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Economy oscilloscopes redefi ned.

Oscilloscopes Redefi ned. With its brilliant 8.5-inch screen, fast update rate, full 
upgradability and 5-in-1 instrument integration, the Agilent 2000 X-Series oscilloscope 
is already fi rst in class. Now with more memory depth, new serial decode options and 
5-year warranty, it’s accelerating ahead. Experience the complete Infi niiVision line for 
oscilloscope features and performance you need at prices that will surprise you.

See the Infi niiVision 

X-Series oscilloscopes

www.alliedelec.com/lp/agilentscopes/

Agilent and our 

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

Infi niiVision 2000 X-Series
70 to 200 MHz

New memory depth up to 1 Mpts 
New serial decode options*

New 5-year warranty
Starting at $1,258**

Infi niiVision 3000 X-Series
100 MHz to 1 GHz
8.5-inch display
Update rate to 1 million wfms/s
Memory depth up to 4 Mpts
Starting at $2,929** 

 *I2C, SPI, CAN, LIN, RS232, UART  **Prices are in USD and are subject to change

Infi niiVision 4000 X-Series
200 MHz to 1.5 GHz
12.1-inch touch screen

Infi niiScan Zone touch triggering
Update rate to 1 million wfms/s
Memory depth up to 4 Mpts
Starting at $5,611** 

800-433-5700 

www.alliedelec.com/agilent

© Agilent Technologies, Inc. 2013







Accelerating Your Success!™
1 800 332 8638  |  www.avnetexpress.com  |      @avnetdesignwire

Simplified.
SUpplY CHAiN SOlUTiONS fROm AVNeT

Your job is to develop and market innovative products; our job is to reduce your risk along the way.

Even leading edge products need a cost-effective and dependable supply chain to be a success. That’s 
where Avnet can help. Around the world and around the clock, you can rely on our expertise at every 
point in the supply chain – from supply chain assessment to solution design to global planning.  
Avnet’s supply chain solutions save you inventory and infrastructure. That’s money in the bank, and 
the edge you need to stay ahead of the competition. Simple, really.

What can we do for you? www.avnetexpress.com
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Jerry Fishman 
1945-2013

Thank you.
For your intellect, your challenges, your
never-ending support and for always expecting more.
For your candor, wit and humor that inspired us all.
For your respect and commitment to the global 
family that is ADI.

We are shocked and saddened by the 
loss of our CEO, colleague and friend.
We extend our deepest sympathies to your family.

To paraphrase you—it’s how you manage transitions
that determines if you will prosper and last.

This transition will be the hardest of all.
Because of you, we are up to the challenge.
Collectively and individually, we are better… 
thanks to you.

The 9,000 employees of Analog Devices, Inc.
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� Viewpoint

Will new lighting technology 
save energy?
The past five years have not been kind to the global 

economies or even nature as we’ve seen countries fail 
and weather become erratic. Yet in those five years we 

have seen the introduction of technologies that show great 
promise to lowering our energy needs. What person hasn’t 
heard or even used some of the new lighting inventions in the 
form of CFL and LEDs? The promise for either is longer MTBF, 
which makes them cheaper in the long run. The soothsayers are 
telling us these technologies can save us not 
only cost, but more importantly, energy.

Most of us have seen a nighttime photo 
taken from a satellite that allows you to easily 
see that we light up the night in all our big cit-
ies — so much so that nearby cities are just one 
long string of light. Lighting needs are said to 
use about 20% of our global energy produc-
tion. So the use of CFL and LEDs can lead to 
fewer coal-fired power plants and that directly 
reduces the amount of CO2 released into the 
atmosphere, which is good for the atmosphere. 
The U.S. Energy Information Administration 
says that in 2011 about 461 billion kWh of elec-
tricity were used for lighting by residential and commercial sectors, 
which equaled about 12% of total U.S. electricity consumption (see 
www.eia.gov/tools/faqs/faq.cfm?id=99&t=3 for more information).

It is awe inspiring that we, the design engineers, continue to 
solve the really tough energy efficiency problems with products 
like LEDs. A simplistic comparison states that the LED has 

a lifespan of 50,000 h vs 1,200 h for incandescent bulbs (and 
8,000 h for CFLs). Additionally, an incandescent bulb produc-
ing the typical 800 lumens requires 60 W of power while a 
CFL uses 13 to 15 W, and an LED lamp needs only 6 to 8 W. 
For example, the environmental impact (CO2 emissions) of 
30 incandescent bulbs (4,500 lbs CO2/year) is about 10X more 
than the same number of LED bulbs (451 lbs/year). These are 
promising numbers if the comparison holds up. If we are to 

make any headway from these lighting 
improvements then we must maintain an 
equivalent number of lumens produced by 
LEDs compared to incandescent bulbs.

But that’s not likely because there is no 
denying the creative process. We are already 
using LEDs in innovative ways that weren’t 
possible with other types of lighting. LEDs are 
becoming the stained glass of architectural 
designs. For example, we are covering entire 
sides of buildings with moving LED displays. 
That requires energy that we didn’t need or 
use with incandescent bulbs. I’m not saying 
we shouldn’t use them, but we may have a net 

gain of zero energy saved because we will need the same number of 
energy plants if we plaster the landscape with LEDs. I don’t presume 
to know the answer, but I do know that we are an ingenious family 
of man and we will think of something — we just need to be aware 
of what our technology should and should not do.

Paul O’Shea

Mediamesh is an LED video display wire mesh 
that is hung from a building façade, making it 
a giant video screen. (Photo Courtesy: ag4)NY Port Authority bus terminal shows off moving LED display. 

The Grand Indonesia Tower has about 
60,000 square feet of LED arrays. 
(Courtesy of StandardVision)
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A look at the making of POY award winners

The MCOIL SMT inductors from 
Taiyo Yuden were big favorites of 
our Product of the Year commit-

tee. It isn’t often that we see a significant 
breakthrough in an inductor, and the 
MAMK2520 and MDMK2020 MCOIL 
power inductors are significant. They 
are smaller and thinner than any other 
available. The 2.5 x 2.0-mm MAMK2520 
and 2-mm-square MDMK2020 use a 
new type of metallic core and can handle 
higher current levels than other power 
inductors of their size.

� e 2.2-μH MAMK2520T2R2M has a 
saturation current of 2,000 mA mini-
mum and 2,300 mA typical — two times 
higher saturation current than similar 
parts in this 25 x 20-mm size. And, the 
devises are only 1.2 mm thick.

We asked the folks from Taiyo Yuden 
about the origin of their design, which 
earned 2012 Product of the Year status.

MCOIL was inspired by the de-
velopment of new metallic magnetic 
materials that have the advantages of 
metal-composite materials, but with 
greatly improved dc bias characteristics. 

Advanced inductors 
from Taiyo Yuden

� e Taiyo Yuden MCOIL design team

� is was done by the R&D and product 
design teams, who were researching 
fundamental materials. Unlike many 
companies, Taiyo Yuden develops its core 
materials in house.

� e popular metal composite power 
inductors have metallic magnetic par-
ticles mixed in their organic binders to 
isolate the particles themselves, to pre-
vent the particles from going oxidized, 
and to secure the strength of inductors. 
MCOIL material o� ers the same level of 
insulation and oxidation prevention as 
the metal composite without the organic 
binders, thanks to oxidation layers which 
are formed on the surfaces of metallic 
magnetic particles. Besides, the thinness 
of oxidation layers, they yield high mag-
netic permeability, compared to metal 
composite types.

Approximately 30 people participated 
in the project at Taiyo Yuden’s Nakanojo 
plant. Since this was the � rst use of the 
new metallic magnetic materials, the 
design went through many tests before 
being successfully launched. 

Jim Harrison
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Making living matter 
programmable
Today, the future is in programming cells
Thirty years ago, the future lay in pro-
gramming computers. Today, it’s program-
ming cells.

That was the message of panelists at a 
session in Stanley Hall auditorium at the 
University of California Berkeley titled 
“Programming Life: the revolutionary po-
tential of synthetic biology.” Co-presented 
by UCB’s Synthetic Biology Engineering 
Research Center (SynBERC) and Discover 
magazine, the panels brought together a 

dozen of synthetic biology’s pioneers as 
well as ethicists focused on the societal 
impact of the technology.

Keynote speaker Juan Enriquez, 
co-founder of the company Synthetic 
Genomics, compared the digital revolu-
tion spawned by thinking of information 
as a string of ones and zeros to the coming 
synthetic biology revolution, premised on 
thinking about life as a mix of interchange-
able parts — genes and gene networks — 
that can be learned and manipulated like 
any language. At the moment, this genetic 
manipulation focuses on altering bacte-
ria and yeast to produce products they 
wouldn’t normally make, such as fuels 
or drugs. “To do with biology what you 
would do if you were designing a piece of 
software,” according to moderator Corey 

Powell, editor at large of Discover.
Jay Keasling, a UC Berkeley chemi-

cal engineer, director of SynBERC, has 
been a key player in developing the field 
of synthetic biology over the last decade. 
He expressed excitement about the release 
next month by the pharmaceutical com-
pany sanofi aventis of a synthetic version 
of artemsinin, “the world’s best antima-
larial drug,” he said. Sparked by discoveries 
in Keasling’s lab more than a decade ago, 

the drug is produced by engineered yeast 
and will be the first product from synthetic 
biology to reach the market.

Keasling is also CEO of the Joint 
BioEnergy Institute (www.jbei.org), and is 
now focused on engineering microbes to 
turn a billion tons of biomass that go un-
used in the U.S each year into fuel, perhaps 
producing roughly a third of the U.S. need.

But other advances are on the horizon, 
he said, such as engineering new materials 
and “green” replacements for all the prod-
ucts now made from petroleum.

Virginia Ursin, Technology Prospect-
ing Lead and Science Fellow at Monsanto 
Corp., noted that industry sees synthetic 
biology’s triumphs as being 10 to 20 years 
down the road. “Engineering (microbes) 
to increase their impact on (plant) health 
or protection against disease is probably 
going to be one of the nearer term impacts 
of synthetic biology” she said, and the 
field could have a revolutionary impact on 
agriculture.

But, Enriquez noted, the implications 
of being able to engineer cells go deeper. 
“This isn’t just about economic growth, 
this is also about where we are going as a 
human species,” he said. Humans will no 
longer merely adapt to or adopt the envi-
ronment, but “begin to understand how 
life is written, how life is coded, how life 
is copied, and how you can rewrite life.”

Drew Endy, a bioengineering profes-
sor at Stanford, summed up his hopes for 
synthetic biology. “What I would like to 
imagine as a longer-term encompassing 
vision is that humanity figured out how 
to reinvent the manufacturing of the 
things we need so that we can do it in 

partnership with nature; not to replace 
nature, but to dance better with it in sus-
taining what it means to be a flourishing 
human civilization.”

Based on an article by Robert Sanders 
of UC Berkeley. You can learn more 
about the Synthetic Biology Engineering 
Research Center at www.synberc.org.

Jim Harrison

Ursin, Keasling and Steve Evans of Dow AgroSciences discuss the economic  
potential of synthetic biology with Corey Powell. (A Christine Fu photo.)

Ursin, Keasling and Steve Evans of Dow AgroSciences 
discuss the economic potential of synthetic biology 
with Corey Powell. (A Christine Fu photo.)
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Engineering is Our Passion
Engineers solve problems. Our engineers recognize the need for a better 
way to calibrate a sensor to its mechanical environment. Melexis builds a 
portfolio of programmable sensor ICs; eliminating mechanical fine-tuning 
with EEPROM calibration. Programming is done at end-of line production, 
normalizing assembly, material and environmental variances.

Re-Programmable For Truly Sustainable Applications
Design change? No worries. An end-user redesign or material change can 
make today’s sensor module obsolete. Melexis Programmable Sensors make 
YOUR products re-programmable for new mechanical or environmental 
parameters or even a custom version of your product to YOUR customer.

We Engineer
The Sustainable Future.

■		 End-User Programmable - EEPROM calibration 
for mechanical and temperature compensation.

■		 End-Of-Line Programming - The output pin(s) 
multiplex as programming pin(s) for calibration 
in actual operating environment.

■	 Support Available - Programming hardware, 
software and applications support available for 
all our innovative programmable sensors.

See All Our Programmable Sensors At: 
www.melexis.com/calibrate

Engineering is Our Passion
Engineers solve problems. Our engineers recognize the need for a better 
way to calibrate a sensor to its mechanical environment. Melexis builds a 

WE ENGINEER
Programmable Current Sensors

For The Sustainable Future

Untitled-2   1 4/8/13   9:43 AM

Society for Information Display (SID) week
SID takes place in Vancouver, BC, Can-
ada, from May 19 to 24 at the Vancouver 
Convention Center. The technical sym-
posium will focus on the technologies 
of touch and gestures, Display week will 

The annual symposium at Display 
Week features hundreds of papers care-
fully chosen for technical rigor and state-
of-the-art research. Some highlights from 
the 2013 technical program include: “A 
9-in. flexible color electrophoretic display 
with projected-capacitive touch panel 
and integrated a-Si gate driver”; “High-
transmission VA-LCD with a 3-D shaped 
pixel electrode for 4k x 2k displays”; and 
“A 55-in. AMOLED TV using InGaZnO 
TFTs with a WRGB pixel design.”

The plenary session begins Tuesday, 
May 21, at 7:45 a.m., followed by the 
keynote at 8:35. The first keynote, 
presented by Kinam Kim, president and 

CEO of Samsung Display, will be about 
“Displays and innovations: An exciting 
future.” The second keynote, from 
Bill Buxton, Principal Researcher for 
Microsoft Research, will be “The social 
life of devices.” The last keynote presenter, 
John Wager, Professor at Oregon State 
University, will talk about “Exciting 
developments in oxide TFT technology.”

SID will also collaborate with HIS 
Conferences for the Business Confer-
ence and Market Focus. The Business 
Conference will take an integrated view 
assessing the current health of the indus-
try, while the Market Focus Conference 
Series will specifically concentrate on 
two critical segments, touch and high-
performance display technologies. The 
conferences will feature high-level speak-
ers and panelists from key players in 
the industry. Attendees will learn about 
important trends and hear ideas about 
options for the display industry. Find 
more information at www.displayweek.
org/Attendee/PressInfo.aspx

Paul O’Shea

again have the very popular I-Zone to 
provide live demonstrations for emerg-
ing information display technologies. It 
allows researchers to show off prototypes 
that will be the products of tomorrow.
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The International Microwave  
Symposium (IMS2013)
The International  
Microwave Symposium 
(IMS2013) takes place in 
Seattle’s Washington State 
Convention Center from 
June 2 to 7. This is the pre-
mier annual international 
meeting for technologists involved in all 
aspects of microwave theory and practice 
and consists of a full week of events, 
including technical paper presentations, 
workshops, tutorials, and social events. 

The IEEE MTT-S Microwave Week 
has several conferences that are co-locat-
ed at the same venues. Besides the flag-
ship IMS Conference, Microwave Week 
also hosts the IEEE RFIC and Automatic 
RF Techniques Group (ARFTG) confer-
ences. To view more information on their 
programs, you can visit www.rfic2013.
organdwww.arftg.org.

Over 500 exhibitors are expected and 
the exhibition hall is open at 9 a.m. Tues-
day, Wednesday, and Thursday, June 4 to 6.

A series of interesting Focus Sessions 
will be part of the extensive technical 
program:

•  TU3A: RFICs/MMICs for 
Wireless Sensing and Com-
munication

•  WE1G: Silicon Broadband 
Millimeter-Wave Integrat-
ed Circuits for High-Speed 
Communication Systems

•  WE4A: GaN Devices for Commercial 
Space: Trends and Developments

•  TH1B: Advances in Graphene RF and 
THz Nanoelectronics

•  TH2H: Realizing Stable Non-Foster 
Circuits and their Application

There will be 72 technical sessions on 
Tuesday, Wednesday, and Thursday on 
topics such a “Recent Advances in Micro-
wave Ferroelectric and Acoustic Devices,” 
“RFICs/MMICs for Wireless Sensing and 
Communication,” and “mmWave and 
THz Interconnects and Transitions.”

IMS 2013 is jointly hosted by Wash-
ington and Oregon MTT (The IEEE Mi-
crowave Theory and Techniques Society) 
chapters, with the Technical Program 
Committee based in Oregon. See http://
ims2013.org for more information.

Jim Harrison

PCIM Europe, May 12-16
Power Conversion Intelligent  
Motion (PCIM) Europe is considered by 
many to be the best 
power-related trade 
show in Europe and 
a counterpart of the 
APEC show in the U.S. 
It is Europe’s best meet-
ing place for specialists 
in power electronics, 
and its applications in 
intelligent motion, renewable energy, and 
energy management. 
PCIM takes place in the Messe Hall near 
Nuremberg, Germany, from Sunday, May 
12, to Thursday, May 16, where you will 
have access to about 400 exhibitors in halls 
7 and 9 from 9 a.m. to 5 p.m., Tuesday 
through Thursday. You can attend any of 

the six tutorials on Sunday and you can 
select from ten more tutorials on Monday. 

Tuesday starts with an 
awards ceremony for 
best papers followed 
with a keynote address 
by Jorg Dorn, head of 
R&D for Siemens, on 
“High Voltage dc – State 
of the art and future 
trends.” The comprehen-

sive conference also has numerous oral and 
poster sessions. Each day the show provides 
a mixture of panel discussions and vendor 
presentations to learn about trends and 
product introductions. For more informa-
tion: http://www.mesago.de/en/PCIM/The_
conference/Program/index.htm. 

Paul O’Shea
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Sensors Expo 2013 to emphasize  
MEMS and energy harvesting
When the annual Sensors Expo & Confer-
ence convenes at the Donald E. Stevens 
Convention Center in Rosemont, IL, next 
month, attendees will have the opportunity 
to immerse themselves in learning about 
two of the most important areas affecting 
sensor development: micro-electrome-
chanical systems (MEMS) and the harvest-
ing of energy from ambient power sources. 
Over the three days of the conference, from 
Tuesday, June 4th, through Thursday, 6th, 
full-day symposia and conference tracks 
will be devoted to examining each of those 
areas in depth. Further, two separate areas 
on the exhibit floor are reserved for prod-
ucts related to these technologies.

That is not to say that other critical top-
ics will be neglected. There are also techni-
cal discussions sensors and the Internet 
of Things, the application of new sensor 

technologies to modern test and measure-
ment challenges, wireless sensing, sensor 
innovations and new applications, gas 
sensing, and “big data” analysis, to name a 
few. But MEMS and energy harvesting will 

certainly get the most attention.
Tuesday, the day before the exhibit hall 

opens, will be devoted to symposia. From 
9:00 am to 5:00 pm the MEMS symposium, 
sponsored by MEMS Industry Group 
(MIG) and chaired by MIG Managing 
Director Karen Lightman, will focus on 
MEMS Sensor Fusion-which the group de-
fines as the intelligent combination of data 
from several sensors for the purpose of im-
proving application or system performance. 
It brings together a veritable Who’s Who of 
MEMS industry experts: AM Fitzgerald

and Associates Founder Alissa 
Fitzgerald, Bosch Sensortec Senior 
Marketing Manager Marcellino Gemelli, 
Freescale Semiconductor Systems Engi-
neer Mike Stanley, IHS iSuppli Principle 
Analyst & Director Jeremie Bouchaud, 
Intel Director of Customer Technical 
Support Ken Foust, Kionix Director of 
Product Engineering John Chong, and 
many more. The symposium amounts to 
a mini convention in and of itself.

At the same time on Tuesday, Randy 
Frank, President of Randy Frank & As-
sociates, will chair a series of tutorials on 
energy harvesting for powering wireless 
sensors networks. In this effort he is aided 
by Robert Andosca (President and CEO 
of MicroGen Systems), David Blaker (Di-
rector of Customer Solutions, Laird Tech-
nologies), Mark Buccini, (Director, Texas 
Instruments), Sam Nork (Design Director 
for Linear Technology), and Chris 
Townsend (Senior Manager of Embedded 
Sensing Systems, MicroStrain, a LORD 
Company). The goal of the session is to 
give attendees an improved understand-
ing of how to match the energy harvesting 
technology to specific applications, the 
importance of the energy/power budget, 
the current status of available technolo-
gies, and the direction in which energy-
harvesting technology is headed.

For a complete list of activities and 
exhibitors at Sensors Expo, and to regis-
ter, visit www.sensorsexpo.com.

Richard Comerford
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Lighting Applications
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The LED lighting revolution 
marches on with Mouser

Solid-state lighting (SSL) continues to assault conventional 
lighting technologies as it rapidly takes over general lighting 
and illumination applications. Led by high-powered LEDs, it 

has quickly expanded to exceed 10% of the current global lighting 
market in a very short period. That number is expected to increase 
to 45% in three years and jump to 70% by the year 2020.1

Energy efficiency is the cornerstone of this astounding growth. 
SSL can provide high-quality 
lighting with extended life 
for a fraction of the power 
compared to traditional 
lighting. This results in a 
dramatic reduction in power 
consumption and lower 
energy costs. Augment 
that with eroding up-front 
production costs, improving 
light quality and a flexible 

design capacity and you have a formula for rapid expansion and 
growth. Nowhere is this more evident than in general lighting 
applications such as downlighting and outdoor lighting, which are 
the most readily adaptable to design retrofits. 

Downlighting is a directional lighting strategy most commonly 
used indoors in homes, offices and public buildings. It consists of 
a ceiling lighting fixture which is directly mounted or placed in 
a recessed cavity. It is the most popular source of general room 
lighting due to its even light distribution and aesthetic appeal. 
Single or multiple units can be easily configured and optimally 
placed to establish an effective lighting scheme to fit the form or 
function of any room or area. 

In the Mouser LED canon, the LUXEON T Series from Philips 
Lumileds is ideally suited for most downlighting applications. 
These energy-saving devices are compact, single-die packages 
designed to provide high efficacy across a full range of correlated 
color temperatures without compromising high color rendering. 
This allows them to sustain maximum forward lighting for tight 
beam control, which is essential for directional lighting. Their low 

thermal resistance and forward 
voltage also simplifies thermal 
design which can be a significant 
issue with the tight spacing in these 
applications. 

Alternatively, outdoor lighting 
covers a broad range of lighting 
applications with the most common being street lighting and 
commercial lighting (e.g., parking lot lights.) In these applications, 
higher light output is needed to provide broader lighting coverage 
to a wider target area. Its immediate function is to enable good 
nighttime visibility and promote safety for the general public. The 
lighting must be of adequate strength, uniform, and consistent 
in quality. On the flip side, the light output must also be tightly 
controlled to reduce light pollution in the form of stray lighting 
and unwanted glare. 

The LUXEON M Series LEDs from Philips Lumileds meet 
these high-performance lighting demands head-on. Their high-
powered design features a quad die array in a single package, which 
provides exceptionally high flux density and efficiency. The high 
light output coupled with simplified driver requirements reduces 
the total number of LEDs and drive circuitry needed in outdoor 

lighting fixtures — promoting their compact design. 
The high lumen maintenance and long life of the M Series 

LEDs are also a boon for cost-conscious municipalities. Not only 
do they save due to lower power consumption but also on the 
reduced costs of fixture maintenance and replacement.

Regardless of the lighting application, Philips Lumileds offers 
a full portfolio of LEDs, which provide superior lighting and 
reliability to meet their requirements. Different design packages 
and a wide range of support components (e.g., drivers, thermal 
management and optics) combine to create a complete lighting 
solution. As the LED revolution marches on, Mouser products 
continue to lead the way.
1.  McKinsey & Company. Lighting the way: Perspectives on the global 

lighting market

BY MICHAEL J. KAWA
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LUXEON T Series 
LEDs are optimized 
for maximum 
efficacy from a 

compact source — perfect for 
downlighting apps.

LUXEON M Series LEDs offer breakthrough flux 
density and efficiency for outdoor lighting. 

LUXEON Series LEDs from Philips 
Lumileds reign supreme for 
downlighting and outdoor lighting 
applications.
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Smart Light Bulbs?  
There’s an App for That!

When you go to the hardware store looking for a 
simple light bulb, you’re faced with a wide range 
of choices. First the type: incandescent, compact 

fluorescent, halogen, or LED? Then the hue: bright white, 
soft white, or cool white? Finally, power—the bulb energy 
efficiency—is it dimmable?  How much will it cost over time? 
These choices are limited 
by your choice of bulbs, 
and there are a lot of 
permutations. In the 
past, if you got it wrong 
or changed your mind 
later, your only recourse 
was to change the bulb.

Not anymore. 
Philips Lumileds has 
just introduced hue, 
a web-enabled home 
lighting system that lets 
you control the color 
and brightness of your 
lighting from a mobile 
phone or tablet using Philips hue smart light bulbs. 
Based on Phillips Lumileds LUXEON™ Rebel 
ES LEDs, hue lets you control the intensity and 
color spectrum of your lights from your iPhone, 
iPad, or Android smart phone or tablet. 
Although you can download the hue 
application for your phone or tablet for 
free, the Philips hue Connected Bulb 
Starter Kit sells for about $200.  
The kit includes a wireless bridge and 
three RF-enabled bulbs with individual 
IP addresses, a bit more complex than your hardware store 
would want to handle.

The setup and operation are simple. Once you connect 

the wireless bridge that comes in the Starter Kit to your 
Wi-Fi router, you can separately control up to 50 different 
bulbs from your phone or tablet. You can set them all up 
for different configurations—for instance, bright white for 
reading or soft yellow to complement a favorite picture. You 
can even use the camera in your phone to automatically 
set exactly the right hue for the wall wash on your picture. 
Then, using the phone or tablet application, you can group 

the lights together to 
create your own personal 
lighting environments 
and change all the 
lighting at once by 
simply tapping that 
configuration on your 
phone.

Hue bulbs output 
600 lumens, roughly the 
equivalent of a 40-W 
incandescent bulb, yet 
they draw only 8.5 W 
each, which is 80% less 
energy than traditional 
bulbs. Color intensity 

covers all shades of white from warm to cold, in 
addition to a wide variety of colors.

Combining flexibility, ease of use, and infinite 
color mixing possibilities, the Philips Lumileds 

hue system represents one of the latest 
innovations in LED lighting and opens 
up many possibilities for commercial 
and home applications, and though 
the hue system itself isn’t available at 
Mouser (Apple store only for now), 

many of the LED ecosystem building 
blocks are only a click away. Just grab your iPad back from the 
kids and visit www.mouser.com/lighting where you’ll find the 
latest in lighting technology and components.

By Mouser Electronics, www.mouser.com

Learn more at mouser.com/applications/lighting
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Philips Lumileds LUXEON® Rebel ES 
LEDs offer superior >125lm/W efficacy that 
enables efficient & sustainable applications.



A FIRST for all kids
BY RICHARD COMERFORD

Last December, Jim Harrison wrote 
about hearing Dean Kamen talk about 
the nonprofit organization FIRST, whose 
mission is to inspire young people to be 
science and technology leaders. Then in 
February, he interviewed Paul Koniarski, 
an electronics engineer at Qualcomm, 
about his experience as mentoring for 
FIRST at Hilltop High School in Chula 
Vista, CA. To continue this series, we’d 
like to take a deeper look into how FIRST 
is organized to interact with kids. The 
program has been developed to address 
the need of students from ages 6 to 18 
with a progression of four programs: 
Junior FIRST LEGO League (Jr.FLL), 
FIRST LEGO League (FLL) FIRST Tech 
Challenge (FTC), and FIRST Robotics 
Competition (FRC). Each program is 
designed to be age appropriate for the 
groups it addresses, and a student can 
join an age-appropriate group without 

having previously been a member of a 
group designed for younger students.

All the annual programs are designed 
to culminate in an international robot-
ics competition and celebration, where 
teams will hopefully win recognition, gain 
self-confidence, develop people- and life-
skills, make new friends, and perhaps even 
discover an unforeseen career path. 

Junior FIRST LEGO League (Jr.FLL)
Focused on children ages 6 through 9, 
Jr.FLL is a hands-on program designed to 
capture young children’s inherent curios-
ity and direct it toward discovering the 
possibilities of improving the world around 
them through science and technology. 
Each year, the program features a real-
world challenge to be solved by research, 
critical thinking, and imagination. Guided 
by adult coaches and the Jr.FLL Core Val-
ues, students work with LEGO bricks and 
moving parts to build ideas and concepts 
and present them for review.

The challenge has two parts: the LEGO 
Model which the team constructs and the 
Show Me Poster they create to explain 
their project. Working in teams of two 
to six children and guided by at least one 
adult coach, teams work to complete their 
challenge. For many teams, the culmina-
tion of the hard work is participation 

in a Jr.FLL event. The FIRST Program 
provides guidelines for how these events 
should be conducted. Volunteer Review-
ers at the event interview the teams to 
learn about their LEGO Model and Show 
Me poster. All the teams are celebrated 
and leave with an award.
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Central Semiconductor’s new 200V Schottky rectifiers 
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Package
Type

  CMSH1-200HE 1.0 200 0.9 50 SMA

  CMSH3-200MHV 3.0 200 0.9 50 SMB

  CMSH5-200HV 5.0 200 0.9 50 SMC

  CSHD8-200 8.0 200 0.9 50 DPAK

  CSHDD16-200C 16 200 0.9* 50 D2PAK

200V Schottky Bridge Rectifier
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FIRST LEGO League 
(FLL)
Open to pre-high-school 
children (9 to 14 in the U.S., 
Canada, and Mexico; 9 to 16 
in other countries), the FLL 
is designed to immerse kids in real-world 
science and technology challenges. As 
with the Jr. FLL, teams design their own 

American Electrical, Inc.
industrial electrical components

din rail 
terminal block
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thermocouple 
connection 
capability. 

please visit our new website at

www.AmErIcAnElEctrIcAl.com
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built-in miniature female 
thermocouple connector for fast 
auditing and troubleshooting

troubleshooting

requires no end 
plates
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solution to a current scientific 
question or problem. But in 
this case, they must build 
autonomous LEGO robots 

that perform a 
series of missions. 
The goal is for 
the children to 
develop valuable 

life skills and discover exciting career 
possibilities, while learning that they can 
make a positive contribution to society.

FIRST Tech Challenge (FTC)
FTC is designed for students in grades 7 
to 12 who want to compete head to head 
using a sports model. Teams of up to 10 
students are responsible for designing, 
building, and programming robots to 
compete on a 12 x 12-ft field against other 
teams. The robots are built using a TETRIX 
platform that is reusable from year to 
year, and can be programmed in a variety 
of languages. Teams, including coaches, 
mentors, and volunteers, are required to 
develop strategy and build robots based on 

sound en-
gineering 
principles. 
Awards are 
given for 
the com-
petition 

as well as for community outreach, design, 
and other real-world accomplishments. 
The competitions lead to a World Cham-
pionship, and students qualify for over $11 
million in college scholarships.

 
FIRST Robotics Competition
Intended for high schoolers in grades 9 
through 12 (14 to 18 years old), the FIRST 
Robotics Competition (FRC) combines 
the excitement of sport with the rigors 
of science and technology, and has been 
dubbed a “Varsity Sport for the Mind.” 
Under strict rules, limited resources, and 
time limits, teams of 25 students or more 

are chal-
lenged to 
raise funds, 
design 
a team 
“brand,” 
hone 

teamwork skills, and build and program a 
robot to perform prescribed tasks against 
a field of competitors. It’s as close to “real-
world” engineering as a student can get. 
Professional mentors volunteer their time 
and talents to guide each team. The teams 
compete to earn a place in the Champion-
ship and qualify for over $16 million in 
college scholarships. ■
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Enhancing the reliability of 
electronic assemblies
Multifunctional thermally conductive compounds can help improve LED reliability.

BY ROBERT MICHAELS, VP/Technical 
Sales, Master Bond, www.masterbond.com

For many electronic devices, perfor-
mance characteristics are impacted 
by temperature. Too much heat can 

lead to component malfunction or pre-
mature component failure. For instance, a 
major cause of light-emitting-diode (LED) 
failure is an elevated junction temperature. 
The junction of an LED, where two types 
of semiconductors are joined together, is 
known to be a hot spot, because both heat 
and light are emitted as electrical energy 
is consumed. As the junction temperature 
increases, light output decreases and the 
color shifts toward blue. Products such as 
television displays, handheld electronic de-
vice displays, electronic signs, and daylight 
automobile headlights depend on LEDs to 
generate reliable light.

Excessive heat threats
For LEDs as well as transistors and other 
semiconductor electronic components, 
failure to stay below specified tempera-
ture limits, such as maximum junction 
temperature or maximum case tempera-
ture, may result in irreversible damage and 
permanent performance shifts. Waste heat 
produced by high currents in power trans-
formers and power handling semiconduc-
tors can cause these devices to overheat, 
potentially compromising performance. 
Heat must be removed in order to maintain 
operating temperatures within specifica-
tions and ensure component reliability.

Meeting temperature specifications has 
become a major challenge in recent years, 
as more functionality is being squeezed 
into ever shrinking packages. State-of-
the-art 22-nm process geometries make it 
possible to create integrated circuits (ICs) 
with transistor densities in excess of 8 
million transistors per square millimeter. 
Higher transistor density means less sur-
face area for heat dissipation — and even 

hotter hot spots — on microprocessors 
and other high-performance chips. In ad-
dition, miniaturized components are often 
packaged in space-saving IC chip carriers, 
such as chip-scale packages and ball-grid 
arrays (BGAs), confining the heat to tiny 
enclosures. Tighter packaging technolo-
gies, such as system on a chip (SOC), in 
which components are stacked on top of 
one another, also exacerbate the heat dis-
sipation issue.

Managing heat by design
Efficient thermal management has become 
a top priority in modern electronic design 
and packaging. Heat must be removed at 
the die, component, and substrate level 
in such a way as to balance performance, 
reliability, cost, and, in some cases, weight. 
There are three modes of heat transfer: 
conduction, convection, and radiation. 
The goal of thermal management is to 
determine a cost-effective, efficient path 
for transferring heat from the device to 
the environment using one or more heat 
transfer techniques.

 Heat sinks are commonly used to 
transfer thermal energy away from micro-

processors, power transistors, LED arrays, 
and other devices into the surrounding air 
(see Fig. 1). Usually made of an aluminum 
alloy or other metal, a heat sink consists of 
a flat surface with fins or other protrusions 
designed to increase its surface area. The 
flat surface is placed in contact with the 
electronic device so that heat flows from 
the device to the heat sink, is conducted 
through the heat sink, and is convected to 
the surrounding air. The heat transferred 
via convection is proportional to the sur-
face area at the transfer point, so the heat 
sink’s extensive surfaces greatly increase the 
amount of heat dissipated into the air.

 
Special materials transfer heat
Specially formulated thermal interface 
materials (TIMs) are often applied 
between the heat-generating device and 
the heat sink to fill in thermally insulat-
ing air gaps and maximize heat transfer 
efficiency. A TIM is characterized by its 
thermal conductivity (see Table 1), which 
typically exceeds 0.3 W/mK — more 
than 10 times higher than that of air 
(0.022 W/mK). Since metal heat sinks are 
better thermal conductors than TIMs, 

Fig. 1: Heat sinks transfer heat away from power devices into the surrounding air.
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optimal thermal efficiency is achieved by 
minimizing the thickness of the TIM and 
eliminating excess material.

Thermal greases, phase change materi-
als, and thermally conductive epoxies are 
some of the many varieties 
of thermal interface materi-
als available on the market 
today. Selection of an 
appropriate TIM for a par-
ticular application depends 
upon application param-
eters such as power density, 
processing requirements, 
reworkability, and other 
concerns. Thermally conductive epoxies 
are often preferred over other alternatives 
because they provide attachment and other 
functionality in addition to heat transfer 
capabilities. These multifunctional systems 
offer size and weight advantages over solu-
tions that require mechanical attachment 
and stability, as well as other benefits.

Performing multiple functions
Thermally conductive polymer compounds 
consist of epoxy, silicone, or elastomeric 
formulations filled with thermally conduc-
tive metal, ceramic, or nanotech particles. 
Typical conductivity values range from 1.5 
to 3.0 W/mK, with conductivity reach-
ing as much as 4.0 W/mK for 
some specially formulated 
grades. For a given type of 
filler, formulators can achieve 
higher thermal conductiv-
ity values by increasing the 
concentration of filler particles. 
There is a trade-off, however, 
with bond strength, since more 
filler means fewer polymer 
molecules available for cohesion. 
This trade-off is not an issue 
for most electronics applica-
tions since bonded electronic 
components are typically not subjected to 
high forces. 

  Adhesives and related compounds are 
known for their ability to balance a variety 
of physical, electrical, and mechanical 
properties. Formulators tailor properties to 
suit specific applications through selec-
tion of resin and hardener, filler type and 
concentration, and other additives and by 
controlling the degree and method of cur-

ing. Thermally conductive epoxy systems 
offer chemical and moisture resistance, 
and include grades that are cryogenically 
serviceable as well as grades that resist tem-
peratures in excess of 500°F. Grades that are 

designed to protect electronics from shock 
and vibration, in addition to managing 
heat, are also available, as are formulations 
that can withstand thermal cycling and 
grades that meet NASA low-outgassing 
standards. One- and two-part compounds 
with different viscosities, moduli, and cure 
schedules, as well as epoxy films, offer engi-
neers a variety of application options.

Cure conditions can impact the thermal 
conductivity of an adhesive compound. 
Too low a cure temperature can result in 
a slow cure and lower crosslink density, 
while too high a cure temperature can 
produce high exotherms that may cause 
the adhesive system to expand. Optimal 

conductivity is achieved when complete 
polymerization occurs through a cure 
schedule recommended by a knowledge-
able formulator. With a complete cure, the 
thermally conductive filler particles come 
into contact with each other, facilitating 
more efficient heat conduction.

Careful application of a thermal prod-
uct is essential for efficient heat transfer. 
As illustrated in Fig. 2, uniform, thin 

bond lines and elimination of air gaps are 
important in order to create a thermal path 
with the lowest possible thermal resistance, 
permitting heat to flow efficiently from a 
hot device to a cooler medium.

Thermally conductive 
epoxies are commonly used 
for the dual purpose of 
bonding and transferring 
heat in applications such as 
high power semiconductor 
die attach, heat sink attach, 
and staking temperature 
sensitive components to 
printed circuit boards 

(PCBs). They are also used as a thermal 
bonding interface between the die and the 
heat spreader in BGA packages. Although 
most thermally conductive epoxies are 
electrically insulative, some grades com-
bine thermal and electrical conductivity 
through the use of metal fillers and can 
be used as an electrical ground on a PCB. 
Related thermally conductive potting com-
pounds are used to transfer heat away from 
transformers, coils, and power supplies 
while protecting them from shock, vibra-
tion, and other environmental conditions. 
Thermally conductive epoxies can also 
function as sealants to protect sensors, con-
nectors, and pins while managing heat.

Extending component life
Today’s high-performance 
electronic devices are squeez-
ing more functionality into 
tighter packages. Market 
demand for performance 
improvements and advanced 
features translates into in-
creased power requirements 
— fueling higher heat out-
puts. Efficient heat removal 
is a must in order to prevent 
premature component failure 

and extend product life.
Thermally conductive compounds help 

optimize heat transfer across interfaces in a 
variety of applications in multiple indus-
tries. By providing attachment, environ-
mental protection, and other functions in 
addition to heat transfer, these adhesives, 
sealants, and potting compounds are 
enabling smaller, increasingly powerful 
electronic systems.  ■

Fig. 2: High thermal conductivity, minimal bond line thickness, complete 
polymerization, and elimination of voids help minimize the thermal 
resistance along the thermal path.

Table 1: Bulk thermal conductivities of common materials





Basic gearmotor efficiency
Gearmotor efficiency from several different angles

BY SETH HULST, Engineering Manager 
Groschopp 
www.groschopp.com

Energy efficiency is one of the most 
misunderstood aspects of fractional 
horsepower motors and gearmotors. 

It normally does not receive much atten-
tion; however, efficiency can be critically 
important to an application. By examin-
ing motor and gearmotor efficiency from 
several different angles, it becomes clear 
that efficiency concerns affect, and are 
affected by, the other characteristics of an 
application. We will take a deeper look at 
the effects of efficiency and requirements 
and tradeoffs of an application.

 
Of course: Power In × Efficiency   
=  Power Out
 
When discussing efficiency as it 

efficiency is only thought of in terms of 
energy cost but efficiency also affects the 
purchase cost. Many engineers do not 
stop to consider the increased system 
cost related to powering a low efficiency 
gearmotor. Almost every component of 
an electrical system must be sized based 
on current draw. Higher current means 
heavier gauge wires to the motor, larger 
relays, etc.

Operating costs (see Fig. 1) are 
determined by, first, using efficiency and 
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relates to fractional horsepower motors 
and gearmotors most engineers primarily 
think about how it relates to cost. While 
this relationship is important, efficiency 
is also intertwined with many other criti-
cal design considerations.

Cost
So, cost is the most obvious consid-
eration. Many designers do not stop 
to consider the whole picture, when 
it comes to cost and efficiency. Often 

  Fig. 1: Determining operation costs.
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output power to calculate input power 
and then multiplying the hours/year and 
input power to establish the energy us-
age. Then your electrical rates are used 
for the annual operating cost.

Let’s take a look at an example (see 
Fig. 1).  Let’s say we have a ½-hp mo-
tor (373 W) that is 70% efficient.  This 
would require an input power of 533 W. 
If this motor were to be run 8 hours a 
day, 7 days a week, the yearly number 
of hours would be 2,912. The annual 
energy usage at this duty cycle would 
be 1552 kW-hrs.  At an electrical rate of 
12 cents/kW-hr, annual operating cost 
would be $186.24.  

 
Energy usage
Typically, when designing an application, 
the gearmotor’s output power is calcu-
lated based on what is needed in terms 
of mechanical output. Unfortunately, 
many designers fail to take the next step, 
which is to calculate the electrical energy 
needed to drive the gearmotor. An elec-
trical energy value is required to ensure 
that the power supply is sufficient for the 

Fig. 2: Speed, torque, and efficiency curve 
for an ac induction motor.

application. This will also give an idea of 
the efficiency needed for the gearmotor. 
In an application where there is barely 
enough power to supply the motor, spe-
cial attention is needed.

 
General design
Consideration needs to be given to all 
aspects of the system that are affected 

by the efficiency of the components, as 
efficiency is intertwined with all the parts. 
For example, efficiency can be affected by 
the size and weight of the motor. One of 
the primary factors driving gearmotor size 
is heat dissipation. A gearmotor’s ability 
to dissipate enough heat is dependent in 
part on its surface area. Since heat is the 
primary form of energy loss in motors, in-
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take into account all the environmental 
perspectives, the energy to manufacture 
the gearmotor should also be considered. 
For that you need to request information 
from the manufacturer.

There are not many regulations that 
pertain directly to fractional horsepower 
motor energy usage. However, there are 

many different regulations, such as the 
1992 Energy Policy Act (EPACT92) and 
Energy Independence and Security Act 
of 2007 (EISA), that apply to various end 
products where fractional horsepower 
motors are used, and gearmotor efficien-
cy must be accounted for in order to help 
meet regulations.

 Finally, it is important to understand 
how a motor or gearmotor’s efficiency 
depends on its load.  Efficiency is often 
thought of as a single number, but in 
reality a motor’s efficiency varies with 
the load.  By definition, the efficiency 
will always be zero with no load and also 
when a motor is stalled. For example, 
notice in Fig. 2, between those two 
points the efficiency will increase, reach 
a maximum value and then decrease.  
Because of this we can see the impor-
tance of properly sizing a motor.  Both 
undersized and oversized motors can be 
inefficient. Gearbox efficiency also varies 
with load.  Because of this it is important 
to properly size the gearbox to the mo-
tor in a gearmotor application. Figure 3 
shows a similar curve for a brushless dc 
motor.  ■

creasing efficiency will decrease heat and 
allow the use of a smaller gearmotor.

 
Environmental factors and  
regulations
Often, only the environmental impact 
of the energy the gearmotor uses is con-
sidered. However, if you really want to 

Fig. 3: Speed, torque, and efficiency curve 
for a brushless dc motor. 
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Consumer Electronics Forum
A recent survey of industry leaders found no consensus on how 
CE will change, but a lot of ideas about how it might

CONVENED AND MODERATED  
BY RICHARD COMERFORD

We recently surveyed three industry leaders to obtain their 
views on how they believed consumer electronics would 
change in the coming year. Interestingly, we found that their 
was really no consensus on how things will change in the near 
future, but that what these individuals brought to the discus-
sion was a unique perspective based on their latest experi-
ence. The results make for interesting reading, and provide 
some ideas about the direction individual designers may 
choose to take.

Electronic Products: What’s the key technology that will 
change consumer electronics in the coming year, and why?

  
Alissa M.Fitzgerald: Actually, I don’t think any significant 
change will happen in the next year. The touchscreen inter-
face and integration of sensors (iPhone, iPad) was the last 
disruptive innovation for consumer electronics, and so for the 
next year, we’ll just see continuation of incremental work. My 
criteria for what constitutes “change” is probably stricter than 
others’. 

Karen Lightman: MEMS sensor fusion—the intelligent 
integration of multiple sensors with MEMS for the purpose of 
improving application or system performance—will increas-
ingly help OEMs/ODMs to make smarter decisions in design-
ing consumer electronics (CE). 

   
Mehul Udani: The most important technology destined to 
impact the consumer space is WiFi and Bluetooth, both found 
in smart phones and now a part of an even more revolution-
ary communications technology – smart nodes. Smart nodes 
are all the devices that we are used to utilizing but now need 
to be connected wirelessly. 

For example, we see thermostats, home appliances such as 
washer, dryer, air-conditioners, cooking range and many oth-
ers with the ability to communicate wirelessly.  As you can see 
there are no boundaries where wireless cannot be considered.   

In home automation segment, there are now options of 
new wireless control applications such as door unlock, tem-
perature control, garage door operation, electric door lock, 
etc., from a smart phone or the Internet.  We can take this one 
step further; what if home-alarm goes off while you are not 
at home?  The alarm company will call 911 and will also call 
you.  However, what about those people, who do not have an 
alarm company?   

With many of the new embedded WiFi applications and 
with the level software that Murata and others are creating, 
we can now have a home-alarm device send you a direct text 
message that it is sounding. Or have your hot water heater 
contact you when a leak/failure occurs. We will also see wire-
less lighting products expand in big way.  Just like smart-
phones have revolutionized the way we “communicate”, smart 
nodes will revolutionize the way we “control all the things 
around us” and giving the true meaning of “Internet  
of Things.”  

   
Electronic Products: What particular challenges do 
engineers face in delivering new features? How might power 
constraintchallenges be overcome? 

Udani: One of the challenges we see for smart node design 
engineers is that they don’t have the same level of engineer-
ing resources that a typical phone company has to imple-
ment wireless.  The fundamental technology is the same of 
what goes in smart phone versus what goes in these appli-
ances but their use cases are very different. Smart-phone 
companies have an RF team and Software team and separate 
applications team.  In contrast, typically, there are no RF 
engineers or embedded software programs in companies 
that make home-alarm products.   We recognized these chal-
lenges and started designing products that integrated these 
three key attributes. 

Alissa M.Fitzgerald (left)
Founder and Managing Member, A.M. Fitzgerald & Associates, LLC

Karen Lightman (middle)
Director, MEMS Industry Group

Mehul Udani (right)
General Manager for Connectivity Solutions, Murata Electronics 
Americas

Forum panel

Alissa Karen Mehul
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Lightman : Th e number one challenge to delivering new fea-
tures through MEMS is the need for standardization, because 
there is still a lack thereof. However, we are making strides on 
this front. MEMS Industry Group (MIG) will release a compre-
hensive document of standardized sensor performance defi ni-
tions to the general public, at no charge. Th e act of defi ning the 
parameters of a type of MEMS device—such as a gyro or an 
accelerometer—makes it much easier for designers to com-
pare MEMS products from disparate manufacturers, thereby 
speeding time to market. Th is document is historic because 
MIG members representing the major MEMS device manufac-
turers and soft ware integra-
tors, a number of which are 
competitors, cooperatively 
authored it. 

 
Fitzgerald : Th e main 
challenges are cost and 
power. Power constraints 
can be overcome with clever 
soft ware to manage and 
meter power to the diff erent 
sensors and systems in the 
product. 

 
Electronic Products:  
What will the main source 
of innovation be? (For 
example, do you think it 
will be a market-leading 
company? A new generation 
of engineers from Asia, the Americas, or Europe? New de-
mandsfrom consumers? Changes in government regulations?) 

Fitzgerald : It depends on the kind of product. Innovation 
in smart phones and tablets is the domain of large companies, 
due to the complexity of the product and its supply chain. 
Innovation in other consumer electronics (including plug-in 
phone modules) will come from smaller, younger companies 
around the world who will be experimenting with an inex-
pensive supply of microprocessors, memory, sensors, etc., and 
who can share and learn information on the Internet. 

 Lightman : Historically, MEMS innovation in consumer 
electronics has come from tech push, but as the industry and 
technology are maturing, that’s changing. Th e primary source 
for MEMS innovation now is market pull—as consumers are 
now expecting (and are willing to pay for) mobile phones and 
tablets that create a much more enhanced user experience, 
thanks to the “MEMS inside.” 

A great example of market pull is the new Galaxy Smart-
phone S, which is set up for biofeedback by design. To quote 
from a recent Gizmondo review, “SHealth isan app that will 
track your steps, stairs climbed, and the ambient temperature 

and humidity, plus track your 
food intake and estimate 
calories consumed/burned. 
You can even track sleep with 
an optional accessory….” 
With healthcare costs rising, 
people want to take more 
control of their own health. 
What better way to do this 
than via a smart device that 
is always with you? I love that 
Samsung took the fi rst step, 
and instead of waiting for 
someone to design an app to 
fi t with the phone, they are 
designing the phone with the 
health applications already 
embedded.  

 
Udani:  We are now intro-

ducing products are relatively simple to design-in and are 
pre-certifi ed which eliminates RF specifi c resources.  We 
included all the soft ware built-into the module so our custom-
ers do not have to worry about embedded protocol stack, 
profi les, etc.  On top of that, we included an embedded server 
into the module.  So, customers can pick up our module and 
they will only need to make minimal investment in embed-
ded development.  Th is type of turn-key product will enable 
a plethora of many new applications and devices that will 
become the innovation engine for a new class of consumer 
wireless electronics. ■  
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industry stats for the active engineer

Electronic Products looks at the forecast for low-end smartphones and the top suppliers of baseband ICs
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Security and ID 
Electronics

Mark Shapiro, product marketing 
director for embedded security solutions 
products at INSIDE Secure said, “At its 
core identity and security rely on the 
integrity of the device that is storing, 
transmitting, or consuming the identity 
credential. So any corruption or loss of 
integrity in the device presents a risk that 
that information and identity could be 
compromised.  Our platform solution 
provides complete secure boot function, 

which is needed to make sure that only 
the software images from an authorized 
source are booted, corrupted software 
images are never booted; and downgrad-
ing software images to a version with 
known security holes is prevented.”

Another aspect of security is using 
high-performance processors to analyze 
images. Analog Devices knows some-
thing about that. Their latest  
1-GHz dual-core Blackfin processors are 

The ADSP-BF608 and ADSP-BF60 Blackfin 
processors have dual 500-MHz cores, up to 
4.3 Mbits of SRAM, and a vision accelerator 
to enable broad adoption of multifunction 
analytics into embedded-vision applications. 
Analog Devices: www.analog.com

INSIDE Secure offers near-field 
communication (NFC) tags for interaction 
between mobile devices and a broad range of 
medical, communications and other devices. 
INSIDE Secure: www.insidesecure.com

“Secure microcontroller 
design, as of today,  

needs to care about many 
aspects to ensure  
secure systems.”

The majority of design engineers have 
aspects of security to contend with in 
their designs. They may need to have a 
microcontroller (MCU) that is protected 
against tampering and against software 
theft, they may have a communications 
link that needs encryption, or they may 
be designing a security vision system for 
a car or a train. We talked with some in-
dustry leaders in this area about trends 
they are seeing in this area.

Christian Wiebus, senior director 
product management, Secure Identity 
product line, at NXP Semiconductors 
told us that “Secure microcontroller 
design, as of today, needs to care about 
many aspects to ensure secure systems. 
The two most important ones are: 
resistance against side channel attacks, 
which needs to be evaluated in the 
simulation phase, and resistance against 
fault injection (e.g., laser light) in order 
to avoid manipulation of the program 
flow. The third point is resistance against 
reverse engineering by layout measures 
and anti-cloning features like Physically 
Unclonable Function (PUF) technology, 
which is currently designed in the future 
generation of NXP’s SmartMX2 high 
security microcontrollers.”
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The SAMA5D31 is a Cortex-A5 processor-
based microprocessor operating at 536 
MHz and providing 850 DMIPS. The device 
features a floating-point unit, 10/100 
Ethernet, HS USB, and an LCD controller. 
Atmel: www.atmel.com

optimized for embedded vision applica-
tions, and feature a high-performance 
video analytics accelerator, called the 
Pipelined Vision Processor (PVP). The 
PVP is comprised of a set of configurable 
processing blocks designed to accelerate 
up to five concurrent image algorithms, 
enabling a very high level of analyt-
ics performance. These processors fit 
many applications such as automotive 
advanced driver assistance systems, 
industrial machine vision, and security/
surveillance systems.

“With over 25 billion mathematical 
operations per second available from 
the PVP, this accelerator combined with 
two Blackfin cores provides the basis for 
a very powerful and flexible processor,” 
said Colin Duggan, director of market-
ing. “Our goal with these new Blackfin 
processors is to offer a high level of 
analytic functions at a great price with 
very low power consumption, enabling a 
much broader deployment of embedded 
vision systems.”  

We also asked Jeff Bier, founder of 
the Embedded Vision Alliance, what 
he thought of the new ADI processors. 
“Vision algorithms are computationally 
demanding and very diverse. High-per-
formance, cost-effective programmable 
processors are essential for these applica-
tions,” Jeff said. “Analog Devices’ has 
taken a leadership position by fielding a 
powerful architecture targeting embed-
ded vision applications.” ■
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What’s Behind Digital Power 
Control?
By Herman neufeld 
Senior member of the Technical Staff  
at ZmdI 
herman.neufeld@zmdi.com

like any new technique that is  
introduced in the market, digital 
power control must first prove 

that it offers important advantages over 
state-of-the-art analog techniques. In this 
vein, the first and foremost issue to be 
addressed is the price, and the secondary 
considerations are converter size, perfor-
mance and efficiency. This article covers 
these issues and also discusses digital 
power control from a broad standpoint.

What is digital power? 
digital power, as the term implies, is a 
technique used for converting power via 
digital control means. Instead of using 
analog components, such as operational 
amplifiers and comparators, it uses a 
digital controller. Both control techniques 
are designed to ensure that the power 
stage switches at the right moment in 
every switching cycle in order to properly 
regulate the output voltage. deviations 
from the correct switching instant lead to 
deteriorating performance, instabilities, 
and in extreme cases to malfunction of 
the load that is being powered. Therefore, 
performance—not just price—should be 
something to closely consider. In fact, 
one of the major differentiators between 
digital and analog power control is 
performance.

Cost 
for the typical power supply designer, 
analog technology has been proven 
to deliver good and efficient power 
converters. So why change? Why spend 
more money on a digital controller? 
What is clearly overlooked here is that 
not all converter applications require 
a digital controller. Take, for example, 

a converter that is required to produce 
5 V at 1 a. In this case, analog con-
trol is the best choice—a conclusion 
based purely on price. There are also 
many analog controllers available on 
the market. as a rule of thumb, one 
could state that analog control is the 
preferred choice for converters with 
output voltages above 3 V and currents 
below 10 a. digital controllers are not 
meant to compete against these analog 
controllers, especially when price is 
important and analog performance is 

perfectly adequate for the application. 
However, for a fast-growing market of 
servers, routers, switches and embedded 
controls, the converters that power these 
applications require a much higher level 
of performance than analog controllers 
can offer. loads such as field-program-
mable gate arrays (fPGas), processors, 
memory banks and similar digital blocks 
need to interact with the converter feed-
ing them. analog controllers with a digital 
interface are also available on the market, 
but, they are not as flexible as digital con-
trollers when requirements change. aSICs 
also require development time and cost. 
With a digital controller, such as ZmdI’s 
ZSPm1000, the user is able to configure 

the settings on the controller and issue 
PmBus commands to change them. The 
equivalent of an aSIC can also be realized 
by modifying the firmware in order to 
meet the customer’s needs. This, however, 
is done by the IC manufacturer. The cost 
savings compared to an analog aSIC are 
achieved because the IC itself does not 
change.

further reductions in cost can be 
achieved via a fully automated production 
process that is possible with a digital con-
troller. The converter can be programmed, 

tested, and calibrated without the need for 
human intervention.

design time also needs to be factored 
into the cost of the converter. When using 
a digital controller, the converter design 
does not need to be done by a power  
supply specialist. It can be done by the very 
same digital hardware design engineer  
developing the board. last-minute changes 
can be quickly implemented because the 
requirements are programmed into the 
digital controller, something that can also 
be done “on the fly.”

Performance 
The kinds of applications addressed by 
digital controllers are typically more 

Fig. 1: Configuration setup for the ZSPM1000 digital controller.
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involved than those for analog controllers. 
Consider, for instance, a fast-occurring 
20-A load step at an output voltage of 1 V. 
At this low voltage, a 200-mV deviation 
on the output (20%) may be unaccept-
able for many applications. Resorting to 
adding more output capacitance on the 
board in order to minimize output volt-
age deviations unnecessarily burdens 
the bill of materials cost while it also 
slows down the converter’s response. 
With a digital controller, implementing 
advanced transient response algorithms, 
such as ZMDI’s State-Law Control, 
reduces expenses while improving 
transient response.

It is also important to know 
that the LC filter on the output of a 
DC/DC converter does not exhibit 
real poles that can be compensated 
for by the error amplifier’s compensa-
tion network. The poles are actually 
complex, and their position depends 
on the Q factor of the filter. An 
unconditionally stable converter can 
be designed with an analog controller, 
but at the expense of performance that 
can easily be obtained from a digital 
controller. Just imagine having a con-
verter with feedback and feed-forward 
networks that adapt continuously to 
your converter’s operating conditions. 
This is what is achieved with digital 
power control.

Converter size 
The size of a digital converter will 
typically differ from that of an analog 
converter depending on the total num-
ber of external components needed in 
order to address the features required by 
the load.

As far as controller size is concerned, 
it is important to know that process 
geometries have become smaller in the 
past years, allowing digital circuits to 
benefit from this because they can be 
scaled down in size much more readily 
than their analog counterparts. As evi-
dence of this, ZMDI’s high-performance 
digital PWM controller, the ZSPM1000, 
comes in a 4 x 4-mm QFN package. 
Small size also means less silicon area 
and hence lower cost.

Efficiency 
Analog controllers can provide high 
efficiency over a wide range of output 
currents by switching between two modes 
of operation. One is a constant or pseudo-

constant frequency mode for continuous 
conduction of the inductor current, and 
the other is a pulse-skipping mode for 
light loads in which the inductor current 
reaches zero within every switching cycle, 
and the switching cycle is determined 
by the droop time of the output capaci-
tors. Digital control does this too, but for 
output voltages of approximately 1 V and 
currents in the tens of amperes, addi-
tional considerations must be addressed 
in order to minimize conduction losses 
and save energy via the various standby 
and sleep-mode techniques. Once again, a 
digital controller becomes the ideal choice 
because it is able to be programmed in 
various operating modes. In order to 
reduce conduction losses, a driver MOS 
or DrMOS power stage is also employed 
to work alongside the digital controller, 
for example the ZSPM9060 from ZMDI, 
which can deliver an average current of up 
to 60A. This part has been optimized to 
provide a very high efficiency.

Another aspect that tends to be 
overlooked by power supply designers is 
the relationship between the maximum 

power delivered by a digitally controlled 
converter and the digital controller’s ac-
tive supply current. The digital control-
ler’s operating current is generally higher 
than its analog counterpart, but for the 

power levels it controls, this current 
becomes an insignificant fraction of the 
total power budget.

PoL modules 
Another application that also fits very 
well for digital control is point-of-load 
(PoL) modules. Producing DC/DC 
converter modules requires a high degree 
of automated production. Variations in 
module outputs can be easily configured, 
either via PMBus or via pin-strapping. 
The module manufacturer can also tailor 
the module’s characteristics in order to 
further optimize it to the load.

Future trends in digital power 
As the number of digital boards  
continues to increase and the trend 
toward more energy-efficient designs 
continues to dominate, digital power will 
continue to see a high growth potential 
in the coming years. Cost savings can be 
obtained through fast design turnaround 
times, savings in staff personnel, savings 
in production costs, and faster time to 
market. ■

Fig. 2: Comparison of the transient response of a digital controller (pink trace) vs. an 
analog controller (white trace).
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Quantum dot-equipped LCDs: 
Workhorses of a different color
With quantum dots, LCDs can now reach a color gamut that is 
essentially equivalent in size to that of an OLED display

BY JOHN VAN DERLOFSKE, Sr. Research 
Scientist, ART LATHROP, Marketing 
Development Manager 
3M Optical Systems Division  
www.3m.com

In medieval times, 
artisans created 
magnificent win-

dows of stained glass 
to communicate to the 
masses. The mecha-
nism was simple: light 
from the sun shined 
through artfully ar-
ranged shards of bril-
liantly colored glass. 
Less simple was the sci-
ence behind those col-
ors. In fact, early color 
technologists were 
among the first to use 
nanotechnology: They 
mixed gold chloride 
into molten glass to form 
minuscule gold spheres, 
which would impart a 
dramatic red color to the 
sunlit glass.

Today, liquid crystal 
displays (LCDs) use a similar 
mechanism to communicate im-
ages and information. Light from an 
LED shines through bits of red, blue, 
and green plastic that make up the color 
filter. And nanotechnology will again 
soon be central to the creation of strik-
ingly beautiful colors, including eye-pop-
ping reds that have rarely been seen on 
electronic displays.

Unlike their medieval predeces-
sors, though, today’s technologists 
aren’t applying nanotechnology to the 
colored shards. Instead, they are using 
nano semiconductor structures called 

quantum dots to convert LED light from 
blue to white.

These minute dots — only 2 to 6 
nm across — could have an enormous 
impact on the display industry. In just 

a few years, high-resolution screens 
went from exotic to desirable to a 

requirement; in the next few 
years, quantum dots will 

move high-gamut 
color along 

the same 

contin-
uum. They will 

allow LCDs to offer 
competitive, and in some cases 

superior, color compared to the best 
commercial OLED displays currently 
available.

Reinvigorating LCD technology
LCDs are ubiquitous. Because they are 
reliable, adaptable, and inexpensive, they 
have become workhorses of the display 
industry.

This dominance has been contested 
by OLED displays. The first OLED 
demonstrations promised advantages 
in performance and form factor; LCDs 
have answered with improvements that 
approach or match almost anything the 
OLEDs can offer, while preserving LCDs’ 
advantages in cost, reliability, and consis-
tent supply.

LCDs have been less successful in 
matching OLED color. With the excep-
tion of a few high-performance models, 

LCDs usually 
topped out at the sRGB 

color gamut, about 70% of the 
size of the color gamut that OLEDs 

commonly produce. That extra 30% is 
even more important than it sounds. 
A recent 3M pilot study found that the 
larger color gamut increased viewers’ 
attention by 50%.

With quantum dots, LCDs can now 
reach a color gamut that is essentially 
equivalent in size to that of an OLED 
display. The gamut for OLED displays 
remains a little larger in the green part 
of the spectrum. Quantum dots can 
offer LCDs significant improvements 
in green, allowing them to achieve the 
Adobe RGB gamut, and they excel in 

Fig. 1: The Ado-
be RGB and DCI P3 standards 

are similar, although the 
Adobe RGB calls for more 

saturated greens and 
the DCI P3 has more 

saturated reds.
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is a bright, daylight white consisting of 
the sharp spike from the blue LED and 
the broad yellow hump from the yellow 
phosphor.

A quantum dot-equipped backlight 
uses a similar approach. When exposed 
to the light emitted by a blue LED, 
quantum dots convert some of the light 
to green and some to red. When com-
bined with the LED’s intrinsic blue light, 
the result is a white light with narrow 
peaks in the three primary colors.

Those primary peaks matter, because 

generating striking reds like those that 
are called for in the motion picture 
industry’s demanding DCI P3 standard 
(see Fig. 1).

 
Hitting the peaks
In a typical LCD backlight unit (BLU), 
light is generated by white LEDs. The 
most common white LEDs start with 
blue light. To produce a full-spectrum 
white, the blue LEDs are coated with a 
yellow phosphor (usually yttrium alumi-
num garnet or YAG). The resulting light 

Fig. 2: When the light from a conventional “white” LED passes through a color filter, the 
greens and reds appear unsaturated. When light from a blue LED is converted by quantum 
dots instead of a yellow phosphor, it has concentrated peaks and colors are saturated.

Fig. 3: Introducing QDEF is minimally disruptive to LCD manufacturing. The film can replace 
the diffuser in a conventional LCD backlight, while other components remain in place.
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LCDs produce more saturated colors 
when exposed to a narrow spectrum 
light that aligns with the color filters 
than when they filter broadly dis-
tributed light. The red color filter, for 
example, transmits a band of wave-
lengths greater than 570 nm (a mix of 
yellow, orange, and red) and blocks the 
other wavelengths. When the backlight 
provides fewer of the non-primary, 
intermediate colors, the liquid crystal 
panel transmits a purer, more narrowly 
controlled red (see Fig. 2). 

 Using quantum dots with highly 
efficient blue LEDs and conventional 
color filters, LCDs can express a high 
color gamut more efficiently than other 
high color-gamut approaches, which 
typically involve special (and more en-
ergy-intensive) LEDs, more aggressive 
color filters, or both. In some instances, 
a quantum-dot-equipped LCD can be as 
much as 50% more efficient than earlier 
high-color-gamut LCDs.

Little dots, big challenges
The spectral output of a quantum dot is 
determined by its chemical composition 
and—uniquely—by its size. When blue 
photons (around 450 nm) strike a very 
small dot—around 2.5 nm in diame-
ter—the dot emits a saturated green light. 
When the same bluish light hits a larger, 
6-nm diameter dot, it produces red.

Manufacturing the dots to such 
precise specifications is, obviously, an 
impressive technical achievement. In-
corporating them into a device—which 
requires that the dots be protected from 
oxygen and moisture and distributed to 
create even color across the entire dis-
play—is equally demanding. One way to 
incorporate quantum dots into a display 
is Quantum Dot Enhancement Film 
(QDEF), a thin film with a precisely 
controlled layer of dots sandwiched 
between two sheets of barrier film.

Integrating QDEF technology into 
existing LCD manufacturing processes 
is much less challenging. The film can 
be used in lieu of the diffuser sheets that 
are typically positioned on top of the 
lightguide plate (see Fig. 3). 

  The BLU’s other components 
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— such as the reflector, prism films, and 
reflective polarizer — remain in place. 
These extended gamuts will eventually 
become a virtual necessity for displays. 
Once we have been exposed to higher 
quality imagery, the older and lower 
quality images seem dull, antiquated 
and unappealing. There is a reason why 
there are no black-and-white windows 

in cathedrals: Once people had been ex-
posed to the stunning colors of stained-
glass artisans, there was no turning 
back. Medieval architects and artisans 
knew intuitively that we are moved by 
visual images and the brighter and more 
colorful those images are, the better 
they look; in short, the more profound 
our response. ■



Switching from CCFL to LED 
backlighting
Here are some options available for liquid crystal display backlighting

BY SCOTT BARNEY                                  
Vice President of Sales & Marketing  
Endicott Research Group (ERG)           
www.ergpower.com

As lighting topologies have ad-
vanced, backlighting technolo-
gies have evolved to keep pace. 

At one time, cold-cathode fluorescent 
lamps (CCFLs) were the dominant tech-
nology for backlighting active-matrix 
thin-film transistor (TFT) LCDs and 
were powered by dc/ac inverters.

Now, LED backlights have taken over. 
Their advantages over CCFL have been 
well documented — higher brightness, 
longer lifetime, lower power consump-
tion, and no mercury, to name a few. The 
rising prominence of LED backlights 
(see Fig. 1), usually in the form of rails, 
strings or LED arrays, has presented 
many manufacturers and users of display 
power supplies with a number of options.

 There are currently four options 
for backlighting a display: (1) continue 
to use CCFLs with dc/ac inverters for 
as long as parts are available, (2) make 
an easy switch to an LED driver using 

a number of options currently on the 
market such as kits and drop-ins, (3) 
choose an LED driver, standard or 
newly designed, for an LED display 
that does not come with an onboard 
driver, and (4) for the display that has 
an onboard driver, it is possible to use 

the system’s existing input power signals 
and convert the analog dimming signal 
used for the inverter into a PWM signal 
for the LED driver.

CCFL still hanging on
CCFLs are not entirely dead yet, and 
they are still an option for certain legacy 
applications (for example, medical and 
point-of-sale) where a re-design for 
LED backlighting is not yet necessary or 

economical. And, although many CCFL 
and inverter manufacturers are abandon-
ing this technology, there are a few that 
continue to support the CCFL industry 
so that customers have that option for as 
long as they need it. CCFLs are not the 
future but, at present, a demand remains 

and a few manufacturers — ERG in-
cluded — are still selling them to support 
customers who continue to use CCFL.

The majority of LCD users, however, 
are switching to LED backlights. The 
optimum scenario here is to make the 
transition from CCFL to LED as quick 
and easy as possible while getting the op-
timum performance from the LED BLUs 
(backlight units).

Making a quick switch to LED
If you are sourcing a driver for an LED 
backlit LCD, you have a few options that 
can make the switch surprisingly fast 
and easy.

One option is a development kit avail-
able (see Fig. 2) for OEM LED-backlit 
LCDs that includes everything necessary 
to get the panel, backlight and driver 
fully operational. Each kit is designed 
for a specific OEM LCD and includes 
the appropriate LED driver card, a flying 
lead input harness, a controller-to-driver 
plug-and-play input harness, and a direct 
mate LED driver-to-LCD interconnect 
wiring harness (where applicable). 

For CCFL designs already in the 
field, it’s possible to swap an LED rail for 
the CCFL lamp, or tube. LED rails are 

Fig. 1: CCFL tube BLUs (top) are rapidly giving way to LED strings or rails (bottom) for LCD 
backlighting.

Fig. 2: 
Development 
kits are available 
for LED-backlit 
panels in popu-
lar industrial 
sizes from AOU, 
NEC, Sharp, 
Kyocera and 
other major 
LCD OEMs.
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available on a long, narrow PC board 
that fits into a metal channel or “rail” 
that is similar in form factor to the 
channel in which CCFLs are commonly 
fitted. These are available as a drop-in 
replacement (see Fig. 3) for CCFL rails 
for a number of OEM LCDs and, used 
in conjunction with LED driver boards 
that replace the dc/ac inverters, they can 

provide the simpler and less costly op-
tion of replacing the lamps and power 
sources in an existing LCD rather than 
re-designing the whole system.

For example, if you need a driver 
that won’t require hardware redesign,  
drop-in replacements are available that 
offer the same mechanical footprint as 
dc/ac inverters in the field (ERG’s and 

Fig. 3. These drop-in replacement LED 
driver boards have the same length and 
width dimensions as their DC-AC inverter 
counterparts as well as matching input con-
nects and mounting holes.

those of other inverter manufacturers) 
with pin-for-pin compatibility. This allows 
for a fast, easy upgrade to LED backlight-
ing without re-designing or re-tooling the 
mounting hardware.

 
Selecting or designing an LED 
driver
There are many standard LED drivers 
available on the market today. However, 
LED backlights create new challenges 
for the power supply driving the BLU, 
challenges that cannot be met by the 
many single-chip ICs currently available. 
Getting optimum performance from 
LED BLUs requires a full-function power 
supply, ideally from a company that has 
experience in power solutions for LCD 
backlights and understands such issues as:

• What voltage does the device need 
to accurately regulate current? Is there 
enough voltage across the device to light 
the LED string and provide proper cur-
rent regulation?

• Is the power supply designed to 
account for this voltage change and can 
it light across the entire normal operat-
ing range of temperatures, with no time 
or expense devoted to designing a boost 
circuit?

• What about the LED BLU itself? 
Does it address the challenge of keeping 
the LEDs cool? Does it conduct heat from 
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the LEDs with enough efficiency to keep 
the junction temperature at or below the 
recommended operating temperature, 
which is critical to preventing overheating 
and ensuring cool, high-brightness, long-

life operation of the LED BLU?
An experienced LED driver manufac-

turer can offer a wide range of standard 
and custom product that provides high-
efficiency power to LED backlights.

Use the system’s existing signals
Another option is to integrate an LED 
display into an existing design by 
providing interconnectivity from the 
existing controller or power supply to 
the LCD backlight driver. If the cur-
rent LCD is going end-of-life and the 
recommended replacement LCD has 
an LED backlight and a built-in driver, 
there is an option that can make the 
LCD upgrade as seamless as possible. 
The module shown in Fig. 4 uses the 
system’s existing input power signals 
and converts the analog dimming signal 
used for the inverter into a PWM signal 
for the LED driver. In this way, the 
system’s existing signals are used, pow-
ering the LED backlight driver without 
additional modifications. 

 Whether you are trying to support 
your current CCFL design as long as 
possible or planning to upgrade to the 
efficiency and economy of LEDs, there 
are a multitude of options available if 
you know where to look for them. ■



LED lamp dimming: 
The challenge of legacy
Compatibility with the massive installed base of legacy triac dimmers 
and electronic transformers is key for the design of LED light bulbs

BY ALLAN LIN, LED Lighting Business 
Unit Manager Diodes Inc.,www.diodes.
com (with: Henry Nguyen, Senior  
Applications Engineer, and Simon  
Ramsdale, Strategic Marketing  
Manager, Diodes Inc.; Peter Chan,  
Application Manager, SP Technology; and 
Fred Ebeling, Application Manager, Blue 
Ridge Lighting Solutions)

It is estimated that a staggering 
four billion A19 incandescent 
and MR16 halogen light bulbs are 

going to be replaced by LED-based 
equivalents in the years ahead. While 
high-efficiency, high-reliability LED 
lamp alternatives are becoming com-
mon-place, thanks to rapid evolu-
tion in LED driver technology, there 
remains for legacy in-
stallations the thorny 
issue of effective dim-
ming control.

In this respect, 
there are still two sig-
nificant driver compatibility challenges 
worthy of a recap and more concerted 
discussion. Firstly, that associated with 
electronic transformers, the source 
of the 12 Vac for halogen lamps, and 
secondly, that associated with the tra-
ditional triac dimmer, used to control 
light intensity via an off-line ac source.

 
The classic approach
Early MR16 LED lamp drivers con-
sisted of two fundamental components: 
a simple bridge rectifier to convert 12 
Vac to a dc voltage and a large bulk 
capacitor to store the energy for the 
output circuit. A simple buck converter 
then sufficed to drive a few series-con-
nected LEDs.

By only drawing energy from the 
12-Vac input when the input voltage is 

greater than the voltage on the capaci-
tor, high input current peaks occur, 
reducing the power factor of the lamps. 
The result is that the number of MR16 
LED lamps that can be connected to 
the transformer is limited as a function 
of this “surge” current rather than the 
average current.

A classic solution that addresses this 
problem with an off-line power supply 
is to use a power factor correction 
(PFC) circuit on the front end so that 
the input current is in phase with the 
voltage level over the whole ac cycle. 
Now the “load” to the ac source ap-
pears like a resistive load, similar to the 
original halogen lamp.

Passive PFC
A passive valley-fill 
PFC circuit on the 
front-end, composed 
of a pair of capaci-
tors and “current 
steering” diodes, 

provides a ready solution to the peaky 
current problem. To the input ac, the 
circuit looks like two parallel capacitors 
with only half the voltage across them, 
so the current flows during most of the 
cycle when the input voltage is larger 
than that of the capacitor. For the buck 
converter, the two capacitors appear to 
be in series, so a higher voltage is avail-
able for driving the LED string. Yes, it’s 
a fine solution electrically, but mechani-
cally problematic. Additional capacitors 
and diodes simply won’t fit in the space-
limited enclosure afforded by an MR16 
or A19 lamp.

 
Active PFC
A better solution in terms of physi-
cal size is to use a classic PFC circuit, 
which employs a boost converter to 
match the current to the incoming ac 
voltage waveform, making it resemble a 
resistive load. This type of circuit uses 
a constant on-time architecture and 
requires a very small input capacitor. 

Fig. 1: Triac 
dimming control 
circuit.
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The circuit draws a current in phase 
with the input voltage and results in a 
constant input current.

Remember that the main reason for 
PFC in the LED driver is to reduce the 
peak surge currents, so that multiple 
LED-based MR16 lamps can remain 
connected to a single power source. 
Design challenges remain, however:

• The most popular power source for 
the installed base of MR16 lamps is 
an electronic transformer. In general, 
a constant load is required for the 
electronic transformers to function 
correctly. A cluster of LEDs however 
typically draws less current than a 
regular halogen bulb and may fall be-
low the minimum load requirement; 
causing the electronic transformer to 
stop working properly, and so cause 
LED flickering.

• Now add to the scenario a triac dim-
mer, working with the electronic 
transformer to control the light level. 
The dimmer controls how much 
power is delivered to the load by 
varying the point at which the triac 
is turned on and off during each half 
of the mains cycle, and thus controls 
the power delivered to the load. The 
main reason for the triac dimmer 
not working properly is the reduced 
load of the LED lamp compared to a 
conventional light bulb.

• A further problem is that when the 
electronic transformer turns on, it 
creates a very large current surge. 
Since the triac dimmer is turning 
on the electronic transformer every 
cycle, the current surge has to be 
handled in such a way that it does 
not destroy the LED driver circuit, 
electronic transformer, or triac dim-
mer over time.

 
Dimmer compatibility
To ensure compatibility with myriad 
different types of dimmer, LED driver 
designers have used a bleeder circuit to 
ensure correct triac function, by allowing 
current flow while the line voltage is low. 
This ensures proper firing of the triac 

since the existing dimmer requires only a 
few milliamps of current to hold them on 
throughout the ac line cycle.

Improving triac dimming range
Designers of dimmable LED lamps 
must ensure that LED lamps are com-
patible with both forward phase and 
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reverse phase triac dimming circuits 
(also known as leading edge and trail-
ing edge dimmers). In practice, a triac 
or electronic dimmer is inserted in 
series with the line voltage after the ac 
power supply, which is then connected 
directly to the input of the LED driver. 
By adjusting the value of the resistance 
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in the dimming circuitry, different 
types of dimmers can be configured to 
achieve a maximum dimming range, 
from full LED brightness down to the 
lowest brightness before complete turn 
off at a predefined cut-off threshold. 
The Cntrl output of  Fig. 1  is used to 
drive the analog dimming pin of a buck 
LED driver, such as the AL8807A.

 Performance
  Figure 2  shows the performance of an 
MR16 lamp that combines the active 
power factor correction, triac dimming 
control, and buck LED driver to pull 
a constant current from the electronic 
transformer and deliver a constant cur-
rent to the LEDs.

The electronic transformer’s output 

voltage envelope is 
shown for an MR16 
lamp consisting of 
three LEDs at 660 
mA at 100% full LED 
brightness down to 4% 
lowest LED brightness 
using an electronic 
transformer as the 
power source.

Compatibility with 
the massive installed 
base of legacy triac 
dimmers and elec-
tronic transformers re-

mains a key criterion for the design of 
LED light bulbs. The electronics indus-
try cannot afford it to be something of 
an afterthought for replacement lamps. 
The ubiquitous dimmable MR16 and 
A19 light bulbs present a unique set of 
design challenges, which, with careful 
system design and component choice 
can be met with existing LED driver 
technology. ■

MSM CS Metal Switch Glows Tough

Robust stainless steel switch with back lit ceramic actuator 
resists scratches, abrasions and chemicals
- Momentary action
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for microswitch 
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Fig. 2: Electronic transformer voltage from full to lowest LED brightness.



Synthetic diamond’s extreme 
properties aid optics design
Microwave CVD diamond opens new optical applications

BY HENK DE WIT
Business Development Manager;
ANDREW BENNETT
Principal Research Scientist; 
EUGENE ANOIKIN
Applications Engineer,
Element Six, www.e6.com

The availability of microwave CVD 
diamond as an optical engineer-
ing material has opened up a 

number of new applications in high-
power laser systems based on the combi-
nation of a number of extreme proper-
ties that only they offer. The properties 
involved are its very wide transparency 
(ranging from UV to THz frequencies), 
its superb heat conductivity (highest 
thermal conductivity of any solid at 
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 Fig. 1:  Transmission spectrum for CVD diamond windows of various thicknesses. 

The strength of big industrial facilities, the 
dynamic of fast vehicles, the power of 
heavy structural engineering require strong, 
rugged components. Even and especially the 
power supply plays a major role.
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requiring only little space. Due to their high 
efficiency the converters are extremely 

powerful and strong.

www.mtm-power.com
Hotline: + 1 774 565 3800    bucacci @mtm-power.com 

MTM Power 
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room temperature), and high refractive 
index, mechanical strength, and stabil-
ity. These properties enable the highest 
power levels of laser light to be handled 
by the optics with high performance 
under the harshest conditions. 

Control of the CVD diamond synthe-
sis process is key to ensuring the consis-
tency of the properties and availability 
of this unique material, in either single 
crystal form or polycrystalline wafers. 
A recent application enabled by these 
extreme materials properties is for EUV 
lithography, where a CVD diamond is 
the essential for use with the high power 
CO2 drive laser of the system. No other 
known material can handle the 35 to 40-
kW CO2 laser power.

Unique properties
First, the transmission spectrum of in-
trinsic microwave CVD diamond is from 
UV to far IR, as shown in Fig. 1. The 
absorption edge at 225 nm corresponds 
to the indirect band gap and results from 
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absorption as electrons are excited from 
the valance to the conduction band of 
the material.

For material with very low defect den-

sities, the transmission through the visi-
ble and near-IR wavelengths increases to 
around 72% which improves to >99.5% 
with AR coatings. The intrinsic transmis-

Fig. 2: Thermal conductivity as a function of temperature for optical and thermal grades of 
polycrystalline diamond compared to natural type IIa.
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sion is limited only by reflection and a 
small amount of scatter in polycrystalline 
material. This can be observed from the 
variation in transmission with thickness 
as shown in Figure 1, with transmission 
only dropping significantly in the multi-
phonon region, where absorption is the 
dominant loss mechanism, while at long 
wavelengths, where absorption is not 
significant, the transmission for various 
thicknesses are similar.

 The thermal and mechanical proper-
ties of CVD diamond are important for 
applications where the CVD diamond 
is a pressure window, or where there are 
high levels of optical power transmission. 
In high power transmission applications, 
the extremely high thermal conductiv-
ity keeps any temperature gradients 
across the element to a minimum and 
this reduces both thermal stresses and 
thermally induced refractive index 
variations. The material strength affects 
the thickness required for any pressure 
window and also applies to the window’s 
capacity to survive impacts.

 
Thermal and mechanical 
characteristics
For the highest quality grades of polycrys-
talline CVD diamond, the through plane 
thermal conductivity is largely indistin-
guishable from that of type IIa natural 
diamond at or above room temperature 
(see Fig. 2). CVD diamond, as with other 
electrical insulators, conducts heat pri-
marily via phonons. In contrast to other 
phonon-dominated thermal conductors, 
its Debye temperature is high, contrib-
uting to its room temperature thermal 
conductivity being extremely high. 

For polycrystalline diamond with well 
intergrown grains, the fracture strength 
is controlled, as in other ceramics, by the 
maximum critical flaw size in the grains. 
For optical grades of polycrystalline 
diamond, the most comprehensive data 
has been gathered using three point bend 
tests as listed in Table 1. CVD diamond’s 
strength is determined by the local criti-
cal flaw size, and the spatial distribution 
of these flaws determines the strength 
of any test piece. Therefore the Weibull 
modulus for these tests are given along-
side fracture strengths. ■

Table1: Mechanical and Thermal properties of CVD diamond.

Optical grade polycrystallinediamond Single crystal diamond

Fracture 
strength

450 MPa (Growth side) 
1030 MPa 

(Polished nucleation side) 
[9] 2860 MPa

Weibull 
modulus

15 (Growth side)
11 (unpolished nucleation side)

2.5

thermal 
conductivity 

(300K)
>2000 W m-1K-1 >2000 W m-1K-1
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Mini 16-A PoL regulator  
suits industrial needs
The SRL16A-12W PoL switching regulator, available in a 
miniatureSMT package, targets distributed power architectures 
forindustrial, networking and telecommunications equipment. 
It provides 16-A output 
current and operates 
over an input range 
from6 to 14 Vdc. The 
output is adjustable (by 
the simple addition of 
anexternal resistor) 
from 0.75 to 5.0 Vdc. 
Standard features 
includeefficiency as 
high as 95%, 0.5% 
maximum line/load regulation, andincludes thermal, overload 
and short circuit protection. 

Multiple PoL regulator units may be sequenced to control 
the output timing for applications that require power busses to 
be turned on in a certain order. It is approved to EN 60950 and 
the MTBF (per MIL HDBK 217F) is 980 khours. The PoL 
regulator is priced at $28.35 ea/100 and is specified for 
operation from –40° to +85°C.
MicroPower Direct: www.micropowerdirect.com

Digital converter lowers  
power consumption
The BMR456 3E dc/dc converter is the first model in the second 
generation of digital Advanced Bus Converter products. It 

targets information and 
communication technology 
(ICT) applications that 
require fast response time, 
tightly regulated intermedi-
ate bus voltages and high 
efficiency at any point of 

operation, to reduce power consumption. The device is based 
on the FRIDA II platform and firmware to reduce energy 
consumption. It delivers a typical efficiency of 96.5%. 

Priced from $46 ea in large quantities, the regulated digital dc/
dc converters are based on a 32-bit ARM microcontroller that 
embeds the FRIDA II firmware keeping the best performance at 
any load and handles line transients. Designed to power telecom 
and datacom applications, the converter handles input voltages 
from 36 to 75 V, delivering an output power of 420 
W and 40 to 60-V inputs, with an output power 
up to 468 W. Output voltage can be adjusted from 
4.0 to 13.2 V via PMBus commands.
Ericsson Power Modules: www.ericsson.com/
powermodules

Design With FreedomFor more information, please visit www.zilog.com.
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and
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Dc/dc converters

Dc/dc converters  
shrink footprint 75% 
The ADuM5010, ADuM6010, 
ADuM521x and ADuM621x are the 
industry’s smallest isolated dc/dc 
converters. The devices use the 

proprietary isoPower isolated dc/dc 
converter technology to deliver 150−mW 
output power and iCoupler data-isolation 
technology to reduce board space up to 
75% compared to optocoupler-based 
solutions. Prices for the converters range 
from $1.54 to $3.36 ea/1,000. 

The ADuM521x and ADuM621x 
integrate two channels of iCoupler data 
isolation technology. The converters 
provide regulated, isolated power, 
adjustable between 3.15 and 5.25 V. The 
ADuM5010 and ADuM521x are certified 
for 2.5−kV rms (1 minute) isolation, 
while the ADuM6010 
and ADuM621x are 
certified for 3.75−kV rms 
(1 minute) isolation.
Analog Devices:  
www.analog.com

1/8th 240-W converter  
gets 94.5% efficiency
The RBE series of fully isolated dc/dc 
converters targets 12-Vdc intermedi-
ate bus architectures or distributed 
power-based applications used in 
servers, wireless base-stations, data 

storage, telecom switches and net-
working equipment. The RBE-12/20-
D48 model delivers a regulated 12V 
output at 240W from a nominal 48Vdc 

input, and an efficiency of 94.5%. It 
meets the requirements of the 
Distributed power Open Standards 
Alliance (DOSA). 

The standard isolated dc/dc module 
is a through-hole mounted package, 
configured as an open frame converter 
with 4.6-mm pins and negative logic. 
Protection features include thermal 

shutdown with auto restart (hiccup), 
over current/short circuit protection 
with auto restart, and input under 
voltage l ockout. The 
converter is fully 
isolated to  
2,250 Vdc.
Murata Power Solutions:  
www.murata-ps.com

Buy Now

Buy Now
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Partners in Power 

Total Power International can be either your Power Supply 
distributor, manufacturer or custom engineering facility. We offer the 
widest selection of standard power supplies to fit most any application 
and can provide full “from the ground up” custom builds. With value 
added services, such as wiring harnesses and enclosures, we are your 
one stop shop for power supplies. 

Over 25 years of experience 
877-646-0900  

E-Mail : sales@total-power.com 
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30-W converter operates from  
–40° to +85°C
The PMD3 W-T industrial con-
verters are available in a DIL 24 or 
SMD case with an output power 
of 3 W. The converters operate 
from –40° to +85°C and have a high ef-
ficiency from 72% to 87%.

The converters are characterized by a 2:1 input range. with a 
nominal input voltage of 5 V (4.5 to 9 Vdc), 12 V (9 to 18 Vdc), 24 V (18 to 36 Vdc) and 
48 V (36 to 75 Vdc) and single output voltages of 3,3, 5, 12, 15 Vdc or dual outputs of ±5, 
±12, or ±15 Vdc. The series is available in 28 different input/output configurations, each 
in three isolation classes of 500, 1,500, and 3,000 Vdc. They are built in a metal or plastic 
case. They feature ripple and noise, and continuous short circuit protection.
MTM Power: www.mtm-power.com

Dc/dc converters suit railway 
applications
The VQB100R and the VHB150R series of board mount dc/dc 
converters target railway, telecom and battery-powered 
applications, and help comply with the EN50155 standard. The 
internally potted and encapsulated design protects against dust, 
moisture, and shock and vibration.

  The board-mount dc/dc converters are offered in industry 
standard quarter brick and half-brick footprints. The 100 W 
VQB100R quarter-brick and the 150-W VHB150R half-brick 
converters provide 92.5% efficiency. They provide a 3:1 input 

ZVS buck regulators offer I2C interface
The PI33XX Picor Cool-Power zero-voltage switching (ZVS) buck regulator line now 
has 14 new additions for its point of load dc/dc regulation family. The devices are the 
only buck regulators in their class to offer an optional I2C extended fault telemetry 
capability allowing for six distinct types of fault reporting. Additional device-
programmable I2C features include output margining, enable pin and synchroniza-
tion pin logic polarity, and phase delay. Device programming is performed via the 
Cool-Power development tool. 

The members of the ZVS buck regulator family convert 8 to 36-V inputs to point of 
load system rails such as 3.3, 2.5, 1.8 and 1 V. All products in the 
PI33XX series are provided with control circuitry, power 
semiconductors and support components in a 10 x14 x 2.56-mm 
LGA system in package (SiP). The power delivery can be further 
increased by interleaving multiple regulators using single wire 
current sharing without the need for any additional compo-
nents. The $15.41 ea/1,000 devices require only an external 
inductor and minimal ceramic capacitors for 
input and output filtering to form a complete 
high performance regulator. No frequency 
compensation, parametric settings or incremen-
tal external components are required.
Vicor: www.vicorpower.com

Buy Now
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Dc/dc converters

range from 66 to 160 Vdc 
and output voltage 
options of 5, 12, or 24 
Vdc. Priced at $119 
ea/100, they operate 
from –40° to 100°C and 
provide 2,250-Vdc I/O isolation.
CUI Inc.: www.cui.com

400-W ¼-brick 
converter suits 
telecom use 
The RBQ series of isolated 12-Vout, 400-W 
dc/dc converters up to 96% efficiency in a 

standard DOSA-compliant quarter-brick 
package. The converter series suits 
telecommunications, enterprise IT and 
wireless networking infrastructures that 
use a distributed power or regulated 
intermediate bus architecture. It is designed 
to operate in most applications with 
convection cooling.

The RBQ-12/33-D48 dc/dc converter 
operates from a standard telephone 
network voltage (TNV) network supply of 
36 to 75 Vdc around a nominal 48 Vdc. 
The converters deliver 33 A/400 W at 
60°C with 200-lfm airflow. Protection 
features include output overvoltage, 
overcurrent protection, input undervolt-
age and overtemperature 
shutdown. Input / output 
isolation is provided by 
2,250-Vdc Basic insulation.
Murata Power Solutions:  
www.murata-ps.com

Don’t sacrifi ce performance or service for price. Call today for a  surprisingly
low cost quotation. For product datasheets or free samples, go to:

TEL: (781) 344-8226    FAX: (781) 344-8481    E-Mail: sales@micropowerdirect.com

www.micropowerdirect.com
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Transient suppressor  
suits mil/aero apps
The LGDS-100-P-K module transient/
spike suppressor is rated to sustain 
transient up to 100 V and 202 V to 

comply with MIL-STD-1275 and DEF-
STAN 61-5 part 6 standards. The device 
is housed in a 1 x 1.5-in. package.

The transient suppressor handles up 
to 100-W with no heatsink. It offers 
flexibility and easy-to-use solution to 
designers for complex power supply 
design. It features normal, power-fail, 
and transient operation. The device 

provides input undervoltage lockout, 
output over current protection and 
over temperature 
protection. It clamps 
input transients up to 
202 V for 350 ms and 
101 V for 400 ms.
Gaia Converter:  
www.gaia-converter.com

Buy Now

Buy Now

Buy Now



Power instruments
� e LPS 3K ac/dc power supply series with power 
factor correction input from Absopulse Electron-
ics targets applications that require wide output  
adjustability. � e supplies are built with internal 
modules that are available from stock for output 
ranges from 14 to 37 V (24 V) at 80 A, 28 to 74 V 
(48 V) at 40 A or from 60 to 160 V (125 V) at 18 A.

� e output voltage and cur-
rent are displayed on analog 
meters on the front-panel. 
Output voltage adjustments 
are made via a potentiometer 
knob located below the meters. 
Electronic adjustment by analog 
control voltage (0 to 10 V) is 
also available. � is industrial grade series is avail-
able in bench-top and rack-mount format and 
suits product test and engineering labs. � e unit 
accepts a universal ac-input voltage (95 V-264 
Vac). � e power factor is corrected to a minimum 
of 0.97 at full load for the entire input range.

For performing stand-by-power, Energy Star, IEC62301, battery-

charger, and other power measurements, Yok-
ogawa Corp. of America’s low-cost WT300 series 
digital power meters o� er updated and innova-
tive measurement functions. For example, there’s 
the Auto Range feature, which optimizes the 
range setting for maximum accuracy measure-
ments, and the Average Active Power function, 
which makes it possible to measure power con-

sumption when power � uctuates 
frequently and signi� cantly.

 With prices starting at 
$3,875, the family consists of 
three models: the single-phase 
WT310, which can measure cur-
rents from 50 μA to 20 A rms, 
the single-phase WT310HC, 

with current ranges from 1 to 40 A rms, and the 
two- or three-element WT330, which is designed 
for measuring split- or three-phase circuits and 
has ranges of 0.5 to 20 A rms. All models have 
voltage ranges from 15 to 600 Vrms.

Agilent Technologies two-channel N7747A and 
four-channel N7748A optical power meters bring the industry-
leading sensitivity of the 81634B sensor module to the compact 
multichannel N77 platform, with updated memory size and data-
transfer speed. � e meters let engineers make parallel multiport 
measurements and monitor weak signals and small signal changes 
with high precision — they can detect power levels down to –110 
dBm. � ey can also log data at intervals down to 25 µs with up to 1 
Mpoints/channel, in a data bu� er that supports simultaneous mea-
surement and data transfer. Typical con� guration starts at $20,750.

� e meters are designed to provide high relative accuracy with 
extremely low polarization dependence and spectral ripple, as well 
as high, speci� ed linearity. Up to eight power-meter channels � t in 
a single 19-in. rack, and each channel also has a front-panel BNC 
connector that outputs an analog voltage proportional to the signal 
observed. � e meters can be used with N77xx viewer so� ware for 
control and reading, and are programmable with the same set of 
SPCI commands as the manufacturer’s other optical power meters. 
� e latest version of the 816x VXI plug&play driver supports these 
products, and interfaces are provided for USB 2.0, LAN, and GPIB.

Scopes and digitizers
� e Model 71641 digital down-converter XMC module can digitize 
one 12-bit channel at 3.6 GHz or two channels at 1.8 GHz. � e 
module uses a Virtex-6 FPGA and it is suitable for evaluation of HF 
or IF ports in communications or radar systems.

 Priced starting from $23,695, the module has four 512 MB 
DDR3 SDRAM memory banks and supports PCI Express Gen2 
as a native interface. � e unit’s decimating � lter accepts a unique 
set of user-supplied 16-bit coe�  cients. Rejection of adjacent-band 
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 LPS 3K ac/dc power supply series
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components, within the 80% output bandwidth, is better than 100 dB.
Agilent Technologies’ In� niium 9000 H-Series consists of four 

high-de� nition oscilloscopes priced from $14,950 with bandwidths 
of 250 MHz, 500 MHz, 1 GHz, and 2 GHz. � ey not only o� er up 
to 12-bit vertical resolution — 50% more than typical digital scopes 
— but also have the industry’s deepest standard memory — up to 
100 Mpoints/channel. Further, the scopes can work with the N2820A 
and N2821A ac/dc current probes, whose prices start at $3,000, with 
sensitivity down to 50 uA and 5-A maximum current range.

� e combination of scope and probe lets users view small sig-
nals using hypersampling and linear noise-reduction technology 
to provide noise levels three times lower than 8-bit oscilloscopes.

� e 2550 Series two- and four-channel digital storage 
oscilloscopes from B&K Precision o� er high-speed sampling 
of 2 Gsamples/s with maximum bandwiths of 70, 100, 200, 
and 300 MHz. With an entry-level price around $1,000, the 
compact scopes feature a widescreen, 7-in. TFT color display 
to maximize signal visibility, as well as 24 kpoints/channel 
memory.

All models o� er debugging tools such as digital � lter-
ing with adjustable limits, waveform recorder mode, 
pass/fail testing, advanced triggering capabilities, 32 
automatic measurements, and internal storage of up to 
20 di� erent waveforms and 20 oscilloscope setups. � e 
scopes can also perform � ve waveform math functions: 
add, subtract, multiply, divide, and FFT. ■
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Models 2340 / 2350
 Output: 400 V pk-pk

 Slew Rate : >250 V/µSec

 Distortion: 0.1% @ 100 KHz

 Bandwidth: 2 MHz

 Input: 50  or 2 k

 Single and Dual Channel Models

Applications: ATE, Piezo Driver, 

MEMS Testing

     for Function Generators
EVERY BENCH NEEDS ONE

800-666-1010  www.tegam.com
10 TEGAM Way, Geneva, Ohio 44041

Be certain.

TEG_0046 EP_ad_4.375x4.5_2350.indd   1 4/3/13   12:08 PM

Pentek ‘s
Model 71641 
digital down-
converter

Agilent Technologies’
 In� niium 9000 H-Series

B&K Precision’s 2550 Series

©2013 Measurement Computing Corporation 

10 Commerce Way, Norton, MA 02766 

info@mccdaq.com

Contact us
1.800.234.4232

mccdaq.com/200Series

HIGH-SPEED DAQ 
FROM $99

Free Software
Free Tech Support

Superior Warranties

AT A SMALL PRICE

Big 
Breakthrough 

in DAQ

NEW USB-201
• 12-Bit, 8 Analog Inputs
• Up to 100 kHz Sampling
• 8 Digital I/O
• 1 Counter
• Support for Windows®,   
 Mac®, and Linux®

• Only $99
NEW USB-204
• 12-Bit, 8 Analog Inputs
• Up to 500 kHz Sampling
• 8 Digital I/O
• 1 Counter
• Support for Windows®,   
 Mac®, and Linux®

• Only $149

OEM Versions Available
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Power analyzer eases precision test of  
real-world signals
Marking the entry of its manufacturer, Tektronix, into anew 
realm of measurement, the PA4000 precision multiphase power 
analyzer gives electronics engineers the ability to perform sta-
ble, precise current measurements even on the highly distorted 
power waveforms common in many of today’s applications. The 

analyzer is designed 
to provide the mea-
surement perfor-
mance needed to check for conformance to not only to current 
regulatory standards but future ones as well, even with highly 
modulated waveforms and crest factors as high as 10.

The PA4000 can be configured with up to four input 
modules to allow multiple simultaneous power measure-
ments, and can work alone or with oscilloscopes to provide a 
complete waveform analysis system. The instrument intro-
duces a patent-applied-for technology — Spiral Shunt design 
— and provides two Spiral Shunts on each module, one for 
precise low-current measurements up to 1 A and another for 
higher-current measurements up to 30A. The shunt design is 
combined with unique, high-speed DSP algorithms to allow 
the PA4000 to track power cycles accurately, even in the pres-
ence of transients and noise. The system also permits harmon-
ics measurements up to the 100th harmonic.

With a U.S. MSRP starting at $10,500, the PA4000 analyzer 
offers a broad set of application-specific measurement modes 
— such as standby current, motor drive, and 
ballast — to save setup time and reduce errors. 
Among the many features that come standard 
are software for controlling and logging on a 
PC, and LAN, USB, and RS-232 interfaces.
Tektronix: www.tek.com

Buy Now

Instrument gateway is a one-box solution
The E5810B gateway from Agilent Technologieslets users control 
up to four USB instruments, up to 14 GPIB instruments, and an 
RS-232 instrument over a standard LAN. The unit has a GPIB 
transfer rate of 1.2 Mbytes/s, and it supports 1000BASE-T (1 
Gigabit) LAN/Ethernet as well as 100 and 10BASE-TX.

The gateway lets multiple users in different locations access 
a test system or, by connecting it to a wireless router, control 
instruments from a PC with Wi-Fi. The $1,165 gateway comes 
with a built-in LCD display so users can to check the gateway’s 
IP address, and users can easily configure the gateway via a 
password-protected Web interface.
Agilent Technologies: www.agilent.com

Handheld TDR can source 2-ns-wide pulses
The handheld CFL510G time domain reflectometer (TDR) 
fromMeggerfeatures a 2-ns pulse width that is said to virtually 
eliminate dead zones, letting the instrument accurately locate 
faults less than three feet from the point 
of connection. Designed for use on all 
metallic pairs, including twisted pair 
copper and coax cable, the instrument 
is well-suited for CATV/cellular, power, 
and telephony applications.

The meter’s auto set-up feature 
determines the impedance of the cable 
under test, sets the instrument accord-
ingly, and selects the optimum gain and 
pulse width chosen by the operator. Powered by AA batter-
ies, the TDR has four output impedances (25, 50, 75, and 100 
Ω), a velocity factor between 0.20 and 0.99, dual cursors for 
pinpointing faults, and a trace-hold feature for comparison of 
different cables.
Megger: www.megger.com

Small 8-input DAQs are priced from $99
With prices starting as low as $99, the USB-200 Series data 
acquisition systems from Measurement Computing have max 
sampling rates of either 100 or 500 ksamples/s. The series con-
sists of the $99 USB-201 with 100-ksample/s-max rate and the 
$149 USB-204 500-ksample /s-max rate, as well as board-only 
(OEM) versions of both units with header connectors instead of 
screw terminals for embedded applications. Measuring just 4.64 
× 3.26 × 1.14 in. with case or 3.87 × 3.02 × 0.575 in. without, 
each daq has eight analog inputs (which share the unit’s 12-bit 
ADC), eight digital I/Os, and one counter input.

Made to operate from an external computing device via a 
USB 2.0 (12 Mbit/s) port, the units are designed around an in-
ternal microcontroller with a built-in ADC, to which precision 
analog front-end circuitry has been added. Measurement data 
is stored temporarily in a 12-ksample FIFO.  

Included with each instrument is the DAQFlex open-source 
software framework - which can support Android as well as 
Windows, Linux, and Mac operating systems - and support 
for NI LabVIEW, Visual Studio, and Visual Studio.NET. Also 
included is TracerDAQ, an out-of-the-box application that can 
generate, acquire, analyze, display, and export data; it provides 
the functionality and visual interfaces of a strip-chart recorder, 
oscilloscope, function generator, and rate generator through 
a common, easy-to-use interface. Software options provide 
support for DASYLab, and more advanced control software, 
TracerDAQ Pro, is also an option.
Measurement Computing: www.mccdaq.com

Test & Measurement



Waveform 
Generators

DG4000 SERIES 
FUNCTION/ARBITRARY

Check out the Best Value in Generators, call 877-4-RIGOL-1 or visit RigolGenerator.com

RIGOL DG4000 Series

Tektronix AFG3000 Series

Bandwidth

60-160MHz

10-240MHz

Channels

2

1 or 2

Voltage
Resolution

14 bits

14 bits

Display
Size

7” (800x480)

5.6” (320x240)

Sample
Rate

500 MSa/s

250 MSa/s - 
2 GSa/s*

Modulations

12

5

Included
Waveforms

>130

12

COMPARE & SAVE 
Starting at
$799

*Depends on waveform size

Another Fast, Easy-to-Use, Ultra-Modern 
Test Instrument from RIGOL
Simplify your testing with our new fast, user-friendly DG4000 series 
multifunctional generators. Our design features a high resolution 
7" display that gives you excellent visibility and loads of functions...
all controlled from the front panel with ease. The DG4000 series
can help you accomplish a range of testing by combining many 
functions into one instrument, including Function Generator, 
Arbitrary Waveform Generator, Pulse Generator, Harmonic 
Generator, Analog/Digital Modulator and Counter. And Direct 
Digital Synthesizer (DDS) technology ensures stable, precise 
and low distortion signals.

NEW!



• Highest efficiency across full load range
• Fully regulated output voltages 

• 1500 VDC I/O-isolation
• Remote On/Off control

New design technology with increased efficiency and optimized thermal 
management and the use of best grade components afford the design of highest 
power density DC/DC-converters.

www.tracopower.comPOWERGATE LLC 866-588-1750 www.powergatellc.com
Power Sources Unlimited 800-966-7784 www.psui.com/traco

TRACOPOWER introduces six new series 
of ultra compact isolated DC/DC-converters 
for high performance applications

60 Watt in 6-side shielded 1" x 2" metal package

TEN-60WIN Series
4:1 input voltage range

2" metal package

TEN-60WIN Series
4:1 input voltage rangeTEN-60N SeriesTEN-60N Series

2:1 input voltage range2:1 input voltage range

30 Watt in 6-side shielded 1" x 1" metal package

THN-30 Series
2:1 input voltage range
THN-30 Series
2:1 input voltage range

THN-30WI Series
4:1 input voltage range
THN-30WI Series
4:1 input voltage range

6 Watt in SIP-8 package

TMR-6 Series
2:1 input voltage range

TMR-6 WI Series
4:1 input voltage range
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Smart Battery Chargers Offer 
Three-Phase Operation
Available in
versions deliv-
ering 4.2V,
8.4V, or 12.6V
at 1 A to ad-
dress single-
or multiple-
battery config-
urations, the
GTM91128 families of smart Li-Ion bat-
tery chargers from GlobTek offer three
charging methods: conditioning, constant
current, and constant voltage. The univer-
sal-input devices have a minimum current
charge termination technique with timer
as back up, with LED indication of charg-
ing and fully charged states. An additional
...for more click www.globtek.com

Medically-
Approved 
Open-Frame 
Switchers 
Deliver Up 
to 240W
Suitable for use         

in a variety of medical, ITE, and PoE ap-
plications, the GTM91110P240 Family of
open-frame AC/DC switchmode power
supplies from GlobTek deliver up to
240W in a 3 x 5-inch footprint. The de-
vices are provided in factory-configured
outputs from 12 to 55 V (in 0.1-V incre-
ments). Available in Class I or II versions,
the 1.75-high power supplies are 85% ef-
ficient at full load and include features
such as active PFC, a built-in EMI filter,
and a 12-V fan output as well as DC input
...for more click www.globtek.com

Rechargeable Battery Pack Provides 
Fuel Gauge Data
Providing smart rechargeable power ca-
pability to advanced portable and remote
devices, the BL3100C1865004S1PSQA
Li-Ion Battery Pack from GlobTek incor-
porates fuel-gauge
functionality to
provide important
power status infor-
mation. The 14.4V
pack has a 3.1Ah
capacity and in-
cludes a built-in-
protection circuit
as well. “You can no longer put a battery
in one of today’s products without pro-
viding a means to check on the power
...for more click www.globtek.com

www.globtek.com

Need Power?
Think
GlobTek

GlobTek 2.13.13_Electronic Products  2/26/2013  9:02 AM  Page 1

1.5-, 3-kW programmable supplies offer 13 V-I combos
The KLN series of automatic crossover, low-profile, programmable power supplies 
now offer 1,500- and 3,000-W models (priced at $1,625 and $3,165 each, respectively) 
with 13 voltage-current combinations. The 1,500-W model is available in a 1U high, 
full-rack package at and the 3,000-W version is offered 
in a a 2U-high full-rack package size. 

The dc/dc converters feature an output range from 
0 to 6 V and 0 to 600 V, and output current ranges 
from 0 to 400 A and 0 to 1.25 A. Up to five identical 
units may be connected in parallel using an optional 
socket board. Programming of voltage, current and their limits may be achieved from 
the front panel, or via RS 485 digital control. GPIB or LAN interfaces are factory-in-
stalled options. 
Kepco: www.kepcopower.com

3-mm power module offers 95% efficiency
The DOSA-standard SlimLynx encapsulated, non-isolated dc/dc converter is a 20.32 x 
11.43 x 3-mm digital PMBus power module. It can be mounted on the bottom of the 
board, effectively doubling the available board space for power, and enabling greater 
computational power for demanding 
processes.

The module is available for $9.98 in 
OEM quantities and targets industrial, 
networking and telecommunication devices. The module provides 12-A output current 
with an input of 3 to 14 V and an output of 0.45 to 5.5 Vdc, and offers 95% efficiency. It 
features a patented tunable loop technology that allows for fewer external components.
GE Energy: www.ge.com/powerelectronics

Baseplate-cooled supplies deliver 355 W
The VBM-360 series compact ac/dc power supplies feature baseplate-cooling and 
power density of 14.8 W/in.3, providing 355 W in an industry-standard footprint. 
The supplies are housed in an open frame version measuring 5 x 3 x 1.6-in. and an 
enclosed version measuring 5.39 x 3.425 x 1.7 in.

The power supplies feature typical efficiency above 93%, and target applications 
where forced-air cooling is not preferred due to audible noise or space limitations. 
The supplies cost $183 each in quantities of 100 units and are suited for sealed-box 

750-, 850-W supplies provide power management,  
quiet operation

The 750- and 850-W power supply models were added to the Silencer Mk III 
power supply series. They provide professional-grade power 
targeted for industrial usage. The supply solutions meet the 
80 Plus Gold certification for exceptional energy-efficiency 
ratings and supports over 90% efficiency under typical 
workloads.

The quiet-operation power supplies feature dual thermal 
control system that allows them to be switched between 
normal and silent modes. The supplies combine a single 

+12-V rail, 105°C capacitors, protection circuitries, and a continuous stable output at 
50°C ambient temperature. (750-W, $159.99 ea; 850-W, $179.99 ea — available now.)
OCZ Technology Group: www.ocztechnology.com

Power Sources



concepts to reality 
Bringing your 

is as easy as...

Copyright ©2013 Apen Labs LLC.

Visit: digikey.com/schemeit • partsim.com • pcbweb.com

1.

Create schematics, technical diagrams, 
and fl owcharts using your browser.

• 600+ Symbol Library
•  Share Schematics Online
•  Export High Quality Images 

digikey.com/schemeit

2.

Free and easy-to-use circuit simulator 
that runs in your browser.

•  SPICE Simulator
•  AC/DC/Transient Sims
•  Waveform Viewer

partsim.com

3.

Full featured online CAD application 
for designing and manufacturing 
electronics hardware.

•  Schematic Capture
•  PCB Layout
•  BOM Integration

pcbweb.com
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applications where heat must be con-
ducted through the chassis. They use a 
90 to 264-Vac input and provides single 
outputs of 12, 24, and 48 Vdc. They use 
conduction-cooling via an integrated 

baseplate. The open-frame models are 
rated for operation at 80% from –20° to 
40°C ambient, derating to 40% load at 
70°C, while enclosed versions are rated 
for operation at 100% load from –20° to 
40°C.
CUI Inc.: www.cui.com

Li-ion charger offers 
redundant safety features
The GlobTek GT-93023-12012 multiple 
bay battery charger can charge five battery 
packs in unison and includes redundant 
safety features that, when communicat-
ing with electronics in Li-ion batteries, 
prevents failure or damage of the battery 
pack during charging. The customer speci-
fies a battery pack consisting of a Panasonic 
CGA103450A 103450-sized prismatic cells 
in a 3S2P configuration. The made-to-or-

der battery 
pack has a 
built-in fuel 
gauge and 
protection 
circuit. The 
battery pack 
and cell 

temperature can be read from one of the 
registers inside the fuel gauge IC. 

The five-bay charger features a +24 Vdc 
±5% input voltage, 6.25-A input, and 150-
W input power. The output per bay output 
charging voltage is 12. 6 Vdc with an output 
power of 31.5 W per bay and 150 W total. 
The battery charger will suspend charg-
ing when the battery temperature reaches 
50°C, and will automatically recover when 
it drops below 48°C. It terminates charging 
and goes into a fault mode when the bat-
tery temperature reaches 0° or 60°C. 
GlobTek: www.globtek.com

TOLL FREE: 1-866-997-3853

EMAIL: sale-usa@pduke.com

Please visit WWW.PDUKE.COM 
for detailed specifi cation and 
our full range of products.

HAE series: 
HAE75, HAE100, HAE150 & HAE200

DC to DC Converters
PDUKE TECHNOLOGY, INC.

Power Sources
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RMS power detector offers a 67-dB measurement range
Suited for applications, such as commu-
nications infrastructure, power ampli� er 
linearization, point-to-point and point and 
point-to-multipoint, cable, military, satel-
lite, instrumentation equipment and ISM 

features a temperature stability of less than 
±1 dB from -40° to 85°C, an operating 
temperature from -55° to 125°C, and a 
power down capability to 250 µA.

Requiring only a single supply of 5 V 
and a few capacitors, the part is easy-to-use 
and capable of being driven with a single-
ended or di� erential input drive. � e 
detector is priced for 1k quantities at $5.59 
and it is housed in a 4 x 4-mm, 16-pin 
LFCSP package.
Analog Devices, Inc.: www.analog.com

Op amps are made for 
battery-powered apps
Optimized for battery-powered, ultra-
long-life applications, the TS1003 and 
TS1005 NanoWatt Analog series op 

amps from Touchstone 
Semiconductor work 

from a single 0.8 to 
5.5-V source. � e 
micropower devices 
are priced at $0.35 

in 1K-piece quantities and 
come in SC70-5 packages.

� e TS1005 is the industry’s low-
est-power 20-kHz gain–bandwidth 
product (GBWP) op amp, drawing 1.3 
µA, while the TS1003 draws just 0.6 µA 
and has a 4-kHz GBWP. Both versions 
have a typical input bias current of 2 pA 
and rail-to-rail I/O stages, and are fully 
speci� ed over a −40° to 85°C range. Free 
samples and demo boards 
(TS1005DB, TS1003DB) 
are available on request.
Touchstone 
Semiconductor: 
www.touchstonesemi.com

Buy Now

band transmitters, the ADL5906 TruPwr 
RMS detector features an operation up 
to 10 GHz, a 67-dB measurement range, 
and eliminates the need for external input 
tuning devices, such as a balun. � is part 

Integrated Circuits
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BGA socket for DDR4 ICs minimizes performance loss, 
footprint
For 253-pin, 0.5-mm-pitch BGA DDR4 ICs, the CG-BGA-5019 socket from Iron-
wood Electronics is designed to operate 
with less than 1 dB insertion loss for 8 x 
13.5-mm packaged devices operating at 
bandwidths up to 10 GHz. It is said to have 
the smallest footprint in the industry and 
all socket pins can handle 10-GHz signals 
with typical contact resistance of 20 mΩ 
per pin.

The socket has an easy-open, double-
latch lid with integrated compression mechanism and high performance/low-in-
ductance elastomer contactor, and can be mounted on a PCB with no soldering. The 
small footprint allows inductors, resistors, and decoupling capacitors to be placed 
very close to the device for impedance tuning. Priced at $851 in single quantities, the 
socket has a −35°C to 100°C range, 0.11-nH pin self-inductance, 0.028-nH mutual 
inductance, 0.028 pF capacitance to ground, and 2-A-per-pin current capacity.
Ironwood Electronics: www.ironwoodelectronics.com

Low-Ω connector handles tight spacing
The Zebra Gold Series 8000B connector fromFujipoly America is a high performance, 
low resistance device capable of transferring both data and power between parallel 

components or circuit boards. It is constructed 
from a low durometer silicone core covered 
with 133 parallel rows of flat, gold-plated wires 
per inch. This unique construction allows the 
connector to accommodate PCBs with pad 
center spacing down to 0.19 mm.

In addition, each 0.05 x 0.10-mm gold-plat-
ed element delivers a current carrying capacity 
of 500 mA while exhibiting a typical electrical 

resistance of less than 25 mΩ on a 0.635-mm wide contact pad.
Fujipoly America: www.fujipoly.com/

Sleek portable enclosure comes in three sizes
Designed for portable electronics equipment, and available with optional docking sta-
tions for charging and data transfer when the equipment 
is not being carried, the Carrytec portable enclosure series 
fromOKW Enclosuresis now available in L (13.70 x 11.92 
x 4.60-in.), M (10.62 x 9.72 x 3.58-in.) and S (8.74 x 8.07 
x 3.15-in.) models. Typical applications include medical 
and wellness equipment, data recording and monitoring, 
communications technology, measuring instruments, and 
agricultural and forest management electronics.

The easily assembled enclosures are offered in two stan-
dard materials: ABS (UL 94 HB) in off-white for indoor 
use, and fibreglass reinforced polyamide (PA GV) in lava 
gray for tougher outdoor use. Prices for the enclosures in 
single quantities range from about $56 to $123 depending 
on size and material, and an IP 54 sealing kit is also available as an accessory.
OKW Enclosures: www.okwenclosures.com

Packaging & Interconnections
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RJ45 connectors press-fit to PCBs
The JPB 2x6 1000BASE-T PoE and JT5 2xN 10GBASE-T I RJ45 integrated connector 
modules (ICMs) families with integrated magnetics fromPulse Electronicsuse a press-

fit pin (also called compliant or interference pin) 
to provide a pressure contact with a printed circuit 
board (PCB), thereby eliminating the need for wave 
soldering. 

Not only does this assembly method save time, 
increase throughput, and reduce costs, but it also al-
lows rework of the ICM without damaging the PCB. 

Detailed process specifications for the ICMs, which meet IEEE 802.3 specifications, are 
available. The ICMs are packaged in trays and prices start at approximately $5/port.
Pulse Electronics: www.pulseelectronics.com

SPECIFY “MYLAR”TM INSULATING TUBING FOR COIL 
WINDING OR COVERS WHEN THE JOB CALLS 

FOR 5000 VPM @ 150O C. OR 7000 VPM @ 25O C.

Paper Tube Company
1033 S. Noel Ave., Wheeling, IL 60090

“Mylar” has one of the highest dielectric strengths available in a tube 
form. Its temperature range is from -60oC to +150oC. It is moisture-vapor 
resistant and is unaffected by, and does not transmit, oils, greases and 
volatile aromatics. It is an exceptionally strong, durable, transparent film 
with high tensile, tear and impact strength. Also in heat-shrinkable grade

To receive literature & details fast - www.pptube.com

Phone: 847-537-4250 • Fax: 847-537-5777
E-Mail: sales@pptube.com™ ® DuPont Co.

More Than 75 Years- The Original

Vaneaxial fan suits avionics, industrial applications
The MAXIAX 9.25 vaneaxial fan develops the neces-
sary pressure to deliver 707,944 liters/s (1,500 to 2,000 
cfm) against a system impedance of 0.99 Pa to 1.5 kPa. 
It suits centralized forced air electronics cooling in 
aircraft, forced air delivery in semiconductor process-
ing equipment, air circulation in environmental control 
systems, and operates as a heat exchanger cooling fan.

The fan weighs 20 lb and measures 9.25 x 8 in. and 
is appropriate for airborne, vehicular, shipboard and portable building applications. It 

Packaging & Interconnections
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5025MP_3.25x4.5 EPN

www.masterbond.com

Ideal for Retrieving Electronic Components

 Soft and resilient
 Optically clear
Dimensionally 
stable 
 Low stress

Hackensack, NJ 07601 USA +1.201.343.8983  main@masterbond.com

Urethane Modified    
  Epoxy Gel

  Super Gel 9

excellent retrievability Uneven mating surfaces, �oating height requirements,
and exposure to extreme vibration all challenge the 
integrity of electrical connections. Field proven for 
performance and reliability in harsh environments, 
Mill-Max spring-loaded connectors ensure continuity 
across a wide variety of length and stroke con�gurations,
including new low and ultra-low pin pro�les.

Don’t see what you need? Rapid prototyping
and custom designs are our specialty.

CONSISTENT AND RELIABLE
ELECTRICAL CONTINUITY

Follow us
MillMaxMfg

Like us
Mill-Max Mfg.Corp.

www.mill-max.com/EP637

MMAX-141_EP-Conn.pdf   1   4/5/13   10:51 AM

delivers air-moving capacity comparable to pallet-sized indus-
trial blowers and meets the reliability requirements of military 
applications. The fan is driven by a high speed, aerospace grade 
200 Vac, 3 phase 400 Hz motor, developing nominal rotational 
speed of 7,700 rpm.
Ametek Rotron: www.rotronmilaero.com

Waterproof micro fan provides 0.95 cfm
At 17 x17 x 8 mm, the JR1708-5 waterproof fan provides 0.95-
cfm (with 6.86-mm of static pressure at 17,000 rpm) airflow. The 
low power, grooved-bearing (5 Vdc) fan suits LED, PDA, hand-
held test equipment, portable 
power suppliers, miniature pro-
jectors, network interface cards, 
video graphic cards, and space-
limited cooling applications.

The fan meets the IP57 stan-
dard and has a MTBF rating of 
30,000 h at 40°C. The 50 x 50 x 
13-mm fan is embedded inside a 
skived-copper-fin heat sink. It reduces height requirements for 
low-profile applications. The dense arrangement of thin copper 
fins offers excellent thermal conductivity.
Jaro Thermal: www.jarothermal.com

New Products 73
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800-V SSR exceeds 7-mm clearance
The PLA171P , 800-V, single-pole, normally open (1-Form-A) solid-state relay (SSR) 
provides 7 mm of clearance between the two output pins —  making it suitable for 
applications in meters (watt-hour, water, gas), power management control, medical 
equipment, patient/equipment isolation, automotive high-voltage circuitry, aerospace, 
and industrial controls.  Features include a load current rating of 100 mA and an 
input control current of 2 mA.

The part uses  optically coupled photovoltaic technology and efficient MOSFET 
output switches to provide an enhanced input-to-output isolation of 5,000 Vrms. The 
part is designed to replace, and provide superior reliability over, electromechanical 
relays. This device provides bounce-free switching in a compact surface-mount modi-
fied flatpack. Approvals include UL Certified Component: File E76270, EN/IEC 60950 
Certified Component, and TUV Certificate B 10 05 49410 006. 
IXYS: www.ixys.com

Brushless dc servo motors fit  
harsh environments
The AB23000 series of IP65 brushless dc servo mo-
tors fit harsh industrial applications. They operate 
from 0 to 325 V with a 6,000-rpm maximum speed 
and 4.12 to 14.9 lb-in.-rated torque.

The 2.25-in.-diameter motors are rated for 
215 to 683 W and have a heavy-duty 0.5-in. output shaft, front shaft 
seals, and military-style connectors. They feature internal Hall-effect 
devices, spaced at 120 degrees, and dual thermostats for overload 
protection. The AB series also offers the larger AB34 and AB48 series 
motors.
PITTMAN Motors: www.pittman-motors.com

SMD film resistors have S level failure rate
The E/H series of MIL-PRF-55342-qualified high-reliability 
thin-film surface-mount resistor chips offer an “S” level failure 
rate of 0.001% per 1,000 hours. They come in 12 case sizes and 
feature 25 ppm TCR and 0.1% tolerance.

Priced from $3 to $5 each, with samples available now, the 
series handles 50 to 1,000 mW in case sizes from 0402 to 2512 
with 10-Ω to 6.19-MΩ resistance. Operating temperature range 
is - 55° to + 125°C, noise is less than - 25 dB, and voltage coefficient is < 0.1 ppm/V. 
Vishay Intertechnology: www.vishay.com

Buy Now

Current-sense resistor has low temperature rise
The BR series through-hole current-sense resistor elevates the resistive element off 
of the board for maximum cooling and low PCB temperature rise. The series offers 
power ratings of 1, 3,, and 5 W, with values from 5 mΩ to 0.1 Ω.

Priced from $0.28 each in lots of 1,000, the resistor has ±1, ±2 or ±5% 
tolerance and features a ±20 ppm TCR and high current handling of 
up to 70 A. It is of all welded construction, flameproof, has 10 nH max 
inductance, and is RoHS compliant. 
Stackpole Electronics: www.seielect.com

Buy Now

Over 
2500 Std. Models

Surface Mount and Thru-Hole

DC-DC Converters
2V to 10,000 VDC Outputs

Low Profile / Isolated
Up to 10,000 Volts Standard
Regulated Models Available

See PICO’s full catalog immediately

www.picoelectronics.com

High
Power

INDUSTRIAL • COTS • MILITARY
Delivery Stock to One Week

for sample quantities

PICO ELECTRONICS, Inc.
143 Sparks Ave., Pelham, New York 10803

See EEM or send direct for Free PICO Catalog

Call Toll Free 800-431-1064 • FAX 914-738-8225

E Mail: info@picoelectronics.com

H I G H  V O LTA G E

Up to 350 VDC Outputs
(Units up to 150 Watts)

Regulated / Wide Input Range
Isolated Outputs
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LEDs deliver best size, light distribution
The XLamp XQ LEDs feature a combination of small size, novel 
light distribution and high reliability design. They target next 
generation designs for applications that require broader light 
distribution such as omnidirectional lamps and fixtures.

The family includes two new LEDs, the XQ-B and the XQ-D. 
In cool white (5,000K), the XQ-B LED delivers up 160 lm/W 
at 0.18 W and the XQ-D LED delivers up to 130 lm/W at 1 W. 
Both LEDs are available in 2,700K to 6,500K color temperatures 
with minimum 80 CRI option. The LEDs are 1.6 x 1.6 mm, and 
57% smaller than the XLamp XB package. Built 
on SC3 technology platform, the ceramic-based 
LEDs offer long-term calculated lifetimes and 
direct light towards the edge rather than the just 
the center of the package.
Cree: www.cree.com/modules

Optoisolated gate driver outputs 2.5 A
The FOD8318 smart gate driver optocoupler with active Miller 
clamp is intended for driving IGBTs. The IC can drive 2.5 A 

peak and includes desatu-
ration detection, and soft 
IGBT turn-off.

The device uses CMOS 
transistors to drive the 
IGBT from rail-to-rail, and 
features isolated feedback 
circuitry 
for fault 

sensing. The $3.80 ea/1,000 chip has high noise 
immunity, a CMR of 35 kV/µs at Vcm-1,500  V 
peak, and 3.3-V/5-V CMOS/TTL logic input.
Fairchild Semiconductor: www.fairchildsemi.com

Buy Now

Buy Now

Waterproof LED downlight suits spas, yachts
The waterproof LED downlight, GL-DL06-IP is a compact 6-in. 
downlight that that is IP54 rated and targets wet spaces includ-
ing bathrooms, spas, and yachts. It consumes 12 W and features 
non-dimmable, ac-triac dim-
mable, and 3-in-1 dimmable 
(1 to 10 V/PWM/Resistor). 
All three configurations have 
three color temperature op-
tions. 

The LED downlight is a 
slim circular lightweight fixture. It installs in ceilings by mount-
ing or placing it in a ceiling board. A light fixture trim exten-
sion that hides the driver is available as an option for ceiling 
mounting needs. It has a 110° beam angle and is available in 
a color temperature of 3,000K (warm white), 4,000K (neutral 
white) or 5,700K (cool white).  
GlacialLight: www.GlacialLight.com

Triac photocouplers meet safety standards
The TLP265J and TLP266J 600-V triac 
output photocouplers fit applications 
such as triac drivers, programmable 
controllers, ac output modules, and 
solid-state relays. Reinforced insulation 
enables them to meet international safe-
ty standards and they are UL approved.

The 266J adds zero crossing control 
and both ICs achieve an isolation 
voltage of 3,750 Vrms (ac, 1 minute). Their 
maximum required LED current is 7 or 10 mA 
(optional) and maximum rms on-state current 
at 25°C is 70 mA.
Toshiba America Electronic Components: 
www.toshiba.com/taec

Buy Now

Optoelectronics
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Turbo® Miniature Piezoelectric Alarms 
Tiny (approx.1”x1”) piezoelectric alarms provide LOUD output 
with a super-sleek design. Available in variety of voltages and 
output up to 103dB! Rugged, tamper-proof, lo-profile panel 
mount design is IP68 and NEMA 4X. Optional manual volume 
control offers increased attenuation. ISO 9001:2000 registered 
company – all products made in the USA.

Floyd Bell Inc.
Tel: (614) 294-4000
Fax: (614) 291-0823
sales@floydbell.com
www.floydbell.com

Ultra™ Loud Piezoelectric Alarms 
Ultra Loud selection of piezoelectric whoops, warbles, sirens, 
beeps and more offers 1000Hz lower frequency than industry 
counterparts. Available in variety of voltages and output up 
to 108dB! Rugged panel mount products are IP68 and NEMA 
4X when used with optional gasket. ISO 9001:2000 registered 
company – all products made in the USA.

Floyd Bell Inc.
Tel: (614) 294-4000
Fax: (614) 291-0823
sales@floydbell.com
www.floydbell.com

Voice-Capable Alarms Replace Ambiguous “Beep”
Sometimes a “beep” or “whoop” doesn’t convey enough 
information. 

audio message or voice instructions up to ten seconds 

Floyd Bell Inc.
888-FLOYD-BELL
sales@floydbell.com
www.floydbell.com

For Reprints contact Wright’s Media  877-652-5295

Audiolarm II®  Piezoelectric Alarms 
The industry’s largest selection of piezoelectric whoops, warbles, 
sirens, beeps and more. Available in variety of voltages and 
output up to 103dB! Rugged panel mount products are IP68 
and NEMA 4X when used with optional gasket. ISO 9001:2000 
registered company – all products made in the USA. 

Floyd Bell Inc.
Tel: (614) 294-4000
Fax: (614) 291-0823
sales@floydbell.com
www.floydbell.com
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Say Hello To Your New Panasonic Distributor

More than 65,000 Panasonic products available – from Allied Electronics

• Passive Components

• Relays, Sensors, Switches

• Potentiometers, Encoders, Connectors

• Automation Controls, Wireless RFModules

Solve our weekly crossword puzzle, and you could win 
a 42" HDTV. Play today at alliedelec.com/panasonic*

*Promotion ends May  31, 2013

WIN!

1.800.433.5700
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