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% GET YOUR LED FIXTURE DESIGNS TO MARKET THE

FAST & EASY

WAY WITH CREE LED MODULES.*

TN

* POWERED BY PROVEN CREE TRUEWHITE™ TECHNOLOGY TO

DELIVER A SUPERIOR COMBINATION OF EFFICACY AND CRI.

CREE LED MODULE LMR4™
Contact your Cree sales person at 1-800-533-2583 or visit
www.cree.com/modules for more information.

CREE #A: This fully integrated solution based on lighting-class Cree LEDs
and our award-winning Cree TrueWhite™ Technology makes Cree
TRUE RUAERE - - .
LED Modules perfect for a wide range of luminaires.

TECHNOLOGY

B3 & a 2

Photo depicts an actual installation using Cree LEDs. Cree and the Cree logo are registered trademarks of Cree, Inc. Cree TrueWhite,
The Cree TrueWhite Technology logo and Lighting The LED Revolution are trademarks of Cree.
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SHOWATHE 'ICHTAWHO S BOSS

With new light-sensing technologies from the world's leader in

miniature spectroscopy.

Our Jaz Light Meter is a modular sensing suite that helps you get a
hold on Lumen, Lux, PAR, CRI, CIE and CCT parameters. This smart suite
features a CCD-array spectrometer, Ethernet and battery modules,

onboard DPU and its own absolute irradiance application.

Nothing is more accurate or convenient for light analysis than the Jaz
Light Meter from Ocean Optics.

Contact an Ocean Optics Applications Scientist or '
visit us online at oceanoptics.com/jazlight for more. | f/ \
‘\
i o
of R

CedN www.oceanoptics.com | info@oceanopticscom -
Qplics +1727-733-2447
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Future Lighting Solutions
the company behind the display light

We are the market leader in LED based Lighting Solutions.

Accelerate your next project with our engineering expertise. From design to
concept to production, Future Lighting Solutions works with customers
across the globe to deliver superior lighting solutions. From LED, driver
or optic selection to fully integrated lighting solutions, we have the tools
and the knowledge to maximize light output without compromising lifetime
advantages.

Let us help you reduce your time to market while delivering a higher
performing product. Our track record speaks for itself; we are the company
behind the light.

Visit FutureLightingSolutions.com and start your next LED project with support from the experts

Lighting Solutions

Making LED Lighting Solutions Simple™
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LED One(Hangzhou)Co.,Ltd.

Add: 208, Bldg. D, Eastcom City, 66 Dongxin Rd.,
Binjiang District, Hangzhou, Zhejiang 310053, China
E-mail: sales@ledone-co.com

LEDS Previous Page | Contents | Zoom in | Zoom out | Front Cover | Search Issue | Subscribe | Next Page qMass;


http://www.qmags.com/clickthrough.asp?url=www.ledone-co.com&id=14816&adid=P1A1
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=14816&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=14816&adid=logo
http://www.omeda.com/cgi-win/led.cgi?&p=(promocode)&t=digital
http://www.omeda.com/cgi-win/led.cgi?&p=(promocode)&t=digital
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=14816&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=14816&adid=logo

LEDs

Previous Page | Contents | Zoom in | Zoom out | Front Cover | Search Issue | Subscribe | Next Page qMass;

Transforming Light

LUXEON LEDs are changing the way we light the spaces we live, shop and play in. With unparalleled
efficiency, quality, and reliability, LUXEON LEDs are a simple way to transform lighting and improve the

well being of our environment.

Whether you're lighting a restaurant, roadway or architectural masterpiece, you can count on

LUXEON to deliver long life, high-quality white light while reducing energy consumption.

To learn how LUXEON can help you transform lighting, call our partner, Future Lighting Solutions, at
+1-888-589-3662, or visit www.philipslumileds.com/transform

PHILIPS
L UX E £ N LUMILEDS

sense and simplicity
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Venturing into LEDs: An overview of venture capital and
its investment in lighting
Dennis Costello, Braemar Energy Ventures

DRIVERS

LED driver lifetime and reliability hold the key to
success in LED lighting projects

George Mao and Marshall Miles, Inventronics

OFF-GRID LIGHTING

LED lighting provides long-term value for the poor
Stewart Craine, Harry Andrews and Sam Andrews,
Barefoot Power

OUTDOOR LIGHTING
SSL Luminaires must deliver reliable beam patterns in
outdoor applications Maury Wright

LED CHIP DESIGN
Nano-patterning boosts LED efficiency
Ki Dong Lee, Robert Sjédin and Torbjorn Eriksson, Obducat

INTERVIEW
Intematix to take materials-centric approach under
Mark Swoboda Maury Wright

CIRCUIT PROTECTION

Circuit-protection devices guard against electrical
transients

Phillip Havens, Jim Colby, and Teddy To, Littelfuse Electronics

LIGHTING: COMPATIBILITY

Compatibility and reliability are key factors in the
design of LED lighting devices and systems

Philip Keebler, Electric Power Research Institute (EPRI)

DESIGN FORUM

System-level approach yields optimized LED backlight
design Xiaoping Jin and Arkadiy Peker, Microsemi Corporation
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Cover Story

The LED and solid-state lighting industry
is a growing segment of focus for the
venture-capital community, as our article
from Braemar Energy Ventures explains -
see page 27.

columns/departments

COMMENTARY Tim Whitaker
Money talks, and LEDs are no exception

NEWS+VIEWS

Luxeon shipments hit the
billion-unit mark

The Home Depot unveils LED lamp range

Rubicon wins 6-inch sapphire
supply contract

Cree’s annual LED product
revenue reaches $790 million

SemilEDs files for $172.5 million US IPO

OLED lighting market of $6.0
billion predicted by 2015

2() FOCUSON

Indoor lighting

23 FUNDING+PROGRAMS

DOE publishes updated plan for
SSL manufacturing R&D

DOE plans consumer-education
initiative on energy-saving lighting

GE websites focus on lighting legislation

76 LAST WORD

Solid-state lighting isn’t just about
decreasing energy consumption

Jeff Tsao, Sandia National Laboratories
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commentary

he LED industry has been enjoying

strong growth in recent months, and this
has been reflected in the financial results of
the small number of publicly-traded US com-
panies that have a strong LED-related busi-
ness component. Among these, the most vis-
ible is Cree, which had LED product revenue
of $240 million in its April-June quarter, up
76% compared with the same quarter last
year (page 10). Fellow LED maker SemiLEDs
has decided that the time is right to file for
an initial public offering, so will likely join
Cree on the Nasdaq exchange soon, where
it will enjoy the ticker symbol “LEDS” (page
10). Another public company, MOCVD sys-
tem maker Veeco, recently sold its metrol-
ogy business to Bruker, so that it can focus
onits LED & Solar segment, which will now
account for about 90% of its revenue.

The cleantech sector is now seen as one of
the strongest areas for investment by ven-
ture-capital companies looking for strong
returns. Energy generation, including solar,
has seen lots of investment in the recent
past, while energy efficiency, of which light-
ing is an important part, has been redis-
covered by the venture-capital community.
There have been numerous recent examples
ofinvestment in companies through the LED
value chain, from LED components to light-
ing controls. But what does it take to attract
the attention of the venture funds and make
them part with their cash? In his article on
page 27, Dennis Costello of Braemar Energy
Ventures provides a series of tips that
explain what venture capitalists are look-
ing for, and how to position your company if
you are looking for a capital injection in the
range of $1 million to $30 million.

At the other end of the global economic
scale, more than one billion people in devel-
oping countries are not connected to the
electrical grid, and rely on kerosene lamps
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Money talks, and LEDs
are no exception

and battery-powered torches, which have
a much higher “cost of light” than conven-
tional, grid-powered lighting. LED lights
powered by solar panels eliminate the health
and safety hazards of kerosene lamps, and
can have a huge social impact in terms of
business and education. Light becomes
essentially free, once the hurdle of the ini-
tial purchase price is overcome. As described
in our article page 38, companies such as
Barefoot Power are building a substantial
(and for-profit) business selling low-price,
high-quality LED lights to the poor. In sev-
eral years’ time, the expectation is for this
to become a multi-billion-dollar market that
also significantly improves consumers’ qual-
ity of life.

Solar-powered LED lights do not con-
sume electricity, although there is certainly
an energy-consumption budget associated
with manufacturing many millions of such
products. However, an interesting discus-
sion has arisen concerning the future levels
of energy consumption by lighting, as LED
lighting becomes more and more prevalent.
More efficient lighting should reduce energy
consumption in the future-right? Well, yes,
but what if the progressively lower cost of
LED-based lighting means that people can
install more and more lighting? The over-
all energy consumption may not fall much
at all. But human productivity is also a fac-
tor. This somewhat contentious subject is
discussed further in our Last Word column
on page 76.
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New T-CLADPA
STICKS IT TOHEAT.

Peel and place thermal solution withstands the heat of solder reflow.
d Easier assembly, cooler LEDs.

Bergquist's T-Clad with pre-applied Bond-Ply®450 allows you to adhere your
mounted LEDs to a variety of heatsinks and surfaces while thermally optimizing
your application. This version of peel and place T-Clad can '
withstand the high temperatures of solder reflow during

LED assembly and then be positioned in the lighting

s { application using its strong thermally conductive adhesive.

Thermally conductive insulated metal substrate - .
boards specifically configured for LED applications. ~ Call or visit to qualify for your FREE sample.

FREE T-Clad® PA

Call 1.800.347.4572 or visit www.bergquistcompany.com/preapplied sz

(T H E
COMPANY )
18930 West 78th Street ¢ Chanhassen, MN 55317 ¢ A [SO9001:2000 registered facility

(800) 347-4572 » Phone (952) 835-2322 « Fax (952) 835-0430 * www.bergquistcompany.com

Thermal Materials ¢ Thermal Substrates ¢ Fans and Blowers
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A low power, high
brightness, optimal flux, wide viewing
angle, low thermal resistance, MSL2 rated,
PLCC-4 SMT LED.

Avago Technologies
delivers the Worlds BRIGHTEST 0.5W
PLCC-4 SMT LED designed to optimize
your products for backlighting, auto
illumination, decorative lighting, cabin
lighting and other applications.

« Low thermal resistance 40°C/W
« Super wide 120° viewing angle

- Longer life time with minimum
degradation due to enhanced silicone
resin material

« JEDEC MSL 2
- Available in Cool White, Warm White, Blue,
Green, Red, Red-Orange & Amber colors

If a commitment to technical excellence
and success in illumination technologies is
critical to your new designs — Contact us at:

www.avagoresponsecenter.com/469

TECHNOLOGIES

Your Imagination, Our Innovation

]
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A Solid-State Lighting Premium Expert

Edison Opto Corporation is a Taipel, Taiwan based global leading
high power LED manufacturer, The company offers a comprehensive
product line ranging from 1 Watt to 100 Watt, single-chip to
multi-chip, and high flux to high CRI. The diversified product affering
will answer ta even the most challenging fixture designs

¢ International Lighting Fair
Hall 5 Stand# 5C-D19 ~ 10.27~10.30

New Products_Available Now

EdiPower® Il Series

Item EPSW -VF23 | EPSW -VF44 | EPSW -VF55 | EPSW -VF77
s g Fi
Pictures L %,/ et
Lumen(Im)(Typ.) 410~540 850~1400 1450~2050 | 2760~4100 |
Current(A) 0.7~1 0.7~1.2 1.0~1.5 1.5~2.2 I
\Voltage(V,) 6.4~6.7 12~12.8 15.5~16.5 21.2~22.6 EdiPower [l series
Walt(W) 4~6 8~15 16~24 30~50 . LED Solution
CCT(K)(Typ.) 5000~10000 ~¢
Dimension(mm) 16x14 25x23 25x23 37x35

©2010 Edison Opto Corporation www.edison-opto.com.tw service@edison-opto.com.tw

T+ 886 2 82276996 F+ 886 2 82276993 4F, No.800, Chung-Cheng Rd., Chung-Ho City, Taipei 23586 Taiwan
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NEW

LED PRODUCTION

Luxeon shipments hit
the billion-unit mark

Philips Lumileds shipped its billionth Luxeon LED in the
second quarter of 2010. The company says that the high-
power LED market—which was pioneered by Lumileds and
is defined as comprising LEDs with 350 mA or higher drive
current—is now a decade old. Even more impressive than the
one-billion-unit mark is the fact that Lumileds shipped 750
million Luxeon LEDs in the past two years, driven by demand
from the automotive, SSL, and consumer electronics markets.

“When we started, the idea that Lumileds could change
the nature of lighting with power LEDs was greeted by many
industry insiders with skepticism,” said CEO Michael Holt.
“Today, they and others have followed us as competitors into
an industry that is driving energy-efficient lighting appli-
cations and new ways of lighting the places where we live,
work, and play. This isn’t just a milestone for the company
but for the entire industry.”

Lumileds continues to increase its LED production capac-

The Home Depot unveils
LED lamp range

The Home Depot, the world’s largest home-improvement retailer, is

promoting its wide selection of LED lamps and says it now offers “the
first affordable 40W-equivalent LED [lamp]”- an A19 model priced at

$19.97. All the lamps are cur-
rently available on homede-
pot.com and will be in all
US The Home Depot stores
by the end of September.
“The Home Depot has
stepped forward with the
most cost-effective LED
[lamps], employing the lat-
est and most advanced
LED technology available,”
said Craig Menear, execu-
tive VP for Merchandising.

“Our partnerships with leading LED manufacturers, including Philips,

Lighting Science Group (LSG) and Cree, have enabled us to

» page 10
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The new Mercedes-Benz CLS coupe is the latest car to
offer full-LED headlamps. A total of 71 LEDs not only
provide an unmistakable appearance, says Daimler,
but also a significantly enhanced view of the road
compared with previous systems. In related news,
Daimler AG has adopted Luxeon Rebel LEDs for use

in the daytime running light (DRL) function on several
vehicle models within its fleet, beginning in June 2010
with Mercedes-Benz E-Class models.

ity, and recently placed a repeat order with Aixtron AG for
multiple AIX 2800G4 HT systems. The MOCVD chip-growth

systems will be shipped within the next 2-3  » page 10

CHIP MANUFACTURING

Rubicon wins 6-inch
sapphire supply contract

Positive financials are hardly news right now for sup-
pliers to the LED industry, but Rubicon Technology’s
strong second-quarter performance deserves note
because it was in part due to 6-in sapphire substrates.
Moreover the company announced a $71 million sup-
ply agreement with an unnamed LED manufacturer for
6-in substrates.

The move from 4-in to 6-in wafers could significantly
boost LED production capacity and reduce component
prices. A 6-in wafer has more than double the surface
area of a 4-in wafer, and can yield more than double the
LED chips per wafer.

Rubicon stated that it has been supplying 6-in wafers
to a number of companies developing 6-in production
capabilities. The $71 million contract, however, will be for
volume production as Rubicon will supply polished 6-in
substrates from November 2010 until December 2011.

Raja Parvez, Rubicon’s president and CEO, said,
“While we have been supporting several LED »page 72
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quarters and will be installed in Lumileds’
production facility in San Jose, California.
Until high-current devices were intro-
duced, LEDs generated only a few lumens
when typically driven at 20 mA. In contrast,
Lumileds recently introduced the Luxeon
Rebel ES family that has an output of more
than 300 Im at 1A. At lower drive currents,
the efficacy is as high as 125 Im/W at 350
mA. <
MORE: www.ledsmagazine.com/news/7/7/20

FINANCIAL

Cree’s annual LED product
revenue reaches $790 m

Following a spectacular year of growth, LED
maker Cree posted record revenue of $264.6
million for the quarter ended June 27, 2010.
The company’s LED revenue accounted for
$240.12 million of the total revenue for the
quarter, compared with $136.70 million in the
same quarter last year — an increase of 76%.

Previous Page | Contents | Zoom in | Zoom out | Front Cover | Search Issue | Subscribe | Next Page

Home Depot from page 9

be the first in the market to offer affordable
options for a wide array of fixture types for
a consumer’s home.”

The company offers a proprietary brand
of LED lamps under its EcoSmart name.
The 40W-equivalent A19 lamp, offering
429 Im with a 50,000-hour expected life-
time, is manufactured by LSG (see www.
ledsmagazine.com/press/22332). Whether
40W-equivalency can be claimed for an
output of 429 Im is a matter of debate -
see www.ledsmagazine.com/news/7/6/5.

As well as the LSG-made, EcoSmart-
branded lamps, The Home Depot has sev-

For its fiscal year ended June 27, 2010,
Cree’s LED product revenue was $789.95
million. Its overall revenue of $867.3 million
was 53% higher compared with the previous
year, and its net income increased 402% to
$152.3 million.

As well as seeing its LED downlights on

LED Measureme

StellarNet offers a complete line of low cost

the 200-1700nm range. All instruments are
NIST calibrated to measure the absolute

spheres ranging from 2” to 20” in diameter.
measurements by utilizing shock-proof

suit all of your LED measurement needs.

www.StellarNet.us

LED test and measurement systems covering

intensity, complete with a line of integrating
These systems offer rugged, high performanc

enclosures and permanently aligned optics to

ContactUs@StellarNet.us AT([F)1 &

LED MEASUREMENT
SYSTEMS

Watts/m?
pwatts/cm?
LUX
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PAR
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Purity
CCT
NIST traceable

e
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eral Philips-branded lamps, for example
a 4-watt AmbientLED MR16 flood in cool
white priced as $29.97.

Also under the EcoSmart brand is a
65W-equivalent LED downlight with
6-inch trim, which is priced at $49.95. The
10.5W downlight (pictured on page 9) is
manufactured by Cree and is designed to
be easily installed into most standard six-
inch recessed housings for retrofits and
new construction. It is dimmable to 5 per-
cent using most off-the-shelf dimmers,
says Cree (see www.ledsmagazine.com/
news/7/8/19). «

sale in The Home Depot (page 9), Cree will
supply LEDs for a major housing project in
Singapore. Optiled Lighting International will
deploy solid-state lighting retrofits in 400 of
the 588 buildings that comprise the Jurong
Town public housing estate (see www.leds-
magazine.com/news/7/8/2). Optiled will ulti-
mately install 64,000 SSL luminaires that use
Cree XLamp XR-E LEDs in what the company
proclaims to be “the largest public LED light-
ing makeover that the Singaporean govern-

ment has ever conducted.”

Also, Cree is supplying LED lights to a
home being constructed in Durham, NC
by Habitat for Humanity. The house will be
100% lit with LEDs and this will deliver an
annual energy saving of $250. The SSL prod-
ucts for the new Durham home is part of
Cree’s previously-announced pledge to pro-
vide $1.5 million in SSL products for Habitat
homes over three years (see www.ledsmaga-
zine.com/news/7/8/10). <

FINANCIAL

SemilLEDs files for $172.5
million IPO in the US

Idaho-based LED maker SemiLEDs will
seek to raise capital through an initial pub-
lic offering (IPO) to both expand its manu-
facturing and reduce component costs. The
company registered with the US Securities
and Exchange Commission (SEC) to sell
$172.5 million in shares. SemiLEDs hasn’t
set a target share price, but the filing indi-
cates that the offering will be underwritten
by Bank of America, Merrill Lynch, Barclays
Capital, and Jefferies & Co. The stock will be

LEDsmagazine.com
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LEDs for General Lighting Solutions

OSRAM Opto Semiconductors empowers lighting solutions for today and tomorrow

Opto Semiconductors
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traded on the NASDAQ exchange using the
symbol LEDS.

In the filing, the company specifically
identifies solid-state lighting (SSL) as its
target market, but notes that the upfront
cost of SSL will gate the size of the market.
One of the company’s stated strategies is to
“reduce cost through technology and manu-
facturing improvements,” and it claims that
its strengths include a vertical copper-alloy
chip structure. The filing cites net revenue
for the nine months ended May 31, 2010 as
$24.275 million. «

MORE: www.ledsmagazine.com/news/7/8/7

ACQUISITIONS

Acuity acquires Renaissance
Lighting and IP

Acuity Brands has acquired the remaining
stock in Renaissance Lighting for an undis-
closed cash payment, giving Acuity outright
ownership of Renaissance’s luminaire line

and extensive intellectual property (IP) port-
folio related to LED-based optical technol-
ogy. A separate IP acquisition includes pat-
ents that had been exclusively licensed to
Renaissance.

Acuity had previously invested $9.1 mil-
lion in Renaissance and received a license
to certain IP including the Constructive
Occlusion optical system that is used in the
Gotham (an Acuity Brand) Ecos downlight
luminaire family. Now Acuity will have full
access to Renaissance’s SSL portfolio. Acuity
said the deal would extend its “innovation
capabilities in SSL and controls.” <
MORE: www.ledsmagazine.com/news/7/7/21

OLED lighting market of $6.0
billion predicted by 2015

A market research report from NanoMarkets
says that OLED lighting will generate $6.0
billion in revenue worldwide by 2015. The

Rubicon from page 9
customers in their development efforts
on six-inch substrates, this is the first
LED chip manufacturer to move into
volume production on this size mate-
rial. We are proud that our capabilities
in large-diameter sapphire are helping
the LED industry continue to evolve.”
Rubicon reported that revenue rose
to $15.8 million for the quarter ended
June 30, 2010 - a 37% sequential gain.
Parvez said, “Revenue from the sale of
six-inch polished substrates more than
doubled sequentially as our custom-
ers continue to make progress on their
development efforts.” <
MORE: www.ledsmagazine.com/news/7/8/6

growth will be driven by the need for cost-
efficient lighting in a number of different
applications, including general illumination,
architectural lighting, backlighting, vehicu-
lar lighting and signage.

Our patented designs boast 20% greater heat dissipation

We provide flexible and e
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Inspired by Natfure

Invented by Nichia
\ y

o - Only nature produces better, more efficient light
than Nichia, inventor of the white LED. And with
nature to inspire us, we are ever researching,
developing beautiful light that lasts longer using

| less energy...through our broad product offerings.

So for all of your lighting needs, get inspired!

Ask for the world’s best LEDs, only from Nichia.

Ever Researching for a Brighter World

info@nichia.com « www.nichia.com

L

JS

Previous Page | Contents | Zoom in | Zoom out | Front Cover | Search Issue | Subscribe | Next Page qMass;


http://www.qmags.com/clickthrough.asp?url=www.nichia.com&id=14816&adid=P13A1
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=14816&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=14816&adid=logo
http://www.omeda.com/cgi-win/led.cgi?&p=(promocode)&t=digital
http://www.omeda.com/cgi-win/led.cgi?&p=(promocode)&t=digital
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=14816&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=14816&adid=logo

LEDs

LEDs

Novaled Ingo Maurer

The report (see www.ledsmagazine.
com/press/24979) says that most of the
firms offering or planning to supply OLED
lighting are focusing on general illumi-
nation and/or architectural lighting,
which together will account for just over
$4.0 billion by 2015. The report discusses
the types of OLED lighting products that
will be needed as effective substitutes for
today’s incandescent and fluorescent bulbs

Previous Page | Contents | Zoom in | Zoom out | Front Cover | Search Issue | Subscribe | Next Page

and tubes, and the price points that these
new OLED lighting products will fetch.
However, there are also other applications
for OLED lighting with considerable poten-
tial. For example, vehicular lighting is
expected to amount to $750 million by 2015.

The report also includes two different sce-
narios for OLED backlighting; one in which
OLED prove themselves to be an effective
substitute to today’s electroluminescent

lighting, and a second in which OLED tech-
nology reaches a level of development where
it can provide an effective backlighting tech-
nology for LCD displays. Under this second
scenario, where OLEDs would be used rather
than LEDs, NanoMarkets believes that the
OLED backlighting market could be as high
as $1.4 billion.

Novaled provides OLED lighting guide
Novaled, aleading OLED manufacturer, has
written a substantial guide to OLED lighting
for designers, luminaire makers and others
involved in the lighting business. The com-
pany says that the unique technical features
of OLEDs are expected to result in a funda-
mental change not only in lighting applica-
tions but also in the structure of the light-
ing industry itself. OLEDs can deliver unique
design features: they are ultra-thin and
potentially flexible light sources that can be
transparent or mirror-like in the off state.
The OLED lighting guide describes key

o THE PERFECT
gl INDOOR LAMP
& REPLAGEMENTS .

» . ‘ .
v ~ AMERICAN BRIGHT LIGHTING, INC.

13815-C Magnolia Avenue, Chino, CA 91710
1.866.533.5588 | www.ab-lighting.com

agents in your area.

American Bright Lighting provides a comprehensive line of LED based
replacement lamps for traditional incandescent and compact fluorescent light
sources. Our Par, MR-16 and “A” lamp replacements are available in a variety
of wattages, beam spreads and base configurations and are designed to meet
almost any lighting requirement. American Bright Lighting offers a complete
warranty program and over 15 years of experience in LED technology. Visit
our website or contact us directly for list of our authorized distributors and

-
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Multiple Strings. One LED Driver.

Energy-Efficient LED Lighting Solutions

National Semiconductor's PowerWise® LED drivers are optimized for high efficiency and
offer a variety of features designed to reduce the number of required external components.
The new LED driver with dynamic headroom control and thermal interface drives four strings
of upto 20 LEDs each to reduce cost and design complexity, making it an ideal solution for
applications that such as industrial fixtures, outdoor area lighting, and automotive headlamps.

v Online design toofs

v Evoluotion board

v AFFB:'ca‘Hom notes

LED Arrays

Primary Power Supply

Dynamic
Headroom
Control

LM3464
Driver
Circuit

Thermal Foldback

Output1 =

Output 2

Output 3

Output 4

national.com/LED

LEDs

Optimize System Efficiency
The LM3464's dynamic
headroom control feature
monitors the LED output
and dynamically adjusts the
supply voltage to the lowest
level required for maximum
efficiency regardless of
changes in the LED strings.

Easy to Use

The LM3464's four output
channels with individual
current regulation reduce
the system size and design
complexity. For easier and
faster design, the LM3464
is available in National’s
WEBENCH® LED Designer
online tool.
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Flexible Design

The LM3464 enables
differentiation of fixtures
through features such as
Pulse-Width Modulation
(PWM) and analog dimming,
and thermal foldback for
increased performance,
efficiency, and reliability.

National
Semiconductor

# PowerWise, and WEBENCH are registered trademarks. All rights reserved
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OLED lighting attributes, unique applica-
tion aspects and design potential. It pro-
vides a view on the industrial development of
OLED lighting technology including market
drivers and players and an application road-
map. It also suggests the need for a rethink
on lighting, away from point sources and
away from thinking of lighting only for space
illumination. It provides an overview on a
range of actual lighting and design products
based on OLED lighting technology, includ-
ing Novaled case studies such as the Ingo
Maurer "Flying Future” lamp (pictured on
page 14). «

PLANAR LIGHTING

Epistar invests in planar LED
lighting specialist Oree

Oree Inc., the Israel-based developer of LED
planar illumination technology, has secured
an investment from Epistar, Taiwan’s largest
manufacturer of LED chips. The solid-state
light source developed by Oree is thin and flat
- about the size and shape of a credit card
- and is ideally-suited for general lighting
applications, decorative and architectural
lighting, as well as backlighting for LCD pan-
els. Oree says that it is currently working with
selected customers in Asia and Europe, and
will be in high-volume production by early
next year. Epistar has been manufacturing

o
=
o
=
S
[}
=
©
£
S
@
=
=

chips for Oree since 2007. The chip maker has
partnered with a number of companies with
novel and promising technologies, for exam-
ple having made an investment in Lynk Labs
in October last year. <

MORE: www.ledsmagazine.com/news/7/8/13

LED MANUFACTURING

TSMC invests in LED
manufacturing line

TSMC, the giant Taiwan-based silicon IC
manufacturing foundry, has passed a Board
of Directors resolution to assign US$101.6

Philips is now a partner in the
1000-Village Solar LED lighting
program, which is bringing solar-
powered, LED-based lighting to 1000
rural villages in China, India and Africa.
The five-year project launched in
August 2009 as a joint initiative of The
Climate Group and Chinese film star Jet

donated solar-powered LED roadway
lighting with adaptive controls for
installation in the Guiyang City region
of China. «

MORE: www.ledsmagazine.com/news/7/8/5

million for an LED production line. As we
reported in March 2010, TSMC has already
started to construct its first LED fab in
Hsinchu Science Park, Taiwan. TSMC is the
leading contract IC fabricator and believes
it can transfer its manufacturing exper-
tise to LEDs. “LED lighting is a promis-
ing industry, and we will make full use of
TSMC’s technology leadership and manu-
facturing excellence in semiconductors to
develop and integrate LED technology, pro-
cess, and packaging and testing,” said Rick
Tsai, TSMC President of New Businesses. <
MORE: www.ledsmagazine.com/news/7/8/17

Kingbright

www.kingbright-europe.de

Features:

Dimensions = 1,6 mm x 0,8 mm x 0,5 mm
Available in various colour combinations
Luminous intensity up to 230 mcd @ 20mA
By the low construction height this bi-colour SMD-LED is suited
especially for backlighting at Keypads, Keyboards or LCD's
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Innovation

@ +49 2835 - 44 46-0

Kingbright's KPHB-1608 series
Bi-colour SMD-LED im 0603 package

electronica 2010
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The Analog Mixed Signal Company

LED Drivers from ZMDI
Enabling Energy Efficient LED
Lighting Solutions

e Up to 95% efficiency

e 750mA to 1A Output current

¢ Wide input voltage ranges:
6V up to 40V and 8VDC to
450VDC or 110VAC/230VAC
Small SOP8 and SOT89-5 package
Highly integrated ICs/Low BOM cost
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sapphire [substrates] and other raw mate-
rials” but planned to increase its chip pro-
duction capacity. It currently has over 50
MOCVD systems, and estimates the number
will increase to approximately 80 systems by
year end. MOCVD systems capable of growing
on 6-inch wafers are also planned for installa-
tion by year end, said Lextar, which is a sub-
sidiary of AU Optronics Corp (AUO), the LCD
panel maker. The company is building new
production bases in Chunan, Taiwan and
Suzhou, China. <

MORE: www.ledsmagazine.com/news/7/8/26

LICENSING

Luminus licenses PhlatLight
LED platform to Epistar

A licensing agreement will allow Epistar
to manufacture LEDs based on Luminus’
PhlatLight LED technology platform.
Alexei Erchak, CTO of Luminus, said
that the technology will enable Epistar to

improve its LED performance, while Lumi-
nus will continue to focus on manufacturing
big-chip LEDs for applications where LED
arrays don't provide enough brightness. “We
are pleased to broaden our partnership with
Luminus as their strong IP portfolio includes
LED patents that enable unmatched levels
of brightness and reliability,” said M.J. Jou,
president of Epistar. Earlier this year, Lumi-
nus licensed its LED technology to Forepi. <
MORE: www.ledsmagazine.com/news/7/8/16

HOSPITALITY

Everlight LEDs light up
Burger King restaurant

Burger King has equipped its first energy-
efficient restaurant, opened in early June
in Waghdusel, Germany, with LED lighting
from Everlight Electronics Co., Ltd. As part
of a scheme making extensive use of renew-
able energy sources, the energy consump-
tion by lighting has been reduced by more

ET®™ LED Characterization System

ORB

LED Test Lab and Complete Hardware Solutions

"It takes a lot more than one measurement to
characterize an LED"

- Quickly and easily characterize

High Power LEDs, modules and arrays

- Automated multi-dimensional sweeps of
current, PWM and thermal conditions

- Control temperature with up to 200W loads
- Extensive data analysis tools and reporting
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Electrical-Thermal-Optical LED Characterization System

OrbOptronix.com/ETO

than 55% annually compared to traditional
lighting. The parking area is illuminated by
six 60W SL-Dolphin street lights in neutral
white (5000K) with a luminous flux of 6000
Im. The asymmetric wide-view angle ensures
high uniformity at pole heights of 6-8m.
Inside, the restaurant’s guest area features
red pendant lights in an Italian design that
contain Everlight’s 7.5W A-Lamp replace-
ment LED lamp. <
MORE: www.ledsmagazine.com/news/7/9/1

SOFTWARE

National Semiconductor
launches Webench design tool

Computer-aided-engineering tools have
long boosted the productivity of electri-
cal engineers designing circuits, and now
engineers working on SSL luminaires can
use the National Semiconductor Webench
LED Architect to jumpstart their projects.
The tool allows engineers to quickly evalu-
ate LEDs, LED drivers, heat sinks, and pas-
sive components for SSL designs. It provides
engineers with immediate comparison data
in key areas such as power consumption,
lighting performance, and cost. Webench
LED Architect allows engineers to compare
a broad range of components. The tool can
analyze 350 different LEDs from 12 manu-
facturers. The software includes 30 heat sink
options, 35 LED drivers, and 21,000 passive
components that can be mixed and matched
in SSL designs. Once an engineer creates a
SSL design optimized to the application
requirements, the Webench tools can gen-
erate a complete project report including
schematics, a bill of materials, and perfor-
mance characteristics. <

MORE: www.ledsmagazine.com/news/7/8/27
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Digital Lumens lights Maines warehouse D-LED and Future showcase jewelry

‘ ’ ’ The Maines Paper & Food Service 400,000-sq.ft. warehouse =~ Under- and in-cabinet LED lighting fixtures that are one-
in Conklin, NY, has been fitted with an Intelligent Lighting  tenth the height of comparable non-LED luminaires have

System supplied by Digital Lumens. This has reduced lighting  helped transform Royalty Jewelry’s 430-sq.ft. boutique in Tel

i energy usage to 13% of former levels, due both to the more effi- ~ Aviv’'s Ramat Aviv Mall. The Source Linear System fixtures

cient LED technology and to the integrated controls that can \ P } -

[ ) dim or extinguish lights in unoccupied areas. The warehouse . o -

is a 24-hour operation, but at any given time many aisles are L
empty. The SSL installation replaced high-pressure-sodium
(HPS) high-bay lights, and resulted in higher light levels, with
20 foot candles to the floor. Maines considered other energy-
efficient options, but the ability to dim or extinguish LEDs
was a key decision point. Also, high-efficiency fluorescents
would have added to the refrigeration and lighting costs. The :
Digital Lumens system relies on Zigbee wireless technology ~ were created by D-LED Illumination Technologies in col-
to link the luminaires in a mesh network. In this case, sev- laboration with Future Lighting Solutions. The ultra-slim
eral Zigbee gateways connect back to the Maines computer (49 mm wide x 24 mm high) fixtures contain Luxeon Rebel
network via Ethernet, allowing control by any networked PC.  LEDs and have reduced electricity costs by $1,300 per month.
MORE: www.ledsmagazine.com/news/7/8/23 MORE: www.ledsmagazine.com/casestudies/25848

R&D that brings you SMD LEDs with
0 degradation after 5,000 hours

Up to 150 million LEDs produced manthly

223 Shenzhen Refond Optoelectronics Co
5
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LEDs

MSi delivers savings for Las Vegas retailer

RC Willey, a furniture retailer based in Summerlin, NV, recently
replaced all 4500 of the 90W halogen spotlight lamps in its 50,000
sq.ft. Las Vegas showroom with 10W iPAR LED lamps from MSi
Lighting. Within hours of installation store employees had noticed a
drop in the showroom's temperature. Management was able to raise
the air conditioner thermostat setting by four degrees, resulting in
an annual saving of $90,000 in cooling costs alone. Also, the typical
90W halogen light burning 12 hours a day will need to be replaced
approximately every four months, compared with up to 12 years for
the 10WiPAR. This translates into a further $21,000 annual cost sav-
ing. Over the 12-year lifespan of the LED lights, the estimated total
saving will be “somewhere in the neighborhood of $3.4 million” in
this one showroom alone.

MORE: www.ledsmagazine.com/casestudies/25713

Dialight LED high-bays cut the mustard

At the G.S. Dunn quality control and inspection facility in Hamilton
(Ontario, Canada), light quality and accuracy is a primary concern to
ensure the company’s dry mustard products meet its stringent stan-
dards. As part of a strategic plan to optimise visibility and reduce
energy consumption, the company replaced 18 of its 450W metal-
halide units with Dialight’s high-efficiency DuroSite LED High Bay
fixtures and gained not only superior color rendering, but also sig-
nificant cost and energy savings.

MORE: www.ledsmagazine.com/casestudies/25711

Kompak opens Europe’s
first all-LED plant

A consumer-products pack-
aging plant owned and oper-
ated by Kompak and located in
Etten Leur, The Netherlands has
been lit exclusively with LEDs.
All interior and exterior light-
ing fixtures were developed
and installed by Dutch com-
pany LedNed and feature Cree
XLamp LEDs. A lighting sys-
tem, Lightline, provides uniform
illumination over all horizontal
and vertical surfaces. The ware-
house ceilings are nearly 14m
high. Lightline features motion
detection, daylight correction
and other custom options to
increase light availability in spaces where more light is required.
MORE: www.ledsmagazine.com/casestudies/25389

San Diego State installs Lithonia LEDs
San Diego State University has installed more than 80 RTLED

LEDsmagazine.com
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focus on

luminaires from Lithonia Lighting for ambient lighting, as well as
30 DOMS LED luminaires for downlighting. The 215-person-lecture-
hall project represents the University’s plans to reduce energy and
costs and achieve sustainability. “The first day we turned on the
lights 100 percent, they were so bright it was astounding. We were
all in awe,” said architect Jeffrey Herr. &)

MORE: www.ledsmagazine.com/news/7/8/8

IPDIiA’s Silicon
Passive Components

Having your passive
components
working UP to 200°C

You can trust it

IPDIA, Silicon Passive Components Manufacturer
o « Out of standard reliability »
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Asia’s biggest
lighting event
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Hong Kong International Lighting Fair (Autumn Edition)
27-30 October 2010 » Hong Kong Convention and Exhibition Centre

e Prime downtown location

e QOver 1,700 quality exhibitors from 31 countries and regions

e Don't miss the brand-name ‘Hall of Aurora’, along with other themed lighting zones covering Commercial,
Household, LED & Green and Outdoor lighting products

Enquiries: (852) 1830 668 www.hktdc.com/ex/hklightingfairae/24
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rograms:

DOE publishes updated plan
for SSL manufacturing R&D

The US Department of Energy (DOE) has
published the 2010 edition of the Solid-
State Lighting (SSL) Manufacturing R&D
Roadmap, which complements the Multi-
Year Program Plan that guides the DOE’s
Core and Product Development R&D pro-
grams (see www.ssl.energy.gov). The man-
ufacturing roadmap’s primary goal is to
guide the manufacturing R&D program
and help direct funding solicitations. It
also provides guidance for equipment
and mate rial suppliers, based on indus-
try consensus on the expected evolution
of SSL manufacturing. The overall goal is
to reduce risk, improve quality, increase
yields, and reduce costs.

The 2010 roadmap differs from the 2009
version mainly in the addition of specific
manufacturing R&D task priorities (seven dif-
ferent categories for LEDs and four for OLEDs)
and also includes updated forecasts of costs
as the DOE’s understanding advances.

Among the manufacturing priorities
listed for luminaire/module manufacturing
is a 2x increase in manufacturing through-
put by 2015, and a reduction in book-to-
build time from 10 weeks in 2010 to 5 weeks
in 2015. Also, the OEM lamp price is targeted
to drop from $113/klm in 2010 to $28/klm
in 2015. Industry stakeholders strongly sup-
ported bringing advanced manufacturing
concepts to LED luminaire manufacturing,
says the roadmap, and R&D projects that
could be funded under this task should help
manufacturers focus on reducing costs and
waste in their processes.

The driver is currently estimated to be
approximately 20% of the LED luminaire
cost and offers a logical target for potential

LEDsmagazine.com

cost reductions. One route is driver integra-
tion, and there is a target for 2015 of 50% |
reduction in luminaire cost over non-inte-
grated driver approaches. Also, the target for
driver cost is a reduction from $22/klm in

2010 to $4/klm in 2015.

For test and inspection equipment, the
roadmap calls for a 2x increase in through- :
put. One specific area of interest is the high-
speed monitoring of color quality and color :
consistency in order to improve the back-end

quality and reduce overall costs.

Various targets are also set for tools for
epitaxial growth, and for wafer processing :
equipment. One target is to reduce the epi-
taxy growth cost by a factor of 3, while for
wafer processing the roadmap calls for sig-
nificant increases in wafer throughput, yield :

and productivity.

Packaging accounts for approximately
65% of the packaged LED cost, or approx- :
imately 25% of the entire luminaire cost
today. The roadmap calls for a 50% reduction
every 2-3 years in assembly cost, the cost of
packaging, and the end cost of the package. :
The seventh and final LED manufacturing

priority deals with phosphors.

For OLEDs, the manufacturing R&D pri-
ority tasks are OLED deposition and pattern-
ing equipment; integrated manufacturing
and quality control; OLED materials man-
ufacturing; and back-end panel fabrication.
« For two weeks in early October, the Bright-
Spots LED Forum online panel discussion
will enable industry professionals to partake
in an active discussion exploring the key
issues surrounding HB-LEDs, from design
to manufacturing (see www.ledsmagazine.

com/news/7/8/25). «

DOE plans consumer-
education initiative on
energy-saving lighting

The US Department of Energy (DOE) used
its SSL Market Introduction Workshop
in Philadelphia in July to preview a new
consumer-education campaign to pro-
mote “green” lighting options. The DOE
will partner with GE, Philips, Cree and
Osram Sylvania, as well as major retail-
ers including The Home Depot, Costco
Wholesale and Grainger, to promote
LED-based lighting and other energy-
saving lighting options. The DOE is
planning the initiative to coincide with
upcoming changes in light-bulb regu-
lation. The Energy Independence and
Security Act of 2007 will begin a phase-
out of incandescent bulbs in 2012, start-
ing with the 100W lamp and then con-
tinuing with lower-wattage bulbs on a
progressive basis over a two-year period.

The DOE believes that, without an
effective consumer-education process,
the new performance levels being put
in place could cause considerable con-
fusion. Most people are used to select-
inglight bulbs on the basis of their watt-
age, which is not an accurate indication
of light output for efficient technologies
like SSL. Therefore, DOE plans to work
with the lighting industry to educate the
public on the use of lumens as a mea-
sure of light output. The new campaign
will also seek to define other benefits of
new lighting technologies, including for
instance the long lifetime promised by
SSL. The DOE will formally launch the
initiative this fall, and more details will
emerge in the coming months.

A comment on the LEDs Magazine
website (see www.ledsmagazine.com/
news/7/7/18) applauds the initiative, say-
ing there is an “appalling lack of aware-
ness” about the light-bulb ban and its
implications. “The DOE and industry
leaders have to educate loudly, effec-
tively and relentlessly,” adds the com-
ment, “but more voices are needed to
get consumers up to speed on this.” «
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GE websites focus on lighting legislation

GE has launched two new websites that together with its exist-
ing Environmental Information Center site will educate con-
sumers and businesses on the transition to energy-saving light-
ing options such as LED-based lighting. The new sites are the
Understanding 2012 Lighting Legislation site (www.gelighting.
com/2012) focused at consumers and on the move away from
incandescent lighting, and the Legislation Product Replacement
(LPR) Tool site (www.gelighting.com/legislation) that helps busi-
nesses check the legal status of luminaires.

The LPR site is focused at the lighting-specification community,
including engineers, lighting designers and architects. Such profes-
sionals can use the tool to see if any recent legislation will have an
impact on the use of specific products such as luminaires.

The new sites supply information about both federal legislation and
regulations in the US, and state regulations. For example, State of Cali-
fornia laws will go into effect a year prior to federal laws in many cases.

The consumer-focused site provides a detailed explanation of
federal legislation that will phase out 100W incandescent bulbs
in 2012 followed by 75W and 60W bulbs in 2013 and 2014, respec-
tively. The site also offers energy-saving calculators that consum-
ers can use to select more-efficient lighting. «

MORE: www.ledsmagazine.com/news/7/8/9

Street lighting consortium expands

The DOE’s Municipal Solid-State Street Lighting Consortium will
host its first Annual Meeting on September 29, 2010 in Huntington
Beach, California. The meeting will immediately follow the IES
Street and Area Lighting Conference to enable attendees to learn
more about Consortium efforts to develop outdoor lighting guide-
lines, to launch regional education workshops, to initiate the first
Consortium demonstrations, and to establish interchange between
related efforts and organizations.

In July, the DOE hosted a webcast entitled “Evaluating LED Street
Lighting Solutions,” featuring consortium speakers. Materials can
be found on the DOE SSL website at www.ssl.energy.gov. During the
webcast, Consortium Director Edward Smalley provided an over-
view of the organization’s membership, current activities, and future
plans as it builds a network of information on LED street lighting.

Tod Rosinbum from the City of Portland, Oregon discussed how
two ongoing demonstrations will influence city planning going
forward. John Walter from National Grid described potential ben-
efits of and concerns about the technology, and outlined the util-
ity’s role in helping customers evaluate and implement LED street
lighting projects. Finally, Amy Olay from the City of San Jose, Cali-
fornia shared her municipality’s perspective as it converts to LED
streetlights that utilize adaptive lighting controls. &)

o (1
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Protect your ' LEDs.

i«

LEDs require superior protection to ensure reliable operation
and long performance as lighting technologies in the
aerospace, automotive, electronics, medical and military
industries continue to advance.

And your reputation.

SCS Parylenes can be applied to virtually any surface material
to create an ultra-thin, pinhole-free, conformal coating with
superior moisture, chemical and dielectric barrier properties.
Additionally, SCS Parylene coatings are optically clear, so the
coating does not reduce the color or lumens output of LEDs. As
electronic packages are exposed to extreme environments, SCS
Parylene HT® offers long-term UV and thermal stability (up to
450°C), higher than most industry standard coatings.

Contact SCS for more information about our innovative
solutions for your LED technologies.

World Headquarters (US): 317.244.1200
Europe: 44.1483.541000

Japan: 81.426.31.8680

Singapore: 65.6862.8687
www.scscoatings.com/LED

RoHS

COMPLIANT

SPECIALTY COATING S5YSTEMS™
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% GAME CHANGING PERFORMANCE.

HIGH-BRIGHTNESS

LEDs FOR DISPLAY AND SIGNAGE FROM CREE.

Cree LEDs are revolutionizing lighting. Our full line of RGB and white high-brightness LEDs deliver high-
performance at an economical price. Cree can help you bring energy-efficient LED light to video screens,
display and informational signage, channel lighting, light strips and architectural lighting worldwide.

4-mm Oval LED PLCC4 3in1SMD LED PLCC6 3 in 1SMD LED PLCC4 1in1SMD LED
Screen Master® Series for Luminous Intensity (mcd) Water-Resistant (IPX5*) Color Temperatures (K)
matched radiation pattern - Red (355 - 900) Misfisione Sensiivi ek 3 - Cool White: Min. (4600) / Typical (5500)
et v - Green (560 - 1400) OISHIE SENSENIL LEVER - Warm White: Min. (2500 / Typical (3200)

Offers the widest viewing angle Luminous Intensity (mcd)
in the industry - Bl BT -8 ~ Red (560 - 1120) Typical CRI: Cool White 72, Warm White 80
SRS UETE LS AP e 738 - Green (1120 - 2240) Luminous Intensity (mcd)

Rl 5. - Blue (280 - 560) - Cool White (1800 - 4500)

Green (T15° x 65°) - Warm White (1400 - 3550)

Blue (115° x 65°)

LEAD-FREE
ROHS-COMPLIANT

T

Contact an authorized distributor at www.cree.com/hb
or call 800-533-2583.

* This part is tested under the condition of assembling it on a PCB and isolating the electrical path by silicone.
Cree, the Cree logo, and Screen Master are registered trademarks, and Lighting the LED Revolution and the
Lighting the LED Revolution logo are trademarks of Cree, Inc. or a wholly-owned subsidiary of Cree.
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And the market said, “Let there be LED.”

LED products are the future of lighting. They are also quite complex and rapidly evolving—which is why you
need a test lab like Intertek. No other lab in the world offers the same breadth of safety and performance
testing services. Plus, we have labs in Europe, North America and Asia, each with a commitment to ultra-fast
project turnarounds. And our engineers offer the kind of guidance that can make all the difference when it
comes to getting your product to market on time.

Our industry leadership was established long ago by our founder, Thomas Edison. It's his legacy that inspires

our team today as lighting reinvents itself,

once again. For more information, whitepapers

and webinars, please visit our website. et
Intertek

Intertek offers product safety certification (ETL) as well as EMC, quality,

1-800-WORLDLAB (967-5352) performance, environmental and energy efficiency testing services.

www.intertek.com/lighting
Intertek
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finance | VENTURE CAPITAL

The LED and solid-state lighting industry is a growing segment of focus for the venture-capital
community. DENNIS COSTELLO of Braemar Energy Ventures explains the reasons for this level of
interest and describes what makes a particular company in the sector attractive as an investment

target for venture capitalists.

t is becoming harder and harder not to

notice the amount of venture-capital dol-

lars that are flowing into the coffers of
lighting companies in the US. Over the last
couple years, venture-capital-backed financ-
ings have been announced in Bridgelux,
Luminus Devices, Superbulbs, Fulham,
Terralux, Nuventix, Digital Lumens, Albeo,
QD Vision, LedEngin, and Renaissance
Lighting, just to name a few. Are these
just aberrations or has the venture-capi-
tal community made a serious and long-
term commitment to lighting? What are
venture-capital firms looking for when
they invest in lighting companies? Most
importantly, how can your company best
position itself to secure venture-capital dol-
lars to fuel expansion?

The last decade
The venture-capital industry has been
going through many changes in the last
decade. Each year, it seems to become
more difficult for venture-capital funds to
produce the returns that have made the
industry famous. The average rate of return
of venture funds has declined in the last 10
years and many are facing serious losses.
That has led to a decline in the amount of
funds flowing into the sector, especially
when compared to the boom that charac-
terized the period of 1997-2001 (fueled by
an unprecedented number of internet and
telecommunications investments).

The cleantech (or energy-tech) sector has

been one of the few new bright spots in ven-
ture capital. Cleantech investing has seen
steady growth. Ironically, cleantech has now
surpassed the
tal investments

venture-capi-
in information

biotech. As of
2010, there were
dollars invested
in cleantech, compared to
$736 million in information
technologies and $2.10 billion invested in
biotechnology (source: PricewaterhouseCoo-
pers/National Venture Capital Association
MoneyTree Report). This is quite a startling

technology and
the first half of
$2.18 billion

DENNIS COSTELLO is a managing partner with Braemar Energy Ventures (www.braemarenergy.

com), a leading energy venture-capital firm whose investments include Nuventix, Fulham,
Luminus Devices, Laser Light Engines and Lumenergi.
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statistic in light of the central role histori-
cally played in venture capital by informa-
tion technology and biotechnology.

Energy efficiency & generation

In sum, there seems little doubt that clean-
tech is now a key focus of venture capital.
Since venture-capital funds generally are
structured to have 10-year lives (and most
venture-capital companies take three to
four years to fully invest each fund), it is
unlikely that the trend will be reversed
any time soon. The next logical question is:
“Where has all this new money gone?” The
answer, in a word, is solar. Just take a look
at investments in the second quarter of the
year, the most recent period tracked by
the Cleantech Group (www.cleantech.
com). The leading sector in the quarter
by amount invested was solar: $811 mil-
lion in 26 deals.

Energy efficiency (of which lighting is
an important part) has taken a back seat
to energy generation technologies as the
venture-backed cleantech sector has grown
up. However, that trend is also changing. In
2009 and 2010 to date, the venture-capital
community has rediscovered energy effi-
ciency. Energy-efficiency investments are
now the fastest growing segment of the
cleantech sector, especially if batteries and
energy storage are included in the energy-
efficiency category.

Energy efficiency is a broad term that can
include a huge variety of activities. Some
venture capitalists have been delving into
energy efficiency in transportation as high-
lighted by the recent initial public offerings
of A123 (the battery company) and Tesla

27
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Motors, the electric-vehicle company. Tesla
is the first new automobile company to go
public since Ford Motor Company in 1956.
Other firms have focused on energy-efficient
buildings, from heating and cooling, to bet-
ter insulation, to software controls to new

ing. Japan and Cuba banned incandescent
in 2007. Brazil and Venezuela passed similar
legislation in 2005. In the next couple years,
China, the European Union, Australia, the
US and Argentina will join that group.
Third, the economic viability of LED light-

“The most successful new LED companies will
have good technologists, good entrepreneurs,
and seasoned lighting professionals."

materials for windows and walls. A grow-
ing number of firms are seeing the poten-
tial of lighting and especially LED lighting
in buildings.

Favorable factors for LEDs

So the LED industry is in the enviable posi-
tion of being a growing segment of focus of
the venture-capital community. It is helpful
to better understand why that is the case
and therefore what makes a particular com-
pany in the sector attractive as an invest-
ment target. It is not an exaggeration to say
that venture capitalists are looking for out-
sized returns in relatively short periods of
time. Every venture capitalist may have a dif-
ferent view of what situations produce these
types of returns. However, some factors are
generally agreed as favorable.

First, an industry going through huge
changes can produce big opportunities.
There is no doubt that LEDs are creating a
seismic shift in the staid lighting market.
The investment by Philips through its acqui-
sitions of Color Kinetics and then Genlyte
was an early beacon of the changes to come.
The success and stellar value of Cree in the
public market is another indicator. The com-
plete transition in focus of the annual Light-
fair tradeshow -- from no LEDs a few years
ago to mostly LEDs in the latest show -- is
yet another small indicator of that seismic
shift. Potential new large Asian entrants
into lighting also add impetus to this mar-
ket shift.

Second, regulatory and environmental
pressures are building which will force mas-
sive changes in the lighting industry. Most of
us are familiar with the regulatory bans on
incandescent lights that are already happen-

28
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ing to the end-user, independent of govern-
ment intervention, is changing rapidly. The
costs of LEDs are dropping as major com-
panies ramp production and improve lumen
output. Compared to incandescent and halo-
gen lighting alternatives, LEDs can already
show payback periods in the range of 1.5-3.5
years. LEDs are getting closer to being com-
petitive with compact florescent lamps, and
most believe they will become competitive
with metal halide and linear florescent in
the coming years.

Finally, LEDs are a semiconductor
device and have shown the same
characteristics as other solid-
state digital devices. This is
familiar territory for many
VCs who have been involved
in the semiconductor indus-
try for decades. Predictable
lowering of costs matched
with increased efficiency of
output has been a winning
formula for many industries
as they transition from analog
to digital. Lighting is on the same path.

What venture capitalists are seeking

It may be a good idea to invest in an indus-
try that is undergoing fundamental changes
but that alone does not guarantee success.
All venture capitalists are ultimately forced
to place a limited number of bets on specific
companies. Lots of money has been lost by
backing the wrong companies in hot mar-
kets with good fundamentals.

The most important characteristics
that venture capitalists seek are the same
in lighting as in most other sectors. They
include the strength and experience of the

f-«\!(‘a:f’ﬂlﬂ,/
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management team; the size of the mar-
ket opportunity that is being targeted; the
innovation or technology that allows entry
to the targeted market; how that innova-
tion can be protected from competitors;
proof points (including revenue); that cus-
tomers understand and appreciate the
unique innovations being offered; the like-
lihood that the company will be successful
enough to be acquired or go public; and the
capital (especially equity capital) that will
be needed to get the company to reach that
successful exit.

Much has been written in the general
business literature about what makes com-
panies successful and how to present your
business in a manner that will appeal to a
venture capitalist. Rather than repeat the
clichés about what attracts venture capital,
let’s focus on a few of the factors that are spe-
cific to LED lighting companies.

Tip 1: Match your business opportunity
with the right capital provider
If your company is still in the product
development or early revenue stage
(less than $3.0-5.0 million in annual
sales), and you are seeking a
relatively modest amount of
equity capital (i.e., you want
to sell stock in your private
company, not just take out a
loan), your best bet is prob-
ably individual investors
or so-called angel inves-
tors. Angel investors typi-
cally invest their own cap-
- ital and often work through
= clubs. In fact there is a national
Angel Capital Association, which is a
good starting point to find a group in
your area. Angel financing rounds are
usually smaller than $1.5-2.0 million and
often include several individuals sharing
the risk.

If your capital needs are between $1 mil-
lion and $30 million, you are in the range
of most venture-capital financings. Some
venture funds like to invest alone but most
prefer a syndicate of like-minded funds.
Venture capitalists will fund start-up com-
panies, companies in product develop-
ment, and companies with revenue. Typi-
cally, the company is privately-owned and

LEDsmagazine.com
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Stanyl°TC Thermal conductivity combined with design freedom for LED lighting

Stanyl® is a registered trademark of Royal DSM N.V.

Developing a polymer solution for thermal management in
LED applications was a challenging task. But finally the

DSM Knowledge Team has found a solution they can warmly
recommend. With Stanyl TC the heat dissipation is brilliantly
combined with design flexibility and the high productivity of
polymer technology.

Stanyl® TC is rapidly establishing a position as the material

of choice for the LED Lighting industry. It’s the first thermally
conductive plastic which has an optimal balance of
mechanical performance and heat dissipation properties.

DSM Engineering Plastics

It offers lighting producers and designers the ultimate design-
freedom, whilst providing all the necessary metal replacement
benefits, such as weight saving, higher productivity, easy
processing and overall system cost savings.

All this is made possible by the broad knowledge we can draw
on, not to mention our endless curiosity and our care

for a greener planet. With all the passion we have, we want

to create proven innovations for generations to come. More
information: www.livingsolutions.dsmep.com

Unlimited. D s M
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finance | VENTURE CAPITAL

not making profits consistently. If you own
a well-established company that is cash-
flow positive and has significant scale,
you are probably best-suited for larger
private-equity firms, rather than venture
capitalists.

Tip 2: Assure your business opportunity
warrants the amount of capital needed
To be taken seriously by a venture capital-
ist, it is important that you can justify rapid

Previous Page | Contents | Zoom in | Zoom out | Front Cover | Search Issue | Subscribe | Next Page

talists take business projections a bit more

seriously than many entrepreneurs. One of
the standard jokes in the venture commu-
nity is that the projections must pass the
“snicker test.” In other words, the revenue,
margins and earnings have to be credible
and achievable. One good question to ask
yourself is: “Have other companies in my
market ever grown at the pace we are pro-
jecting?” If not, you may get a snicker when
you present it to a VC.

“It takes persistence, good preparation and
sometimes many months of effort to raise

venture money."

revenue growth within a few years of the
investment and that the company has the
potential to grow to a substantial size. The
venture fund is looking to make well over
three to five times its total investment and
the fund usually owns a minority percentage
in the company (less than 50%). That math
dictates that the selling price of the invest-
ment has to be substantial. The more money
needed to get to an exit, the larger the exit
value must be.

It should also be noted that venture capi-

............................................................

Another good check is to
see if the size and growth of
your revenue is reasonable in
light of the market your prod-
uct is addressing. If your projec-
tion requires market shares
that only multinational com-
panies have achieved, you are s
undermining your credibil-
ity. Alternatively, it does not suf-
fice to argue that lighting is a market in
the billions of dollars and you are grab-
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Bridgelux raises $50 million (Jan 2010) www.ledsmagazine.com/news/7/1/11

Braemar Energy Ventures invests in lighting component supplier Fulham (May 2009)
www.ledsmagazine.com/press/ 18723

LedEngin closes Series D funding round led by NGP (Jul 2010)
www.ledsmagazine.com/news/7/7/15

Luminus closes $19 million funding round led by current investors (Feb 2010)
www.ledsmagazine.com/news/7/2/22

Lumenergi secures $12.7 million in venture funding (Aug 2010)
www.ledsmagazine.com/press/26018

Nuventix secures an additional $8 million in funding (Apr 2009)
www.ledsmagazine.com/news/6/4/11

QD Vision receives $3 million from DTE Energy Ventures (Jan 2010)
www.ledsmagazine.com/press/20931

Renaissance Lighting closes $10 million financing round (Sept 2007)
www.ledsmagazine.com/news/4/9/32

Acuity acquires Renaissance Lighting and intellectual property (Jul 2010)
www.ledsmagazine.com/news/7/7/21

TerraLUX receives $5.6 million venture capital investment (Mar 2010)
www.ledsmagazine.com/press/21511
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bing less than one percent of that market
share. Venture funds spend considerable
time trying to understand which slice of
the market your product can truly address.
If you have not done that same analysis in
advance, the probability of getting funding
is diminished.

Tip 3: Assemble a great and balanced
staff to execute your plans
Luckily, for entrepreneurs and the over-
all industry, there are many views of what
makes a good company within the venture-
capital community. Some venture capital-
ists will not consider an investment
unless the technology is so novel that
it can change an entire indus-
try. Others focus more on the
quality of the key manage-
ment and the development of
sales channels. The deals with
the highest likelihood of suc-
cess demonstrate strength
inboth of these dimensions.
At the very core, LEDs
represent a new, innovative,
| unfamiliar technology that
. must somehow get integrated into a
very well-established physical and busi-
ness infrastructure. A better technology
will not assure success in lighting. In fact,
there are many examples of adequate tech-
nologies beating out superior technologies
because of how they were introduced (and
by whom) into the existing lighting markets.
The most successful new LED companies
will have: (1) good technologists who are
experts with the product; (2) good entre-
preneurs who are willing to challenge old
established ways of doing business; and (3)
seasoned lighting professionals who under-
stand manufacturing and sales channels.
That balance should be mirrored in the
Board of Directors as well as the senior man-
agement team.

Tip 4: Find powerful and cost-effective
channels to your customers

The most successful new companies we have
seen in the LED space have taken unique
technology and leveraged partners to get
it to the market. The lighting market is not
like the internet market. A nice website
and some money for advertising and trade

LEDsmagazine.com
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shows is not enough. Sales of LED technolo-
gies into distribution or OEMs are difficult,
slow and costly. A good fundable company
will have a strong strategy on how it will go
to its market. A key element of that strat-
egy usually involves partners. One way to
impress a venture capitalist is to have this
strategy completed in advance with well-
known partners. It is a strong validation of
the value of your company if someone else is
interested in bringing it to market.

Tip 5: Understand the role of

intellectual property in your business

It is hard to find an industry with such a
morass of patents, licenses and cross-licens-
ing as in LED. To make matters worse, we
have all seen patents used as both defen-
sive and offensive strategies in this space.
A couple of issues around intellectual prop-
erty are on every venture capitalist's mind
when they see an LED company. First, does
the company have the freedom to execute

its business plan without violating patents
they do not own or license? Second, does
the company own intellectual property
that keeps others from invading its
markets after some commer-

cial success has been dem-
onstrated? Finally, does
the intellectual property
owned by the company have
value to others in the future?
If a company has prepared in
advance for these questions,
and used experts to frame
their strategy around intel-
lectual property, it will have a
leg up in fund raising.

Summing it up

It is never easy to raise capital from the
venture-capital community. Only a very
small percentage of those seeking fund-
ing are successful with any given firm. It
takes persistence, good preparation and a

sometimes many months of effort to raise
venture money. It is a selling process, with
much in common with selling your LED
products. Remember that each ven-
ture capitalist is different and
will have a different view on the
same facts. Keep in mind that
no venture capitalist is going
to understand your business
at the same level as you. Your
job is to both educate the ven-
ture community in an honest
manner (the truth will come
out sometime so best to start
out that way) and to listen to their
reactions and views. Many have had
experience with a very broad sample of
businesses and have seen what works and
what does not work. And of course, the best
venture capitalist to work with is one who
understands your business and can provide
you with guidance, help and counsel rather
than just money. &)

Enables a Dramatic Increase in Power and Lumens in
Directed Light Down-Light and Track Lighting Fixtures

* LED Cooler Capable of Cooling up to |50 Watts
* No Audible Noise

* Operating Life of 50,000 Plus Hours

* No Need for a Separate Power Supply

* Ideal for CMH and Halogen Replacement

* Broad Range of Standard Products
-
cooliance

Innovating Cooling Technology
www.cooliance.com/ledcoolers

See it at the Strategies in Light Show in Frankfurt, Germany
September 27th to September 29th - Booth 20
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Powering fght of tomorrow

LightLine. The next generation of constant current LED drivers

B High Power AC input LED Driver

The RACDG60 series - a high power AC input LED driver module. Designed to meet the requirements of the
newest and brightest LEDs on the market. Output current from 700mA up to 4.2A, this series can drive almost
any LED in the market. One of the smallest 60Watt AC LED driver in the industry.

B Low Power AC input LED Driver

Introducing the RACD series low power AC input LED driver. A low cost solution
to the low power Solid State Lighting. This family includes of 3W, 6W, 12W and 20W modules
with different configurations capable of driving up to 15 high brightness LEDs.

B DC input LED Driver

The RCD-24 family offers DC input LED driver modules with constant current output from 300mA up to 1.2A,
high efficiency (up to 97%), wide input voltage range (5~36Vin), very low output dropout voltage,
2 independent dimming options (PWM and 0-10 analog) and a long lifetime up to 600,000 hrs.
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LED driver lifetime and reliability hold the
key to success in LED lighting projects

Product lifetime and reliability are two very different but related concepts. Understanding the issues

relating to both parameters is a critical aspect of designing a product that will perform as expected
in the field, explain GEORGE MAO and MARSHALL MILES.

ue to growing environmental con-
D cerns, the world is now replacing

billions of conventional incandes-
cent light fixtures. While a large percentage
are currently moving to compact fluores-
cent lamps (CFLs), concerns over the mer-
cury content of CFLs, as well as the potential
for even greater energy savings, are causing
more and more users to move to LED lamps.
The newest LED lights consume approxi-
mately 80% less energy than incandescent
lamps and contain no toxic materials.

After electronics-rich CFLs began to
replace incandescent bulbs, consum-
ers began seeing the products’ early fail-
ures all too frequently. The introduction
of electronics into general-purpose light-
ing creates new failure modes that must
be understood.

While LED lighting has the potential to
provide significantly longer life and better
reliability, the question is whether or not the
necessary power electronics are up to the
task. While many poorly-designed products
have tarnished the reputation of LED light-
ing, the light engine of properly-designed LED
lighting systems should last for up to 50,000
hours. However, unless the power electronics
driving this light engine are designed for cor-
respondinglylong life and high reliability, this
advantage will not be realized.

Lifetime and reliability

It is important to understand that prod-
uct lifetime and product reliability are
two very different, although not unrelated,
GEORGE MAO and MARSHALL MILES are with
Inventronics (Hangzhou) Co., Ltd. Web: www.
inventronics-co.com.

LEDsmagazine.com

concepts. Unfortunately, as they are both
often expressed in hours, they are fre-
quently confused.

Power loss (W)
v

primarily a matter of identifying all known
wear-out mechanisms and then identify-
ing the shortest-lived component in the
system that will render the prod-
uct inoperable. For most electron-
ics power supplies, including LED

28
26 drivers, that component will be an
24 electrolytic capacitor. The electro-
22 lyte in the capacitor will vent over
20 time as a function of the operat-
18 ing temperature of the capacitor.
16 That temperature is a function of
14 case temperature as well as the
12 internal heating caused by ripple
107859 86% 87% 88% 89% 90% 91% 92% 93%  current in the capacitor. While it
Efficiency may vary somewhat for different

FIG. 1. Power loss vs. efficiency for 150W driver.

Lifetime refers to the length of time a user
can expect a single product to work prop-
erly before a known wear-out mechanism
renders the product unfit for use.

Reliability deals with the random failure
rate of a population of products. It may be
expressed as a failure rate such as failures
in time (FIT), or as the inverse, mean time
between failure (MTBF).

A lifetime of 50,000 hours implies that
one would expect any given product to last
up to 50,000 hours before failing. An MTBF
of 50,000 hours implies that for a popula-
tion of 1000 units, one could expect to see
arandom failure every 50 hours. Both con-
cepts are important to understand and
manage for a successful implementation of
LED lighting.

Lifetime and capacitors
Estimating the life of any product is

manufacturers or part numbers,
the typical equation for the life of
an electrolytic capacitor is shown

in Equation 1.

T, EQ. 1

szk‘.Lo' 2 10

Ly =lifetime

k = factor determined by capacitor’s RMS
ripple current and operating voltage; can be
either a value or a function

Lo = lifetime value tested in standard con-
dition provided in the datasheet

T, = rated case temperature

Ta = operating case temperature.

With knowledge of Equation 1, it becomes
fairly straightforward to optimize the
designs. The first priority is to select a high-
quality, long-life capacitor. Second, the
designer should strive to reduce the capaci-
tor’s RMS ripple current and operating volt-
age relative to its rating. This involves both
minimizing the ripple current and voltage
while also selecting a capacitor with suffi-
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cient design margin. Over-specifying the
capacitor will result in a larger and more
costly product than necessary. Under-spec-
ifying can significantly compromise the life
of the product.

Temperature and efficiency
The last and most effective design priority
is to decrease the case temperature of the
capacitor. The temperature of
the capacitor will be a function

Previous Page | Contents | Zoom in | Zoom out | Front Cover | Search Issue | Subscribe | Next Page

improving the efficiency of LED drivers. Take
for example the popular EUC-150S (150W
constant-current output) series. As shown
in Figure 1, when the 220VAC full-load effi-
ciency is 92%, the loss is only 13W. As the
output power becomes higher, only 1% effi-
ciency difference can cause a large change
in power loss.

Since products of different designs can

Lifetime (thousands of hours)

v
of the ambient operating envi- 127
ronment of the driver, the ability 147
of the driver to conduct or con- 87

vect heat into the surrounding
environment, and the amount 67
of power dissipated in the driver 47
itself. For a given case design and
application, the primary contrib-
utor to temperature will be the
power dissipated in the driver,
which is directly a function of the
efficiency of the driver. In other
words, high efficiency and a low-
thermal-resistance design can significantly
improve the lifetime.

Efficiency has a much greater impact than
many people realize. For example, moving
from 95% efficiency to 85% efficiency is not
a 10% change in the amount of power dis-
sipated. Rather, it increases the heat dissi-
pated by a factor of 3.3X.

Inventronics is devoting great efforts to

27

7
85%

86% 87% 88% 89% 90%

Efficiency

91% 92% 93%

FIG. 2. Lifetime vs. efficiency for a 150W LED driver.

have significantly different efficiencies, the
temperature inside the enclosure can be
greatly different. As shown in Equation 1, a
reduction in temperature of 10°C doubles the
lifetime. Even assuming the thermal design
is the same, which means the thermal resis-
tance from the bulk capacitors to air is the
same, drivers with different efficiencies will
result in different Ta (operating case tem-

perature) and therefore yield very different
lifetimes. Figure 2 shows efficiency versus
lifetime, still using a 150W product as an
example at 45°C ambient.

Without good heat conduction and/or
convection, the limited power loss can gen-
erate high temperatures inside the driver,
even if a driver maintains high efficiency.
Utilizing a good thermally-conductive pot-
ting compound inside, as well as a robust
aluminum case with ample surface area,
can greatly reduce the thermal resistance
from device to ambient. This particular
driver achieves 87,000 hours lifetime oper-
ating in a 45°C ambient. This is better than
most LED light engines and will contribute
greatly to the profitability of LED lighting
projects.

Reliability, MTBF and FIT

Reliability deals with the failure rate of a
population of products operating within
their rated conditions and within their oper-
ational life. A common way of expressing the
reliability of a product is mean time between
failure (MTBF). Even though reliability and
lifetime are both often expressed in terms of
hours, the concepts are still quite different
and that difference should be understood.
Equation 2 expresses the very simple con-
cept of MTBF. It is the total operational time
in hours of a population of products divided
by the number of failures.

4@ Gooch & Housego FEiy
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Accurate and Affordable
LED Measurement
Solutions

+ High sensitivity and dynamic
range

+ 25+ scans per second

+ High-speed USB interface

+ Meets CIE guidelines for
Conditions A & B

Gooch & Housego's OL 770-LED
Spectroradiometer provides high
precision, research-grade measure-
ments to meet your demanding pro-
duction application within your
budget without compromising quality
or consistency. Find out what the
competition is learning - we deliver.
Contact the factory today for a quote!
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Hong Kong International
Lighting Fair

27-30 October 2010

Seoul Semiconductor
changing the world!
The most famous places and monuments
are already being illuminated by
Seoul Semiconductors LED' s
Tell us about your next bright idea
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Seoul Semiconductor, HQ in Korea

» sluOn0@acriche.com » Tel +82-2-6913-7515
Official Distributors
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Total Time EQ. 2

MTBF =
Failures

As an example, a population of 1000
products operating around the clock will
accrue 24,000 hours of operation per day.
If this population of products operates for
one month and produces 4 failures, then the
MTBF would be (1000 units x 24 hours/day x
30 days)/ 4 failures = 180,000 hours.

To provide another example, if a product
is found to have an MTBF of 300,000 hours
then a population of 1000 such products
would likely exhibit one failure about every
300 hours on average. Similarly, a popula-
tion of 10,000 such products would exhibit
one failure about every 30 hours on average.

To be clear, if a product has an MTBF of
300,000 hours, this does NOT mean that
any given product would be expected to last
for 300,000 hours. The MTBF only holds for
the operational life of the product i.e. before
any known wear-out mechanisms could be

Previous Page | Contents | Zoom in | Zoom out | Front Cover | Search Issue | Subscribe | Next Page

expected to occur.

Perhaps a better way to understand reli-
ability is to look at it in terms of failure rate.
Equation 3 shows that failure rate is simply
the inverse of MTBF. However, because the
resulting number can be quite small, it is
common to multiply this number by 10° and
talk in terms of failures in 10° hours, also
known as failures in time (FIT).

1 EQ. 3

Failure Rate = VTBE

When determining the life of a product,
it is only necessary to identify the shortest-
lived component and calculate its life. How-
ever, when determining the reliability of a
product, it is necessary to understand the
failure rate of every component that can
cause the product to fail and look at the
combined failure rate.

Plenty of time has been spent on research
of estimating reliability of electronic equip-
ment. The most common of these methods

is MIL-HDBK-217, a military specification
which is considered to be the standard reli-
ability-prediction method and is the method
used by Inventronics. Another fairly com-
mon method is the Telecordia SR-332 reli-
ability prediction model. Typically the
military result is more conservative and
produces a lower number than the commer-
cial Telecordia method. Either of these will
be referred to as calculated reliability num-
bers, as opposed to demonstrated reliability
which is actually measuring the failure rate
of a population of products. While compar-
ing two products using the same method-
ology proves to be a very valid comparison,
comparing the reliability of products using
different methods is virtually meaningless.

Designing for reliability

The challenge is to produce the most reliable
product possible given certain size and cost
constraints. There are several key consider-
ations when designing for reliability. First

homas Research Products
Innovative & Energy Saving Lighting Controls
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OF LEDS
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CONSTANT CURRENT AND VOLTAGE

INDOOR OR OUTDOOR APPLICATIONS

ACTIVE POWER FACTOR CORRECTION

90-305V UNIVERSAL VOLTAGE

30w-300W MODELS

HIGH EFFICIENCY MODELS AVAILABLE

ULTRA LONG LIFE MODELS

PROTECTED AGAINST:
OuTPUuT OVER-VOLTAGE,
OuTPUT OVER-CURRENT,
OuTPUT SHORT CIRCUIT AND
THERMAL OVERLOAD

11548 SMITH DR. HUNTLEY, IL 60142

DIMMING MODELS
NOw AVAILABLE

CusToM OuTPUT NEEDED?

PH 847-515-3057 F 847-515-3047

NO PROBLEM!

WWW. THOMASRESEARCHPRODUCTS.COM

THOMAS RESEARCH PRODUCTS IS NOT AFFILIATED WITH HIGH-PERFECTION TECHNOLOGY

36

SEPTEMBER/OCTOBER 2010

LEDsmagazine.com

LEDS Previous Page | Contents | Zoom in | Zoom out | Front Cover | Search Issue | Subscribe | Next Page qMass;


http://www.qmags.com/clickthrough.asp?url=www.LEDsmagazine.com&id=14816&adid=P36E1
http://www.qmags.com/clickthrough.asp?url=www.thomasresearchproducts.com&id=14816&adid=P36A1
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=14816&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=14816&adid=logo
http://www.omeda.com/cgi-win/led.cgi?&p=(promocode)&t=digital
http://www.omeda.com/cgi-win/led.cgi?&p=(promocode)&t=digital
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=14816&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=14816&adid=logo

LEDs

Previous Page | Contents | Zoom in | Zoom out | Front Cover | Search Issue | Subscribe | Next Page

is the topology selection for the power stage
design. A semiconductor’s reliability is usu-
ally dependant on the operating junction
temperature. Soft switching topologies like
ZCS flyback and LLC half bridge can be uti-
lized to minimize the switchingloss of power
switches, thus improving the ther-
mal condition of both the semicon-
ductors and the whole driver.

Second, the selection of high-
quality components, yielding
adequate component-stress mar-
gins, should be considered. For
instance, 20% operating voltage
margin for electrolytic caps and
10% voltage margin for semicon-
ductors are always a must for a
reliable design. Third, protection
circuits can help products sur-
vive from various kinds of abnor-
mal conditions including over current, over/
under voltage, over heating and short circuit.
Also, surge-suppression circuits should be
used to prevent the driver from being dam-
aged by lightning.

The fourth point brings us back to the
issue of efficiency and thermal design as
discussed previously. Heat has a direct
and significant impact on the reliability
of semiconductors like MOSFETs, ICs and
opto-couplers.

One final important issue regarding reli-
ability is understanding and eliminating

Failure
rate

infant mortality - the initial early failures
of a product coming off the production line.
As mentioned earlier, the concept of prod-
uct reliability is valid only during the use-
ful life of the product. It no longer applies
when the product reaches any of several pos-

Infant period Useful life Wear out

A

Low failure rate

End of life

Shipment
Time

FIG. 3. The bathtub curve of failure rate over time.

sible wear-out mechanisms. It should also
be noted that it only applies after the initial
phase of infant mortality.

Figure 3 shows the well-known “bath-
tub” curve of failure rate versus time. Most
electronic products will demonstrate an ini-
tial higher failure rate, which is referred to
as infant mortality. The product then enters
its useful life - the flat bottom portion of the
curve. Finally, failure rates begin to rise as the
product experiences a wear-out mechanism.

The challenge of the manufacturer is to
ensure that those products destined for

drivers | LIFETIME & RELIABILITY

premature failure never leave the factory.
In order to screen out these failures, Inven-
tronics utilizes a robust dual-burn-in pro-
cess on 100% of its products. Every product
is put through a burn-in process prior to pot-
ting for 1 to 2 hours. Then, after final assem-
bly, all products are powered up under heavy
load and high temperature and run for any-
where from 4 to 12 hours. Products are then
subject to a final suite of functional tests.
The objective here is to eliminate early field
failures that not only reduce the profitabil-
ity of LED lighting installations but damage
the perception of the lighting manufacturer.

Summary

Understanding the issues relating to both
lifetime and reliability are critical to design-
ing a product that will perform as expected
in the field. This is especially true of projects
such as LED lighting where payback is mea-
sured in years, where long warranties are a
business necessity and where a reduction of
maintenance costs forms a significant por-
tion of the return on investment.

While there are many factors which must
be considered, we have seen the importance
of efficiency and its use as a key metric in
evaluating LED drivers. While LED drivers
can be designed to meet the requirements
of today’s lighting projects, it takes a great
deal of care and analysis to ensure that these
objectives are met. &)
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jong-tern value Tor the poor

Off-grid LED lighting provides clear benefits for users in developing countries,
and can also be built into a profitable business for committed suppliers,
explain STEWART CRAINE, HARRY ANDREWS and SAM ANDREWS.

n Tanzania earlier this year, several

students died in a dormitory fire at a

school. The cause? Kerosene lamps. It
is estimated that thousands of people, often
women and children, die as a result of fires
started by kerosene lamps in houses and
other living quarters, while tens of thou-
sands suffer non-fatal burns for the same
reason. At the same time, it is estimated that
tens of billions of dollars are spent burning
this fuel for light, or on disposable batter-
ies for torches, which have a cost per kWh
100 times higher than grid power, perhaps
$5.00/kWh.

Given this high cost, both financial and
otherwise, spent on tiny units of energy by
1.5 billion people worldwide in dozens of
developing countries, it is not surprising
that the smallest LED lights have a much
faster payback period than those used in
developed countries.

By investing in such lamps, and often
in solar panels to charge them, the money
spent on kerosene is not burned into smoke
each year, but is instead captured in long-
lasting expandable energy assets, creat-
ing almost a new way of saving and build-
ing wealth. However, installation of an LED

lamp and solar panel in a house also means
the retirement of the symbol of the last 100
years—the kerosene lamp-and the potential
of a bright future ahead. These non-finan-
cial social impacts and benefits are impor-
tant and real, but rarely factor into a poten-
tial investor’s spreadsheet.

Growing an off-grid lighting industry
Barefoot Power was incorporated in 2005,
with a stated aim to bring clean lighting to
one million people by 2010, and to fulfill a
profitable business plan. Many adventures
later, we are closing in on that goal, with
a variety of systems from 0.5W to 15W or
higher finding great reception in markets
from Guatemala to Papua New Guinea, from
India to Sierra Leone.

We also recognize the shared experiences
of the early trailblazers like Light Up The
World, Mighty Light and the Lumina Project,
and more recent projects such as Lighting
Africa [see Links]. These form a foundation
of knowledge to which we add our experi-
ences in an open-source fashion, to grow the
off-grid lighting sector into a multi-billion-
dollar market.

Micro-energy and LED lighting is cur-

STEWART CRAINE (Director), HARRY ANDREWS (Director) and SAM ANDREWS (General
Manager, China) are with Barefoot Power (www.barefootpower.com), a social entrepreneurial

business that designs and manufactures LED lighting and other technology products that have the
potential to reduce poverty in developing countries.
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rently a sub-billion-dollar mar-
ket, putting it where mobile phones
were 20 years ago, and where micro-
finance was 15 years ago. However,
most early movers are seeing such
strong demand that supply gaps are
very common, as investors fail to
keep up with the pace of change in
these “high risk” markets.

There are two sets of suppliers
in the market. The first group con-
sists of companies with strongly-
branded, high-quality, high-cost
products that sell 0.5-100W renew-
able or rechargeable lamps (both
LED and fluorescent) to off-grid
households. Examples include Gra-
meen Shakti, Selco and Sundaya;
smaller specialists such as Barefoot,
D.light and GreenLight Planet; and
large corporations such as Shell, BP,
Philips, Osram and Schneider Elec-
tric. Adding up publicly-available

LEDsmagazine.com

data for these and 50-100 other suppliers
indicates a total annual market of $100-300
million, with end-consumer loans or financ-
ing required for perhaps 50% of units sold.
The second group consists of weakly-
branded companies with low-to-medium-
quality, low-cost products. Field stud-

ies indicate at least 50% of all 250 million
households that lack electricity, plus a sim-
ilar number that are on-grid and suffering
power outages, spend at least $5/year on
low-cost, short-life LED torches. These are
often AC-rechargeable and have generally
forgettable “brands,” although sometimes
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the brand has quite strong consumer rec-
ognition within China. This China-supplier
category could represent expenditure of as
much as $1 billion per year on as many as
200 million lights. Such products are already
showing impressive market penetration and
market dominance by aligning with con-
sumers’ cashflow preferences. They gener-
ate some benefits, such as improved house-
hold safety, but are lacking in others such as
the wealth-creation benefits of longer-last-
ing products.

Asian LED quality improvements
However, the market is on the move. Barefoot
Power started improving quality levels in
Chinese factories for LED lamps and solar
panels back in 2006, using typical sources of
startup capital. In five years, no donor sup-
port has ever been secured for this work, as
the focus remains on the capacity-building
challenges for the distributors and entrepre-
neurs, rather than supply challenges.
Barefoot and the Lumina Project col-
laborated in 2006 to produce some under-
standing of variations in LED quality from
25 suppliers in south-east Asia at that time,
as shown in Figure 1. The general result was
that a surprising number of 5mm LEDs had
high efficiency of 40-60 Im/W, but there was

could easily be spotted in the market and ~ May 2007 (http://light.Ibl.gov/pubs/rn/lumina-rnl.pdf)
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removed from being a
sourcing option.

Lifetime data was not
available until later, but
Figure 2 shows how Bare-
foot has seen LED life
improvement in the last
4 years: LED prices have
not changed much, but
degradation is now far
better than it was, and
efficiencies are improv-
ing. It is interesting to
note, however, that even
under-driven 5mm LEDs
quickly degraded but
then stabilized at 50-60%
of initial output. While
the official “failure” of a
LED is defined as a reduc-
tion to 70% of initial lev-
els, households regularly
use battery-powered LED lamps on high,
medium and low settings, so lamps with
LEDs at 50-60% of initial output would defi-
nitely still have been in use.

LED lamps are typically 3-5 times brighter
than a kerosene lamp, so even with 2006 deg-
radation levels, improved lighting would
result. To account for possible initial deg-

Efficacy of white LEDs from China
Tested at 20mA

radation and an improvement in LED
quality, Barefoot desk-lamp products had
replaceable circuit boards, to allow for easy
upgrade. This has not generally been uti-
lized, as other design features also added
have prompted the first buyers to buy a com-
pletely new lamp 1-3 years after purchasing
their first lamp.

Production challenges

Maintaining production quality levels is a
major and constant challenge in China (and
probably in any country). Some challenges
are unique - 90% of factory workforces are
lost each year as factory workers disappear
home at Chinese New Year, then work at a
different factory, often in another town,
after the holiday. So in February, there is no
production, and in March a massive training
effort has to be undertaken with new staff.
The assumption of China’s limitless work-
force is also being challenged as the govern-
ment provides better opportunities inland,
causing real shortages in coastal areas.

Growing in the dark

However, these issues are not unique to our

business or our industry. With appropri-

ate margins, and staff placed in China, our

production and global sales unit is reach-
ing good scale that can
generate profits in a simi-
lar manner to tens of thou-
sands of other Western com-

panies based in China who
source and supply for EU/
USA/Australasia-based cus-
tomers. The Barefoot team,
backed by a growing group
of angel and social inves-
tors, is pushing the supply
of a wide range of high qual-
ity product to market.
Demand is soaring after
Barefoot Power won sev-
eral product awards at this
year’s international off-grid
lighting conference orga-
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FIG. 1. Efficacy of white LEDs available from China.
also a tail of quite terrible products, which ~ Source: E Mills, The Lumina Project Research Note #1,

nized by the World Bank’s
Lighting Africa project (see
www.ledsmagazine.com/
press/23046). The products
won three of the four first

0.10

prizes and were placed sec-
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PIMFC is a tradée

PiMFC-P4B is the latest generation of MKS multi-range, multi-gas
Mass Flow Controllers (MFC) for critical MOCVD process gas control.
Visit MKS at LED Japan, booth M-22, and see why our process .

experience and Asian presence are making us a bright light for LED I I kS

production process control. Visit us online at www.mksinst.com/P4B

MKS Instruments, Inc., phone: 978.975.2350 or 800.227.8766 (USA only) www.mksinst.com
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lighting | OFF-GRID

FIG. 3. Firefly 1.5W LED lamps on sale in Rio Azul village, Quiche. Guatemala. Right: happy customers.

ond in the other category. The 5W PowaPack
four-lamp kit was awarded first place in the
both the Top Performance and Room Lighting
categories, while the 1.5W Firefly desk lamp
was the winner in the Best Value category for
products that cost under $40, and also came
second in the Task Lighting category.

Given that we had been asking for a 1-2
page off-grid lighting specification since
2006, and were “flying blind” until the Haiti
earthquake forced the issue to resolution,
we believe our products and design philoso-
phy have contributed notably towards these
standards coming into being, and that they
are appropriate to the market they serve.

To ensure the containers are sold, the bulk
of our team are deployed in countries such
as Uganda, Kenya and India, as well as China
and Papua New Guinea, to offer free “soft-
ware” with the hardware that creates mar-
ket pull. This “software” includes training
sessions for entrepreneurs, business devel-
opment assistance for importers and distrib-
utors, access to trade finance from our inves-
tor network, and customized ERP software.
Some of this has been open-source released
as an industry contribution, with three pub-
lications released on the Renewable Energy
and Energy Efficiency Partnership (REEEP:

www.reeep.org) website.
In our core 4-6 countries, we “learn by

doing” by operating our own subsidiar-
ies that carry out importing and distribu-

Asian LED quality comparisons

2006 to 2010

Lumen maintenance (%)
v

in other countries.

The hours are long and the pay has been
very poor, but tens of thousands of smiles
keep us going. Soon, after 10 years of trail-
blazing by others and
ourselves, investors
will “get it” and the
fun will begin. Each

120
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15W products, train
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energy entrepreneurs,
and the range contin-
ues to expand with
innovative new tech-
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FIG. 2. Lumen depreciation results from Barefoot Power
internal quality-control test reports on 5mm white LEDs,

August 2010.

tion, which also gains us additional mar-
gins and proves up our business model as
profitable. However, importantly, our core
markets help us build up experience that we
share with 20-40 other partners worldwide

I
2500

nologies and designs
creating more wealth
for the end customer.
Even the lowest-
cost competing prod-
ucts from China are

Il
3000 3500

improving in quality

these days. As the industry grows 100-300%
per year, we look forward to a multi-billion-
dollar micro-energy industry within 2-3
years that will start to deliver on its poten-
tial, taking shape and defining the players
involved, and gaining respect and
support from investors. Tens of mil-

Lighting Africa helps developers of off-grid lighting systems www.ledsmagazine.com/features/5/4/12

lions of end customers will gain even

LEDs offer alternative to polluting, fuel-based lighting www.ledsmagazine.com/features/2/6/1

Lighting Africa www.lightingafrica.org
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more benefits from safe, efficient,
clean lighting, and other micro-
energy solutions. &)
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Beautiful Light Technology Corporation

Green Technology of Lightings
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A55 7.1W
E14/E17/E26/E27/B22/GU24

A50 5.6W A60 8.5W
E14/E17/E26/E27/B22 E14/E17/E26/E27/B22/GU24

A35 4.2W A65 9.9W
E14/E17 E14/E17/E26/E27/B22/GU24

Dimmable | Non-dimmable Globe Lamp

e Cree and Nichia LEDs integrated.
¢ Available for all standard base types of incandescent lamps.
e Super light-weight. Very friendly price for various home and house
lighting application.
¢ Isolated materials for lamp body.( Plastic lamp body )
e Conformed to EMC and Safety Standard in North America, Japan and EU countries.

¢ Dimmable lamps are one and broadly compatible with existed dimmers.

\Nr_~
() Welcome to visit us

¢ Hong Kong International Lighting Fair (Autumn Edition) :
Hall 5,5C -E25/E27/E29,
October 27-30,2010.

At Hong Kong Convention and Exhibition Centre.

Headquarter : Address: No. 16-2, Dingshanmen, Neighbor 12, Jinlan Village, Sales: sales@bltc.com.tw

C' TEL: +886-5-2392881 Jhongpu Township, Chia-yi, Taiwan. Technical: service@bltc.com.tw
www.bitc.com.tw  ® FAX: +886-5-2392007 Zip code: 60665 www.bltc.com.tw
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lighting | OUTDOOR

SSL luminaires must deliver reliable
beam patterns in outdoor applications

Luminaires for outdoor SSL applications such as street lights must deliver increasingly precise beam

patterns to minimize light pollution and maximize efficiency by directing light to the appropriate area,

Says MAURY WRIGHT.

market share in outdoor-lighting appli-

cations including street lights, and area
lights in shopping plazas and parking lots.
At the same time, environmental activists
are raising concerns about light pollution.
The directionality of LEDs should be a good
match with the goal of directing light to the
proper place such as a roadway and not allow-
inglight to trespass upon homes along a road.
But designing an SSL luminaire to deliver cor-
rect beam patterns is a formidable task that
LED makers, optical specialists, and lumi-
naire manufacturers are all striving to solve.

LEDs are gaining popularity in outdoor
lighting for a few simple reasons. SSL lumi-
naires are more energy efficient and have a
longer life than legacy technologies such as
high-pressure sodium (HPS). That advantage
translates to energy and maintenance sav-
ings for municipalities. But the SSL makers
are being challenged by those concerned about
light pollution to also offer better light control.

Most LEDs generate a beam angle of
around 120° - a relatively narrow beam in
the lighting world. Paul Scheidt, product
marketing manager at Cree said, “It’s been
one of the fundamental advantages of LED
technologies in [street lighting], the fact that
LEDs are directional and it’s fairly easy to
control exactly where the light going.”

But Scheidt notes that street lighting is
still a tough challenge. He cites the fairly
common problem of creating an elliptical
pattern on the roadway. The problem is pro-
viding the same level of illumination 100 feet
away from the fixture that you do directly

‘ ED-based lighting is quickly gaining

MAURY WRIGHT is the Senior Technical Editor
of LEDs Magazine.

LEDsmagazine.com
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FIG. 1. The IESNA has defined five basic beam pattern types for roadway usage.

under it. Scheidt asks, “How do you throw
that much light in an efficient way and not
create too much glare in the process?”

Indeed the task at hand is designing prod-
ucts that meet beam pattern specifications
that have been set in North America by the
Illuminating Engineering Society of North
America (IESNA) and by similar bodies in
other parts of the world.

There are five basic types of IESNA beam
patterns (see Fig. 1.) that are used in street-
light applications. The Type 1 and Type 5 pat-
terns are generally considered quite simple
to implement. But Types IL, III, and IV are far
more useful in street-light applications and
more difficult to implement. For example, a
Type IV pattern requires long throws and the
luminaire must minimize light that hits the
ground behind the fixture location.

Approaches to beam patterns
The approach to beam pattern must match

Type V

the characteristics of the luminaire design
in terms of the chosen LED light source. The
bulk of street light luminaires today use 2-D
arrays of individual LEDs mounted in a planar
fashion that in aggregate deliver the required
lumen output. Such luminaires may have as
few as 20 to more than 100 individual LEDs.

It is also possible to use large-chip LEDs or
arrays, such as those supplied by Luminus or
Bridgelux. A street light based on such a prod-
uct might have as few as 1 to as many as 10
individual light elements.

Back to beam angle, luminaire designers
can mount LEDs at an angle to direct the
light in the intended direction and there are
certainly some such designs on the market.
But that approach has more potential for
glare issues. Designs can also use what is
called a Total Internal Reflection (TIR) opti-
cal lens on each lighting element, which are
designed to control light direction.

Cooper Lighting director of marketing
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and product management Tim Hill said,
“Each individual LED has an individual
optic, like a small contact lens in a way,
which bends the light into the target zone.”
In a street light, different TIR designs are
used on different emitters in the array to in
aggregate deliver the desired pattern.

Luminaire designers can also turn to
reflectors to control and channel the light in
the appropriate direction. Indeed it’s a tried
and true method. Luminus Devices director
of systems and application engineering Don
McDaniel said, “Stand in any parking lot and
look up in a shoebox and what do you see --
a light bulb with a reflector and a piece of
glass over it. It works.”

Today the individual LEDs with a TIR
approach appears most popular. Kenny
Perez, a company principal at Nate Mul-
len Visual Concepts is working with several
municipalities in the San Diego area on LED
street-light upgrades and is active in the San
Diego Street Light working group (www.
ledsmagazine.com/features/7/7/7). Accord-
ing to Perez, the four luminaire designs
gaining traction in trials around the country
are BetaLED's LEDway (Fig. 3), GE's Evolve,
the Leotek CG1, and the LED Roadway Light-
ing Satellite.

The BetaLED and Leotek products rely on
individual LEDs mounted in a single plane
parallel to the plane of the road, along with
TIRs to control the light. The LED Roadway
Satellite luminaires split the LEDs into left
and right planes that are also angled slightly.
The GE Evolve is quite different in that it
combines an array of individual LEDs with
concentric circular reflectors.

TIR optics can gate a design
The problem with the TIR approach is that
designing the optics is very complex and
expensive and can hamper smaller organiza-
tions trying to enter the SSL market. BetaLED
and Cooper consider their TIRs a value-added
feature of their luminaires and have branded
the lenses NanoOptic and AccuLED respec-
tively. But these are relatively big organiza-
tions with the financial backing needed to
develop the TIRs and pay for the heavy up-
front cost associated with injection molding.
There are other ways for an upstart lumi-
naire maker to enter the market. For exam-
ple, Osram Opto Semiconductor has devel-
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FIG 2. LLC TD Focus has supplied 200 luminaires based on the Osram Golden Dragon
Oval Plus LED (shown inset) that are installed in Kemerovo, Siberia.

oped the Golden Dragon Oval Plus LED that
is specifically designed for street and other
outdoor lights. The LED is packaged by
Osram behind an oval lens that helps gener-
ate some popular beam patterns.

Osram product marketing manager Marc
Dyble said, “It’s designed to help our custom-
ers go to market faster. They don’t have to
incur the cost or time to design a new optic
or find a way to utilize an existing optic.”

Dyble isn’t sure the major street-light
luminaire makers that have TIRs designed
will buy the product, but notes it has already
found success with smaller manufacturers.
In July, Osram announced (www.ledsmaga-
zine.com/news/7/8/1) that the city of Kem-
erovo, Siberia had installed 200 Oval-Plus-
based LED street lights manufactured by
LLC TD Focus (Fig. 2). Each luminaire inte-
grates 90 of the LEDs.

According to Dyble, the LED creates
an “inherent Type 1 distribution.” But
he claims that luminaires can also be
designed to produce Type II, III, and IV
patterns based on the LEDs. Dyble stated,

Why not reflectors?

Of course there’s inevitably a question as
to whether the TIR approach is the best
or if that was simply the only way early

luminaire players could get products with
good beam patterns to market. Bridgelux
VP of Marketing Jason Posselt said, “That’s
somewhat just an issue of what products
have been available to the market.” Posselt
points out that mainly luminaire design-
ers have had access to IW-3W emitters for
several years and naturally turned to large
arrays of those LEDs for a high-light-output
application such as a street light.

Since street lights are a high-light-out-
put application, it would seem larger light
sources might be a good match for the appli-
cation. Fewer larger light sources, however,
requires a move to a more reflector-centric
approach. Whether it’s a large single Phlat-
Light emitter from Luminus or a pack-
aged array from Bridgelux or another ven-
dor, TIRs are simply not feasible as a way to
shape the light. The TIRs would have to be
sufficiently large that the injection molding
manufacturing process wouldn't yield reli-
able results.

Cree’s Scheidt, Bridgelux’s Posselt, and
Luminus’ McDaniel all agree that a TIR isn't
a good choice for a larger light source. But
they differ in opinion about whether a reflec-
tor approach might work just fine.

Scheidt said, “You can't control all of the
light with a reflector.” Scheidt points out

LEDsmagazine.com
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FIG 3. The LEDway street light
features a NanoOptic TIR over
each emitter. Photo courtesy
of BetaLED.

that street lights go through a very stringent
qualification process and believes that TIR-
based designs are the only way to satisfy the
efficiency and light-control requirements of
many municipalities.

T LLLLL
BRERRRRRAS

selt claims that one such com-
pany believes it can save 30%
using arrays as a source.

Large LEDs or arrays could reduce cost

Still, up-front cost is extremely important
in LED street light deployments, because
it takes years to pay back the investment
through energy and maintenance savings.
The proponents of larger light sources believe
that the approach will ultimately yield lower
cost luminaires and possibly superior light.

Luminus, meanwhile, actu-
ally demonstrated a prototype
luminaire at Lightfair built by
Almeco that relied on a single
CSM-360 PhlatLight LED (www.
ledsmagazine.com/news/7/6/3).

Posselt said, “If you build a street light
that uses somewhere between 1 and maybe
10 arrays instead of 100 emitters, you've got
fewer placement steps, you have fewer optics
that you have to buy, and you don’t have all of
those manufacturing steps you have to take
to put together a system.”

The optics in such a case might be primar-
ily a reflector or a reflector combined with

some type of tertiary lens.

Bridgelux is working to develop part-
ners that can help create an ecosystem for
the required optical components, noting
that the TIR crowd has had several years
to develop their optics technology. For now,
Bridgelux only has customers in the proto-
type stage with street light designs. But Pos-

The CSM-360 is 36 times larger
than a typical 1W LED. Almeco is a mate-
rials specialist that won’t build production
luminaires but has reflector expertise. About
the prototype, Luminus’ McDaniel said, “The
goal was to have no direct illumination. It
was absolutely glare free.” Now the company
islooking for partners to go beyond the pro-
totype stage.

Ledlink Optics, Inc.
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There is at least one reflector-based
design that’s being trialed in a parking
garage application. Everbrite demonstrated

and she hadn’t noticed. Of course Perez did
notice and said, “I'm a lighting geek and I'm
always looking up.”

Are TIR designs pleasing to the eye?
Bridgelux’ Posselt is also quick to point
out that the TIR approach with many indi-

vidual emitters is not necessar-
ily appealing to the eye. He said,
“People don’t like the bug-eye
effect. They don’t like seeing mul-
tiple points of light.”

Of course it’s almost impossible
to judge how people perceive the
quality of a light because if you call
someone’s attention to an issue like
multiple lights or glare, then they
notice the problem. Perez, the San
Diego lighting consultant relates a
story about driving through an LED
trial site with his wife in the car.
He then asked her about the glare

FIG 4. Everbrite is conducting
a test of its PSL125 reflector-
based luminaire in parking-
garage applications.

the PSL125 luminaire at Lightfair and took a
different approach to meeting the required
beam patterns. The luminaire appears cir-
cular in shape but the LEDs and reflector
are square in nature. LEDs are mounted in a
linear fashion on each side and shine inward
to areflector that forms the beam pattern.

According to VP of Technology Mike
Mundloch, Everbrite’s key innovation is in
the reflector. He states, “We can do cus-
tomized beams by changing the length
and shape of the reflector.” Mundloch also
points out that dealing with the reflector in
the prototype stage is far easier than deal-
ing with a TIR. And Mundloch believes the
company may be able to ultimately use a
molding approach to manufacture reflec-
tors. The company hopes to ship produc-
tion units of the PSL125 in the fourth quar-
ter of 2010. &)
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Nano-patterning boosts LED efficiency

A variety of nano-patterning technologies can be used to enhance the light-extraction efficiency of LED
chips, according to KI DONG LEE, ROBERT SJODIN and TORBJORN ERIKSSON.

he LED market is growing explosively,
_|_ driven by widespread use in back-

lighting of LCD TVs and the potential
replacement of incandescent and fluorescent
lamps. The commercial success of LEDs has
been relying on the ceaseless improvement in
all aspects of LED technology spanning epi-
taxial growth, chip process-
ing, and packaging. a)

LED efficiency mea-
sures the final light output
for a given electrical input,
and is determined by four
factors: internal quantum
efficiency, extraction effi-
ciency, electrical efficiency  b)
and package efficiency.
Internal quantum effi-
ciency measures how many
photons can be generated
for given electron-hole pair
generation, and is deter-
mined mostly by the quality
of the epitaxial layer. Light-
extraction efficiency defines
how many photons of those
generated can escape the
LED device, and is determined by the chip
and package structure.

p-pad

Sapphire

Sapphire

Submount

Conventional approaches

to enhance efficiency

LED chips have inherently low extraction
efficiency due to the high refractive index of
the semiconducting media. Most generated
light is reflected internally at the semicon-
ductor-air interface, and only a small frac-
tion of light can be extracted into the air.
Many ideas have been proposed to increase

LED efficiency through enhanced light
extraction. Two major approaches adopted
in the LED industry are random textur-
ing and patterned sapphire substrate (PSS)
technologies.

It is important to consider actual chip
designs in order to decide which strategy

) n-pad

Conductor

Submount

FIG. 1. LED chip structures: (a) Conventional LED chip with patterned
sapphire substrate (PSS). (b) Flip-chip LED. (c) Thin-film vertical LED with
n-GaN texturing. (d) Thin-film flip-chip LED.

for light extraction is the best. LED chips
are divided into four different categories
depending on the existence of a sapphire
substrate and on the bonding method in the
package (Fig. 1).

In a conventional chip (Fig. 1a), the p-GaN
layer is positioned at the top side together
with the p- and n-electrodes. These elec-
trodes are connected to the leads of the
package by wire bonding. In a flip-chip LED
(Fig. 1b), the sapphire substrate faces up, and
the electrodes are bonded to the sub-mount

KI DONG LEE (Senior specialist NIL), ROBERT SJODIN (Head of Business Development) and
TORBJORN ERIKSSON (Head of Process Development) are with Obducat, a Malmad, Sweden-based
supplier of lithography solutions for manufacturing and replication of advanced micro- and

nano-scale structures. Web: www.obducat.com.

LEDsmagazine.com

by flip-chip bonding.

Removal of the sapphire substrate and
the use of a conducting support have many
advantages in light extraction and heat dis-
sipation. Laser-lift-off technology is nor-
mally used to remove sapphire substrate
from the epitaxial layers, forming a thin-
film LED.

In a vertical thin-film
LED (Fig. 1c), the n-elec-
trode is positioned at the
top side and the support-
ing conductor works as a
p-electrode. The electric
current flows vertically,
which is another advan-
tage of this approach in
terms of current spreading.

When the LED chip
without a sapphire sub-
strate is bonded via flip-
chip bonding, it is called
thin-film flip-chip LED
(Fig. 1d). In this case, both
the n- and p- electrodes
are positioned at the same
side like conventional or
flip-chip LED.

In conventional chips (Fig. la), ran-
dom texturing of the upper p-GaN layer is
an industry-dominant way to increase the
light extraction. The texturing is usually car-
ried out in situ during the epilayer growth
by MOCVD. It is a cost-efficient method and
no additional texturing process steps are
required. However, with increasing substrate
size, loss in throughput and uniformity may
appear as a problem.

In the case of flip-chip or thin-film
LEDs, the n-GaN layer faces up, and this
layer should be made rough or patterned
to increase light extraction. A wet-etching
technique is usually employed to texture
the n-GaN surface. Most of leading HB-LED
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manufacturers employ this technology, and
thin-film flip-chip LEDs with n-GaN textur-
ing is known to have the highest extraction
efficiency of over 80%.

Patterned sapphire substrate (PSS) tech-
nology is another approach widely adopted
in LED manufacturing together with ran-
dom texturing. The idea is to grow GaN
epilayers on micro-patterned substrates
instead of on a flat substrate. Two benefits
are expected, the first of which is an increase
of internal quantum efficiency due to lower
threading-dislocation density in the epilayer
grown on PSS. The second is an increase in
extraction efficiency due to the fact that
the patterns at the epilayer-sapphire inter-
face work as scattering centers or refracting
bases, reducing the total internal reflection.

Nano-patterned sapphire substrates
There are several new approaches to increase
LED efficiency that employ nanopattern-
ing. The first of these, nano-patterned sap-
phire substrate (NPSS), can be considered to
be an extension of conventional micro PSS.
However, since NPSS requires higher-resolu-
tion lithography, it should have a clear advan-
tage compared with micro PSS. Although
none of the LED manufacturers are known
to use NPSS in production, several research
papers exist showing promising results indi-
cating that NPSS can have higher efficiency
than micro PSS by around 10-20 %.

From the viewpoint of a manufacturing
process, NPSS may have further advantages
beyond the efficiency increase. Compared
with micro PSS, it has much smaller struc-
tures so that the time required for sapphire
etching can be reduced. Considering the epi-
layer growth, NPSS also requires less time
to reach planar epilayers. Another interest-
ing idea is to combine NPSS with laser lift
off. By doing this, one can generate textured
patterns on vertical or thin-film LEDs by the
LLO process alone, without requiring fur-
ther lithography and etching steps. More-
over, the epilayer grown on NPSS may have
better epilayer quality, which adds further
potential to increase the efficiency.

Photonic crystal (PC) technology

Photonic crystal technology has been
researched over along period as a candidate
for the ultimate light-extraction technology.
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FIG. 2. High-volume Sindre nanoimprint lithography (NIL) manufacturing tool.

The idea of photonic crystal is to use a peri-
odic or quasi-periodic structure, with
dimensions comparable to the wavelength
of light, as a diffraction grating in order to
convert the guided modes into leaky modes,
resulting in an increased light output.

Despite extensive R&D efforts in aca-
demia and industry, the PC approach is not
widely accepted by the LED industry. Differ-
ent results have been achieved depending
on the LED chip design, how the photonic
crystal has been applied, the encapsulation
method and so on. In some cases the results
are better than conventional random rough-
ening, and in other cases they are not. Phil-
ips Lumileds recently reported in the Nature
Photonics journal that PC can have higher
extraction efficiency than random roughen-
ing for very thin (~700 nm) GaN layers with-
out encapsulation.

It is likely that PC technology provides
a good advantage for an LED chip without
encapsulant and phosphors. However, for
white LEDs, which use an encapsulant con-
taining phosphors, there seems to be no
advantage in using the technology. The merit
of PC disappears because phosphors within
the encapsulant randomize the light direction.

Considering this, it seems that full advan-
tage of PC may be utilized mainly when the
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LED chip is packaged to emit light directly
into the air. There may also be other advan-
tages using PC, for example in binning,
yield or throughput, which could compen-
sate the higher processing cost than random
roughening.

Already today, some LED manufactur-
ers use PC technology to enhance light out-
put. Luminus Devices uses PC technology
for their large-area, high-power LEDs used
in various projectors and backlighting units
for TVs. The PC structures are fabricated by
nanoimprint lithography (NIL).

Epitaxial lateral overgrowth (ELO)

Epitaxial lateral overgrowth (ELO) is not a
brand-new technology and has been used
for the production of blue laser diodes. The
idea is to embed patterned dielectrics (SiO2
or SiNx) within the GaN layer. Threading
dislocations (TD) are blocked by the embed-
ded dielectrics, preventing them from grow-
ing above the dielectric layer. GaN epilayers
can grow only through the opened area in
the dielectric, and merge laterally together.
The result is a considerable reduction in
TD density. ELO has not been a choice for
LED production because it is obviously a
high-cost technology. However, it is get-
ting attention again since it can be a route
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chip design | LIGHT EXTRACTION

to solve many issues in LED e.g. efficiency
droop, non-polar GaN, and growth on sili-
con substrates.

Recent LED research concerning ELO
has investigated the effect of nanopat-
terned dielectrics. An interesting point is
that a nanopatterned dielectric can work

as an embedded photonic crystal, with a
possibility of better light extraction than
a micropatterned dielectric. Actually, a
micropatterned dielectric can cause a detri-
mental effect on the light extraction. Prom-
ising results have already been reported in
nanoscale ELO. However, it is uncertain if
ELO will be widely used in the LED indus-
try for volume production based on 2-inch
sapphire substrates because the processing
costs are rather high. However, the coming
shift to production based on larger-diame-
ter (4- or 6-inch) wafers opens up interest-
ing possibilities for using the technology to
increase the LED efficiency.

Surface plasmon

Surface plasmon (SP) is a quantum of col-
lective electron oscillation at the surface of
metal. In nano-size or nano-patterned metal,
its effect is greatly enhanced. SP is one of the
hotresearch topics in the nanophotonics field.
The technology is already being used com-
mercially for bio-sensing and in the heart of
photonic integrated circuit research. Several
researches have also shown that SP can
enhance the efficiency of solar cells. Several
research studies have showed an increase
in LED efficiency using SP technology. It has
been considered that surface plasmon can
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interact directly with electron-hole pairs in
the quantum wells (the light-emitting region
within the LED chip) to enhance the radiative
recombination rate. However, one practical
problem is that the metal layer must be less
than 100 nm from the quantum-well region.
When the metal layer is positioned on the

[z

top side of the LED, this restraint means the
p-GaN layer must be very thin, which in turn
makes current spreading difficult.

Nanoimprint lithography

Nanoimprint lithography (NIL) offers var-
ious advantages when it comes to LEDs.
Nanopatterning of substrates used for LED
manufacturing has proven to be a challenge
due to waviness and presence of defects.
Optical lithography methods suffer from
loss of focus due to these irregularities, and
e-beam lithography is too slow and expen-
sive. Conventional NIL employing hard
stamps also fails due to the presence of the
mentioned defects.

The imprint process developed by Obdu-
cat for nano-patterning of LEDs is based on
a two-step process. First, the stamp is repli-
cated into a proprietary soft-polymer film to
form an Intermediate Polymer Stamp (IPS).
This IPS is then used in the second imprint
step to replicate the pattern onto the target
substrate using the proprietary Simultane-
ous Thermal and UV (STU) process technol-
ogy, which enables simultaneously combined
thermal and UV nano-imprint lithography.

The patented IPS technology enables con-
tamination control and increases the mas-
ter stamp lifetime by avoiding contact

between the stamp and the substrate. It
therefore greatly impacts the overall costs
associated with NIL, making the solution
very cost efficient.

Another Obducat technology is Soft Press,
where pressure is applied to the stamp and
substrate using compressed air, ensuring
pressure uniformity over
the entire imprint area.
This allows stamp and
substrate to conform
to each other, eliminat-
ing negative effects from
thickness variations, bow
or waviness in stamp
or substrate. Soft Press
enables thin and uniform
residual layer over large
areas, which is critical
for high-resolution print-
ing and pattern transfer
fidelity.

Based on the nano-
patterning requirements
set by the LED industry, Obducat has devel-
oped high-volume Sindre NIL manufactur-
ing tools (Fig. 2), which utilize the three
technologies described above and have
a throughput of 30 wafers per hour. Fig. 3
shows imprints on GaN substrates, produced
in a Sindre 400 system.

Vi, pii
=

FIG. 3. SEM measurements of a quasi crystal pattern printed on a GaN epi-layer. The pattern covers the
entire surface despite the growth defect shown to the right. The hole diameter is 90 nm.

Summary and conclusion

There are many opportunities to further
increase the LED efficiency by nano pattern-
ing. Photonic crystal (PC) on the chip surface
has been researched for many years, but so
far, it has not been good enough to overcome
the higher process costs involved compared
with random texturing. The concept of PC
may survive combined with nano-patterned
sapphire substrate (NPSS) and epitaxial lat-
eral overgrowth (ELO). NPSS has the biggest
potential for commercial success because it
is a natural extension of existing technol-
ogy, and many studies have shown promis-
ingresults. It is also expected that NPSS may
have further advantages purely in terms of
processing compared with micro PSS. Due to
its cost-effectiveness combined with superior
processing performance, nanoimprint lithog-
raphy will play a crucial role in moving the
LED industry into a new realm of nano-pat-
terned LEDs with ultra-high efficiency. &)
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interview | MARK SWOBODA

Intematix to take materials-centric
approach under Swoboda

Mark Swoboda, the new CEO of Intematix, will leverage the company's materials heritage to

capitalize on the value proposition of phosphors and phosphor-based lighting components, reports

MAURY WRIGHT.

n August 2010, Fremont, California-based

Intematix appointed Mark Swoboda as

CEO.In an interview with LEDs Magazine,
Swoboda described his vision for a company
focused on deriving value from its materials
expertise in general and phosphors in par-
ticular. On the subject of LED-based solid-
state lighting (SSL), Swoboda said, “What
the consumer sees is based on how the phos-
phor performs.”

Intematix certainly has a legacy in mate-
rials science and phosphor development. But
in the SSL space, the company has also deve-
loped packaged multi-chip LED arrays, light
engines and even light sources. However, it
appears that phosphors, and new ways to
supply phosphors to customers, will be the
forward focus.

“If you understand the value chain, you
realize that the quality of light is almost
entirely controlled by the phosphor mate-
rial system,” said Swoboda. “By quality of
light I mean the energy efficiency, the color
oflight, the color rendering, the color consi-
stency, and the lifetime.”

Swoboda recognizes the value brought
by blue LEDs that excite the phosphor in
white-light applications. But he insists that
the phosphor is the key to SSL despite the
fact that many people overlook phosphor as
part of the value chain.

Swoboda certainly has a broad perspec-
tive from which he can make SSL-related
observations. Most recently Swoboda wor-
ked for LED maker Bridgelux, including a
stint as CEO before Bridgelux brought Bill
Watkins on board earlier this year. He also
MAURY WRIGHT is the Senior Technical Editor
of LEDs Magazine.

LEDsmagazine.com

worked at Philips Lumileds and its predeces-
sor, Hewlett-Packard.

“Many of the companies that I've worked
for, or with, in the past are Intematix cus-
tomers,” said Swoboda. “If you are an LED
maker you understand how important phosp-
hor is to making a white LED.”

Still Intematix’s most recent
major product announcement, in
April 2010, was focused on a pac-
kaged LED array (www.ledsma-
gazine.com/news/7/5/3). When
asked about that array, Swoboda
chose to first re-emphasize the
phosphor subject. He said, “There
is no question that the compa-
ny’s DNA and its core, and foun-
dation, and strength, is in mate-
rial systems. The company made

awise decision many years ago to
focus on developing phosphors for LEDs.”

Intematix also makes phosphors for other
light sources such as compact fluorescent
lamps. But the primary focus is clearly SSL.

Pressed on the LED array announcement,
Swoboda said, “The question is, do we have
any business being in the package LED busi-
ness?” He provided his own answer: “Inte-
matix has some ability to bring additional
value in the array, based on its current pro-
duct family. But if we’re to be in the pac-
kaged LED business, there has to be some
strong value proposition that we bring to
market.”

Swoboda pledged to support existing cus-
tomers in all existing product areas inclu-
ding arrays, saying, “We have a customer
base and we're not going to walk away from
it.” He also mentioned that startup compa-
nies often take steps to grow their top-line

revenue, even if the endeavor is a little out-
side the core business plan. But, he said,
“We're at a point where we can focus in on
the enabling materials.”

When asked about the light engines and
modules in the Intematix product line, Swo-
boda said, “There is
potentially a reason
to be in the system-
level business, but
part of that is to
almost use [these pro-
ducts] as a technology
demonstrator for our
customers and inves-
tors.” He suggested
that such products
could become refe-
rence designs, adding
“It’s really about pro-
ving to the market that you can enable more
efficient downlights, or linear lights, or
area lights.”

Phosphor delivery
So far, Intematix has typically supplied
phosphors in powder form, relying on engi-
neers in the customer base (typically LED
manufacturers) to devise ways to effec-
tively apply the product. Looking forward,
Swoboda clearly intends to insert Intematix
more deeply into lighting applications.

“We may consider form factors other
than powders,” said Swoboda. “We are focu-
sed on bringing phosphor-based lighting
components to the market that will enable
general lighting applications. And for the
most part they will probably enable remote-
phosphor applications.”

Swoboda is emphatic in his belief in
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interview | MARK SWOBODA

the remote-phosphor approach. “In the
lighting market we’re going to see a trend
toward remote-phosphor lighting systems,”
he said. “We believe that we can improve
the efficiency of lighting systems by any-
where from 10 to 30% over the next 15 to
18 months.” And this prediction is based
on today’s LED chip performance, but of
course LEDs will get better over that same
time frame.

Asked about what forms Intematix’s
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Nichia warns rivals over red-emitting phosphors

In June 2010, Japanese LED maker Nichia issued a non-too-subtle warning to rival
manufacturers that it believes could be infringing its phosphor-related patents
relating to CASN and S-CASN materials. The announcement (www.hichia.co.jp/en/
about nichia/press.html) concerns phosphors that emit red light, and which are

typically used in combination with a yellow-emitting phosphor to achieve warm-white
LED light.

Specifically, Nichia says that it owns patents covering phosphors with the general
formula CaAISiN3:Eu, also known as CASN or S-CASN. The patents, also covering
LEDs using these phosphors, have been filed in Japan, USA, Europe, China, Korea,
and Taiwan. Several of the US patents listed are owned jointly by Nichia and Dowa

Electronics Materials Co., Ltd.

Nichia said that it has “never licensed any of these patents to others," adding
"Nonetheless, CASN phosphor and S-CASN phosphor have been manufactured in
large quantities without Nichia’s authority, and LEDs using these phosphors also have
been manufactured in large quantities as well.”

Nichia concluded by saying that it “expects that these patents will be respected,”
which is an ominous statement considering Nichia’s history in involving itself in
patent litigation. «

phosphor technology could take, Swoboda
said, “We could have a phosphor plate, a
phosphor dome, a phosphor bulb, or a phosp-
hor lens.” Clearly the company is looking at
phosphor-coated products that it can sell to
luminaire and lamp vendors.

New markets

As for market segments, Intematix today has
phosphor business in both the backlighting
and general lighting applications. That focus will continue, but the
company is looking at symbiotic phosphor-centric markets.

Swoboda said that Intematix has developed “printing and pain-
ting techniques” using phosphor paint or ink. “With our phosp-
hors, we can print in high-definition color,” he said. “You can cre-
ate 80 or 90% of the CIE chart - a color gamut wider than high
definition.”

The company is looking at the signage market as a potential
for the printing and painting techniques. Swoboda said, “We can
enable a sign that is significantly more efficient than a fluores-
cent-based box sign, and even 50% more efficient than a white-
LED-based sign.”

Intematix is also looking at other advanced technologies. “We do
have a program going on in quantum dots. It’s a natural extension
for us,” said Swoboda. “There’s even the potential for us to take a
closer look at OLEDs based on our material systems that might be
complimentary to what’s already been developed.”

The company will face a challenge having its value proposi-

Leader of Energy Saving
LED Iﬁting Power Supply Manufacturer

Leading the standard ahead..

= Lifetime: 100,000 hrs  ® Efficiency:  90% or higher tion recognized. Swoboda admitted as much, citing as a fictitious
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« Warranty: 5-Year «Op.Temp:  -40°C ~ 70°C example, w“hat he called a “hero device” that theoretlcall.y de.hvers
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chip,” he said. “And yet there is a huge phosphor contribution to
the performance of those devices.”

Still Swoboda is confident in the phosphor-centric tack.
“Our customers know who we are,” said Swoboda. “I think
as we transition to offering phosphor-based lighting com-
ponents to the market, the value proposition will emerge.
You can take blue LEDs, and put them behind an Intema-
tix phosphor disk or phosphor plate or phosphor plastic. I
think our value contribution will become more apparent.” &)

Application:

Indoor and outdoor LED street lighting, tunnel lighting,
architecture, parking lot, roadway, commercial display,
and signage. OEM and ODM designs are welcome.

To learn more about MOSO LED Lighting Power Supplies, please
visit our website at http://www.mosousa.com/ or contact nearby
MOSO USA office.

MO
us

=U.S. HQ (CA)
l:l Tel: (562) 677-1266 Fax:(562) 677-1271
East Coast Office (MA)
Tel: (603) 382-2622 Fax:(603) 382-2495

«Ilkan Cokgor, former director of marketing & business development
at Intematix, recently joined Everlight Electronics Co., Ltd as Vice
President of Global Marketing.
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The best looking LED screens... — = #
to the pixel, with VisionTUNE!

Radiant Imaging’s system applies years of experience in correcting LED screeens to
achieve the best possible visual appearance on your LED screen from installation to retirement.
improves the performance of your screen, better meeting your customer’s

expectations and extending the usable life of your LED screen.

AFTER

include assessment,
correction, and maintenance of LED screen appearance.
The makes uncorrectable LED
screens correctable.
G quickly and easily

matches replacement modules to the rest of the screen .

The provides

in factory or in-field screen correction capabilities.

Contact Vision@Radiantimaging.com for a

of your LED screen and to get our white paper on LED Screen Correction.

1 7 22908 NE Alder Crest Dr, Suite 100, Redmond, WA 98053, USA
R A D I A NT Phone: +1 425 844-0152 FAX: +1 425 844-0153
www.radiantimaging.com
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Open LED protectors can cope with significant over-voltage transients and keep a series string lit
when one LED fails as an open circuit, say PHILLIP HAVENS, JIM COLBY, and TEDDY TO.

mechanical shock, electrostatic dis-
charge (ESD) threats, and lightning
induced surges. The increasing use of LED
strings for solid-state lighting (SSL) and
backlit displays is requiring more atten-

‘ EDs are fragile devices subject to heat,

tion by designers to LED string reliability.
High brightness LEDs built on sapphire sub-
strates are especially sensitive to electrical
transients. Even in household applications,
LED strings require ESD protective devices
to assure long, reliable operation of the
entire assembly. In the absence of such pro-
tection, if one LED in a series string fails and
opens the circuit, all the other LEDs turn off.
Designers should consider circuit protection
options from the ACline through to the indi-
vidual LEDs.

A wide variety of protective devices can
be considered for the power supply and LED
driver. The circuit in Fig. 1 is an example
that illustrates switch mode power supply
(SMPS) protection in an LED street-lighting
system. In this circuit, the AC fuse provides
basic fire protection against major system
failures that could cause an overcurrent con-
dition but must be able to tolerate between
3kA to upwards of 6kA surges without open-
ing. The DC fuse is for fast acting overcur-
rent protection in the event of a downstream
component failure in the DC-to-DC con-
verter or LED driver circuit.

On the AC input side of the circuit, there is
also a need to handle overvoltage events and
transients. These are often caused by nearby
lightning strikes, but can also be generated

AC line fuse TVS (e.g. 1.55SMC400CA) Open LED protection
/ \ —| Constant i
current LED | ¥7*
L A OOV % ! | 150/ [T] string driver| $%
~ T | o —
N — down HH — 3
vz
AC input\ EMI filter Line rectifier \ DC-DC converter | []] cfﬁz;ﬁa&t{) z
[ string driver | 5 A
AK, TVS, MOV HV DC Fuse — ¥~

N J

Y [ —
SMPS L] Constant | ¥7
current LED | ¥~
| string driver | 5 z

——

FIG. 1. This example of an LED street lighting circuit includes protective devices
associated with the switch mode power supply (SMPS).

by switching transients on power lines. The
typical protection devices for these over-
voltage conditions are metal oxide varis-
tors (MOVs) possibly combined with tran-
sient voltage suppressors (TVSs). Circuitry
for power-supply protection also requires
line isolation from ground to protect against
possible shock hazards. The safety require-
ments are defined in the regulatory specifi-
cations IEC/UL 60950-1, UL 1449, and IEC/
UL 6500. Fig. 2 shows a solution that satisfies
these requirements. The design combines an
MOV with a TVS device.

In addition, overvoltage protection should
be considered for the LED driver IC. Proper
decoupling with a capacitor, along with the
inclusion of a TVS device rated at the line
driver supply voltage, will provide a very sta-
ble design.

Some LED driver manufacturers include

TEDDY TO is the Product Manager, PLED LED Protection Devices at Littelfuse. PHILLIP HAVENS
is the Technical Marketing & Applications Manager at Littelfuse. JIM COLBY is the Manager,
Business and Technology Development for the Electronics Division of Littelfuse.

LEDsmagazine.com

circuitry that senses an open LED string, but
that should not be confused with protecting
the string or keeping it operating if an LED
fails open. Robust designs must both protect
the string from transients and ensure nor-
mal operation in the case where individual
LEDs fail.

Individual LED protection

A bypass protection device within an LED
string (Fig. 3) will allow the string to con-
tinue functioning in case a single LED fails
in an open state. This will also help protect
the LED driver by limiting any excess cur-
rent or voltage demands on it by the loss of
an entire LED string.

When it comes to protecting individual
LEDs, and the series circuit leg in which a
string of LEDs is installed, selecting the right
protective device is crucial. This requires
an understanding of potential LED failure
mechanisms and how different types of pro-
tective devices work. This understanding
will help circuit designers select the appro-
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priate device, including one that will keep a
series LED string operating when one LED
fails as an open circuit.

First let’s consider how LEDs are con-
trolled and the possible failure modes. A
series-connected LED string is powered by
a constant current generated by a switch-
mode power supply that drives them to full
brightness, color, and intensity. This con-
stant-current supply circuit provides better
control of LED group brightness as well as a
more uniform LED-to-LED brightness.

LEDs are fragile solid-state devices —
essentially diodes, structured as p-n junc-
tions that emit light when forward biased.
The main LED failure mechanisms are
mechanical and thermal in nature, involv-
ing thermal cycles, thermal shock, and
high temperatures that cause wire bonds
to age and fail. As the metal oxidizes and
becomes brittle over time, the likelihood
of an LED failure increases. ESD events or
surges induced by nearby lightning strikes
are another common cause of LED failure.

Parameters for protection devices

The principal parameters in selecting LED
protection devices are individual LED cur-
rent and power ratings, forward operat-
ing voltage, and the LED driver compliance
voltage. Typical HB-LED power ratings are
between one and three watts. The maximum
current draw of an HB-LED at its wattage

Inductor

IN MOV

Vs X

——0
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Vfthan a white LED and will there-

fore draw more current.

A major reliability issue is
the continued operation of the
LED string if one LED fails as an
open circuit. In applications that
demand a highly reliable light T
source, this can be crucial. Many
outdoor applications such as street
lights are located off the ground
so that readily available access
can be problematic. A single LED
open circuit failure in a series

string can result in major expenses

Open LED Ay
protectors —
T
Open LED
7
Constant +
current >
source - ~1.3V
s
Active -
open LED
protectors T
T

and inconveniences because the
entire assembly would have to be
serviced.

FIG. 3. Protecting individual LEDs in a string with
the appropriate bypass protective device not only

keeps the string lit, but also helps protect the LED

Bypass protection devices

To protect an LED and prevent
an entire LED series string from
going off when a single LED fails as
an open circuit, a bypass protective device
needs to be installed across the LED ter-
minals. There are a number of devices that
might be considered, including MOVs, SCRs,
zener diodes, polymer ESD protectors, and
open LED protectors.

MOVs are best suited for relatively high-
energy power line transients typically caused
by lightning strikes and the switching of large
inductive loads. Unfortunately, they do not
respond quickly enough to protect an LED
from lower level transients that
could cause an LED failure. In
addition to that shortcoming, if
the LED does fail open, the MOV
does not provide a path for the

out

MOV
High energy withstand

TVS

FIG. 2. A MOV and TVS provides power-input

overvoltage protection for LED lighting.

rating can be determined simply from:

1=P/Vf

where 1 is the current, P is the LED watt-
age rating and Vf is the LED forward volt-
age. LEDs are available in different wattage
ratings so these values will differ accord-
ingly. Also, LEDs that emit at different wave-
lengths (colors) have different voltage drops.
For instance, ared LED typically has a lower
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Low clamping voltage

© current so the entire LED string

would turn off. The resulting heat
from an MOV could also be prob-
lematic for the LEDs.

An SCR can route current
around a failed LED to keep the
rest of the string lit. Still, these
are physically large devices, and they typi-
cally require a resistive voltage-divider net-
work to set the trigger voltage. The variation
of SCR triggering voltage at different tem-
peratures can be quite large. In addition, the
reverse blocking voltage is too high, so an SCR
cannot provide reverse polarity protection.

Zener diodes can be used to bypass an
open LED and are typically much smaller

driver from excessive current or voltage demands
that can be caused by LED failures.

than an SCR, although Zener diodes have
other drawbacks. When an LED fails as an
open circuit, the zener diode must conduct
all of the current in the series string. Most
zener devices have relatively low current rat-
ings, so their life will be short in this type
of application. The zener mode would also
cause a micro-environment thermal event
that could lead to further LED failures.

Polymer ESD protectors are made for
high-speed digital circuits, not the protec-
tion of DC lines, as in the case with LED
strings. They have higher dynamic resis-
tance than a silicon device, so their clamp-
ing voltage is much too high to protect a
delicate LED. Moreover, they cannot pro-
vide surge protection, nor reverse polarity
protection.

Open LED protectors are designed specif-
ically to keep the rest of a series LED string
in operation when one LED fails open. They
are compact silicon-based devices that are
installed across each LED terminal. Act-
ing as a bypass devices, they route current
around an open LED to keep the rest of the
string lit. Some open LED protectors also
provide ESD/lighting and reverse polarity
protection, which reduces lighting circuit
costs by eliminating the need for additional
protection components.

Open LED protector operation
An open LED protector is an internally

LEDsmagazine.com
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triggered two terminal device installed
across an LED, which automatically resets
if the LED heals itself or is replaced. This
protector is a voltage-triggered switch with
low leakage on the order of microamps that
becomes a low-impedance switch when it is

triggered on (Fig. 3), which minimizes power
consumption. An LED in the on-state drops
approximately 0.7V, which is not sufficient to
turn on the protector device. Once an LED
fails open, there is sufficient circuit voltage
to trigger the protector to the on-state (the
compliance voltage as supplied by the LED

rent that causes the device to switch from
the off-state to the on-state when the mini-
mum Ve is applied. Typically, the maximum
Is value is 100mA. Holding current (Ix) is the
minimum current required to maintain the
device in the on state (typically, 5mA). On-
state voltage (Vr) is the maximum voltage

+1 driver circuit). The LittleFuse PLED6 series  across the device during full conduction. Ir
also features built-in surge immunity, which  is the maximum rated current that can be
: helps protect the LED from surges induced conducted through the device during the on-
TH by nearby lightning strikes or ESD events. state for two seconds (1A max). Usually, the
Iy Js— Using a PLED6 Series device as an exam-  LED string current is much lower than this,
ple of a typical open LED protector, Fig. 4  allowing the open LED protector to remain
-V T +V shows the key parameters are Vg, Is, In, I, on indefinitely.
Vq vjrm and Vr, as shown in the V-I curve. Vprdefines There are slight differences in V-I curves
Vir the region from the off-state voltage to the  from one each series of open LED protectors
breakdown voltage rating of the device. In  as indicated in Figure 5 for the Littelfuse
the off-state, Vgr is the continuous peak PLED5 series. The 3rd quadrant reaction
combination of AC and DC voltage that may  demonstrates the reverse polarity protec-

FIG. 4. The graph illustrates typical open
LED protector V-1 characteristics.

be applied to the device, which results in less
than 5pA conduction through the device.
(Various minimum Vgg ratings from 6 to
33VDC are available.) Is is the value of cur-

tion for this series.

Since a big concern in LED operation is
thermal conditions, another advantage of
these open LED protectors is a wide oper-

] ]
A D LIO 0 (Pate enaing
Dire dallge O c Pela < o
0 '
[ J
A1)
\ l'-"‘ Y. Item [ Model No. Length Voltage | Power
20115 o [
L 1 BN-110-20 80mm AC 110V 3w
2 BN-110-76 80mm AC 110V 5w
. - - - . -
-
ltem | Model No. Length Voltage [Normal Power | LED Power -
)
-
1 AN-030-110 33cm AC 110V 12w 3.5wW |
PN
2 AN-060-110 58cm AC 110V 20w 7W ‘ t f . ' .
3 AN-060-220 58cm AC 220V 20w 7W A
C 0 (l
4 AN-120-220 120cm AC 220V 40W 14w
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Sharp has redefined LED: Lumen Efficient Device. With its
latest LED portfolio, Sharp offers lighting designers and
product developers a complete range for innovative and
energy-saving LED applications. Particularly suited for outdoor
use, these decorative and functional lighting solutions are ideal
for buildings such as airports, railway stations, museums and
car parks, or as pioneering street lighting. Both indoors and
outdoors — Sharp LEDs are impressive due to their quality, very

Strategiesin Light.

Visit us at the Strategies in Light from 27-29 Sept. 2010,
Sheraton Frankfurt Conference Center, Booth No 46

high colour rendering and light intensity. Available in colour
temperatures from warm to cool white and in compact package
sizes for greater design freedom. Take advantage of more than
40 years of LED experience. You can rely on the quality and
efficiency of Sharp LEDs.

Our service team has samples on hand and would be
pleased to advise you. E-mail: info.sme@sharp.eu;
Phone: +49 (0)180 507 35 07

SHAR | Microelectronics
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The “Solar Tree" is a collaboration of Artemide and Sharp designed by Ross Lovegrove.
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ating temperature range (-40°C to +150°C).
In addition, they have a low on-state volt-
age (about 1.5V) and a low off-state current.
Therefore, when the protector turns on, it
has a very low thermal dissipation.

Open LED protectors also work well
with various LED brightness control meth-
ods. Brightness is best controlled by pulse
width modulation (PWM) with the switch-
ing frequency typically between 60Hz and
1000Hz but the PWM can go much higher.
PWM dimming provides a more efficient and
more precise dimming control than merely
limiting the DC current, which can cause
unwanted color shifts. Plus, a linear power
control lowers energy efficiency. In any case,
the open LED protection device will not
interfere with either dimming strategy. The
open LED protection devices are compati-
ble with LED switching speeds up to 30kHz,
which eliminates any potential negative
effects such as flickering.

Ideally, in an open LED protection scheme

Previous Page | Contents | Zoom in | Zoom out | Front Cover | Search Issue | Subscribe | Next Page
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FIG. 5. The third quadrant of this V-I curve
illustrates reverse-polarity protection
capability.

there is one protective device across each LED.
However, alower-cost protection scheme may
work too. For instance, it’s possible to install
one PLED across two LEDs in series when the
proper open LED device is selected. One LED

failure will result in two LEDs going dark, but
this cuts protection costs in half.

Protection keys long LED service life
LEDs require ESD protection, particularly in
high-reliability applications such as safety-
critical lighting deployed in harsh envi-
ronments. In truth, outdoor LED lighting
installations can actually be less reliable
than conventional lighting, unless design-
ers add the proper circuit protection to
guard against the most severe overvoltage
conditions.

The first line of defense is a good circuit-
protection scheme, stretching from the input
power supply to individual LEDs. Open LED
protectors can cope with significant over-
voltage transients and keep a series string
lit when one LEDs fails as an open circuit. As
beneficial as this protection may be, it is still
just one part of a total solution that should
include fuses, MOVs and TVS devices to pro-
tect the SMPS and LED driver. &)

Supertex LED Drivers:
Delivering High Performance and Efficiency
For Solid-State Lighting Systems

Supertex inc.

1235 Bordeaux Drive, Sunnyvale, CA 94089 ¢ (408)222-8888 ¢ E-mail: mktg@supertex.com

L]

B> Increased efficiency and constant ;i
current control prolong LED lifetimes F
P Wide input voltage ranges (8-450VDC, 85-265VAC) nus
> Multiple power supply topologies (Buck, Flyback, SEPIC) LISTED
B> Large LED driver family offers design flexibility for all Sias L
solid-state lighting applications
To learn mohr; a:l;;zv::/ f:f.f’:e,); el;(E.cho 'Dnnvers, visit: ,/m:' Gﬂ-
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HYUNDAI TELECOM Co.,Ltd.

» Eco-friendly Eci
represents

17w/ WTH - 17 series

* Replacement for halogen PAR38 (100W) and CFL (30W, 35W)

* Optimized thermal management with innovative heat-sink design
* High-quality power LED

* Unique honeycomb-shaped design

* Input Voltage : AC 100~240V = Power consumption : 15.9W
« Beam angle : 40° / 90°

11w | WTH - 11 series |2zw|\'ﬂ'l'l-223ﬂies
*Input Voltage : AC 100~240V «Input Voltage : AC 100~240V
*Power consumption : 10.6W =Power consumption : 21.2W
*Beam angle : 40° / 90° *Beam angle : 40° / 90°

Linear Type

i WTL - 7 series
™w 14(w) x 14(H) x 280(L)mm

WTL - 14 series
14w 14(w) x 14(H) x 550(Lymm

f WTL - 21 series
21w 14(w) x 14(H) x 820(L)mm

@ Replacement for halogen (MR16 - 35W/50W) lamps
in residential, commercial and public facilities

@ High-quality power LED

@ User-friendly connection and installation
@ High-quality power LED

WEET sales team of LED business headquarter Contact Number : +82-2-2240-9248 / 9287 / 9126 E-mail : led2@hditel.co.kr
il s e i e b
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Suppliers Directory 2011

Integrated Advertising 24/7, 365 Days a Year!

Keep Your Message in Front of LEDs Magazine’s Decision Makers
for a Full 12 Months:

- Recognized as an invaluable reference manual

- Delivered to more than 43,000* global buying professionals
as the January 2011 issue of LEDs Magazine

- Company Directory includes an A-Z listing of more than

900 key suppliers in the LED industry
- Extensive coverage of 10 major product sections, including

LED Packages & Chips, Networks & Distributors, LED Displays

& Signs, Test & Measurement, LED Lighting and more
+ Detailed company contact and product data for hundreds

of organizations
+Bonus distribution at major LEDs and lighting events and

conferences throughout 2011
The LEDs Magazine Suppliers Directory 2011 is a comprehensive product
guide and vendor directory reaching buyers of LED components and lighting
and display products. Advertisers who take advantage of our Suppliers
Directory integrated print and online advertising will reach key decision-
makers with their product messaging.

NEW AND IMPROVED ONLINE BUYERS GUIDE

(buyersguide.ledsmagazine.com)

Educate your potential customers, create brand visibility,
build product preference, and generate sales leads with
an upgraded company listing.

Choose our new online packages: Select, Select Plus, or
our comprehensive All Access.

Save 10% on the print advertising in the Suppliers
Directory by purchasing online packages — Select or
Select Plus Packages.

Distribution Date:
January 2011

Ad Close: 12/1/10 = Mat’l Due: 12/8/10

Book Your LIED Suppllers
Ad Early rectorv 2.2}0
(Oct. 31, 2010)
and Lock in ' .
2010 Rates! _

DISPLAY ADVERTISING

As an advertiser, you'll receive:

* FREE 75-word company description

* FREE 25 product guide listings

* FREE listing cross references to your ad page
* FREE bold entries for each of your listings

DIRECTORY UPGRADE OPTIONS

Contact your sales representative to learn more about
the following listing enhancements and advertising upgrades!

Select Package
-Logo and 50 words of text in Company Directory section
- Logo alongside company name in 3 Product Guide sections

Select Plus Package

- Logo and 75-word company description

- Logo in 10 product guide listings

- Entry in Company Directory section is highlighted in a shaded box
- In Product Guide listing, logo is highlighted in a shaded box
Enhancement Ad Close Date: December 1, 2010
Material Due Date: December 8, 2010

DISPLAY ADVERTISING RATES

2010/USD 2011/USD
Select Package —— $ 695
Select Plus Package —_— $ 995
Two page profile or ad $ 8030 $8432
Full page profile or ad $4598 $4828
1/2 page ad $2761 $2901
1/3 page ad $2255 $2368
1/4 page ad $1837 $1929

QUESTIONS: Please contact one our sales representatives for more information.

FRANCE
Luis Matutano
+33 13076 5543

luism@pennwell.com

EUROPE AUSTRIA/ GERMANY
Joanna Hook Holger Gerisch
+44 0 117 946 7262 | +49 88 0130 2430

jogerg@pennwell.com

USA/East Coast
Mary Donnelly
+1 603 891 9398

maryd@pennwell.com

USA/West Coast
Allison O’Connor
+1 480991 9109

allison@jagmediasales.com | joannah@pennwell.com

*Publisher's Own Data

TAIWAN
Monica Liu
+886 2 2396 5128

monica@arco.com.tw

JAPAN CHINA/HONG KONG
Manami Konishi |Mark Mak
+81 0332193641 | +852 2838 6298

konishi-manami@ics-inc.co.jp | markm@actintl.com.hk
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lighting | COMPATIBILITY

Compatibility and reliability are
key factors in the design of LED
lighting devices and systems

For everyday operational scenarios, LED lighting devices and systems must be compatible with

power systems and electrical infrastructure, explains PHILIP KEEBLER.

he use of electronic systems and
_|_ components in the design, develop-

ment and manufacturing of lighting
technologies is changing the future of light-
ing devices and systems. Much progress has
been made, from the early days when elec-
tronic fluorescent-lighting ballasts were
just beginning to use diodes and transistors
to rectify AC line power, to internal
DC power with inversion to high-fre-
quency AC power to drive high-effi-
ciency T8 lamps. Nowadays, design-
ers of electronic lighting devices are
no longer just designing electronic
ballasts—they are designing intelli-
gent AC-to-DC converters, some with
sophisticated internal microproces-
sor-based systems for lighting control and
dimming systems.

Ironically, designers are also gaining much
experience in utilizing light-generating semi-
conductor diodes—LEDs—to design LED
light engines, or arrays of LEDs. Intelligent
converters, called electronic drivers, are used
to power and control LED arrays ranging
from a few tens of LEDs to as many as several
hundred LEDs. The dynamics of designing a
set of electronics to drive a light source has
gone far beyond discharge tubes filled with
gas mixtures at various pressures. With LED
lighting devices and systems, the LED light
sources are part of the electronics package.

This new boundary places additional
challenges on designers and integrators
of LED lighting devices and systems. With

discharge-tube applications, ballast design-
ers were only concerned with the electron-
ics inside the ballast can. However, with
LED lighting devices and systems, product
designers must extend their thinking to the
LED light source. The LED light source is an
array of LEDs connected in a certain cir-
cuit configuration with some series-paral-

power system outside.

EPRIresearch has shown on several occa-
sions that a facility power system owned
and operated by the customer typically has
a number of wiring and grounding errors.
When some common everyday electrical dis-
turbances occur outside the customer’s facil-
ity on the utility power system, the wiring and

“When lighting devices fail prematurely or
malfunction at an early age, thoughts of energy

efficiency and savings are no longer so important

when the lights will no longer work.”

lel arrangement and some electronic compo-
nents designed into the mix. With this type
ofload on the driver, designers need to know
what types of DC disturbances the LED array
might be exposed to when the driver’s input
is subjected to a common everyday electri-
cal disturbance.

Compatibility with power systems

The science of converting and delivering
power to LED arrays is really only part of
the global picture. Lighting designers, light-
ing specifiers, and end users demand LED
lighting devices and systems that are reli-
able and compatible with the power sys-
tem on which they rely. The power system
includes the electrical infrastructure inside
the customer’s premises and the utility

PHILIP KEEBLER is with the Electric Power Research Institute (EPRI) and is based in Knoxville,
TN. EPRIis an independent, non-profit company performing research, development and
demonstration in the electricity sector for the benefit of the public (www.epri.com).
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grounding errors inside the customer’s facil-
ity exacerbate the disturbance increasing
the likelihood that it will cause permanent
damage to the customer’s electronic light-
ing device. LED lighting devices and systems
must be able to perform in common every-
day electrical environments. These electrical
environments include areas inside and out-
side residential, commercial, and industrial
facilities and even out on utility power poles
for LED street and area lights.
Electric-powered lighting has become
a necessary part of nearly every aspect of
life during both day and night. When light-
ing devices and systems fail unexpectedly,
end-users get upset. Business operations
are often interrupted. Manufacturing facil-
ities may have to send plant workers home if
lights are not brought back up within a cer-
tain time to avoid unsafe working condi-
tions. Electrical events caused by thunder-
storms, traffic accidents involving power

SEPTEMBER/OCTOBER 2010
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poles, construction crews penetrating underground electric ser-
vices, and animals crawling around on distribution transformers
and power lines are just a few examples of everyday problems that
will always occur. Some of these incidents may cause temporary
problems with utility power systems, resulting in unexpected turn-
off or electrical disturbances that cause damage to electronic light-
ing devices.

In today’s energy conscious world, energy efficiency and savings
are extremely important in reshaping our planet and environment
towards a greener society. With lighting representing about 23% of
the grid load, all stakeholders are aiming for the development and
use of electronic lighting devices that operate at higher efficiency lev-
els and can be utilized as the fifth fuel when a reduction in lighting
load is needed during peak operating periods. However, when light-
ing devices fail prematurely or malfunction at an early age, thoughts
of energy efficiency and savings are no longer so important when the
lights will no longer work.

Upcoming technical articles

Our intention is to publish a series of articles that will address sev-

eral important topics related to the reliability and compatibility of

LED lighting devices and systems. The various topics are shown below:
System compatibility for LED lighting devices and systems: We

COBRA Slim

Crystal Clear
Linescan Images

»Design: Slim and compact

»Field adjustable: focal
length and diffusers

»Chip-on-Board: extreme
brightness and high uniformity

»Modular: available in any length
»Multiple Wavelengths: from UV to Visible and IR

»Integrated controls: including strobe and Ethernet

PHOTONIX

WWW.prophotonix.com

StockerYale (IRL), Ltd.
A ProPhotonix Company
3020 Euro Business Park
Little Island

Cork, Ireland
eurosales@stockeryale.com
Tel: +353-21-5001313

Photonic Products

A ProPhotonix Company
Pierce Williams Sparrow Lane
Hatfield Broad Oak, Herts
CM22 7BA, UK
sales@stockeryale.com

Tel: +44-1279-717170

ProPhotonix

32 Hampshire Road
Salem, NH 03079
sales@prophotonix.com
Tel: +1 603-893-8778
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will define the concept of system compatibility and answer the fol-
lowing questions: Why was it developed? What does it mean for
today’s electronic products? How can manufacturers utilize EPRI
to apply this concept to their products? How do manufacturers bene-
fit from using the concept? How can the LED lighting device/systems
industry benefit from this concept? How has it already helped hun-
dreds of product manufacturers including manufacturers of other
electronic lighting products?

System compatibility testing: An overview of each part of the test-
ing program will be described, including how each part and test can
be applied to LED lighting devices and systems.

Examining the economic benefits of compatibility testing: Dis-
cusses why manufacturers should invest in compatibility testing for
their LED lighting device and system products. Many are unfamiliar
with the economic benefits of this concept. The testing results, char-
acteristic of real-world electrical environments, can be used to help
educate those involved in planning and setting product warranties.

Using compatibility testing combined with LED performance
standards: Describes how compatibility testing can be combined
with the use of LED performance standards such as LM-79 and
LM-80 to gain further knowledge into LED lighting device and sys-
tem performance in common everyday electrical environments.

Examples of design improvements from compatibility testing:
Describes example findings from past experiences in testing elec-
tronic products (including electronic lighting products) for compat-
ibility. This will include some of the design improvements identi-
fied during these tests, how they were implemented, and how the
improvements were verified.

Compatibility testing and emissions: Describes the importance of
including different types of emissions tests in the compatibility test-
ing program. Many manufacturers do not understand how radiated
and conducted emissions relate to the other objectives of compat-
ibility testing, and how a focus on emissions testing can help them
to ensure that they do not learn one day that one of their products
has been found to exceed a prescribed emissions limit promulgated
by the FCC or other regulatory agency.

Immunity and electrical disturbances: Describes why immunity
testing is so important to the life of LED lighting devices and sys-
tems. This will discuss both destructive and non-destructive elec-
trical disturbances and why they are applied to products, including
some examples of performance data outcomes.

Applying the compatibility concept to lighting controls and
demand response systems: Whether a lighting control or demand
response system utilizes a hard-wired or wireless control (or com-
munications) media, proper consideration of compatibility of the
LED lighting device and system including the controls is critical to
the survivability of the whole system.

Utilizing compatibility test results in modeling reliability:
Describes how compatibility test results can be used as input data
in developing reliability models for LED lighting devices and sys-
tems. Today’s manufacturers of LED lighting devices and systems do
not have a tool for predicting or studying the reliability of the whole
LED product including how each internal and external factor influ-
ences the reliability of the product. &)
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Archived Events

Testing Times: Standards and Measurement

Requirements for LEDs and Luminaires

SPEAKERS: Greg McKee, Labsphere, General Manager System Business Unit
Rob Leonard, Director of Sales and Marketing for Orb Optronix Inc.

This webcast discusses standards and measurement requirements for LEDs and luminaires,
and is applicable to specifiers, designers and manufacturers of LED-based products.

The Future of LED Control

SPEAKERS: Amanda Beebe, LED Product Manager, Lutron
Russ MacAdam, Director of Product Development, Lutron

As the use of LEDs is becoming more widespread in both commercial and residential applications,
it has become clear that there are many questions about which LED products are compatible with
which lighting controls. Learn about existing control protocols and what the industry can expect

in the future.

LED Lighting Testing: HAZLOC & EMC Certification

SPEAKERS: David Schramm, Assistant Chief Engineer, EMC, Intertek
Lisa-Marie Martin, Senior Hazardous Locations Engineer, Intertek

This webcast discusses HAZLOC and EMC requirements for the U.S. and international markets,
and is applicable to engineers testing in potentially explosive environments or testing lighting
products for EMC

Optimizing LED Performance Through Heat Management

SPEAKERS: Martin Schon, Thermal Management Product Manager, Sapa Extrusions
Mick Wilcox, Director of Marketing, Nuventix

As product designers develop higher powered LEDs for the lighting, medical and home
entertainment product markets, thermal management increasingly becomes an obstacle. This
Webcast discusses the effect of heat on LED fixtures, and describes how thermal management
techniques involving heat sinks and active cooling can assist in product design.

VIEW ALL CURRENT, FUTURE, AND ARCHIVED EVENTS AT:

www.ledsmagazine.com/wehcasts
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Strategiesin Light.

The Leading Events for the Global LED and Lighting Industry

StrategiesinLight.

-
The Leading Events for the Global LED and Lighting Industry c h l I1 a
Conference

LED JAPAN <24
Strategiesin Light.

The Leading Events for the Global LED and Lighting Industry

StrategiesinLight.

The Leading Events for the Global LED and Lighting Industry Ell rope

For more information on exhibiting or sponsoring at ANY SIL event , please contact:

—D & Lighting
—vents Worldwide

February 22 - 24, 2011

Santa Clara Convention Center
Santa Clara, CA USA
www.strategiesinlight.com

May 10 - 12, 2011
Kowloon Shangri-La Hotel
Kowloon, Hong Kong
www.sil-ledchina.com

Sept. 28 - 30, 2011
Pacifico Yokohama
Yokohama, Japan
www.sil-ledjapan.com

Oct. 3-5, 2011
Crowne Plaza Linate
Milan, Italy
www.sileurope.com

United States (West Coast) Europe Japan Mainland China

Tim Carli, Sales Virginia Willis, Sales Manami Konishi, Sales Michael Tsui, Sales

+1 650 946 3163 +44 0 1992 656 663 +81 3321 93 641 +86 755 259 88571 x1009
tcarli@strategies-u.com virginiaw@pennwell.com konishi-manami@ics-inc.co.jp michaelT@actintl.com.hk
United States (East Coast) Germany/Austria Hong Kong/Asia Singapore/Taiwan

Mary Donnelly, Sales Holger Gerisch, Sales Mark Mak, Sales Michael Yee, Sales

+1 603 891 9398 +49 8801 302430 +852 2838 6298 +65 9616 8080
maryd@pennwell.com holgerg@pennwell.com markm@actintl.com.hk yfyee@singnet.com.sg
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design forum | LCD-BACKLIGHT DRIVERS

LED
DESIGN
FORUM

LEDs are quickly becoming the dominant backlight source for large displays, but design teams need

to address thermal, power-management, dimming and other issues to yield an optimal design say

XIAOPING JIN and ARKADIY PEKER.

EDs are very quickly becoming the LCD
|_ TV industry’s backlighting technology

of choice, and are being incorporated
into increasingly larger screen sizes. There
seems little doubt that LEDs will be the
mainstream light source in all LCD appli-
cations due to slim design, low power con-
sumption and the fact that LEDs enable high
display performance. System design teams
must understand how to optimize LED
backlight systems to win in what will surely
be a competitive marketplace.

LCD TV system designers face many
choices as they develop the next generation of
LED-based panels. They must choose between
direct-and edge-lit LED backlighting archi-
tecture, and select from a variety of dimming
technologies, power management approaches
and thermal protection techniques. They also
must be concerned with accurate and stable
color management, and how best to synchro-
nize LED backlight control with video pro-
cessors for implementation of D1, D2 and D3
backlight-addressing technologies. Moreover
designers must choose the optimal LED back-
light graphic user interface (GUI).

These decisions become increasingly
important with larger TV panel sizes and
increasing resolution. As TV panels migrate
to full 1080p resolution and as display sizes
increase, the quality of the TV backlight unit
(BLU) plays an increasingly important role
in the overall quality of the displayed image.

There are a number of critical factors to
be considered in designing next-generation
LED BLUs for large LCD TVs. For instance,
XIAOPING JIN is Chief Engineer and ARKADIY
PEKER is a System Architect at Microsemi
Corporation. Web: www.microsemi.com.

LEDsmagazine.com

there must be a high level of luminance uni-
formity between each edge and from center
to corner, and a combination of high dynamic
contrast ratio with deep black levels. Color
gamut is also important, and must meet or
exceed NTSC requirements. Video quality
should support all necessary Motion Picture
Response Time (MPRT) requirements, and
there also should be a high level of luminous
efficiency to minimize power consumption.
To deliver satisfactory picture quality,
TV panel manufacturers have a number of
options, including edge-lit (D0)

schemes (including D0, D1, D2, or D3 dim-
ming approaches).

In general, an LED-based BLU contains
multiple strings of white or R, G, B LEDs.
The BLU also integrates a lighting control
and management function/controller that
includes the video processor interface for
dimming, plus an ambient light sensor (for
W-LED BLU) or RGB color sensor (for RGB-
LED BLU) and associated diagnostic func-
tionality. The BLU also contains a power sec-
tion, which can contain one or more power

or, for increased efficiency, D1 ps

scanning dimming or D2 local or

zone dimming. The best picture
quality is achieved by using an
RGB LED BLU implementation
of D3 local or zone dimming of v
individual R, G, B LEDs.

Beyond image quality, there
are a number of significant cost
and implementation issues asso-
ciated with each of the aforemen-
tioned BLU designs. Edge-lit and
direct-lit LED BLUs have differ-
ent requirements that impact system-level
power efficiency and influence the selection
of the power-system architecture.

Designers must select the optimal driv-
ing methods for the LED strings. It also is
important to select a lighting control sys-
tem that will manage LED current accu-
racy over a wide range of input voltages and
operating temperatures, with adequate ther-
mal protection. And accurate color man-
agement must be ensured in RGB-LED BLU
implementations, as well as synchroniza-
tion of the BLU with the system video pro-
cessor to implement the BLU addressing

ref

:

FIG. 1. Single supply drives RGB backlights.

supply units (PSUs) with thermal manage-
ment and an interface to the BLU lighting
control and management block. The final
ingredients are the LED drivers and associ-
ated protection schemes.

The primary design requirements for the
BLU power system are low cost, compact
size and a high level of power efficiency,
all of which are influenced by the choice
of dimming implementation. For exam-
ple, an edge-lit BLU using DO dimming will
require multiple PSUs with a very low profile,
whereas a direct-lit BLU using D2 local or
zone dimming will be able to use a smaller
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number of larger, higher-profile PSUs.

To understand the impact of dimming
implementations on PSU design, it is impor-
tant to understand how LEDs work. LEDs
are current-driven devices whose output
brightness is directly proportional to the for-
ward current, which is driven by a constant
DC current source in order to maintain uni-
form luminosity. A constant current source
provides independence from the LED for-
ward voltage differences and forward volt-
age (Vr) variations as temperature changes.
Fig. 1 shows an RGB-LED BLU, in which the
RGB-LED arrays are powered by a constant
voltage power supply (PS) and controlled by
individual current sources. With W-LED
strings, each of the colored LEDs would be
replaced by white LEDs.

For the RGB-LED BLU implementation
illustrated in Fig. 1, there is a trade-off in
power efficiency. The PSU must support the
LED array (string) with the maximum total
Vr. That would result in excessive power dis-
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sipation due to the Vr difference of colored
LEDs and the Ve difference of same-color
LEDs. Both of these differences are caused
by LED manufacturing variations.

For example, a Lumiled red Luxeon emitter
has typical Vr 0f 2.95V, and a green LED has
atypical Vrdrop of 3.99 V. If we assume that
there are 10 LEDs per array and the nominal
current is 0.35 A, the red array voltage drop
is 29.5V and the green array voltage drop is
39.9 V. As aresult, the PSU maximum volt-
age would need to be at least 39.9 V, which
would result in excessive power dissipation
for the red array, with Pd equal to (39.9 V-29.5
V)*0.35 A =3.64 W.

To improve power efficiency, system
designers can use an individual DC/DC con-
verter on each R, G and B array/string, and
transform the converter to a constant cur-
rent source by regulating the voltage across
an LED string current sense resistor. While
this is a more expensive approach, it results
in significantly better power efficiency and

can also be used for W-LED implementa-
tions, in which each of the colored LEDs is
replaced by a white LED.

Thermal management is another impor-
tant design consideration. LED BLUs must
be capable of managing the positive thermal
co-efficient of the LEDs. This decreases lumi-
nance flux as temperature rises. If the PWM
duty cycle increases faster than the decrease
in LED VE drop, then the LED backlight can
go into thermal runaway. The lighting control
and management blocks must be capable of
measuring LED temperatures and, if they rise
above a predetermined value, decrease the
duty cycle of all RGB PWM signals to avoid
LED thermal runaway, thereby avoiding LED
BLU and display failures.

Color management is also important. For
W-LED BLUs, only a light sensor is required to
maintain overall display brightness, but RGB-
LED BLU systems also require a more compli-
cated RGB sensor plus closed color-loop man-
agement of the preset or user-selected white

www.sslchina.org

The 7" China International Exhibition and
Forum on Solid State Lighting

(CHINASSL 2010)

Event dates: October 14-16, 2010
Venue: Shenzhen Convention and Exhibition Center
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design forum | LCD-BACKLIGHT DRIVERS

LEDs

point. Optimal image quality is achieved by using advanced dimming
techniques, such as D1 scanning dimming, D2 local or zone dimming,
or D3 RGB-based zone or local dimming (see Fig. 2).

To synchronize the LED BLU with a video processor on a frame-
by-frame basis, each of the LED BLU’s light zones must be synchro-
nously updated with the data addressing of the panel. If the zones
and panel data are not precisely synchronized, image quality will
be degraded. Optimal synchronization also requires a high-speed
connection, such as an SPI bus. Moreover, special communication
protocols may be needed to communicate dimming data for every
zone in D2 local or zone dimming, and for every RGB string in D3
RGB-based local or zone dimming. The high-speed interface is also

> Column driver

[ Wy

=711 712+ Z1n

T1Z21 e

Video Lvbs Timing > Row .|
control control driver

—»|

Il Zmn
SPI {3

>/ LED driver control

FIG. 2. Advanced design for dimming zones of RGB LEDs.

required for communicating the clock signal and VSYNC data dur-
ing panel-data synchronization. The bus also must be capable of
enabling/disabling information in order to control every zone in
DI scanning dimming mode.

Microsemi has also pioneered a dimming approach called adap-
tive local dimming, which enables the backlight circuitry to light
only the image areas that need to be lit, and dim the black areas. The
new approach results in blacker blacks and significantly improved
color, contrast, motion sharpness and grey level, plus associated
power savings from eliminating unnecessary backlighting.

This backlighting approach is implemented in Microsemi’s
LX23204 backlight controller, which supports long, high-voltage
LED string configurations (up to 300V) for edge-lit backlighting
configurations. It’s also implemented in the company’s LX24132
32-port LED backlight controller and LX23108L 8-port LED driver,
which provide scalable, integrated solutions for direct or edge-lit
backlight applications in either white LED or RGB LED implemen-
tations of flat-panel LCD TV displays.

LCD display designers have a growing array of options for design-
ing LED-backlit panels, and the choice of backlighting architecture
and technologies has an enormous impact on cost and display qual-
ity, especially in larger screen sizes. An optimal lighting control
and management scheme can optimize both power efficiency and
image quality, at lower overall system cost. The best picture qual-
ity is achieved by using a direct-lit RGB LED BLU implementation
of D3 local or zone dimming of individual R, G or B LEDs. However,
with the advent of new mega-contrast dimming techniques, it is
also possible to achieve outstanding image quality and dynamic
contrast with the deepest possible black levels in ultra-thin edge-
lit designs. &)
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last word

Solid-state lighting isn’t just about
decreasing energy consumption

More-efficient, lower-cost lighting could cause people to consume more light in

the future, so overall energy consumption may not decrease, says JEFF TSAO of
SANDIA NATIONAL LABORATORIES and his colleagues.

hen, in the late 1990s, the idea
of solid-state lighting was first
articulated, there was a lot of

excitement over the possibility that it would
enable a reduction in worldwide energy con-
sumption. The simple math was that if the
efficiency of solid-state lighting was, say, 4x
higher than that of traditional lighting, then
you'd decrease the consump-
tion of energy for lighting
by the same factor, 4x. And,
because the percentage of the
world’s primary energy con-
sumption that is due to light-
ing is significant (6.5% or so),
the macroeconomic impact
would also be significant. This
was exciting stuff!

In the late 2000s, though, a
number of ideas emerged that
caused us to wonder about that simple math.
There was the monumental study by Roger
Fouquet and Peter Pearson at Imperial Col-
lege showing how per-capita consumption of
light in the United Kingdom had increased
massively over the past 300 years. There were
theoretical studies indicating that the mag-
nitude of the so-called rebound effect could
be pretty significant - the rebound effect is
basically what happens when an increase in
the efficiency of an energy service leads to
Co-authors JEFF TSAO, RANDY CREIGHTON,
MIKE COLTRIN and JERRY SIMMONS are
with Sandia National Laboratories, and
HARRY SAUNDERS is with Decision Processes
Incorporated.
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a decrease in the cost, and consequently an
increase in the consumption, of that service.
And of course there was the direct experi-
ence of our own semiconductor electron-
ics and optoelectronics community, where
increased chip performance and decreased
cost always seem to lead to increased mar-
ket demand for those chips.

So we decided to take a
closer look. What we found,
amazingly, was that, over the
past 300 years or so, a rela-
tively simple relationship
connects consumption of
light with wealth and cost of
light. We had to make a num-
ber of assumptions, and there
are certainly nuances that
deserve more attention, but
the bottom line is this: the
wealthier people are and the lower their cost
of light, the more light they have consumed.

This empirical finding was more than alit-
tle disconcerting. If it were to continue to hold
in the future, then, seemingly, increases in the
efficiency of lighting would decrease the cost
of light and would cause people to consume
more light in just such an amount as to cause
energy consumption to stay the same!

Something wasn't adding up. How could
improving the performance of a technology
cause us as a human society simply to stand
still? What's missing? Well, what’s missing,
we think, is that we had forgotten that light
isn’t something, like sleep, that we only want
a certain amount of. Light is something that
makes us productive and, at least in the past,
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more light has made us more productive.

So the subtle shift in thinking is one in
which solid-state lighting is not just about
energy consumption, but about energy con-
sumption and human productivity. On the
one hand, if we don’t mind a future in which
we consume the same or more energy, solid-
state lighting — by allowing us to consume
more light “for free” — has the potential to
greatly increase human productivity. On the
other hand, if we do mind such a future, and
governments act to reduce energy consump-
tion, solid-state lighting can help mitigate
the reduction in human productivity that
would otherwise occur. This is just as excit-
ing stuff! &)
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