100-500 100-200 100-1 GHz 350-1 GHz
Max. update rate 50,000 200** 1,000,000 5,000 100,000 50,000
Screen size 8.5 in. 5.7 in. 8.5 in. 7 in. 12.1 in. 10.4 in.
Fully upgradable Yes No Yes No MSO only No
Function generator Yes No Yes No No No
Data References: Refer to Agilent pub 5989-7885EN for update rate measurements. Data for competitive scopes from publications 3GW-25645-1, 3GW-22048-1, and 3GW-20156-10. 
*All prices are in USD and subject to change **Not specified. Measured at 200 waveforms/sec.

Oscilloscopes Redefi ned—Starting at $1,230*

Agilent and our 

Distributor Network

Right Instrument. 
Right Expertise. 
Delivered Right Now.

FREE 3000-X Series when you buy a 1 GHz 7000B

See product demo videos

www.testequity.com/Agilent_Scope800-732-3457 

www.testequity.com/agilent

© 2012 Agilent Technologies, Inc. 

www.testequity.com/Agilent_Scope
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® omega.com

* PATENT PENDING

Calibration & Testing

FFB-8
$13,975

• Fluidized Bath of Choice for Critical Processes
Requiring the Highest Stability and Uniformity at
Temperatures up to 700°C (1292°F)

• Temperature Stability as Good as ±0.01°C
Using the Dead Bed Method 

• Non-Abrasive to Any Devices or Parts Put into
the Bath, Including Those Highly Polished

Precision Fluidized Bath

Visit omega.com/ffb-8

Portable Universal Circular 
Chart Recorder, 5 Models
Available

*CTXL Series
Starts at

$825
SUPERECORDER™ 

Full-Featured, Accurate Lab
Calibrator

CL3001
$4495

Visit omega.com/cl3001Visit omega.com/ctxl Visit omega.com/mps30

MPS30 Series
Starts at

$2010

Advanced Melting Point
Apparatus

®
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Find it at 
mathworks.com/connect
supported hardware list
trial request
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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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Use LTE channel emulation for mobile test
emulating a radio channel’s fading in the lab is essential for testing throughput 
in the multiple-antenna systems used in cellular Lte and ieee 802.11ac 
devices.
By Janne Kolu, Petteri Heino, and Juha Määttä, Elektrobit
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Microcontroller circuit calibrates current loops
a team of engineers designed a 4–20-ma loop calibrator that costs less  
than $100.
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Standards define test impulses differently
different standards use different definitions for voltage and current waveforms 
based on the amplitude, rise time, duration, and impedance.
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Smart Measurement Solutions

"Extreme

Measuring"
... from 

1 Hz to 40 MHz with 
the portable VNA Bode 100 

Stay cool
when things get hot!

5,490.- US$
(Snowboard & PC not included)Find out more at: www.omicron-lab.com/extreme

What’s your least favorite test 
instrument?
Join the conversation! On p. 15 of this issue, Martin 
Rowe relates some of the comments he received 
when he asked engineers to name their favorite test 
instruments. Now, he’d like to know what instruments 
you’ve purchased or rented but wish you hadn’t:

bit.ly/AdO9rt

Putting the ‘e’ in 10BaseTe MAU
The UNH-IOL is currently developing a test suite and 
test system for 10BaseTe MAU conformance. Due to 
the similarities between 10BaseT and 10BaseTe, the 
lab’s staff decided to integrate both tests onto the 
same test board and use a similar software package. 
This allows them to simplify testing, which saves time.

In the “Testing the Limits” blog, Collin Huston ex-
plains that unique features in 10BaseT make it easy 
for the lab to integrate the two standards. First, 
10BaseT already implements energy-efficient idle sig-
naling by transmitting link test pulses spaced 16 ms 
apart, as opposed to a constant-link idle signal as 
seen in Fast or Gigabit Ethernet. Second, a 10BaseTe 
device can link with a 10BaseT device and remain in 

10BaseTe mode, as long as the minimum cabling re-
quirements, such as category 5, are met. Read about 
the lab’s work and then add your comments:

bit.ly/yMXICg

Looking for test software?
Check out the Test & Measurement World Website 
for a roundup of recently released or updated soft-
ware products that can aid you in your test, measure-
ment, and inspection applications: 

www.tmworld.com/1202_software

Stay connected with
Test & Measurement World
Become a member of the Test & Measurement World 
group on LinkedIn, find us on Facebook, and follow 
us on Twitter to join discussions on test topics: 

LinkedIn: linkd.in/uRnG6r

Facebook: on.fb.me/vnV0ZB

Twitter: twitter.com/#!/TMW_Community

Synapse Prepare
CMP Media:Fry_4C_lores
QuarkXPressª Settings: Incl_NoOv_Mrks_Comp 3
User may modify QuarkXPressª settings prior to sending
InDesignª Print Style: CMP.prst
Distiller Job Options: Creo PDF Pages.joboptions
PitStop Profile: UBM_4C_Quad_lores.ppp
PitStop Actions:
                 MediaBox--bleed.eal
                 Remove OPI
                 remap_colour
User can add info annotations into resulting PDF
Distiller annotations will be added into resulting PDF
Job Info annotations will be added into resulting PDF
Directive annotations will be added into resulting PDF
�

Job Name:  Synapse Prepare Job
Job Number:  V14
Proof Due:  Thu, Jul 4, 2002
Final Due:  Thu, Aug 29, 2002
Company:  Synapse Prepare Inc.
Contact:  Todd
Address:  18 PDF Lane
City:  Albertville
State:  BC  
Zip:     
Country:   
Office Phone:  555-555-1212
Email:  todd@synapseinc.com
Notes:  Please call if you have questions about this job
�



You work in all kinds of 
conditions, so should 

your spectrum analyzer.

ViV ewew oonlnlinine e HSHSA A vividedeoo dedemomos

DoDownwnloloadad ddememonnststraationon gguiuidedess

wwwww.w.alalliliededele ecec.ccomm/l/lp/p/agagililenenththsasa/

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

© 2012  Agilent Technologies, Inc.  (U.S. Army photo by Spc. Patrick Tharpe) (Released)
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RADIO FREQUENCY TEST &
MEASUREMENT TECHNOLOGY
FROM A SINGLE SOURCE

www.rfmeasuring.comwww.rfmeasuring.com

MEASUREMENT CABLES 
SUCOFLEX® & SUCOTEST®

HIGH-PRECISION
CALIBRATION KITS

COMPACT 
CALIBRATION KITS

HIGH-PRECISIONHIGH-PRECISION
CALIBRATION KITSCALIBRATION KITS

HUBER+SUHNER AG and SPINNER GmbH – two leading brands in radio frequency measure-
ment technology – combine their RF testing product range. Thus, customers now are able to 
purchase a comprehensive portfolio with high quality SOLUTIONS FROM A SINGLE SOURCE.
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martin rowe
senior technical editor

i
n 2009, Glen Watkins of ETS-Lindgren or-
ganized a live music session at the IEEE 
EMC Symposium in Austin, TX. EMC engi-
neers moved that session to the EMC 
Symposiums in Ft. Lauderdale in 2010 and 
Long Beach in 2011, and will move it to 

the Pittsburgh site 2012. Three members of 
“The EMC Society Band” recently shared their 
musical experiences.

Mike Violette is the president of Washington 
Labs. He started playing guitar at age 10 or 11. 
“I always wanted to be in the music business 
and be a rock star,” he said, “but my father 
told me to have something to fall back on.” 

So, Violette stud-
ied engineering.

Violette’s engi-
neering back-
ground helps him 
understand music. 
“There’s a strong 

connection between music, audio, and sound. 
There’s certainly a technical part to music, in un-
derstanding chord progressions and key signa-
tures. Sound pressure levels and harmonics—
things that you run into in a lab—are part of 
music, but music definitely sits in a different 
part of your brain.”

Drummer and EMC consultant Kenneth 
Wyatt is always tapping out a song, whether 
it’s on the drums or with his thumbs on a steer-
ing wheel. “Music has always been a favorite 
pastime.” He started playing clarinet in ele-
mentary school, switched to trumpet, then to 
drums, which he started playing at religious 
services. “One day, the music pastor told me I 
was playing in three days, so I had to learn 
quickly.” Wyatt then took lessons and contin-
ued playing for about five years before being 
“consumed” by engineering.

Jeff Silberberg is the leader of the band, for 
which he has played guitar, bass, keyboards, and 

soprano sax. An EMC engineer with the US 
Food and Drug Administration, Silberberg drove 
his own stage equipment—at his own expense 
and without air conditioning—from Maryland to 
Florida for the EMC Symposium in July 2010. He 
expects to drive to Pittsburgh in August 2012.

Silberberg started with clarinet in the fourth 
grade. When he was in the sixth grade, a friend 
convinced him to play clarinet in the school tal-
ent show, and he’s been performing ever since. 
He then learned to play the ukelele and later 
convinced his mother to buy him an acoustic 
guitar.

Silberberg started a rock band in high school. 
“I started playing folk songs like Peter, Paul, and 
Mary, but when Bob Dylan went electric, so did 
I.” His band played teen dances and played on 
the local UHF TV station. He kept playing through 
college, going home on weekends to practice.

He sold his guitar after getting married, but 
he missed music too much and bought another 
one, joining a band for which he played rhythm 
guitar. When the lead guitarist left just before 
the band’s audition for its first wedding gig, Sil-
berberg had to learn all the lead parts in a 
week. Learning keyboard and sax grew out of 
necessity. Playing Top 40 songs at weddings 
means you have to sound like the record. When 
a song called for a keyboard, he learned 
enough to play the song. The same applied to 
his learning the sax.

Silberberg considered studying music in col-
lege but decided that he could not only make a 
living as an electrical engineer, he could also 
learn how the boxes he used for music actually 
worked. His engineering background helped 
him understand audio and harmonics. “There’s 
a definite connection between math, engineer-
ing, and music,” he noted. T&MW

Share your music-related stories in the online version of this 
article at www.tmworld.com/EMC_Band.

His engineering back-
ground helped him  
understand audio and 
harmonics.

february 2012 9test & MeasureMent World www.tmworld.com

editor’s note 

Engineering and music
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Digital Oscilloscopes

DS4000

Check out the Best Value in Scopes, call 877-4-RIGOL-1 
or visit RIGOLNA.com/DS4

RIGOL DS4000 Series

Tektronix DPO3000 

Analog Bandwidth

100MHz, 200MHz
350MHz, 500MHz

100MHz, 300MHz
500MHz

Max
Sample Rate

4 GSa/s

2.5 GSa/s

Max
Memory Depth

140 Mpts

COMPARE & SAVE 
Starting at

$1999

A fast, versatile general purpose scope that sets a 
new standard for performance and value!
Debugging and testing your latest design has never been easier or more affordable! New DS4000 
series scopes, the latest addition to Rigol's family of fast, easy-to-use, ultra-modern test instruments, 
deliver a feature set unmatched by any scope in its class, at a fraction of the cost. Compare our 140 Mpts
memory depth, up to 200,000 frames of waveform recording and 4 GSa/s sample rate and you'll like
what you see. These scopes come in 2 or 4 channels and feature a 9 inch WVGA display for excellent 
 resolution. Rigol is quickly earning a reputation for fast, dependable, high performance test instruments...
check us out, we guarantee you'll be satisfied!

NEW!

Agilent DSOX-3000
100MHZ, 200MHz
350MHz, 500MHz 4 GSa/s

5 Mpts

2 Mpts, standard
or 4 Mpts, optional

Waveform Recording & Analysis

Search & navigate within one 
triggered waveform

Search & navigate within up to
200,000 triggered waveforms with 

mask tests - all standard

Search & navigate within one triggered 
waveform with options for 1000 

    memory segments & mask testing

   Data references for competitive products from Tektronix publication 3GW-21364-7 and Agilent publication 5990-6119EN.

Rigol__DS4000Ad_TMW_2_12_Layout 1  1/13/12  11:48 AM  Page 1



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

TesTVoices
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although mostly obsolete, the vacuum tube 
still has its adherents among audiophiles, 
test-instrument collectors, amateur-radio

fans, and those curious about the physics of active devices. Given that a 
family of characteristic curves is worth a thousand data points, being 
able to view a device’s behavior enhances a small laboratory’s capability.

Vacuum-tube curve tracers are expensive. Demand by audiophiles 
has pushed asking prices for Tektronix’s 1956-vintage Model 570 well 
over $1000, making this rare instrument unaffordable for casual 
experimenters. An alternative, the Model 575 transistor curve tracer, 
typically sells for under $400 but requires accessories to display 

vacuum-tube characteristics.
A recent series of messages in 

Yahoo’s TekScopes forum inspired 
me to explore what’s needed to 
plot tube curves within the 
limitations imposed by the Model 
575’s transistor-specific capabilities. 
These include a lack of tube 
sockets, the absence of heater (or 
filament) and screen-grid power 
supplies, limited base (or grid) 
voltage-step size, and a 200-V 
maximum collector (or plate) 
voltage supply.

Tektronix addressed the latter 
shortcoming via its factory-upgrad-
ed Type 575 Model 122C and also 
offered the 122C upgrade kit, 
which is likely unobtainable 
nowadays. For testing many 

small-signal tubes, most users can live with the 575’s 200-V limit. An 
external amplifier module can boost the grid-voltage steps by a factor 
of 10, and an inexpensive multivoltage switched-mode universal power 
supply can warm a tube’s heater.

Traditional tube testers solve the tube-socket problem by providing 
one of every commonly used socket type and a matrix of switches to 
connect a DUT’s (device under test’s) socket pins to the tester’s 
circuitry. Since my requirements involve either an extensive explora-
tion of a single tube’s characteristics or the testing of a batch of 
identical tubes, I opted for a simpler approach (see photo). A small 
printed-circuit board provides an interface between the 575, external 
power supplies, and a 12-pin connector for the tube socket. Two plugs 
and jumper wires connect the DUT’s pins to the curve tracer, 
enabling my old Model 575 to plot vacuum-tube curves—a newer 
trick for an older dog! T&MW

Old dog, newer trick
Making COnneCTiOns 
To bridge the gap between the 575 and 
a vacuum-tube duT that requires from 
four to 12 connections, the interface 
panel provides connectors for external 
filament (or heater) and screen-grid 
power supplies. Two groups of flying 
leads connect to the 575’s emitter, base, 
and collector binding posts. The duT 
socket mounts separately and connects 
to the interface panel. If needed, ferrite 
beads on the duT’s grid and plate wires 
help suppress parasitic oscillations. The 
remaining sockets accommodate a pair 
of plugs serving as a removable “patch 
panel” for configuring the duT socket’s 
pinout to the interface.

a small universal power supply in-
tended for digital cameras delivers a 
switch-selectable dC output of from 3 
to 7 V at up to 2.1 a to the duT’s fila-
ment or heater. If required, an adjust-
able regulated dC power supply pro-
vides screen voltage.

BOOsT The OuTpuT
a 575’s base/grid step generator’s lim-
ited output benefits from an external 
amplifier. This linear Technology appli-
cation note describes a suitable high-
voltage amplifier featuring either tran-
sistors or a vacuum-tube output stage:
cds.linear.com/docs/ 
application%20note/an18f.pdf

using a Tek 576 Or 577
daniel schoo offers an introduction to 
tube curve tracing and shows how to 
use these later-model semiconductor 
curve tracers to display tube curves:
bit.ly/w2hroZ

referenCe BOOk
This book provides a definitive introduc-
tion to curve tracers, tube testers, and 
other vintage instruments:
douglas, alan, Tube Testers and Classic 
Electronic Test Gear, sonoran Publish-
ing, 2000. 166 pages.

Brad Thompson  
conTriBuTing Technical ediTor  

brad@tmworld.com
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NEWSBRIEFS

LeCroy has announced the LabMaster 10 Zi-A (LM10Zi-A), a physically large 
modular DSO (digital storage oscilloscope) system that acquires 80 Gsamples/s 
per channel and can deliver 36-GHz bandwidth on four to 20 channels. Thanks to 
its frequency-domain-based DBI (digital-bandwidth-interleaving) technology, the 
instrument can acquire 160 Gsamples/s per active channel and can deliver 
60-GHz real-time bandwidth on two to 10 channels.

An LM10Zi-A system comprises a display/control module and from one to five 
acquisition modules. The LM10Zi-A series includes five models of acquisition 
modules, two of which support DBI. 

The company adopted the modular approach for several reasons. For exam-
ple, few probes have bandwidths greater than approximately 30 GHz. This lack 
often necessitates the use of pairs of channels as differential inputs for capturing 
signals that contain significant energy at and above 30 GHz. So, in applications 
that require simultaneous acquisition and display of multiple wideband signals, oscilloscopes that provide more 
than 30-GHz bandwidth on just two channels often prove to be inadequate. According to Ken Johnson, LeCroy’s 
marketing director for high-performance scopes, the lifetime in the market of a scope that offers 30 GHz on only 
two channels would be too short to justify its development cost. Johnson said that LeCroy’s modular architecture 
yields products with greater expected market lifetimes, because over a period of five years or more, LeCroy cus-
tomers will be able to repeatedly upgrade their modular scope systems without discarding any of the older com-
ponents. Prices for complete working systems begin at $252,900. www.lecroy.com.—Dan Strassberg, EDN

IEEE plans mobile 
video standards
During the 2012 CES show in January, 
the IEEE announced plans to develop 
three standards that will cover mobile 
video communications: IEEE P1907.1 
(“Standard for Network-Adaptive Qual-
ity of Experience [QoE] Management 
Scheme for Real-Time Mobile Video 
Communications”), IEEE P2200 (“Stan-
dard Protocol for Stream Management in 
Media Client Devices”), and IEEE P3333 
(“Standard for the Quality Assessment of 
Three Dimensional [3D] Displays, 3D 
Contents and 3D Devices based on 
Human Factors”),

“Mobile video is a phenomenally 
promising technology space, with the 
potential to transform and enable whole 
new applications and business models. But 
in order for that chain of events to be set 
in motion, significant challenges must be 
addressed in the areas of quality, user 
experience, and cost of delivery, among 
others,” said Judith Gorman, managing 
director, IEEE Standards Association.

IEEE P1907.1 will define an end-to-
end QoE management scheme for real-
time video-communications systems; the 
goal is to ensure that the quality of video 
on mobile devices does not lag behind 
that of traditional broadcast mediums.

IEEE P2200 will enable more efficient 
downloading and streaming of content 
through the standardization of time-
shifted caching; the standard is intended 
to both improve user experience and 
relieve congestion on wireless networks.

Finally, IEEE P3333 is designed to 
establish methods of quality assessment of 
3-D displays, content, and devices based 
on human factors such as photosensitive 
seizures, motion sickness, and visual 
fatigue. www.ieee.org.

Stanford touts ultrahigh resolution 
of RF signal generators
The SG380 series of RF signal generators from Stanford Research 
Systems employs a synthesis technique, called rational approxima-
tion frequency synthesis, to generate RF and microwave signals with 
ultrahigh frequency resolution of 1 μHz. The SG380 signal generators 
also offer versatile modulation capabilities (AM, FM, phase modula-
tion, pulse modulation, and sweeps) at what Stanford says is a frac-

tion of the cost of competing designs.
Three standard models produce sine 

waves from DC to 2.025 GHz (SG382), 
4.05 GHz (SG384), and 6.075 GHz 
(SG386; pictured). An optional fre-
quency doubler extends the frequency 
range of the SG384 and SG386 to 8.10 

GHz. Other options include low-jitter differential clock outputs, an 
external I/Q modulation input, and a rubidium time base.

All three models provide low phase noise, specified at −116 dBc/
Hz at 1 GHz (20-kHz offset); full-octave frequency sweeps; OCXO 
time base; and standard RS-232, GPIB, and Ethernet interfaces. 
Each unit has two front-panel outputs—one BNC and one N-type—
with overlapping frequency ranges.

Base price: $3900. Stanford Research Systems, www.thinksrs.com.
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Oscilloscope hits 60-GHz bandwidth on 10 channels simultaneously
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The rapid changes that are taking 
place in wireless communications are 
driving growth in the wireless test 
equipment market. With the growing 
number of subscribers, smartphones, 
data services, mobile banking, and 
social-networking applications, there 
is a need for increased functionality in 
test and measurement tools. 

The wireless test equipment market 
consists of signal generators, spec-
trum analyzers, network analyzers, and 
telecom and datacom test equipment. 
The global wireless test equipment 
market generated revenues of $3.1 
billion in 2011 and is expected to 
exceed $5.8 billion in 2017 with a CAGR (compound 
annual growth rate) of 11.0% from 2011 to 2017. 
Numerous factors are contributing to the growth.

As LTE technology moves toward deployment, it 
brings new challenges, including higher data rates. 
The volume of mobile data traffic is increasing as a 
result of high-speed networks; an increased penetra-
tion of next-generation mobile phones (especially 

smartphones) and connected devices 
(laptops, netbooks, notebooks, and 
tablets); and higher-bandwidth-con-
suming applications and services.

In 2009, the penetration rate of 
active 3G (and 3.5G) users in North 
America was 12%, and it is expected 
to exceed 35% in 2015. Consequently, 
the demand for 3G-compatible test 
equipment is expected to increase. 
Likewise, the demand for QoS (quality 
of service) and QoE (quality of experi-
ence) analysis is increasing as growing 
mobile data usage creates more traffic 
on the network.

Smart devices are changing the mix 
of traffic from mostly voice to integrated voice, video, 
and data, thus creating a demand for products that 
can test a network’s performance and capacity along 
with how well it handles integrated transmissions. 
Another market driver is the need to support mobility 
across technologies, from LTE to 3G, and back to 2G.

Olga Yashkova, Program Manager,  
Test & Measurement Practice, Frost & Sullivan

Market Trends:
Smart devices create opportunities for test vendors

$3.1

$4.2

$5.8

2011 2014 2017

Wireless test
equipment market:
Worldwide revenue
forecasts
$ billions

Revenue forecast for the global 
wireless test equipment market.
Source: Frost & Sullivan.

E
d

it
o

rs
’ 
c

h
o

ic
eC a l E n da r 

IPC aPEX, february 28–March 1, 
san diego. IPC, www.ipcapex-
expo.org.

Measurement Science Confer-
ence, March 19–23, anaheim. 
Measurement Science Confer-
ence, www.msc-conf.com.

design West, March 26–29, san 
Jose. UBM Electronics, www. 
ubmdesign.com.

International Microwave Sym-
posium, June 17–22, Montreal. 
IEEE, www.ims2012.mtt.org.

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

Guzik aXIe digitizer runs to 13 GHz
Guzik’s ADC 6000 series of AXIe modules bring high-speed signal 
capture to the AXIe bus. A one-channel model has a maximum band-
width of 13 GHz with a sampling rate to 40 Gsamples/s; other models 
have bandwidths of 4 GHz, 6.5 GHz, and 8 GHz with samples rates of 
10 Gsamples/s and 20 Gsamples/s. In addition, the ADC 6000 mod-
ules have deep memory, ranging 
from 2 Gbytes to 16 Gbytes for the 
four-channel model and 8 Gbytes to 
64 Gbytes for the one-channel 
model. Modules can be interleaved 
to double the sample rate.

To transfer signals to a host computer for processing, the modules 
use a four-lane cabled PCI Express Gen 4 link, which delivers 1.6 
Gbytes/s of sustained transfer rate (the host needs a PCIe bridge 
card). The modules need not send all the data to a host computer, 
though, because they can process data with their onboard FPGA. 

The ADC 6000 modules have a digital hardware trigger capabil-
ity that lets you define trigger conditions, and they also have exter-
nal triggers and clocks for synchronizing signal acquisition to exter-
nal equipment and for system integration. Software support 
includes a development kit for custom applications. 

Guzik, www.guzik.com.
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March 28-29, 2012
McEnery Convention Center  |  San Jose, California 

The cross-industry event for all those 
designing with sensor technology
Advances in design and systems architecture have called for the 
increased utilization of sensors in numerous applications.  

And now you have an opportunity to evaluate how you can engage this 
key technology by attending the Sensors in Design Conference. Hear 
from those pioneering the hottest sensor applications today! 

Featuring four unique conference tracks:

● Leading-Edge Sensor Applications   
 o  Be inspired by a showcase of some of the newest and most 

inventive applications of sensing technology

● MEMS
 o  Chaired by MEMS Industry Group, this track offers strategic 

insight on innovations in MEMS sensor technology and its 
applications

● Smart Sensors
 o  Hear case studies from those who have moved from analog 

to smart sensing allowing for the instant and automatic 
confi guration of measuring and monitoring systems

●  Harsh Environments, Including Factory, Defense and 
Aerospace

 o  New applications of sensors in automobiles, airplanes and 
fi eld data collection have sparked innovation in the 
development of harsh environment sensors  

Unique insights from 
30+ cutting-edge 
companies including:  

● STMicroelectronics

●  National Instruments 

● Texas Instruments 

● Microstrain

● Intel

● Freescale

● Eeonyx

● Akustica

● InvenSense

● LumaSense Technologies

● iRobot

● Silex

● 3eTi 

Produced By:
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Co-located with:

In Association With:

Register by 2/19 to get $600 off!
www.ubmdesign.com/sensors 

http://www.designnews.com/
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[InstrumentatIon]

a sk any musician about his or 
her favorite instrument, and 
you’ll get a mix of old and new, 

but mostly old. The same goes for engi-
neers. Several engineers voiced their 
opinions about their favorite test 
instruments on my “Rowe’s and Col-
umns” blog (Ref. 1).

The question “What’s your favorite 
test instrument?” drew responses for 
oscilloscopes, multimeters, signal/spec-
trum analyzers, a logic analyzer, and a 
few other instruments. As you might 
expect, engineers mostly mentioned 
old, obsolete equipment as favorites, 
with some claiming that nothing built 
today is as good. Several engineers, 
including former EDN editor Paul 
Rako, picked an analog oscilloscope as 
the favorite. “For a single choice, I 
would have to say my Tek 3465B 
400MHz analog scope” Rako wrote. 
Several engineers commented that 
they like HP analog oscilloscopes such 
as the Models 180 and 1740. 

Reader BobL also prefers analog 
oscilloscopes. He’s managed to keep 
two Tektronix 7904 analog oscillo-
scopes running in his lab. “Transients 
are sometimes impossible to see with a 
digital scope, but analog display is 
great.” An engineer using the name 
Opcom also has two Tektronix 7904s. 

“Lets face it,” Opcom wrote, 
“digital ones update sloppily 
and nothing is as good look-
ing as an electrostatic 
deflection CRT. Digital 
scopes are useful for many 
things but the trace on a 
CRT can be interpreted in 
more ways than the digitized 
LCD image.”

Based on the comments, I 
conclude that there is a whole 
group of engineers who still 
prefer analog oscilloscopes no matter 
how much digital oscilloscopes have 
advanced. Dave McGuire even had a 
message for the oscilloscope makers 
when he wrote that his favorites are 
“My Tek 2465A and 7904A oscillo-
scopes. Yes I have some fancy digitizing 
scopes (the Tek 222 is very handy on 
the road!) but nothing beats an analog 
scope for fast transients...analog and 
digital scopes are completely different 
instruments. Are you listening, Tektro-
nix and Agilent?”

Of course, not everyone engineer’s 
favorite instrument is an old analog 
oscilloscope. Some engineers actually 
like modern digital oscilloscopes. 
David Danielson commented that he 
likes his LeCroy Waverunner 44Xi, 
which is still available as the 44Xi-A. 
Another reader favored the Tektronix 
TDS2042C.

Handheld instruments also made a 
showing. Several people pointed to 
handheld multimeters as their favorite 
instrument. William Ketel commented 
that his favorite instrument was a 
Radio Shack 30,000 ohms per volt 
multimeter. “Not only was it able to do 
all kinds of continuity, and ‘sort of con-
tinuity’ checks with its low ohms scale, 
but the very low voltage 0.6 volts full 
scale range was good for evaluating 
small voltage drops in connections and 
connectors.” Ketel also likes his Fluke 
77 handheld multimeter. The Model 77 
series IV is still available.

Ketel is not the only engineer who 
likes a Fluke handheld multimeter. One 
engineer said he likes his Fluke 87, 
which is still available as the Fluke 87 V.

A few bench digital multimeters 
made the list, too: the Keithley 197, 
Fluke 8060A, and HP 34401A. The 
34401A is still available with the Agi-
lent Technologies name.

While most respondents commented 
on general-purpose test equipment, 
some mentioned specialized products. 
An engineer named Buzz said, “When 
analyzing QAM I like the Sunrise  
Telecom AT2500rqv, and for 8VSB I 
use a Rohde & Schwarz FSH3 with a 
DVM-400 Digital Video Measurement 
System. A Triveni MT-40 supplements 
the DVM-400.”

What’s you favorite instrument? 
What instrument have you bought 
that you wish you hadn’t? Leave a 
comment on my blog post at tinyurl.
com/6vhaovd. t&mW

reference
1. Rowe, Martin, “What’s your favorite test 
instrument?” Rowe’s and Columns blog, 
Test & Measurement World, December 6, 
2011. tinyurl.com/6vhaovd.

To read past Tech Trends columns,  
go to www.tmworld.com/techtrends.

Readers speak out about their favorite instruments

MarTin rowe  
senior Technical ediTor  

martin.rowe@ubm.com

Newer digital oscilloscopes such as the 
Tektronix TDS2024C also have fans. 
Courtesy of Tektronix.

february 2012 15

Many engineers still like analog oscillo-
scopes, such as the HP Model 185, built 
in the 1960s. Courtesy of Agilent Technologies.
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Test & Measurement World is part of UBM 
Electronics, which also publishes EE 
Times. The EE Times Website includes 
several mini-Websites, called “Design-
lines,” that are dedicated to various disci-
plines within electrical engineering. Be-
low, I have summarized some of the most 
popular articles on the “Test & Measure-
ment Designline” during 2011:

• Oscilloscopes and ENOB
One quality metric for an oscilloscope 
with a bandwidth in the gigahertz range 
is the ENOB (effective number of bits) 
of the scope’s ADC. Joel Woodward and 
Brig Asay of Agilent Technologies dis-
cuss the importance of ENOB and how 

effective it is at predicting a scope’s 
measurement accuracy (figure). www. 
eetimes.com/4216991.

• Perfect timing: performing clock division 
with jitter and phase noise measurements
As clock speeds and communication 
channels run at ever-higher frequen-
cies, accurate jitter and phase-noise 
measurements become more impor-
tant, even as they become more diffi-
cult to manage. Howell Mitchell of 
Silicon Labs describes pointers for sit-
uations where clock signals have been 
divided down from higher-frequency 
VCOs (voltage-controlled oscillators). 
www.eetimes.com/4219306.

T e s T  I d e a

Circuit measures optocoupler’s response time

r e s o u r c e

Designlines’ top test articles of 2011

Here is a simple circuit you can use to 
measure the attack and release times  
of photoresistor-type optocouplers that 
often find use in audio compressors or 
volume-control circuits (figure). 

The design uses an oscillating Schmitt 
trigger with the optocoupler DUT (de-
vice under test) in the feedback loop. 
The photoresistor and resistor R1 form a 
voltage divider that controls the input of 
the Schmitt trigger. The optocoupler’s 
LED connects to the trigger output. You 
can measure the duration of the output 
pulses with an oscilloscope or a digital 
meter. The duration of the negative out-
put pulses is equal to the switching on-
time, or attack time. The duration of the 
positive pulses is equal to the switching 
off-time, or release time. 

The attack and release times depend 
on the value of R1; you can observe both 
by varying the value of R1. With the 
component values in the figure, the du-
rations of the output pulses are a 0.15-
ms attack time and a 2.7-ms release time.

During oscillation, the resistance of 
the photoresistor sweeps in from RP1 to 
RP2. The circuit sweeps these photoresis-
tor values according to R1, the power-

supply voltage, and 
the Schmitt-trig-
ger thresholds, as 
t h e  f o l l ow i n g 
equations show: 
RP1 = R1 × VT2/
(VCC – VT2) and 
RP2 = R1 × VT1/
( V C C  −  V T 1 ) , 
where VT1 is the 
p o s i t i ve - g o i n g 
threshold voltage 
and VT2 is the neg-
ative-going thresh-
old voltage of the 
Schmitt trigger. 

In the case of the 74HC14 logic family, 
you can determine the thresholds from 
the data sheet and your power-supply 
voltage, according to the following equa-
tions, which yield typical values: VT1 = 
0.53 × VCC and VT2 = 0.31 × VCC.

Using 5 V as a power-supply voltage 
and solving the following equations, you 
can determine the photoresistor range: 
RP1 = 0.45 × VR1 and RP2 = 1.13 × VR1.

This approach lets you pick a value for 
R1 so that the photoresistor range is suit-
able for your device. You can also vary 

the value of resistor R2 to observe the 
LED-current-to-attack-time character-
istic of the DUT but not affect the re-
lease time. Note that R2 limits the cur-
rent through the LED; if its value is too 
large, oscillation will not occur. 

Using this circuit allows you to match 
custom optocouplers comprising green, 
superbr ight LEDs and an MPY7P  
photoresistor.

Peter Demchenko, Vilnius, Lithuania

This article first appeared as a “Design Idea” 
in the September 8, 2011, issue of EDN.

While ENOB provides one basis for 
scope evaluation, ENOB computations 
don’t include the effect of magnitude or 
phase flatness. Scopes 1 and 2 have the 
same ENOB, but scope 2 has offset and 
phase distortion errors that limit its abil-
ity to correctly display the input signal.

R1
3.6k

C1R2
3k

DUT

IC
74HC14

5 V

A R

R A

You can determine an optocoupler’s rise and fall times by in-
corporating a photoresistor in the feedback loop of an oscilla-
tor circuit.
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C o M M u n I C aT I o n s  T e s T

Tips for testing MIMO, LTE, and 802.11ac devices
The cover story in this issue, “Test mo-
bile devices by emulating the radio 
channel” (p. 20), features a technique for 
testing LTE and IEEE 802.11ac devices, 
both of which use MIMO (multiple in-
put, multiple output) technology as the 
physical-layer wireless interface. MIMO 
increases data rates over previous single-
stream wireless technologies by using 
multiple transmitters and receivers, set-
ting up a multipath environment. The 
cover story focuses on beamforming, a 
technique for strengthening a signal by 
focusing a signal in a particular direc-
tion, and it mentions several models un-
der consideration for simulating chan-
nel fading in the lab.

You can learn more about MIMO 
testing from two articles available in 
the “Designlines” section of the EE 
Times Website. “Test MIMO over-the-
air with a two-stage method” by Alli-
son Douglas (http://bit.ly/xFfeS7) in 
the “RF & Microwave Designline” ex-
plains how a reference antenna and 
MIMO device can be tested in an an-
echoic chamber for measuring the an-
tenna pattern (figure). No chamber is 

needed at the second stage, where LTE 
protocols are applied to the transmis-
sion signals. Channel models such as 
those descr ibed in this issue’s cover 
story are then applied to the signals for 
throughput measurements.

In “802.11ac Wireless LAN: what’s 
new and the impact on design and 
test” in the “Test & Measurement 
Designlines” (http://bit.ly/xDI7mo), 
Mirin Lew discusses the design and 
test challenges of applying MIMO to 
the emerging IEEE 802.11ac standard, 
which is an evolution of the IEEE 

802.11n standard. IEEE 802.11ac in-
creases throughput by providing signal 
bandwidths of 80 MHz and 160 MHz 
as opposed to the 40 MHz found in 
802.11n devices. Because 802.11ac 
devices will use 256 QAM (quadra-
ture-amplitude modulation), error-
vector magnitude measurements will 
be more cr itical than they were for 
devices designed for previous WiFi 
standards. The article explains how to 
make the measurements with a vector 
signal analyzer.

Martin Rowe, Senior Technical Editor

• A measurement approach for IQ offset 
and imbalance of LTE mobile devices
Imperfect analog front ends of mobile 
devices cause transmit signals to be 
non-ideal. Typically, the signal process-
ing for IQ components is likewise af-
fected. Christian Kuhn of Rohde & 
Schwarz explains that an estimation of 
the IQ offset must take into account the 
special structure of the physical layer of 
LTE. www.eetimes.com/4229667.

• Hunting noise sources in wireless embed-
ded systems
When integrating a radio chip or mod-
ule into a typical embedded system, de-
signers must track down and eliminate 
noise and spurious signals. Darren Mc-
Carthy of Tektronix describes tips and 
techniques for hunting noise sources 
using a mixed-domain oscilloscope. 
www.eetimes.com/4227229.

•	Jitter and timing analysis in the presence 
of crosstalk
Testing serial data streams for jitter is 
critical for long-term stability and for 
achieving a good BER (bit-error rate) 
in a design. Chris Loberg of Tektronix 
says to perform an effective analysis, you 
must select the right instruments and 
also have a good understanding of in-
strument noise, rise time, and factors 
such as 3rd, 4th, and 5th harmonic per-
formance. www.eetimes.com/4233152.

• DSOs: The banner specs tell only part of 
the story
Dan Strassberg says an oscilloscope’s 
performance in capturing anomalous 
waveforms depends on little-known 
and often poorly understood character-
istics. You might discover that the head-
line specifications of a scope fail to re-
veal much of the information you need 

about the instrument’s behavior. www.
eetimes.com/4227286.

• Vector network analyzers aid breast cancer 
screening research
Bristol University spin-out Micrima is 
using high-speed vector network ana-
lyzers for the clinical trials of a revolu-
tionary breast cancer screening tech-
nique. www.eetimes.com/4230300.

• Understanding the impact of digitizer 
noise on oscilloscope measurements
Noise can make it difficult to make 
measurements on a signal in the milli-
volt range, such as in a radar transmis-
sion. Jit Lim of Tektronix explains how 
you can use ENOB testing to accurately 
evaluate the performance of digitizing 
systems. www.eetimes.com/4217597.

Colin Holland, Editor, 
Test & Measurement Designlines

Wireless 
communications

test set

Measured antenna
 pattern

GRX (θ)Reference
antenna

Anechoic
material

MIMO
DUT

In the first stage of the two-stage test method, a reference receiver and MIMO de-
vice operate in an anechoic chamber.
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A
s users of mobile devices demand more 
bandwidth for their apps, network carriers 
have begun implementing LTE (Long Term 
Evolution) technology into their networks. 
Part of the LTE infrastructure relies on 
MIMO (multiple input, multiple output) 

radio channels, which use several antennas to focus signals 
and boost performance. Because users of mobile devices are 
generally on the move, carriers and equipment manufacturers 
must test their networks and their devices by emulating the 
signal fading of an actual net-
work’s radio channel.

To test the performance of a 
cellular handset or chipset, man-
ufacturers can measure BER 
(bit-error rate), BLER (block-
error rate), and FER (frame-error 
rate) as a function of the signal-
to-noise ratio. All of these mea-
surements count the number of 
errors in a predefined amount of 
data. High error values mean that 
the mobile device doesn’t ade-
quately mitigate fading effects in 
the radio channel. Another typi-
cal performance measure is the 
data throughput vs. the signal-to-
noise-ratio. This is typically mea-
sured in kilobits per second and 

defines how much data the system is able to correctly trans-
mit in 1 s.

Performance tests require a communications tester and a 
radio-channel emulator (Figure 1) for the DUT (device 
under test). A communications tester establishes a link to a 
cellular device by emulating a base station, but its features 
include only a small subset of those in a real base station. 
For a throughput measurement, the communications tester 
sends a known data pattern to the DUT. With a direct cable 
connection from the tester to the device, the test setup can 

achieve its highest possible 
throughput. 

A radio-channel emulator, 
placed between the tester and 
the DUT, will distort the signal, 
which causes a decrease in 
throughput. Figure 2 shows a 
typical test setup for a device 
with multiple antennas.

Typically, the main purpose of 
testing is to verify a product’s 
compliance to a standard. Stan-
dard channel models are defined 
by the 3GPP LTE standard (Ref. 
1). The standard also sets perfor-
mance l imits  with a g iven 
model, ensuring a certain mini-
mum performance for all LTE 
devices on the market. Most 

lte test

use

LTE
channel emulation

for mobile test
emulating a radio channel’s fading in the lab is essential for 
testing throughput in the multiple-antenna systems used in 

cellular lte and Ieee 802.11ac devices.
by Janne Kolu, PeTTeri Heino, and JuHa MääTTä, eleKTrobiT

FIGURE 1.  A radio-channel emulator creates a real-life 
radio environment in lab conditions.

Base station

Radio
channel

Channel
emulator

Base station

Transceiver

Mobile terminal
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tests against the standard requirements are simply pass/fail 
measurements, so they do not measure the maximum perfor-
mance of the device.

Performance testing in the lab provides a fully repeatable 
environment that allows manufacturers to debug problems in 
a design. After a design change, the performance can be 
checked against the same test conditions.

Beamforming and MIMO testing
Proper emulation of the radio channel and the spatial effects 
is crucial in the development and verification of multi- 
antenna systems. Performance testing of LTE devices requires 
beamforming, a technique that lets the tester change the ac-
tual antenna radiation pattern electrically, dynamically, and on 
a per-user basis. 

Beamforming is a multi-antenna technique that uses the 
spatial dimension of the mobile radio channel. The beam-
forming technique is applicable to both the transmitting and 
the receiving side, but due to size and antenna spacing con-
straints, the use of beamformers is practically limited to base 
stations. Figure 3 shows how a base station uses beamform-
ing to extend its range.

Beamforming with multiple antennas has been used in 
radar and optical systems for decades. The basic idea of focus-
ing an antenna beam is simple. Parallel antenna elements in 
the array are phased so that signals received or sent at a wanted 
direction experience constructive summing. Therefore, the 
combined signal power to that particular direction is maxi-
mized. This is the traditional form of beamforming, usually 
referred to as beamsteering.

Beamforming functionality has been an optional feature in 
telecommunication standards since the mid-1990s, but the 
lack of computing power forced system designers to select 
simpler approaches. Requirements for spectral efficiency and 
higher data throughput, along with improved digital-signal 
processing power, have made beamforming attractive for cel-
lular systems. In current standards such as LTE and IEEE 
802.11ac, beamforming is used adaptively. This means that 
optimal weights for each antenna stream are calculated based 
on given optimization criteria. That technique provides the 
best antenna characteristics against spatial radio propagation 
and interference conditions at each moment in time.

The test system needs a way to measure the radio chan-
nel’s performance and adjust the antenna pattern. In TDD 
(time-division duplex) systems, the downlink-sounding 
procedure is used to find the weight of each portion of the 
transmitted signal. The test system simply measures uplink 
signals and predicts the optimal weights for the downlink. 
In FDD (frequency-division duplex) systems, user equip-
ment must measure downlink sounding signals and report 
the results to the base station.

FIGURE 2.  A typical test setup for  
devices with multiple antennas
(2x2 MIMO downlink) shows four
fading channels.

(continued)
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lte test

System designers must optimize the 
channel sounding so that the wideband 
spatial channel is measured accurately 
enough and yet efficiently without con-
suming too much valuable data payload 
capacity. The mobility of devices makes 
testing more difficult. Interference and 
reflections in multipath radio channels 
are continuously changing as UE (user 
equipment) and other objects move. The 
feedback latency of a closed-loop based 
channel estimation and weighting must 
be taken into account in system imple-
mentation. The beam adjustment must 
be shorter than the changing speed of 
spatial channel characteristics.

Developing a beamforming system 
for a stable environment is a fairly sim-
ple task, but developing a beamform-
ing system that also works in a real 
radio environment, which is never 
constant, is much more challenging. 
The whole concept of beamforming 
relies on phased antenna arrays. There-
fore, in the beamforming test setup, 
engineers must work to control and 

maintain phase accuracy and stability 
over the whole test system.

Test-system calibration is an essen-
tial step in the execution of laboratory 
tests. Because a beamforming test 
setup has multiple parallel radio chan-
nels, the relative amplitude levels need 
calibration to achieve balancing. A 
special element in beamformer testing 
is the phase calibration in addition to 
amplitude calibration. A beamforming 
test environment requires phase accu-
racy within a few degrees. It’s impor-
tant to compensate for effects from 
antenna RF cabling as well.

A typical setup for performing beam-
forming testing on TD-LTE equipment 
consists of an eight-antenna base station 
and two mobile devices, each having 
two antennas. Because downlink chan-
nel estimation is based on uplink mea-
surements, the uplink channel also 
needs to be emulated. Thus, the full 
setup (Figure 4) has two 8x2 connec-
tions for the downlink emulation and 
two 1x8 connections for the uplink 
emulation (uplink is transmitted with 
one antenna per UE device).

Perhaps the most important aspect 
of using a radio-channel emulator and 
software simulations for lab testing is 

to select the proper channel model. In 
performance evaluations, channel 
models must be realistic, and they must 
model a known type of environment. 
It’s not meaningful to optimize system 
performance against a rural model if 
the target environment is an urban 
street canyon. Equally, it doesn’t make 
sense to use simple line-of-sight mod-
els for systems designed to mitigate 
urban fading.

Channel models specified for differ-
ent standards can be categorized in dif-
ferent families by their mathematical 
form. Channel models always require a 
tradeoff between complexity and accu-
racy. Correlation-based models are easy 
to implement but lack realism, espe-
cially for tests involving beamforming. 
Ray-tracing models, or recorded im-
pulse responses, are the most accurate 
models, but they are typically location 
specific and require heavy computa-
tional effort. The most promising mod-
els, and also the most widely used, are 
GSCMs (geometry-based stochastic 
channel models).

Unlike correlation-based models, 
GSCMs are antenna independent, and a 
realistic antenna model can be embed-
ded in the channel model. This is impor-
tant because beamforming antennas 
have a strong impact on the complete 
system performance. The modeling ap-
proach is simple—there is a good selec-
tion of models available for different 
types of environments. Radio-channel 
models such as SCME (spatial-channel 
model extension), IMT-Advanced (In-
ternational Mobile Telecommunica-
tions), and WINNER (wireless world 
initiative new radio) models are based on 
this approach. The latest TD-LTE beam-
forming test development in China re-
lies also on this approach. 

Figure 5 shows two examples of 
the typical test cases. Beamforming 
testing with real fading gives the nec-
essary confidence to engineers that a 
new technology works. Throughput is 
the key question—does beamforming 
real ly del iver the promised data 
throughput? 

Testing with proper channel models 
lets you verify throughput. Technology 
will be more mature after systematic lab 
testing, which will result in easier and 
faster field deployment.

Base
station

User 1

User 2

Mobile
 1

Mobile
2

1
2
3
4
5
6
7
8

Base
station

FIGURE 4.  In a typical TD-LTE downlink, the connection topology is two times 8x2 
and in the uplink, it is two times 1x8. The complete setup must be phase accurate 
in order to allow uplink channel estimation, user tracking, and interference suppres-
sion performance.

FIGURE 3.  Beamforming 
applies weights to antenna 

patterns to direct the trans-
mitter port toward the mo-

bile device.
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Fading environments
Techniques such as beamforming that 
are used for testing LTE devices can 
also be used for testing IEEE 802.11ac 
WLAN devices. IEEE 802.11ac is the 
evolution of IEEE 802.11n for very 
high data-rate-to-end-user devices, of-
fering improved performance. IEEE 
802.11ac device performance gain is, 
however, highly reliant on physical-
layer extensions compared to 802.11n 
systems because 802.11ac has a wider 
RF bandwidth (up to 160 MHz), more 
MIMO spatial streams (up to eight), 
multi-user MIMO, and high-density 
modulation (up to 256 QAM). The ex-
tension towards higher data rates is also 
known as the VHT (very high through-
put) mode of 802.11ac. WLAN perfor-

mance expectations are set to a new 
level with 802.11ac, yet vendors still 
must focus on keeping manufacturing 
costs low. Therefore, these devices re-
quire more effective physical-layer test 
methods than did older mobile devices.

Verifying MIMO techniques like spa-
tial multiplexing and beamforming that 

www.dowkey.com

WHEN PERFORMANCE

Building on 
Innovantion Since 1945

COUNTS

Satellite Show 2012
Washington D.C. Convention Center

March 12-14    Booth 1717FIGURE 5. Top) In user tracking, user 
equipment (the green dot in the picture) 
travels back and forth radially around the 
BS (base-station) sector. Bottom) Adding 
a second user tests a mobile device’s in-
terference suppression by stressing the 
wireless network.

TRX 1

TRX 2 

TRX 3 

TRX 4 

TRX

TRX

TRX 1
Stations

TRX 2

Access
point

FIGURE 6. This MU-MIMO transmission  
scenario with three users shows the 
paths among antennas.
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On the web
Sorting out 4G: 
Are we there yet?
Thanks to clever marketing cam-
paigns, the general public be-
lieves 4G has arrived, but how 
close are we really to achieving 
the performance levels laid out in 
the IMT-advanced global stan-
dard for international mobile tele-
communications?

Janine love reports that 4G/
lTe mobile handset performance 
is much better than that of previ-
ous generations, and that design-
ers are pushing the outer limits of 
performance in all parts of the 
handset to inch closer to the IMT-
advanced rates. In many cases, 
the factor limiting the technology 
is the available spectrum, so until 
governments act, engineers need 
to find creative solutions.
www.edn.com/120216Lte

are defined in the 802.11ac standard re-
quires the use of advanced propagation 
modeling and emulation as well as multi-
channel fading capability with a manda-
tory 80-MHz bandwidth. The spatial 
multiplexing technique uses spatial di-
versity between separate data streams, 
and a receiver uses channel estimation to 
separate the streams and demodulate the 
data. A receiver’s radio-channel transfer 
characteristics need to be programmable 
for efficient and controllable testing to 
verify a device’s MIMO performance 
under different propagation conditions.

IEEE 802.11ac introduces MU-
MIMO (multi-user MIMO) to WLAN. 
Single-user MIMO improves the data 
throughput to an individual device, 
whereas MU-MIMO re-uses resources 
to improve network performance, al-
though the data rate to any individual 
user i s  not improved. The IEEE 
802.11ac standard defines up to eight 
MIMO spatial streams and allows si-
multaneous transmission to up to four 
users. Figure 6 depicts example MU-
MIMO transmission with four spatial 
streams and three users.

MU-MIMO system design and veri-
fication bring on new challenges com-
pared to single-user MIMO systems. 
Channel conditions between the users 
are critical for spatially multiplexing 
multiple users, and accurate CSI (chan-
nel state information) is required for 
proper transmission control and sched-
uling. Accurate CSI at the transmitter 
improves the capacity of the system by 
allowing simultaneous transmission to 
multiple users in a way that minimizes 
inter-user interference. In real environ-
ments, the channel characteristics be-
tween the separate users are not always 
independent of each other due to the 
short distance between users and the 

geometric arrangement of antennas. To 
verify MU-MIMO systems, carriers and 
vendors must be able to model and em-
ulate the different propagation scenarios 
where the users can be located on geo-
metrical basis. The use of a radio-chan-
nel emulator makes it possible to verify 
any environmental scenario in order to 
guarantee the MU-MIMO system per-
formance under non-ideal conditions 
with several different levels of correla-
tion between the parallel MIMO spatial 
streams for multiple users.

The MU-MIMO scenario in Figure 
6 can be tested with a multichannel fad-
ing emulator. There is a separate fading 
channel between each transmitter and 
receiver when the downlink and uplink 
topology consist of 4x4 MIMO links 
with a total of 16 fading channels in 
both directions. Correlation between 
the channels is based on the antenna ar-
rangement and the location of the users 
and their movement. GSCMs are good 
models for testing MU-MIMO where 
any kind of environmental scenario can 
be created and, additionally, where real 
antenna beam patterns can be included.

The test setup shown in Figure 7 en-
ables manufacturers to design and verify 
the 802.11ac device spatial multiplexing 
and beamforming algorithms as well as 
the critical CSI functionality with a sin-
gle multichannel-fading emulator unit. 
An emulator that provides full control of 
the radio-channel characteristics enables 
performance testing that allows manu-
facturers to optimize the air interface 
performance and to maximize the 
achievable system throughput before 
launching products on the market. T&MW

REFERENCE
1. “3GPP Specification series.” www.3gpp.
org/ftp/Specs/html-info/36-series.htm.
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FIGURe 7. A MU-MIMO test procedure uses a radio-channel emulator to simulate fading among three users and a base station.
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CALIBRATION

Microcontroller circuit 

calibrates
current loops

A team of engineers designed a 4–20-mA loop 
calibrator that costs less than $100. 

by abdulkadir Çakir, firaT yücel, and Hakan Çalis

M
any industrial systems use the 4–20-mA 
loop to transmit measurements from 
sensors to displays, dataloggers, comput-
ers, PLCs (programmable logic control-
lers), and other devices. Unlike sending 
a voltage, sending a current eliminates 

losses in long wires and reduces interference from outside 
sources that can impair measurements. Plus, by using a mea-
surement range that starts at 4 mA rather than 20 mA, the 
system can detect a failure should the current drop below 4 
mA and take appropriate action that can prevent runaway 
conditions. 

A 4–20-mA current loop circuit consists of a sensor, a trans-
mitter, a receiver, and a current source (Figure 1). The sensor 
measures a physical attribute and converts it to a voltage. The 
current-loop transmitter converts the voltage into 4–20-mA 
current. The receiver converts the current back to voltage and 

most often sends the voltage to a 
digitizer embedded in the receiver 
for processing. 

Like any measurement system, 
though, 4–20-mA loops need 
calibrating. There are many loop 
calibrators on the market (Fig-
ure 2), but they can cost up to 
$2000. As an alternative, we’ve 
designed and built a low-cost 
calibrator based on a microcon-
troller. The calibrator we de-
signed can be adjusted to the de-
sired current level through a 
keypad. The calibrator can pro-
duce current with adequate pre-
cision and can automatically or 
manually perform a calibration 
on a measurement system.

Before designing our calibrator, 
we studied commercial calibration 
devices and found that they have 
these general properties:
• current production and reading 
in the interval of 4–20 mA,
• an operating voltage of 0–20 V,
• 0.001-mA (1-µA) resolution of current source, 
• 0.012% accuracy of current reading,
• powered by a 9-V alkaline battery,
• 240-VAC tolerance,
• indication of current level as percentage (%) on the LCD 
indicator, and 
• used with a two-wire transmitter.
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Controlled system
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FIGURE 1. In a 4–20-mA measurement loop, the amount of 
current represents the measured value of a sensor, such as 
temperature, pressure, or weight.

FIGURE 2. The Fluke 
707 loop calibrator sells 
for around $700 to $800.
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(continued)

Design of current-loop  
calibration device
Our calibrator consists of a numerical key-
pad, an encoder, a microcontroller, a DAC, 
an ADC, current sources, and an LCD indi-
cator (Figure 3). We use a PIC16F877  
microcontroller to control the system. We 
chose this microcontroller because it has a 
sufficient number of input ports for the 
LCD, keypad, and DAC. It also has an SPI 
(serial peripheral interface) port, an inter-
rupt property for the keypad, and an inter-
nal ADC.

For the current source, the calibrator 
needs a microcontroller-controlled DAC 
with a current output range between 4 mA 
and 20 mA. We use a digitally programmable 
AD420 chip, which has a sigma-delta archi-
tecture with 16-bit precision, a current-out-
put capability, and an SPI port.

We also use an ADC to measure current. 
The PIC16F877’s ADC has 10-bit resolu-
tion and can measure voltage values between 
0 V and 5 V. Current passes through a 0.47-Ω 
resistor and is amplified to 0–5 V by means 
of a noninverting amplifier. In addition, the 
calibrator uses a 4x3 numerical keypad and a 
16x2-sized GDM1602B LCD module with 
an HD44780 LCD interface.

The calibrator has two modes. First, it 
produces current at the level of the entered 
value, and second, it reads the current sensed 
from the external current loop. In the cur-
rent-source mode, the current information 
the user enters with the keypad is sent to 
the microcontroller, which analyzes it with 
a decoder. 

The decoded current information is then 
transmitted to the DAC over the SPI bus, 
and the calibrator produces the desired cur-
rent. In the measurement mode, the calibra-
tor displays the value of the external current 
loop on an LCD.

We developed the microcontroller using 
Code Composer Studio in the PIC C lan-
guage. The software sets the calibrator to 
work in the current-source or current-mea-
surement modes. Figure 4 shows the flow 
chart of the main program.

In the current-source mode, the embed-
ded program runs according to the flow 
chart in Figure 5. The user enters a current value with 
two digits to the left of decimal point and three digits to 
the right of decimal point (at precision of 0.1%). If the 
user wants to use a step-base proceeding, the calibrator can 
produce five step values: 4 mA, 8 mA, 12 mA, 16 mA, and 
20 mA.

Once the third digit to the right of decimal point of cur-
rent value is entered, the data for generating current transfers 
to the AD420 using SPI protocol. The calibrator generates the 
output current and “OK” appears near the current value on 
the LCD. If the user enters a current value out of the allowed 
range (below 4 mA or above 20 mA), the message “Output 
range is exceeded” appears on the display.
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FIGURE 4. Embedded software lets the calibrator both produce current and 
measure loop current.

FIGURE 3. The microcontroller-based design uses a DAC, an ADC, a keypad, 
and a display.
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calibration

In current-measurement mode (Figure 
6), the calibrator’s ADC reads the level re-
sulting from the voltage amplification layer, 
and the screen displays the measured cur-
rent value.

When designing the keypad interface, we 
used the “change on-state” interrupt prop-
erty of the PIC16F877 for sensing when a 
key is pressed. With this property, when the 
state is changed on the B input ports of the 
microcontroller, an interrupt is started auto-
matically. Thus, when the device is not in use, 
the microcontroller passes to sleeping mode 
to save power.

Two important keys in the keypad are the 
* and # keys:
• When a user presses the * key, the system 
will return to the mode-selection menu (main 
menu).
• When a user presses the # key, the device 

will cancel the current operation and display a 
clean screen on which the user can enter a new 
current value.

Current source and measurement
Figure 7 shows the digital outputs of the mi-
crocontroller that connect to a DAC circuit 
(AD420) with 16-bit CMOS current output 
using the SPI protocol. With this circuit, the de-
vice acquires a current output value in the range 
of 4–20 mA (according to range selection).

The DAC has 16-bit resolution and this reso-
lution is used at the 4–20-mA range. We can de-
termine the acquired current source sensitivity 
(Ss) with this equation:

Thus, a change of ±1 LSB (least-significant 
bit) in data transmitted to the DAC produces a 
change in the output current of ±244.14 nA. 
But because the user can enter a current value 
with three digits after the decimal point, the 
calibrator’s current-sourcing resolution is 0.001 
mA. We can adjust this precision value through 
software.

For the current measurement, we use the 
ADC module inside the microcontroller. The 
conversion process is achieved over the resolu-
tion of 10 bits. To measure the current, the cali-
brator passes the current over a very low-value 
resistance and sends it to the ADC. During the 
current measurement, the device is connected 
in series with the measurement loop. We as-
sume that the internal impedance of the device 
won’t affect the circuit or that, at the least, the 
effect of that impedance is very low. For the 
current-to-voltage conversion, we use a resis-
tance of RX = 0.47 Ω. As a result of using the 
low-value resistance, the acquired voltage level 
(VACQ) at the maximum current level (IMAX = 
20 mA) is very low:

In order to increase this low voltage level to 
0–5 V, we designed a noninverting amplifier cir-
cuit with an LF351. The gain of this amplifier 
(G) is calculated in the following equation, 
where VO defines output voltage, and VI defines 
input voltage:
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FIGURE 5. Software checks that the user input falls within the range of 
4–20 mA.

FIGURE 6. Microcontroller 
software converts a digi-
tized voltage across a 
known resistor into units 
of current for the display.

EQUATION 1

S
S
= Range of Current

Resolution

=
20 mA – 4 mA

216
244.14 nAS

S
=
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EQUATION 2

V
ACQ

 = I
MAX

 × R
X
 = 0.020 × 0.47 = 9.40 mV
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Table 1. Specifications of the 
microcontroller-based loop calibrator.
Parameter Value

Type  4–20-mA digital current-loop 
calibrator

Input and output range 4–20 mA

Current output error1 ±0.15% @ TA = 25ºC

Current source resolution 0.001 mA

Measurement sensitivity (SM) 9.18 nV

Temperature deviation1 0.003% full-scale/ºC

Maximum load (drive capacity)1 600 Ω @12 V

Voltage compliance 10.5 V

External conversion loop Maximum 32 VDC

Display  16x2 LCD (3.00x5.23-mm 
character font)

Keypad 4x3 numerical keypad

Feedback warning indicator (LED)  Output-error recognition and 
open-loop recognition

Power supply 220 V/12 VAC Adapter
1 These parameters were determined based on the ADC data sheet.
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As a result, we can calculate the measurement sensitivity 
(SM) with the following equation:

This value corresponds to a high enough sensitivity 
value for the 4–20-mA range. But due to the characteristics 
of the op amp and because of noise effects, this sensitivity 
ratio decreases.

At the end of the digital-to-analog conversion process, the 
calibrator produces a DC current. But there are limits for this 
current to drive the connected load and keep the linearity. 
One of these limits is current-loop voltage compliance, 
which is the maximum voltage projected over the load that 
can be connected to current output.

Basic properties of the calibration device
During our first experiments, we used a DAC908 IC, which 
has 8-bit resolution, to create the output current. The out-
put compliance limit for this IC is between –1.0 V and 
+1.25 V, which means a maximum load resistance of 1.25 V 
/ 20 mA = 62.5 Ω  can be connected to the current output. 
This value is too low for a process-control system using a 
voltage of 24 V for the current loop. Additionally, the 
DAC908 is a high-speed DAC Making it difficult to acquire 
signal at such low frequencies. For these reasons, we chose 
the AD420 instead.

Our resulting calibration device has an input and output 
range of 4–20 mA. The current output error is ±1 nA in ex-
periments done at room temperature. The maximum load drive 
capacity is 600 Ω for a 12-V loop voltage.

For the 4–20-mA current production range, a 24-V oper-
ating voltage level is required. The externally applicable loop 
voltage is 32 V at maximum. The total cost of the imple-
mented calibrator is about $50 to $100 (US$).

The device has only English language support for now. In 
the future, we hope to make several improvements: add a per-
centage mode to the display, provide support for multiple lan-
guages, and enable input through a touch pad. Table 1 sum-
marizes the calibrator’s specifications. T&MW
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FIGURE 7. A DAC takes a digital value from the microcon-
troller and converts it into a 4–20-mA loop current.
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compliance test

Different standards use different definitions for 
voltage and current waveforms based on the 

amplitude, rise time, duration, and impedance.
by Jeff lind, CoMplianCe WesT

E
lectronic products must pass some level of im-
munity tests when subjected to conducted or 
radiated energy. Some of those tests include 
subjecting the equipment under test to electri-
cal impulses: short-duration single events using 
defined voltage and current waveforms. Engi-

neers also use impulse tests to verify electrical spacings on 
PCBs (printed-circuit boards) and to periodically check 
motor insulation.

Several international standards define impulse voltage and 
current waveforms, but only at certain points. The waveform 
shape, peak voltage, impedance, and application of the pulse 
vary among standards. So, the test pulse you use will depend 
on the standard you apply.

Waveform definition
The IEC (International Electrotechnical Commission) has 
at least two standards that define impulse tests and their 
waveforms. You would use IEC 60060-1, “High-Voltage Test 
Techniques,” when testing insulation systems, and you 
would use IEC 61000-4-5, “Testing and Measurement 
Techniques – Surge Immunity Test,” when performing 
switching and lightning-transient tests. Many end-use stan-
dards that define the testing of specific products reference 
one of these two standards.

In some end-use standards, both the insulation system of 
the DUT (device under test) and the ability of the device to 
withstand lightning and switching transients are important. 
The requirements of IEC 60060-1 and IEC 61000-4-5 are 
different, though, so the authors of an end-use standard must 
decide which is the better standard to reference. A relevant 
example is IEC 61730-2, a standard that covers safety qualifi-
cation testing for PV (photovoltaic) panels.

In the PV standard, the authors note that the purpose of 
the test is “To verify the capability of the solid insulation of 
the module to withstand over-voltages of atmospheric origin. 
It also covers over-voltages due to switching of low-voltage 
equipment.” While this scope seems to be closer to that of 
IEC 61000-4-5’s surge-immunity test, the authors elected to 
conduct the test under the requirements of IEC 60060-1’s 
insulation-impulse test, which they deemed a better defini-
tion of their test program.

Insulation system testing
IEC 60060-1 defines a waveform by a rise time, peak value, 
decay time, and tolerances. These parameters can completely 
define a voltage or current waveform. Since the insulation tests 
are conducted on open circuits, this is all the definition that is 
needed, and IEC 60060-1 notes that the specified wave shape 
should be delivered to the DUT. Footnotes to Paragraph 19.2 

 standards define 
           test 

impulses
               differently
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allow some deviation in waveform shape and peak voltage for 
instances when the DUT is capacitive or reactive. But because 
the waveform will check an insulation system, no significant 
capacitance or reactance is anticipated, and the standard gives 
no impedance specification. Thus, no current requirement ex-
ists in the case of a voltage tester.

This may seem to be a problem if the DUT is capacitive, 
but raising power offers little improvement in the resulting 
waveform. Furthermore, these tests are always conducted on 
equipment that’s not connected to mains power or otherwise 
energized.

Lightning and switching transient testing
IEC 61000-4-5 defines a waveform by a rise time, peak value, 
decay time, impedance, and tolerances. Because tests can be 
conducted in many configurations, the waveform is specified 
into an open circuit (voltage waveforms) or short circuit (cur-
rent waveforms). IEC 61000-4-5 specifies only a 2 Ω, 
1.2x50/8x20 combination generator. Appendix 2 of the stan-
dard, however, gives guidance regarding the tester’s imped-
ance depending on the location of the test application:
•	 2	Ω,	mains	testing;
•	 12	Ω,	mains	to	ground	testing;	and
•	 42	Ω,	secondary	to	ground	testing.

Annex B of IEC 61000-4-5 provides for powered and un-
powered testing and gives guidance for maximum impulse 
levels depending on the application. In Annex C, the standard 
provides guidance for judging the DUT’s performance. The 
authors of an end-use standard define these points.

While the IEC gives organizations that develop end-use 
standards the tools to administer impulse tests in a standard-
ized fashion, the organizations are under no requirement to 
adopt the tools in their standards. For example, IEC 60601-1, 
which defines safety requirements for medical equipment, 
implements an impulse test that simulates a defibrillator. The 
input voltage and circuit components are defined, while the 
output waveform and voltage aren’t. Although the guidance 

in IEC 60060-1 and 61000-4-5 is well-written and well-re-
ceived, the standards can’t cover every instance.

In addition, standards may use different impedance values 
for their testing. In some cases, the impedances provide a spe-
cial current level at a breakdown voltage. Sometimes, a stan-
dard’s authors choose an impedance value to minimize break-
down damage, or they show a value in response to a known 
circuit parameter. For example, a standard might specify that a 
purely resistive load such as a meter socket be tested with a 
500-Ω impedance tester.

Impulse waveform uses
If an end-use standard references either IEC 60060-1 or IEC 
61000-4-5 or a standard otherwise defines a pulse by rise 
time, peak, decay time, and possibly impedance, the resulting 
waveform will be as shown in Figure 1a. One of the most 
popular voltage waveforms is the 1.2x50, where the rise time 
is 1.2 µs and the decay or duration time to half value is 50 µs. 
Tolerances for this waveform are 1.2 µs to rise from 30% to 
90% of peak ±30%, and time to half value is 50 μs ± 20%.

Both reference standards use the same definitions and tol-
erances for this waveform, but IEC 61000-4-5 specifies deliv-
ery into a short circuit and IEC 60060-1 requires this wave-
form be applied with the DUT attached. Voltage impulse 
testing is used to find dielectric breakdowns in insulation sys-
tems and to test for performance when transients are present.

Figure 1b shows that the popular current waveform of 
8x20 has a rise time of 8 μs ±20% into a short circuit (IEC 
61000-4-5) or with the DUT attached (IEC60060-1). The 
waveform has a decay to half time of 20 µs ±20%. Use a cur-
rent pulse with a known breakdown voltage. The test is de-
signed to stress the breakdown components with a specific 
current. In these cases, the impedance requirement of the tester 
may be tailored to provide the desired test current to the DUT 
at the breakdown point. Specifically, one of the impulse tests 
for gas-tube devices requires a 100-Ω impedance to provide a 
10-A pulse at a breakdown voltage of 1000 V. 

Front time:
Time to half value:

T1 = 1.67 × T = 8 µs ±20%
T2 = 20 µs ±20%

A

t

FIGURE 1. a) Specifications such as rise time, peak value, and time to decay to 0.5 of peak define voltage and current test 
waveforms. The “U” in the vertical scale indicates portion of peak value. b) The waveform for test current into a short circuit 
rises within 8 µs ±20% (value of T) and can go negative by as much as 30%.

a) b)

(continued)

Front time:
Time to half value:

T1 = 1.67 × T = 1.2 µs ±30%
T2 = 50 µs ±20%
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IEC 61000-4-5 defines the popular 
combination waveform impulse tester 
as well as both the voltage and current 
waveforms. As noted above, the standard 
defines only a 2-Ω tester, but it notes 
other output impedances as well. The 
impedance of a surge tester is defined as 
the ratio of the peak open-circuit volt-
age to the peak short-circuit current. 
These values will change when a device 
is being tested.

Coupling-decoupling networks
When conducting a powered test in ac-
cordance with IEC 61000-4-5, you 
should use a CDN (coupling-decou-
pling network) to present a high back 
impedance to the surge waveform  
toward the supply. That still lets the im-
pulse flow to the DUT. The standard 
presents circuits for CDNs used for 
various tests, and the CDNs have to be 
designed to provide a waveform that is 
within tolerances specified in IEC 
61000-4-5. Because of these perfor-
mance requirements, CDNs have to be 
designed for specific waveforms, volt-
ages, and currents, or there is a chance 
the CDN may not perform to the spec-
ifications. Always use a CDN when per-
forming mains-powered tests. IEC 
61000-4-5 has various schematics that 
illustrate how to use a CDN with other 
ports as well. A CDN isn’t required for 
unpowered tests because there’s no 
power supply to protect.

Depending on which of these two 
standards your end-use standard refer-
ences, the tester you select can vary 
greatly. If the end-use standard uses IEC 
61000-4-5 as the referee document for 
impulse waveforms, then the pulse will 
be defined without the device being 
tested in place. That is, the tester’s volt-
age pulse will be evaluated when deliv-
ered into an open circuit, and the cur-
rent pulse will be evaluated into a direct 
short. If the end-use standard uses IEC 
60060-1 as the referee document, then 
the pulse will be evaluated with the de-
vice being tested as part of the circuit. 
This can cause huge differences in the 
pulse if the device being tested presents 
anything other than an open circuit to 
the impulse tester in its tested configu-
ration. Although IEC 60060-1 does 
allow waveforms to vary when the load 

is capacitive, these variances are limited. 
In these cases, the limiting factor may 
not be impulse tester power but the lead 
and internal tester impedance, which 
may be difficult to decrease.

Waveform verification
There are many definitions of impulse 
waveforms, and different referee docu-
ments differ in the way they treat the 
application of the impulse to the device 
being tested. Some waveforms are used 
to evaluate insulation systems, or deter-
mine behavior at an expected break-
down voltage, or to evaluate systems 
when presented with a mains transient.

The different definition schemes may 
make it difficult to verify whether the 
waveform was delivered correctly. If an 
end-use standard covering the equip-
ment being tested specifies either IEC 
61000-4-5 or IEC 60060-1 as the ref-
eree document, then you can verify 
correct operation by using an oscillo-
scope and comparing the waveform to 
the standard. Some waveforms in end-
use standards, however, are defined by 
specifying the input voltage and circuit 
components. These pulses have unde-
fined output peak voltage. While this is 
a valid method for defining a pulse, it is 
difficult to verify correct pulse delivery 
unless you can access the source voltage 
and can check component tolerances.

Some end-use standards use proprie-
tary circuits that include the impulse 
tester and a CDN. The tester controls 
component values and input voltages. In 
these testers, you may have difficulty 
finding the correct output as well, so 
comparing the waveform to a wave-
form record taken at the last equipment 
calibration may be the best verification 
method.

Check the scope of your end-use 
standard to see which standard defines 
the impulse waveforms used. Be sure to 
read that standard to make sure your test 
will be in compliance with all required 
standards. t&mW

Jeffrey D. Lind has more than 33 years 
of electrical engineering experience. 
He launched his career at Underwriters 
Laboratories and then worked for Atari 
and Sega Gremlin. In 1997, Lind started 
Compliance West. He received his BS in 
electronic engineering from Cal Poly San 
Luis Obispo.
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Viewpoint
[An exclusive commentary from a technical leader]

SteVe Schink
President
lXI Consortium

Steve Schink is a market-
ing planner at Agilent 
Technologies. With more 
than 20 years of techni-
cal, marketing, and man-
agement experience at 
Hewlett-Packard and now 
Agilent, he has partici-
pated in numerous con-
nectivity solutions, includ-
ing the development of 
the IO Libraries Suite, and 
he has worked with the IVI 
Foundation, USB Imple-
menters Forum, and the 
LXI Consortium on stan-
dards efforts. He earned 
MSCS and BSCS degrees 
from the University of Wis-
consin–Madison.

A
s the new president of the LXI 
Consortium, I am fortunate to 
have inherited a well-accepted 
instrumentation standard. In just 

six short years, our members have intro-
duced more than 1700 products with 
LXI-compliant LAN ports to reduce the 
size and cost of test systems, while 
increasing performance and simplicity. 
And these LXI devices are available in 
over 180 different product classes: Virtu-
ally any stimulus, measurement, or power 
source required for test and measurement 
applications can be controlled via Ether-
net and the LXI standard.

These numbers have greater signifi-
cance when you look at them compared 
to the overall test and measurement mar-
ket. Von Campbell, my predecessor as 
president of the Consortium, did some 
preliminary market research and found 
that at least 90% of the major companies 
in the test and measurement market are 
members of the consortium. It was his 
estimate that if you purchase a new in-
strument or power supply, in most cases, 
the device will have LXI as a communi-
cation port. 

While GPIB is still strong, we do see 
new instruments being released without 
it. The LAN port is ubiquitous, and LXI 
standardizes the user experience and is 
interoperable.

So in 2012, what does the LXI Consor-
tium plan to do to keep the momentum 
going? Well, for one thing, we will con-
tinue to inform engineers about LXI’s 
ease of integration, standardized driver ar-
chitecture, and built-in Web page, and we 
will also work to increase awareness about 
the breadth of companies implementing 
and encouraging LXI usage to support 
test engineers in making the transition to 
LXI-based equipment. In a Test & Mea-
surement World survey of 305 test engi-
neers, 69% have test systems with mea-
surement instruments that connect via 
Ethernet, but 38% were familiar with LXI 

and 8% use LXI. We’d like to improve 
these numbers in 2012.

To help increase awareness and use of 
LXI, we plan to offer a quarterly newslet-
ter that will talk about the latest LXI test 
solutions, applications, and standards tech-
nological development. You can sign up 
for the newsletter on our Website (www.
lxistandard.org).

We have also heard from you, our cus-
tomers, that issues can arise with corpo-
rate IT and networking policies that limit 
the use of LXI instruments on corporate 
networks. For the majority of applica-
tions, placing the LXI instruments on a 
subnet connected to a PC eliminates this 
fear. Going forward, I’d like the Consor-
tium to help take the fear out of net-
work-based test by providing information 
to assist customers who are using LXI in-
struments on corporate networks.

We are also preparing for future tech-
nologies such as IPv6 with plans to sup-
port the next generation of Ethernet as 
IPv4 addresses run out. Also, we are 
working closely with the IVI Foundation 
to add a new high-speed LAN instrument 
protocol (Hi-SLIP) that will bring higher 
performance and backward compatibility 
to our systems.

I’m eager to begin 2012 with these and 
more endeavors to accelerate the use and 
understanding of LXI. Together with our 
members and you—our customers—we 
hope to clear the way in terms of im-
proved system performance, reduced test 
costs, and easier use and integration, so that 
together we can build successful programs 
and test systems and accelerate innovation. 

To learn more about the latest revision 
of the LXI standard (Rev. 1.4), go to www.
lxistandard.org and click on the link to 
view “LXI Today and Tomorrow – Evolu-
tion, Certification and Choice.” T&MW

To read past Viewpoint columns, go to www.
tmworld.com/viewpoint.

LXi consortium:  
keeping up the momentum
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N
obody has come up with a catchy alternative yet, but it is becoming

increasingly clear that the term “electronics distributor”— harking

back to the group’s origin as middlemen that linked component ven-

dors with customers worldwide—has outlived its usefulness. The mis-

nomer does little justice to the range of services that the sector’s

diverse participants perform nowadays, and it might be time to dump it altogether. 

A look at Avnet Electronics’ latest annual filing with the U.S. Securities and

Exchange Commission bolsters that argument. The filing states that Avnet “pro-

vides engineering design, materials management and logistics services, system inte-

gration and configuration, and supply chain services that can be customized to

meet the requirements of both cus-

tomers and suppliers.” Of course,

the company still functions as an

“industrial distributor of electronic

components, enterprise computer

and storage products, and embed-

ded systems,” but it is no mere mid-

dleman. Rather, it is “a vital link in

the technology supply chain.” 

The description is not hyperbole.

And it applies not only to distribution giants like Avnet, Arrow, World Peace Group,

Future, Digi-Key, Mouser and Element14, but also, increasingly, to midsize and niche

players. This editorial package, a joint project among the publications of UBM Elec-

tronics, provides ample evidence that in all segments of the electronics industry, the

companies we know today as distributors are increasingly critical resources for

design and related value-added services. In short, today’s distributors have taken on

many more responsibilities than tradition has assigned them.

The expansion of distribution’s role raises key questions not just about distrib-

utors, but also about the fundamental changes occurring in the industry and in

society at large. As distributors add design functions to their slate of offerings,

An industry
in transition
By Bolaji Ojo
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what is the effect on their relationship

with their various constituencies—

component makers, the OEMs that

have traditionally handled design, the

outsourcing community on which

equipment vendors rely for produc-

tion, and the customers who rely on

their services? How many more OEM

and vendor functions can distributors

absorb? What are the implications of

this brand extension for the design and

supply chain? Who bene-

fits most from the new

twists in relationships

among suppliers, distrib-

utors and their cus-

tomers? And how do the

players get reimbursed

for their services in an

environment where

goods and ideas crisscross

national and corporate

boundaries? 

The articles in this spe-

cial editorial package

examine those questions

and provide perspective

on how the industry can best manage

its evolving web of interrelated busi-

ness models. 

The discussion is only just begin-

ning. As technology innovations have

accelerated, so has the complexity of

the industry’s relationships. The lines 

of demarcation are being erased not

just between OEMs and their EMS

providers, but across all industry 

segments. 

Indeed, even the definition of OEM

is changing rapidly. 

The OEM ranks thinned out during

the recessionary Y2K period but have

expanded fast since then to accommo-

date some players that bear little resem-

blance to the typical OEM of 2000. In

addition to “traditional” companies like

Microsoft and Apple, industry partici-

pants now include bookseller and Nook

e-reader vendor Barnes & Noble; online

retail titan, Kindle creator and, if specu-

lation proves correct, aspiring smart-

phone market participant Amazon; 

and Google Inc., which

leveraged its high value

in search engine opti-

mization to launch

Android and purchase a

traditional OEM (Motoro-

la Mobility).

I suspect distributors

will somehow find new

ways to serve everyone in

the industry, whatever

direction they pursue.

That’s because they’ve

changed faster than any

other segment over the

past 20 years and have a

depth of offerings and market penetra-

tion that few can match. Avnet alone

says its roster of customers includes

“more than 100,000” OEMs, EMS

providers, ODMs and VARs, in addition

to hundreds of component makers. 

Such companies can rightly still 

be called distributors only in the con-

text of how extensively their distrib-

uted services touch all segments of 

the industry. p

Bolaji Ojo (bolaji.ojo@ubm.com) is editor 

in chief of EBN.
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E
lectronics distributors have seen wrenching changes

in the industry over the past two decades and have

had to adjust rapidly to the demands of their cus-

tomers. The channel’s traditional model of order ful-

fillment has evolved to include design services and

engineering support. Meeting the needs of both the engineer-

ing and procurement departments isn’t always easy, and dis-

tributors are resolving this dilemma in a number of ways.

Until fairly recently, distributors’ main focus was on pur-

chasing—securing large-volume orders to be shipped to man-

ufacturing sites around the world. Engineers either interfaced

directly with component suppliers or worked with catalog

distributors. 

A number of factors have changed that. First, suppliers are

cutting back on their technical support to all but their major

customers. Second, the global regulatory environment has

made the supply chain increasingly complex. Distributors,

which interface extensively with both their suppliers and

their customers, have seen an opportunity to fill in some gaps

by expanding their role in the supply chain.

As component suppliers have cut back on their support, cus-

tomers have been turning to distribution for design assistance.

As extensions of their suppliers’ sales forces, distributors are

trained in many technologies. Since most distributors carry a

wide variety of suppliers—some in the hundreds—the channel

has a bird’s-eye view of how these technologies interact. 

Distributors are in a unique position to assist designers in

selecting the best mix of components for their end products.

Keeping the channel relevant
in an ever-changing world
By Barbara Jorgensen

2012 Global Electronics Distribution Special 
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That has required a change in the way distributors interact

with suppliers and customers. In the past, distributors would

typically push a supplier’s product—a Texas Instruments or

Intel part, for example—as the mainstay on a customer’s pc

board. Now, instead of focusing on a single product, distribu-

tors focus on solutions. 

This approach takes a combination of products, directs

them toward an application, test drives the solutions and

offers them to the market. Intel and TI products may be on

the board, but so are the capacitors, resistors and connectors

that complete the solution. Even longtime competitors

appear side by side on the same board.

Some distributors are taking design assis-

tance a step further and are guiding cus-

tomers to design tools as well as

components. Catalog distributor Element14,

for example, has created an interactive site

hosting component data, EDA tools, design-

related content, pc board prototyping servic-

es, an engineering community and a

components store. 

For now the community, called The

Knode, targets the pc board design and

embedded systems markets, but there are

plans to expand into other design areas, such

as FPGAs, according to Jeff Jussel, senior

director of global technology for Element14

parent company Premier Farnell plc.

"We see this as a gateway into engineering design solu-

tions,” Jussel told EBN. “We now provide solutions beyond

component development kits and hardware tools: We can

help engineers with the design, their component selection,

their pc board services and their prototyping needs, and con-

tain it all in one ‘room.’ 

“The concept is to present these solutions to engineers and

let them do their work faster, with less risk, and in a way that

makes sense to them.”

All this engineering assistance comes at a cost, however.

Distribution is first and foremost a sales-driven business mod-

el. High-salaried engineers are a fixed cost in these organiza-

tions and have to be deployed toward distributors’ most prof-

itable opportunities. Distributors are trying to scale their

design services toward a highly segmented customer base.

While distributors can spread the expense of hiring engi-

neers over a customer base that numbers in the tens of thou-

sands, they are also turning to their suppliers for support.

Global distributors Arrow Electronics Inc. and Avnet Inc.,

for example, host several programs every year that include

suppliers and customers. Events such as Avnet’s X-Fest and

its SpeedWay and On-Ramp programs offer intensive hands-

on training sessions that bring suppliers and customers 

face-to-face.

On the fulfillment side of the business, distrib-

utors face many of the same challenges as OEMs.

Electronics companies are under increasing pres-

sure to become better global citizens. Manufac-

turers are being asked to provide information on

the materials they use, where those materials are

sourced and to whom their products are being

shipped. Distributors are frequently conduits of 

such information.

For example, environmental mandates such as

the European Union’s RoHS directive require

manufacturers to document their compliance.

Most OEM systems aren’t set up to track and sort

millions of components, but distributors’ systems

are. So OEMs rely on distributors to stay on top of

a variety of environmental laws.

Only a decade ago, the Internet threatened to render the

distribution channel irrelevant. That hasn’t happened, but

distributors realize they have to keep evolving to keep cus-

tomers engaged. The channel has moved from the parts-ful-

fillment business into the design realm and still has room 

to grow. 

“We’ve moved from selling parts to making complexity

seem simple,” Arrow CEO Michael Long said at a recent

industry conference. “But innovation is the cost of entry.” p

Barbara Jorgensen (barbara.jorgensen@ubm.com) is community 

editor at EBN.
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Premier Farnell
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C
omponent vendors and

resources like EDN are go-to

sources for design guidance,

but electronics distributors

can also help you get your

designs off the ground.

Many distributors have

their own teams of applica-

tion engineers. Companies

such as Newark offer libraries

of application notes and

white papers, as well as train-

ing and design tools. 

In addition, distributors

like Avnet Inc. have long

championed reference

designs as a way to help

OEMs speed product evalua-

tions. Sometimes component

vendors do these reference

designs, but distributors have

also stepped up to the chal-

lenge of creating their own. 

If enough customers request a

design, many distribution companies

have the engineering talent on hand to

supply it. So even if you don’t see the

reference design you need, be sure to

ask your distributor if it can come up

with the required reference platform. 

Distributors also partner with other

vendors to provide design services. For

example, Avnet’s Technology Solutions

group partners with Palo Alto Networks

to help with firewall solutions, and it

teams with Lincor Solutions to handle

clinical assessment and entertainment

systems. Avnet’s Electronic Marketing

division conducts technical seminars and

workshops on such topics as designing

with USB or ARM. There’s a Design with

Avnet section on the company’s Web site,

and there’s even a technology museum at

Avnet’s Phoenix headquarters. And

Avnet Express is UBM Electronics’

partner in the Drive for Innovation,

a program in which Brian Fuller of

EDN sister publication EE Times

has been driving a Chevy Volt

around the country and meeting

with engineers.

Digi-Key has long helped design

engineers get the job done. If you

need information on the on-resis-

tance of a 200-volt p-channel FET,

you could go to five or more com-

ponent vendor Web sites and look

up the parts. But it’s far easier to

conduct a search on digikey.com

and filter for your desired specs,

such as the lowest on-resistance

available from the vendors that

distribute through Digi-Key. 

The distributor also offers product

training modules and videos to help

customers understand their design chal-

lenges and trade-offs, and it has refer-

ence designs on hand and application

Need design guidance?
Ask a distributor

By Paul Rako
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The One-Hour CoasterBot, built with a handful
of parts and unreadable CD castoffs (derisively
nicknamed coasters), is one of the fun—and
instructive—DIYs featured on Jameco’s Web site.
Photo credit: Jameco



engineers on staff to help designers get started.

Perhaps Digi-Key’s most valuable design-related service is

its TechXchange forum, where designers can share informa-

tion and pick the brains of Digi-Key’s application engineers. A

recent discussion centered on how to power an LCD through

a microcontroller output pin. Alec, a Digi-Key engineer, was

monitoring the forum and responded: “I asked one of the oth-

er engineers here at Digi-Key, and he says he has used small

LCDs with that level of current draw and powered them

directly from an MSP430 GPIO pin without any problems.” 

Digi-Key also partners with National Instruments, NXP,

Screaming Circuits and Sunstone in what the participants

call a circuit design ECOsystem. The capitalized ECO riffs on

the engineering change order, but the use of “ecosystem”

reminds designers they need distribution, board fabrication,

simulation and testing, as well as an IC vendor, to get a design

working and ready for production. The ECOsystem helps

them move from parts research to circuit design, fabrication

and assembly, and validation and test.

Mouser is another distributor that does more than just

stock parts. Its Product Knowledge Center has information on

more than 1,700 topics to help engineers strategize and refine

designs. The company also offers a search accelerator that can

be added to a browser to expedite part searches, an often frus-

trating part of the design process. And Mouser’s project shar-

ing system lets designers share projects with coworkers. 

Even smaller distributors, such as Jameco, offer design

assistance. Electronics guru Forrest M. Mims III describes his

favorite designs on Jameco’s Web site. The site also offers a

DIY section that offers fun projects, such as the One-Hour

CoasterBot kit. Such diversions might not solve an immediate

design problem, but they let engineers get hands-on experi-

ence in areas such as robotics and analog design.

Be sure to consider the resources and talents of distributors

as you plan your next design project. They have the tools and

expertise to help you get a jump on the competition. p

Paul Rako is a former EDN technical editor. 
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Disasters, shortages, counterfeits: 
For industry, 2011 was a year of wakeup calls
By Junko Yoshida

T
he electronics industry got a rude awakening—or a

series of them—in 2011. It was a year in which any

hiccup in the supply chain posed the threat of pro-

found disruption for OEM businesses ranging from

automaking to light bulb manufacture. 

Supply chain issues that plagued the industry last year

included the great earthquake and tsunami that hit Japan in

March; the increasing rarity of rare-earth materials; and an

alarming uptick in chip counterfeiting, which has brought

new national-security headaches.  

Devastating impact
The damage stretched from the fab lines to
the office space at Renesas facilities after
the March earthquake and tsunami in
northern Japan. 
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Everyone in the industry knows their

business lives or dies by the supply

chain, but nobody fully appreciates its

centrality until a catastrophe serves as a

reminder. Then, at least for a time, folks

get serious about devising plans to cope

with the next distribution crisis.

The problem is, every supply chain

problem is unique in terms of its cause,

its impact and its appropriate solution. 

Often, distribution ruptures cannot be

repaired by distributors alone. It takes

serious collaboration all along the supply

chain—component suppliers, distribu-

tors and OEMs included. 

To complicate matters, the supply

chain itself has become increasingly

fragmented. The rise of Internet trading,

the increased use of electronics manu-

facturing service providers in diverse

locations, and system vendors’ giving in

to the temptation of faster and cheaper

solutions have all compromised supply

chain visibility. That, in turn, has creat-

ed new entry points for counterfeit

chips, as the industry and government

discovered last year. 

Topping the list of 2011 events in

terms of damage to the supply chain

was the March 11 earthquake and

tsunami. The catastrophe’s repercus-

sions were spread broadly among the

materials, components and equipment

segments of the supply chain. A short-

age of MCUs from Renesas—hardest hit

among the Japanese chip companies

slammed by the quake—sent shock

waves of production-line disruptions

through tier-one automotive manufac-

turers like Nissan and Honda, as well as

through second- and third-tier-automo-

tive subsystem suppliers. 

Thanks to the combined efforts of the

IC vendors themselves and their suppli-

ers, customers and competitors, even

the most damaged chip vendors

resumed full production before the end

of the third quarter. But a robust redun-

dancy program to stave off the next sup-

ply crisis is still in the works. 

In an interview with EE Times last fall,

Yasushi Akao, CEO of Renesas, laid out

his vision for a “fab network” of produc-

tion lines operated both inside and out-

side Renesas fabs. During a crisis, the fab

network would allow the company the

flexibility to change, on the fly, the vol-

ume and mix of products run on the var-

ious fab lines. 

Renesas’ three-pronged plan for the
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mBefore and after 
Although there was damage
to equipment inside clean rooms like
this one, shown before and after the
repairs, the buildings themselves held
up well, having been engineered and
constructed to withstand seismic
activity. 

b Their finest hour
Dan Mahoney, president and CEO of Renesas
Electronics America, characterizes the 
rebuilding period as his colleagues’ finest hour.
Part of the process, once the crisis was over and
manufacturing capability was restored, was to
draft a ‘fab network’ plan that would get the
company through the next disruptive event. 



http://www.digikey.com/


S14 2012 Global Electronics Distribution Special 

redundancy program involves securing

multiple production lines, asking cus-

tomers to evaluate and qualify produc-

tion lines at different fabs in advance,

and requiring each fab to maintain an

inventory of “semi-finished” products.

Renesas aims to restore production at

any given fab—no matter what hap-

pens—”within a month,” said Akao.

“That’s our endgame.”

But, of course, no supply chain issue

can be sorted out just by one party. 

The fab network won’t function prop-

erly if Renesas and its customers fail to

disclose and share information on

specifics such as available capacity at

fabs, product road maps and qualifica-

tion processes. Further, they must agree

on how to share the cost of building the

needed redundancy into the model. 

At a time when many leading inte-

grated device manufacturers have been

busy downsizing in-house production

capacity and going fab-lite, Japan’s

earthquake was a shock to even the

best-laid fab plans. The question semi-

conductor companies need to answer is

no longer whether they should main-

tain their own fabs, but how they can

build a network of production lines on

which they can reliably depend. 

Artificial scarcity 
Along with reliable access to fab capacity,

reliability of materials supply was an

issue last year as China tightened restric-

tions on production of the rare earths

used in electronics manufacture. The

problem originated with a tiff between

Japan and China in 2009 and quickly

escalated beyond those traditional rivals.

By last summer, China had cut already-

short export supplies by a third. The

unsurprising upshot has been skyrock-

eting prices for the vital materials.

Australia, Canada and the United

States all have programs under way to

open or reopen rare-earth mines outside

China, including new mines in Malaysia

and Russia. But the added mine capacity

isn’t expected to reduce the shortfall

appreciably for at least three years. 

Rare earths are used in slurries for

mechanical planarization of everything

from glass to semiconductor wafers.

Chip makers are resorting to silicates

and other minerals to substitute for rare

earths, but manufacturers of phosphors

for such products as fluorescent bulbs

and white LEDs are having a hard time

finding alternatives. 

For some, moving production to Chi-

na—the source of the needed materi-

als—addresses the problem, albeit by

sidestepping it. Meanwhile, phosphor

manufacturers’ research and engineer-

ing teams are working to develop alter-

native phosphors in the United States. 

Ultimately, regardless of how the

rare-earths shortage is addressed, the

lesson that should linger well after last

year’s wakeup call on materials supply

is that relying on a single source for

anything is never a good idea.  

Crackdown on counterfeits
Nothing reveals the complexity of

today’s supply chain issues more plain-

ly than the counterfeit chips that have

crept, with growing sophistication, 

into the electronics pipeline in recent

decades.  

Last May, customs officials at the Port

of Long Beach, Calif., intercepted a ship-

ment of almost $1 million worth of fake

SanDisk memory chips stashed inside

nearly 2,000 karaoke machines, shipped

in a container from China. 

In a U.S. Dept. of Commerce survey of

original component manufacturers con-

ducted in 2010, China topped the list of

suspected sources of counterfeits by

country. In the same survey, “brokers,”

“independent distributors” and “Inter-

net-exclusive sources” were identified

as the three worst offenders by supply

chain segment.

As the electronics industry and law

enforcement step up their efforts to fer-

ret out the fakes, counterfeiters are

becoming even more devious. Some are

using dice harvested from decapped

scrap ICs and repackaging them. 

The best defense against counterfeit

parts is prevention. For OEMs and EMS

providers, traceability to the source—

knowing where every part comes

from—is the obvious first step. But

equally important are heavy-handed

diplomacy—particularly with China—

and legislative oversight to combat the

flood of counterfeit electronics parts

coming into the defense supply system.

In today’s interconnected world,

design engineers cannot afford to ignore

politics—just as they dare not disregard

natural disasters, manmade shortages

and chips of questionable pedigree. If

past is prelude, however, they probably

will—until the next rude awakening. p

Junko Yoshida (junko.yoshida@ubm.com) is

editor in chief of EE Times.
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C
ounterfeit components have

been a thorn in the side of the

electronics industry for

decades. And every year the

incidents seem to grow more

common—and more costly.

One estimate suggests

that counterfeit parts

account for more than 

$5 billion, or about 2 per-

cent, of the total available

market for semiconductors

worldwide. The Semicon-

ductor Industry Association

claims counterfeiting costs

U.S.-based semiconductor

companies more than 

$7.5 billion each year.  

Law enforcement and gov-

ernment agencies are collaborating to

catch fakes before they enter the supply

chain. Between 2007 and 2010, the U.S.

Immigration and Customs Enforcement

agency (ICE) worked with U.S. Customs

and Border Patrol on more than 1,300

seizures involving 5.6 million counter-

feit semiconductors. The confiscated

counterfeits bore the trademarks of 87

North American, Asian and European

semiconductor companies.

A 2010 government case against chip

broker VisionTech Components of

Clearwater, Fla., charged two company

officials with knowingly importing

more than 3,200 shipments of counter-

feit semiconductors into the United

States, marketing some of the products

as “military grade” and selling them to

the U.S. Navy, defense contractors and

others. The case involved the coordina-

tion of multiple government agencies,

including the Department of Justice

Task Force on Intellectual Property, the

Naval Criminal Investigative Service

(NCIS) and ICE.

VisionTech “set a ticking time bomb of

incalculable damage and harm to the

U.S. military, U.S. servicemen and 

-women, the government, all of the

industries to which VisionTech sold

goods, and consumers,” the U.S. attorney

who prosecuted the case wrote in the

government’s sentencing memo.

Congressional response
In 2011, electronics counterfeit-

ing caught the attention of the

Senate Armed Services Commit-

tee. A series of hearings ex-

plored the extent and severity of

the counterfeit problem within

the military and government

sectors, and a congressional

investigation documented more

than 1,800 instances of counter-

feit electronic parts in the

defense supply chain. Some of those

parts had wound up in military equip-

ment operating in the field.

One case involved suspect counterfeit

parts in forward-looking infrared radar

(FLIR) units supplied to the U.S. Navy by

Raytheon Co. Some of the FLIR units had

been installed on helicopters deployed to

the Pacific Fleet. In another case, suspect

counterfeit parts were used in color mul-

tipurpose display units (CMDUs) that L3

Communications had installed on U.S.

Air Force C-27J aircraft. Two of the C-27Js

had been deployed in Afghanistan. 

Stemming the counterfeit tide
By Bruce Rayner
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New efforts to keep fakes out
of the military supply chain

have made headway, but are
they enough to protect

against tomorrow’s threats?
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In the case of the CMDUs, the counterfeit parts were traced

back to a company in China that had sold them to a U.S. inde-

pendent distributor. The U.S. company in turn had sold the

parts to L-3 Communications, according to an Oct. 31 letter to

Michael Donley, secretary of the Air Force, from Senate Armed

Services Committee Chairman Carl Levin and Ranking Minor-

ity Leader John McCain. “More than 500 of those [CMDUs]

were sold to both L-3 Communications Integrated Systems, the

prime contractor on the C-27J, and Lockheed Martin, the

prime contractor to the C-130J,” Levin and McCain wrote.

The investigation culminated last month in an amendment

to the National Defense Authorization Act (NDAA) for Fiscal

Year 2012 co-sponsored by Levin and McCain that would

“bolster the detection and avoidance of counterfeit electronic

parts.” The amendment, which was signed into law on Dec. 31,

puts the responsibility squarely on the shoulders of contrac-

tors such as Raytheon and L-3 to ensure that counterfeits nev-

er make it into equipment deployed to the field.

The Levin-McCain amendment requires the contractor to

absorb the cost for any equipment rework or refurbishment

resulting from counterfeits. It also calls for a fine of up to 

$5 million and 20 years in prison for individuals convicted of

selling counterfeits to the U.S. government that are used in

critical infrastructure or national security applications.

Guilty companies could be fined up to $15 million.

The amendment further requires contractors to obtain elec-

tronic parts from original manufacturers, their authorized

dealers or other “trusted suppliers.” Those trusted suppliers can

include independent distributors as long as they have adequate

policies and procedures in place to detect counterfeits. 

Because military systems are often deployed for decades,

replacement parts are typically out of production and often

not available from either the original component manufac-

turer (OCM) or a franchised distributor. A few franchised dis-

tributors, such as Rochester Electronics, specialize in obsolete

parts for defense systems. But when those sources don’t have

the parts—or, more precisely, don’t have them when the cus-

tomer needs them—the only recourse for defense contractors

is to buy from independents and brokers on the open market. 

While the vast majority of independents are aboveboard,

most do not have the systems in place to catch counterfeits.

In fact, some independent distributors have estimated their

incoming inventory to be as high as 35 percent counterfeit,

according to Leon Hamiter of Components Technology Insti-

tute Inc. (Huntsville, Ala.). 

Catching the fakes is expensive. Outlays for the equipment

needed for physical inspection and test can run into the hun-

dreds of thousands of dollars. The instrument roster includes

high-powered laboratory-grade microscopes, X-ray fluores-

cence equipment, scanning electron and acoustic micro-

scopes, and decapsulation test equipment. In addition to 
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HIGHLIGHTS OF THE LEVIN-MCCAIN 
AMENDMENT TO THE FY 2012 NDAA
• Prohibits contractors from charging the DOD for the cost 

of fixing the problem when counterfeit parts are discovered.

• Requires the department and its contractors whenever 
possible to buy electronic parts from original component
manufacturers and their authorized dealers, or from trusted
suppliers that meet established standards for detecting and
avoiding counterfeit parts.

• Requires contractors and military officials who learn of
counterfeit parts in the supply chain to provide written notifi-
cation to the contracting officer, the DOD inspector general
and the Government-Industry Data Exchange Program.

• Requires the secretary of Homeland Security to establish
a methodology for the enhanced inspection of electronic
parts after consulting with the secretary of Defense as to
the sources of counterfeit parts in the defense supply chain.

• Mandates that large defense contractors establish systems
for detecting and avoiding counterfeit parts, and authorizes
reductions in contract payments to contractors that fail 
to do so.

•Requires the DOD to adopt policies and procedures for
detecting and avoiding counterfeit parts in its direct 
purchases, and for assessing and acting on reports of 
counterfeits.

• Adopts provisions of a bill sponsored by Sen. Sheldon 
Whitehouse, D-R.I., to toughen criminal sentences for 
counterfeiting of military goods or services.

• Requires the DOD to define “counterfeit part” and to 
include in that definition previously used parts that have
been misrepresented as new.

SOURCES:  OFF ICE OF SEN.  CARL LEVIN;  T ITLE V I I I , SUBTITLE C, SECTION 848

OF THE NAT IONAL DEFENSE AUTHORIZAT ION ACT FOR F ISCAL YEAR 2012
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absorbing the capital costs, companies must invest to hire

and train staff for both physical and electrical testing.

Contractors and defense agencies are reviewing their rela-

tionships with independent distributors and brokers in light

of the Levin-McCain amendment. “Many are cutting their

approved vendor lists to just three or four independents,” said

Tom Sharpe, vice president of independent distributor SMT

Corp. (Sandy Hook, Conn.). 

Sharpe hopes SMT will be one of the few independents that

make the cut, though a few years ago it would not have been

considered a standout. In 2005 and 2006, SMT unknowingly

sold counterfeit parts to a defense contractor. The contractor

discovered the fakes during a stock sweep and in early 2007

filed two Government Industry Data Exchange Program

(GIDEP) reports against SMT. 

Appearing in the GIDEP database amounts to being black-

listed by the defense community. But “that event was the best

thing that ever happened to SMT,” Sharpe said. “It made us

reassess our capabilities and develop a mitigation strategy.”

SMT took a year off from selling to the military to enhance

its ability to identify counterfeits. It invested more than $1 mil-

lion in test and inspection equipment, earned certification to

three industry quality standards, trained and certified its quali-

ty-control lab staff, and built new capacity and processes. 

The company reentered the defense market in July 2008 and

has since gained a reputation as a leader in authenticating

semiconductors, according to a number of industry sources.

SMT has contributed to the industry’s understanding of

counterfeit practices by documenting some of the more

advanced methods used to resurface and remark semiconduc-

tor packages. In 2009, it identified a surface recoating materi-

al that is immune to acetone surface permanency testing. And

last year, it uncovered two new processes used by counterfeit-

ers: one for removing part markings without requiring sur-

face recoating, and the other to remove and recondition the

surfaces of ceramic components. 

“There’s no college degree in detecting counterfeit parts,”

said Sharpe. “You need to be looking at parts and work with

the stuff every day.”

The counterfeiting problem is hardly confined to the public

sector. About 98 percent of all semiconductors are sold to com-

mercial customers in all market segments—including the

automotive, industrial and medical sectors, in which safety

and quality standards are rigorous. And there are plenty of cas-

es in all of these sectors of counterfeits’ causing system failure.

The recommendations made in Levin-McCain are as valid

for commercial applications as they are for the military. All

companies should source only from OCMs or their franchised

distributors whenever possible. And if there’s no alternative

to the open market, they should source only from “trusted

sources” that have robust test capabilities.

Still, there’s no telling how long today’s test regimes will

protect the electronics supply chain, as counterfeiters are con-

stantly refining their capabilities. As soon as companies iden-

tify a counterfeiting technique, counterfeiters respond with

even more sophisticated approaches. 

One of the most serious new threats is the “clone” compo-

nent—a part manufactured to look and function exactly like

the OCM’s product. Typically, clones pass both physical and

electrical testing. Taking the concept a bit further is “malicious

insertion,” whereby malware is embedded in a piece of indus-

trial equipment with the intent of causing a malfunction or to

gather intelligence. Targets include commercial companies, the

military and the government. 

One suspected example of malicious insertion, reported

roughly a year ago, involved software embedded in a piece of

industrial equipment manufactured by Siemens. The software

contained a sophisticated worm known as Stuxnet that was

allegedly responsible for causing malfunctions of nuclear cen-

trifuges at an Iranian nuclear enrichment plant. Israel has been

implicated in that attack, according to The New York Times.

A November report by the Office of the National Counter-

intelligence Executive titled “Foreign Spies Stealing U.S. Eco-

nomic Secrets in Cyberspace” argued that the pace of

industrial espionage against U.S. corporations and govern-

ment agencies is accelerating. While the report did not men-

tion clone components specifically, it did address the

increased incidence of malware.

Don’t let your guard down. p

Bruce Rayner (bruce@afitplanet.com) is a contributing editor

to EE Times. 
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M
essy, confusing, expensive and often limiting to

design, government regulations and legislation

are ever changing—and always influential. 

Like it or not, the task of understanding and

complying with these directives is a necessary

evil of the electronics supply chain. Quality distributors stay

on top of the directives to usher designers and manufacturers

through challenging process-

es, even going so far as to

keep an eye on product end-

of-life for the consumer. But

every link in the chain needs

to be aware of current regula-

tions and legislation.

As we move into 2012,

here are five regulations,

directives and laws across 

the globe that will affect the 

electronics supply chain—

the manufacturers, distribu-

tors, design engineers and, ultimately, users of electronics. 

1. RoHS recast
If you thought you were done with the European Union’s

Restriction of Hazardous Substances (RoHS) directive, think

again. A “recast” or reimplementation of RoHS was written

into the original directive’s documentation. Its subsequent

changes became law in the summer of 2011. 

The changes include new product categories under RoHS

and a coming analysis of additional substances, as well as new 

challenges in terms of meeting requirements for the CE mark,

a mandatory conformity mark for products placed on the

market in the European Economic Area.

“The requirements of the CE mark included in the recast

will prove a massive burden on industry,” said Gary Nevison,

head of legislation at Newark/Element14. “There will be a

massive data collection exer-

cise required, including a new

‘declaration of conformity’ doc-

ument. There is already wide-

spread concern in industry

around the CE requirements ...

this can impact manufacturers,

importers and distributors.” 

As to other changes brought

by the recast, Nevison noted,

“Manufacturers of products in

categories 8 (medical devices)

and 9 (monitoring and control

instruments) will need to have RoHS-compliant products from

2014 onward. Those ready ‘early’ could gain market share.” 

2. China RoHS
The term “China RoHS” has been used in the electronics sup-

ply chain for more than five years, yet its meaning remains a

mystery to many. China RoHS, officially known as Measures

for Administration of the Pollution Control of Electronic

Information Products, is a Chinese Ministry of Information

Five regulations to watch
in 2012

By Suzanne Deffree
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Industry regulation that aims to control certain materials,

such as lead, that have been used in electronics and are con-

sidered to have negative environmental or health effects. 

Because of the long road this regulation has taken, the

measure seems to have fallen off many watch lists. To be sure,

however, so-called China RoHS is alive and strong. Its “Stan-

dard Product Catalog for the Pollution Control of 

Electrical and Electronic Products” was published in July; 

in November, the first “voluntary certification” measures

took effect for  some parts, materials and components used

in computers, household electronics and telecommunications

products.

3. Eco-design of Energy-related 
Products directive

Until recently, the EU Eco-design of Energy-related Products

(ErP) directive’s focus had been on increasing energy efficien-

cy, particularly during the use phase of a product’s life. Now

looking at the electronics supply chain from start to finish,

the directive aims to improve the environmental perform-

ance of products throughout their life cycle, from mining of

the raw material through recycling at end-of-life. 

By definition, this is a framework directive, meaning that

while it defines the legal context for “implementing meas-

ures” for specific target groups of products, it does not itself

impose any obligations on industry. Nonetheless, the Euro-

pean Commission (EC) reports that 12 Eco-design regulations,

two amendments and five energy labeling regulations came

into force between 2008 and 2011. 

At press time, an EC Consultation Forum on the Eco-design

directive working plan and the new methodology was slated

for Jan. 20, 2012. It was expected to address a working plan for

2012 through 2014 and to include a review of the directive’s

methodology. It was also expected to address the need for

additional guidance and clarity in producing a uniform

method for implementation of regulations.

Element14 reports that 2012 is expected to be a big year for

the Eco-design directive, with more regulations due to be

implemented. Adoption of the revised Eco-design directive is

due by March 2012.

4. U.S. e-cycling
About half of the states in the United States—including tech

centers like California, New York and Texas—have passed

electronics recycling (e-cycling) laws to varying degrees.

Under the New York law, which took effect in April and so far

is the most comprehensive in terms of covered products,

manufacturers must provide an electronic waste acceptance

program at no cost to consumers. Such state e-cycling laws

are expected to continue to pass and go into effect in 2012,

with Pennsylvania’s law being the first to go into force this

year, on Jan. 1. 

Several federal bills have been presented that would affect

e-cycling. Bill S.1397 was just one such effort to go beyond e-

waste dumping and call for “sustainable design” of electronic

equipment, as well as funding for research and development

of more sustainable designs. 

While Bill S.1397 did not become law, similar legislation

is expected to continue to be presented. Such efforts, as 
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More information on legislation can be
found via these sources and links:
European Commission’s information page 
on the recast of the RoHS directive
http://bit.ly/uuUZ90

China Ministry of Commerce English translation 
of Measures for Administration of the Pollution 
Control of Electronic Information Products
http://bit.ly/tWHoJR

Element14’s legislation information page
http://bit.ly/i886Qu

Export.gov information page on Eco-design of 
Energy-related Products directive
http://1.usa.gov/sinoj1

National Center for Electronics Recycling
http://www.electronicsrecycling.org

Dodd-Frank Wall Street Reform 
and Consumer Protection Act
http://1.usa.gov/dohxqC

IPC’s conflict minerals information page
http://bit.ly/u5fRlN
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well as the various state e-cycling laws, will affect the

supply chain.

5. Dodd-Frank Wall Street Reform and Consumer
Protection Act 

Dodd-Frank is largely focused on financial supervision. But 838

pages into this act, which became law in the summer of 2010,

information on regulating so-called conflict minerals is present-

ed. A provision requires public companies trading on a major

U.S. exchange to determine whether their products use any gold,

tantalum, tin or tungsten from the Democratic Republic of Con-

go or surrounding countries, described as conflict areas.

The law’s conflict minerals provision aims to deter what

the United Nations describes as genocide in the area, as it is

believed that terrorist activity is being financed through the

illegal sale of minerals from the region’s mines.

The task of determining the origination of such minerals

and then reporting it to the SEC is enormous but is necessary

to comply with the law. Various electronics industry organiza-

tions and groups have begun addressing the requirement. For

example, the IPC, the Electronic Industry Citizenship Coalition

and the Global e-Sustainability Initiative have a standard in the

works to assist companies in demonstrating compliance. 

In September, the IPC separately announced that it had

agreed to participate in a pilot evaluation program to review

and refine the Organization for Economic Cooperation and

Development's due-diligence guidance for conflict minerals.

And in mid-October, the IPC’s Solder Products Value Council

began urging tin smelters to use conflict-free minerals and rec-

ommended the Electronic Industry Citizenship Coalition/Glob-

al e-Sustainability Initiative Conflict-Free Smelter program. p

Suzanne Deffree (suzanne.deffree@ubm.com) is managing editor,

online, at EDN.
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Niche suppliers point to
hardware democratization

By Margery Conner

O
ne not-so-obvious side bene-

fit of the miniaturization of

electronics is that folks far

removed from the engineer-

ing realm become comfort-

able with small electronic devices and

think, “Wouldn’t it be neat if I had a

gadget that did … ?” 

Back when computers were called

“workstations,” their inner workings

seemed mysterious, complex and

expensive. Few consumers thought

about how they could exploit the com-

putational power. But now that the

equivalent of a workstation fits into a

smartphone, complete with a recharge-

able power source and a high-definition

screen, software creation has become

more appealing to a nontechnical audi-

ence. There’s an app for seemingly

everything, and even 10-year-olds are

creating them.

Similarly, hardware itself is becoming

more open. A decade ago, distributors

like Avnet and Arrow began to create

their own corps of application engineers

to intermediate between manufacturers’

new, increasingly complex products and

customers who wanted to solve design

problems without necessarily becoming
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experts in a highly specialized IC. Fast-forward to the present,

and a new breed of electronics supplier is emerging to facilitate

the “democratization of hardware”—that is, the use of hard-

ware in new designs by nontechnical people.

One leader in this niche is SparkFun Electronics, started by

Nathan Seidle, a newly minted EE from the University of Col-

orado. Seidle had been looking for a source of small quantities

of sometimes-obscure electronic parts and began offering them

himself. Shortly thereafter, he began receiving questions from

customers on how to use them,

and he started posting tutorials.

That made for a virtuous circle:

The tutorials served as link bait to

draw in new, often nontechnical

customers who found the compa-

ny through Google. 

Seidle contrasts the thinking of

professionally trained engineers

and nontechies: “I’ve seen a lot of

senior projects in the university

EE department, and they are all

very good and very technical. And

they all have to do with some

kind of solar tracker or a digital

music player or a power supply. But in the digital media class-

es, [the art students] are doing the most amazing, ridiculous,

beautiful things with the same electronics. It’s important to

show creative people that they can achieve a grand project—

and, yes, it has some current and voltage, but don’t worry about

that. We’ll teach you that part.” It’s the opposite of a traditional

EE educational approach, which is: We’ll give you the technical

background, and after a couple of years you can implement

your grand ideas—if you remember what they were.

Adafruit Industries has a similar story of how it got into the

parts/kit business with detailed tutorials that include step-by-

step instructions and photographs to lead newbies through

the basics of Ohm’s Law and soldering, and on to program-

ming the open-source hardware Arduino platform. 

Whereas traditional electronics distributors often have

application engineers on staff, the Adafruit site effectively

crowdsources its application engineering support through its

forums and FAQ pages on the kits and parts. This reliance on

the knowledge of the site’s fans is part of a well-thought-out

business plan: Adafruit’s founder, Limor Fried, detailed the

company philosophy in the EDN article, “15 steps to starting

your own electronic-kit business” (http://bit.ly/sIFA7f).

Individual parts offered by Adafruit benefit from the com-

pany’s excellent documentation and tutorials. I speak from

personal experience. A couple of years ago, I bought a TLS

2561 light-to-digital converter from TAOS Semiconductor

(now part of Austriamicrosystems).

It seemed like a handy component

for getting a quick, objective meas-

urement of LEDs. However,

although documentation existed

for the part, its outputs were hard

to interpret, and it was not easy to

hook it up to a computer for data

logging. I quickly gave up and forgot

about it. 

Then Adafruit fielded the part pre-

mounted on a small pc board with

a couple of chip resistors and some

headers, along with a tutorial as

well as a software library for the

open-source Arduino platform. As the Adafruit tutorial says, “To

use this sensor and calculate Lux, there’s a lot of very hairy and

unpleasant math. You can check out the math in the data sheet,

but really, it’s not intuitive or educational—it’s just how the

sensor works. So, we took care of all the math and wrapped it

up into a nice Arduino library” (http://bit.ly/rNMbL7).  

My sentiments exactly; I just wanted to start using the sensor.

Adafruit took a part that sells competitively for about $2 each,

added a couple of passive components and a well-thought-out

online tutorial, and sold it for $12. It was worth every penny.

Digi-Key Corp. had a similar start back in 1972, selling its

Digi-Keyer Kit to ham radio enthusiasts. Today it’s a $1 billion

company. History could repeat itself with a whole new gener-

ation of parts and kits providers. p

Margery Conner (margery.conner@ubm.com) is a technical editor 

at EDN.
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This combination of an Arduino microcontroller
platform on the left and a TSL 2561 light-to-
digital converter simplifies the detection and
measurement of light.
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S
elling automation and control products through

distribution has traditionally been the domain of

local and regional resellers that serve customers in

their own geographic markets. Because products in

this market are niche-oriented and designs are

highly customized, the smaller operations that serve it func-

tion more like system integrators than traditional broadline

electronics distributors. They provide

specialized hardware and software

design services, often targeting only

one or two main control platforms. 

But other models for selling these

products have emerged, partly as a

result of the economic downturns of

the past decade and the shift to the

Web for research and e-commerce. 

In particular, the recessions of

2001-2002 and 2008-2009 were hard

on smaller distributors and smaller

manufacturers. Many were forced to

reduce inventory when their access

to capital all but dried up, said Scott

McLendon, vice president of product

management and marketing for

Allied Electronics. 

“They also typically aren’t quite as

strong logistically as some larger dis-

tributors, nor do they have the full breadth of product solu-

tions available for many customers,” said McLendon. 

Consequently, some larger distributors, including Allied,

have been able to build rapidly growing business in this sec-

tor. Just last year, Allied’s growth in automation and control

exceeded 50 percent.

Channel strategy and the selling process for electronics are

quite different from those for automation/control or mechan-

ical products, said Chris Beeson, vice president of global sales

and business development for Digi-Key. “An automation

design is typically characterized by a higher mix and lower

volume,” Beeson said. “Some of these

products are a one-time sale and

might be capital expenditures, vs.

selling less-expensive components to

an OEM on a repeat basis.” 

For larger distributors whose mod-

el is based on moving large numbers

of parts, these differences can be espe-

cially challenging. On top of that,

consolidation among the large semi-

conductor distributors means that

mindshare becomes even more

important to automation and control

suppliers. “Smaller suppliers are com-

peting with very large companies

under the same umbrella,” said Bee-

son. “How does the supplier know

they are getting share of mind

through the large distributor?”

While price is always important,

other critical considerations in the automation and control sec-

tor include whether a product will be applied in a finished sys-

tem or an OEM application, whether it will target domestic or

global use, and the harshness of the operating environment.

Web, economy shift distrib models
for automation/control products

By Ann R. Thryft
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B&R Industrial Automation’s compact,
high-performance ACOPOSmulti drive
system reflects the trend toward greater
integration in control systems.
SOURCE:  B&R INDUSTRIAL AUTOMATION
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“In today’s business climate, buyers are looking for a better

price on the brands they already know and trust, but they are

not necessarily looking to sacrifice quality or performance in

the process of getting a lower product price,” said Allied’s

McLendon. Making those sacrifices on the front end could

potentially require much more on the back end in warranty and

repair, as well as in downtime costs. 

Therefore, Allied approaches the mix/volume issue more

strategically. “Within a given technology, we try to offer the

customer ‘good,’ ‘better’ and ‘best’ options,” McLendon said. 

A “good” product “may do the job, but it might not last as long

or be as accurate, or it might have fewer features,” compared

with the alternatives.

Specialist Automa-

tionDirect takes an alto-

gether different tack from

the traditional reseller

model by relying primari-

ly on e-commerce and

phone sales. “We don’t

have sales reps who visit

customer sites to demo

products, take orders or

take the customer out to

lunch,” said Tina Gable,

focused image team

advertising manager at

AutomationDirect. “We

don’t provide full assis-

tance with designing a solution or with programming. We do

have qualified internal support, plus external support

through system integrators and VARs [value-added resellers]

that are fully acclimated to our products and solutions.” 

The distributor also provides free online tutorials, videos and

other training assistance tools. “AutomationDirect is like the

Walmart of automation, with a business model similar to that

of Dell,” Gable said. “If you phone us, someone knowledgeable

answers immediately. All our products are stocked in a gigantic

warehouse and are available for same-day shipping.” 

One of the biggest changes in how the sector operates has

been customers’ use of the Web. “There’s been a wider adop-

tion of Web-based everything in users’ lives: tools, social media,

user sites and user groups,” said Gable. “Therefore, it’s become

many people’s whole mechanism for researching products and

services. And they are researching vendors and sources, too, not

just products and tools.” 

As machine builders and OEMs increasingly look to the

Web for research, they are more open to ordering products

online, Gable said. “In a down economy, with price more

important than it has been, if you are a low-price leader you

can procure opportunities you did not have before. In the

past, some people may have not considered us, because they

were buying from the

sources they were most

familiar with. But now,

more are coming to us

because often we are the

price leader [and offer]

immediate product avail-

ability. Those buyers

often become our best

customers.” 

Said McLendon: 

“I think people are doing

more comparative shop-

ping today, and the Web

makes that a lot easier.

Buyers in this sector are

definitely shifting more

to e-commerce. Over the last four years, we’ve seen the online

percentage of our revenue increase from 10 percent to over 

40 percent, while our overall business has grown dramatical-

ly in that time frame, so the increase in online is substantial.

Last year, we grew our online sales by more than 80 percent.”  

Some users conduct research online first before talking to

the local distributor, said Beeson. “The small niche distributor

or rep may have a Web site, but their customers may not be

using it, since the rep is always in front of their customers

anyway. The niche-oriented suppliers to this segment can

really get into a tier-one company and get into the details of
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The Phoenix RAD-ICM-900 integrated radio and I/O module
eliminates cable and conduit for one 4- to 20-mA current
loop and two digital signals in harsh industrial environments.
SOURCE:  ALL IED ELECTRONICS
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design. We fit more of the long-tail

equation—that is, working with tier-

two, -three or -four customers who

may have similar design require-

ments but may not need the same

degree of support from us.” 

That’s why Web-based solutions

and tactics work for Digi-Key, which is

somewhat new to this sector: The one-

to-many equation yields economies of

scale and builds on the distributor’s

origins as a cataloger with an engi-

neering orientation. “Many of our 

customers in this sector can now be

self-serviced,” Beeson said. “The few

customers that need additional sup-

port can rely on the supplier and/or

their manufacturers’ reps for followup.”

AutomationDirect is evaluating social networking’s role in

marketing, said Gable. “Is it a trend yet in automation? We

don’t know,” she said. “Most of the engineers who buy from us

now don’t use it, at least not in their work lives. They might be

more open to user groups, like technical forums. But the next

generation of engineers will be open to social networking.”

One supplier, B&R Industrial Automation, combines a

highly technical distributor network with direct sales and

engineering staff in regional offices. The privately owned

Austrian company, which has done business in the United

States and Canada since 1987, uses distribution as the main

push of its sales strategy, said Nathan Massey, sales channel

manager. “In addition to its sales staff, each regional office

and distributor has in-house, local engineering resources,

something that’s a big part of our regional strategy but not

common among our competition. Our regional engineers pro-

vide design assistance and support our customers throughout

the whole development process.” 

Some customers take complete ownership of their designs,

said Massey. “We help them with training and the initial

design, but they do 100 percent of the programming.” Others

contract for a B&R engineer or one of its distributors’ engi-

neers to develop the entire system.

Most fall somewhere in between:

They want training and support with

the first product line, but when

expanding to other machines and

product lines they take all design

functions in-house. 

Products get more integrated
Automation and control products are

becoming more interconnected via

open communications standards,

more dependent on software, and

more integrated. These changes can

pose challenges for distributors.

“Today, through open-source soft-

ware and open standards, manufac-

turers are developing products that are more plug-and-play

and that communicate with each other wirelessly, or, if wired,

via open protocols like Ethernet,” said McLendon. “Not only

communication among devices, but also interoperability

among vendors, has proliferated over the last few years.”

For B&R, programming support is more important as soft-

ware becomes a key factor in differentiating customers’

machines through increased performance, faster time-to-mar-

ket and ease of maintenance, said Massey. Many distributors

the company encounters don’t have such engineering

resources in-house, and are strictly hardware-oriented. 

B&R was among the first automation companies to release

an all-in-one control solution, said Massey. Now, customers are

quickly migrating to integrated control. “In the past, a control

system [might include] an HMI, a PLC, a motion controller and

a safety relay, all from different suppliers and requiring differ-

ent software, multiple communication links, individual train-

ing and separate troubleshooting. Integrated control solutions

combine these into a single, efficient package with a single,

integrated development environment.” 

Open communications and connectivity-oriented network-

ing standards are also becoming more important, visible in

the rapid growth in demand for real-time Industrial Ethernet
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Worker checks inventory for fulfilling an
order in AutomationDirect’s warehouse.
SOURCE:  AUTOMATIONDIRECT
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protocols. As a result, OEMs can select products from multi-

ple sources, instead of choosing a single vendor with older,

proprietary protocols. 

In a related trend, machine builders’ customers are

increasingly removing the control system brand from their

machine specifications and are concentrating on a

machine’s performance and capability. “This allows the

machine builder to focus on their core competencies and

not remain handcuffed to aging, limited technology,” said

Massey. “This encourages automation suppliers to innovate

in order to stay competitive.”

Overall, there’s been a lot of demystifying in the control

world, making it easier for design engineers to compare prod-

ucts, spec them in or out of a design, or specify multiples within

the control system. “Today, you rarely see only one brand of

controls in a system,” said McLendon. “The challenge, or oppor-

tunity, that arises for distributors is: How do you support a cus-

tomer who is using multiple platforms and multiple products?

How do you provide the service they require?” p

Ann R. Thryft (ann.thryt@ubm.com) is senior technical editor, 

materials and assembly, at Design News.

Parts ‘ownership’ questions
defy easy solutions
By Barbara Jorgensen

U
ntil the twin natural disasters that shook Japan in

mid-March, the supply chain seemed to have got-

ten its inventory management practices down pat.

The old habit of purchasing inventory well in

advance of demand has shifted to just-in-time (JIT),

relieving most companies of the burden of financing invento-

ry they aren’t sure they are going to need. 

Most companies, that is, except distributors. 

Distributors have become the de facto warehouses for the

entire supply chain, storing enough inventory for customers’

upside forecasts or inventory that is consigned by EMS com-

panies or OEMs. Under most JIT, build-to-order (BTO) and

consignment practices, distributors own inventory, and its

attendant risks, until customers consume it. 

Such programs make sense for suppliers and customers

who don’t want to carry inventory on the balance sheet.

Although inventory is considered an asset, explains Charlie

Barnhart, principal of consultancy Charlie Barnhart & Associ-

ates, certain supply chain practices—such as buying invento-

ry on credit—make it look like a liability. OEM customers

don’t want unused components or work-in-progress on their

books when quarterly earnings periods come around. 

But distributors are likewise beholden to Wall Street and 

to shareholders, so the channel is always in the middle of

some kind of inventory adjustment. How do distributors

As the supply chain moves closer to JIT,
distribution still manages upside and

downside demand 
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maintain enough inventory for customers without bogging

themselves down?

Lessons of 2001
Memories of the inventory glut of 2001 still sting, yet it has

taken a decade for the supply chain to even come close to a JIT

inventory model. The first hurdle was convincing partners to

share demand forecast data in a timely manner; the next was

interpreting that data in a meaningful way. Distributors, as the

link between component suppliers and manufacturing cus-

tomers, have become the clearinghouse not just for inventory,

but for the information used to manage the supply chain.

Before 2001, customers had little incentive not to over-

order; the market was so hot that excess inventory was invari-

ably gobbled up. It was only when demand slammed on the

brakes that anyone questioned who was responsible for all the

stock in the supply chain: Was it the customer who ordered it,

the distributor that delivered it or the supplier that made it? 

Facing huge write-downs on devalued parts, customers tried

to return inventory to distributors, which, in turn, pressed

suppliers to take it back. The supply chain wrote off an esti-

mated $13 billion worth of components. 

Ten years later, the distribution channel has become so big

that it can push back a bit on OEM and EMS customers. Distrib-

utors now require more frequent forecasts from their partners.

They compare the data to historic buying patterns, flag major

upside/downside trends and follow up to rectify discrepancies.

But distribution has to deal with component makers as

well as OEMs. Component manufacturers rely on distribu-

tion information to manage their own production schedules.

The better the information coming from the distributor, the

better manufacturing can be managed. 

All of this requires closer partnerships. Indeed, over the past

decade, trust has built up among the partners, and upside/

downside forecasts work themselves out pretty quickly.  

Globalization, meanwhile, has been a plus for inventory

management. Global distributors manage pockets of invento-

ry in all major regions, so a global distributor can internally

move inventory out of, say, the Pacific Rim to the Americas if

demand in Mexico suddenly spikes. The channel can also posi-

tion inventory based on geographic demand cycles, accommo-

dating seasonal shifts in ordering for the yearend holidays in

the Americas, the August vacations in Europe or the Chinese

New Year in the Pacific Rim .

But the natural disasters of 2011 have some in the industry

rethinking the Lean supply chain. Coupling inventory man-

agement so closely to forecasts leaves little maneuvering

room for upside demand. 

Late last year, for example, the flooding in Thailand, a manu-

facturing hub for hard drives, forced many companies to sus-

pend production. Although demand for the Christmas season

had been met before the disaster, future orders were expected to

be delayed. Such uncertainty drives some companies to pad

inventory for orders that may or may not materialize. 

Distributors manage their way through inventory imbal-

ances by selling to a diverse customer base: If one customer

orders too many widgets, others can take up the slack. The

same should hold true for EMS companies, but industry

watchers say that isn’t the case. 

“Inventory in many cases makes up the largest asset on the

balance sheets of global EMS providers,” IHS iSuppli

EMS/ODM analyst Thomas Dinges wrote for EBN

(http://bit.ly/sIBcir). “The latest results from several of the

largest global EMS providers show, in fact, that nearly one-

third of their tangible asset base is tied up in inventory.”

While EMS companies serve many customers, their base isn’t

as broad as the channel’s. Selling off excess EMS inventory usu-

ally has meant selling to the gray market. Anecdotally, however,

distributors say EMS providers are turning increasingly toward

authorized distribution to manage their inventory imbalances.

Given the lingering market uncertainty, that’s a sound move.  

So as long as the electronics supply chain operates on a

demand forecasting model—which it still does, despite JIT,

BTO and Lean—the channel will play a leading role in global

inventory management. Whether the electronics market is in

an up-cycle or down-cycle, Barnhart says, “We are always in

the middle of some kind of inventory question.” p

Barbara Jorgensen (barbara.jorgensen@ubm.com) is community 

editor at EBN.
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F
or manufacturers, the question is almost as old as

engineers’ make-or-buy dilemma: use in-house support

or commit to a distributor? The latter is attractive in a

time when global reach and rapid turnaround are nec-

essary in order to compete and grow, but there are

implications for both the manufacturers and

the designers using the product in terms of

reputation, intellectual property protection,

design support and trust.

A case in point: In June, Vicor (Andover,

Mass.) committed to Future Electronics, mak-

ing the Canadian company its global distrib-

utor for all of its power conversion devices.

The phased rollout began in August. It was a

big move for Vicor, which to date had been

its own distributor within the United States

while relying solely on  smaller, specialty

distributors, such as Craftec and ACAL Tech-

nology, elsewhere. 

Vicor traditionally has been self-reliant,

keeping all its intellectual property, as well

as its manufacturing, in-house to maintain a tight inner circle

and thereby avoid the risk of exposing its road maps to any-

one who might take the knowledge elsewhere. Now, in a

quick turnabout, it’s “going all-in” with Future globally, said

Rich Begen, vice president of distribution at Vicor. 

Why now, and why Future? 

To explain the “why now” part, Begen referred back to

2003, when Vicor introduced the Factorized Power Architec-

ture. FPA was the invention of company founder and CEO

Patrizio Vinciarelli—a true engineer’s CEO. 

The FPA could be called a solution to a solution. At the time

of its arrival, the distributed power architecture (DPA), with

power “bricks” that brought power to the point of load (POL),

was widely deployed and had been in broad

use since the 1980s. DPAs solved the prob-

lem of distribution losses, but multiple on-

board voltage levels meant the number of

DPA bricks also multiplied, sucking up

board space and increasing cost. They also

proved inadequate for the loads’ increasing

transient-response requirements.

FPA concepts were realized in ASICs that

led to the development of V•I Chips, which

divide voltages and multiply currents while

keeping the voltage-current product (the “•”

in V•I) constant. The chips, in turn, led to a

popular series of power components that in

the years since have garnered key design wins

and solidified Vicor’s position in the power

market, most recently with the Picor line of semiconductors.

But the technology has matured, and it is with that in mind

that Vicor now needs to broaden its reach and distribution

capabilities to ramp up volume. 

That’s where Future comes in. 

Given the distributor’s size, it’s not intuitively obvious 

that Future would be the best choice. In a UBM Electronics

distributor customer evaluation study (May 2011;

Is your supplier’s distrib deal
good news for you?

By Patrick Mannion
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‘We’re going all-in 
with Future Electronics’

— Rich Begen of Vicor
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http://tinyurl.com/brerw5s), Future was ranked eighth in over-

all patronage for all products. Digi-Key led the category, fol-

lowed by Arrow, Mouser, Avnet, Element14, Allied and

McMaster-Carr. Worse, Future placed tenth among the study’s

“most preferred” distributors. Digi-Key again sat securely at

the top; Arrow and Avnet were a distant second and third. 

Begen makes it clear that size doesn’t matter; on the con-

trary, it can sometimes be a liability. “Arrow and Avnet are too

encumbered with large engagements,” such as Texas Instru-

ments and Analog Devices, he said. “Future is

better with niche suppliers; it’s in their DNA.” 

Begen speaks with some authority on the

matter. Until last June, he was a principal of 

LJ James LLC, a consulting business focused on

sales and channel management strategy.

Implications
For suppliers and designers, the implications

of working through a distributor are manifold.

First there’s the issue of trust, as the supplier

has to expose its road map, as well as train the

field application engineers (FAEs) at the dis-

tributor. That’s “secret sauce” information, but in general,

NDAs cover exposure liability pretty well. 

Then there’s a concern that a distributor might push one

supplier’s line at the expense of another’s, depending on

which supplier’s product has the higher margin or who’s

being the squeakiest wheel about how much product is mov-

ing. That’s a trust issue not just for suppliers, but also for

designers seeking reliable support from a distributor. Begen,

however, said the distributor model has matured enough that

neither suppliers nor designers need be worried.

Designers over the years have expressed concern about sup-

pliers’ overreliance on distributors to provide technical support;

in some cases, suppliers have abdicated their responsibility

and gutted their own tech support infrastructure. 

That’s not the case at Vicor, Begen said. He acknowledged

that handing over support to a third party is a bit like trusting

your baby to a stranger. With four months’ training, the dis-

tributor FAEs come up to speed but can’t completely replace

in-house support. “An FAE or two may get to a supplier-level

FAE, but they [generally] won’t have the depth,” and while

they tend to be more available than the suppliers’ own sup-

port staff, “it’s the luck of the draw” in terms of quality.

“You have to ferret out the FAEs who can best serve [the

designers’] needs,” Began asserted. That said, the distributor

FAE can always refer to the supplier for help.

Web-based support
Increasingly, before attempting to reach an FAE,

designers refer to both suppliers’ and distribu-

tors’ Web sites for technical information, appli-

cation tips and notes—and, in some cases,

community knowledge. The Future Electronics

Web site’s reputation as a comprehensive infor-

mation source—supported by the UBM study—

belies the company’s size.

In general, distributors have tended to be a

good starting point for basic product search and

selection, but that bright spot may be fading.

Comments on a recent EE Times article

(http://bit.ly/tbKbje) bemoan the lack of solidly tabulated and

parameterized data on distributors’ sites, and instead recom-

mend using one of a number of paid product selection sites,

such as Octopart, Partminer or SiliconExpert.

Thus, the answer to whether it’s a good move for sup-

pliers and their customers to work through distributors is, 

“It depends.” It depends to what degree a supplier relies on

the distributor, and to what degree the distributor’s FAEs can

be trusted. You may get them on the phone quicker, and you

may get the part quicker—but is it the right part? p

Patrick Mannion (patrick.mannion@ubm.com) is director of content

for EDN, Test & Measurement World and the EE Times Designlines.

JOIN THE DISCUSSION

See “Suppliers, distributors and the issue of trust” on EDN at

http://bit.ly/tkBD4J.
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