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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 UXEZ&N LUMILEDS

sense and simplicity
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Shaping the future of LED lighting

Dimmable Control
Ultra-High Luminous Efficacy
World-Class Life and Reliability www.ledone-co.com
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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
[ | 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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25 TECH VIEW: LIGHT AT NIGHT
Debate continues over the impact of light at night on
human health

Maury Wright
29 CONFERENCES: CELMA & ELC FORUM

CELMA and ELC joint forum represents views of European
lighting industry
Tim Whitaker

35 LED MANUFACTURING
Tighter collaboration is essential for driving the high-
brightness LED industry roadmap

Thorsten Matthias, EV Group
39 SHOW REPORT: LIGHTFAIR

Lightfair International features latest LED technology
Maury Wright

47 DRIVERS

Why LED drivers are not necessarily the weak link in the chain
Arye Schreiber and John Daly, Lightech Electronics

53 TEST & MEASUREMENT
Accurate third-party testing improves consumer confidence
in Energy Star program
Jennifer Lewin, Lighting Sciences Inc.

59 TECH VIEW: COLOR QUALITY

Search continues for replacement for Color Rendering Index
Tim Whitaker

61 LIGHTING CONTROLS
Adaptive controls add to LED efficiency

Maury Wright
- 65 INTERCONNECTS
- ‘ SMT assembly process requirements dictate choice of
evd. e interconnects for LED-based PCBs
o ! Lukas Muth, Phoenix Contact
v ‘ = 69 DESIGN FORUM

Active PFC driver design enables dimmable retrofit lamps
Piero Bianco, Maxim Integrated Products
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Cover Story

Accent and cove lighting in the Red
Rock Casino in Las Vegas has utilized
AC-LED lamps from Lynk Labs, which
are a simple retrofit for the 12 VAC
infrastructure. See page 12.
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LED performance

FUNDING+PROGRAMS

GE retrofit LED lamp wins UK
Energy Saving Trust approval
EC to support LED lighting
demonstrations
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LAST WORD

Don’t put all your eggs in one basket:
LEDs not all they’re cracked up to be?

Ron Davis, Vul Corporation


http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=14815&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=14815&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=14815&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=14815&adid=logo

commentary

n past issues of LEDs Magazine we have writ-
ten at great length about various solid-state
lighting (SSL) activities in North America,
such as government-funded programs and
the development of standards. In case any-
one should think that not much is going on in
Europe, we are happy to redress the balance.
The European lighting industry, represented
by CELMA for luminaires and components,
and by the ELC for lamps, recently held an LED
forum that described various ongoing activi-
ties, discussed the development of standards,
and made a series of recommendations to the
European Commission (EC) for future legis-
lation. EC representatives were also present
at what turned out to be a very thorough and
informative event (page 29). Several CELMA
and ELCrepresentatives, including ELC presi-
dent Jan Denneman, will participate in the SIL
Europe conference in September (www.leds-
magazine.com/features/7/7/1).
One thingIlearned at the forum was that
a European LED Quality Charter is now in
development. Also, it was announced that
the EC intends to support a series of large-
scale pilot installations to evaluate the ben-
efits of solid-state lighting (page 21). The
projects will start at the end of 2011 after a
competition in the first half of the year.
Ultimately, it will be desirable and neces-
sary to bring together the various country-
specific and regional activities into a glob-
ally-coordinated framework. With this in
mind, the International Energy Agency (IEA)
haslaunched a new program, or Annex, that
will tackle quality concerns in solid-state
lighting as part of its Efficient Electrical
End-use Equipment (4E) program (www.iea-
4e.org). The IEA says that SSL is “fast emerg-
ing as a key technology with potential to
tackle climate change, however many [par-
ticipants] share concerns that poor products
may damage the market and set back accep-
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European and global
efforts promote SSL

tance of LED lighting.” The new Annex has
been initiated by France, the United States
and Japan, and will provide guidance on
appropriate test methods and performance
levels that can be used to identify high-qual-
ity SSL products, and to remove poorer-per-
forming products from the market before
consumer credibility is lost.

One issue that has caused some debate
recently is the impact that artificial light
at night may, or may not, have on human
health. Our article (page 25) concludes that
more research is certainly needed. Even out-
side of the health issues, groups such as the
International Dark-sky Association (IDA) are
seeking to limit light pollution. “We look at
LEDs as having promise and peril,” says Peter
Strasser, IDA managing director. He applauds
the way LED fixtures control light patterns.
But he attributes that control to the fact that
LED fixture makers “can’t waste a lumen”
because the efficiency of the products today
are barely effective in street-lighting appli-
cations. He worries about what will happen
as LED brightness and efficiency continue to
escalate, warning that less-precise designs
may cause further light pollution.

Another area of debate is color quality of
white-light sources. Various alternatives have
been suggested to the ubiquitous color-ren-
dering index (CRI), which is seen to have var-
ious flaws when applied to LEDs (page 59).
The options are being evaluated by the Inter-
national Commission on I[llumination (CIE),
which is based in Europe but has the necessary
input from organizations across the world.

/m ”

Tim Whitaker, EDITOR
twhitaker@pennwell.com
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LED Drlvers 10- 300W
Efficient ¢ Reliable ¢ World Class

Constant Current e Constant Voltage e Constant Current With Dimming e Multi-channel

Visit our website to download the white paper “Profitably Powering Solid State Lighting”

Inventronics (Asia) Inventronics (North America)
Bldg. B, Eastcom City, 66 Dongxin Rd., 4701 SW 20"

Binjiang District, Hangzhou, Zhejiang Oklahoma City, OK 73128

310053, China USA

Tel: +86-571-86632260 88087661 Tel: +1 405-600-7480

Email: sales@inventronics-co.com Email: usa-sales@inventronics-co.com

www.inventronics—co.com
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| @i | INe Strategies in Light Europe 2010

--------- Strategiesin Light.
Web Exclusive Articles NES——

September 27-29, 2010
Frankfurt, Germany

Lighting industry at the edge of the unknown

Everyone involved with the LED world is involved in a massive The conference schedule has been
industry transformation, which has parallels with the changes announced for SIL Europe, which
that were seen in another industry, explains Ankush Chopra. has the theme of “Accelerating the

Market Adoption of LED Lighting.”
See www.ledsmagazine.com/features/7/7/1
US International Trade Commission offers potential Sfor full details.

forum of choice for patent litigants in SSL industry Tererersrerecesecee
An investigation by the ITC can prove to be the quickest way HED Rl = SEiGElEs [ R

www.ledsmagazine.com/features/7/7/2

to reach an early resolution to patent disputes in the fast- lED jAPAN e
moving LED lighting space, says Darren Jiron of Finnegan. Strategiesin |_|ght

www.ledsmagazine.com/features/7/7/5

] September 28-0ctober 01, 2010
Working group pursues LED and Yokohama, Japan

induction street-light retrofits MORE: www.sil-ledjapan.com/index.html

e0c0cc0c0000000000 000

www.ledsmagazine.com/features/7/7/7

Intelligent Transport Lighting 2010
Schréder LED fixtures utilize HSMtec August 24-26, 2010

printed board technology Hamburg, Germany

China International Optoelectronic
Exposition (CIOE)

Swiss department store chooses energy- September 6-9, 2010
saving LED lighting solution SR Gl

www.ledsmagazine.com/features/7/7/6

. PLASA

www.ledsmagazine.com/features/7/7/3 September 12-15, 2010

COMPANY PROFILE: Docter Optics London, UK

www.ledsmagazine.com/features/7/7/4 MORE: www.ledsmagazine.com/events
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PRINTED (_)IRCUIT BOARDS with
5 Competitive Advantages for

1. Innovative Design u L - | ,, S

By I 5 R
N ¢

Assistance: 2O05000 ) )OB000000¢
Helping customers design wDdOGCO 112X X1ITTTI1IX
PCB’s around LED manufac- @& & (V] DOV 0B O
turing guidelines < Soedoeeooet
3 [ 20000000
2. Superior Thermal ! ::::::::::
Management: . _ T
Using Metal Core / Aluminum 20000
Bonding to dissipate heat 000061«
for Brighter LEDs. e 0000000000
o9
L L 1

3. Low Thermal 008
Resistance: 0o
Using some of the most 'TTI X
innovative Thermal Interface. . @@ @1
Material. Y111

) 1111
4. Enhanced White 020080
Solder'Mask: 0000

Our own blend of Super Bright, 9 ® ® 4§
Highly Reflective White Solder @ @ @® ¢
Mask which will.not fade

- 000000000 (
- ( T F T T T YT Y

Capabilities:

Up to 30 Layers
Blind Buried Vias
HDI Micro Vias
Di-Electric Thickness
Impedance Control
(TDR Testing)

Up to 6oz Copper

6 mil Laser Drill

3 mil line width/spacing

. 24 Years of
PCB Manufacturing - = el

Experience: 5 ;;@5 _i' ¢ ;f :

Our global buying power combined e
with the capabilities of our overseas

manufacturers translate into ?‘ﬁ A Conductive Epoxy Filled Vias
tremendous savings to our » Thermal Epoxy filled Vias
customers. Aluminum Metal Core Boards

f ...and much more
i 4N ITAR, 1SO 9001 : 2008
Over the past 5 years, 95,000 prototypes have been
successfully delivered from overseas to over 7500 customers
REEINCENg ke 847-806-0003 www.PCBnet.com  email sales@PCBnet.com
Fax: 847-806-0004
24 YEARS IN BUSINESS...AND GOING STRONG
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A Solid-State Lighting Premium Expert

Edison Opta Corporation is a Taipei, Taiwan based global leading
high power LED manufacturer. The company offers a comprehensive
praduct line ranging from 1 Watt to 100 Watt, single-chip to
multi-chip, and high flux to high CRI. The diversified product offering

vill answer to even the most challenging fixture designs

EMPW-C60xLONG-121xx EMPx-A61xxxG-24Kx EMPW-A36700G-241L

Specifications Specifications Specifications

LED Emitter : Edixeon LED Emitter : Edixeon LED Emitter : Federal

Watt : 12W Watt : 27W Watt : 27W

Available CCT(Typ.) : 6,000K Available CCT(Typ.) : 6,000K Available CCT(Typ.) : 6,000K

Field Angle : 135°x75°, 135°x50" 4,000K and 3,000K Field Angle : 135°x75°
135°x40° Field Angle : 135°x75°

©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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Durban stadium and Arch

; ARCHITECTURE .

VIEWS

LED lighting featured in several World Cup
soccer stadiums in South Africa, as well as
in other infrastructure projects as the host
country sought to minimize the event’s car-
bon footprint.

Cape Town’s Green Point Stadium (right)

Cree and Philips sign LED
licensing agreement

Cree, Inc. and Philips have signed a comprehensive, worldwide pat-
ent cross-license agreement that is “designed to further accelerate
the growth of the LED lighting market,” according to a joint press
release. The agreement covers patents from both parties in the fields
of blue LED chip technology, white LEDs and phosphors (includ-
ing remote phosphors), control systems, LED luminaires and lamps.
It also covers LED backlighting of LCDs, and patents in the Philips
LED Luminaire Licensing Program. Several other companies, includ-
ing Osram, Zumtobel and Acuity Brands, have already joined Philips’
licensing program.

Rudy Provoost, CEO of Philips Lighting, said that the “wide-rang-
ing IP portfolios” of Philips and Cree reflect the “significant investment
in innovation” that the companies have made in LED lighting. “We
wish to see the accelerated adoption of LED lighting, and are there-
fore delighted that Cree will be joining our LED Luminaire Licensing
Program,” added Provoost. <«

MORE: www.ledsmagazine.com/news/7/7/3
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was torn down and rebuilt as a larger and more modern
structure that made full use of LED lighting technology
to accentuate the building’s architecture. LEDbeam lumi-
naires supplied by BEKA (Pty) Ltd, a member of the Schréder
Group GIE, were built using Osram LEDs. “Because of their
limited dimensions and particular light distribution, LEDs
were the only luminaires we would consider, as we were
able to construct a particularly slim light installation with
them,” said Daniel Kasper of BEKA (Pty) Ltd. “This »page 10

MANUFACTURING

TMG suppliers increase
capacity to serve LED market

As LED demand continues to grow, materials sup-
pliers are keeping pace by adding more capacity for
vital chemicals such as trimethyl gallium (TMG).
Metalorganic precursors such as TMG are used in met-
alorganic chemical-vapor deposition (MOCVD) sys-
tems to grow layers of different semiconductor mate-
rials in a process known as epitaxy. The properties of
the epitaxial materials largely determine the perfor-
mance of the LED chips that are fabricated from these
layer stacks.

One supplier, Dow Electronic Materials, said that
it would add significant TMG capacity at its plant in
North Andover, MA to address short-term demand
as quickly as possible (www.ledsmagazine.com/

news/7/6/10). In addition, to create capacity for long-
term demand, Dow will build a new manufacturing
plant in Cheonan, Korea, which is expected »page 70
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TMG from page 9

to begin operating in early 2011. Total
additional TMG capacity resulting from
the multi-phase plan is expected to be
60 metric tons per year.

In May of this year, AkzoNobel said
that it would double production capac-
ity for TMG at its plant in LaPorte, Texas,
USA during the summer of 2010 (www.
akzonobel.com/hpmo). The company’s
High Purity Metalorganics (HPMO) busi-
ness cited the growing market for LEDs
in “backlight units for computer screens
and the new generation of LED-TVs” as
well as general lighting and many other
applications.

In March 2010, SAFC Hitech, a division
of the Sigma-Aldrich Group, announced
plans to invest $2 million to expand pro-
duction of TMG at its manufacturing
plant in Bromborough, UK (www.leds-

magazine.com/press/21520).

“Demand for TMG today is being
driven by explosive growth in LED
backlighting of LCD TVs with the poten-
tial of future growth of LEDs in the
general lighting market,” said Dow’s
James Fahey. “The LED market is grow-
ing rapidly, particularly in Korea, Tai-
wan and other countries in the Asia-
Pacific region where there is a large
display manufacturing base, and semi-
conductor manufacturers are building
and converting capacity to manufac-
ture LEDs.”

Likewise, SAFC Hitech cited the
“growing demand for [TMG] in the pro-
duction of high-brightness LEDs for
applications such as backlighting in flat-
panel television sets and energy-efficient
lighting.” «
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World Cup from page 9
means light is focused only on relevant areas
without scattering losses.”

A total of 432 luminaires, each 1.8m in
length, were fitted to the stadium’s upper
outer ring and a balustrade beneath it. These
form two light strips around the stadium,
which are separated by distances varying
between two and 12 m, producing a wave-
like effect to “embrace the natural wave ele-
ments of the adjacent Atlantic Ocean.” A
narrow color distribution was required to
produce uniform white around the ground.

Meanwhile, over 12,000 Golden Dragon
Plus LEDs from Osram were used in the
Moses Mabhida Stadium in Durban, to light
the giant illuminated Arch, which is 350
meters long, 2,600 metric tonnes in weight
and 30 stories high. This application also
used LEDbeam luminaires from BEKA. «

LIFETIME

DOE recommends new approach
to LED luminaire lifetime ratings

The DOE has published a new recommenda-
tion for testing and reporting LED luminaire
lifetime that accounts both for failure attrib-
utable to declining light output (i.e. lumen
maintenance), and to catastrophic failure of
the luminaire.

The “LED Luminaire Lifetime: Recom-
mendations for Testing and Reporting”
guide recommends that luminaire makers
specify an F rating for catastrophic failures —
for example F10 at 30,000 hours would imply
that 10% of the luminaires in a given pop-
ulation will have failed catastrophically by
30,000 hours of usage.

Both LED manufacturers and luminaire
makers need a way to accurately define life-
time. Moreover, buyers need accurate infor-
mation to justify SSL purchases and calcu-
late accurate payback windows.

The new recommendation builds on the
L and B ratings that originated with Phil-
ips Lumileds. First lumen maintenance was
defined with a figure such as L70 at 50,000
hours implying that an SSL product would
decline to 70% of its initial light output
after 50,000 hours of usage. The B figure
was added such that L70/B50 at 50,000 hours
implies that 50% of the population reaches
the L70 point in 50,000 hours.

LEDsmagazine.com
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However, catastrophic failure also needs
to be considered. The DOE recommendation
identifies 12 reliability considerations that
could contribute to a catastrophic-failure
lifetime rating, including electrical connec-
tions, printed circuit boards, thermal ele-
ments, the drive electronics and more. The F
rating is intended to account for all of these
considerations. <
MORE: www.ledsmagazine.com/news/7/5/21

Lynk Labs AC-LED
Festoon lamps light
up Red Rock Casino

Lynk Labs has provided accent
and cove lighting for the Red
Rock Casino in Las Vegas
using 15,000 GeoLite AC-LED
Festoon replacement lamps.
“This 0.5 watt AC-LED lamp
was a simple and seamless

retrofit solution for us in the existing low-
voltage 12VAC embedded infrastructure
throughout the casino,” said Curtis Saunders
of Nedco Supply, which managed the project.

“These AC-LED lamps were easily
installed into the existing lamp sockets,
operate with the existing 12VAC trans-
formers and dim on the existing dimmers
in the casino,” said Curtis. “The return on

investment for this retrofit was under 12

months on energy alone (75 kW reducing
to 7.5 kW). If you included man hours and
lamp replacement cost, the retrofit paid for
itself as soon as it was completed!” Curtis
added. «

MORE: www.ledsmagazine.com/news/7/7/10

PROGRAMS

EPA clarifies Energy Star SSL
test accreditation requirements

The EPA recently contacted its stakeholders
to answer a number of questions about the
current and near-future Energy Star test-
ing requirements for lumen maintenance
of solid-state lighting (SSL) products. The
existing Energy Star Solid-State Lighting
Luminaires vl.1 specification (SSL v1.1),
which references the IES LM-80-08 stan-
dard, remains in effect until the new Energy
Star Luminaires v1.0 specification replaces
itin the summer of 2011. The Luminaires v1.0
specification is going through a period of
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comments and re-drafting during the sum-
mer of 2010 (see LEDs Magazine May/June
2010, p.19).

The LM-80 standard describes methods
for measuring lumen maintenance. As of
March 31, 2010, the EPA is only accepting
data collected in compliance with LM-80.
Data collected prior to publication of LM-80,
and not performed in compliance with the
standard, will not be accepted for Energy
Star qualification of SSL products.

As of September 30, 2010 the current SSL
v1.1 specification requires that LM-80 test
data come from a laboratory accredited by
NVLAP, the National Voluntary Laboratory
Accreditation Program. However, EPA says
that no labs have yet achieved this accred-
itation for LM-80 testing, so it is putting in
place an interim accreditation scheme.

LM-80 does not include lumen-mainte-
nance projections, which are covered by
current protocols outlined in the SSL v1.1
specification and the “Manufacturers Guide

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

for Qualifying Solid State Lighting Lumi-
naires” document (www.energystar.gov/

index.cfm?c=ssl_res.pt_ssl). These remain in
effect until Luminaires v1.0 becomes effec-

tive in summer 2011. Under Luminaires v1.0,
lumen-maintenance projections using data
collected in accordance with LM-80 will be
governed by the forthcoming IES technical
memorandum TM-21-11. <«

MORE: www.energystar.gov/luminaires

FTC lamp labels emphasize
lumens, not watts

Starting in mid-2011, the US Federal Trade
Commission (FTC) will require that all
light bulbs carry new labeling on the pack-
aging that is designed to help consumers
choose among the different types of bulbs on
the market. The FTC proposed new output-
based labels for light bulbs in November 2009
(www.ledsmagazine.com/news/6/11/26), and

says that the new regu-

lations will come into Boghinéss

force around the mid- 82 0

dle of 2011. Under direc- | :
mens

tion from Congress to
re-examine the cur-
rent labels, the FTC
has devised new labels
for light-bulb pack-
ages that are intended
to enable consumers to

Esfimated
Energy Cost

$7.23

per year

save money by select- Front

ing the most efficient
lamps that best fit their lighting needs.

The label on the front of the package will
emphasize the lamp’s brightness as mea-
sured in lumens, rather than quoting watts.
The FTC says that the “focus on brightness
in lumens will help consumers make pur-
chasing decisions as they transition to more
energy-efficient types of bulbs.” The use of
lumens is valid when comparing lamps
with similar sizes and shapes. However, the
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'Lighting Facts rerbun
|

Brightness 820 lumens

Estimated ‘l"aarly' Energy Cost §7.23
Based on 3 hrs/day, 11¢'kWh
Cost depends on rates and use

Life

Based on 3 hrs/day 1.4 years
Light Appearance

Warm Cool
- N .
zfl:u:l K
Energz.r Used 60 watts
Back

lumen is the unit of luminous flux (effec-
tively the total light output), while bright-
ness or luminance is the luminous intensity
per unit emitting area, and is actually mea-
sured in candela/m? or nit.

The new front-of-package labels also will
include the estimated energy cost (in $/year,
based on 3 hours’ use per day and electricity

costs of $0.114/kWh). Meanwhile, the back of
each package of light bulbs will have a “Light-
ing Facts” label modeled after the “Nutrition
Facts” label that is currently on food packages.

Aswell as the brightness (Im) and energy cost
($/yr), this will list the the bulb’s life expec-
tancy in years (based on 3 hours per day), the
color appearance (on a scale ranging from
warm to cool ,with a value for CCT), the energy
consumption in watts, and a disclosure if the
bulb contains mercury. «

MORE: www.ledsmagazine.com/news/7/6/18

EVENTS

Strategies in Light China
announced for May 2011

Strategies in Light China will take place at
the Kowloon Shangri-La Hotel in Kowloon,
Hong Kong on May 10-12, 2011. The event
is the latest in the Strategies in Light fran-
chise of conferences and exhibitions cover-
ing the global LED and lighting industry,

Nnews--views

and joining events in the USA, Japan and
Germany. Strategies in Light China will
focus on the LED industry supply chain.
China has a robust LED device manufactur-
ing environment, ranging from conventional
and high-brightness chips to a wide variety
of packaging types. On the applications side,
there are thousands of companies supply-

Strategiesin Light.

China

ing systems ranging from outdoor signage
to display backlights to solid-state lighting.
Moreover, all elements of the HB-LED verti-
cal supply chain are represented in China,
ranging from substrates, to process materi-
als and chemicals, to manufacturing equip-
ment. Also, the government has become
a key player in the development of China’s
LED industry. <

MORE: www.sil-ledchina.com
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PUBLICATIONS

Outdoor LED Lighting
newsletter and Japanese
version of LEDs Magazine

LEDs Magazine is adding two new publi-
cations to its repertoire. The Outdoor LED
Lighting newsletter was launched in July
(http://newsletters.pennnet.com/leds_
enl/98321659.html) and, as the name sug-
gests, the focus is on exterior illumination

applications using LEDs and other advanced
lighting technologies.

LEDs

JAPAN

Meanwhile, the first issue of LEDs Maga-
zine Japan will be published in September
2010, in time for the LED Japan 2010/Strat-
egies in Light conference & expo. The Jap-
anese edition will provide in-depth infor-
mation in Japanese about leading-edge
technologies and up-to-date news about
the global market, replicating the focus of

the flagship publication LEDs Magazine. The
advertising deadline for the premier issue is
August 20. «

MORE: www.led-japan.com/mag.html

Osram improves red, green
LED performance

Osram Opto Semiconductors has claimed
a new performance record for prototype
red LEDs. The InGaAIP thin-film devices
have an efficacy of 119 Im/W at an operat-
ing current of 350 mA, and 136 Im/W at 70
mA. This represents a 30% improvement over
current-generation devices. The device is a
1-mm? thin-film InGaAIP chip, emitting at
a dominant wavelength of 615 nm. The pro-
totype chip was tested in a Golden Dragon
Plus package. The overall efficiency is 44% at
350 mA and 49% at 70mA. The value exceeds
50% for a wavelength of 642 nm.

“This will benefit all applications that
use high-efficiency red, particularly projec-
tion applications,” said Wolfgang Schmid,
who is responsible for developing this chip
technology at Osram Opto Semiconductors.
“We expect to start equipping LED prod-
ucts with the new thin-film chips in about
ayear’s time.”

Wolfgang Lex, Head of the LED business
unit at Osram Opto Semiconductors, told

LEDs Magazine that the improvements were
the result of a focused internal project to
improve the performance of red LEDs. “The
project looked for barriers,” said Lex, “and
resulted in an improved epitaxial process.”

Another consequence is that the new pro-
totype red LEDs have a reduced tempera-
ture dependence. “For InGaAlP LEDs there
is usually a very quick drop-off of light out-
put when hot, much more so than for InGaN
LEDs,” said Lex. This can be particularly
important for automotive applications,
for example.

While the improvements to Osram’s red
LEDs came about as a result of a planned
research project, green LED performance
experienced a great leap forward when a
blue LED chip was combined with a phos-
phor developed by 3M (www.ledsmagazine.

com/news/6/11/24). Unfortunately, says Lex,

the phosphor contains cadmium, which cre-
ates environmental issues, and also lacks
stability with temperature. However, he said,
the discovery had “opened the door” and
Osram has now developed a Cd-free phos-
phor with much better temperature stability.

The performance improvements for both
red and green LEDs, coupled with high-per-
formance blue LEDs already in production,
should open up new markets. In projection,
for example, these devices can enable effi-
cient projectors embedded in mobile hand-

IPDiA’s Silicon Passive Components

Having your fa <+ e
passive . e
components the '

same rellablllty as
HB LEDs

« Out of standard reliability »
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Jaz -- the World's Coolest Modular Measuring
Suite -- is now available in the Jaz Light Meter
version for radiometric analysis of LEDs, flat
panel displays, lamps and other radiant

sources.

This preconfigured, pre-calibrated
spectrometer suite is the ideal tool for
quality control, lab and field measurements
of LED chips, assemblies and other
luminaires. With the Jaz Light Meter, and its
onboard processor, you can measure spectral
characteristics and calculate key parameters like

lux, lumen, PAR and watt values.

The battery module enables you to measure for up to 8 full hours,
without recharging, and Jaz's SD card gives you a convenient way to store
spectral data. You can also download Jaz's data into SpectraSuite for
post-processing and determining CIE color coordinates, color

rendering indexes and color temperature.

The Jaz Light Meter Suite also comes with our exclusive
Jaz-A-IRRAD software that delivers comprehensive {
irradiance data on your computer screen with only three )

clicks of your mouse.

Learn more by contacting an Ocean Optics Applications
Scientist at +1 727-733-2447.

www.oceanoptics.com | info@oceanoptics.com "C) 0ceqn

+1727-733-2447 Q@ Ontics
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sets, or much larger stand-alone projectors,
expanding the market beyond the current
“pocket-projector” niche. <

MORE: www.ledsmagazine.com/news/7/7/17

LIGHTING

GE licenses
Rambus technology

GE Lighting and Rambus Inc., a technol-
ogy licensing company, have signed a broad
licensing agreement covering GE's use of
Rambus’ patented lighting innovations,
including its product reference designs
and manufacturing process know-how. The
initial focus will be to create a flat-panel
LED lighting system for architectural and
commercial lighting. In December 2009,
Rambus acquired patents and technology
from Global Lighting Technologies (GLT).
These include LED edge-lit optical designs,
MicroLens light distribution features, and
high-volume, low-cost light guide panel and

multi-function film manufacturing tech-
nologies. Although the technologies were
originally developed for backlighting appli-
cations, GE evidently intends to exploit
their benefits in general lighting products,
for example by using fewer or lower-cost
LEDs while delivering high light quality
and output. <

MORE: www.ledsmagazine.com/news/7/6/19

BUSINESS

Everlight and Epistar involved
in joint ventures, mergers

LED-packaging specialist Everlight
Electronics is to launch a new company
focused on LEDs for TV backlights with
partners LG Display and Amtran Technology
(www.ledsmagazine.com/news/7/5/23).
Korea-based LG Display is one of the leading
manufacturers of LCD panels, while Amtran
is a contract manufacturer of computer
monitors and TVs based in Taipei, Taiwan.

The joint venture will be capitalized with $30
million, and will be based in WeJiang City,
JiangSu Province, China. Mass production
is expected to start by the end of the year.
Everlight is also involved in a new col-
laboration with TPV Technology Limited,
aleading manufacturer of PC monitors and
LCD TVs, and Epistar, the largest LED chip
manufacturer in Taiwan (www.ledsmaga-
zine.com/news/7/6/9). The focus is on LED
packages and light bars for the ramping TV

and display backlight segment. The part-
ners will capitalize the new venture with $30
million and base its operations in Fujian
Province, China.

In more Epistar news, the company
recently announced plans to take a 47.88%
stake in Huga Optotech, the second-larg-
est LED-chip manufacturer in Taiwan
(www.ledsmagazine.com/news/7/5/26).

Win Semiconductor, a gallium-arsenide
(GaAs) foundry specialist, will also invest
in Huga.

homas Research Products

Innovative & Energy Saving Lighting Controls

POWERING THE PROMISE

OF LEDS

SwiTcH MODE LED DRIVERS
GQUALITY AND RELIABILITY

{) 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:
OuTPUT OVER-VOLTAGE,
OuTPUT OVER-CURRENT,
OuTPUT SHORT CIRCUIT AND
THERMAL OVERLOAD

DIMMING MODELS
NOwW AVAILABLE

CusToM OuTPUT NEEDED?
NO PROBLEM!
C

11548 SMITH DR. HUNTLEY, IL 60142 PH 847-515-3057 F 847-515-3047
THOMAS RESEARCH PRODUCTS IS NOT AFFILIATED WITH HIGH-PERFECTION TECHNOLOGY

WWW.THOMASRESEARCHPRODUCTS.COM
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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 evoluation board

v APFﬂca'h'am notes

LED Arrays

Dynamic
Headroom
Control

Primary Power Supply

LM3464
Driver
Circuit

Thermal Foldback

national.com/LED

LEDs

|
1)

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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, ® PowerWise, and WEBENCH are registered trademarks. All rights reserved

ion. National

© 2010, National

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
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CITILED.

" The Light Engine

Compliance with ANSI C78.377 in 2009 =

Narrower Chromaticity Range (2,700k~4,000K)
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@ Applicable packages

CL-L103 Series CL-L233 Series

CL-L251 Series

3W/ 6W class 13W class

50.0(L) X7.0 (W) X1.35(H) mm AW/ 6W closs 23.0(LX17.5(W) X1.4(H) mm

13.5(L) 130 (W) X1.35 (H) mm

Citizen Electronics efforts:

Chromaticity control of CITILED has been shifted from
Sorting after production to Elaboration in production.
CITILED (2,700K~4,000K) provides MacAdam 3-step
based on continuous technology improvement.

& CITIZEN ELECTRONICS CO.,LTD.

Distributors Htaly : Velco S.p.a. KkO [Q11098
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\\‘“M High level of luminous efficiency

MP : 2010 2Q~

IF:60mA

3.2(L) X2.8 (W) X0.95 (H) mm

CL-L270 Series (0.2w class)

3,000K (Ra85) : 16.7 Im+ 83.1 Im/W
5,000K (Ra68) : 20.5 Im+102.0 Im/W

P Please contact us for samples!

Contact person : Paola Tonel Tel : +39-0444-922-922 E-mail : info @ velco-electronic.com

Germany / Austria / Swizerland : Endrich Bauelemente Vertriebs GmbH

Contact person : Albrecht Lohrer Tel ; +49-7452-600756 E-mail : a.lohrer@endrich.com

England : Marl International Ltd. (Optosource) /M
Contact person : Clare Millard
France : Eurocomposant ‘E
Contact person : Patrick Fichot
Spain : Antonio Lopez Garrido, S.A.
Contact person : Jose Luis Garrote  Tel : +34-96-192-06-34

Tel : +44-1229-582430 E-mail : clare.millard @ optosource.com

Tel : +33-1-30-64-2602 E-mail : pfichot@eurocomposant.fr

E-mail : ventas @algsa.es (for sales) /laboratorio @ algsa.es (for technical assistance)

Scandinavia / Baltic states / Russia : Arrant-Light Oy [T

Contact person : Janne Makinen Tel : +358-2-2462-300 E-mail : janne.makinen@light.fi

Belgium / Netherlands / Luxembourg : Elincom Electronics B. V.
Contact person : Michiel Wubs

Turkey : empa electronics £1] CS
Contact person : Volkan Akbiyik T

LEDs

@elincom.nl

090-212-465-71-99 E-mail : citiled @ empa.com

Contact

Europe -
North America
Japan -

Asia

Other areas

@ Requests / Inquiries

Tel : +49-69-2992-4810
Tel : +1-847-619-6700
Tel : +81-3-3493-2744
Tel : +852-2793-0613
inquiry @ce.citizen.co.jp

E-mail : inquiry@ce.citizen.co.jp

hitp://ce.citizen.co.j

ighting_led/en/
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GE retrofit LED lamp wins UK
Energy Saving Trust approval

A 4-watt GU10 LED lamp from GE Lighting
has become the first retrofit LED lamp to
gain approval by the UK’s Energy Saving
Trust (EST) Recommended product certi-
fication scheme. The lamp is now permit-
ted to carry a Recommended label, which
enables costumers to recognize energy-effi-
cient products.

LED luminaires have also been approved;
certain models of the alphaLED Universal
Open luminaire from Projection Lighting
are also allowed to use the Recommended
certification mark.

The GE lamp has the same 36-degree
beam angle as 20W GU10
halogen lamps, with
12% higher can-
dela, according
to GE’s brochure.
It produces
warm-white light
at 3100K with CRI

lamp has been shown to meet

a variety of stringent criteria set

by the EST relating to properties
including beam angle, candela, \
color rendering, power factor, color l
temperature and physical size and \
shape. The EST has published sepa-
rate criteria for LED lamps and LED
luminaires (see www.ledsmagazine.
com/news/7/5/25).

The EST Recommended scheme’s
objective is to certify the best per-
forming energy-efficient prod-
ucts and make them easily iden- *=

LEDsmagazine.com

W)

tifiable to consumers. All products have
to be verified by third-party test laborato-
ries to gain EST Recommended approval. :
Mike Barrett, Commercial Director, UK i
& Nordic Region at GE Lighting told LEDs :
Magazine that, in order to be considered
for approval, LED products have to submit :
third-party test data after 2000 hours of life
testing (approximately 12 weeks). “The test-
ing therefore would typically take between |
3 and 4 months. The actual submission pro-
cess for the GU10 lamp was completed in a

couple of weeks,” he explained.

Barrett said that all the EST cri-
teria are achievable indi-
vidually, but the :

o

manufacturers
end up optimis-
ing one criterion but

there are lamps on the mar- |

ket with higher lumen values
than ours but these are bigger

in size where achieving higher
output is desirable. However

" these lamps are not suitable

energy savings is much less.”

According to Barrett, the two

differentiating fac-
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challenge is
getting them i
* all to hap-
pen simulta- :
neously. “Other :

Ly
>80, and has a rated \ imi
lifetime of 15,000 hours iteri
(to 70% lumen output). The _. at the expense of oth-
ha ers, H

" he said. “For example, :

for retrofitting consumer appli-
cations -- as consumers want to
be sure the lamps will fit their fit-

), tings, so the prospect for real

»page 23

EC to support LED
lighting demonstrations

The European Commission (EC) is to

support a series of large-scale pilot

installations in order to evaluate the
benefits of solid-state lighting, and
will also produce a Green Paper on

SSL. Speaking at an LED forum at

Light+Building (see p.29), John Magan,

Deputy Head of the EC’s Photonics

unit, said that the pilot actions on

SSL technology deployment and dem-

onstration are expected to be pub-

lished in the Competitiveness and

Innovation Programme (CIP) for 2011.

“The Call for proposals is planned to

open around January 2011 and close

around June 2011, with the first proj-
ects starting by the end of the year,”
he said.

The catalyst for this work is the Digi-
tal Agenda for Europe, which was pub-
lished in May 2010 as one of the flagship
initiatives of the EU2020 strategy (http://
ec.europa.eu/eu2020). Two concrete
actions on lighting were included as part
of the Digital Agenda, said Magan:

« In2011, the Commission will publish a
Green Paper on SSL to explore the bar-
riers and to put forward policy sugges-
tions. It will in parallel support dem-
onstration projects via the CIP.

« By 2012, Member States should
include specifications for total life-
time costs (rather than initial pur-
chase costs) for all public procure-
ment of lighting installations.
Magan says that the EC’s Photonics

unit has been holding meetings and dia-

logue with stakeholders such as CELMA,
the ELC, and Photonics21 (www.photo-
nics21.com), a voluntary association of
industrial enterprises and other stake-
holders in the field of photonics in

Europe. Details of the CIP work program

will be published on the Photonics unit

website at http://cordis.europa.eu/fp7/
ict/photonics/home_en.html. «
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Gateway projects continue LED evaluation UK government selects

The US Department of Energy (DOE) has
made various announcements related to
Gateway demonstration projects, which
evaluate LED lighting in various commer-
cial and residential applications.

In Washington, DC, the DOE has acted in
cooperation with the Department of Labor

Parking-lot LED lighting installation using
VizorLED luminaires by Philips Wide-Lite.

(DOL) to install 19 LED luminaires in the
DOL'’s Frances Perkins Building parking
garage. Preliminary tests show an energy
saving of more than 75% relative to the
prior garage lighting system, due to the LED
lighting and also to motion sensors that can
automatically dim or extinguish the lights
when no cars are present. The DOE also pro-
claimed that the new system offers “greatly
improved illumination quality i.e. more uni-
form light and a heightened ability to dis-
cern colors.” The project utilized VizorLED
luminaires from Philips Wide-Lite (pic-
tured), a Best In Class winner in the 2009
Next Generation Luminaires competition.
Presidential orders have compelled the
federal government to reduce its energy
usage. Roland Risser, Building Technolo-
gies Program Manager at DOE, said, “Federal
agencies must lead by example, and DOE will
continue to guide government-industry col-
laborations to implement high-performance
LED products in appropriate applications.”

T.J.Maxx LED parking-lot lighting

Two recent Gateway reports have focused on
results from a parking lot in a Manchester,
NH shopping plaza, as well as from a street-
lighting demonstration in Palo Alto, CA.
The parking-lot demo at the T.J.Maxx store
in Manchester revealed a 58% energy saving
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attributable to LEDs along with light-out-
put controls triggered by occupancy sensors.
A total of 25 LED luminaires from BetaLED
replaced 22 high-pressure sodium (HPS)
luminaires and 6 metal-halide luminaires.
The estimated payback time is 3 years,
although this might be longer in regions
were electricity is less expensive.

The integrated occupancy sensors are able
to reduce the LED light output when cars are
not present, so that the average light level
is reduced by 47% compared to the previ-
ous installation. The controls and the LEDs
delivered the reduction in average light lev-
els while still meeting IES recommendations
for minimum horizontal illuminance.

Palo Alto street-lighting report

InPalo Alto, three groups of HPS streetlights
were replaced — four with one type of LED
luminaire, three with another type of LED
luminaire, and three with induction lumi-
naires — allowing comparisons between
the three groups as well as to the existing
technology.

In addition, two LED and two induction
luminaires were installed on a commercial
street in the center of Palo Alto to test aremote
street-light monitoring system. These lumi-
naires were equipped with Echelon commu-
nication hardware that can be remotely con-
trolled through a desktop or laptop personal
computer. These luminaires were programmed
to turn on and off on a schedule similar to that
of the street-light luminaires controlled by a
photocell but then were dimmed by 25% of full
power for 5 hours each evening.

Among the key findings were that, of the
three roadway lighting systems (induction,
HPS and LED), LED used the least energy (44%
reduction compared to the baseline HPS) and
provided comparable average illuminance
on the street. Also, LED luminaires produced
more-uniform light output than HPS or induc-
tion luminaires, and had better cutoff on the
curbside, resulting in significantly reduced
light trespass onto residential properties. How-
ever, simple payback for retrofitting a 70-watt
(nominal) HPS with an LED luminaire was
estimated to be around 12 years, improving to
about 10 years in a new construction scenario.

Community feedback showed a marked

six companies for

lighting research

The UK government’s Technology
Strategy Board (TSB) in collaboration
with the Department for Environment,
Food and Rural Affairs (Defra) has taken
the next step in its GBP 1.2 million Ultra-
Efficient Lighting (UEL) competition,
which was announced back in January
(www.ledsmagazine.com/news/7/1/30).
The agencies have now selected six Phase
1 winners: Cambridge Consultants Ltd,
Juice Technology Ltd, Marl International
Ltd, PhotonStar LED Ltd, Tridonic Atco
(UK) Ltd, and Zeta Controls Ltd. Each
will get GBP 40,000 to develop a feasibil-
ity study of their proposed SSL concepts.
The TSB and Defra will review the studies
and select the most promising to receive
additional Phase 2 funding of up to GBP
450,000 to develop and evaluate proto-
types or demonstration units.

The goal of the UEL program is to help
the companies become leaders in energy-
efficient lighting and also to ultimately
contribute to reduced energy consump-
tion in homes.

Cambridge Consultants intends to use
the funds for a feasibility study to design
a low-cost, ultra-efficient lamp that can
be made anywhere in the world, says the
company, adding “By making that design
available to multiple manufacturers, we
can encourage a cost-competitive manu-
facturing environment to supply lamps
in high volumes at the lowest commer-
cial cost to the UK.” «

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

preference for LED lights over induction lights.
However, two common concerns related to
LED lights were excessive glare and the per-
ceived blue/cold color of the LED light output.
These issues will have to be resolved prior to a
mass rollout of LED streetlights for Palo Alto.
The LED luminaires tested in the demon-
stration have a correlated color temperature
(CCT) of 6000K; by comparison, the CCT for
the induction and HPS streetlights were 5000K
and 2100K, respectively. «

MORE: www.ssl.energy.gov/gatewaydemos.html
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DOE announces fu
opportunity for SS

The US Department of Energy (DOE) has
announced an SSL funding opportunity
which constitutes round 2 of the R&D pro-
gram area for US Manufacturing Support
(www.ledsmagazine.com/news/7/6/17).
Recipients of Round 1 funding for US
Manufacturing Support were announced in
January 2010.

Up to $15 million will be available in
total for Round 2, and between two and
eight projects will be funded. DOE is solic-
iting SSL manufacturing R&D projects
that will achieve significant cost reduc-
tions through improvements in manufac-
turing equipment, processes, or monitor-
ing techniques. Projects should address the
technical challenges that must be overcome
before prices fall to a level where SSL will
become competitive with existing lighting

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

on a first-cost basis. By advancing these
activities, DOE believes it can accelerate
progress toward creating a US-led market
for high-efficiency light sources. However,
foreign companies are allowed to apply as

part of a project team.

The DOE has also published the 2010
edition of the SSL Manufacturing R&D
Roadmap, which is intended to guide the
manufacturing R&D program and help
direct funding solicitations. It also pro-
vides guidance for equipment and mate-
rial suppliers, based on industry con-
sensus on the expected evolution of SSL
manufacturing, thereby reducing risk,
improving quality, increasing yields, and
lowering costs. «

MORE: wwWw.ssl.energy.gov

funding programs

>>GE Retrofit LED Lamp from page 21

tors between GE’s lamp and its competitors are
probably beam angle and power factor. The GE
lamp has a wide-flood, 36-degree beam that
replicates a halogen GU10. “Most competitor
lamps have narrower beams, which are OK for
accent lighting but are poor for general house-
hold lighting,” said Barrett.

Also, the GE lamp has a very high power
factor of greater than 90%, while competi-
tive LED GU10 lamps are down in the 50-60%
region or sometimes even lower, said Barrett.
“Power factor is becoming a hot topic in the UK
because alower power factor means that more
of the grid capacity is used for a given energy
consumption. With many power stations
reaching the end of their life, grid capacity is
still a potential problem even if energy usage
drops. So the Energy Saving Trust is increas-
ingly insisting on minimum standards for
power factor in their specifications,” he said. &)
MORE: www.energysavingtrust.org.uk
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Mean Well's 2600 Power Supply models have | een
serving worldwide customers since 1982,

If you are thinking green, Mean Well's LED
power supplies have 9 series with dozens
of models that will provide the best
power solutions for your needs.

al

60~150W

CLG Series

60~96W

CEN Series

* PFC function

* |P65~67

* Potted with thermal-
conducted glue for a
better heat reduction

® Metal case

e Suitable for outdoor and

street lighting

* |P66

e L8750

* Metal case

* Suitable for outdoor and
street lighting
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20—-96W

PLN Series

* PFC function

IP64

UL1310 Class 2, UL879
Plastic case

Suitable for all kinds of
LED lighting

e

R

30~-60W

ELN Series

* |P64
UL1310 Class 2

Plastic case

Dimming function
Suitable for LED indoor
lighting

96~240W NEW

HLG Series

* |P65~67
e UL8750
s Metal case

¥ . suitable for LED lighting

and street lighting
applications

4%
18~60W 30~96W 20~60W 150W
LP Series PLC Series PLP Series ULP Series
e |P67 ¢ PFC function ¢ PFC function s PFC function

e UL1310 Class 2

* Plastic case

* Suitable for LED-based
decorative, architectural
lighting, and LED
electronic displays

e UL1310 Class 2

* Plastic case

* Terminal block type

* Suitable for indoor LED
lighting and moving sign
applications

g
s BTE et .
S —l

8 -

* PCB type

+ Suitable for LED-based
decorative, architectural
lighting, and LED
electronic displays

« U bracket type

= Suitable for LED street
lighting (built-in lighting
fixture)

ledpower@meanwellusa.com

MEAN WELL USA, INC.
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| LIGHT AT NIGHT

LEDs

Debate continues over
the impact of light at
night on human health

dvocacy groups such as the
l s International Dark-sky Association
(IDA) have claimed that blue-spec-
trum wavelengths found in sources such as
LED-based solid-state lighting (SSL) can
disrupt circadian rhythms and potentially
cause other health maladies such as can-
cer. Meanwhile, the Alliance for Solid-State
[lumination and Technologies (ASSIST) has
published a technical paper developed by the
Lighting Research Center (LRC) that exam-
ines the impact of artificial light at night on
humans. The report concludes that realistic
night-lighting scenarios have small-to-no
impact on humans, as measured by melato-
nin suppression (see Sidebar).

Over the course of the past year, the
debate over artificial light at night and its
impact on circadian rhythms and human
health has intensified. Back in October,
IDA published a statement that began, “The
rapidly expanding use of bluish-white out-
door lighting threatens visibility at night
and jeopardizes the nocturnal environ-
ment worldwide.” The not-for profit orga-
nization, which is dedicated to protect-
ing the night-time environment, suggested
that lights with a correlated color temper-
ature (CCT) above 3000K should no longer
be used outdoors (www.ledsmagazine.com/
news/6/10/8).

IDA's stated goals range from safeguard-
ing scientific opportunities such as astron-
omy to protecting human health and sav-
ing energy wasted on excessive lighting.
But the organization has latched on to
health concerns as a hot-button topic that
might have considerable impact on the night
lighting debate (www.ledsmagazine.com/

features/6/8/9).

MAURY WRIGHT is the Senior Technical Editor
of LEDs Magazine.

LEDsmagazine.com

The short-wavelength problem

There are probably more unknown issues than
known ones on the topic at present, but it’s
scientifically accepted that short-wavelength
light has an impact on circadian rhythms. The
ASSIST report notes that both the circadian
and vision systems in humans are sensitive to
short wavelengths in the 400-500-nm range.
Many LED-based lights—especially those with
the highest efficacy—have a major spectral
component at such wavelengths. According to
ASSIST, the circadian system is blind to longer-
wavelength light above 600 nm.

At present no exhaustive research exists on
the real health impact of short-wavelength or
bluish light. Still, the American Medical Asso-
ciation (AMA) adopted a resolution last year
advocating that energy-efficient luminaires
be used for all outdoor lighting. The resolu-
tion specifically mentions wasted energy and
carbon emissions as a goal of such lighting
installations. It also specifically targets bet-
ter roadway safety via the reduction of glare
associated with legacy street lights.

The AMA resolution doesn’t mention
wavelengths and seems more focused on
controlling light pollution in general. But
one of the dozen justifications of the resolu-
tion is related to circadian issues. The docu-
ment states, “Light trespass has been impli-
cated in disruption of the human and animal
circadian rhythm, and strongly suspected
as an etiology [cause] of suppressed mela-
tonin production, depressed immune sys-
tems, and increases in cancer rates such as
breast cancers.”

Measuring the circadian impact

The ASSIST report entitled “The potential of
outdoor lighting for stimulating the human
circadian system” doesn’t attempt to address
the potential health issues, but instead
focuses on whether the circadian system is
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stimulated in test cases (www.ledsmaga-
zine.com/news/7/6/15). The research looked

at the impact of light on the levels of melato-
nin. Darkness causes the pineal gland in the
brain to secrete melatonin into the blood,
while exposure to light can suppress the

Circadian rhythms
and melatonin

The circadian rhythm is essentially

the 24-hour physiological cycle that
controls wake and sleep patterns in
humans and animals. Disruption of
the rhythm has been proven to cause
various sleep disorders and can also
impact alertness when a person is
awake. The circadian rhythm is largely
controlled by the body’s level of the
hormone melatonin, which promotes
sleepiness (among other effects).
Production of melatonin is inhibited by
daylight and permitted by darkness. «

nocturnal melatonin level.

LRC relied on an established model that
accounts for the spectral composition of
light (including short-wavelength content),
the absolute magnitude of the light, the spa-
tial distribution of the light on the cornea,
and the duration of exposure.

LRC studied the potential circadian impact
of four light sources: two commercially-avail-
able, cool-white LED luminaires, a metal-
halide lamp, and a high-pressure sodium
(HPS) lamp. The report presents a reference
case supported by prior controlled-labora-
tory research in which pupils representative
of a 20-year-old human are exposed for one
hour to a light source. The reference case is
the equivalent of a person looking up from
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directly under a street light with illuminance
0f 95 lux (Im/m?) on the cornea.

The research then presents two more-
realistic scenarios. Scenario 1 is the equiva-
lent of a person standing 3m from the light
pole looking down the road. This produces a
maximum illuminance of 27 lux at the cor-
nea. Scenario 2 is the equivalent of a person
standing 10m away from the pole looking
directly at the luminaire, resulting in 18 lux
illuminance at the cornea.

Melatonin suppression is expressed as a
percentage impact on normal nocturnal mel-
atonin levels. In the reference case all of the
sources resulted in some level of suppression,
ranging from 6% for the HPS source to 30% for
the LED source with the highest CCT of 6900K.
In Scenarios 1 and 2, only the 6900K source
caused suppression ranging from 3%-10%.

Interpreting the results
A quick glance at the data suggests that cool-
white LED sources won't impact circadian
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rhythms in typical scenarios. But LRC direc-
tor Mark Rea won't go that far. The report
points out that prior research has revealed
that nocturnal melatonin suppression lev-
els must be greater than 15% to be measured
reliably. That doesn’t mean that a suppression
level below 15% is a guarantee that no prob-
lems exist. Rea stated, “15% reflects the uncer-
tainty of the measurement.”

Of course, the other question is whether a
one-hour test is in any way typical. Since expo-
sure time factors into the study, one might
assume that a person walking briefly at night
is far more typical and therefore far less likely
to have suppression. Asked that question, Rea
said, “I think that’s a rational inference.”

Not everyone agrees that one hour is an
atypical exposure, and in fact Peter Stras-
ser, the IDA Managing Director, suggest even
longer exposures are typical. Talking about
aresidence in an urban area, Strasser said,
“The second-story window is often better lit
than the street.”

Also, it’s easy to find far worse night-
lighting scenarios than street lights, such
as those faced by night-shift workers. And
if there is a real health risk, those scenarios
should perhaps be at the forefront of the dis-
cussion. Rea said, “You can talk about home
lighting as a problem.”

Rea believes that further study needs to
consider the full day. He said, “It’s the full
24-hour cycle that’s important. The circa-
dian system integrates over a full 24 hours.
The impact would be different if your only
exposure to light was from a street light.”

Rea also wants to make sure that people
understand the goals of the LRC research,
saying, “We're not trying to say lighting isn’t
a problem. We're simply trying to provide
analytical tools for people trying to make
rational decisions.”

Rea and Strasser do agree on one thing
- that more research is required. Strasser
stated, “More testing needs to be done before
recommendations can be made.” &)

R&D that brings you SMD LEDs
with Zero degradation

5050 TOP LED

3528 TOP LED

Our team of over 60 engineers is constantly researching and developing
new technologies to offer you LEDs that exceed your expectations. This

endeavor has resulted in SMD LEDs with better heat dissipation — our
products have zero degradation after 3,000 hours of use. So they're more
stable, longer-lasting and better to withstand reflow-soldering methods

than competing models on the market.

To meet a variety of application needs, we have recently expanded our
factory to 110,000ft2, boosting our capacity to 200 million monthly. If you
are in search of a reliable supplier of stable LEDs, we are the one for you.
Contact us today to get your order started.
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High Power LED

4 Shenzhen Refond Optoelectronics Co. Ltd
EFOND

Add: Block 6, 2nd of Baiwangxin Industry Park, Songbai Road,

Nanshan District, Shenzhen 518108, China
Tel: (86-755) 2967 5000, 2150 9523

Fax: (86-755) 2967 5111

E-mail: sales@refond.com

www.refond.com
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Underwriters
Laboratories

Leading LED Safety and Performance

As lighting technology transforms with LED, Underwriters Laboratories is lighting the way forward.
UL wrote the standard for LED Lighting, UL8750, and we are investing in LED performance
testing with Luminaire Testing Laboratory.

With the power of the UL Mark behind your product, you're tapping over 100 years of experience
in global product safety. UL is more than the most widely recognized safety mark for the

North America market as we also provide energy performance evaluations like LM-79 and
ENERGY STAR®, Photobioclogical testing and EMC testing.

UL is dedicated to providing you the highest quality engineering services with unmatched technical
expertise and localized support in every corner of your global marketplace.

Visit www.ul.com/lighting to learn how UL is leading LED safety and performance.

Copyright © 2010 Underwriters Laboratories Inc. ® MCS072010
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Beautiful Light Technology Corporation
Green Technology of Lightings
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() Welcome to visit us

¢ Hong Kong International Lighting Fair (Autumn Edition) :

Hall 5,27-30 October, 2010 at Hong Kong Convention and Exhibition Centre. é/[(®
Headquarter : Address: No. 16-2, Dingshanmen, Neighbor 12, Jinlan Village, Sales: sales@bltc.com.tw

TEL: +886-5-2392881 Jhongpu Township, Chia-yi, Taiwan Technical: service@bltc.com.tw

FAX: +886-5-2392007 Zip code: 60665 www.bltc.com.tw
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conferences | CELMA & ELC FORUM

A recent seminar highlighted the ongoing efforts of the European lighting industry to deliver high-

quality, energy-efficient LED lighting solutions, writes TIM WHITAKER.

ith so many people in Frankfurt
for the Light+Building trade-
show earlier this year, two indus-

try organizations took the opportunity to
hold ajoint LED forum, sharing views repre-
senting the “European Lighting Industry.” At
the European level in Brussels, Belgium (the
location of the European Commission), the
lighting industry is represented by CELMA
for luminaires and components, and by the
ELC for lamps (see Sidebar).

Andreas Ludwig, CELMA President at
the time of the event, explained that the
objectives of the European lighting indus-
try, as represented by CELMA and ELC, are
to increase the market opportunities for
CELMA & ELC members to sell high-qual-
ity LED lighting products and systems, and
to ensure satisfaction of consumers and
end-users. Three key methods to achieve
this are by speeding up and increasing the
adoption of LED products and luminaires;
by driving standards and certification in
favor of high-quality solutions; and by edu-
cating the market.

Ludwig also stated that “the European
Lighting Industry welcomes the arrival of
EU Regulations on EcoDesign (EuP)” which
include the phasing out of energy-inefficient
lighting products (sometimes referred to
rather inaccurately as “Ban the Bulb” legisla-
tion). He noted that the continued improve-
ment in LED technology will enable a major
contribution towards the EU’s “20/20/20”
energy-saving objectives. By 2020, these
objectives call for a 20% reduction in green-
house-gas emissions, a 20% increase in
energy savings and a 20% contribution from
renewable energy sources.

TIM WHITAKER is the Editor of LEDs
Magazine.

LEDsmagazine.com

As Ludwig noted, the market for LED
lighting is growing fast, and there is
an urgent need for minimum product
requirements, including quality aspects.
He stated that the European lighting
industry would warmly welcome the
arrival of new EU-wide Lighting System
Legislation (LSL) to improve the light
quality, as well as the energy efficiency, of
lighting installations. While the EcoDe-
sign Regulations deal with the energy
efficiency of lighting products, LSL will
focus on lighting systems and installa-
tions, explained Ludwig. “LSL will chal-
lenge existing inefficient lighting instal-
lations, and will triple the benefits of
EcoDesign Regulations,” he claimed.

Quality and EcoDesign
Having set the scene, Ludwig was fol-
lowed by two representatives from
the European Commission (EC). Paolo
Bertoldi of the DG Joint Research
Center (JRC) Institute for Energy spoke
about quality, saying that there is “a
need to make sure consumers accept
LED technology and will not feel
cheated by poor light quality, short
lifetime, and other possible problems.”
With extensive experience relating to CFL
quality, JRC is now in the process of devel-
oping a European LED Quality Charter,
which will aim to harmonize criteria and
test methods on an international basis.
Such criteria are necessary, for example,
to allow products to qualify for incentives.
Next, Andras Téth of the Directorate-Gen-
eral for Energy, Unit C3, spoke about the sta-
tus of LED lighting in EcoDesign (EuP) leg-
islation. He explained the key elements to
promote energy-efficient appliances are
EuP, which removes the poorest-performing
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CELMA and ELC

CELMA (www.celma.org) is the Federation
of National Manufacturers Associations
for Luminaires and Electrotechnical
Components for Luminaires in the
European Union. It has 19 member
associations in 13 countries, and
together these associations represent
more than 1000 small- and medium-
sized enterprises which have more than
100,000 employees in the EU, and a total
annual turnover of EUR 15 billion.

ELC (www.elcfed.org) is the European
Lamp Companies Federation and has
8 member companies with more than
50,000 employees in the EU and a EUR
5 billion annual turnover. Members are
Aura Light, BLV Licht-und Vakuumtechnik,
GE Lighting, NARVA Lichtquellen, Osram,
Philips Lighting, Havells Sylvania and
Toshiba.

Both CELMA and ELC, along with
the UK-based Lighting Association, are
Supporting Organizations for the inaugural
Strategies in Light Europe conference
(www.sileurope.com), which takes place
in Frankfurt, Germany on September
27-29, 2010. «

products, and energy labeling, which pro-
motes the best-performing products. These
are complemented by public procurement
and other incentives, which are set mainly
by the EU member states.

The EcoDesign of Energy-Related Prod-
ucts (2009/125/EC) directive is not only
concerned with energy efficiency but also
looks at the “cradle to grave” environmen-
tal impact, explained Téth. With regard
to lighting, EC Regulation 244/2009 cov-
ers non-directional (or “omni-directional”)
household lamps and has set out a timetable
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Claimed equivalent
incandescent lamp power (W)

25 249
40 470
60 806
75 1055
100 1521

LED and other lamps
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Rated lamp luminous flux (Im)

CFL Halogen
229 217
432 410
741 702
970 920
1398 1326

TABLE 1. Lumen equivalency requirements for non-directional lamps (partial list) from

EcoDesign (EuP) regulation no. 244/2009.

to phase-out incandescent lamps, while set-
ting functionality requirements for remain-
inglamps. Less well known is EC Regulation
245/2009, covering “tertiary sector” lighting
products typically used in office and street
lighting, such as linear fluorescent lamps,
high-intensity discharge lamps, and related
ballasts and luminaires.

The 244/2009 regulation sets targets for
energy efficiency that go beyond simply elim-
inating incandescent bulbs. As well as func-
tional requirements, 244/2009 sets require-
ments to display product information on the
packaging of lamps, including LED lamps.
From September 2010, packaging must dis-
play information to allow fair compari-
son between different lamp technologies.
Lumen information should be more promi-
nent than watts (similar rules are also being
introduced in the USA: see page 14), and any
equivalence claims will be subject to defined
conditions. As Table 1 shows, for example, a
non-directional LED lamp that claims to be
equivalent to a 60W incandescent must have
an output of at least 806 Im.

Further EcoDesign legislation is already
at the draft stage, with adoption expected
in the first half of 2011. This will cover the
efficiency, functionality and product infor-
mation requirements for directional lamps
(including LEDs), as well as the functional-
ity requirements for non-directional LED
lamps. It will also include efficiency require-
ments for LED drivers, and if necessary it
will make the scope of EcoDesign legisla-
tion more specific to LED retrofit lamps, LED
modules and LED luminaires.

In the same timeframe, the EC is review-
ing the Energy Labeling of Lamps (Commis-
sion Directive 98/11/EC) to specifically include
LEDs, to enlarge the scope to directional
lamps, and to review label classes. Finally,
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Téth directed attendees to the multi-language
EC website on lighting at www.e-lumen.eu.

Design guidance and standards

CELMA has produced a Guide for OEMs and
Producers of LED-based Luminaires (avail-
able on the organization’s website), which
discusses the specific know-how and com-
petences necessary to build such products.
As described by Steffen Holtz of Schréder
R-Tech, who will also discuss the Guide at
the SIL Europe conference in September, the
first fundamental decision is whether one
has sufficient experience and resources to
develop an LED-based luminaire, or whether
one should find a partner who is an expert
in LEDs, associated components and elec-

Product type Safety standard
. IEC 61347-2-13.
LED drivers Published 20086.
IEC 62031.
LED modules

Published 2008.

IEC 62560. Publication
expected 2010.

IEC 60598-1.
Published 2008.

LED self-ballasted
lamps (>50V)

LED luminaires

light level, color temperature and color ren-
dering; thermal management and temper-
ature considerations; standards; efficacy;
lifetime and reliability; drivers and electri-
cal isolation; and optics.

Alsoin its Guide, CELMA has made a pro-
posal for the presentation of photometric
data for LED luminaires, and this was dis-
cussed by Tommy Govén of Fagerhult. “Pho-
tometric data is essential for good lighting
design with LEDs,” said Govén, “and allows
comparison with other approaches and com-
pliance with lighting requirements.”

The CELMA proposal is necessary because
existing CEN (European Committee for
Standardization) standards for measure-
ments and presentation of photometric
data of lamps and luminaires are not com-
pletely applicable for LED luminaires. Spe-
cifically these are EN 13032 Part 1 “Measure-
ments and file format” and EN 13032 Part 2
“Presentation of indoor and outdoor work-
places.” Revised CEN standards are expected
by 2012 at the earliest, said Govén.

Franco Rusnati of Assil presented an
overview of standards for LED products,
as summarized in Table 2. A draft per-
formance standard for LED modules is
expected soon, and similar standards for

Performance standard

IEC 62384. Published 2006.

IEC/PAS expected in 2010.

IEC/PAS 62612 published 2009. Publication
of IEC 62612 standard expected 2011.

IEC/PAS expected in 2010.

IECTS 62504 “Terms and definitions for LEDs and LED modules in general

Definitions

lighting.” Publication expected 2010.

TABLE 2. Standards published and in preparation, from the Joint CELMA/ELC Guide

on LED-Related Standards.

tronics. The second decision is whether to
integrate a standard LED module, or use a
customized LED solution. This decision, said
Holtz, is based around the company’s core
competency, its resources, and the desired
time to market.

Key factors discussed in the Guide, and
also by Holtz with reference to the example
of an outdoor luminaire, include the desired

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

self-ballasted lamps and for luminaires are
also being developed. Global standards are
issued by IEC (www.iec.ch), explained Rus-
nati, while CENELEC (www.cenelec.eu), the
European Committee for Electrotechnical
Standardization, develops standards at the
European level.

James Hooker of Havells-Sylvania dis-
cussed the challenges of standardizing a

LEDsmagazine.com
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Equivalency guide for accent/display lighting
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Equivalency guide for general / downlighting

Halogen lamps are sold by a candela figure

~ P for a given beam angle, and the luminous flux
(Im) is generally not published. Because LED

is an optically more efficient light source than

halogen, LED retrofits can achieve similar

3.5W LED 3.5W LED peak intensities with far fewer total lumens.

V

50W halogen effect

FIG. 1. For accent and display lighting using directional lamps, the most important
factor is the luminous intensity (cd) in the central spot. However, for general- and
down-lighting applications the total luminous flux is the key feature when trying to

determine equivalence between different lamp types.

breakthrough technology, looking at LED lamps as retrofits for hal-
ogen-reflector lamps. Hooker said that the industry does not want
to standardize LED packages, since this might impede development,
and that the focus should be on end products. “The purpose of stan-
dardizing is to protect the end consumer, who should receive what he
is expecting,” said Hooker, adding that claims of equivalence require
both standards and adequate market surveillance and enforcement.

25W halogen effect
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»Design: Slim and compact

»Field adjustable: focal
length and diffusers
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brightness and high uniformity

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

»Integrated controls: including strobe and Ethernet
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For example, a 3.5W LED lamp can produce
1200 cd in a 20-degree beam with 150 Im. In
comparison, a 50W halogen might produce
1200 cd in a 25-degree beam, but the total
luminous flux is 300 Im. For accent and dis-
play applications, the luminous intensity (cd)
is most important, and in this example the
3.5WLED lamp could be claimed to be equiv-
alent to the 50W halogen. However, when the
same lamps are used for general- and down-
lighting applications, the luminous flux is the most important fac-
tor, and in this case the 3.5W LED lamp is roughly equivalent to a
25W halogen (see Fig. 1).

For these reasons, said Hooker, the ELC has proposed a new mea-
sure of “Luminous flux in a 90-degree cone.” This favors lamps hav-
ing superior optical control and less stray light (i.e. LEDs), but would

“The purpose of standardizing is
to protect the end consumer,
who should receive what he is
expecting” -james HOOKER

also still provide enough lumens to meet expectations in general-
and down-lighting applications. ELC is actively lobbying the Euro-
pean Commission to embody this and other recommendations in the
future EcoDesign Regulation on Directional Lamps.

Calls for action

Closing the forum, Jan Denneman, ELC President (and a Keynote
speaker at SIL Europe in September) said that the European Lighting
Industry is seeking support from the EU and Member States on sev-
eral issues. One is strong EU legislation, introduced rapidly, to ensure
only good-quality LED products can reach EU consumers. These
should have review periods in line with rapid technology evolution.
Also, there is a crucial need for active and effective market surveil-
lance across the EU, since this is the only way that regulations and
standards are meaningful.

Denneman also called for harmonized initiatives (including finan-
cial) to promote good quality LED products & systems, as well as the
inclusion of LED technology in the EU “New Industrial Policy” Frame-
work and the 8th EU Framework Programme for Research. Finally, he
said, there should be increased global cooperation and exchange of
information, to prevent the need for national initiatives which may
simply duplicate work that has already been carried out. &)
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Sharp offers lighting designers and product developers a
forward-looking LED portfolio for energy-saving general
lighting applications — with more freedom in designing
light fixtures because the shape and size of the luminaire
is less restrictive. Whether single spotlight or wide-
area ambient lighting, indoor or outdoor usage, Sharp
LEDs are a shining example of extremely high colour
rendering, utmost efficiency, maximum lifetime and
minimal thermal dissipation — with colour temperatures

Strategiesin Light.

Visit us at the Strategies in Light from 2829 Sept. 2010,
Sheraton Frankfurt Conference Center, Booth No 46

Vis ICITV

1.

l’h

| mm

) | r..\ 1A

ES

from warm to cold white (2,200 — 11,500 K), various colour
LEDs and compliance with the requirements of the
international Energy Star Program. Sharp LEDs come in
compact housings for big innovations in lighting. Have you
seen the light yet?

Our Service Team will be glad to supply you with any
engineering samples and advice you need.
E-mail: info.sme@sharp.eu; Phone: +49 (0)180 507 35 07
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Tighter collaboration is essential for driving
the high-brightness LED industry roadmap

The lack of standards in LED manufacturing makes it difficult for LED makers to change their

process flows, while equipment suppliers are required to supply highly-customized tools, says

THORSTEN MATTHIAS.

he high-brightness LED (HB-LED)
_|_ market is continuing to grow at a

rapid pace thanks to the rising num-
ber of applications that can take advantage
of the low energy consumption and other
benefits of LED devices. Although applica-
tions such as backlighting in computer dis-
plays and televisions, as well as automotive
lighting (headlamps and interior lighting),
are already seeing adoption of HB-LEDs, the
general lighting market represents one of the
greatest—and as of yet mostly untapped—
opportunities for HB-LEDs.

Today, approximately 20 percent of the elec-
tricity produced worldwide is used for general
lighting—equal to the amount produced from
all of the world’s nuclear power plants. Tradi-
tional (incandescent) lighting technology can
now achieve single-digit or low-double-digit
energy efficiency, with most of the remaining
energy going to waste as heat. Replacing all
incandescent lighting with LED systems at
current levels of efficiency could reduce total
energy consumption for general lighting to
about 2 percent—nearly a 10-fold reduction.
The key to driving adoption of HB-LEDs is
two-fold—reducing costs and increasing light
efficiency or light extraction.

These twin drivers are similar to those in
the mainstream IC industry, where manu-
facturers are driven by the need to increase
performance while lowering manufacturing
costs. However, the cost equation is different
for LED manufacturers, who face lower yield
rates and higher risk of fab downtime due to
less mature manufacturing processes than
those of IC makers. Whereas IC makers are
THORSTEN MATTHIAS is the Business
Development Director of EV Group.

LEDsmagazine.com

mostly concerned with increas-
ing yield and equipment utiliza-
tion rates to achieve lower cost of
ownership or lower cost per wafer,
LED makers are more concerned
today with keeping down their
initial capital expenditures.

Another key difference between
the IC and LED industries today
is that LED manufacturing cur-
rently has little standardization. In
a sense, the LED industry is much
like the IC industry was many years
ago. There is no equivalent in the LED
industry of SEMATECH or the Semicon-
ductor Industry Association to develop an
industry roadmap and guide manufacturers
toward a common goal. Nor are there estab-
lished standards in process equipment (e.g.
interfaces or automation) yet.

Lack of standardization
Akeyreason for this lack of standardization
is that there are so many potential applica-
tions for LEDs across many different mar-
kets. To effectively compete, LED makers rely
upon highly proprietary and customizable
manufacturing processes. In addition, LED
manufacturers rarely build new fabs or add
new process lines. Instead, they often add to
existing process lines. This creates signifi-
cant “jury rigging” of process flows, using a
variety of different tools (often for the same
process) and requires continuous incre-
mental improvements to the process flow in
order to realize minor gains in cost reduc-
tion and improved light efficiency.

The lack of a standardized process flow
has major implications for LED manufac-
turers and equipment suppliers alike. LED

manufacturers are lim-

ited in their ability to make major
changes to their process flow to address new
and emerging technical challenges that arise
in their manufacturing processes, since they
lack a baseline or benchmark for making pro-
cess improvements. For equipment suppliers,
tools must be highly customizable in order to
address each customer’s unique needs. This
in turn drives the need for closer collabora-
tions between suppliers and their customers,
in order to maximize the capabilities of OEM
solutions for each customer and address spe-
cific manufacturing challenges.

An example of where this is currently
taking place is the NILCom Consortium,
where companies and research organiza-
tions throughout the nano-imprint lithogra-
phy (NIL) supply chain are working together
to build the infrastructure needed for pho-
tonic crystal production—a key ingredient in
achieving significant improvements in LED
light efficiency. A collaborative effort similar
to NILCom, covering key aspects of the man-
ufacturing supply chain—including process
equipment, materials, metrology, qualifica-
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tion and assimilation—could lead to success-
ful cost reduction and performance improve-
ment for all LED manufacturers.

Common areas of focus

Although LED manufacturing processes are
highly differentiated among device makers,
there are several common areas on which
LED device manufacturers and their equip-
ment suppliers can focus to address cost and
light efficiency—in some cases, leveraging
technologies and experiences gained in the
IC and MEMS industries. These areas are at
the substrate level, at the device level, and at
the packaging level.

At the substrate level, for example, nanoim-
print lithography enables patterning of sap-
phire substrates, which increases light extrac-
tion. Wafer bonding allows the transfer of
epitaxial (epi) layers that are grown from sap-
phire wafers to other substrates with better
thermal properties. Wafer bonding can also be
used to bond a thin seed layer (e.g. GaN) to the

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

substrate template prior to epi-layer growth in
order to facilitate the growth of the LED layers.

At the device level, several improvements
can be made to optimize the light efficiency
of LEDs. The most promising approach to
improve light extraction from the diode is
by employing nano-imprint lithography to
create three-dimensional photonic crystals
within the top layer of the LED.

Packaging accounts for the majority
(approximately 50 percent) of LED manufac-
turing costs. Moving from die-level to wafer-
level packaging is seen as a key step for
reducing costs—especially for larger wafer
sizes. For example, silicon interposers based
on surface and bulk micromachining offer
superior thermal properties, and also enable
integration of the driver IC and optical ele-
ments to minimize form factor. The imple-
mentation of through-silicon vias (TSVs) can
also enable further reductions in form fac-
tor and maximize the density of individual
LEDs in the final device.

Next steps
Looking to the future, more standardiza-
tion within the LED industry will be essen-
tial for enabling device manufacturers and
equipment and materials suppliers alike to
push the envelope of their respective tech-
nology roadmaps and mutually reap max-
imum return from their investments. As
noted earlier, the standardization of pro-
cesses will allow device manufacturers to
more readily make changes in their manu-
facturing line to address existing, emerging
and new technical challenges as they arise.
In addition, standardization will even the
playing field among vendors and allow LED
manufacturers to choose from a variety of
equipment and materials suppliers for their
needs, as opposed to being limited to a sin-
gle supplier due to their highly-configured
production flow. This in turn will help spur
innovation among vendors, which will ulti-
mately create greater value-add and further
drive down costs for LED manufacturers. )
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and LM-80 Requirements

Ranging from 10 to 76 inches

lalisphere.

HALMA

—
LEDs

Complete Thermal, Electrical & Optical
Analysis of High Powered LEDs, Modules,

Automated Data Acquisition and Analysis

TEC Temperature Control and Monitoring

Systems Available with Sphere Diameters

LEARN MORE at www.labsphere.com
+1 603.927.4266

ETO LED

SYSTEM

Labsphere brings the high performance
and accuracy of their light measurement
integrating sphere systems together with
Orb Optronix’s powerful data acquisition
software to provide complete thermal,
electrical and optical characterization
of LEDs and SSL assemblies.
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Our solid state lighting performs on a global scale.

SYLVANIA is a leader in LED lighting solutions in North America, and together with OSRAM, we
delivered nearly a billion dollars in solid state lighting sales worldwide last year. Constantly investing

in innovative technologies and products that span the complete range of solid state lighting, SYLVANIA
shines bright in the new world of lighting. And with SYLVANIA Lighting Services, we’re the only lighting
manufacturer with its own full-service installation and maintenance business. To learn more about our
cutting-edge LED solutions, call 1-800-LIGHTBULB or visit us online at www.sylvania.com/LED.

SEE THE WORLD IN A NEW LIGHT W & A%
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show report | LIGHTFAIR INTERNATIONAL

Were one to have walked into the Lightfair International (LFI) exhibit hall on May 12 with no prior

knowledge about the event, the impression would have clearly been that the show was focused on

LEDs. Indeed the event featured the latest LED technology ranging from LED chips to the latest in

LED-based luminaires.

he expectations for LED-based solid-
—|— state lighting (SSL) are huge. In a
keynote address, US Department of
Energy (DOE) Lighting Program Manager Jim
Brodrick succinctly summarized the oppor-
tunity and the challenge. Brodrick said, “The
potential for solid state lighting simply put is
about $120 billion worth of savings over the
next 20 years... We can reduce the energy that
is used for lighting by one fourth... This is one
of the few technologies that I've seen for 20
years at the department that can actually
turn the consumption curve down.”
Brodrick also set expectations high, say-
ing, “SSL has the most potential of any light
source for high efficacy. The program that
I'm managing is going for 250 Im/W... You
need to think today that we are about where
Thomas Edison was in 1890...You are going

38

JULY/AUGUST 2010

to be making history in the next 10 years in
the world of lighting.”

The exhibition and attendance clearly
indicated a surging market. There were more
than 22,000 registered attendees and almost
1600 booths. Most telling was 72 first-time
exhibitors and it’s a safe bet that most were
LED focused. Moreover LED-related prod-
ucts took three of the four top spots in the
LFIInnovation Awards program (www.leds-
magazine.com/news/7/5/8).

We've already provided a significant
amount of LFI-oriented coverage. Check out
the editorial column “Vegas’ brightest lights
shined at Lightfair” from our June issue that
you can download in digital form (www.
ledsmagazine.com/magazine/toc/1006).
That same issue included a review of LED-
based replacement lamps that were intro-

1524

® rl 5;‘;

duced at the show (www.ledsmagazine.com/
features/7/6/12). And during LFI we offered
up a show daily five consecutive mornings

(www.ledsmagazine.com/features/7/5).

In the following pages, we’ll showcase
other notable products seen in the LFI
exhibit hall.
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Philips Lighting expanded its
Fortimo LED module family at Lightfair
as well as introducing a number of
retrofit lamps. The biggest news in
retrofit lamps was a 60W replacement
lamp that will only dissipate 12W (www.
o ledsmagazine.com/features/7/6/12). The
T La5) lamp is similar in design to the L-Prize
il candidate lamp and will come to market
late this year. The Fortimo products

o o |
vout W""”,D,..A e
ot |2

@ ‘i\\us e
w

s v\(n.U\

e

m«“ uwu

443290 20351 REV. A

S ::',:.':.’.“‘#Gl-g_‘g:m e, atad 70O include models for indoor and outdoor
e @E@:‘ﬁ?@"w ) applications along with drivers. The
7 ( L AN f pictured SLM Module and Driver targets
- AR — spot- and accent-lighting applications as
5 an alternative to halogen and ceramic-
: —_— discharge-metal-halide lamps. Other

models include the DLM with integrated
driver for general illumination and the
LLM 4500 for outdoor applications
including residential and park lighting.

Cree’s Lightfair booth was all
about bright - bright LEDs and bright
luminaires. The company announced
a new member of the LR6 downlight
family — the LR6-DR1000 — that

=y Tl offers 70% more light output
: V E‘"Et “‘!Jﬂgﬁmﬁ than the prior version. The
T ET 12.5W fixture delivers 1000
Traxon and S— Im with an efficacy of 84
€.Cue featured

Im/W. The new downlight uses

Cree’s XLamp XP-G LEDs to deliver better
brightness and efficacy where the original LR6 used
XR-E LEDs. Cree also announced the CR6 downlight
for residential and light-commercial applications. The
Energy-Star-qualified luminaire delivers 575 Im and
is expected to retail for under $60. On the LED side,
Cree announced that the XLamp MX-6 now can handle
higher drive current and deliver 160% more light. At
1A drive current, the new LEDs deliver 300 Im in cool
white and 245 Im in warm white. Cree Director of
Marketing Paul Thieken said, “By qualifying our XLamp
MX-6 LEDs at higher drive currents we are giving
customers additional design flexibility.”

numerous examples of LED-

based lighting for architectural and decorative
applications. For example, Traxon and AGC Glass
are partnering to produce fully-transparent glass
panels that have monochrome or RGB LEDs
embedded within the glass. These Glassiled
panels include base and cover layers of glass
that sandwich the LEDs in a resin layer along
with a fully-transparent conductive layer that
drives the LEDs. Designers will be able to
customize the Glassiled panels and use Traxon’s
control technology to add a dynamic sparkling
element to applications such as retail shop
shelves, facades, and even mirrors.
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show report |

Sharp and Toshiba both announced
entry into the global lighting market after many years
supplying lighting products strictly for the Japanese
market. Both will focus on LED lighting going forward.
Sharp’s first product will be a PAR 38 replacement
lamp. Over the course of a few months the company
expects to announce A-lamp replacements and
solar-powered lighting. In the Sharp LFI exhibit,

a remote-controlled A-lamp replacement

(pictured) received the most attention. The

The EnOcean Alliance had a Lightfair booth product is shipping in Japan and each
dedicated to the ultra-low-power wireless communication lamp comes with a small
scheme championed by the Alliance for green applications remote control that uses
such as controllable LED lighting. Consider the pictured h = ﬂ infrared technology
products from lllumra. The solar-powered light sensor can ‘I’ W/fg’ / that allows consumers
operate indefinitely by harvesting light sporadically - including ' "‘a""f'_;.lf F | A~ to dim or brighten the
either sunlight or light from a luminaire - and storing energy | / 2 s lamp or even change

in a supercapacitor. The sensor can communicate wirelessly | I = color temperature.

using the EnOcean Protocol with the dimmable LED controller 20 y Sharp indicated that the
pictured and can dim or brighten the luminaire output on 4 ; product may come to
sensed light conditions. Members of the Alliance also offer % .;lb_;‘ ' the US in the fall.
self-powered light switches that can use energy generated % ﬁ

when a person pushes a light switch to wirelessly transmit -#

commands to a controller mated to a luminaire.

Lynk Labsl INC. (847) 783- 0123 | www. Iynklabs com
" _‘-__‘&

0.5W LED Wedge TWTESLA TW-12W SnapBrite  0.5W LED Festoon
GWFO5CXK-12 T6565 5300 Series GFO5CXK-12
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Outdoor and area lighting

Outdoor and area lighting is proving to be a ready market
for LEDs because applications such as street-lights
greatly benefit from the long life and low maintenance
costs associated with SSL. LEDs can also reduce energy
costs relative to high-pressure sodium (HPS) and other
legacy lighting types. And LED-based luminaires are
proving adept at controlling the beam pattern and the
illuminated area, cutting down on light pollution.

Everbrite launched the PSL125

LED luminaire for parking structures

quite a different

attern. The

t the optics

bd in a square

small array of

h side of the

elies on a reflector
lIs iDV (in-Direct

am pattern. One of
a luminaire that

arking structure
Manager Jeff

he design allows

r high-power LEDs
le light output

hinaire designs.

When vou
think about

LED driver
solutions:

Think
ON Semiconductor.

ks a spectrum of

BetalLED uses af s a planar array
optic that it calls Nan LEARN MORE ON Somiconductor® i F of Marketing and
beam pattern on its 0 S has an individual
lighting products. Ear e light into the
company announced tresu=oeTTes Target zone.” TNOSE maividual optics caled ACCULED control the beam
that broke the 100 Im/W mark (www. pattern and can even direct light primarily in one direction - for instance
ledsmagazine.com/news/7/1/20). At reducing glare to oncoming drivers traveling in a one-way lane in a parking
Lightfair the company had several new garage. The Lumark Ridgeview luminaire shown along with the LightBar
products including the FP-90 street targets parking-lot and perimeter-security-lighting applications.

and area luminaire pictured. BetaLED
classifies the luminaire as a designer
series product and in fact had the
Ferrara Palladino lighting design house
in Milan, Italy handle the design. Pietro
Palladino, Ferrara Palladino founder
and engineer, said, “I believe fixtures
should not exist just to execute a
function, they should be nice to look at.
We wanted something that was simple
and easy to install and maintain.” The
FP-90 is available with 40 to 90 LEDs.
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show report | LIGHTFAIR INTERNATIONAL

One would be hard pressed to find more variety in a Lightfair
booth than Osram offered up. Demonstrations ran the
gamut from individual LEDs to OLEDs to an LED-
based retrofit lamp that also serves as an MP3 music
speaker system - called MusicLite. Products such as
an iPod can use a small wireless transmitter to stream
music to a speaker integrated along with LEDs in the
MusicLite luminaire. Osram hasn’t formally announce
the pictured MusicLite product, but expect such an
announcement later this year. Meanwhile, LED demonstrations
included the Golden Dragon Oval Plus. The oval lens on the LED
spreads the beam pattern in a near-rectangular fashion simplifying
the design of luminaires with beam-pattern requirements for street
and area-lighting applications.

4

Seoul Semiconductor added to
both its Acriche and Z-Power LED families at
Lightfair. In the AC-powered Acriche line, the

company launched 1W A6 and 4W A7 products
that are smaller than existing Acriche products.
The A7, for instance, measures 8x8 mm
compared to existing 18x12-mm Acriche LEDs.
The cool-white 75-Im A6 and 290-Im A7 target
general lighting fixtures and streetlights. In the
Z-Power series, the new Z5 comes in 3000K or
6300K CCT and offers a CRI of 90. The Z6 is
an RGB model for decorative and architectural
lighting. And the Z7 integrates four individually
addressable LEDs in one package.

Continuing along their chosen path of producing big,
bright LEDs, Luminus Devices announced the SBT-90
PhlatLight LED at Lightfair for entertainment, display,
medical, and automotive applications. The LED is
specifically applicable in applications that don’t have a
secondary optic such as a dome lens. Luminus designed
the package expecting that the LED would emit light
directly. Director of Global Product Marketing Chuck
DeMilo said, “The SBT-90 contains a single 9mm? chip
so the optical brightness can’'t be matched by tiled
arrays of traditional 1W LEDs.” The LED outputs 1800
Im with a 6500K CCT and a CRI of 70. Luminus also
exhibited luminaires from a number of partners. Perhaps
the most notable was the Almeco Vega street light that
uses a single Luminus CSM-360 PhlatLight.
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DUALdrive AC series: for dual-channel white LED lighting applications

DUALdrive AC and the single-channel SOLOdrive AC are world’s most efficient Features & advantages:

fully dimmable mains LED drivers for general white LED lighting applications. » 0-10V, DALI and DALI Colour compatible

The cost-effective DUALdrive AC is DALI, DALI Colour and 0-10V compatible, » Dimensions: 388 x 42 x 30 mm / 15.28 x 1.65 x 1.18 in.
and also lets you dim light output over a momentary light switch. DUALdrive’s * Input voltage range: 100 - 277 VAC

two control channels allow you to set colour temperature in tunable white » Power output: 100W

applications, or balance ambient and task lighting in two control channel lumi- + LED output current setting via LEDcode

naires. lts maximum output power is available over a wide LED voltage and * Highly efficient (90%) over a wide power range

LED current range, making it the perfect companion for dual-channel * Integrated mains LED driver/controller simplifies

white lighting applications. setup and installation

For more information, please visit www.eldoled.com/dualdrive

For North America please contact : eldoLED America Inc. | sales@eldoled.com or +1 408 451 9333 (San Jose, USA)
For other countries please contact : eldoLED Europe bv | sales@eldoled.com or +31 40 2054050 (Eindhoven, The Netherlands)
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DC Power distribution

The concept of DC power distribution for LED lighting was prevalent at Lightfair
with the EMerge Alliance pushing its standard (www.ledsmagazine.com/
press/22355). The California Lighting Technology Center is also championing
the technology. The Alliance claims that LED lighting driven by the DC scheme
can offer an additional 10-15% efficiency gain relative to typical LED lighting
with AC/DC drivers. On the show floor, demonstrations of the technology took
place in the Tyco, Osram, and Lunera Lighting booths. Tyco has developed a
grid interconnect scheme that supports the low-voltage DC standard for use in
commercial interior applications. The interconnect relies on a bus bar to carry

Lu nera Lighting demonstrated a number the DC current. The system offers the flexibility of allowing modification or
of their LED-based planar lights at Lightfair including addition of lighting fixtures without any rewiring. Tyco offers Universal Mate-N-
models that can be driven by EMerge-Alliance- Lock connectors for use with the grid.

compliant power sources. The 4-ft linear suspended
luminaire (pictured) outputs 1700 Im and consumes
30W. Lunera offers multiple color temperature options
ranging as high as 5000K. The suspended luminaires
also come in an 8-ft version. Other Lunera fixture
models can be installed directly in suspended ceilings
and serve as replacements for 2x4-ft fluorescent
troffers in commercial applications.

The EMerge Alliance

demonstrations on the show floor all relied on a

power supply from Nextek Power Systems called
the Power Server Module. The power supply
takes a 208-240V AC input and provides sixteen
e 24V DC output channels. Optionally, the supply

can also operate from DC sources such as solar
RedWOOd SyStemS formally launched its network-based |Ight|ng power or fuel-cell systems. The system also includes a

and control platform at Lightfair. The platform includes both a DC-based power Zigbee wireless network for remote control and
distribution scheme and an engine that controls the luminaires and offers network monitoring. Typical installations will mount the
support for remote monitoring and control (www.ledsmagazine.com/news/7/3/7). Power Server Module in a suspended ceiling to
The Redwood approach is proprietary but does work with LED luminaires from major drive a number of luminaires. The system can
manufactures such as Acuity Brands Lighting, Cree LED Lighting, Intense Lighting, also connect to occupancy and other sensors
Lunera Lighting, GE Lighting, and Philips Lightolier. The engine is accompanied in the to automatically control lighting and maximize
picture by a Calculite wall washer from Lightolier. energy efficiency. &
44  juLv/AUGUST 2010 LEDsmagazine.com
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innovative control system for LED lights

LED runs green earth

info@signcomplex.com www.signcomplex.com Tell:+86 755 2760 8650 Fax:+86 755 2760 8651
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Www.exleds.com

Superb LED Lighting by f=r.; Korea

@Mags
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STAR
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Light Temptation

157/257/35°
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MX50L DFL-V0606N

5w 64W
12v AC90-245V
300Lm 4300Lm

520Lux 1440Lux

cts

3 Color Mode
Q-200

oW

12v

1400Lux

15°/25°/40°/60°

#207-6 Nonhyeon-dong, Kangnam-Gu, Seoul Korea, Tel : 82-2-3443-5308 Fax :82-2-3443-5351
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Well-designed LED drivers are no
longer the weakest link in the chain

When correctly designed, LED drivers deliver strength and value to the entire LED lighting ecosystem,
as ARYE SCHREIBER and JOHN DALY explain.

ED power supplies, or drivers, are
|_ the great enablers — a little-known,

barely-understood yet vital part of the
LED lighting value chain. The drivers are
crucial in determining how much power
will go into the LEDs, whether and how they
can be dimmed, whether additional controls
and sensors can be added and used, and even
how robust the fixture will be and where it
can be located. Most importantly perhaps,
drivers can give value to the entire LED
value chain by being reliable and durable,
or destroy the value of the entire LED eco-
system by failing hard and fast.

The great promise of LED lighting comes
from the three Es: Economics i.e. saving
money; Ergonomics i.e. greater performance,
and Efficiency i.e. reducing the energy foot-
print. In order for LED lighting to deliver
on its promise it needs to deliver in each of
these three areas, and each of these isin turn
facilitated by LED driver technology. Let’s
look at each in turn.

Economics

LED lighting is supposed to be more econom-
ical than competing technologies. These sav-
ings come from several areas. First, there’s the
durability of LED lighting. LEDs are typically
rated for 35,000 or even 50,000 hours or more.
This means that it could be years before a fix-
ture needs to be changed or replaced, repre-
senting savings on maintenance and parts.
How is this relevant to drivers?

Well, historically drivers were considered
the weak link in the LED reliability chain.
That’s because they include electrolytic
capacitors (e-caps) that eventually dry out.
However, there is alot that a driver manufac-

turer can do to ensure that the e-caps last at
least as long as the LEDs themselves. At Light-
ech, for example, we use the highest quality
e-caps, but also design the driver to draw heat
away from the capacitor so that it runs cooler
and therefore lasts longer. Our lab tests show
that many of our drivers would last for more
than 10 years at full-on and we have 7 years of

being dimmed, and they consume propor-
tionately less energy as they are dimmed—
as well as ultimately lasting longer. This is in
contrast to other technologies, notably fluo-
rescent lighting, which is not typically dim-
mable. LEDs can also be switched on and
off interminably, without suffering nega-
tive side-effects. They can also be created in

2009 status: Target

Additional current droop @ 100A/cm?
Flux thermal sensitivity to op. temp.
Phosphor conversion thermal sensitivity
Power supply, LED driver, controls

Fixture and optical losses

0%

100%

FIG. 1. Sources of loss in a phosphor-converted (PC) LED luminaire, showing 2009
status and targets for 2020. Source: DOE SSL R&D Multi-Year Program Plan, March
2010, www.ssl.energy.gov/techroadmaps.htmi.

LED drivers installed in which the e-caps are
still not dried out. Calculating the lifetime of
the e-caps gives us confidence to offer a 5-year
warranty, which means that, in most cases,
it is not the driver but the LEDs that are the
weak link in the chain.

Ergonomics

Another area in which LED lighting delivers
extraordinary value is in its performance,
convenience and comfort, also known as
ergonomics. LEDs are inherently capable of

ARYE SCHREIBER (arye@lightechinc.com) is VP Business Development and JOHN DALY
(johndaly@lightechinc.com) is VP Global Sales with Lightech Electronics (www.lightechinc.com).
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almost any color temperature, and can be
used to great effect for color mixing appli-
cations. Yet in this case too, the great poten-
tial of LEDs can only be capitalized with a
driver suited to the purpose. Drivers need
to be designed in order to enable the LEDs
to deliver these various advantages. Chief
amongst these is dimming, which used to
be aluxury, but is fast becoming standard in
the LED world. Let's look at dimming.

Dimming

How does a driver deliver dimming capa-
bility? Essentially, the driver takes a sig-
nal from the dimmer, and dims the LED
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appropriately. Sounds simple enough, but
there are several different ways to dim LEDs
and none of them is simple. Firstly, the driver
must take a signal from the dimmer. In many
dimming technologies, that involves a sepa-
rate control wire that must connect the dim-
mer and driver. That is how 1-10V dimming
works, for example, and Lightech provides
1-10V dimming drivers for this exact purpose.

However, in a TRIAC dimming system the
dimming signal is sent on the power line. In
that case, there is no third wire to be pulled
from the dimmer to the driver. This has an
enormous advantage for retrofit markets (as
opposed to new construction) since existing
infrastructure can be leveraged to provide a
dimmable LED solution.

Another way the driver adds value is
by being compatible with as many dim-
ming topologies as possible. Another is
in dimming smoothly, without flicker-
ing. Another is that dimming drivers are
trimmed so that several fixtures can be
dimmed - and will dim to the same extent
andlevel, even if they run off different drivers.
Finally, and perhaps most importantly, dim-
mingis a very subjective experience. The rela-
tionship between actual dimming (light out-
put reduction) and perceived dimming (how
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FIG. 3. Lightech drivers, available from 1W to 150W, have a 5-year warranty.

the human eye/mind perceives it) is logarith-
mic. So greater dimming range enhances the
user experience considerably, and a narrow
dimming range barely affects the perceived
performance at all. Dimming to just 20% of
the original light output is perceived as just
over 50% dimming and so forth. Lightech has
patented technologies around dimming driv-
ers that enable dimming well below 1%, and
is continuing to develop drivers with extreme
dimming capabilities.

Efficiency
Energy efficiency has become a key com-
ponent in LED adoption. Of course, this is

FIG. 2. Lightech drivers were used in this installation at the Field Museum in Chicago,
which features LumeLEX LED fixtures from Lighting Services Inc. that incorporate
Xicato LEDs (www.ledsmagazine.com/press/20284).
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in large part driven by economics — energy
is expensive and energy savings make LED
lighting more valuable and therefore easier
to adopt. LED manufacturers go to great
lengths to improve the efficiency of LEDs—
i.e. more lumens/watt—but the “low-hang-
ing fruit” of efficiency are in the driver.

Beware driver manufacturers that wax
lyrical about tradeoffs; we've heard it
claimed that voltage-out (Vout) range is
traded off against efficiency; that voltage-in
(Vin) range is traded off against efficiency,
and more. To be sure, there are tradeoffs,
but good drivers can reach impressive driver
efficiencies without compromising such crit-
ical metrics as Vout and Vin (there will be
some tradeoffs, including good quality com-
ponents that cost money).

Another important metric we often hear
“traded-oft” for better efficiency is in-rush
current. This is particularly important for
large installations, and we hear of custom-
ers being told by driver manufacturers that
alow in-rush current would force down effi-
ciencies. Don't fall for that nonsense. Sure, a
cheap and easy way to reduce in-rush cur-
rent could come at the expense of efficiency,
but it needn’t be that way. Properly designed
drivers will not trade-off efficiency for a low
in-rush current. At Lightech we show effi-
ciencies of just under 90% with a tiny in-rush
current of well under 1A.

Weak link grows stronger

The LED value chain is only as strong as
its weakest link. There is a general percep-
tion in the market that the driver is the
weakest link, but it isn’t necessarily that
way. Lightech’s product development has
proven that drivers can be more reliable

LEDsmagazine.com
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Imagine...

the World’s First SMT Lamp

100,000 travelers
rushing through an airport on a holiday
weekend looking for an easy to read sign
to locate their departure gate.

Avago Technologies
delivers the Worlds First SMT LED High
Brightness Lamp designed for outdoor
full color signs.

By allowing designers to utilize both
sides of a PCB, our surface mount lamps
allow for thinner, lighter signs while
enabling pick and place assembly
resulting in faster cycle times.

If a commitment to technical excellence
and innovative solutions on Signs and
Signal applications is critical to your
design, contact Avago for a free sample.
www.avagoresponsecenter.com/317
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and long-lived that the LEDs. Further, they
can add great value to the entire fixture,
and even to the installation, by providing
outstanding capabilities in everything from
Vout range, in-rush current and ripple to
dimming and efficiency.

As the LED lighting market matures, the
capabilities and value-add moves from the
LEDs to the drivers. LEDs and their com-
monly-projected supply surplus and pric-
ing pressure will increasingly become com-
moditized; drivers in the meantime are
becoming increasingly differentiated by
their reliability, durability, controllability
and performance.

Sure, the light engine provides the
light, but the driver is taking its place in
the driver’s seat. This will increasingly
add value to the LED lighting paradigm,
as the driver is centrally located between
controls and light engines. Drivers are the
crucial intermediary between users’ expec-
tations and their experience. Drivers con-

Efficiency (%)
v

is the invisible enabler, delivering

100
90 .
No dimmer
80
70

60

501 1 1 1 1 1 1 1 1 1

on the promise of the entire LED
value chain.

LED drivers have become reli-
able and robust enough that not
only are they not the weakest link,
but they even deliver value to the
entire LED lighting ecosystem.
Looking forward, optimized solu-
tions incorporating LED drivers

229 21.6 16.5 10.4 6.6
Input power (W)

FIG. 4. Efficiency of Lightech driver with dimmer
attached. Efficiency remains high through the full

range of dimming.

nect the human input into a system with
the human enjoyment of that system. Driv-
ers connect inputs and controls - switches,
dimmers, sensors, and even electricity bills
- and make the LEDs respond in line with
users’ expectations. For the user, the driver

matched with LED modules on
one side and lighting controls on
the other will increasingly become
the staple deliverable to fixture
manufacturers.

By delivering the entire tech-
nology value-chain, in which each

3.0

part complements and enables the other, the
LED driver, module and controls segments
can provide the best technology and value,
enabling the OEMs to focus on the fixture,
and creating the optimal experience for the
ultimate user. &)

Leader of Energy Saving
LED lﬁlting Power Supply Manufacturer

Leading the standard ahead..

= Lifetime: 100,000 hrs = Efficiency: 90% or higher
= MTBF: 300,000 hrs " Power Factor: 0.95 or higher
= Warranty: 5-Year = Op.Temp.:  40°C~70°C
= Qutput: 30-300W = Input: 85 ~ 305 Vac
= Channel: 1-20

= Mode: Constant Current or Constant Voltage
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.

= U.S. HQ (CA)

Tel: (562) 677-1266 Fax:(562) 677-1271
« East Coast Office (MA)

Tel: (603) 382-2622 Fax:(603) 382-2495

MOS§D
USA

Energy Star®/ LM-79 Testing
Photometric Testing

Color Testing

Optical / Reflector / Lens Design

&
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with very competitive price, standardized and light-weight design

é
yiyiye
\‘\\

2L a1 iy .-

i - W

FAWOO Technology Co.,Ltd
739-8,0jeong-dong, Ojeong-gu, Bucheon, Gyeonggi-do, Republic of Korea (ZIP) 421-170
TEL : +82-32-670-3231 | FAX:+82-32-670-3101 | E-mail : fawoo@fawoo.com | URL: www.fawoo.com

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

s FAWOO TECHNOLOGY


http://www.qmags.com/clickthrough.asp?url=www.fawoo.com&id=14815&adid=P52A1
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=14815&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=14815&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=14815&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=14815&adid=logo

LEDs

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

test & measurement | LUMINAIRE TESTING

Accurate third-party testing
improves consumer confidence
in Energy Star program

Improvements in goniophotometer engineering can increase the throughput of solid-state lighting

test laboratories without compromising the accuracy of measurements, writes JENNIFER LEWIN.

he TES-LM-79 standard definitively
_|_ states that lumen output and ther-

mal issues in solid-state lighting
(SSL) are best managed by requiring SSL per-
formance testing to use absolute photome-
try on a Type C goniophotometer. The orga-
nizations that run programs such as Caliper
and Energy Star have therefore charged
their performance-testing laboratories to
use absolute photometry on a Type C gonio-
photometer for luminaire output, efficacy,
intensity distribution and zonal lumen den-
sity measurements.

Due to LED manufacturing processes,
individual LEDs vary in lumen output.
When placed into a luminaire and/or
an array, the sum of the individual LED
lumens (as modified by the luminaire com-
ponents) becomes the cumulative light out-
put of that luminaire. Relative photometry
prorates test results against self-certified
bare-lamp rated lumens. It uses mathemat-
ical calculations to remove the differences
in the output of the bare lamp(s). Absolute
photometry records the actual intensity
levels during the test, such that the manu-
factured differences among LEDs are tested
as they performed on the day of testing, in
the sample fixture.

In most instances, an LED cannot be
removed from the fixture in order to test it as
a bare lamp. Even when this is possible, the
JENNIFER LEWIN is the Director of Marketing
of Lighting Sciences Inc., a lighting technology
laboratory that provides third-party
photometric testing services and supplies
photometric and electrical test equipment.
(www.lightingsciences.com).

LEDsmagazine.com

FIG. 1. LSI goniophotometer in the testing laboratory.

production of LEDs results in a wide range of
lumen outputs among the individual LEDs.
Therefore, absolute testing is required to
determine whether or not the cumulative
light output of the luminaire is qualified for
the Energy Star label.

It is additionally critical that the temper-
ature of the array remains stable through-
out the test so the light output levels do not
shift. If the luminaire is moved or tilted dur-
ing testing, then the temperature and the
accompanying result (i.e. lumen output lev-
els) will vary. With a Type A goniophotome-
ter, typically used for measuring automotive

incandescent lights, the luminaire is repeat-
edly tilted to different angles during testing.
For SSL products, these tilts cause significant
thermal instability that renders the entire test
inaccurate. A Type C goniophotometer holds
the luminaire steady, while (on most of today’s
models) a mirror moves around the luminaire.

For the above reasons, the Illuminating
Engineering Society (IES) determined that
the only accurate form of performance test-
ing for SSL is absolute photometry on a Type
C goniophotometer, so it is worthwhile to
discuss the procedural implications of this
type of performance testing.

53

JULY/AUGUST 2010

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=14815&adid=P53E2
http://www.qmags.com/clickthrough.asp?url=www.lightingsciences.com&id=14815&adid=P53E1
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=14815&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=14815&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=14815&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=14815&adid=logo

LEDs

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

LEDs

test & measurement | LUMINAIRE TESTING

Consumer confidence in Energy Star labels
Absolute testing reports the performance of
the tested package of the luminaire and its
LEDs. If the lamps, i.e. the LEDs, are producing
a lower lumen output than the manufacturer
had expected, absolute photometry will show
this. Relative photometry would hide this effect
in the prorating to rated lamp lumens, but con-
sumers could find that, at the end of the day,
their lighting product does not perform as they
had expected based on its labeling.

Customers need to be confident enough
in the Energy Star for SSL label that they
don’t have to understand each IES file at the
moment of sale. They must be able to rest
assured that an Energy Star-labeled SSL
product will perform at the lumen output
and color levels stated. Above all other considerations, the light-
ing industry must ensure that each luminaire actually performs
as the Energy Star label states it will.

The IES Testing Procedures Committee (which includes Light-
ing Sciences Inc. staff) has time and again chosen accuracy over
expediency. IES-LM-79 very thoroughly states that LED-based prod-

FIG. 2. Detail of the Series 6400T amplifier.

Supertex HV9961:

Highly Accurate LED Driver for
Solid-State Lighting Applications

Proprietary control scheme delivers +/-3% "~
current accuracy for uniform brightness and LED reliability

No loop compensation or high side current sensing required
PWM & linear dimming

Wide input voltage range (8.0-450V)

Integrated output short circuit protection

Vo VAVAV*"V

To learn more about the HV9961, contact your local sales representative, or visit:
http://www.supertex.com/Feature_HV9961.htm|

Supertex inc.

1235 Bordeaux Drive, Sunnyvale, CA 94089 ¢ (408)222-8888 ¢ E-mail: mktg@supertex.com
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ucts must be tested on a Type
C goniophotometer using abso-
lute testing procedures.

Self-certification

in Energy Star

Non-lighting Energy Star pro-
grams commonly use self-cer-
tification practices during the
application process, and cer-
tain areas of Energy Star for
SSL (within IES-LM-80, specif-
ically) also allow self-certifica-
tion. Self-certification means
that the program accepts data
captured at the manufacturer’s
or component supplier’s labora-
tory, whether of foreign or domestic origin.

Testing luminaires just prior to Energy Star application ensures
that every single component in an SSL fixture is effectively measured
by absolute photometry methods, to determine the real performance
of the fixture as a whole. While it is possible that self-certified data
may be acceptably accurate, the inherent variations in cumulative
lumen output created by LED manufacturing itself means that self-
certification is a greater risk for SSL than for non-lighting Energy
Star programs.

Third-party testing

Moving away from self-certification and always toward actual inten-
sity value readings (absolute testing) means certain shifts in proce-
dure for the industry as it approaches Energy Star for SSL qualification.
Rather than attempt to monitor the technical accuracy of every global
manufacturer and all lighting component suppliers, the EPA/DOE uses
US-based third-party goniophotometer laboratories for its Caliper pro-
gram for evaluating SSL performance. The delivery time required for
absolute testing is based on discrete methodologies set by the IES,
which must be followed by the Caliper laboratories for each test.

Testing via a third-party laboratory also increases both the man-
ufacturers’ and the Energy Star program’s credibility with the con-
sumer audience. Many potential product issues can be identified
by independent testing that otherwise could have slipped through
without identification, until the unfortunate consumer discovered
the issue in application.

Third-party testing is necessary to assure consumers that the
Energy Star label means the very highest standards of lighting per-
formance. Lighting manufacturers need the entire Energy Star for
SSL application process to move swiftly, opening up the greater
consumer market the label offers. In a fast-moving industry such as
lighting, it does little good to tout the value of accuracy if that accu-
racy takes too long to record. What amount of time is “too long” is a
matter of debate, meaning that the specific testing methodologies
are the subject of intense technical discussions. The IES published
the procedures to be used for Energy Star for SSL (IES-LM-79) test-
ing despite the on-going nature of the debates.
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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 It offers lighting producers and designers the ultimate design-
LED applications was a challenging task. But finally the freedom, whilst providing all the necessary metal replacement
DSM Knowledge Team has found a solution they can warmly benefits, such as weight saving, higher productivity, easy
recommend. With Stanyl TC the heat dissipation is brilliantly processing and overall system cost savings.

combined with design flexibility and the high productivity of

polymer technology. All this is made possible by the broad knowledge we can draw
Stanyl® TC is rapidly establishing a position as the material on, not to mention our endless curiosity and our care

of choice for the LED Lighting industry. It’s the first thermally for a greener planet. With all the passion we have, we want
conductive plastic which has an optimal balance of to create proven innovations for generations to come. More
mechanical performance and heat dissipation properties. information: www.livingsolutions.dsmep.com

DSM Engineering Plastics Unlimited. DSM
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test & measurement | LUMINAIRE TESTING

Faster testing procedures
Performing IES-LM-79 tests on a typical
Type C goniophotometer requires sample
fixture warm-up and stabilization and, dur-
ing the test itself, manual management of the
amplifier sensitivity. Third-party laboratories
maintain warm-up/stabilization chambers
so the fixtures are pre-warmed prior to plac-
ing on the goniophotometer. Once the long
period of warm-up has completed in an adja-
cent area of the laboratory, the luminaire is
quickly switched to a goniophotometer.
Despite the ability to reduce warm-up
and stabilization times to a minimum, cer-
tain aspects of the test still require discrete
amounts of time. One of these is setting the
amplifier sensitivity level. With the luminaire
stabilized, the mirror runs once to determine
the luminaire’s maximum intensity. The tech-
nician then sets the amplifier level for that
maximum, so the intensity levels do not satu-
rate, and the entire test is run with the ampli-
fier on that setting. This leads to less accu-

rate results at the lower ends of the intensity
range, so if the test requires high accuracy at
the low end, the amplifier needs to be reset
and the fixture tested again. In practice, this
is an unusual workaround; for most tests the
lower-end intensity levels are simply accepted
even if they are less accurate. The choice is
either to accept the less-accurate readings at
the lower levels, or to reset the amplifier sensi-
tivity multiple times during test; neither solu-
tion is ideal.

Automatic amplifier sensitivity

To address this issue, Lighting Sciences Inc.
(LST) developed a new generation of Type C
moving-mirror goniophotometer that effec-
tively reduces the time required for testing.
The LSI Moving Mirror Goniophotometer
Series 6400T is the first on the market to
offer multiple amplifier and electronic chan-
nels. The triple amplifier in the Series 6400T
automatically optimizes amplifier sensitiv-
ity for all different intensity ranges during

a test. Data collection occurs at a rate of
18,000 readings per second, allowing the
mirror to rotate at 4 rotations per minute
(RPM) or faster throughout the entire test.

An entire indoor photometric test now
takes three minutes because all different
intensity scales are read automatically and
simultaneously by the goniophotometer. (Out-
door tests take a few minutes longer.) This has
increased the throughput of LSI's goniopho-
tometry laboratories. Previously, all Caliper
laboratories had been bound to follow similar
working procedures that required a similar
amount of turnaround time for Energy Star
testing. LSI is now using the Series 6400T to
perform IES-LM-79 testing, and now averages
fewer than 8 working days from receipt of fix-
ture to emailing the IES file. The new gonio-
photometer allows delivery of test results to
manufacturers more quickly, while fully sup-
porting the IES, the EPA and the DOE in their
missions to communicate comparable, accu-
rate photometric data. &)
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Quality that your customers can rely on!

RoHS assembly
Custom functional test
Automated Optical Inspection
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(i:il Shenzhen Bang-Bell Electronics Co., Ltd.

0402
BGA and X-Ray Analysis
Microchip authorized design

Genie Electronics

Company, Inc.

Quick turn prototypes

1087 Valley View Road, York, PA 17406

www.genieelectronics.com
717.840.6999 717.757.0194 (fax)

e China's First Manufacturer who researches, develops, manufactures
and sells LED Street Lights.

* Founder of Modularization LED Street Lights, laid the standard of LED
Street Lights.

* Rectangular Beam Pattern's Inventor and Patent Owner.

* China's Largest Exporter of LED Street Lights, exported more than
20,000 LED Street Lights in 2009.

® Exported to more than 130 Countries, the most countries installed in
the overseas market.

= s Contact: Jason Yang (Marketing Director)
-/na ‘s E-mail: jasonyang@bbeled.com
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Total Light Measurement

We've got all the angles covered in photometric & goniophotometric
test equipment for luminaires, solid state lighting, lamps & LEDs

CSLMS Integrating Sphere CL200A Portable llluminance NFMS Near-Field Goniophotometers

Spectroradiometers Colorimeter Forget the large dark room! Near-field
Sphere sizes from 15¢m to 3m for Accurate lux, CCT & dominant measurements mean standard

the rapid measurement of total wavelength measurement - photometric data is made much more

spectral flux, lumens, CCT & Ra even with LEDs! accessible & affordable

If you're developing the next-generation of ultra-efficient lighting, you know how important fast, accurate and affordable test equipment is when it comes to being able to
bring products to market more quickly. Find out how Pro-Lite can help you save time and money with our high speed integrating spheres for total flux
measurements, our portable illuminance meters that give accurate lux and CCT results even with LEDs and with our near-field goniophotometers that make it
practical to perform in-house photometric testing of luminaires for the generation of standard photometric data in IES & EULUMDAT formats.

Pro-Lite Technology, Cranfield, Bedfordshire, UK

@,
mo-l’ ' E Tel: +44 (0) 1234 346110
info@pro-lite.co.uk
www. pro-lite.co.uk
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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 - Glb y * .

and webinars, please visit our website. i » . }g
A

- Intertelc

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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| COLOR QUALITY

Search continues for
replacement for Color
Rendering Index

olor-rendering index (CRI) is widely

used as a standard for assessing the

color quality of white-light sources.
However, due to various shortcomings with
this 40-year-old metric, particularly with
regard to white LEDs, various alternatives
are being discussed and promoted.

The US-based National Institute of Stan-
dards and Technology (NIST) has developed
the Color Quality Scale (CQS), as described
in a paper by Yoshi Ohno and Wendy Davis
of NIST which was published on the DOE’s
website (www.ssl.energy.gov/articles.html)
in June 2010. The authors say that the pur-
pose of the article is “to solicit comments
from the SSL industry on the CQS,” and such
comments can be emailed to ohno@nist.gov.

The CQS is being discussed as one of the
proposals in the Technical Committee (TC)
1-69 of the Commission on Illumination
(CIE), which is evaluating new metrics for
the color rendering of white-light sources.
“Since the SSL industry is not well repre-
sented in the TC, we hope to convey the opin-
ions of the SSL industry to the committee
members,” the paper says.

The authors note that a spreadsheet that
calculates CQS has been distributed to many
users in the SSL industry, and that CQS con-
tinues to gain support in the USA. But the
authors believe that CQS is not gaining good
support in TC 1-69, and that the TC is lean-
ing toward a different metric which is “a
pure fidelity metric very similar to CRL”

The NIST authors say that the lighting
industry has long known of various short-
comings in the use of CRIL (The terms “CRI”
and “CRI score” are used here and in NIST’s
paper to refer to the Ra score). “The CRI score
does not correlate well with visual evaluation
in many cases,” say Ohno and Davis, “while

TIM WHITAKER is the Editor of LEDs Magazine.

LEDsmagazine.com

CQS should work well for both traditional
lighting technologies and SSL sources.”

CRI assesses the color fidelity (i.e. the
accuracy or faithfulness with which colors
can be rendered under the light source) by
calculating the color differences of a set of
pre-defined test samples under illumina-
tion by the source under test and by a refer-
ence illuminant. It has long been known that

.. ..
..."
Y ...
...
®s

VIEW

and includes a new metric that augments
CRIin such applications.

The new “recommends” volume includes
two issues entitled “Guide to light and color
in retail merchandising” and “Recommen-
dations for specifying color properties of
light sources for retail merchandising.” The
first provides a background on CCT and CRI
including the advantages and drawbacks of

“TC 1-69 of the CIE is evaluating new metrics
for color rendering of white-light sources.”

color fidelity cannot serve as a sole indicator
of color quality of white light, and CQS seeks
to address this and other important aspects.
One problem with CRI is that it can give
fairly high scores to sources that render
some saturated object colors very poorly.
An example is given in the NIST paper of an
RGB-LED source which has a high CRI (Ra)
of 80 but renders some colors, especially skin
tones, very poorly due to a negative R9 value.
CQS also uses reference color samples,
which comprise a total of 15 saturated col-
ors. The CQS score (Qa) is notably reduced
if one or two colors appear very poorly even
when all other colors are rendered well (as
in the case of the RGB-LED source above).

ASSIST promotes GAI metric

Shortly after the NIST paper was published,
the Alliance for Solid-State Illumination
Systems and Technologies (ASSIST) pub-
lished the latest in their “recommends” series
(www.lIrc.rpi.edu/programs/solidstate/
assist/recommends.asp), based on research
conducted by the Lighting Research Center
(LRC). Volume 8 in the series focuses on
light-source color for retail merchandising,

each and how they can be augmented for
retail applications. The second recommends
a new two-metric approach for specifying
light sources.

To achieve good color rendering, ASSIST
recommends using CRI along with a new
metric called GAI (gamut area index). GAI
targets the relative separation of the col-
ors in an illuminated object. A higher GAI
equates to greater saturation or vividness of
object colors.

Mark Rea, director of the LRC, said,
“Broadly speaking, CRI is a measure of how
‘natural’ an object appears, and GAI is a
measure of how ‘vivid’ the colors appear.
LRC experiments show that light sources
which balance both CRI and GAI are gener-
ally preferred over ones that have only high
CRI or only high GAL”

The ASSIST publications include a step-
by-step methodology to the two-metric
approach, with the goal of achieving consis-
tent lighting results. Rea said, “The rationale
and new methods provided in this ASSIST
volume should lead to alight-source specifi-
cation that most closely represents a design-
er’s intentions.” &)
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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.
The 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 Y 22908 NE Alder Crest Dr., Suite 100, Redmond, WA 98053, USA € g
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Adapti

LED

he efficiency gain, says Maur

s municipalities and commercial enter-
A prises look to LED-based solid-state light-

ing (SSL) as a way to make major reduc-
tions in energy usage, the LED evaluation should
include adaptive controls in the equation. Two
recent research reports highly recommend that
controls are part of commercial lighting upgrades,
and an industry street-lighting expert has made
the same claim. Controls that dim—or even extin-
guish—lights based on ambient light conditions
and activity can slash electricity usage.

Reports from both Cleantech Approach (CTA)
and Lux Research address SSL in commercial
applications. The CTA report states that light-
ing comprises as much as 38% of the electric-
ity expense in a commercial building, and that’s
clearly a target for reduction.

With the title of “Lighting Controls: Savings,
Solutions, Payback, and Vendor Profiles,” CTA’s
report puts a target on SSL savings in the 35-55%
range (www.ledsmagazine.com/news/7/5/12). CTA

goes so far as to recommend that companies first
adopt a lighting control system when trying to cut
energy usage, because control systems carry little
of the technology risk associated with new lighting
technologies such as SSL. Moreover, CTA expects
a control system installed today to be compatible
with new SSL technology in the future.

The CTA report calculates savings and the invest-
ment payback periods based on a range of costs for
a lighting upgrade combined with their estimates
for the energy-saving potential. In the worst-case
scenario, a project would cost $2.50 per square foot
and only save 35% in energy expenses, resultingin a
10.7-year payback. In the best-case scenario, a proj-
ect would cost $1.00 per square foot and save 55%
in energy expenses, resulting in a 2.7-year payback.

Aiming for 60% electricity reduction

Lux Research has also identified lighting as a target
for energy savings, although the company’s report
MAURY WRIGHT is the Senior Technical

Editor of LEDs Magazine.

LEDsmagazine.com

right.

“The Future is so bright: Energy, carbon, and cost
savings through better lighting™ puts lighting at
only 20% of electricity use in a commercial building
(www.ledsmagazine.com/news/7/7/6). Still, Lux esti-
mates that by 2020 automated control technologies
combined with SSL and higher-efficiency fluorescent
lamps can reduce lighting electricity usage by 60%.

“With the potential cost savings afforded by
new technologies like LEDs, advanced building
illumination is on track for rapid and sizeable
adoption, which spells opportunities across mar-
kets,” said Michael LoCascio, a Senior Analyst for
Lux Research. “If you want to improve a build-
ing’s energy efficiency, lighting is the first thing
you should look at because it’s comparatively easy
and inexpensive to update.”

Lighting efficiency is especially important given

the ramp in commercial building space, which Lux
estimates is being added in the developed world at
arate of 11.3 billion square feet per year. The com-
pany believes that the annual cost of electricity for
lighting is $174 billion globally, but that this can
drop to $119 billion by 2020 even with the ramp in
building space.

Lux projects that LEDs will “explode onto the
scene in 2014,” and that SSL will begin to supplant
T8 fluorescent lamp in 2014 despite the fact that
today’s LED-based T8s generally do not perform
well (see www.ledsmagazine.com/features/7/6/6).
The company says that by 2020, LEDs will provide
60% of the light in commercial buildings and 42%
of the light in the residential market.

Lux does warn that the early deployments of

more-efficient lighting may ironically slow adop-
tion later on. This is because electrical rates could
stagnate or drop as lighting efficiency improves
over the next decade. In turn, that would lengthen
the payback period associated with efficient light-
ing deployment and actually slow the momentum.

Controls add street-light savings

In the outdoor lighting area, the concept of adap-
tive controls and dimming in street lights has long
been part of the energy-saving discussion. It moved
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ontrols add to LED efficiency

more efficient lighting in many differen®applications, and adaptive control

LED street-lighting from
ewo has been installed
in Calcinate, Italy

(see www.ledsmagazine.
com/features/7/7/8).
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to the forefront recently when Ed Smalley,
director of the DOE Municipal Solid-State
Street Lighting Consortium, addressed the
topic in an interview with LEDs Magazine.

Smalley pointed out that municipalities
will be able to save even more energy by never
operating the lights at maximum output early
in their service life. He stated that, for new LED
street light designs and deployments, “you are
designing for a time in the future.” The point
is that LED street lights must be designed so
that the light output after 50,000 hours’ usage
(perhaps 11 to 12 years in the future) is still
acceptable. The design must account for the
projected decline in light output that all LED
lighting products exhibit over time.

Smalley suggests that at install time,
“You are putting out 30% more light than is
required.” So a street light with a controller
could cut back the drive current by 30% in
the period just after installation, both sav-
ing energy and potentially lengthening the
service life of the LEDs and the drive elec-
tronics. Smalley stated, “We can save at least
another 20% in energy.”

In the past, most of the discussion of con-
trols and energy reduction has primarily
focused on dimming street lights late at night
when there is little automotive or pedestrian
traffic. LEDs offer a significant advantage in
dimming capability compared to alternatives
such as high-pressure sodium (HPS) or metal-

halide lamps.

The concept of operating LED street lights
at a reduced power level, and raising that
level over time as light output declines, does
introduce logistical problems. A networked
installation of lights would allow for remote
control of drive current and light output, but
at significant added cost. Of course, munici-
palities could manually check the light out-
put sporadically and adjust the lights, but
that goes against the selling point of little-
to-no maintenance of LED luminaires.

Asked whether municipalities might use
networks or manual adjustment techniques,
Smalley replied “All of the above.” Smalley
pointed out that the city of Los Angeles is
in a multiyear street light upgrade program
and is using the Roam remote monitoring
system to monitor and control the lights.

Smalley also pointed out that Virginia Tech

Lighting manufacturer Schréder

has incorporated HSMtec printed-

board technology from Hausermann
GmbH in the development of

new street-lighting fixtures

(see www.ledsmagazine.com/features/7/7/6).

has developed a mobile unit that uses a cam-
era to accurately measure light output with-
out stopping traffic. Presumably, a municipal-
ity could survey street light performance on
an annual or periodic basis and only make
manual adjustments when required.

Both Smalley and DOE Lighting Program
Manager Jim Brodrick have noted that zero
maintenance is not a realistic expectation.
In his keynote presentation at the Lightfair
tradeshow, Brodrick noted that dirty lenses
could be just as problematic in an outdoor
lighting application as LEDs with depre-
ciated light output. So municipalities may
have to perform periodic preventative main-
tenance in any event. &)
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assembly | INTERCONNECTS

SMT assembly process requirements dictate
choice of interconnects for LED-based PCBs

Assembling LED-based PCBs for solid-state lighting applications requires careful choice of

interconnect technology so that the products are compatible with automated SMT processes,

explains LUKAS MUTH.

he increasing luminance of HB-LEDs
_|_ is opening up more and more areas

for solid-state lighting (SSL). But
HB-LEDs generate a lot of heat, requiring a
robust cooling scheme, and for this reason
HB-LEDs are often mounted on metal-core
printed circuit boards (PCBs) to improve
cooling. The metal core provides efficient
cooling, but is not compatible with conven-
tional through-hole connectors that ensure
fast and easy wiring of the LED boards.
Design teams need an interconnect scheme
that is compatible with automated surface-
mount technology (SMT) PCB manufactur-
ing and assembly processes.

Miniature push-in PCB terminal blocks
can solve the interconnect problem. Design
teams need to choose products that are
capable of quick wiring, and that meet the
mechanical and thermal requirements of
SMT assembly lines. This article investi-
gates the requirements placed on SMT-capa-
ble PCB terminal blocks.

SMT processes
In SMT processes, components are automat-
ically fed to the pick-and-place equipment
for automatic mounting on the PCB. After
all the components have been mounted, the
PCB module is soldered in the reflow oven
and is then subsequently inspected. These
processes require all components to be capa-
ble of certain requirements (such as with-
standing high temperatures).

The industry has generally adopted the
tape-on-reel component-packaging scheme
and conveyor system for the automatic feed

of components to the pick-and-place equip-
ment. The tapes, with standard widths of 24,
32,44, 56, and 72 mm, are supplied wound on
reels. They are then inserted into the feeder
unit of the pick-and-place machines. Feeder
table space is generally quite restricted, and
widths of between 24 and 56 mm
are the preferred choice. As a con-
sequence, the tape width essen-
tially defines the maximum length
of the PCB terminals. This means
that the components should be
packaged in the narrowest possi-
ble standard tape width. Together
with the other components of the
LED PCB, they are then used in a
standard feeder. Narrow widths
ensure that commonly-used plac-
ing routines, such as “chaotic”
placing, can still be used without
any restrictions.

Placing and soldering
Depending on the particular pick-
and-place machine, a free-placing
height of approximately 25 mm is
typically available. Generally, the
free-placing height is even smaller
for pick-and-place machines
equipped with turret heads. The
PCB terminal block height should then be
aslow as possible so that it can be used in as
many pick-and-place machines as possible.
This eliminates the need to program specific
sequences, which is a complex procedure.
In order for the picking head of the pick-
and-place machine to “pick” the PCB ter-

LUKAS MUTH is with the Combicon Product Marketing department of Phoenix Contact GmbH &
Co.KG (www.phoenixcontact.com), based in Blomberg, Germany.

LEDsmagazine.com

minal from the tape, it must also have a
smooth and adequately large suction sur-
face. This means that the component can
then be picked off the tape using a standard
vacuum pipette; costly grippers or special
pipettes are not required.

FIG. 1. The small dimensions of the PTSM Mini push-in
terminals permit straightforward placing and processing.

The ability to briefly tolerate high temper-
atures is the first and foremost property that
is specified for plastics used in SMT produc-
tion processes. Depending on the particular
requirement, polyamide (PA 4.6) or liquid-
crystal polymer (LCP) are used. The require-
ment for high temperature stability has sig-
nificantly increased with the changeover to
lead-free processes. For many components,
the upper temperature limit lies between
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255°C and 260°C.

The process capability of a component
manufactured from a specific high-temper-
ature material must be qualified accord-
ing to the IPC/JEDECJ-STD-020D standard.
This standard focuses on the basic absorp-
tion of moisture in plastics, which can lead
to destruction in the form of blistering,
delamination, or deformation of the compo-
nent itself when subjected to the high tem-
peratures of the soldering process.

The standard defines threshold values for
the moisture sensitive level (MSL) that deter-
mines the type of packaging as well as the
processing relative to common SMT pro-
cesses. A component whose plastic absorbs
a lot of moisture (MSL 6) must therefore be
dried and placed in an airtight package.
After the packaging has been opened in the
SMT production environment, the sensitive
components must be processed within a cer-
tain time period. Maintaining the so-called
“open time” ties up resources and requires
time-consuming checking in the SMT envi-
ronment. It is simpler to process compo-
nents that have an unlimited “open time”
(MSL 1), because then it is not necessary to
observe when the packaging was opened.

SMT PCB terminals
Like all surface-mountable components,

Process requirements
Process: Feed and placing

Short width to use the standard tape
packaging

Short height due to less free placing height;
suction is suitable for a standard pipette
Process: Soldering in reflow ovens
High-temperature plastic with an unlimited
open time

Good solderability on the PCB surface

Process: Operation/function of the terminal

Mechanical forces are transmitted to the
PCB surface

User-friendly connection system
(simple to use, conductor can be released)

Reliable conductor clamping

Power can be transferred

JULY/AUGUST 2010
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the solder contact surfaces
of PCB terminals used
in SMT processes must
also comply with certain
requirements. In this case,
good solderability on the
surface of the PCB is espe-
cially important. Most
specifications stipulate a
solder surface coplanarity
of between 100 and 200 pm.
This applies to the solder
surfaces of anchor metals
as well as to the contact
solder pins, since the com-
ponent is connected to the
PCB through both of these
surfaces. PCB terminals
transmit electrical power
or signals and, when the
conductor is being connected (terminated),

are subject to a mechanical load. When

designing a PCB terminal block, it must be

ensured that the block can withstand all of

the mechanical forces while continuing to
provide adequate electrical-connection reli-
ability at the solder contact area.

Additional requirements arise from how

the terminal is actually handled and used.
Several options are available for imple-
menting spring-cage connection systems.

Features of mini PCB terminal

The maximum component width for 8 terminal
points lies below 25 mm, which means that a
standard tape width is used

The height is only 5 mm the suction point is at
the center of gravity of the terminal

An LCP material with an unlimited “open time”
(MSL 1) is used

The solder surfaces are coplanar (100 um) with
respect to one another

Strong connection between the anchor at the
housing and the PCB

Direct plug technology for quick operation; can
be released using a screwdriver

Conductors from 26 to 20 AWG rigid/flexible
are clamped

Approved for 5 Amps up to 150 volts UL

FIG. 2. The PTSM Mini push in terminal is
suitable for use in LED lighting modules
as a result of its compact size.

One connection method is the push-in
spring technology. This type of contact is
extremely compact and allows conduc-
tors to be quickly connected as the pre-
prepared wire is directly inserted. The
terminal point has to be actuated with a
screwdriver only when connecting finely-
stranded conductors without ferrules, as
well as when releasing the conductor. Tak-
ing into account all of the requirements
from a processing-related perspective
(Table), the ideal PCB terminal block has
the same features as established SMT com-
ponents such as SMT LEDs.

This means that hardware development
engineers now have the option of produc-
ing connection systems and modules in just
one SMT process at a favorable cost. Also,
when it comes to subsequently connect-
ing the conductors, users will not be able
to identify any differences to a through-
hole technology (THT) PCB terminal. These
push-in PCB terminals (Fig. 1) can save
users a lot of time when connecting multi-
ple wires, making the terminal especially
suitable for PCBs used in LED lighting tech-
nology (Fig. 2). In spite of the low height of
just 5 mm, the rugged spring-cage connec-
tion allows conductors of up to 20 AWG to
be inserted and removed conveniently. &)
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design forum | DIMMABLE RETROFIT LAMPS

LED
DESIGN
FORUM

Designers of LED-based solid-state lighting (SSL) retrofit lamps face thermal and power challenges

as well as the need to work with legacy dimmers, but new driver topologies enable reliable designs

says PIERO BIANCO of Maxim.

|_|

scious, green world. The lamps consume a

alogen and incandescent lamps,
although popular, present some
key concerns in today’s power con-

lot of power and typically burn out after a
few thousand hours of use. The latest high-
brightness LEDs (HB-LEDs) offer a great
alternative - they use a lot less power and
can last about ten times as long. However,
designing LED-based solid-state lighting
(SSL) replacements for popular halogen
and incandescent lamps such as the MR16,
PAR20, A19, and others presents several
design challenges. The retrofit lamps must
work with legacy triac dimmers and the
driver electronics must fit in a tight space.
But new driver designs with active PFC
stages are enabling reliable and dimmable
SSL retrofit lamps.

The primary challenges of designing an
LED retrofit lamp include:

« The retrofit lamps must fit in the same
socket as the lamp theyreplace, and that
means they should have the same form
factor;

« They have to manage the high amount of
power generated by the LEDs, by having
proper heat sinking, but also by working
at high temperature while keeping high
reliability and long lifetime;

« They must be electrically compatible
with the existing lighting infrastruc-
ture (wiring, dimmers, etc.).

Previous-generation LED drivers could

implement retrofit LED lamps that meet the

first challenge, but
most of the drivers 120

Lamp lifetime (thousands of hours)
v

don’t have the cir-

cuitry to meet the 100
third challenge when

a cut-angle (triac or 80
trailing edge) dim-
mer is present, and
can have problems
delivering long life-
time at high oper- 20
ating temperature,

60

40

No electrolytics

With electrolytics

due to the lifetime 50 50
limitations of elec-
trolytic capacitors.
However, the latest—
generation drivers,
such as the solutions
offered by Maxim,
incorporate addi-
tional circuitry to
handle dimming functions and provide work-
alike functionality to halogen and incandes-
cent lamps, while delivering what is probably
the most important advantage of LED tech-
nology today, which is the very long lifetime
ofthe lamps and, as a consequence, low lamp
replacement costs.

Fitting in the existing form factor

The existing form factor imposes both a
physical limitation (i.e., the driver board has
to be small enough) and a thermal limita-
tion on a retrofit lamp. Both limitations are
particularly challenging for MR16 and GU10

PIERO BIANCO joined Maxim Integrated Products in 2008 as Business Manager for High
Brightness LED Driver products. Previously, he held positions of senior IC design engineer and
field applications engineer at STMicroelectronics from 2005 to 2008, and before that he was an IC
design engineer at Agilent Technologies and iTerra Communications LLC.
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FIG. 1. As the internal temperature of the lamp increases, its
operating lifetime decreases. Lamps that employ electrolytic
capacitors in their driver boards (red line) have shorter lifetimes
than lamps that don’t have electrolytics (blue line).

form factors, but they pose a challenge for
the design of any replacement lamp includ-
ing PAR, R, and A19 form factors.

While size is important for a retrofit, ther-
mal limitation is often more critical. LEDs
emit only visible light; they do not irradiate
energy at infrared wavelengths like other
technologies. Thus, while LEDs are more
energy efficient than incandescent or halo-
gen lamps, they dissipate much more heat
through thermal conduction in the lamp.

Thermal dissipation is also the main lim-
iting factor for the amount of light that a
lamp can produce. Today’s LED technol-
ogy in retrofit lamps can just barely achieve
a level of brightness that is acceptable for
the mainstream market. Pushing the limits
of brightness and thermal management is
essential for designing a commercially suc-
cessful product.
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A corollary issue to the
thermal dissipation is the
lifetime of the driver board.
To emit more light, the lamp
must work at a fairly high
temperature -- often 80°C
to 100°C. At this tempera-
ture, the lifetime of the driver
board can limit the lifetime
of the whole lamp. Electro-
lytic capacitors are, in par-
ticular, the biggest challenge.
Since they dry quickly at those

temperatures, the lifetime of

those capacitorsislimited to  FG. 2. Typical output voltage (vertical axis) against time

little more than 10,000 hours,
and this becomes the limit-
ing factor for the lifetime of the whole lamp.

The graph in Figure 1 shows an example of
LED lamp lifetime degradation (B50/L70 life-
time, i.e. when 50% of the LEDs have lost at
least 30% of their brightness) as a function of
the lamp’s internal operating temperature. As
you can see, at about 80°C the lifetime short-
ens for lamps that use electrolytic capacitors
vs lamps that don't use the electrolytics. At
100°C, the lifetime with electrolytic capaci-
tors is much shorter.

Long lifetime is a major selling point for
LED lamps, and probably the main reason
why businesses are switching to LED light-
ing today—long lifetime means much lower

(horizontal) for a triac dimmer.

lamp replacement costs, which can more than
offset the considerably higher sticker price
of LED lamps. For this reason, lamp mak-
ers need to provide more than 10,000 hours
lifetime if they want to make a successful
product.

Matching the electrical infrastructure
Retrofit LED lamps must work correctly in
infrastructures that can include cut-angle
(triac or trailing-edge) dimmers and elec-
tronic transformers.

Triac dimmers reduce the amount of light
produced by alamp connected as their load
by keeping the lamp off for the initial part of

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

each AC supply voltage cycle. The dimmer is
off for an amount of time which is adjust-
able, and then turns on, and latches on for
the rest of the half cycle. The effect is that
the voltage applied to the lamp looks like the
waveform in Figure 2.

Triac dimmers are designed to work with
incandescent and halogen lamps, which are
purely resistive loads. In fact, they have some
requirements for their load current, which
are fulfilled by a resistive load.

During the off part of the voltage half
cycle, the dimmer cannot have an open cir-
cuit as their load, but instead needs a resis-
tive load. Dimmers in general have a RC net-
work that times the off time, and the load
(the lamp) is the only return path for the cur-
rent flowing through this RC network.

After the end of the off portion of the cycle,
dimmers latch on. In order to remain latched
on during the remaining part of the voltage
half cycle they need to have at least a cer-
tain amount of load current. If the current
falls below this amount, dimmers unlatch
and turn off inappropriately, and as a con-
sequence the light of the lamp flickers. High
transient spikes in the load current can also
be a problem, because they can cause the load
current to fall below this minimum level.

LED lamps that are not designed to be
dimmable do not work well with triac
dimmers. The internal driver circuits

e
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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
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Contact the factory today for a quote!
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LED technology in focus!

For more than a decade, IntertechPira's LEDs conference has been the leading forum for
industry veterans and those new to this burgeoning industry. What distinguishes this event
is the depth of technical presentations, the numerous interaction opportunities, real world
project experience, and the diversity of perspectives from expert speakers.

The 11™ annual LEDs conference will once again provide you the opportunity to find solutions
to your problems with the help of the key players in the LED industry.

Don't miss:

* Afternoon tracks focusing in depth on market and technology advancements (NEW this year!)
* Qutstanding speakers and panels representing the whole supply chain

* Timely technical content - from nuts-and-bolts of LEDs to brand-name application talks

* New product and technology announcements!

Have questions about the 11th annual event? Contact John Buss at +1 202 309 7296
or john.buss@pira-international.com.
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typically include a rectifier, which con-
verts the input AC voltage to DC, and a
buck or flyback converter. The input cur-
rent of such a driver consists of short, high
spikes at each half cycle of the input volt-
age. Such an input current is not com-
patible with a triac dimmer. In fact, such
lamps do not turn on at all when used with
triac dimmers.

The electrical infrastructure is even more
complicated for 12VAC input lamps because
an electronic transformer and dimmer can
be connected at the lamp’s input.

Electronic transformers typically include
an oscillating circuit that modulates the
input 50/60Hz AC voltage with
a frequency around 40kHz.
The resulting higher frequency
passes through a transformer
that provides isolation and
converts the input 120/230VAC
to the output 12VAC. By modu-
lating the input voltage with a
higher frequency, it is possible

VIN1

rection. For LED lamps, a power factor of at
least 0.7 is needed for most residential appli-
cations, and a power factor of at least 0.9 is
needed for most commercial ones.

As the problems of dimmability and
power factor correction are similar, it is
likely that a single solution can solve both
challenges. In this article in particular, we
propose active power factor correction as
the best solution for those challenges. There
are numerous reasons why active power fac-
tor correction is superior to passive power
factor correction in this case:

« With active power factor correction, a

power factor of 0.9 is easily achievable;

L1

Fixed and variable frequency options

The designer also faces the choices between
afixed-frequency switching regulator topol-
ogy and a variable frequency topology such
as a transition-mode scheme, and between
continuous conduction mode and discontin-
uous or transition mode.

Fixed frequency offers an advantage for the
management of EMI issues. With a fixed fre-
quency solution, the designer must only filter
EMI noise at that particular frequency, while
with a variable frequency design (e.g. a tran-
sition mode design) the switching frequency
varies along the cycle of the input voltage, so
it causes noise over a wide frequency range,

to have a much smaller trans-
former, thus reducing size,
weight and cost.

Similar to triac dimmers,
electronic transformers need a
certain amount of load current
to remain on for the full cycle
of the input voltage. If the load
current is not sufficient, or has
high spikes, the transformer
can turn off, causing the light
to flicker. For the same reason stated above,
a traditional AC/DC converter driver can be
incompatible with the transformer and dim-
mer, and cause the light to flicker.

o
VIN2

Active power factor correction

for dimmable LED lamps

Let’s now consider a dimmable driver
design for offline 120VAC lamps, and many
of the same considerations apply to 230VAC
input lamps.

As described above, dimmability of
LED lamps, and compatibility with elec-
tronic transformers, both have a lot to do
with shaping the input current of the lamp
appropriately.

Another typical requirement for LED
lamps that has to do with the shape of the
input current as well is power factor cor-
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FIG. 3. Block diagram of the electrolytic-free LED driver

with passive power factor correction, a
power factor of 0.7 is fairly easily achiev-
able, but 0.9 is a much bigger challenge;

- Active power factor correction allows
a very fine control of the input current,
and therefore it can keep the input cur-
rent above the level required for the dim-
mer to work properly for the whole cycle
of the input voltage. With passive (or val-
ley fill) PFC, the input current remains
zero or close to zero for a certain part of
the input voltage cycle, and/or is phase
shifted with respect to the input voltage;

- Passive PFC, in particular if done with
a valley fill circuit, causes spikes in the
input current, which can cause flicker
of the lamp as mentioned above. With
active PFC, it is possible to reduce the
amplitude of those spikes.

O
[— J LED+
F o IC bias circuit NS -=a
v o
— 5
3 LED-
3 R3 1C supply m—
.
. MAX16834 | |
R
Start-up ] R2
current control Feedback
\Y4

which can be more difficult to filter.

The continuous conduction mode alter-
native offers the advantage of keeping the
peak current lower, thus reducing conduc-
tion losses that increase as the square of
the currents. With discontinuous or tran-
sition mode, the switching losses are lower
because the MOSFET turns on at zero induc-
tor/transformer current. But the gains in
conduction losses in continuous conduction
mode are often greater than the difference in
switching losses.

The solution shown in Figure 3 uses a sin-
gle-stage conversion, to minimize size and
cost, to drive LEDs in a replacement lamp.
It uses active PFC, and works at a fixed fre-
quency in continuous conduction mode.

In this solution, the input current is
shaped as a square wave at the »page 75
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same frequency as the input voltage. The
current shape maximizes its value over the
whole cycle of the input AC voltage, in order
to fulfill the requirements of triac dim-
mers. The square input current is obtained
by controlling its average value, and keep-
ing it constant throughout the cycle of the
rectified input voltage. Resistor R1 senses
the MOSFET current, which is basically
the same as the input current, and com-
ponents R2 and C2 extract the average of
this value, and feed this information to the
MAX16834 which keeps it constant with its
control loop.

As we mentioned before, an LED driver
compatible with triac dimmers needs to
behave like a resistive load for the dimmer
during the off part of the input voltage cycle.
In this design, components R3, Q1 and the
Start-up Current Control block perform this
function, by providing an input resistance
whenever the input current of the driver falls
below a certain level.

The IC Bias Circuit block provides a 15V
supply for the MAX16834 IC. At start-up, a
linear regulator circuit generates this volt-
age from the AC supply. Once the IC starts
switching, a second circuit generates this
voltage with a level translator supplied by
the switching node, and overrides the linear

LEDS Previous Page | Contents | Zoom in | Zoom out | Front Cover | Search Issue | Subscribe | Next Page qMass;
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regulator. This second supply circuit allows
for an increase in efficiency of the solution,
because it avoids the power dissipation that
takes place in a linear regulator.

This design uses a non-isolated buck
topology composed of inductor L2, diode
D1 and MOSFET Q2. It is possible to design
asimilar solution that uses a flyback isolated
topology. So this solution works no matter if
the safety isolation of the LED lamp from the
input voltage is done in the driver, or in the
enclosure of the lamp.

Option to avoid electrolytic capacitors
The electrolytic output capacitor C3 is
optional. If it is included, the LED current
has a small amount of ripple at twice the
input voltage frequency. If a smaller value
ceramic capacitor is present, the LED cur-
rent is a rectified sinusoid at twice the input
frequency, as mentioned above, but the life-
time of the lamp can extend to 50,000 hours
or more, since there are no electrolytic
capacitors in the circuit.

The circuit in the schematic above

has been tested on a demo board, with a
120VAC/60Hz input, and 9 LEDs at the out-
put with a total power of 12W. It has been
tested to work with a wide range of triac

dimmers from leading manufacturers
including Lutron, Panasonic, Leviton, Coo-
per, and GE.

With output electrolytic capacitors, this
driver dims to zero light intensity with no
flicker. Without electrolytic capacitors, it can
dim to about 5% of the maximum light inten-
sity without flicker. The observed efficiency is
83%, and the input power factor is 0.93.

Designing LED retrofit lamps is a big chal-
lenge. They have to fit into a physical and
electrical infrastructure that was made for
incandescent and halogen lamps, which
have very different requirements and lim-
itations. Lamp makers can overcome the
challenge with a driver based on an active
PFC stage and offer triac dimming. The lamp
maker can make the choice of dimming per-
formance relative to the output capacitor
selection and optimize the design for longer
life or better low-light dimming. &

PRODUCT OCllS TO PROMOTE YOUR PRODUCT HERE, PLEASE CONTACT JOANNA HOOK AT joannah@pennwell.com
OR MARY DONNELLY (U.S. SALES) AT maryd@pennwell.com
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last word

Don'’t put all your eggs in one basket:
LEDs not all they're cracked up to be?

Although LED lighting is proving to be useful in many applications, RON DAVIS, a

marketing consultant with vu1 CORPORATION, believes the industry should continue

to consider other lighting options.

any years ago, I was assigned
I\/l the task of establishing a beach-

head of mini-computers in a
large Fortune 50 company that had been
operating under an “IBM only” buying
mandate. I was working for the second
largest computer company in the world,
Digital Equipment Corporation (DEC).
To set the expectations of the 22-person
DEC sales team calling on this account
I brought them into the customer’s pri-
mary data center. I walked them into a
50,000 square foot “glass house” packed
with huge IBM mainframe computers and
said “here’s your challenge”. As someone
involved with a new lighting technology
that is not LED based, I felt the same “chal-
lenge” as I walked into this year’s Lightfair.
I mentioned on the Vul Corporation blog
(vulcorp.blogspot.com) that one was hard
pressed to find even a CFL at this year’s
Lightfair, and that the name should have
been changed to “LED Fair.”

This all leads me to suggest that the light-
ing industry should not be “putting all of its
eggs in one basket.” LEDs will likely prove
to be great solutions in many applications.
They are already showing promise in auto-
motive lighting, street lights, traffic signals,
and retail and display applications. Unfor-
tunately, some of the basic characteris-
tics of LEDs may keep them from being the
best solution in general lighting. Concerns
regarding brightness, spectrum, glare, dis-
sipation, CRI and cost are issues that may
not have easy solutions. Recent articles by
leading US Department of Energy SSL rep-
resentatives are confirming that LED gen-
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eral illumination products are too often over
promising and under delivering.

Another consideration often overlooked
is the total cost of ownership (TCO) for
LEDs over a reasonable period of time
such as 5-6 years. An LED value proposi-
tion that is based on 30-50k hours does
not hold up when you consider the actual
time a homeowner will stay
in their current home—an
average of 6 years according
to the National Association of
Realtors. A light bulb needs to
reach break-even in less than
2 years and start generat-
ing measurable savings. It
will be a long while before a
true direct-replacement LED-
based R30 or A19 bulb will
come close to offering a com-
pelling 5-6 year TCO.

Lastly, the environmentally-focused con-
sumer will start to look at the cradle-to-
grave environmental cost of LED lighting
solutions. When one considers materials
(especially heat sinking), manufacturing
processes and—the real show stopper—
transportation costs (consider the weight of
an LED versus a CFL or incandescent), the
LED may end up being a losing proposition.

The CFL industry is currently in a losing
battle as they try to down play down their
environmental Achilles Heel i.e. the mercury
issue. If the “small amount of mercury” in
the CFL bulbs sold in America over the last 5
years were to end up in landfills, potentially
gaining exposure to soil and water, it will
represent enough mercury to contaminate

every lake, river and stream in North Amer-
ica. The EPA predicts that—best case—only
25% of CFLs will be recycled. The rest will
end up in landfills.

There are several energy-efficient technol-
ogies for general illumination that should
be considered and supported by industry
and governments; halogen infrared reflect-

ing (HIR), photoluminescent
nanofibers (PLNs), induction
and of course my favorite,
electron-stimulated lumines-
cent (ESL).

Vul has been working to
apply electron physics in a
way never before used in gen-
eral illumination to create a
product that essentially dupli-
cates the incandescent light
spectrum while being fully
dimmable, instant on, trash-
bin disposable and similar in price and life
to a CFL. Vul is hoping that industry and
governments will want to hedge their bets
and not put all their eggs in one basket.

By the way, what happened to DEC? They
went out of business after 40 years. Why?
Because they bet the farm on the mini-com-
puter and refused to acknowledge that there
could be a better technology on the way
(the personal computer). Their eggs were
all in one basket. & MORE: www.vul.com

« In mid-July 2010, Vul announced that the
US Patent and Trademark Office had issued a
Notice of Allowance for a patent application for
its ESL lighting technology. More at www.leds-
magazine.com/press/23930.
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SIL Europe | Conference & Exhibition
Sheraton Frankfurt Hotel & Towers Conference Center
Frankfurt | Germany

sileurope

Follow the light to Europe’s brightest new
LED conference & exhibition.

Don’t miss out on the opportunity to
network with key decision makers and
showcase your latest technologies at this
highly anticipated event, book your stand
space before it’s too late.

Held for the first time in 2010, SIL Europe builds
on the success of the flagship Strategies in Light
event in California, USA, now in its | Ith year, SIL USA
attracts over 3000 attendees and approximately 100
exhibiting companies.

Strategies in Light Europe will attract a wide variety of
members from the LED & lighting industry, including:

* LED lighting manufacturers

* Lighting designers, specifiers & architects

* LED product designers

* LED & lighting specialists

To exhibit contact Virginia Willis:
T: +44 (0)1992 656663 E: virginiaw@pennwell.com

Visit sileurope
to find out more about exhibiting or attending
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7% GAME CHANGING PERFORMANCE.

HIGH-BRIGHTNESS

LEDs FOR DISPLAY AND SIGNAGE FROM CREE.

— ey

i N

Bt W lk ,
'.‘ W N Wy

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 3in1SMD LED PLCC41in1SMD LED

Screen Master® Series for Luminous Intensity (mcd) Water-Resistant (IPX5*) Color Temperatures (K)

matched radiation pattern - Red (355 - 900) Moisture Sensitivity Level: 3 - Cool White: Min. (4600) / Typical (5500)
Offers the widest viewing angle " Green (560 - 1400) Luminous Intensity (med) - Warm White: Min. (2500) / Typical (3200)
in the industry - B0 -450) ~Red (560 - 1120) Typical CRI: Cool White 72, Warm White 80

TS U R AU e - Green (1120 - 2240) Luminous Intensity (mcd)
RELLO s - Blue (280 - 560) - Cool White (1800 - 4500)

RS R - Warm White (1400 - 3550
Blue (115° x 65°) arm White ( )

I N.' Contact an authorized distributor at www.cree.com/hb Pﬁ:; Q
®

RoHS-COMPLIANT or call 800-533-2583. “wrE W Eama—

* 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.

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



http://www.qmags.com/clickthrough.asp?url=www.cree.com/hb&id=14815&adid=PCOVER 4A1
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=14815&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=14815&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=14815&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=14815&adid=logo

StrategiesinLight.

Europe

SIL Europe | Conference & Exhibition
Sheraton Frankfurt Hotel & Towers Conference Center
Frankfurt | Germany

sileurope

CONFERENCE
PROGRAMME

Sponsors

GrarTech OSRAM (Up) (et SHARP

International Opto Semiconductors

Supporting Organizations Presented by Media Partner
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OSRAM

Opto Semiconductors

GrAFTech

International

Strategies in Light Europe (SIL Europe) is Europe's newest LED & Lighting industry conference and exhibition,
bringing LED & Lighting technologies from all sectors & all stages of the supply chain together under one roof.

With the conference theme ‘Accelerating the Market Adoption of LED Lighting’ SIL Europe’s outstanding
conference programme has presentations from the industry's most influential key players, including Keynote
Speakers:

Martin Goetzeler, President & CEO of OSRAM GmbH

Jan Denneman, President of the European Lamp Companies Federation (ELC)

Monday 27 September

Workshops 10:30 — 15:00
Keynote Session 15:30 — 17:00
Welcome Reception & Exhibition

(Sponsored by: OSRAM OPTO SEMICONDUCTORS GMBH) [7:00 — 19:00

Tuesday 28 September
Conference Sessions & Exhibition 08:30 — 17:00
Networking Reception (Sponsored by: GRAFTECH INTERNATIONAL) 17:00 — 19:00

Wednesday 29 September
Conference Sessions & Exhibition 08:30 — 15:00

Monday 27 September, 10:30—15:00

Standards for LED Lighting:What’s the Current Status and Where Are the Gaps

Standards are playing an essential role in the growth of the LED lighting market and the rate of adoption of
LED lighting in various applications.Without standards, performance comparisons can be difficult or impossible,
and specifications cannot be traced to a meaningful reference. This can make customers and specifiers uneasy
about using LED lighting for their projects. With standards in place, such issues can be alleviated. Various
standards have already been issued, relating to both performance and safety of LED-containing products. This
Workshop reviews the existing standards that are in place both internationally and in North America, and
looks at the ongoing work to create new standards. Initiatives such as the Zhaga consortium will be discussed,
as well as the different photometric measurements that are called for by various standards.

Building the Perfect Luminaire: Essential Considerations When Designing Effective LED Lighting

Due to the nature of LED light sources, the design of high-quality LED-based lighting fixtures requires specific
design competences. OEMs and producers of LED-based luminaires must decide whether they have sufficient
in-house expertise and resources, or if they need to select a partner with the appropriate knowledge in LEDs,
electronics and associated components. These and other considerations are discussed in the “CELMA Guide
for OEMs and Producer of LED-Based Luminaires,” which will be presented during the Workshop. Further
presentations will then focus in more detail on three specific technical areas that are all essential parts of a
well-designed LED-based luminaire, namely optics, drivers and thermal management.
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CONFERENCE PROGRAMME

Monday 27 September, 15:30—17:00

KEYNOTE SESSION

Shaping the future of light
Martin Goetzeler, President & CEO, OSRAM GmbH

European lighting industry efforts to promote quality led lighting
Jan Denneman, President, European Lamp Companies Federation (ELC)

European directives and LED lighting products
Speaker to be announced

Keynote Session is free of charge and open to visitors, delegates and exhibitors of SIL Europe.

MAIN CONFERENCE SESSIONS

Tuesday 28 September
SESSION | 08:30-10:00

Market overview and forecast for HB-LEDS and LED lighting
Vrinda Bhandarkar, Analyst, LED Practice Strategies Unlimited, USA

Lighting designers and specifiers: how are their requirements
being met by LED lighting?
Mike Simpson, Technical and Design Director, Philips Lighting, UK

Quality of LED lamps & modules: recommendations for EU regulation
Peter Besting, CELMA & ELC

SESSION 2 10:30-12:00

LED and OLED: the complementary light sources of the future
Markus Klein, Director, Solid State Lighting, OSRAM Opto
Semiconductors GmbH, Germany

The future LED value chain
Dominik Wee, Associate Principal McKinsey & Company, Germany

China’s strategies on SSL technology and industry
Wau Ling, General Secretary China SSL Alliance, China

SESSION 3 13:30—-15:00

Driving for greater efficiency and performance
Gordon Routledge, UK Business Development eldoLED, The Netherlands

From enthusiasm to economy: precision optical design is a key to
making LED street lamps cost-efficient
Andreas Timinger, Optical Designer OEC AG, Germany

AC LED - the infrastructure solution
Bob Kottritsch,Vice President, Lynk Labs Inc

SESSION 4 15:30-17:00

As strong as the weakest link: reliability from the LED system perspective
Rudi Hechfellner, Director of Applications, Philips Lumileds Lighting
Company, USA

LED industry shifting from technology-driven to application-driven market
Tom van den Bussche, European Marketing Director ,Bridgelux Inc, USA
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Lighting industry requirements from an LED manufacturer’s perspective:
LED performance, uniformity, reliability, form factor and other key areas
Tom Salter; Worldwide Business Development Manager, Cree, USA

Wednesday 29 September
SESSION 5 08:30-12:00

How many governments does it take to change a light bulb?
Roy Burton, Group Chief Executive , Dialight plc, UK

The new technology landscape of lighting - from challenges to solutions
Guo Qi Zhang, Fellow and Open Innovation Program Manager, SSL
Philips, The Netherlands

LED backlighting: utilizing BLU technology for general lighting
Uwe Hock, Manager, Lighting Business , Sharp Microelectronics Europe,
Germany

SESSION 6 10:30-12:00

High efficacy linear lighting fixtures — market demand, technical trends,
competitive technologies, design approaches and manufacturer’s
experience

Michael Kramer, CEQ, LED Linear GmbH, Germany

Modular spot- and down-lights beyond 1000 lumens with minimized
supply chain complexity
Stefan Gianordoli, Leader LED Components , Ledon Lighting, Austria

Impact of video-based LED lighting in architectural projects
Carl Rijsbrack, Director, Product Management,Video & Lighting
Solutions, Barco, Belgium

SESSION 7 13:00-15:00

Development of LED retrofits
Moritz Engl, Head of Department - Development SSL Consumer
Lighting Europe, OSRAM GmbH, Germany

2010:The year of the LED module
Andy Davies, Product General Manager, LED Solutions, EMEA
GE Lighting, UK

What it takes to bring 2.5 Million LED lamps to consumers’ homes
Martijn Dekker, CTO, Lemnis Lighting, The Netherlands


http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=14815&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=14815&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=14815&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=14815&adid=logo

LEDs
REGISTRATION FORM

PRIORITY CODE
| SILEUROPEREG2 |

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

StrategiesiiLight.

Europe

Conference and Exhibition
27-29 September 2010

Register before |st August 2010

to receive our Early Bird Discount!

PLEASE PRINT CLEARLY

First Name SIL Europe | Conference & Exhibition
Sheraton Frankfurt Hotel & Towers
Family Name Conference Center
Frankfurt | Germany
Position -
3 Ways To Register
Organization/Company 1.Online: Visit www.sileurope.com

2.By Fax: Fax your completed reg form
to:+1 918831 9161 or toll free

(US only): +1 888 299 8057

3.By Mail: SIL Europe Conference &

Exhibition Registration, PO. Box 973059,
Dallas, TX 75397-3059

Complete Mailing Address

Postal Code: Country:

Telephone  (+ ) Fax (+ )

www.sileurope.com

E-mail

CONFIRMATIONS WILL BE EMAILED IF A UNIQUE E-MAIL IS PROVIDED.

CONFERENCE FEES:

Individual Full Conference - Includes Conference, Conference Proceedings, Keynote, Exhibition - (Includes access to Keynote, Exhibition floor, Coffee Breaks Only)
Exhibition, Networking Reception, Coffee Breaks and Lunches: Free if you pre-register before 24 September 2010

Paid Before 1st August 2010 €630 Individual Register Onsite in Frankfurt - €25
Paid on or after 1st August 2010 €690 Individual

Conference Proceedings Only
Download the presentations post show from www.sileurope.com
€100

Individual Day Delegate (Single Day Registration) — Includes access to
Conference on the day, Exhibition, Coffee Breaks on the day and Lunch on the day:

Tuesday 28th September 2010
Wednesday 29th September 2010

Po?d Before 1sf August 2010 €441 Ind?v!ducl Payment must be received by published date in order fo receive early discount registrations.
Paid on or after 1st August 2010 €483 Individual Registration without payment will not be processed. Company checks must be issued to PennWell/

SIL Europe Conference & Exhibition 2010. Credit card payments require card number, expiration date
and signature.

Workshop- Includes access fo 1 x Workshop, Exhibition, Networking Reception

Workshop A —Standards for LED lighting: what's the current status and where
are the gaps’

Workshop B - 'Building the perfect luminaire: essential considerations when
designing effective LED lighting’

Confirmation and Cancellation Policy: All payments must be received on or before August 27,2010.
No attendee will be admitted into the conference without payment by check, cash or credit card. Any
individual, sponsor, or corporate registrations cancelled before August 27, 2010 will receive refund
of registration fee less a €100 service charge. After August 27, 2010 no refunds will be permitted.
Proceedings will be sent to cancellations made affer August 27, 2010. All cancellations must be
received in writing. Please note: non-payment does not constitute cancellation. Substitutions may be
made at any time by contacting registration office in writing.

Paid Before 1st August 2010 €100 Individual
Paid on or after 1st August 2010 €160 Individual

PLEASE COMPLETE THE FOLLOWING SECTIONS: METHOD OF PAYMENT:

1.TYPE OF COMPANY OR ORGANIZATION:
(SELECT ONE)

101 Designer/Specifier/Installer/
End-User

(02 LED module/Sub-system manu-
facturer

(03 LED Equipment and Instrument
Supplier

(04 LED Material and Chemical Supplier
(05 Test & measurement/Standards
(06 LED chip manufacturer

(07 Lighting Fixture or display
manufacturer

(108 LED packager

109 Optics and Optical design

(170 Drivers and Power supplies

17 Equipment/Materials supply for chip
manufacturing

(112 Distribution/Sales representation
Q13 Financial and Consulfing

(14 Academic or Government research
(115 Media and PR

116 Other, please specify

2.JOB FUNCTION:

(SELECT ONE)

(01 Mgt (CEO, President, GM, VP)
02 Engineering/Product/Technical
Manager

(03 Design Engineer

(04 Architect Lighting Designer
(05 Product Eng & Manufacturing

06 Corp R&D

(07 Distribution and Sales
08 Purchasing

09 Consulting

(210 Investment/Financial
Q11 Other,please specify

3. APPLICATIONS AREAS OF INTEREST:
(CHECK ALL THAT APPLY)

01 General Lighting

(02 Enterfainment and decorative
lighting

(203 Vehicles

(04 Signals

(05 Signs and Displays

(06 Mobile Appliances

(07 Industry and medical

(08 Architect/Lighting Designer/Specifier
(09 Other, please specify

4.WHAT PRODUCTS DO YOU
PURCHASE OR SPECIFY?

(CHECK ALLTHAT APPLY)

(01 LED chips

(02 LED Manufacturing Equipment
(103 Materials and Chemicals for
LED Manufacturing

204 LED modules and subsystems
(05 Packaged LEDs

(06 Chip-on boards

(07 Driver ICs

(08 Drivers and control equipment
(09 Optical design software &
services

10Test and Measurement
equipment

(11 Optics, lenses, diffusers, efc.
12 Packing materials, heat sinks
13 Displays

(14 Lighting fixtures

15 Other, please specify

5.WHAT PUBLICATIONS DO YOU
READ TO OBTAIN INFORMATION
ON HB LEDS?

(CHECK ALL THAT APPLY)

01 Compound Semiconductor
Magazine

(02 LEDs Magazine

(03 CompoundSemiOnline/
SolidStateLighting.net/LIGHTimes
(04 Lighting Design +
Application Magazine

(05 LED Journal

(06 Other, please specify

6. PURCHASING ROLE:
(CHECK ALLTHAT APPLY)
Q01 Specify

(202 Recommend
Q03 Approve

(04 None

Credit card, wire transfer or make cheques payable to PennWell/SIL Europe
Conference & Exhibition. Payment must be received prior admittance fo the
conference.

Please add all selections and tofal here: €

Add 19% VAT: €

TOTAL DUE: €
Cheque enclosed (€)

41 Wire Transfer (Wiring infomation provided on invoice)
Credit Card:

Amex MasterCard Visa

Card number:

Exp date:

Name of Card:

Signature:

Date:

I understand that my signature authorizes PennWell fo charge the above amount fo my credit card esT 1910

PenriWell

-~
g £

LEDs

FAX BACKTO: +1 918 831 9161 OR VISIT WWW.SILEUROPE.COM
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