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Hello future.

Oscilloscopes 
Redefi ned

Starting at 
 $1,230*

© 2011 Agilent Technologies, Inc.
* All prices are in USD and subject 
to change

Agilent 2000 
X-Series 
(MSO and DSO)

Popular 
Competitor's 
Series (DSO)

Agilent 3000 
X-Series 
(MSO and DSO)

Popular 
Competitor's Series 
(MSO and DSO)

Bandwidth (MHz) 70, 100, 200 50, 70, 100, 200 100, 200, 350, 500 100, 200

Max sample rate 2 GSa/s 2 GSa/s 4 GSa/s 1 GSa/s

Max memory depth 100 kpts 2.5 kpts 4 Mpts 1 Mpt

Max update rate 
(waveforms/sec) 50,000 200** 1,000,000 5,000

Fully upgradable Yes No Yes No

Function Generator Yes No Yes No

Notes:
**Refer to Agilent Pub 5989-7885EN for update rate measurements
Data for competitive oscilloscopes from competitor publications 3GW-25645-0 and 3GW-22048-1

See the difference today.
www.testequity.com/Agilent_Scope

Agilent and our 
Distributor Network
Right Instrument. 
Right Expertise. 
Delivered Right Now.

800-732-3457 
www.testequity.com/agilent
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43 Circuit controls inrush current in ac-operated power supplies

44 Save 3 dB of output power using feedback to set the output impedance

47 Optically isolated overcurrent detector works from ac mains

48 Simple circuit helps to protect a vehicle-reverse camera

Optimize  
energy-efficient  
Ethernet  
performance  
in bundled links 

23 Using energy- 
efficient Ethernet 

in bundled links improves 
responsiveness and minimizes 
frame delay and loss. You can 
independently implement it  
in each link’s endpoint for easy  
deployment.

by Pedro Reviriego and  
Juan Antonio Maestro,  

University Antonio de Nebrija

Understanding  
and comparing the 
differences in ESD testing 

37Different testing standards for 
ESD exist, and which one you use 

affects your design challenge.
by Dwight Byrd and Thomas Kugelstadt, 

Texas Instruments

Time carefully the adoption  
of your next-generation processor 

30 Can you maximize first-to-market opportu-
nities and minimize the extra risks of early 
adoption?

by Robert Cravotta,  
Embedded Insights Inc
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© 2011 Renesas Electronics America Inc. 

The RL78 Family of microcontrollers combine advanced low power 
technology, outstanding performance, and the broadest line-up in its 
class for the most demanding 8- and 16-bit embedded applications.

Register today to 
qualify for a 
Free RL78 Renesas 
Demonstration Kit
www.renesas.com/RPBRL78G13/a

As low as 66µA per MHz and 
0.57µA for RTC and LVD1

From 2KB to 512KB 
of memory and 

20- to 128-pin options

1.27 DMIPS per MHz and 
1.6V to 5.5V operation

System Cost Saving
� Up to 8KB of Data Flash for 

data storage
� 32MHz internal oscillator
� Internal voltage reference
� Temperature sensor

Sophisticated Peripherals
� RTC with full calendar and 

alarm function
� Multifunction 16-bit timers
� Configurable communication 

blocks

Advanced Safety 
� CRC, RAM parity-check
� Clock fail and frequency 

detection
� ADC self-test
� Memory protection

A True Low Power Platform 
for 8-/16-bit Applications

Applications:
� Industrial and Building 

Automation

� Medical

� Small Appliances

� White Goods

� Metering

� Consumer Electronics

1RTC: Real-Time Clock   LVD: Low Voltage Detect
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For Constant LED
Current Regulation

HB LED
Driver ICs

Part
Number

Package Voltage
Load Current 

Regulation

IRS25401PbF DIP8, S08 200V +/-5%

IRS25411PbF DIP8, S08 600V +/-5%

THE POWER MANAGEMENT LEADER 

Features
• 200V or 600V control IC in compact 
 8-pin DIP or SO package

• Incorporates continuous mode, 
 time-delayed hysteretic buck
 regulator

• External high-side bootstrap circuit 
 delivers frequencies up to 500kHz 

• Micro-power startup of less than 500µA

• 140ns deadtime for continuous 
 current regulation

• Auto restart, non-latched shutdown
 and PWM dimmable capability

For more information call
1.800.981.8699 or visit
http://www.irf.com
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DESIGN IDEAS WANTED 
Want to see your work featured in EDN? Submit your own Design 
Idea, a short, concise article that helps solve problems or shows 
innovative ways to accomplish design tasks. To learn what makes a 
good Design Idea entry and how to submit it for consideration, 
visit http://bit.ly/DesignIdeasGuide.

ENGINEERING COMMUNITY
Opportunities to get involved and show your smarts

JOIN THE CONVERSATION
Comments, thoughts, and opinions shared by EDN’s community

In response to Paul Rako’s tear-down, “The 
Tektronix 1101 oscilloscope-probe power supply,” 
at http://bit.ly/p3OukN, David Lockman 
commented:
“To paraphrase Santayana, those who cannot learn 
from history are doomed to repeat it. This [tear-down] 

is an opportunity to learn how to solve design problems, and perhaps 
save yourself a little time and effort when you are called upon to solve a 
similar problem.”

In response to “Replaceable lithium-ion battery helps 
keep Droid Bionic out of the landfill,” posted in Margery 
Conner’s PowerSource blog at http://bit.ly/nxo7Rg, 
Netteligent commented:

“We produce so much waste with our electronic devices. I would 
propose [that] vendors consolidate and standardize their battery and 
charger into three models each. As volume increases, cost [is] much less. 
Interoperate among vendors: cheaper and convenient. Greener—much 
less pollution [in] landfills.”

In response to “An engineer walks into a bar … ,” 
a Tales from the Cube column on engineers and 
social situations, by William M Grissom, Aerojet, at 
http://bit.ly/pla9ap, Michael Blazer commented:
“In times like these, just do a little meditation. 
Find a comfortable chair, put your feet up on the 

bench, and chant the EE mantra. Repeat after me: Volt … Amp ... 
Oooooohhhhmmmmmm ....”

EDN invites all of its readers to constructively and creatively comment 
on our content. You’ll find the opportunity to do so at the bottom of each 
article and blog post. To review current comment threads on EDN.com, 
visit http://bit.ly/EDN_Talkback. 

CONTENT
Can’t-miss content on EDN.com

TOP ENGINEERING 
SCHOOLS’ RANKINGS 
With prices high all around, where do 
kids these days get the most bang 
for their tuition bucks: at smaller 
engineering schools or at larger, well-
known schools?

http://bit.ly/mZjEaX

HUNTING NOISE 
IN MIXED SYSTEMS
At some point, most of us need to 
find and remove noise and spurious 
signals. For some of us, the source 
of noise could be a neighbor’s dog 
barking at 3 a.m. For those of us in 
electrical engineering, however, noise 
most likely comes from switching 
power supplies, other parts of the 
system, and external sources. Find 
out how to track down and eliminate 
these noise sources.

http://bit.ly/oROA7s
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EDN will also have a role in the 
museum’s exhibit. John Hamburger, the 
director of marketing communications at 
Linear Technology, selected seven issues 
of EDN, which will be on display. The 
issues include a sampling of the many 
articles Jim Williams wrote for EDN 
over a span of more than three decades. 
These articles and more are available 
at www.edn.com/jimwilliams. As part 

of the video assets of the exhibit, the 
museum officials interviewed many of the 
people Williams worked with at Linear 
Technology, and they also spoke with me.

I asked Tim Regan, an application 
manager at the company, how Linear 
could possibly move Williams’ bench 
11 miles without disturbing the pile 
of work on the bench. “The same 
way Williams moved the bench seven  

years ago,” he replied with a smile. 
Apparently, when he faced mov-

ing the bench between two buildings, 
Williams took plastic-film shipping wrap 
and simply wrapped the whole bench 
with his equipment and prototype 
boards in place. When he arrived at his 
new lab, he just cut the shipping film off 
the bench. The staff at the Computer 
History Museum was nice enough to let 
me snap a picture of the Williams bench 
as they received it in the shipping wrap 
(photo, below right), which warmed my 
heart because it shows how Williams is 
still solving engineering problems even 
after his death.EDN

Contact me at paul.rako@ubm.com.

Computer History Museum 
honors Jim Williams and  
Bob Pease

T
he Computer History Museum in Mountain View, CA (photo, 
right), is building an “Engineers at Work” exhibit, which it 
plans to open on Oct 15. The exhibit will honor the late 
“analog gurus” Jim Williams and Bob Pease, who both died 
this year. As part of the exhibit, Dag Spicer, the senior curator 
at the museum, will arrange and display Williams’ famously 

cluttered workbench (photo, below left). Jon Plutte, the media producer at 
the museum, notes that the exhibit will “celebrate the engineers of today 
and inspire the engineers of tomorrow.”
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With 42 years of service excellence and proven experience, Future Electronics is bringing
the best of its past success to take a creative new look at growing your business for the future.

We’ve got a refreshed outlook and an invigorated spirit to support your business
from the ground up.

The only thing we’re changing is for the better. 

The New Future Electronics
Putting the Future into Today’s Business

www.FutureElectronics.com 1-800-FUTURE-1



IN THE EYE OF 
         EVERY ENGINEER...

...THERE IS A NEW EMBEDDED SOFTWARE SOLUTION.™
 One that is integrated and optimized – simplifying what was once a complex problem. 
 
 Don’t miss the unveiling at ARM TechCon ™ 2011
 Register today – www.armtechcon.com
 
                                                                              Brought to you by
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aC power lines carry transient spikes and 
high-frequency EMi (electromagnetic-
interference) noise, which can affect and 

even damage attached equipment. However, 
measuring the noise can be a hazard in itself 
because most test equipment, such as your 
scope, cannot probe high voltages. to address 
that problem, OnFilter’s EMi adapter allows you 

to safely plug in your scope or spec-
trum analyzer to power lines and to 

display waveforms on your equipment. it allows 
measurements of noise on both differential and 
common-mode power lines without attenuation, 
rejects 50- and 60-Hz noise, and provides isola-
tion from the power line. you can use it with any 
oscilloscope or spectrum analyzer. a protective 
circuit limits the peak signal at the output to 
15v. the adapter works at voltages as high as 
250v and on any outlet with a plug adapter. it 
comes with BnC cable, a 50Ω BnC terminator, 
and a BnC t adapter, which allows the use of 
the 1-MΩ input of your oscilloscope for large-
dynamic-range measurements. it sells for $389.

—by Margery Conner
▷OnFilter, www.onfilter.com.

Freescale recently expanded its port-
folio of 32-bit Kinetis microcontrollers, 
which it based on the arM (www.

arm.com) Cortex-M4 processor, with 60 
new entry-level devices that should become 
available for sampling in early 2012. the K10 
and K20 family members will carry price 
tags of less than $1 each, making them 
well suited for cost-sensitive industrial and 
consumer appliances, including i/O modules 
for factory automation, portable health-care 
instruments, USB (Universal Serial Bus) 
microphones, gaming headsets, and smart-
grid applications.

according to the company, the new 
devices are the lowest-power Kinetis micro-
controllers to date, consuming only 630 μa 
at a CPU speed of 4 MHz in low-power 
run mode, which is equivalent to 160 μa/
MHz. the lowest-power mode consumes  

only 40 na, helping to extend battery life.
the devices offer 32 to 128 kbytes of flash 

memory in packages ranging from 32-pin, 
5×5-mm QFns to 64-pin lQFPs. Freescale 
built the devices in its 90-nm, thin-film-
storage, low-leakage flash technology. they 
include as much as 32 kbytes of optional 
FlexMemory or 2 kbytes of EEPrOM, low-
power run- and stop-mode currents, and 
fast wake-up times. Peripheral options 
include a 16-bit adC; full-speed USB On-
the-Go controller with a complementary 
software stack; a low-power touch-sensing 
interface; and several general timing, com-
munication, and control peripherals.

Support for the devices is available from 
a selection of easy-to-use 32-bit tools, 
including a package of Freescale’s MQX 
rtOS and software and CodeWarrior for 
microcontrollers featuring Processor Expert 

software. Kinetis support from the arM 
ecosystem will continue to thrive with sup-
port for the K10 and K20 families from iar 
Systems (www.iar.com), Keil (www.keil.
com), Green Hills Software (www.ghs.com), 
and atollic (www.atollic.com); open-source 
GnU tools; and more. an evaluation and 
demonstration kit employing the Freescale 
tower System—a modular development 
platform targeting reduced development 
costs and time to market—should debut 
in the first quarter of 2012.

Freescale expects to begin providing 
alpha samples of the 50-MHz K10 and K20 
devices to selected customers in the fourth 
quarter of this year, and the devices should 
become broadly available in early 2012. 
Prices start at 99 cents (10,000).

—by Ismini Scouras
▷Freescale, www.freescale.com.

Adapter protects scope from 
high voltage, chases power-line EMI

Microcontrollers target cost-sensitive applications

“When people 
need a problem 
solved, who do 
they call? An engi-
neer. When people 
need to make 
money quickly, 
who do they call? 
An engineer. Or 
they lie, cheat, 
steal, hire market-
ing people, talk to 
lawyers, or sell the 
company.”
—Peter L, in EDN’s Talkback sec-
tion, at http://bit.ly/nmdvY4. 
Add your comments.

OnFilter’s EMI adapter allows 
you to safely plug in your 
scope or spectrum analyzer 
to power lines and to display 

waveforms on your equipment.
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BMW recently announced 
that it will include laser 
headlights in one of its 

high-end cars within the next 
few years. Laser diodes are 
attractive light sources for 
headlights for several reasons. 
Laser light appears from a point 
source, whereas halogen, HID 
(high-intensity-discharge), and 
HB-LED (high-brightness-light-
emitting-diode) lights use Lam-
bertian reflectance, in which 
light is scattered so that the 
apparent brightness of the sur-
face to an observer is the same 
regardless of the observer’s 
angle of view.

Laser light is also highly col-
limated, traveling in a narrow 
beam, making for easy manip-
ulation by a headlight lens 
because the optics are sim-
pler for laser-diode light. Most 
important, it delivers a lot more 
lumens per watt than, for exam-
ple, an HB LED: Whereas an 
HB LED might produce 100 
lm/W, a laser diode can pro-
duce 170 lm/W, according to 
BMW. 

Safety and concerns about 
eye damage always follow any 
discussion of lasers. However, 
according to Sevugan Nagap-
pan, marketing manager for 
Osram’s (www.osram.com) 
infrared-business unit, which 
is also responsible for laser 
diodes, lasers are common 

parts of everyday electronics, 
such as optical-storage drives. 
He points to Microsoft’s (www.
microsoft.com) Kinect-game 
controller, which also uses a 
laser diode as an illumination 
source for the gesture-recog-
nition system. “The Kinect’s 
optics diffuse the laser light, 
which makes it safe for the 
human eye,” he says. Simi-
larly, the sealed-lensing system 
for an automobile’s headlights 
ensures that the intense laser 
beam never directly illuminates 
your eye. 

“The first use for blue-laser 
diodes and still their biggest 
application are in the Blu-ray 
optical drives,” says Nagap-
pan. “At 405 nm, these diodes 
are actually in the UV [ultra-
violet] range.” Development of 

laser diodes for other applica-
tions has only fairly recently 
grown—for example, as light 
sources for projectors. “The 
Casio [www.casio.com] laser-
LED hybrid projector uses a 
blue-laser diode with a longer 
wavelength than the UV-laser 
diodes used for data storage, 
as well as much higher output 
power,” he adds. “In the last 
three years, people have been 
developing high-output laser 
diodes for the projection mar-
ket.” According to Nagappan, 
you can add a phosphor to 
high-power blue-laser diodes; 
the combination yields white 
light. “That’s what BMW is 
doing,” he says.

So, laser diodes are just 
a little lower on the maturity 
curve than white HB LEDs, 

which are currently the darlings 
of the lighting world. Laser-
diode emitters have higher 
system efficiency and are eas-
ier to control through lensing. 
According to Nagappan, noth-
ing in the laser-diode-manu-
facturing process makes them 
inherently more expensive than 
HB LEDs. “There’s no reason 
that laser diodes cannot be 
competitive with LEDs, but you 
have to give it time for that to 
happen,” he says. “The same 
thing happened with LEDs 15 
years ago; the market was a 
lot smaller, and they were a 
lot more expensive than tra-
ditional light sources. You’re 
going to see the same thing 
again; lasers are the next-
generation light source. Will 
that be in all applications or in 
selected ones? We just don’t 
know at this time.”

According to Nagappan, 
only Osram and Nichia (www.
nichia.com) now offer both 
LEDs and laser diodes. He 
does not disclose the source 
of the blue-laser diode in the 
BMW prototype.

—by Margery Conner
▷BMW, www.bmw.com.

BMW’s laser headlights: 
the future of solid-state lighting?

DILBERT By Scott Adams 

Laser diodes 
are just a 

little lower on 
the maturity 
curve than 
white HB LEDs, 
which are 
currently the 
darlings of the 
lighting world. 
Laser-diode 
emitters have 
higher system 
efficiency and 
are easier to 
control.

BMW is promising laser-diode-based headlights for the produc-
tion version of its i8 concept car.



Your question:
Why full bandwidth 
up to 1 mV/div?
Our answer: For high signal fidelity and measurement accuracy 
on fast, low-amplitude signals.
The R&S®RTO oscilloscopes offer high vertical input sensitivity of 
up to 1 mV/div. They always operate at high measurement accuracy 
because the full bandwidth of the oscilloscope can be used 
at even the lowest sensitivity levels. Furthermore, the R&S®RTO 
oscilloscopes do not use software-based zooming. They show the 
signal‘s real test points at all sensitivity levels.

See for yourself  
www.scope-of-the-art.com/ad/faq-bw/edn
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Analog Devices’ new three-phase 
ADE7880 energy-metering IC for 
polyphase meters employs the com-

pany’s harmonic-analysis technology for 
advanced power-quality monitoring. The 
ADE7880’s harmonic analysis produces 
magnitude and phase information, includ-
ing current rms (root/mean/square); voltage 
rms; active, reactive, and apparent powers; 
and power-factor, harmonic-distortion, and 
THD+N (total-harmonic-distortion-plus-
noise) calculations.

The ADE7880 delivers better than 1% 
accuracy over a dynamic range of 2000 to 1 
to the 63rd harmonic. It delivers active- and 
reactive-energy accuracy better than 0.2% 

over a dynamic range of 5000 to 1 and accu-
racy better than 0.1% over a dynamic range of 
1000 to 1 with gain calibration only. Using the 
company’s proprietary ARTM (adaptive-real-
time-monitoring) harmonic-analysis technol-
ogy, the ADE7880 eliminates the need for 
custom development of sophisticated digital-
signal processing and reduces the demands 
on the system microcontroller. ARTM auto-
matically tracks changes in the fundamental 
frequency, eliminating any effects of frequency 
drift on the accuracy of the measurements.

The device is pin-compatible with the 
ADE78xx high-accuracy energy-metering ICs 
for three-phase configurations and incorpo-
rates seven sigma-delta ADCs, a digital inte-

grator, a voltage reference, and all metrology 
signal processing. It is suitable for Class 0.2 
meters and sells for $9.47 (1000). An evalua-
tion board is available for $390.

—by Ismini Scouras
▷Analog Devices, www.analog.com.

Polyphase energy-metering IC 
monitors harmonic frequencies

The three-phase ADE7880 energy-meter-
ing IC for polyphase meters employs the 
company’s harmonic-analysis technology 
for advanced power-quality monitoring.

Given the accelerating number of 
ARM-based design wins, particularly 
in mobile applications, it’s no sur-

prise that a new Semicast (www.semicast.
net) report marks ARM’s dominance, just 
days after Kontron (http://us.kontron.com) 
announced that it was adopting ARM across 
the board. What is surprising, however, is the 
report’s other conclusion: Freescale (www. 
freescale.com) has overtaken Renesas 
(http://am.renesas.com). In Semicast’s 2011 
edition of its study of 32- and 64-bit micro-
controllers, embedded microprocessors, 
and DSPs, ARM surpassed the x64/x86 and 
Power Architecture; over 2010 to 2016, it 
should enjoy the highest growth, with x64/
x86 remaining the leading challenger (Refer-
ence 1). Semicast expects revenue for 32- 
and 64-bit microcontrollers and embedded 
microprocessors to grow from $8.3 billion in 
2010 to $19.8 billion in 2016, a compound 
annual growth rate of 15.6%.

Kontron recently announced plans to aug-
ment its x86 lineup with a broad range of 
boards, single-board computers, tablets, and 
industrial-PC units using the ARM architec-
ture. Kontron’s move is all about power and 
cost; the company claims that it can now 
easily port current and new products between 
RISC (reduced-instruction-set-computer) and 
CISC (complex-instruction-set-computer) 

architectures. The processor architecture 
is becoming less relevant as a decision cri-
terion. Instead, price, power consumption, 
and performance per watt are now among 
the most important factors, according to 
Dirk Finstel, chief technology officer of Kon-
tron. Kontron plans to develop ARM SOC 
(system-on-chip)-based computer modules 
with extensive support, including services 
such as customization, driver adoption, and 
porting of applications.

In Semicast’s report, the writers lay out the 
competitive field. In 32-bit microcontrollers, 
the ARM architecture primarily competes 
against products employing Coldfire, Power 
Architecture, SuperH, and V850, with auto-
motive and industrial the key markets in 2010. 
In 32/64-bit embedded microprocessors, 
the ARM architecture held a market share 
of less than 10% in 2010, with x64/x86 the 
leading architecture. ARM licensees have 
also started to compete in the market for 
32/64-bit embedded microprocessors with 
products using the A8 and A9 cores but face 
strong competition from established suppliers 
such as AMD (www.amd.com), Applied Micro 
(www.apm.com), Cavium (www.cavium.
com), Freescale, Intel (www.intel.com), and 
PMC-Sierra (www.pmc-sierra.com).

Microsoft’s (www.microsoft.com) an- 
nouncement that both the x64/x86 and ARM 

architectures will support Windows 8 may 
have only a minor impact on this market 
until the late stages of the forecast period but 
will have significant implications over the long 
term. “Semicast judges that this announce-
ment will weaken the stranglehold that the 
x64/x86 architecture has on applications 
that historically have been developed to be 
run on Microsoft Windows, thus opening up 
yet more designs wins to run on ARM,” says 
Colin Barnden, principal analyst at Semicast 
Research and an author of the study.

Semicast deems Freescale the leading 
supplier of 32- and 64-bit microcontrollers 
and embedded microprocessors in 2010, 
ahead of Intel and Renesas. Freescale’s 
offerings in this market include ARM, Cold-
fire, and Power Architecture products, 
whereas Renesas supports SuperH, V850, 
H8SX, M32, R32, and RX.

So, if you’ve opted for ARM, go forth and 
design in peace. You’re not alone. If you’ve 
done so, please let us know your thoughts.

—by Patrick Mannion
▷ARM, www.arm.com.

RefeRence
1 “32/64-bit Microcontrollers, Embed-
ded Microprocessors & General Pur-
pose DSPs—2011 Edition,” Semicast, 
2011, http://bit.ly/o7jwme.

Renesas, x86 take back seat to ARM in 32- and 64-bit 
microcontrollers, embedded microprocessors
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Why a configurable 
diagram display?
Our answer: For a well-structured, accurate display of 
multiple waveforms.
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displayed in a clear, well-structured manner. The A/D converter 
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Researchers at the Uni-
versity of Leeds have 
invented a polymer gel 

that they say yields cheaper, 
more flexible lithium-ion bat-
teries without compromis-
ing performance. The univer-
sity licensed the technology to 
Polystor Energy Corp (www.
polystorenergy.com), which is 
attempting to commercialize 
the cells for portable consumer-
electronics applications.

Professor Ian Ward, the 
research physicist who devel-
oped the technology, says 
that it could replace the liquid 
electrolytes that rechargeable 
lithium-ion cells currently use. 
Traditional lithium-ion batteries 

require cells, which contain a 
porous polymer-film separa-
tor plus a liquid chemical filter, 
allowing lithium ions carrying 
charge to flow between the two 
electrodes and acting as a bar-
rier between the electrodes to 
prevent short-circuiting.

The new automated process 
makes the polymer gel into a 
thin, flexible film, eliminating 
the need for a separator and 
making for a lighter pack. The 
researchers have also devel-
oped a patented manufacturing 
process that extrudes the gel 

between an anode and a cath-
ode at speeds as high as 10m/
minute to create a nanometers-
thick battery. You can cut the 
resultant battery film to any size; 
the lamination process seals the 
electrodes.

“The polymer gel looks like a 
solid film, but it actually contains 
about 70% liquid electrolyte,” 
says Ward. “It’s made using the 
same principles as making a 
jelly: You add lots of hot water to 
gelatin—in this case, a polymer 
and electrolyte mix—and, as it 
cools, it sets to form a solid but 
flexible mass.” Designers can 
shape and bend the flexible film 
to fit the geometries of virtually 
any device.—by Peter Clarke
▷University of Leeds,
www.leeds.ac.uk.

Gel electrolyte promises better battery

Intel describes 22-nm Ivy Bridge CPUs

10
.0

6.
11

Intel publicly disclosed the Ivy Bridge, the com-
pany’s first 22-nm processor family, at the recent 
Intel Developer Forum in San Francisco. The chip 
boasts significant improvements in onboard graph-
ics and overall performance and a handful of step-
wise advances in power management and security.

Rivals AMD (www.amd.com) and Nvidia (www.nvidia.
com) have long criticized Intel for the relatively low-
performance graphics cores the company uses in its 
chip sets and processors, but the gap between Intel and 
its rivals is closing quickly, according to Tom Piazza, an 
Intel fellow who helped design the graphics cores. “We 
have our foot on the gas [with the Ivy Bridge]. In a cou-
ple of years, the gap may be on the competitors’ side.”

Ivy Bridge graphics support Microsoft’s (www.
microsoft.com) Direct X 11 graphics APIs (applica-
tion-programming interfaces), an area in which Intel 
parts once lagged by a generation. The devices also 
add support for three simultaneous displays and an 
L3 cache. Graphics features, among the few details 
that Intel has revealed, support 32 times more scat-
ter/gather operations than the current Sandy Bridge 
chips. By increasing thread counts and moving to 
issuing multiple threads in parallel, the cores now 
support twice the instructions per cycle.

The current Sandy Bridge chips can simultane-
ously decode in hardware as many as 20 high-
definition video streams. They also boost real-time 
transcoding speeds fivefold over the previous 
Westmere generation. With the Ivy Bridge, Intel 

says, it has enhanced video performance in at least 
two ways. Designers boost media-sampler through-
put for better scaling and filtering and add new 
color and contrast enhancements to the pixel pro-
cessing at the back end of the process.

The media blocks also add support for encoding 
using the multiview codec, key to support for ste-
reo 3-D. Overall, the 22-nm process with its trigate 
FinFET transistors delivers twice the performance 
or half the power of 32-nm Sandy Bridge chips, 
says Varghese George, a senior principal engineer 
at the company.

Intel also adds to the chip a digital random-
number generator that meets key ANSI (American 
National Standards Institute) and FIPS (Federal 
Information Processing Standard) security stan-
dards. It also adds the ability to prevent security 
attacks based on a process requesting an escala-
tion of privileges.

For power management, Ivy Bridge can shut off 
I/O power to DDR memory in deep-sleep states. It 
can also automatically route threads to the most 
power-efficient core and optimize voltage use to the 
most optimal level. Ivy Bridge supports both DDR3 
memory and the new DDR3L low-power chips. It 
also allows overclocking in 200-MHz increments 
without resetting the BIOS, including overclocking 
memory to as much as 2800 million transfers/sec. 

—by Rick Merritt
▶Intel Corp, www.intel.com.

This thin, flexible 
lithium-ion battery 
uses a gel electro-
lyte rather than the 
liquid electrolyte 
of traditional cells. 
It uses no separa-
tor and extends 
the life of portable 
electronics (cour-
tesy University of 
Leeds).
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Your question: 
Why hardware-accelerated 
histogram analysis?
Our answer: For fast, statistically conclusive results.
With their acquisition rate of one million waveforms per second — 
the highest rate available on the market — the R&S®RTO 
oscilloscopes find signal faults quickly. An ASIC in the R&S®RTO 
oscilloscopes employs 20-fold parallel signal processing which 
ensures high acquisition rates, even for complex signal analysis. 
The results are available quickly and are based on a large number 
of waveforms, providing statistically conclusive information.
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1-mm COAXIAL CABLE 

PROBE TIPS
(G-S-G)

Figure 2 This conceptual view of a high-
performance microwave wafer probe 
shows three points of contact.

Figure 1 A compact launch zone mini-
mizes impedance disruption.

The usual approach brings coaxial 
cables from the VNA to the test card 
using SMA (surface-mount-assembly) 
connectors, which can achieve a band-
width of 18 GHz if laid out perfectly 
on your PCB. According to the rule of 
thumb that your measurement equip-
ment should have a bandwidth three 
times greater than the frequencies you 
are trying to measure, properly config-
ured SMA connectors should be able to 
accurately test layout features at frequen-
cies as high as 6 GHz. That bandwidth 

would be adequate if you were working 
on a serial link at, say, 10 Gbps, for which 
the maximum frequency of the 101010 
repeating pattern equals 5 GHz. 

For the latest generation of 28-Gbps 
serial links, however, the SMA runs out 
of gas. Although manufacturers of oscil-
loscopes and VNAs have developed 
“super-SMA” connectors that have con-
siderably higher bandwidth, the generic 
SMA-type connectors you are likely to 
use on your PCB, in combination with 
your less-than-optimal layout, do not 
perform well at 28 Gbps. 

A better approach connects your 
VNA to the test card using a high-
performance microwave wafer probe. 
Figure 1 illustrates a PCB layout that 
Tibor Lapohos, PhD, developed for use 
with the GGB Industries (www.ggb.com) 
model 110H Picoprobe (Reference 1 
and Figure 2). The Picoprobe sits at 
the end of a tiny, 1-mm coaxial cable. It 
touches down onto the layout in a GSG 
(ground-signal-ground) arrangement. 
The pin spacing can be as small as 50 
microns, or 2 mils. 

The butterfly-shaped region on the 
left in Figure 1 is a ground land, which 
incorporates six ground vias. The sig-
nal trace carries the signal power off 
to the right, toward the DUT (device 

under test), somewhere off-screen. The 
combination of the Picoprobe and an 
optimized launch layout replaces the 
SMA-style connector, providing a higher 
overall rated bandwidth. 

Lapohos concentrates the launch 
zone in one small area, minimizing 
disruptions due to the sudden change 
from the coaxial geometry within the 
Picoprobe to the microstrip configura-
tion on the PCB. After that change, the 
geometry fans out to full PCB-microstrip 
width. 

The ground land surrounds the signal 
trace near the launch point. Lapohos 
carefully sculpted the ground land to 
provide enough distributed capacitance 
near the launch region to maintain a 
characteristic impedance of 50Ω on the 
skinny signal trace at that point. As the 
signal moves to the right, the grounded 
metal on either side forms a co-planar-
waveguide structure. As the signal trace 
widens, the ground land peels away, 
leaving a simple microstrip. This layout 
maintains a consistent 50Ω characteris-
tic impedance at all points.EDN

RefeRence
1 Lapohos, Tibor, PhD, “Microwave 
Probe Pad Design: The First Step,” 
BreconRidge Manufacturing Solutions 
Corp, Ansoft Partners in Design Work-
shop, 2004, Presentation 13, http://bit.
ly/nQZvl2.

Howard Johnson, PhD, of Signal Consult-
ing, frequently conducts technical work-
shops for digital engineers at Oxford Uni-
versity and other sites worldwide. Visit his 
Web site at www.sigcon.com, or e-mail him 
at howie03@sigcon.com.

Wafer-probe launch

S
uccessful high-speed projects begin with a series of test cards. 
The cards test whatever new package layout, PCB (printed-
circuit-board)-layer stack, and connector features the product 
will use. They interface directly with either a VNA (vector 
network analyzer) or a TDR (time-domain reflectometer). 
Test cards, implemented early in the development schedule, 

can root out difficulties with impedance mismatch, signal loss, and crosstalk 
that might otherwise not show up until near the end of the production cycle.
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The IEEE recently 
approved the 802.3az 
EEE (energy-efficient 
Ethernet) standard, 
which promises signifi-
cant energy savings to 
adopters in the coming 
years. Although industry 
participants have recently 
done several studies on reduc-
ing the energy consumption in 
bundled links in Ethernet, these 
studies do not consider the use of 
EEE. This article describes a technique 
that optimizes the use of EEE in bundled 
links, offers better response than do previous 
approaches, and minimizes frame delays and loss. 
The technique also allows you to independently 
implement each link’s endpoint for easy deployment. 
When traffic is asymmetric, the technique signifi-
cantly improves energy efficiency.

BY PEDRO REVIRIEGO AND 
JUAN ANTONIO MAESTRO
UNIVERSITY ANTONIO 
DE NEBRIJA
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adopters in the coming 
years. Although industry 
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ing the energy consumption in 
bundled links in Ethernet, these 
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The EEE standard targets more than 
4 TWhrs per year in energy savings 
(Reference 1). It specifies methods 
of reducing energy consumption in 
Ethernet devices by defining low-
power modes (Reference 2). A trans-
ceiver that has no frames to transmit 
can enter a low-power mode. When 
new frames arrive, the transceiver 
returns to active mode within a few 
microseconds, enabling energy savings 
that are almost transparent to upper 
protocol layers. The energy savings 
in a given link directly relate to the 
time the transceiver spends in the low-
power mode. This time in turn depends 
on the traffic load, and, due to mode-
transition overheads for loads with 
more than a few percentage points, the 
savings greatly decrease (Reference 
3), meaning that EEE provides limited 
savings when the links operate at loads 
larger than 10%. 

It is common in Ethernet to bundle 
links to provide larger capacity, and 
this feature has motivated a num-
ber of studies that aim to optimize 
the energy consumption on bundled 

Ethernet links (references 4, 5, and 
6). Those methods dynamically adapt 
the number of active links in a bundle 
to the traffic load, meaning that you 
can save a significant amount of energy 
when you use lightly loaded bundles. 

However, those methods do not con-
sider the use of the EEE standard.

Link aggregation
The IEEE standardized link aggrega-
tion in Ethernet in IEEE 802.3ad, 
which the organization later renamed 
IEEE 802.1ax for consistency with 
other 802.3 standards (Reference 7). 
The standard enables the bundling of 
multiple Ethernet links into one logi-
cal link: the LAG (link-aggregation 
group). IEEE 802.3 stipulates that link 
aggregation must take place above the 
MAC (media-access-control) layer, 
where entire frames are sent to the 
MAC layer of one of the aggregated 
links. Link aggregation provides sev-
eral advantages (Reference 8). For 
example, the aggregated link’s capacity 
is the sum of the capacities of the links, 
enabling increases in link capacity that 
are smaller than the usual 10-times fac-
tor for different Ethernet technologies. 
Aggregated links also can be used to 
provide larger capacity than the capac-
ity that the PHY (physical) layer pro-
vides. Link aggregation also increases 

at a gLanCe
↘ This technique optimizes the use 
of EEE (energy-efficient Ethernet) in 
bundled links, offers better response 
than do previous approaches, and 
minimizes frame delays and loss.

↘ The technique also allows you to 
independently implement each link’s 
endpoint for easy deployment.

↘ The EEE standard targets more 
than 4 TWhrs per year in energy 
savings.

↘ In the link-aggregation implemen-
tations that use EEE, each of the 
links that composes the aggregation 
receives the same load and, 
depending on whether it has frames 
to transmit, enters or exits the 
active state.

Stanford Research Systems        •        www.thinkSRS.com        •        408-744-9040
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the link’s availability because the aggre-
gated link would be unavailable only if 
all links were unavailable. 

Link aggregation can cause problems 
with arbitrary frame distribution, such 
as frame reordering, however. Frame 
reordering can occur when a long frame 
that arrives first transmits over one link 
and a second short frame that arrives 
shortly after the first one transmits over 
a different link, thus causing it to arrive 
first. Frame reordering can cause prob-
lems to higher-layer protocols, and the 
developers of the IEEE 802.3ad standard 
therefore designed it to avoid frame 
reordering. Frame reordering is an issue 
only in frames that belong to the same 
conversation. Therefore, algorithms 
that distribute frames across links for 
transmission ensure that frames that 
belong to a conversation transmit over 
the same link and preserve frame order. 
These algorithms ensure that those 
frames remain in the correct order but 
limit the maximum bandwidth to a link 
that a conversation can achieve. 

Figure 1 shows the link-aggregation 
sublayer. The frame-distribution block 
assigns frames to links for transmis-
sion and must ensure that all frames 

from a conversation transmit over 
the same link. The frame-collection 
block receives frames from different 
ports and passes them to the MAC cli-
ent. The frame-collection block must 
ensure only that frames from the same 
port pass in order to the MAC client. 
This design makes the frame-collection 
block independent of the algorithm in 
the frame-distribution block and avoids 
buffering and reordering in the collec-
tor. This design also avoids fragmenta-
tion and reassembly.

You can use other alternatives 
for link aggregation. For example, 
links can be aggregated at the PHY 
layer (Reference 9). In this method, 
frame transmission is accomplished 
by fragmenting the frames in seg-
ments that can then be distributed 
among the links for transmission. 
At reception, the technology re- 
assembles the fragments to reconstruct 
the original frame. WAN (wide-area-
network) aggregation widely uses this 
strategy. In this case, fragments of a 
conversation transmit over all the 
links; a single conversation can thus 
use all the capacity of the aggregated 
link. The IEEE 802.3ad standard did 
not select this type of design, however, 
because it complicates the frame-distri-
bution and -collection processes.

To efficiently use the capacity in the 
aggregated link, the distribution algo-
rithms try to assign conversations to 
links in such a way that the load in each 
of the links is similar. This approach 
enables high link usage when many 
conversations are taking place. You can 
define conversations at different levels, 
depending on the network topology 
and traffic. Annex A of the standard 
discusses different options, such as 
using the Ethernet source or destina-
tion address to identify a conversation. 
In some cases, it is more convenient to 
use higher-layer protocol information 
to define a conversation. For exam-
ple, some methods define a conversa-
tion as a TCP (Transmission Control 
Protocol) connection. The standard 
also provides mechanisms for reassign-
ing conversations to different links and 
ensures frame order. This feature is use-
ful for dynamically balancing the load 
of the links.

When the traffic load is low and all 
of the aggregated links are active, link 
aggregation can waste a significant 

Figure 1 The frame-distribution block as-
signs frames to links for transmission and 
must ensure that all frames from a con-
versation transmit over the same link. The 
frame-collection block receives frames 
from different ports and passes them to 
the MAC client.
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amount of energy because energy con-
sumption in PHY-layer devices is roughly 
independent of the traffic load once the 
link is active. One method proposes 
that the number of active links should 
adapt to the traffic load so that only a 
few links remain active when there is 
little traffic. Transitions between active 
and standby modes of the links require 
coordination between the link partners 
using the LACP (Link Aggregation 
Control Protocol). Transitions in this 
case would require hundreds of milli- 
seconds because the link must also re-
establish itself, which also requires a 
significant amount of time (Reference 
10). The LACP manages links as a 
whole—that is, both link directions are 
active or idle, but they cannot be active 
in one direction and idle in the other. 
This approach can significantly reduce 
energy consumption in aggregated links 
but does not include coordination with 
the EEE.

EEE in bundlEd links 
Once EEE reaches widespread adoption, 
enabling EEE on each of the aggregat-
ed links would seem to ensure energy 
efficiency when there is low link usage 
because the links would usually be in 
low-power mode. This idea would make 
unnecessary those schemes that adapt 
the number of active links to the traffic 
load. EEE provides significant savings, 
however, only when the load is low. 
EEE provides limited savings for links 
in a bundle with only a 15% load, for 
example, whereas it could achieve a sig-
nificant amount of savings if the traffic 

concentration occurs on only some of 
the links of the bundle. Therefore, even 
when the industry adopts EEE, it may 
be useful to study additional energy-
efficient policies for aggregated links 
that operate at those loads. 

Another method enables all links 
in the LAG for EEE and assigns no 
conversations to links in low-power 
mode, meaning that no frames trans-
mit on those links. For most EEE PHY 
and MAC layers, you can thus inde-
pendently manage the state of link 
directions; one direction can be in low-
power mode, and the other can be in 
active mode. This approach simplifies 
the selection of which links to place in 
standby mode because the decision can 
be made locally with no coordination 
with the other end to ensure that the 
links in low-power mode are the same. 
Figure 2 illustrates two possible con-
figurations. When transmission takes 
place only in one direction on each 
link, there is no need to perform near-
end-crosstalk and echo cancellation in 
the receivers (Reference 11), provid-
ing significant energy savings for the 
scheme when it is implemented with 
smart management of the PHY devices. 

The local frame-distribution block 
monitors the traffic load and decides 
the number of links that have assigned 
conversations. If traffic decreases, the 
block can reassign the conversations to 
fewer links to reduce energy consump-
tion. Conversely, if traffic increases, 
the block can use more links for the 
conversations. These reassignments can 
be performed in the same way that con-

versations are dynamically reassigned 
to balance loads. Figure 3 shows an 
algorithm that requires only the reas-
signment of conversations to reduce the 
number of active links. Those links with 
no assigned conversations automati-
cally enter and remain in the EEE low-
power mode until the load increases. At 
that point, the approach assigns some 
conversations to the link, and frame 
transmission can start immediately by 
entering the EEE active mode.

The main parameter of the algo-
rithm is the load threshold that deter-
mines a change in the number of 
links. Implementations should define 
a hysteresis mechanism to avoid fre-
quent changes, such as the use of two 
thresholds for increasing and decreasing 
the number of active links. However, 
a single threshold is sufficient. If this 
threshold is large—for example, a load 
approaching 100% of the link’s capac-
ity—then the latency of the link due to 
large queue occupancy would increase, 
and the same situation would occur 
with the probability of discarded frames 
due to queue overflow. If the threshold 
is small, links will be lightly loaded, 
reducing energy efficiency. Therefore, 
a compromise value—in this case, 80% 
of the link’s capacity—has been selected 
to illustrate this approach.

This approach, like traditional frame-
distribution schemes, balances the load 
among the active links—that is, those 
that have conversations assigned to 
them—ensuring that conversations 
receive a similar service regardless of their 
link assignment. The approach effectively 
combines EEE with link aggregation, in 
most cases resulting in larger energy sav-
ings than those obtained using EEE alone.

Figure 2 You can manage links independently when they are in low-power mode (a); 
otherwise, link directions enter low-power mode together (b).
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Figure 3 This algorithm combines link 
bundling with EEE.
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You can also implement the approach independently 
of the link partner; a manufacturer that implements this 
algorithm achieves some energy savings even if the other 
end does not implement the algorithm. Further, you can 
independently manage link directions, enabling configura-
tions in which a different number of links are active in each 
direction. This feature is useful for links that have an asym-
metric load, such as when one direc-
tion carries mostly data frames and 
the other carries acknowledgments. 
In those cases, using fewer links in 
the acknowledgment direction can 
save a significant amount of energy. 
Other studies have proposed energy-
optimization techniques employing 
the asymmetric operation of Ethernet 
links (Reference 12). This approach 
also allows quick changes in the num-
ber of links because the approach 
makes all decisions locally with no 
need to exchange information with 
the other end and because the transi-
tion from low-power to active mode 
occurs quickly, improving the respon-
siveness of the system when the load 
changes, avoiding frame delay or loss.

In the link-aggregation imple-
mentations that use EEE, each of 
the links that composes the aggre-
gation receives the same load and, 
depending on whether it has frames 
to transmit, enters or exits the active 
state. Therefore, the power consump-
tion equals the number of links in 
the aggregation times the power 
consumption for a link at that load 
level. In the alternative approach, the 
power consumption would directly 
depend on the number of active links.

Performance evaluation
A number of simulation experiments using 1250-byte frames 
estimate the potential energy savings of this method. The 
experiments also simulate other frame lengths and produce 
similar results. Frames arrive following a Poisson distribu-
tion—a discrete probability distribution that expresses the 
probability of a given number of events occurring in a fixed 
interval of time, interval of space, or both if these events 
occur with a known average rate and independently of the 
time since the last event. Frame arrivals deviate from a 
Poisson model in LAN traffic, so this simulation provides 
only a rough approximation. However, for LAGs that aggre-
gate traffic from many sources, the Poisson assumption can 
be valid for short intervals, which are the time scales relevant 
for this approach (Reference 13).

Assume the existence of independently managed link 
directions and assume that the MAC and PHY layers may 
enter the low-power mode asymmetrically. Also assume that 
power consumption in the low-power mode is 10% of the 
power in the active mode and that power during state transi-
tions is the same as that in the active state. The duration of 
the state transitions complies with the IEEE 802.3az standard. 
Other methods assume that the links consume no power in 
standby mode because those links are effectively idle rather 
than in the low-power mode in EEE that keeps some elements 
active and schedules refresh periods.

Figure 4 compares energy-consumption results for dif-
ferent loads and technologies. In this case, the aggregation 
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Figure 4 The link-aggregation algorithm compares energy ef-
ficiency for four technologies.
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algorithm comprises four 10BaseT links. 
Experiments yield similar results for 
100BaseTX and 1000BaseT links. The 
next experiment considers aggregations 
with two links (Figure 5). The overall 

shape of the energy consumption versus 
load is similar for the other number of 
links. Additional experiments use dif-
ferent frame sizes, and the results are 
similar: Most of the savings come from 

having some links in low-power mode, 
depending on the load of the LAG and 
not on the frame size. 

The results so far focus on one link 
direction, but traffic is sometimes 
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Figure 6 On a link with asymmetric traffic, the proposed link-aggre-
gation algorithms outperform those of the traditional algorithms.

LEGACY ETHERNET

4

3.5

3

2.5

2

1.5

1

0.5

0 10.5 21.5 3 3.52.5 4
0

LOAD (AT 10 GBPS)

POWER
USAGE

(ONE=ONE
ACTIVE
LINK)

TRADITIONAL WITH EEE
METHOD IN REFERENCE 4
PROPOSED

LEGACY ETHERNET

2

1.8

1.6

1.4

1.2

1

0.8

0.6

0.4

0.2

0 0.5 1 1.5 2
0

LOAD (AT 10 GBPS)

POWER
USAGE

(ONE=ONE
ACTIVE
LINK)

TRADITIONAL WITH EEE
METHOD IN REFERENCE 4
PROPOSED

Figure 5 The link-aggregation algorithms compare energy  
efficiency for two links.



asymmetric, with one direction hav-
ing a significant load and the other 
having a much smaller one. In those 
cases, the technique described in this 
article enables a different number of 
links to be active on each direction. 
Simulations can evaluate the poten-
tial savings in links with asymmetric 
traffic with 1250-byte frames in one 
direction and the same number of 
125-byte frames in the other direction 
(Figure 6). In this case, the simula-
tion estimates the consumption in each 
direction and computes the average to 
provide a normalized result. The exper-
iments show that the proposed algo-
rithm obtains additional energy savings 
for a wide range of link loads compared 
with the use of EEE alone.EDN
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Can you maximize first-to-market opportunities  
and minimize the extra risks of early adoption?

ne of the first expressions I learned as a young 
embedded-system developer was “Smart money 
avoids Version 1.0.” Back then, there was little 
expectation that even a compiler would be avail-

able to developers soon after the availability of a 
new processor. Working with a new processor or 

development tool meant your own develop-
ment team would experience some of the 
growing pains of determining what worked 

properly and what work-arounds were necessary to 
get the system to do what it needed to do. 

By roBert Cravotta •  emBedded insights inC
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Suppliers use major releases of avail-
able products to signal to users that the 
new features and capabilities are built 
on top of a proven product line; this 
helps mitigate some of the challenges of 
launching completely new and unprov-
en products. Suppliers often mark a 
major release of their product lines by 
increasing the major version number, 
such as to 2.0, or by launching a new 
family name within the product line. 
Major releases or new-product families 
can span and employ multiple already-
available product lines. For example, 
Texas Instruments’ recent launch of the 
Hercules safety-microcontroller family 
spans the TMS570 and RM4x product 
lines. TI based the new microcontrollers 
on proven processor families but packages 
new or different peripherals and features 
in a way that is appropriate to a vertical 
market—in this case, safety applications.

Today’s newest processors are sig-
nificantly more complicated than their 
predecessors. They may include new 
peripherals, application-specific accel-
erators, and additional processor cores 
that may not share the same architec-
ture as the main processor core. New 
features can mean that the developer 
community may have little or no direct 
experience with the parts of the system 
and how to best use the new devices’ 
features. To sufficiently minimize devel-
opers’ learning curves for using the new 
processor and encapsulate the complex-
ity of these systems, the supplier must 
provide appropriate development tools, 
drivers, boards, and support IP (intel-

lectual property) when the company 
launches the processor.

Unfortunately, the wisdom con-
tained in the smart-money expression 
also applies to major releases of prod-
ucts that have been in the market as 
production systems because customers 
have not yet robustly applied the new 
features and capabilities they contain to 
an exhaustive set of real-world use cases. 
A development team that adopts a new 
product or major update may experience 

the pain, cost, and risk of changes to 
their project schedules and engineering 
resources. As a result, some develop-
ment teams enforce a policy of avoiding 
using the latest one or two versions of a 
component in their designs.

The intent of this type of policy is not 
to avoid using the new capabilities that 
the latest version supports but to avoid 
the risk of having to rework portions of 
a design because of changes in how to 
access and manage a new capability as 
the system undergoes final engineer-
ing tweaks and adjustments to deliver 
optimum performance and manu- 
facturing yields before full production 
availability. This type of policy relies 
on the supplier’s version nomenclature 
and production-availability date to sig-
nal when the volatility of the system is 
stable enough that additional engineer-
ing tweaks are unlikely to cause rework 
by the development team. Although 
this policy is simple to follow, it can 
potentially cause a development team 
to miss out on substantial first-to-mar-
ket benefits by adopting a new processor 
or tool months after the adoption sweet 
spot—that point in a new processor’s 
or development tool’s early life cycle 
that provides the most opportunity for 
a design to reach the market first but 
incurring the lowest additional risks to 
the development effort (Figure 1).

Adoption sweet spot
The first users of a new processor, the 
early adopters, gain the largest first-to-
market-window opportunity, but they 
may expend more engineering resources 
than developers who adopt the pro-
cessor after it has reached general or 
production availability months later. 
As a processor proceeds through the 
normal life cycle after first availability, 
the number and severity of risks that 
users of the new processor are subject to 
decrease (see sidebar “Sources of risk”).

General adopters adopt a new pro-
cessor after the silicon and development 
tools have matured sufficiently and after 
the formation of a pool of people who 
have experience working with the new 
processor. General adopters expect that 
a stable set of development tools, IP 
blocks or software, and expert support 
staff is available to support the new 
processor so that they can focus their 
engineering resources on completing 
their design in the shortest time without 

At A GLAnCe
↘ Suppliers use major releases 
to signal when new capabilities are 
built on top of proven products.

↘ A development team that  
adopts a new product or major 
update may experience the pain, 
cost, and risk of changes to their 
project schedules and engineering 
resources.

↘ Early adopters gain the largest 
first-to-market-window opportunity, 
but they may expend more engi-
neering resources than developers 
who adopt the processor later.

↘ Working directly with an FAE 
(field-application engineer) usually 
provides the most reliable, accurate, 
and timely information about a new 
processor.

↘ Community-support forums  
provide avenues for finding timely 
information about using a new  
processor.

Figure 1 The adoption sweet spot provides the most opportunity for a first-to-market  
design and incurs the lowest additional development risk (courtesy Embedded Insights).
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necessarily requiring heroic engineer-
ing efforts outside their field of exper-
tise. In other words, accessing the new 
features is fairly straightforward and 
well-defined, such as using available 
drivers, libraries, or API (application-
programming interfaces).

Two previous hands-on projects 
illustrate some of the possible barri-
ers between expectations and reality 

for early adopters (references 1 and 
2). Both projects involved a recently 
launched system that comprised an 
ARM core and a DSP core within the 
same device. Some of the challenges 
included learning how to configure and 
use the system and the software at the 
same time that the engineering-support 
people were learning it, using drivers 
that were “hot off the press” to meet 

the project deadline, and having only 
one choice for the host-workstation 
configuration because the alternative 
configurations would not become avail-
able for several more months. 

A key lesson from both of these proj-
ects is that early adopters must be aware 
that the ability to get to market before 
your competitors requires risk-taking in 
working with components that might 

SourceS of riSk
As contemporary processor offerings pack more features 
and on-chip resources into single packages, it becomes 
increasingly more difficult and time-consuming for a de-
veloper to learn and understand how all of the parts of 
the entire system operate together. An effective way to 
improve the productivity of developers is to use operating 
systems, BioS, drivers, software libraries, development 
kits, and feature-rich software-development-tool suites. 
However, these productivity tools take time—typically, a 
few months—to build and test against the actual processor 
when it first becomes available. 

early adopters might need to work with the processor 
before any of these productivity tools target the processor 
core they are using. one work-around for this problem is 
to use a simulator or an available processor that is similar 
to the new one; the corresponding risk is that the new pro-
cessor implements some features in a subtly different way 
that will require the early adopter to rework a portion of 
the system to accommodate those differences once they 
are identified. 

Development-tool providers are obvious candidates for 
early adoption of new processors because they supply the 
tools that general adopters must rely on. Development-tool 
providers support multiple versions of their tools for each 
processor target because their customer base does not 
automatically adopt the latest version of the tools. Moving 
to the latest revision may involve gaining access to a new 
capability that earlier versions do not support. in any case, 
a business-case scenario justifies the risk of moving to the 
latest version. early-adopter issues may differ in the de-
tails, but they are similar whether you are an fPGA-,
a board-level-, or a software-tool provider. 

rodger Hosking, vice president of Pentek, shares his 
company’s experience with supporting new fPGAs. The 
fPGA-development tools may undergo modification be-
cause of hardware changes for as much as a year of pro-
duction because the manufacturer is still “cooking” the
silicon. During this time, the hardware vendor is still 
tweaking the system iP (intellectual property) to improve 
the performance of blocks in the system. Developers 
considering the purchase of a new fPGA frequently ask 
whether the vendor has tested it at a certain speed and 
what tools are available to support that level of perform-
ance. The answers to these questions are relevant be-
cause new silicon sometimes does not immediately sup-

port every function at the expected top clock rate. The 
details of the answers to these two questions provide 
prospective adopters with a sense of the maturity, stability, 
and engineering effort they will need to bring to a project if 
they adopt that fPGA at that moment.

Jason kridner, a BeagleBoard expert at Texas 
instruments, weighs in from the perspective of supporting 
a board-level resource for the BeagleBoard community. 
important areas affecting the stability of a new board in-
clude interconnect and interprocessor communication. 
it takes weeks for the system to become stable after a 
change in iSA (instruction-set architecture) or in special-
ized processing engines in the target processor that affect 
the timing of the system. The support software, including 
the supplied kernel, drivers, and operating system, encap-
sulates such changes. examples of such changes in the 
software could be to enable a driver to support a specific 
DMA (direct-memory-access) mode or to activate a vec-
tor processor. Another type of change that can occur and 
causes rework and delay is to substitute a component on 
the board with a similar part, such as a memory chip; the 
substitution can cause a ripple of changes in the system 
that can take a few weeks for testing and deployment.

robert Day, vice president of marketing at LynuxWorks, 
sheds light on a different set of risks facing software-tool 
providers. it’s easier to provide early support for some pro-
cessors, such as those from intel, because the embedded 
variants employ the Pc or the server architectures that 
precede by several months the availability of the embed-
ded parts. in contrast, a significantly longer lag occurs 
between when the iP core for ArM processors debuts and 
when actual silicon is first available. The development 
tools for the embedded processors come from a base that 
focuses on embedded-system constraints.

However, providing software-development tools for em-
bedded processors involves validating what features the 
end device includes. This issue is important because each 
instantiation of an ArM processor by each licensee can 
expose dissimilarity between expected and missing fea-
tures. An example with an ArM core involves a cortex-A8 
port that does not implement ArM’s TrustZone technology, 
a systemwide approach to security. An example with an 
intel processor involves an Atom core that lacks virtualiza-
tion support. An instantiation of a processor core some-
times lacks all of the possible specified features.
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be undergoing build and test cycles; 
building components in-house to meet 
schedule constraints, even though those 
components will be readily available to 
later adopters; or both of these scenarios. 
The payoff is that early adopters may be 
able to release their products with a new 
and important differentiating capability 
many months before their competitors.

Early adopters rarely shoulder all 
of the development risks, however 
(Reference 3). Rather, the processor 
vendor often enters into a strategic alli-
ance with the early adopter that involves 
early access to the silicon, software, tools, 
engineering team, and dedicated FAEs 
(field-application engineers). Obvious 
examples of early adopters include tool 
providers that will support the new pro-
cessor with their tools as well as strategic-
partner companies that will be the first 
primary users of the new processor. The 
strategic-partner company is often key 
in specifying and testing the processor 
so that it best meets the requirements of 
the targeted application.

Find the knee
It is not feasible for everyone to enter an 
early-adopter partnership with a proces-
sor vendor. So, must smaller design hous-
es resort to adopting a processor after it 
has reached general availability, or can 
they find the “knee,” or sweet spot, on the 
early-adopter side of the risk-and-adop-
tion curve that gives them a competitive 
advantage? A number of engineering 
and marketing resources, such as FAEs, 
data sheets, and application notes, are 

available from the processor vendor to 
help the public engineering community 
determine when they should adopt a pro-
cessor. It is important, however, to realize 
that each resource has a different time- 
liness and reliability, depending on the 
company’s procedures for capturing 
and disseminating engineering changes 
(Figure 2).

A substantial time interval usually 
occurs between when someone first 
identifies a bug and when an informal 
fix is available; more time elapses during 
the approval and implementation of a 
formal fix, the updating of the docu-
mentation, the release of the fix, the 
publication of the updated documents, 
and the awareness of interested devel-
opers that something about the new 
processor has changed.

Working directly with an FAE usu-
ally provides the most reliable, accurate, 
and timely information about a new 
processor because the FAE can obtain 
informal information directly from the 
engineering group and bypass the delays 
of days to weeks that can be involved 
in waiting for the results of engineer-
ing-change-review boards. The FAE 
provides the expert judgment to know 
when to share an engineering change 
that the vendor is considering but has 
not yet formally adopted.

Community-support forums provide 
avenues for finding timely information 
about using a new processor. Forums 
typically connect developer peers with 
each other and engineers from the 
processor supplier. In some cases, the 

original developers of the processor may 
participate in the forums. Active forums 
can provide a place for developers to ask 
questions and to read or participate in 
conversations regarding how to address 
unexpected issues when operating in 
a scenario with a processor. Forums 
provide appropriate means of find-
ing approved-formal-fix information; 
because they are static and persistent 
resources, however, they are unlikely to 
be good resources for finding informal-
fix information. Examples of developer 
community forums include Atmel’s 
AVR Freaks and Texas Instruments’ 
e2e forums. Offering a community 
forum requires active management to 
ensure that the material in the forum is 
relevant and accurate. Without active 
monitoring, the “signal-to-noise ratio” 
can suffer from spam posts as well as 
posts that are incorrect or even mislead-
ing—intentionally or otherwise.

A knowledge base—a repository 
of relevant documents to disseminate 
information to the developer commu-
nity—can complement the technical-
support group. It may contain trouble- 
shooting information, application 

notes, articles, white papers, 
data sheets, errata, bug lists, 
sample programs, user manu-
als, hardware-support docu-
ments, downloadable soft-
ware, archived software, and 
answers to frequently asked 
questions. Running a knowl-
edge base does not require 
the same level of active man-
agement that a forum needs 
because it is less interactive 
than a forum.

Participants sometimes 
use IRC (Internet-relay-chat) 
channels to engage in active 
conversations in active devel-
oper communities, such as at 
BeagleBoard. These channels 
provide a faster way to ask peers 
questions and engage in back-

Figure 2 Engineering changes pass through a number of groups and cause a lag between when a 
change is made and when it is incorporated into the various information channels open to devel-
opers (courtesy Embedded Insights).
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and-forth conversations; however, users 
of these channels should check the reli-
ability of any information they see with 
their FAEs and suppliers because these 
conversations lack full moderation.

Many companies offer an e-mail 
service to notify developers whenever 
there is an update to the documentation 
pertaining to a processor family or a 
development tool. This service provides 
developers with reliable information, 
but relying on e-mail notification can 
mean that you find out about the latest 
information weeks later than you could 
have through other resources. E-mail 
notification is ideal for those develop-
ers who are interested in knowing what 
changes are happening but are not look-
ing to immediately make a selection.

Adopting a processor too early can 
cause you to accept more risk than 
you are prepared to handle. Likewise, 
adopting a processor past the sweet 
spot means that you may miss out on a 
first-to-market opportunity. Hitting the 
adoption sweet spot for a new proces-
sor requires diligence and active effort. 
Numerous resources keep track of that 
effort, which together can provide you 
with a sense of where a processor is on 
the risk-and-adoption curve.EDN
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E
SD (electrostatic discharge)—the sudden and 
momentary electric current that flows between 
two objects at different electrical potentials—
causes equipment failure and network downtime, 
thus causing production losses of multiple billions 
of dollars annually. From portable consumer elec-

tronics to industrial-automation, process-control systems, and 
military and aerospace applications, every electronics manu-
facturer must consider ESD during equipment design. Myriad 
testing standards exist for addressing the range of technical 
requirements of the various industrial segments.

To help you select the correct testing standard for a design, 
you need to understand the main ESD standards and the 
differences between device- and system-level testing. ESD 
protection includes a range of protection schemes, the most 
common of which are steering-diode arrays, TVS (transient-
voltage-suppressor) diodes, and zener diodes. No matter 
which protection scheme you select, you must perform a 
final EMI (electromagnetic-interference) test and a test of 
the protection circuit itself. 

HBM testing
The HBM (human-body-model) device-level test is the most 
common model for ESD testing. It is used to characterize the 
susceptibility of an electronic component to ESD damage. 
The test simulates an electrical discharge of a human onto 
an electronic component, which could occur if a human has 
built up residual charge—for example, by dragging his feet, in 
socks, across a carpet and then touching an electronic device. 
The failure modes for the HBM testing of ICs typically com-
prise junction damage, metal penetration, melting of metal 
layers, contact spiking, and damage to the gate oxides. 

You set up the test procedure by applying a high-voltage 
supply in series with a 1-MΩ resistor and a 100-pF capacitor. 
After the capacitor is fully charged, a switch is used to remove 
it from the high-voltage supply and series resistor and to apply 
it in series with a 1.5-kΩ resistor and the DUT (device under 
test). The voltage thus fully dissipates through the resistor 
and the DUT (Figure 1). Values for the high-voltage supply 
range, according to the test level, from 0.5 to 15 kV.

Figure 2 shows a typical oscilloscope readout with an ini-
tial current spike as large as 1.4 to 1.5A when the capacitor 
starts discharging and the ramp-down until it asymptotically 

approaches 0A at approximately 500 nsec. The DUT can 
experience a maximum power of 22.5 kW at a single discharge 
event on a traditional HBM. Keep in mind that power equals 
the current times the voltage.

MM testing
The MM (machine-model) device-level test, which emerged 
in the 1990s, is now less common than the HBM test. 
Industrial-automation-manufacturing sites became increas-
ingly popular in the ’90s to increase output. These machines 

Understanding and 
comparing the differences 
in ESD testing

By Dwight ByrD anD thomas KugelstaDt • texas instruments

EDN MS4422 Fig 1.eps    DIANE

HIGH-VOLTAGE
PULSE

GENERATOR

RCHARGE
1M

RDISCHARGE
1.5k

CSTRAY
100 pF

DUT
SOCKET

Figure 1 The HBM device-level test is the most common model 
for ESD testing. You use it to characterize the susceptibility of 
an electronic component to ESD damage.
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Figure 2 a typical oscilloscope readout shows an initial current 
spike as large as 1.4 to 1.5a when the capacitor starts discharg-
ing and the ramp-down until it asymptotically approaches 0a at 
approximately 500 nsec.
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become electrically charged after turn-on and discharge into 
an electronic component after making contact. Thus, MM 
tests became a model for testing this type of ESD event. 
Failure modes in MM testing are similar to those in HBM 
testing. These failure modes include junction damage, melt-
ing metal layers, and gate-oxide damage. 

You set up the test procedure for MM testing with a high-
voltage supply in series with a resistor and a 200-pF capacitor. 
After the capacitor fully charges, a switch is used to remove 
it from the high-voltage supply and series resistor and then 
apply it in series to a 0.5-μH inductor and the DUT. The 
inductor with the capacitor voltage dissipates through the 
DUT (Figure 3). Traditional values for the high-voltage 
supply can vary, but the most common range is 50 to 400V.

When looking at an oscilloscope measurement of current 
over time, you can see that the RLC (resistance/inductance/
capacitance) circuit creates an alternating current (Figure 4). 
The current reaches approximately ±3A, which is about four 

times higher than the HBM’s peak-to-peak current amplitude. 
Furthermore, the dissipation is much longer for the MM test 
because it is still asymptotically approaching 0A at 900 nsec 
(Figure 4). The DUT experiences a maximum power dissipa-
tion of approximately 1.2 kW during an MM discharge event. 

MM testing requires that you test each pin on the DUT 
to its standard. The electronic chip is mounted on a specially 
designed load board that interfaces with an automated ESD 
tester. You ground the other pins on the board and then 
individually test each pin. You continue this procedure until 
all pins have been tested. 

CDM testing
The CDM (charged-device-model) device-level testing pro-
cedure is a simulation for situations that often happen in 
automated-manufacturing environments in which machines 
often remain on indefinitely, causing the electronic ICs to 
electrically charge over time. When the part comes into 
contact with a grounded conductor, the built-up residual 
capacitance discharges. For the CDM test, the DUT is placed 
on its back facing upward on a testing board.

Separate the metal field plate and the DUT with an 
insulating material, which acts as a capacitor between the 
two objects. You then connect the metal field plate to a high-
voltage supply and increase its voltage to the required CDM-
test-voltage level. A probe then approaches the pin under test 
where an ESD event occurs. Monitoring the ground connec-
tion of the pin under test verifies this action. Repeat this test 
on each pin of the DUT for three positive and three negative 
pulses. The result is six total discharges per pin (Figure 5). 

Figure 6 indicates that the CDM discharge takes place 
over 2 nsec at most, which makes it difficult to test and to 
model. This test results in a current of 5 to 6A discharging in 
less than 1 nsec. The current dissipates within 5 nsec, mak-
ing this part of the test succinct but volatile. Due to this fast 
transient, the failure modes typically seen in CDM tests are 
gate-oxide damage, charge trapping, and junction damage. 
Figure 6 shows the current waveform during a CDM test. 

The HBM, MM, and CDM are the most common ESD 
device-level testing procedures for electronic components. 
Table 1 summarizes their similarities and differences. 

esD iMMunity
The system-level ESD-immunity test simulates the ESD 
of a human onto an electronic component (Figure 7a). 
Electrostatic charge on a human can develop in low relative 
humidity, on low-conductivity carpets, and on vinyl garments. 
To simulate a discharge event, an ESD generator applies ESD 
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Figure 3 You set up the test procedure for MM testing with a high-
voltage supply in series with a resistor and a 200-pF capacitor.

Table 1 Comparison of HBm, mm, and Cdm testing
Model HBM MM CDM

Test levels 2, 4, 8, and 15 kV 100, 150, and 200V 250, 500, 750, and 1000V

Peak current (a) 1.5 ±3 5 to 6

Pulse width (nsec) approximately 150 approximately 80 approximately 1

Rise time 2 to 10 nsec approximately 1 nsec less than 400 psec

Typical eSD failures Junction damage, metal penetra-
tion, metal melting, contact spik-
ing, and gate-oxide damage

Junction damage, metal melt-
ing, and gate-oxide damage

Gate-oxide damage, charge 
trapping, and junction damage
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Figure 4 an oscilloscope measurement of current over time 
shows that the RlC circuit creates an alternating current.
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pulses to the EUT (equipment under test) in two ways. The first 
is through contact discharge, or direct contact with the EUT, 
in which something makes physical contact with the EUT. The 
second is through air-gap discharge, or indirect contact with 
the EUT, in which the discharge occurs through the air. The 
IEC (International Electrotechnical Commission) defines this 
test in the IEC61000-4-2 ESD-immunity-test specification.

Characteristics for this test are a rise time of less than 10 
nsec and a pulse width of approximately 100 nsec, indicating 
a low-energy, static pulse. The ESD-immunity test requires 
that you administer at least 10 discharges of both positive 
and negative polarity at 1-sec intervals. Thus, you test the 
EUT at least 20 times for the ESD-immunity system-level 
specification (Figure 7b). 

Figure 8 shows the differences between device- and sys-
tem-level testing standards. The IEC ESD test, which many 
consider the gold standard for component testing, typically 
has an eight-times-higher testing voltage than CDM and 
20-times-higher peak-current testing than HBM.

EFT immuniTy
The system-level-testing standard of IEC61000-4-4 is the EFT 
(electrical-fast-transient) immunity-testing model (Figure 9a). 
The EFT-, or burst-, immunity test simulates transients that 
can happen in everyday environments due to switching off 
inductive loads, relay-contact bounce, and the operation of dc 
or universal motors. This test is performed on all power, signal, 
and earth wires. A burst is the sequence of pulses with a finite 
duration. In the EFT-immunity test, a burst generator produces 
a sequence of test pulses that attenuate to 50% of their peak 
values in less than 100 nsec. The next adjacent pulse typically 
occurs 1 μsec later. A burst typically lasts for 15 msec, and the 
burst period, the time from one burst’s start to the next burst’s 
start, is 300 msec. This cycle repeats for 10 sec, after which 
there is no testing for 10 seconds. This scenario represents one 
test cycle. The test cycle must repeat six times, taking 110 sec. 
The significance of the EFT-immunity test is its short pulse rise 
times, high repetition rates, and low energy content.
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Figure 6 CDM discharge takes place over 2 nsec at most, which 
makes it difficult to test and to model. This test results in a cur-
rent of 5 to 6A discharging in less than 1 nsec.
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ESD of a human onto an electronic component (a). You test  
the EUT at least 20 times for the ESD-immunity system-level 
specification (b).
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Although the fast rise time and the low energy content 
of an EFT are somewhat similar to those of an ESD pulse, 
the number of pulses per test cycle is not. Assuming a 1-μsec 
interval between one pulse front and the next, a 15-msec EFT 
burst contains at least 15,000 pulses. Multiplying the number 
of bursts within a 10-sec window yields 10 sec/300 msec=33.3 
bursts and 500,000 pulses per 10-sec window. Thus, the 
application of six 10-sec windows with a 10-sec pause interval 
results in 3 million pulses within 110 sec. 

Because EFT testing involves no direct contact of conduc-
tors but instead the indirect application through a capacitive 

clamp, proper, industrial-grade cabling with internal shielding 
can produce great results to the DUT by drastically attenuating 
the coupling of EFT energy into the conductors (Figure 9b). 

Surge immunity
The surge-immunity, or lightning, test, IEC61000-4-5, repre-
sents the most severe transient-immunity test in current and 
duration (Figure 10a). However, testers often employ it on sig-
nal and power lines longer than 30m. The surge-immunity test 
simulates switching transients due to direct lightning strikes; 
induced voltages and currents due to indirect strikes; or switch-
ing the power systems, including load changes and short circuits.

The test specifies the surge generator’s output waveforms 
for open- and short-circuit conditions. The ratio of the open 
circuit’s peak voltage to the short circuit’s peak current is 
the generator’s output impedance. High current due to low 
generator impedance and pulse duration approximately 1000 
times longer than the ESD- and EFT-immunity tests charac-
terize this test, indicating a high-energy pulse.
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Figure 9 The system-level-testing standard of IEC61000-4-4 
is the EFT-immunity-testing model (a). Industrial-grade cabling 
with internal shielding can produce great results to the DUT  
by drastically attenuating the coupling of EFT energy into the 
conductors (b).

Figure 10 The surge-immunity, or lightning, test, IEC61000-4-5 
represents the most severe transient-immunity test in current 
and duration (a). A common procedure is to shorten the pause 
intervals to 12 sec, thus reducing total test time to less than two 
minutes. This approach intensifies the surge impact but signifi-
cantly reduces test cost (b).

(b)

TAblE 2 Comparison of system-level tests
Immunity test Standard Lines tested Voltage (kV)

ESD
IEC61000-4-2 air gap Power, signal ±15

IEC61000-4-2 contact Power, signal ±8

EFT/burst IEC61000-4-4
Power ±4

Signal ±2

Surge/lightning
IEC61000-4-5 (8 and 20 μsec, 42Ω, 0.5 μF) Signal ±0.5

IEC61000-4-5 (8 and 20 μsec, 2Ω, 18 μF) Power ±1

(a) (a)

(b)

(b)
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This test requires five positive- and five negative-surge 
pulses with a time interval between successive pulses of one 
minute or less. A common procedure is to shorten the pause 
intervals to 12 sec, thus reducing total test time to less than 
two minutes. Although this approach intensifies the surge 
impact due to the protection circuits’ reduced recovery time 
between pulses, it contributes to a significant reduction in 
test cost (Figure 10b).

SyStem-level teSting
The IEC compiles the system-level-testing standards according 
to IEC61000-4. This family of standards includes approxi-
mately 25 system-level-testing specifi-
cations for transient-immunity testing: 
IEC61000-4-2 for ESD, IEC61000-4-4 
for EFT, and IEC61000-4-5 for light-
ning. Table 2 compares these tests.

Today’s rising demands for system-
level testing renders inadequate device-
level testing at the low voltage/current 
levels of HBM, MM, and CDM. A 
strong distinction exists between sys-
tem ESD and burst/surge-level testing 
between consumer products and indus-
trial equipment and systems, however. In 
consumer designs, ESD testing assumes a 
high priority due to the increased prob-
ability of human contact with electronic 
components through cable connectors.

In strong contrast, industrial design-
ers rate the burst- and surge-immunity 
tests higher than ESD testing. In this 
case, the daily bombardment of elec-
trical transients due to electric motors 
and other inductive switching loads 
poses far greater risks to the system 
than ESD, whereas human contact 
occurs only during system installa-
tion and maintenance and even then 
only when the operator is wearing 
ESD-protection gear. For more infor-
mation about ESD and testing, visit  
www.ti.com/esd-ca.EDN
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↘ Large power supplies that oper-
ate from ac wall voltage have 

large input-filter capacitors. You must 
limit the inrush current to those capac-
itors. Otherwise, the supply may trip 
the ac circuit breaker, or you may dam-
age the rectifier, filer chokes, or PCB 
(printed-circuit-board) traces. The 
circuit in this Design Idea inserts a 
current-limiting resistor in the capaci-
tor’s charging path. It senses when the 
capacitor has charged to a minimum 
threshold voltage. It then uses a 
TRIAC (triode alternating current) to 
short the resistor. Monitoring the 
capacitor voltage is preferable to mon-
itoring the input current, thus avoiding 
large load currents during operation 
that can cause inrush limiting.

This circuit uses a dynistor to detect 
the minimum threshold voltage across 
the filter capacitor. Once called a 
Shockley diode, a dynistor is an asym-
metric thyristor with an alternating 
P+ and N− structure in its anode. In 

this break-over diode, avalanche cur-
rent triggers a gateless thyristor. The 
unidirectional dynistor differs from 
the bidirectional STMicroelectronics 
(www.st.com) Trisil, the Bourns (www.
bourns.com) TISP (thyristor-surge-
protector), and the Littelfuse (www.
littelfuse.com) SIDACtor (silicon-
diode-alternating-current) devices. 
Dynistors are somewhat rare, but you 
can still obtain a DB3 type with a 32V 
break-over voltage. These devices 
sense capacitor voltages greater than 
38V. You can use PNP/NPN transistor 
pairs or a low-power thyristor with a 
zener diode to emulate a dynistor of 
any voltage. 

A dynistor makes a 700-Hz oscillator 
when the capacitor reaches the threshold 
voltage. You can easily transmit this ac 
signal across an isolation boundary com-
prising a transformer or capacitors. If you 
are unsure of the isolation rating of your 
signal transformer, you can capacitively 
couple the transformer (Figure 1). If 

you use optional capacitors C2 and C3, 
their rating voltage should exceed 800V. 
Power resistor R3 limits inrush current 
and should have a power rating greater 
than 2 to 10W. Resistors with integrated 
thermofuses are preferable. Use the ZCD 
(zero-crossing detector) to synchronize 
R3’s shorting event with the transition 
of the ac voltage through 0V. Parts such 
as Fairchild’s (www.fairchildsemi.com) 
MOC3062M zero-crossing phototriac-
driver optocoupler serve this function.

Dynistor D1, capacitor C1, resis-
tor R1, and transformer T2 comprise 
an oscillator. It begins working 
when the value of E exceeds the 
value of the dynistor’s break-over 
voltage. The oscillator provides 
current pulses greater than 20 mA, 
enough to trigger many types of 
TRIACs and consuming less than 
1.5 mA dc. Because the frequency 
of pulses is approximately 700 Hz, 
transformer T2 is small. Resistor 
R2 limits the discharge current 
through dynistor D1. If the trans-
former has adequate dc resistance, 
you can omit R2. Choose a TRIAC 
with a gate-trigger current lower 
than 20 mA. You may not need the 

Circuit controls inrush current 
in ac-operated power supplies
Peter demchenko, vilnius, lithuania
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snubber network comprising RS and CS
if the leakage inductance of T1 and the 

inductance of the ac lines are low.
You can adapt the circuit for capaci-

tor voltages greater than 45V (Figure 
2). Feed the dynistor oscillator through 

a voltage divider compris-
ing R4 and R5. This divider 
consumes 10 to 20 mA but 
keeps the oscillator’s fre-
quency close to 700 Hz. 
To avoid dc-current draw, 
you can use or simulate a 
higher-voltage dynistor. 
This circuit dispenses with 
the isolation transformer 
and uses capacitors C2 and 
C3. Replacing R1 in Figure 
1 with R11 and R12 helps 
reduce current injection 
into earth ground and audio 
interference due to 700-Hz 
oscillations.EDN

↘ It’s common practice to series-
terminate an op amp to match the 

impedance of the load. This practice 
causes a 3-dB loss of output power in the 
termination resistance, however (Figure 
1). Newer op amps operating on 3 and 
5V have limited output swings, meaning 
that you should avoid using series-build-
out resistors. Instead, you can use a series-
feedback circuit to set the output imped-
ance. John Wittman, then a senior staff 
engineer at GTE Lenkurt Electric Co, 
introduced this technique more than 40 
years ago. 

With this technique, you add 6 dB of 
the reciprocal feedback to set the output 
impedance, obtaining a return loss of 
more than 30 dB. You add a series-cur-
rent-sensing resistor, another op amp, 
and a limiting resistor (Figure 2). This 
example shows a high-side sensor and 
an unbalanced load. The forward ampli-
fier is designed to have twice the needed 
gain when unloaded. In this example, 
the open-circuit gain is 2.7, and the 
input impedance is 1Ω. The input cur-
rent is 1A, with an input signal of 1V. 

To match the amplifier’s 1Ω load, 
the series-feedback circuitry must divert 

one-half of the input current from the 
negative input node of the op amp. The 
original 1A input current that flows 
through RF then decreases to 0.5A, 
meaning that the output voltage is half 
of the open-circuit voltage. The output 
impedance is now 1Ω, and the series 
feedback is 6 dB, allowing you to match 
the output impedance to the load and 
still get almost the full voltage swing 
from the amplifier. You no longer waste 
half the output power in a series termi-
nation. This example uses a current-

sense resistance value that is 3% of the 
output load, so power loss will be 3%. 
With careful design, you can lower the 
loss to less than 1%.

In telecommunications lines, for 
longitudinal balance, the imped-
ance of both conductors to ground 
should be the same. Longitudinal bal-
ance protects against crosstalk and 
60-Hz-induced noise. It is also impor-
tant at the higher frequencies that DSL 
(digital-subscriber-line) service uses. 
Telecom companies commonly use 
transformers to provide longitudinal 
balance of 80 to 120 dB. The trans-
formers also isolate transients, such as 
those due to lightning. You can apply 
this technique using transformer cou-
pling and low-side current sensing 

Save 3 dB of output power using 
feedback to set the output impedance
Vic Jordan, Carson City, NV
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(Figure 3). The design process is still 
the same, except that just two resistors 
can provide 6 dB of feedback.

You can formalize the analysis of the 
circuits using state equations. For the 
circuit of Figure 2, because the nega-
tive input of an op amp is at virtual 
ground, you can relate input voltage 
and current by inspection: IIN=(VIN−
V−)/1Ω=VIN/1Ω. You can derive a sec-
ond equation employing the fact that 
the negative input of an op amp has 
high impedance, so the currents at that 
node must add to 0A.

Sum the currents at V−, except you 
reference the node currents back to 
the sense resistor, including the 0.3Ω 
resistor and the 0.03Ω sense resis-
tor: 0=VIN/1Ω+VOUT/2.7Ω+0.37VOUT/
RLOAD. You can express the circuit 
function in vector and matrix terms: 
(I)=(ADMITTANCE)×(V). You can 
also expand for the appropriate states 
of current:

EQUATION 1

(I) I1
I2

,= I1
I2

=
=

IIN
0 (

and then expand for the vector expres-

sion of voltage:
EQUATION 2

(V) V1
V2

,= V1
V2

=
=

VIN
VOUT

Plug these values into the (I)= 
(ADMITTANCE)×(V) equation and 
solve for (V): EQUATION 3

(ADMITTANCE)
1

1
.= 0.37

RLOAD

1
2.7+

0

For the circuit of Figure 2, the forc-
ing function is I1; the input current is 
1A. Invert the admittance matrix and 
then multiply the current vector to 
find the voltage vector. You can use a 
Hewlett-Packard (www.hp.com) HP-48 
calculator to do the hard work. It yields 
the result that VIN is 1V and calculates 
VOUT at −1.35V, one-half the unloaded 
gain of 2.7. You then repeat the analysis 
for a load resistance of 1000Ω:EQUATION 4

(ADMITTANCE)
1

1
.= 0.37

1000
1

2.7+

0

Inverting the (Y) matrix and multi-
plying it with the I matrix, with I1 of 
1A, yields an open-load voltage vector, 
with VIN equal to 1V and VOUT equal 
to −2.7V, confirming that the design 
is correct.

Be careful writing your own equa-
tions; two dependent equations can 
easily lead to an incorrect answer. An 
HP-48 calculator solves them using the 
“least-squares” method, but it does not 
check for a determinant condition of 
zero to warn you of nonindependent 
equations. You can use the HP-48 to 
sum two real matrices to form a com-
plex one. This approach comes in handy 
when you include reactive elements in 
the circuit models. If you prefer using a 
computer rather than a paper napkin, 
you can also use Spice to analyze this 
circuit.

Three equations are used to analyze 
the circuit of Figure 3. You can express 
the input current as a function of the 
input resistance: IIN=(VIN−V−)/RIN=VIN/
RIN. As in the previous example, you 
sum the currents at the amplifier's neg-
ative pin to zero, 0=VIN/RIN+VOUT/28 
kΩ+(V4−V−)/900Ω, and then sum 
the currents at the V4 node: 0=(V4 −
V−)/900Ω+(V4−VOUT)/RLOAD+V4/20Ω.
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You express the currents as a vector:

(V)
VIN
VO
V4

.=

EQUATION 6

(I)
IIN
0
0

, where=

The admittance matrix becomes:

EQUATION 7

(ADMITTANCE)

0

0 0

.=

1
RIN

1
RIN

1
RF

1
900Ω

1
900Ω

–1
RLOAD

1
20Ω+

↘ The circuit in this Design Idea 
detects short-circuit faults or 

excess-current conditions in line-oper-
ated equipment, such as a UPS (unin-
terruptible power supply), across an 
isolation boundary. If the load current 
rises higher than a predetermined 
level, the circuit generates a 5V pulse 
to immediately shut down the power 
inverter. This compact circuit provides 
a reliable means for protecting power 
semiconductors and batteries against 
overcurrent conditions. It features an 
isolated output and a fast response. The 
ac mains self-power the sensing net-

work. The circuit requires a 5V power 
supply to the output-enable circuit on 

the other side of the isolation bound-
ary. The circuit detects bipolar over-

Optically isolated overcurrent detector works  
from ac mains
José M Espí, Jaime Castelló, Rafael García-Gil, and Marcos Arasa, University of Valencia, Valencia, Spain
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This equation determines (Y), the admittance matrix.
In this case, the input current should be 100 μA, and the 

load resistance should be 600Ω. Use an HP-48 calculator to 
invert the admittance matrix and multiply it by the current 
matrix. The resulting voltage matrix yields an input volt-
age of 1V, an output voltage of −1.4V, and a V4 of −0.05V. 
Next, set the load to 10,000Ω. Assume that the magnetizing 
inductance of the transformer is infinite. You then repeat the 
exercise to check that the output voltage is |2.8V|.

You can match the maximum available signal power from 
the op amp to the load by changing the transformer turns ratio. 
Calculate the optimum op-amp signal output impedance to be 
the peak output swing voltage divided by the maximum peak 
capability of the op amp.EDN
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currents through the load, using shunt 
resistor RSHUNT’s resistance. 

During the positive cycle of the ac 
source, components R1, IC1, R5, C1, Q1, 
D1, and C3 work to detect an overcur-
rent (Figure 1). If the load produces 
an overcurrent, the voltage drop at 
the shunt resistor generates a positive 
voltage on the base of Q1 that turns it 
on. Consequently, capacitor C1, which 
R5 initially discharges, receives charge 
from current across R1 and IC1’s photo-

diode. IC1’s photoresistor saturates, 
charging capacitor C5 and providing 
a 5V output at VSENSE, indicating the 
overcurrent detection. D1 increases 
Q1’s base-voltage turn-on threshold 
to approximately 1.4V. Capacitor C3
filters any noise or peak voltage that 
may accidentally turn on the transistor, 
thus enhancing the system’s detection 
reliability.

A circuit, comprising R2, IC2, R6, 
C2, Q2, D2, and C4, for fault detection 

during the negative cycle of the ac 
source works similarly. In this case, the 
direction of current flow through the 
shunt resistor generates a positive volt-
age on the base of Q2. D5 and C6 rectify 
the ac source, providing the isolated 
supply voltage to polarize the photodi-
odes. The inverter logic’s power supply 
supplies the 5V source. When the load 
currents are within limits, the output 
at VSENSE extinguishes due to the dis-
charge of C5 through R8.EDN

↘ The circuit in this Design Idea 
uses a simple comparator circuit 

to make a power-on time delay for an 
automotive rearview camera. Auto 
manufacturers typically power reverse-
view cameras from the reverse-light 
circuit. In automatic-transmission vehi-

cles, a short power pulse is applied to 
the camera when you shift through 
reverse as you go from park to drive, or 
vice versa. This sudden voltage pulse is 
bad for the sensitive circuits in the cam-
era and may reduce its lifetime. This 
Design Idea suggests a simple and cheap 

method for avoiding this situation.
The input to this circuit connects to 

the positive and negative terminals of 
the reverse light (Figure 1). The circuit 
powers the camera using a MOSFET. 
R1 and C1 form a time-delay element 
(Reference 1). When the reverse light 
turns on, it slowly charges the capacitor 
through resistor R1. R3 and R4 form a 
voltage divider, which you use to set 6V  
on the inverting pin of the comparator. 
At the instant of power application to 
the circuit, the comparator output is 

Simple circuit helps to protect 
a vehicle-reverse camera
Aruna Prabath Rubasinghe, University of Moratuwa, Moratuwa, Sri Lanka
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low, and the MOSFET is off. Once the 
voltage of C1 rises above 6V, the com-
parator’s output becomes high, and the 
MOSFET turns on. The values of R1
and C1 set the time delay to 2.2 sec. 
You can calculate this time based on 
the exponential charging of a capacitor 
using the following equations:

EDN_DI5188_Equation.eps 
DIANE

VC(t)=VIN×1−e−(t/R1C1) ,

EDN_DI5188_Equation.eps 
DIANE

6=12×1−e−(t/33 kΩ×100 μF ) ,

and

EDN_DI5188_Equation.eps 
DIANE

t=2.287 SEC.

You can set a different time delay by 

changing the value of R1 or C1. When 
you shift the gear lever from the reverse 
position to any other position, capacitor 
C1 discharges within 60 msec through 
D1, R3, and R4. As you pass through 
reverse, shifting between park and 
drive, the camera does not turn on due 
to the 2-sec delay.EDN

RefeRence
1 “Charging and discharging a capaci-
tor,” Kotisivukone, Oct 31, 2007, http://
bit.ly/qsmTb6.
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Electronics manufactur-
ers are expanding their 
supply chains for one of 

two main reasons: They design 
their products in one region but 
manufacture them in another, or 
they want to accelerate growth 
by expanding organically. In 
either case, expansion across 
regions means significant and 
often costly disruption to the 
OEM supply chain. 

“The biggest challenge we 
see is expectation,” says Ravi 
Kichloo (photo), head of the 
global business-migration team 
at Avnet Electronics Market-
ing (www.em.avnet.com). End 
customers expect the same 
level of quality from their manu- 
facturers, no matter where 
the vendor built the product. 
OEMs expect consistent pric-
ing and delivery from compo-
nent suppliers, no matter the 
location of the manufacturing 
facility. So companies face a 
choice: Duplicate their sup-
ply chain from scratch or out-
source the portion that makes 
sense. Increasingly,  says 
Kichloo, suppliers and custom-
ers are turning to distribution to 
manage business migration.

Global distributors, such as 
Arrow Electronics (www.arrow.
com), Avnet, Digi-Key (www.
digikey.com), Future Electron- 
ics (www.futureelectronics.
com), Mouser Electronics 
(www.mouser.com), TTI (www.
ttiinc.com), and WPG (www.
wpgamer icas.com),  have 
invested in the necessary infra-
structure to duplicate services 

across regions. “We already do 
BOM [bill-of-materials]-analysis, 
pricing, programming, prox-
imity-warehousing, inventory-
pipelining, VMI [vendor-man-
aged-inventory], and buffer pro-
grams,” says Kichloo. “We have 
made an effort to support those 
services globally and maintain 
the nuances of regional prac-
tices. We have the skill, the 
scope, and the team in place 
to be able to do this.”

Distributors are also helping 
customers anticipate the types 
of problems they’ll encoun-
ter as they make the transi-
tion. Component availability 
and pricing differ from region 
to region, and transferring IP 
(intellectual property) for pro-
gramming purposes puts that 
IP at risk. “Now that they have 
multiple locations, they have 
to look at planning and fore-
cast management, aggregating 
demand for multiple sites, and 
new business partners,” says 
Kichloo. “We can make recom-
mendations [on those partners] 
based on our experience with 
EMS [electronics-manufactur-
ing-service] providers and con-
tract manufacturers.”

Distributors also must con-
sider supplier relationships dur-
ing a supply-chain transition. 
Suppliers may lose visibility into 
customer forecasts as business 
moves overseas. “We collabo-
rate daily with our suppliers,” 
says Kichloo. Distributors can 
also help smooth out some 
of the pricing differences that 
occur from region to region. 

“More suppliers are providing 
global pricing, but we still have 
a way to go,” he adds.

According to Kichloo,the pro-
file of the global customer is 
changing. Large manufactur-
ers and OEMs with high-vol-
ume, low-mix profiles were the 
first to expand overseas. Now, 
second- and third-tier manu-
facturers—typically, low-vol-
ume, high-mix vendors—are 
also expanding. Because of 
that complexity, few of these 
companies are developing 
their supply chains from the  
ground up.

“This initiative is important 
for us and an activity that con-
tinues to grow as it becomes 
more global,” says Kichloo. “It’s 
important for suppliers, distrib-
utors, and manufacturers to 
collaborate very closely among 
themselves. In this way, we can 
guarantee the transition will be 
smooth.”

—by Barbara Jorgensen, 
EBN Community Editor

This story was originally posted 
by EBN: http://bit.ly/oQMD0o.

Smoothing out bumps 
during supply-chain expansion 
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SMARTPhONES, 
TABLETS DRIVE 
MEMS MARKET
The market for MEMS 
(microelectromechanical-
system) devices in consumer 
electronics and mobile 
communications devices 
should reach record growth 
in 2011, according to IhS 
iSuppli (www.isuppli.com), 
which notes that the MEMS 
blockbuster this year is the 
three-axis gyroscope.

Consumer- and mobile-
MEMS devices make up the 
largest sector of the market. 
Revenue should hit $2.25 
billion in 2011, up by a record 
annual-expansion rate of 
37%. This rate compares with 
the previous rate of 27% in 
2010, when revenue reached 
$1.64 billion. Overall, the 
five-year revenue forecast 
starting from 2010 calls for 
growth by a factor of nearly 
three to $4.54 billion in 2015, 
equivalent to a compound 
annual growth rate of 22.5%.

“From the accelerometers 
and gyroscopes that provide 
intuitive motion-based dis-
plays, to the microphones that 
allow people to talk on the 
phone, to the bulk acoustic-
wave filters that facilitate wire-
less-Internet access, MEMS 
devices provide many of the 
basic functions that make 
tablets and smartphones such 
compelling products,” says 
Jérémie Bouchaud, director 
and principal analyst for 
MEMS and sensors at 
IhS iSuppli.

—by Suzanne Deffree



EE Times, the leading resource for design decision makers in
the electronics industry brings to you a series of Virtual 
Conferences. These fully interactive events incorporate online
learning, active movement in and out of exhibit booths and
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information and solutions you seek.
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SenSorS And TrAnSducerS

Analog Devices’ fail-safe iMEMS 
gyroscope provides shock, vibration 
immunity for auto applications 

↘ Complying with automotive-safety stan-
dards, the ADXRS800 iMEMS gyroscope 

features a patented differential-quad-beam archi-
tecture that minimizes the influence of linear shock 
and vibration. Sensitivity to linear acceleration is 
0.03°/sec/g, vibration rectification is 0.0002°/sec/g2, noise-rate 
density is 0.02°/sec/√Hz at 105°C, and maximum null-offset 
variation is 3°/sec over temperature and product life. The 
gyroscope delivers better offset stability without calibration 
than alternatives. Power consumption is 6 mA under typical 
conditions. The device comes in a cavity plastic SOIC-16 (Z 
axis) and an SMT-compatible vertical-mount package (X axis) 
and operates across an extended temperature range of −40 to 
+125°C. Prices start at $50 (1000).
Analog Devices, www.analog.com

NXP position sensors boost 
automotive performance

↘ The KMA210 automotive-position sensor incorporates 
the vendor’s magnetoresistive-sensor chip and a signal-

conditioning ASIC the vendor developed using the SOI (sili- 
con-on-insulator) ABCD9-process technology. KMA210 tar-
gets use in automotive applications requiring the measurement 
of a precise mechanical angle—from electronic steering and 
active suspension to automatic headlight adjustment. The 

   

T
wo key markets—automotive and consumer—are fueling the growth of MEMS (microelectromechanical-system) 
sensors. Looking at the numbers, it appears as though demand will yield healthy worldwide sales increases in the 
years ahead. This year’s global market for MEMS devices should grow 9.5%, to $7.73 billion, according to a report 
from market-research company IHS iSuppli (www.isuppli.com).

Catalysts for rising demand in the consumer-electronics and mobile-communications sectors are the use of 
MEMS sensors, including accelerometers, gyroscopes, magnetometers, pressure sensors, and microphones, in media tablets 
and smartphones. Revenue for consumer- and mobile-MEMS devices will hit $2.25 billion in 2011, up by an annual expansion 
rate of 37%, compared with 27%, when revenue reached $1.64 billion, the company says. 

Major sensor-device manufacturers are gearing up. STMicroelectronics, for example, has been consistently producing new 
devices, one of its most recent being a multisensor device that integrates three-axis sensing of linear and angular motion in a 
4×5×1-mm package for small consumer electronics (see “ST couples 3-D digital accelerometer, gyroscope in SiP,” EDN, Sept 
8, 2011, http://bit.ly/ny3vov). Analog Devices also recently rolled out a gyroscope that features a patented differential-quad-
beam architecture to minimize the influence of linear shock and vibration in automotive applications.

In the automotive segment, global automotive-MEMS-device revenue in 2011 should reach $1.99 billion, up just 4% from 
$1.91 billion in 2010, compared with last year’s 28% expansion. But next year’s projections paint a new picture. As vehicle 
production quickly recovers and countries, including the United States and many in Europe, are enforcing safety-related man-
dates, the automotive-MEMS-sensor market will return to double-digit growth. According to IHS, global automotive-MEMS-
sensor revenue will jump a solid 16% in 2012 to $2.31 billion on its way to $2.93 billion in 2015.—by Ismini Scouras

productroundup
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sensor supports temperatures as high as 
160°C, making it well-suited for EGR 
(exhaust-gas-recirculation) applications. 
Designing the signal-conditioning ASIC 
in ABCD9 enhances EMC performance 
compared with that of previous sensor 
products with integrated ASICs. The 
device contains two embedded capaci-
tors in the same package, reducing sys-
tem cost because it requires no PCBs or 
external filter components. Other fea-
tures include contactless angle measure-
ments as large as 180° and overvoltage 
protection. Prices start at $1.40 each.
NXP Semiconductors, www.nxp.com

Capella’s optical sensor 
eliminates the need for 
magnetic-lid devices

↘ Targeting use in tablet computers, 
notebooks, and smartphones, the 

CM36262 optical-lid-sensor chip con-
tains a patent-pending optical-lid sensor, 
an ambient-light sensor, and a proximity 
sensor. The lid sensor makes it easier for 
users to power down touchscreen prod-
ucts, the ambient-light sensor adjusts 
screen brightness to extend battery life, 
and the proximity sensor turns off dialing 
when a user holds a smartphone in the 
listening position next to an ear. The 

CM36262 optically senses the presence 
of a lid or a fabric cover on touchscreen 
products, replacing the standard method 
of using magnets or mechanical switches. 
The optical method is less expensive and 
more reliable; it enables users to power 
down a tablet computer using a fabric or 
a leather cover without aligning an 
embedded magnet over a pickup sensor. 
Prices begin at 79 cents (1000) in an 
optical-land-grid package that measures 
2.35×1.8×1 mm.
Capella Microsystems,  
www.capellamicro.com 

TI reshapes noncontact 
temperature sensing

↘ The TMP006 single-chip passive 
IR MEMS temperature sensor 

enables accurate measurement of device-
case temperature. Contactless tempera-
ture sensing provides advantages over 
the current approach of approximating 
case temperature from the system tem-
perature. Users can also employ the 
TMP006 to measure temperature outside 
the device. The TMP006 integrates an 
on-chip MEMS thermopile sensor, signal 
conditioning, a 16-bit ADC, a local tem-
perature sensor, and voltage references 
on a 1.6×1.6-mm chip. It uses 240-μA 

quiescent current and 1 μA in shutdown 
mode and supports a temperature range 
of −40 to +125°C with a typical accuracy 
of ±0.5°C on the local sensor and ±1°C 
for the passive IR sensor. It also includes 
an I2C/SMBus digital interface. The 
TMP006 sells for $1.50 (1000). 
Texas Instruments, www.ti.com
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AVOZ-D2-B:  700 V, 70 A pulser for production testing of attenuators
AVR-DV1-B:  1000 V, variable rise-time pulser for phototriac dV/dt tests

Pricing, manuals, datasheets: www.avtechpulse.com
Avtech electrosystems ltd.   | Tel: 888-670-8729 
PO Box 265   Ogdensburg, NY 13669 | Fax: 800-561-1970
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We initially thought that the run 
of playback cards was defective. The 
line chief took all the cards back to the 
original vendor and asked the company 
to test them again. Of course, they all 
passed with flying colors.

We couldn’t ship anything because 
nothing would pass the required tests. 
The line chief told me to find out what 
was wrong with this run of AM record-
ers. I had a reference recorder that would 
pass all the tests. My plan was to find a 
different way to test these recorders and 

compare the results with those of the 
reference unit. I tested the units with 
a swept sine wave instead of the fixed 
signals that the test procedure called for. 
I then set up the reference recorder and 
a problem recorder side by side and fed 
the signal to both units. I probed both 
recorders at various points throughout 
the signal path and compared the results 
on an oscilloscope. After testing the 
first channel on both recorders, I found 
no difference between them. 

When I moved on to the second 

channel, however, I found that the 
first test point on the record amplifier’s 
PCB (printed-circuit board) showed a 
marked roll-off of the high frequencies. 
It looked as if the system were lowpass-
filtering the input signal. Channels 3 
and 4 tested OK. Swapping the record 
boards didn’t change anything. The 
problem stayed with Channel 2.

I then noticed that each input was 
wired from a BNC on the front panel to 
the card-edge connector using a shield-
ed-cable assembly. The cables were dif-
ferent colors—brown, red, orange, and 
yellow—to identify the corresponding 
channel. The brown, orange, and yel-
low cables were all coaxial; their cen-
ter conductors’ insulation was polyure-
thane foam. The red cable, however, 
looked more like plain-old PVC (poly-
vinyl chloride). 

The line chief called over the person 
who had preassembled the cables and 
asked about the difference. It turned 
out that the supply room didn’t have 
the red cable that the parts list called 
for but had some other red cable. The 
line engineer had approved the use of 
this cable. Our problems then got worse.

We tried to compensate for the 
poor HF-record response on Channel 
2 by adjusting the playback equalizer to 
the maximum. This approach caused 
the playback card to oscillate, and we 
couldn’t detect that oscillation. The 
oscillation got into everything and was 
enough to cause the SNR test to fail on 
all four channels. We rewired the units 
with the correct cable, and retesting 
them showed that we had eliminated 
the problems. The lesson: Although 
shielded wire and coaxial cable often 
look similar, they are not the same.EDN

Larry Goga is a retired sound engineer 
in Albuquerque, NM. 

The red-cable blues

A
s a young electronics technician, I got a job work-
ing at the end of an assembly line that built a four-
channel analog instrumentation recorder. We could 
build these recorders as AM units to record frequen-
cies as high as 100 kHz or as FM units to record 
frequencies as low as dc. The problem started when 

our manager asked the assembly line to build a new run of all-AM 
units. As these recorders reached the end of the line, it became 
clear that something was wrong. None of the units could pass the 
SNR (signal-to-noise-ratio)-specification test, and it was difficult 
to find playback-amplifier cards that had enough HF equalization 
to meet the frequency-response requirement.
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larry GoGa • sound enGineer

Do you have a Tale To share?
Enter EDN ’s Tell us your Tale contest, and 

you could win 
a scope! Find 
out more at 
http://bit.ly/
Tales_EDN.
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READ > WATCH > DISCUSS >>> intel.com/embedded/innovation/connectivity

“We’re crossing the boundary 
between the physical and the 
digital world.”
Vida Ilderem, Vice President, Intel Labs, 
Director, Integrated Platforms Research Lab

Intelligent connectivity is driving unprecedented smart services and business models, and promises to be one of 
the decade’s most disruptive technologies. At Intel, we are reducing development complexity by combining Intel® 
architecture-based computing, I/O and connectivity in small-footprint modules. Like the Intel® Reference Design 
for Smart Services Development based on the Intel® Atom™ Processor, a platform that can greatly reduce time 
and cost for developers of smart services, intelligent connected devices and software solutions.  

Challenge > 

How to meet the growing demand for intelligent connected systems that can transform 
raw data into smart services. 

Solution > 

Integrate low-power computing, robust security and fl exibility, with always-on connectivity.

Develop intelligent solutions that 
move markets.
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Maximize your opportunity with the M2M Smart Services Developer Kit based on Intel® architecture.  
Join the discussion, and see how Intel and our growing M2M ecosystem are creating new possibilities 
in embedded technology.

Projected annual revenues 
from M2M services by 2016.1 

DC idle power of the Intel® 
Reference Design for Smart 
Services Development.3 

Footprint of the Intel® Reference Design 
for Smart Services Development.2


