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CREE XLAMP® LEDs ARE THE BRIGHTEST

ANYWHERE

INSIDE. OUTSIDE. EVERYWHERE.*

CREE HAS AN ENERGY-EFFICIENT LED FOR ANYWHERE YOU NEED LIGHT.
(AND THEY’RE AVAILABLE EVERYWHERE.)

Find a Cree Solutions Provider or authorized distributor at
www.cree.com/xlamp or call 800-533-2583.
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@ 20w @ ow @ 5w @ 4w @ 4w Lighting in this image depicts applications using Cree
XLamp LEDs. Cree, XLamp and the Cree logo are
XLamp® XLamp® XLamp® XLamp® XLamp® registered trademarks, and Lighting The LED Revolution
MP-L LEDs MC-E LEDs XP-G LEDs XR-E LEDs MX-6 LEDs is a trademark of Cree, Inc.
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EXHIBIT FLOOR SOLD OUT FOR 201 1!

Don’t miss the opportunity to be part of the largest and
fastest-growing HB LED and lighting events worldwide!

Strategiesin Light.

China

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

New international event!

LED JAPAN 5
Strategiesin Light.

September 28-30, 2011
Yokohama, Japan
www.sil-ledjapan.com
6,100+ attendees and sold-out
expo floor in 2010

Presented by:

ﬂstrategiesd

unlimited.

Flagship Media Sponsor:

Strategiesin Light.

Europe

October 4-6, 2011
Milan, ltaly
www.sileurope.com

Debuted in 2010 with sell-out programs

StrategiesinLight.

February 7-9, 2012
Santa Clara, CA USA
www.strategiesinlight.com

Record-breaking attendance
5-years straight -
2011 on track to be the BEST EVER!

LEDs

MAGAZINE.

Owned & Operated by:

To ensure prime location,
book your exhibit space now!

Contact your local sales reps.

US-West Coast
Tim Carli
tcarli@strategies-u.com

US-East Coast
Mary Donnelly
maryd@pennwell.com

Europe
Virginia Willis
virginiaw@pennwell.com
Japan
Manami Konishi
konishi-manami@ics-inc.co.jp

Hong Kong/Asia
Mark Mak
markm@actintl.com.hk

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



http://www.qmags.com/clickthrough.asp?url=www.strategiesinlight.com&id=15967&adid=PBELLYBANDA4
http://www.qmags.com/clickthrough.asp?url=www.sil-ledjapan.com&id=15967&adid=PBELLYBANDA3
http://www.qmags.com/clickthrough.asp?url=www.sileurope.com&id=15967&adid=PBELLYBANDA2
http://www.qmags.com/clickthrough.asp?url=www.sil-ledchina.com&id=15967&adid=PBELLYBANDA1
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=15967&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=15967&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=15967&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=15967&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

Contents | Zoomin | Zoom out NGEMUENEEILORISUVGICIINEENAGIMEIEIEY Search Issue | Next Page

LEDsmagazine.com

Outdoor

Match application
with technology p.17

Manufacturing

LED cost reduction
® for lighting p.29

TECHNOLOGY AND APPLICATIONS OF LIGHT EMITTING DIODES Controls

City-wide wireless
networks p.a1

Contents | Zoomin | Zoomout N\GENLENINENGCIDENICEENAGQEEY Search Issue | Next Page



http://www.qmags.com/clickthrough.asp?url=www.LEDsmagazine.com&id=15967&adid=PCOVER 1E1

LEDs

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

Lutron.— save energy with advanced LED control

NEW Lutron LED Control Solutions save energy, while improving comfort

and productivity.

These solutions offer high performance dimming as low as 1% and guarantee
compatibility with dimmable high-efficiency lighting loads.

NEW Hi-lumee A-Series LED Driver

+ Compatible with a wide range of current and

voltage levels for flexible design

+ Reliable Lutron continuous dimming from

100% to 1% light level

+ Dimming LED lights saves even more energy

 Preset light and shade

Hi-lume. A Series LED Driver

NEW GRAFIK Eye. QS
with EcoSystemo —

=l

control system with direct

digital control of Hi-lume
A-Series LED Drivers
+ Save additional energy with wireless
daylight and occupancy sensors
L, .
Sensors 55 E ——_ Bt cgggo
v
~ GRAFIKEye QS  Hi-lume LED
A-Series
LED Drivers

A,
TN

LEDs

NEW C-L Dimmer with HEDw Technology

- Alleviates typical problems like excessive

flicker, shimmer, and lights dropping out at
low dimming levels

+ Mix and match dimmable LED, dimmable CFL

and halogen on the same dimmer

| more
{ =+ o or = energy
3 savings

Divae C-L Dimmable Dimmable
Dimmer LED CFL

«
bhbb.

Lutron LED Control Center of Excellence

+ Convenient single source for LED

control information

+ Access compatibility tested information for

LLutron controls and third-party LED products

+ Three ways to access information:

1.877.DIM.LEDS
leds@lutron.com
www.lutron.com/LED

Visit us at
STRATEGIES
IN LIGHT

Booth #622

To learn more about Hi-lume A-Series LED Drivers, C-L Dimmers, and Lutron
LED control technologies, call 1.888.LUTRON1, or visit www.lutron.com.

‘LUTRON.

©2011 Lutron Electronics Co., Inc. | P/N 368-2135 REV A
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The Finest Art of Future
lHlumination Technology
Consolidated with award-winning design and cutting-edge LED technology,

ALT offers premium quality indoor & outdoor high power LED lighting
products to lead the lighting market toward the new era.

ALTLED @ Ontario, Canada
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» Street Light * BR series * 78 Tube * Chandelier Light * Dimmable series c E F© CB v o m el

* Floodiight * MR16 series * Ceiling Light * Bulb

Obtained With The Most Safety Certifications Environmental Products!

Come to join our USD $1 environmental charity sales :

e Jan. 17-20 World Future Energy Summit Abu Dhabi, UAE Boocth No.:8324
e Fab. 18-27 2011 Canada National Home Show Toronto, Canada Booth No,:1439

1 The 10th International Lighting Fair 2011 Tokyo, Japan Booth No.: West Hall 2 LF2004-3

e Mar, 8-1
8-21 2011 Taiwan International Light Show Taipei, Taiwan Booth No.:A130

* Mar. 1

Requests [ Inquiries

altpr@aeonlighting.com
h [WWW ighting

Aeon Lighting Technology Inc.
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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 UXE £ N LUMILEDS

sense and simplicity
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OUTDOOR LIGHTING
Application requirements dictate technology choices
Ronald Gelten, Philips Lighting Company

MATERIALS
Sapphire wafer supply and demand in the balance
Tim Whitaker

MANUFACTURING

HB-LED manufacturing and the general lighting market
Eric Virey, Philippe Roussel, Paula Doe and

Tom Pearsall, Yole Développement and EPIC

LUMINAIRE DESIGN

Sun and symbolism inspire disc-shaped LED spotlight
Harald Griindl, EOOS

PHOSPHORS
LED phosphor supply affected by China export quotas
Tim Whitaker

STANDARDS
TM-21 looks at lumen-maintenance prediction
Jianzhong Jiao, Osram Opto Semiconductors

CONTROLS
Wireless network enables city-wide street-light control
Maury Wright

STREET LIGHTS
LightSavers LED street-light pilot results
Maury Wright

DESIGN FORUM

High LED drive currents with low stack
voltages create efficiency challenges
Matthew Reynolds, National Semiconductor Chip

BUSINESS
M&A here to stay in energy-efficient lighting market
Trisha Hansen and David Cumberland, Robert W, Baird & Co.

15

64

Cover Story

Sapphire wafer growers are adding
capacity and LED makers are starting
to work with larger wafers (see page
25). Our cover image shows a 10-inch
sapphire wafer grown by Monocrystal.

columns/departments

COMMENTARY Tim Whitaker
Materials prove critical for LED suppliers

NEWS+VIEWS

Lumileds, Lextar look at
6-inch LED wafers

Optogan opens largest LED
production plan in Eastern Europe

Cree opens China fab,
shares take a tumble

SEMI forms standards committee
for HB-LED manufacturing

Instrument Systems wins LG order
Fire hazard causes recall for
Eco-Story LED lamps
FUNDING+PROGRAMS

California law begins US phase-
out of incandescent lamps

EPA releases final draft of
Energy Star Luminaires spec
LAST WORD

LED lighting begins to mature but must
overcome early SSL problems

Chip Israel, Lighting Design Alliance
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commentary

s this issue was being finalized, we
learned that Rubicon Technology, a
sapphire-wafer maker, has demonstrated a
12-inch sapphire wafer (www.ledsmagazine.
com/news/8/1/23). While it’s going to be a
long time before we see LEDs produced on
such giant substrates, it is certainly the case
that a number of LED makers are already
making the leap to 6-inch sapphire, with
LG Innotek in Korea leading the charge. As
reported on page 9, Philips Lumileds says it
is making millions of power LEDs per week
on 150-mm wafers, while Taiwan’s Lextar
has also talked about its R&D progress in
this area. Cree is building a 150-mm wafer
fab, and it seems certain that many other
LED makers are also considering the move.

Due to a recent imbalance of supply and
demand, 2-inch and 4-inch sapphire wafers
are on a par in terms of cost per unit area
(see page 25), although 6-inch sapphire
remains significantly more expensive. This
provides an incentive for LED makers to
move to 4-inch wafers, and the wafer makers
are installing capacity to be ready with suit-
ably-priced material as demand for larger
wafers continues to increase.

Larger wafers are just one way in which
LED makers can, potentially, reduce manu-
facturing costs in order to achieve the tar-
gets that will result in large-scale penetra-
tion of the general lighting market. As the
article on page 29 explains, reduced pack-
aged-LED costs will come from manufactur-
ing efficiencies that result from economies
of scale and improved yields, and also from
advances in technology for epitaxy, phos-
phors and packaging.

Just as sapphire wafers are critical for
most GaN-based LED chip producers, phos-
phors are critical materials for white-LED
manufacturers. Most LED phosphors con-
tain rare-earth elements, and most of this
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Materials prove critical
for LED suppliers

material originates in China. As explained in
our article on page 35, the new export quotas
for rare-earth materials could cause a few
headaches for companies that don’t have a
steady supply. And there are no quotas for
internal consumption of rare earths within
China, which could be yet another reason for
LED makers to build fabs on the mainland.
Another critical group of materials are
the metal-organic (MO) precursors used in
MOCVD growth, particularly trimethyl gal-
lium. The recent rapid growth in demand
from the LED backlighting sector appears to
have caused some tightness in demand, with
consequent price increases. However, major
MO suppliers have accelerated their plans to
increase their capacity, and should be able to
meet the anticipated level of demand as the
LED industry continues to grow (www.leds-
magazine.com/features/8/2/2).

Previous Page | Contents | Zoom in | Zoom

Outdoor lighting also features strongly in
this issue, with an article on how to select
an appropriate technology to fit the spe-
cific application (page 17). Another looks at
how wireless networks can enable city-wide
control of LED street-lighting deployments
(page 41). Also, a pilot outdoor-lighting
study evaluates the real-world performance
of LED lighting technology, marking the end
result of a manufacturing supply chain that
began with sapphire wafers, phosphors and
other starting materials.
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LED ONE

Shaping the future of LED lighting

LED ONE,
LIGHTING YOUR GREEN LIFE!

Founded by the world-class scientist Dr. Gary Hua, Led ONE" (k "'"'E_m S, s 2 US-funded world-class enterprise specializing in the
design, manufacture, marketing and sales of LED drivers and LED lighting products With more than 150 veteran engineers, LED ONE
owns more than 201innovative patents. The technology of “INVENTRONICS" driver represents the highest levelinthe field. LED ONE attracts
more than 1500 clients from more than 30 countries around the world, and our products have been applied in many key projects, such as 2010

Vancouver Winter Olympics, Expo 2010.

LED Tube Lights Series LED Down Lights Series LED Bulb Lights Series LED Spot Lights Series LED Panel Lights Series LED Outdoor Lights Series

Led Lights require highly technology on the overall design of the LEDs and lighting products. Utilizing ultra-high efficiency “INVENTRONICS”
Led drivers (95% to 99%) and packaging them with high performance thermal designs, we are able to ensure not only significant energy savings
but excellent product reliability, long life and environmental preservation. Innovation and service are our strong commitments to our customers.

Product category:
Indoor series: LED Tube light, Spot light, Down light, Bulb light, Panel light, Candle light. Outdoor series: LED flood light, Street lamp, Garden light, Tunnel light, Underground lamps.

Add: 208, Bldg. D, Eastcom City, 66 Dongxin Rd., Binjiang District, Hangzhou, Zhejiang 310053, China

LED One(Hangzhou)Co.,Ltd.
Tel: 86-571-86699926/840 Fax: 86-571-88811126 E-mail:mikewan@ledone-co.com

Http://www.ledone-co.com
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Webcasts:

GreenPoint® design simulation
tool for LED drivers

DATE: Available on demand

ON Semiconductor”

PRESENTER: Chuck Mullett, ON Semiconductor
Energy Star and UL:

maximize your LED revenue potential
ORIGINALLY BROADCAST: December 2010

PRESENTERS: UL lighting experts

Visit www.ledsmagazine.com/webcasts to access
upcoming and archived presentations.

Web Exclusive Articles:

Cree's CEO suggests quicker LED
move into general lighting
www.ledsmagazine.com/features/7/12/12

FEATURED conftent

e0 0000000000000 000000

[strategically
speaking
Strategically Speaking:

How many MOCVD

reactors is too many?

An unprecedented level of orders for
MOCVD reactors could create a glut
in the LED market, but is unlikely
to have much effect on high-end
LED suppliers, says TOM HAUSKEN
and Strategies Unlimited staff.

www.ledsmagazine.com/features/8/1/3

e0c0cc0c0000000000 000

White Paper:

Halogen desk lamp

conversion to LEDs
This paper describes a solution that has
been specifically designed to exceed

the residential Energy
Choosing between LED and HPS street lights Star Power Factor (PF)
www.ledsmagazine.com/features/7/12/11 requirements with

Compatibility Part 3: Applying compatibility
concepts to today’s lighting products
www.ledsmagazine.com/features/7/12/9

Getting the light right: Sourcing the
correct LEDs for the job

www.ledsmagazine.com/features/7/12/8

ADVERTISERS [77//ex

minimal components
and comparable

light output to
standard halogen-
bulb solutions. Authors: JIM YOUNG and
BERNIE WEIR, ON Semiconductor.
www.ledsmagazine.com/whitepapers/1
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HLG series sow-320w

* 94% High Efficiency / PFC /
IPE5-67 / 277VAC [ 4KV surge /
3-in-1 dimming

* Applications:

LED street lighting ,

Outdoor lighting,

Moving Sign,

General outdoor applications
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ELN series 30w 60w

* IP64 [Class Il input /
Dimming Function / Class 2

- Applications:

Tunnel Lighting,
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CLG series cow- 150w

+ 92% High Efficiency /
PFC / IP65-67 / 277VAC /
4KV surge
* Applications:
LED street lighting,
Outdoor lighting,
Moving Sign,
General outdoor applications

\!

I

LP series 13w- 100w

* IP67 / Class Il input / Class 2
- Applications:
LED decorative lighting,
LED electronic display
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508-054-910

CEN series sow-3sw

* 91% High Efficiency / PFC/
IP66 / 277VAC / 4KV surge /
Class 2

* Applications:

LED street lighting,
Outdoor lighting,
Moving Sign

®

PLP series 20w-s0w
* PFC / PCB type / 277VAC
- Applications:

Built-in LED lighting system

ledpower@meanwellusa.com

Call us for OEM evaluate samples !
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PLN series 20w -9w

* 90% High Efficiency / PFC/
IP64 / 277VAC / Class 2
* Applications:
LED indoor Lighting,
Office lighting,
LED electronic display

®

ULP-150 150w

« PFC / U bracket / 277VAC

* Applications:
LED streetlamp (built-in type),
LED indoor lighting

PLC series 30w-9w

* 90% High Efficiency / PFC/
Class 2
+ Applications:
LED indoor lighting,
Office lighting,
LED electronic display

PCD series 16w /25w

* PFC / AC phase-cut dimming /
Work with leading or trailing
edge dimmers / Class |l input /
Class 2

MEAN WELL USA, INC.

Tel: 510-683-8886

Fax: 510-683-8899

website: www.meanwellusa.com
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LIGHT IS THE NEW SOURCE OF

GLOBAL POWER

Light is a source of life and success all over the world. In order to find the best solution for your local demand, EVERLIGHT
created a global network of research and development facilities, production sites and sales offices in Europe, Asia and North
America. The result: EVERLIGHT surface mounted LED, optical sensors and infrared components, state-of-the-art lighting
fixtures and high power LED are not only globally highly competitive. They also fully comply with the highest international
quality, safety and environmental standards. The perfect basis for future success — in your segment, in your market or even

all over the world.

For more light and information enter www.everlight.com
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CHIP MANUFACTURING

Lumileds, Lextar look
at 6-inch LED wafers

As LED manufacturers seek to increase capacity and yield
and reduce cost, moving to larger-diameter wafers is seen
as a key enabling step. While many LED manufacturers con-
tinue to use 2-inch wafers as the starting point for device
fabrication, an increasing number already use 3- and 4-inch
wafers. The next step is to transfer production to 150 mm
(approx. 6-inch) wafers.

Philips Lumileds recently claimed (www.ledsmagazine.
com/news/7/12/13) that it is “the first power-LED manu-
facturer in mass production on 150 mm wafers.” The com-
pany, which has wafer fabs in San Jose, California, and Sin-
gapore, says it is now producing “millions of GaN-based
LEDs weekly” on the larger substrates.

Lumileds says it will continue its current wafer pro-
duction while ramping production of its 150-mm capac-
ity to meet increasing demand from the lighting, automo-
tive, and consumer electronics segments. The company
pointed out that the addition of new epitaxy systems run-

Optogan opens largest LED
production plant in Eastern Europe

The Optogan Group of Companies, a Russia-based LED manufacturer,
has opened a new manufacturing plant in St. Petersburg, Russia,
which has benefited from an overall investment of 3.35 billion rubles
(around EUR 80 million).

The facility, which is the largest LED component and module factory in

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

the Eastern Europe and CIS
region, was opened in late
November 2010 by Sergey
Ivanov, Deputy Prime Minis-
ter of the Russian Federation.

The factory will employ
up to 800 people and cov-
ers 15,000 m?2 of floor space,
of which 5000 m? is taken
up by a clean-room envi-
ronment. The first produc-

tion line has an »page 10
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ning 150-mm wafers represents a lower capital expendi-
ture to achieve the same capacity expansion compared
with adding a larger number of systems that run with
smaller wafers.

LG Innotek is thought to be the first com-  » page 10

CHIP MANUFACTURING

Cree opens China fab,
shares take a tumble

A grand opening ceremony was held on December 8,
2010 for Cree Huizhou Solid State Lighting Co., Ltd. at
the Huizhou Zhongkai High-tech Industrial Development
Zone in Huizhou City, Guangdong, PR China (www.leds-
magazine.com/news/7/12/7). The facility is Cree’s first
LED chip manufacturing base outside North America,
and this also makes Cree the first international LED com-
pany to set up a chip-manufacturing facility in China.
After Cree signed an agreement with Huizhou in
November 2009, the factory was completed and put
into production in just 8 months. The facility under-
takes LED wafer cutting, testing and classification prior
to packaging. Cree chairman & CEO Chuck Swoboda
said that currently more than 50% of Cree’s employ-
ees are working and living in Huizhou. “We have com-
mitted that in the coming 3-5 years, we will

» page 10
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6-inch from page 9

pany to have started making LEDs (specifi-
cally mid-power LEDs for LCD backlighting
applications) on 6-inch wafers. Sapphire-
wafer maker Rubicon has an ongoing con-
tract to supply LG Innotek with 6-inch sap-
phire wafers. Also, Cree is building a new
150-mm LED wafer production facility in
Research Triangle Park (RTP), and expects
to have the first qualified products within
the first half of this year.

Cree from page 9

continue to expand our operation in Hui-
zhou,” he said. Swoboda also described
Cree’s development strategy as “Cree Chip,
China Heart.”

Lower-than-expected sales to Cree’s LED
component distributors in Asia caused the
company’s revenue to drop below analysts’
expectations for the quarter ended Decem-
ber 26, 2010 (www.ledsmagazine.com/
news/8/1/14). This caused Cree’s shares
to drop sharply by around 15% when the
announcement was made mid January.
Cree said the underlying cause was a pause
in LED street-light demand in China, cou-
pled with lower-than-expected growth in
LED bulb applications. The company’s rev-
enue from LED products was $229.7 mil-
lion, down 6% from the previous quarter,

Meanwhile, Lextar Electronics has
claimed to be the first LED maker in Tai-
wan to demonstrate blue-light emission
from a processed 6-inch LED wafer (www.
ledsmagazine.com/news/8/1/7). Lextar says
it has employed “unique exposure and grind-
ing technology [to] avoid the issue of wafer
warp and crack, which is the most challeng-
ing [issue] in 6-inch chip processing.” Lextar
is part of the BenQ Group, along with LCD
panel maker AU Optronics. <

but up 26% compared with the same period
last year.

Swoboda explained that the street-light
slowdown in China was related to a pause
in the market as new specifications were
being developed by the government. Mean-
while, the LED bulb slowdown is related
to Cree’s customers working off inventory
that was bought in the previous quarter
ahead of end-customer demand.

Cree also announced a prototype
60-W-replacement LED lamp that can
meet Energy Star performance require-
ments. The dimmable bulb uses remote-
phosphor technology and delivers more
than 800 lumens, consumes fewer than
10W and features a CRI of 90 at a warm-
white 2700K color (www.ledsmagazine.
com/news/8/1/25). «
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Russia from page 9

annual capacity of 360 million LEDs, and

further capacity extensions are scheduled.
This is the latest and largest example

of investment and state support for the

LED market in Russia. Also, a Non-Profit

LTS

BB SR MR
Croe Huizhou SSL Co., Ltd.

FlER
Grand Opening

Association of Russian LED Manufactur-
ers has been formed by Optogan and Svet-
lana Optoelectronics (www.ledsmagazine.
com/news/7/10/28). Optogan says that it
has “found a suitable legislative and infra-
structural environment to establish high-
tech manufacturing in Russia to enabling
high-volume LED output at competitive
costs.” Rusnano, the state fund providing
investment for technology projects, is one
of the company's largest shareholders. Opto-
gan was founded in 2004 in Helsinki, Fin-
land, by three Russian scientists. The com-
pany was acquired in late 2008 by Onexim
Group, a private investment fund which is
Optogan's major shareholder. <

MORE: www.ledsmagazine.com/news/7/11/29

0.5W LED Wedge
GWFO5CXK-12
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TW-12W SnapBrite  0.5W LED Festoon
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LEDs

. Secondary Optical design

How to make the LED lamps have the best of luminance,
secondary optical lens is the key point.
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Linking LEDs to The Real World
With demonstrated technologically advanced optical
solutions, Ledlink enhances the value of LED light source
and lead customers to walk in the light tip of the world!

LEDIink brings the wo
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- Transmission Rate 90%1

www.ledlink-optics.cg

service@ledlink-optj i o
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STANDARDS

SEMI forms HB-LED standards committee

The industry association SEMI has formed an HB-LED Standards
Committee with the goal of developing manufacturing standards.
These are intended to eliminate unnecessary costs, and facilitate
innovation in equipment and processes. Task Forces on wafers (ini-
tially focused on sapphire), wafer carriers, assembly and automation
have already been initiated. Participants include key equipment and
materials suppliers and have expertise in HB-LED devices, sapphire
wafers and MOCVD wafer processing. Industry analysts expect a 10-
to 20-fold decrease in costs over the next five years is needed to achieve
rapid penetration of solid-state lighting into commercial and residen-
tial lighting applications. The SEMI HB-LED Standards Committee
has been formed to help reach those aggressive cost targets. <
MORE: www.ledsmagazine.com/news/7/11/19

TEST & MEASUREMENT

Instrument Systems wins LG order

LED maker LG Innotek has placed an order worth several mil-
lion euros with Instrument Systems, the Munich, Germany-
based test and measurement specialist. The order is for a large
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LED Dimming Solutions
AC dimming

AC-Dimm®, flicker free dimming solution that work with
standard phase control AC dimmer

Low Voltage 0-10V dimming
Designed to work with standard off-the-shelf low voltage
electronic ballast dimmer

AC/DC LED Drive Solutions

- Universal AC input from 100-277Vac, the most versatile models available in the market
- Both Constant Current and/or Constant Voltage mode available

- IP66 rated for dry, damp and wet location applications

- Convection cooled, UL, cUL, FCC B, CE compliant

LP4240 Series - 240 Watts Quad or Triple Class 2 output
LF2200 Series - 200 Watts Dual output

A
LP4100 Series - 100 Watts Quad or Single Class 2 output
&3§§3%%iP1 090 Series - 96 Watts Single Class 2 output @
&13&%“048 Series - 48 Watts Single Class 2 output |
7_\1]‘3(\}‘&%4.!31 060 Series - 60 Watts Single Class 2 output
13;R‘aP5%J_P1 040 Series - 40 Watts Single Class 2 AC-Dimm® available k\;.zi ]
1;1;§a'§,%d_P1 025 Series - 25 Watts Single Class 2 AC-Dimm® available 4
g;}‘a%%d_P1 020 Series - 20 Watts Single Class 2 AC-Dimm® available s,
LP1017 Series - 17 Watts Single Class 2 output
LDO015D / LD024D Series - 15W / 24W AC-Dimm® available sl
L121/L07U / LO3U Series -12W/7W/3W Class 2 output [ﬁ

LA1012 / LD-CU / LD-PI Series -12W/7W/3W A?‘EC‘H

High Power LED DriveriPower Sugplics

5625-A S. Arville Street, Las Vegas, NV 89118
Tel: 702-364-9998 Fax: 702-364-1562
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EVENTS

SIL Europe 2011 issues Call for Papers

Strategies in Light Europe 2011 takes place on October 4-6, 2011
in Milan, Italy, and has the theme "Improving the Quality and
Performance of LED Lighting." The conference program will be a
mixture of invited talks together with presentations submitted
via the Call for Papers, which is now open. The submission dead-
line is Friday 18th March. «

MORE: www.ledsmagazine.com/features/8/1/1

number of CAS 140CT-series array spectrometers, which LG
will use for testing LED wafers in a production environment.
The LEDs are for backlight units for LCD TV sets. Instrument
Systems says that the spectrometers enable all relevant photo-
metric and colorimetric parameters of LEDs, such as luminous
flux and color coordinates, to be determined within millisec-
onds. In further news, Instrument Systems GmbH has appointed
Richard Young, a specialist in light measurement, to help the com-
pany to continue expanding its expertise in LED metrology. <«
MORE: www.ledsmagazine.com/news/8/1/18

DISTRIBUTION

Nichia appoints first-ever LED distributor

Nichia, the Japan-based LED maker, has broken with its own tra-
dition by appointing its first-ever distribution partner for LED
products. Lumitronix LED-
Technik GmbH, based
in Hechingen, Germany,
became an official distrib-
utor for Nichia in Germany
on January 1, 2011. Until
now, Nichia has supplied
its LEDs directly to end-
use customers, without
using distribution channels
anywhere in the world. «
MORE: www.ledsmagazine.
com/news/8/1/5

BUSINESS

LG Innotek, Zumtobel team up

The Zumtobel Group, an Austrian lighting company, and LG Innotek,
aKorea-based LED manufacturer, have signed a cooperation agree-
ment in the field of LEDs, with the aim of transferring the success-
ful high-volume business in LED backlights for LCD screens to the
field of professional lighting. The two companies say that they will
each be contributing their respective expertise in terms of technol-
ogy, applications and production. One important aspect will be the
use of LEDs as point light-sources to produce flat-area lighting. «
MORE: www.ledsmagazine.com/news/7/12/12
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LED LAMPS

Fire hazard causes recall
for Eco-Story LED lamps

Eco-Story, an LED lamp supplier based in
Portland, Maine, has released a product-
safety recall for LED lamps that can pose
a fire hazard when used without a Class II
transformer. The recall affects about 42,000
units, and was voluntarily conducted by the
firm in cooperation with the US Consumer
Product Safety Commission (CPSC).

The LED lamps can overheat when used
without a Class II transformer, posing a fire
hazard. The CPSC said that the company has
received two reports of overheated lamps,
but no injuries have been reported.

The recall involves 12-volt LED lamps
with UL number E316865. Manufactured
in China, the lamps have been sold to com-
mercial locations, primarily restaurants,
from December 2007 through August 2010,
for between $19 and $45. The lamps were

not sold directly to consumers. The CPSC
says that commercial locations should stop
using this lamp immediately and contact
Eco-Story for a free replacement lamp which
does not require a Class II transformer. «
MORE: www.ledsmagazine.com/news/8/1/22

BUSINESS

PhotonStar LED takes over Enfis

PhotonStar LED Ltd, a UK-based LED light-
ing manufacturer, has conducted a reverse
take-over of Enfis Group plc, a UK-based
developer of LED arrays and drivers for
lighting and industrial applications. Enfis
has been listed on the AIM stock exchange
since March 2007. The company changed its
name to PhotonStar LED Group plc and was
admitted to AIM in late December 2010.
PhotonStar intends to extend its product
range by adding lighting fixtures for archi-
tectural and retail markets using Enfis
Group arrays and drivers. Enfis will con-
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tinue to focus on the supply of arrays and
light engines to specialist sectors such as
film and TV production lighting and UV
curing. PhotonStar intends to drive devel-
opment of arange of highly-integrated light
engines and controls for use in general illu-
mination based on a combination of its
technology and Enfis array products. <«
MORE: www.ledsmagazine.com/news/7/11/30

COMPETITIONS

DOE suspends PAR38 L Prize

The DOE has suspended the PAR38 por-
tion of its L Prize competition, which is
stimulating the development of LED-based
replacements for halogen lamps. No submis-
sions have been received to date. The DOE
said it will apply "lessons learned” in the
60W-incandescent-replacement portion of
the competition and reopen the PAR38 com-
petition in May with modified criteria. <
MORE: www.ledsmagazine.com/news/8/1/6
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Shenzhen Green World Optoelectronics Company Limited

We provide flexible and efficient OEM services!

Source from us, and you will receive LED products that
feature reliable power circuit designs and patented heat
structures. In fact, our LED lights boast 20 percent greater
heat dissipation rates compared to standard models -
thanks to our housing designs which received utility

patents in mainland China.

Since we partner with a molding factory, our team of R&D
engineers can seamlessly integrate your OEM specifications
and create a sample within 15 days. Or, choose from our

collection, to which we add five new products monthly. To
ensure proper functionality, our items are evaluated on
high-pressure testers - a rarity in the industry. We also
utilize integrating spheres and luminous intensity testers
for quality you can rely on. For more details, inquire now.
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California law begins US phase-
out of incandescent lamps

A new federal law introduced on January 1,
2011 in California has implemented stan-
dards for the energy efficiency of incandes-
cent light-bulbs sold in the state, and will, in
time, effectively remove 100W incandescents
from the shelves. The new regulation states
thatlamps manufactured on or after January
1, 2011 must use 28% less energy in order to
provide the same amount of light (in lumens)
as previously available from a 100-watt bulb.
In other words, incandescent lamps must now
be able to produce 1500-1600 Im with a max-
imum of 72W. This standard does not affect
the existing supply of incandescent light
bulbs stocked in retail stores, or to incandes-
cent light bulbs already in use.

The law, resulting from the Energy Inde-
pendence and Security Act of 2007 (EISA), is
designed to reduce energy use and associated
pollution and make the USA less dependent
on foreign sources of energy. While the rest of
the USA will adopt this standard on January 1,
2012, California was given authority to imple-
ment the national standards one year earlier.

It is estimated by the California Energy
Commission (CEC) that the new regulation
will avoid the sale of 10.5 million inefficient
100-watt bulbs in 2011, which would cost
consumers $35.6 million in higher electric-

Traditional wattage New maximum

wattage
100 72
75 53
60 43
40 29

ity bills. The regulation is technology-neu-
tral, with the CEC promoting halogen lamps,
compact fluorescent lamps (CFLs) and LED
lamps as possible alternatives (www.energy.
ca.gov/lightbulbs/lightbulb_fags.html). A
new standard covering 75W lamps will be
introduced in California on January 1, 2012,
and standards for 60W and 40W lamps will
follow in 2013 (see Table). In all cases, the :
rest of the USA will follow one year behind.

Europe is already at the stage, since Sep- :
tember 2010, of phasing out 75W incandes-
cent lamps. Also, packaging regulations
have been changed so that lumens will now
feature prominently. Only lamps that fall :

into energy class A will be allowed to carry i
an “energy-saving lamp” designation, or to :
carry a value for the percentage energy sav- :

ing compared with incandescents.

In related news, the Environmental Pro-
tection Agency (EPA) has released a revised |
series of recommendations on how to deal
with broken CFLs in the home (www.epa.
gov/cfl/cflcleanup.html). There’s nothing too

controversial or over the top; in summary :
you should ask people to leave the room,
shut off the AC for a while and dispose of all

the bits safely. «
MORE: www.ledsmagazine.com/news/8/1/2

Light output (Im) Implementation date

in California*

1490-2600 January 1,2011
1050-1489 January 1,2012
750-1049 January 1,2013
310-749 January 1,2013

*US-wide dates are one year later. Source: California Energy Commission.
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EPA releases final
draft of Energy Star
Luminaires spec

The US Environmental Protection Agency
(EPA) has released the Final Draft of the
Energy Star Luminaires v1.0 specification.
This now has an effective date of October 1,
2011. The spec is available from www.ener-
gystar.gov/luminaires, which also carries
comments on Drafts 1 and 2 of the spec.
The Luminaires v1.0 spec will replace the
Residential Light Fixtures (RLF, v4.3) spec
and the Solid State Lighting Luminaires
(SSL, v1.2) spec.

Among the modifications in the final
draft, the power factor requirement was
reduced to > 0.5 for solid-state luminaires
consuming 5 watts or less. This change
reflects what is both broadly accessible
and cost effective, says EPA. Also, accent
lights and cove-mount luminaires, for-
merly included only in the residential
scope, have been added to the commercial
scope of the specification with the same
performance requirements.

The modulation depth requirement
detailed under operating frequency
requirements for solid-state lumi-
naires has been removed. EPA says it
will continue to follow the work of vari-
ous industry groups working to develop
recommended practices to mitigate the
potential for perceptible flicker and stro-
boscopic effects with this technology.

Luminaire models qualified prior to
January 1, 2011 (or those submitted to
EPA contractors prior to January 1 and
subsequently qualified) will remain qual-
ified until October 1, 2011. After this date,
to remain on the Energy Star qualify-
ing product list they must be certified by
an EPA-recognized certification body to
meet the Luminaires v1.0 specification
requirements.

Luminaire models qualified after
January 1 (i.e. certified by an EPA-rec-
ognized certification body) using the
existing specifications and also meet-
ing the Luminaires v1.0 specifica-
tion requirements will be automat-
ically added to the Luminaires v1.0
qualifying product list on October 1. &)
MORE: www.ledsmagazine.com/news/7/12/14
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LED MEASUREMENT SYSTEMS

LOW COST - NIST TRACEABLE - PORTABLE

CRI & COS
Purity
CCT
Dominant A

StellarNet offers a complete line of low cost LED test and measurement systems covering
the 200-1700nm range. All instruments are NIST calibrated to measure the absolute
intensity, complete with a line of integrating spheres ranging from 2” to 20” in diameter.
These systems offer rugged, high performance measurements by utilizing shock-proof
enclosures and permanently aligned optics to suit all of your LED measurement needs.

Integrating Spheres SpectraWiz Software Complete Systems See IS at Stm“egles In nght
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Application requirements dictate best
choice for outdoor-lighting technology

A methodology for evaluating lighting-design criteria and cost issues provides lighting professionals

with a pathway to make the best outdoor lighting choices, explains RONALD GELTEN.

he introduction of high-power LEDs
_|_ is causing nothing short of a revo-

lution in professional lighting. New
product generations are coming out every
six months and new products are coming
out from different vendors every day. New
claims in efficiency, energy savings and lon-
gevity are made every month. People and
organizations are calling for adjustments in
lighting standards and legislation to accom-
modate this new technology. With so much
going on, LEDs are taking up all the band-
width and it is hard to keep track of what’s
true and what'’s real. It is all too easy to for-
get about conventional technologies which
are also improving, in some cases faster than
ever. Lighting designers need to carefully
evaluate available technologies and appli-
cation requirements to make the best out-
door lighting choices.

To get a basic grasp of the challenge light-
ing professionals face, consider the diffi-
culty today of choosing a replacement for
your dining room light bulb. Chances are
that your old lamp was an incandescent
and now you have all kinds of new options:
halogen, or an energy-saving compact fluo-
rescent lamp (CFL), or a retrofit LED lamp.
The packaging on the lamp doesn't just show
the wattage, it also talks about color tem-
perature, lumen output, energy savings, and
dollar savings per year or over the life of the
lamp. After comparing all the numbers you
take it to the next step and consider light
distribution. Depending on the actual appli-
cation, you may choose from a spiral-shaped
CFL, a directional LED, an all-around LED,
and others. Choosing alamp now requires a
RONALD GELTEN is the Business Development
Manager for outdoor lighting products at
Philips Lighting Company.
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Two examples of spider web diagrams. Left: comparison of several lighting
design criteria. Right: comparison on various cost aspects.

bit more thought process.

Given the complexity, how does a lighting
professional decide what it is best for an appli-
cation? It is important to look at the main
strengths of the dominant lighting technol-
ogies so you can make an educated choice.
First you need to focus on the characteristics
that are most important for applying the light
sources, rather than focusing on in-depth
technical attributes. In the end, it is all about
choosing the right technology, for the right
application and for the right reasons.

Let’s consider outdoor lighting choices
focused on today’s three most prominent
technologies — LEDs, high-intensity dis-
charge (HID), and induction lamps. First
we’ll consider the attributes of each, and
then how to compare the technologies.
We'll cover the main strengths of the light-
ing technologies below and you will find a
more detailed description online at www.
ledsmagazine.com/features/8/2/1.

LED technology offers the following
advantages:

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

« LEDs offer useful product lifetimes in
the 50,000h range. When applied in confined
spaces, such as indoor down-lights or incan-
descent retrofit bulbs, lifetimes are typically
20,000-30,000h. In large open spaces, such
as in outdoor applications, longer lifetimes
can be achieved.

- Efficacies for LEDs have hit the 100-
Im/W range, with the bulk of LED products
in the 50-80 Im/W range.

« LEDs excel in controllability such as
dimming, instant-on, hot restrike, and var-
ied color choices.

Some of the main strengths and current
status of HID technology are:

« In terms of efficiency, the bulk of HID
products produce around 100 Im/W. Top-
line products are around 120 Im/W. Several
companies have announced initiatives to
bring efficiency to 150 Im/W.

- Lifetimes of HID systems are typically
around 15,000h for low wattage lamps
(below 100W) and up to 30,000h for higher
wattage versions, with some companies

17
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planning to reach 40,000h.

« HID lamps are relatively low in cost and
therefore offer short payback times of 1-3
years. There are retrofit solutions that offer
15-20% energy savings with a simple lamp
replacement as well as system retrofit pack-
ages for various luminaires that allow higher
energy savings of up to 50%.

Induction lighting can be viewed as a
special form of fluorescent lighting. Some
of the main strengths and status of fluores-
cent technology are:

« Lamp efficacies of 100-110 Im/W are
common. Small incremental improvements
in efficacy are continuously introduced.
Induction systems are less efficient offering
70-80 Im/W.

« Fluorescent lamps with lifetimes above
40,000h are widely available, and induction
lamps can last up to 100,000h.

« Fluorescent systems are offered at
the lowest initial cost of all high-efficacy
products.

Making the right choice

When it comes time to make a detailed com-
parison of the technologies, you can easily
get lost in the details. Take time to assess
the lighting requirements. Is there a special
atmosphere that the customer is looking to
create? How is the area going to be used,
how will we coordinate the lighting with
the planned activities? What are legislative
requirements on wattage per square foot?

Then there are additional requirements,
for instance: Is the customer interested in
saving energy or in the shortest payback
time? Is the installation easily accessible
for maintenance? And your list may include
other requirements. Based on those con-
siderations we need to evaluate the differ-
ent technologies and the various products
within those technologies.

You can simply list the properties and
performances of the various technologies
or products in a table, and use that table to
compare parameters like: efficacy, lifetime,
mean lumen level, initial cost, payback time
etc. There are two drawbacks to this method.
First, the tables tend to get big which makes
itis easy to get lost in the numbers. And sec-
ond, itis not a very suitable method to com-
municate to the end user. I therefore propose
an alternative method.

18
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A 5-criteria comparison methodology
We start by picking the top-5 criteria for the
lighting design and determine a scale for each
of these. The top-5 criteria are then plotted
in a spider web diagram. Fig. 1 illustrates
two examples. In the left diagram we have
selected five design criteria. We have selected
these for comparison of several lighting tech-
nologies without having a specific application
or lighting design project in mind.

On the right side of Fig. 1 we have selected
various cost aspects of the lighting instal-

Product comparison - 1=l |4 LG ik

Controlability, e.g.

Spill light minimization ~ontrolab
dimming, instant-on,

Sharp cut off
Beam control

Excellent
b Moderate
\roderete Emotional
Low L9V value
Low-Moderate”  High
Low
Low
Moderate
Excellent Meoderate
All-around
light High

Energy savings

luminaires to excelin beam control and min-
imizing spill light.

Controllability. Instant-on and hot
restrike can be related to convenience and
safety. Dimming is mainly used for energy
saving. Other forms of controllability, such
as color variation, are used for creating
drama and attracting attention. On all these
aspects, LEDs are as good as any other tech-
nology and often better.

Inferred/Perceived value. Some light-
ing installations are purely functional but

Product comparison - <11+
Preventative

Payback F
time maintenance cycle
(shorter = 10y (cleaning, lamp
better) replacement)
1y 5y
10.y )
1 Luminaire
R2y-71Y replacement
5Y 15y 55y cycle
Low /
3 0
Moderate
1
Initial
cost index High
(HPS = 1)

Energy savings

Spider web diagrams populated with parameters of LED systems. Left: lighting

design criteria. Right: cost aspects.

lation. Note that two parameters, payback
time and initial cost index, are scaled back-
wards. This is so that the performance indi-
cator is consistently better when moving
away from the center of the spider web.

We will now populate the diagrams with
a comparison of the three most important
technologies for outdoor lighting: LED,
induction and HID (for example ceramic
metal halide). These three white light tech-
nologies are frequently used to replace exist-
ing high-pressure-sodium (HPS) or quartz-
metal-halide installations.

LEDs design and cost criteria

The scores for LED systems are illustrated
in Fig. 2. We will discuss the design criteria
(left diagram in Fig. 2) first.

Beam control. Minimization of spill
light is important for many applications
and can help reduce wattage, limit light
trespass or create drama. The directional-
ity of the individual LED chips allows LED

t Cover | Search Issue | Subscribe | Next Page

in many cases the inferred aspects come
into play in the design and choice of the light
source. LEDs are the latest technology with a
phenomenal rate of improvement and there-
fore have a perceived value in creating a cut-
ting-edge, modern image.

Energy savings. Savings are determined
by the light source’s efficacy in combination
with fixture efficiency. LED products have a
high efficiency in comparison with incandes-
cent products, but the bulk of LED products
have a lower efficacy than HID or linear fluo-
rescent products. On the other hand, the high
optical efficiency of LEDs improves their effi-
ciency rating. As a result, today’s LED lumi-
naires offer moderate-to-high energy savings.

The term “all-around light” is used here as
an opposite to beam control. In some appli-
cations it is desired to spread the light like
a sphere such as in acorn fixtures lighting a
street in a city center. The light is supposed
to light the sidewalks as well as the building
facades to prevent an oppressive atmosphere

LEDsmagazine.com
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Easy Design.

Design Tool Creates Optimized Lighting Systems in Minutes

National Semiconductor's WEBENCH® LED Architect makes it quick and easy to create
a customized lighting system. The tool addresses temperature and current variation
affecting light output and LED lifetime by helping determine the optimal design for

your desired lumen output. Now you have the world’s most powerful online design
environment right at your fingertips. Specify, review real-time tradeoffs, generate your
prototype, and evaluate it — all in minutes. And do it all for free, anywhere, anytime.

V Real—time. design tradeoffs
V' kibrary of 350 KEDs, 30 heat sinks, and 35 KED drivers
v Component price. and availobifity updated hourlly

Design

Enter your output lumens
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WEBENCH LED Architect
automatically selects the
optimal heat sink, LEDs,
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electronics to generate
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The tool enables real-time
design tradeoffs through
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dial that lets you “dial-in”
preferences for footprint,
efficiency, and cost. Analyze
electrical properties such as
power dissipation, efficiency,
or LED current over various
parameters.

Complex LED Systems.
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Light Out:  sso0  hm

.
e — -

Color:
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Order

WEBENCH LED Architect
generates a schematic

and bill of materials (BOM).
Once your design is finished,
print a custom summary
report or order a customized
prototype kit.
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Semiconductor
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in which people walk inside a tunnel of light.
Another way to look at this is that spill light
is actually useful in applications like this. If
we want to spread light in all directions with
LEDs, we require additional LED boards that
radiate in different directions.

Now let’s consider the various cost aspects
of LEDs (right diagram in Fig. 2). For the pur-
poses of this discussion, we will focus on the
cost aspects at the luminaire level. For com-
pletely new installations, the overall cost is
dominated by the poles and wiring rather
than the cost of the luminaires (the heads
on the poles).

Preventative maintenance. This is a
topic of debate for LED systems. The long
lifetimes of LED products suggest that main-
tenance costs are virtually eliminated. How-
ever, in outdoor applications, we can expect
that some level of preventative maintenance
may be required. Depending on the design
of the LED fixture, lens cleaning may be
required to maintain low lumen loss factors
and heat sink cleaning may be required to
obtain long lifetimes or to comply with war-
ranty terms.

Luminaire replacement cycle. Almost
all current LED products have non-replace-
able LED parts. When the LEDs or their driver
reach end of life, the entire fixture needs to
be replaced. In some cases, the replacement
cycle is shortened because the improve-
ments in LED technology drive upgrades of

Product comparison - > 1[Gkl
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Left: design criteria. Right: cost aspects.

the installation. There is an upcoming trend
towards a modular approach in which the
LED boards can be replaced at end of life or
when upgrades become economically fea-
sible. The availability of such solutions will
increase in the coming years. Especially
when combined with some level of standard-
ization, we can expect the luminaire replace-
ment cycle for LEDs to increase in the future.

Initial cost index. We have used HPS as
a reference for initial cost index because
this is the technology that is most often
replaced. Generally speaking LED systems
are 3-5 times more expensive than HPS
systems of similar wattage or light output.

Payback time. LED systems show a
great variation in payback depending on
the technology that is being replaced and
the LED products that are being used. Rel-
atively short payback times of 3-8 years
are achieved for installations where util-
ity rebates or grants are included. Con-
sidering installations without rebates
or grants, we see that most installations
indicate payback times of 8-15 years.

Induction and metal halide lights

We will now add induction and ceramic
metal halide to the discussion and to our spi-
der diagram in Fig. 3. Examining the design
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criteria diagram on the left we can make the
following points.

Beam control and minimization of spill
light with the compact ceramic-metal-
halide sources is almost as good as with
LEDs. LED systems enable the lowest light
spill. On the other hand, fitted target effi-
cacies are often higher with compact HID
sources with optimized optics. HID sources
without optics will spread the light in all
directions in a spherical pattern, hence HID
scores high on all-around lighting. The bulky
shape of induction lamps limits the optical
performance. On the other hand, induction
scores quite high when spherical light distri-
butions are required, especially for the bulb-
shaped induction lamps. The traditional
shape of alamp makes such all-around light
distributions easy.

Controllability of induction technology
is good. The main reason that induction
ranks below LEDs on this aspect is due to
the lack of variable color support and spa-
tial control or beam pattern. Ceramic metal

halide scores much lower. Nowadays, there
are dimmable metal-halide solutions avail-
able and even some ceramic metal halides
that do not change color when dimmed. But
controllability is certainly not a strength for
HID light sources.

In terms of aesthetic value, ceramic
metal halide scores high for its sparkle
effect and crisp, high-quality light. Induc-
tion and other fluorescent sources are more
functional light sources.

Energy savings are highest for ceramic
metal halide because these light systems
have the highest efficacy available today
and because the latest compact metal-halide
lamps allow for very high optical efficiencies.
Induction efficacy is on par with the bulk of
LED solutions, but LED scores higher due to
its higher optical efficiency.

Cost aspects are shown on the right dia-
gram in Fig. 3. Induction lighting is often
installed in locations where maintenance
costs are very high, such as tunnels. Pre-
ventative maintenance is usually not done

in these locations, which is permitted by
the reliability and longevity of the induc-
tion systems. Also in more accessible out-
door installations, preventative mainte-
nance may not be necessary due to the low
lumen loss factors of good-quality induc-
tion lamps. Despite the increased lifetimes
on the most recent ceramic-metal-halide
sources, preventative maintenance cycles
are still around 5 years. There are luminaire
solutions on the market which use 2 or more
lamps in a fixture, thus doubling the lifetime
for lamp replacement to 40,000 - 60,000h,
but such solutions are rare.

Luminaire lifetimes for induction and
HID is typically 20-35 years. Initial cost
of induction and HID luminaires are 1.5-3
times higher than our reference HPS.

The combination of energy savings, initial
cost and maintenance cost typically results in
payback times of 2-5 years for ceramic metal
halide and induction. ROI for ceramic metal
halide installations is typically earned back

continued on page 39
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Sapphire wafer supply and demand
remain in the balance

Sapphire wafer prices rose sharply during 2010, particularly for 2-inch material, but crystal growers

are adding capacity and LED makers are looking at larger wafers. TIM WHITAKER reports.

he vast majority of gal-
_|_ lium nitride (GaN) based

LED chips are made from
semiconductor layers grown on
sapphire wafers. In the previous
12 months, the price of 2-inch
sapphire wafers has risen dra-
matically, for a variety of reasons.
“Currently, the price per unit area
of 2-inch is essentially on a par
with 4-inch,” says Eric Virey, an
analyst with Yole Développement.
“This provides LED makers with a
significant improvement in cost-
of-ownership for their MOCVD
tools if they move to 4-inch, which
can be a strong incentive to accel-
erate the switch.”

Virey says that pricing for
2-inch sapphire in Q4 2010
ranged from around $24 to above
$30, depending on buying power,
compared with around $11 at the
same time last year (see Fig. 2).

Sapphire suppliers such as US-
based Rubicon Technology have
reaped the benefits of recent price
increases (see www.ledsmagazine.
com/news/7/12/4). Raja Parvez,
Rubicon’s CEO, says that, during
the market downturn in 2009,
prices fell substantially to a level
that was not sustainable from the

FIG. 1. Raja Parvez, President and CEO of Rubicon Technology,
and CFO William Weissman celebrate the first sapphire
boule from the company’s new Batavia, IL facility (www.
ledsmagazine.com/news/7/12/4).

point of view of sapphire suppliers.
So in part the recent price rises are
due to a market correction, but in part they
are also due to an imbalance in supply and
demand, particularly for 2-inch wafers. A
massive amount of MOCVD growth capac-
ity has been added recently, particularly in
China and Taiwan, which has created strong

LEDsmagazine.com

demand for 2-inch sapphire. Also, some sap-
phire suppliers have promoted 4-inch wafers,
and have increased their output of this prod-
uct, which has in turn reduced the availabil-
ity of 2-inch wafers.

Virey believes that supply and demand is

roughly in balance right now, and
that pricing may have reached a
plateau. “I am expecting to see
rapid [demand] growth again
beginning in March, which will
put some strain on the sapphire
supply,” he said. “On the other
hand, so much new capacity is
coming on line.” This includes
established tier-1 suppliers such
as Rubicon or Russia-based Mono-
crystal, as well as relative new-
comers such as Sapphire Technol-
ogies in Korea, which claims to
have a higher production capacity
than Rubicon. Also, a great deal of
capacity is coming online in Tai-
wan, says Virey.

“Supply is still going to be a lit-
tle tight in the first half of 2011, but
I'm not expecting the price to go up
any further,” says Virey. “I believe
in the second half of the year,
when there is even more capacity
available, prices will come down,
and they should eventually stabi-
lize around the $14-15 mark for a
2-inch epiready wafer.”

Sapphire supply chain
The supply chain for sapphire
has several steps, beginning with
crystal growth. The crystals, or
boules, are drilled to produce a
core of material with a circular
cross-section. The cores are mapped, and
areas with crystal defects are removed. The
cores are sliced to form thin circular wafers,
and these are polished to make them ready
for epitaxial growth.

The supply constraint occurs at the crys-
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FIG. 2. Recent pricing trends for 2-inch sapphire core material,
and wafers. (Epiready = material that can be used directly for
epitaxial MOCVD growth). Source: Yole Développement.

tal growth stage, where suppliers must install additional furnaces
in order to add capacity. Rubicon, for example, recently opened a
new manufacturing facility in Batavia, Illinois, and is now filling
this factory with new crystal growth furnaces. When fully fitted out,
the new facility is expected to double Rubicon’s capacity, which cur-
rently stands at 5 million 2-inch-equivalent wafers per year.

Like many other crystal growers, Rubicon makes its own pro-
prietary equipment, understands the process and can qualify new
furnaces relatively quickly. But furnaces are now also available as
turnkey solutions from companies such as GT Solar, Thermal Tech-
nology and ARC Energy. In December 2010, for example, GT Solar
announced large orders from two Chinese companies for growth
furnaces (www.ledsmagazine.com/press/28616), while Thermal
Technology launched a commercial kyropoulos crystal grower
(www.ledsmagazine.com/press/28768).

But how long will it take to get these furnaces up and running?

Depending on the company’s experience and its infrastructure, says
Virey, this could be anywhere from 6 months to 18 months. “It is cer-
tainly possible to enter the market more quickly than a few years
ago, but it is still not a slam-dunk,” he says. “A lot of companies are
underestimating the time required.”

A further consideration is the availability of raw materials for crys-
tal growth; in the case of sapphire, this is high-grade (high-purity)
alumina in a suitable form, such as pellets or microbeads. Virey says
there are around 8-10 suppliers and pricing went up a little recently
but there did not appear to be a supply shortage. “The key players are
increasing capacity, so it looks like any issues will be resolved,” he says.

Moving to 6-inch wafers
Most if not all major LED makers have considered the benefits and
challenges of moving to 150-mm (approximately 6-inch) diameter
sapphire wafers, but in most cases the move is not a certainty. “LED
makers will only go to 6-inch if they can demonstrate clear advan-
tage in terms of cost of ownership,” says Virey.

Companies at the forefront of 6-inch wafer manufacturing
include LG Innotek, which has placed a $71 million, 12-month
order for 6-inch sapphire with Rubicon. However, LG is rumoured

LEDsmagazine.com
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to be having produc-
tion issues using the
larger wafers, and its
output is not known.
Philips Lumileds
recently said it is pro-
ducing “millions of
GaN-based LEDs
weekly” on 150-mm
substrates at its wafer
fabs in San Jose, Cali-
fornia, and Singapore
(www.ledsmagazine.
com/news/7/12/13). Elsewhere, Lextar Elec-
tronics laid claim to be the first LED maker
in Taiwan to demonstrate blue-light emission
from a processed 6-inch-diameter LED wafer
(www.ledsmagazine.com/news/8/1/7). Also,
Creeis building a 150-mm wafer fab in North
Carolina, and says that it is on track to have
the first products qualified by the end of June
2011. Of course, Cree will use 150-mm silicon
carbide, not sapphire.

MJ i\ — A

Due to a lack of customers until recently,
and alack of specifications (especially thick-
ness), there has been a wide diversity of pric-
ing for 6-inch sapphire, in the $480-$600
range. Virey believes the sapphire makers
have a lot of room to get their 6-inch prices
right to hit the sweet spot for LED makers.

A 6-inch wafer has 9 times the area of a
2-inch wafer, but it is also much thicker, any-
where from 1.0 to 1.5 mm compared with

materials | SAPPHIRE WAFERS

FIG. 3. Monocrystal recently
demonstrated a 10-inch sapphire
substrate (www.ledsmagazine.com/
press/28724).

0.43 mm for a 2-inch wafer. This means that a
6-inch wafer can have a volume that is around
30 times larger than a 2-inch wafer, reducing
the number of wafers per crystal. “Also, when
you make larger wafers you have less flexibility
to avoid defects when you are drilling the core,
and this results in lower yield,” says Virey.

Tier-1 crystal growers have an advantage
because they can grow very large crystals
and extract wafers with reasonable yield.
For example, Rubicon has already demon-
strated very large crystals weighing 85 kg
(see Fig. 1). Meanwhile, Monocrystal recently
announced availability of ultra-large 10-inch
c-plane epi-ready sapphire substrates (see
Fig. 3). However, it seems unlikely we will
see LED makers using these wafers in pro-
duction any time soon. &)
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focused on delivering innovative, customized optoelectronics
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technology solutions.

With our innovative Custom LED Solutions, we enable a broad
set of lighting applications such as medical, hazardous, industrial,
and a host of life sciences applications.

Our new name, Excelitas, exemplifies our guiding principle —
Excellence is embodied in all that we do. Our focus on
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Contact Excelitas Technologies for
the Custom LED Solutions that your
unique platforms require.
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Technical breakthroughs and manufacturing improvements should keep the LED industry on track

to improve performance and reduce costs at an appropriate rate, but this is not a done deal, as
ERIC VIREY, PHILIPPE ROUSSEL, PAULA DOE and TOM PEARSALL describe.

n the booming HB-LED market, it’s easy

to forget that the next wave of growth

depends on technology that doesn’t actu-
ally exist yet. Development of a volume
market for general LED lighting depends
on technical breakthroughs and manufac-
turing improvements that reduce costs per
lumen by as much as a 10x, in order to com-
pete with fluorescents. But recent progress
suggests the industrylooks on track to meet
the challenge.

Strong demand for display backlights
propelled the HB-LED sector to better than
50% growth in 2010, and 2011 will likely see
another 50% jump. Displays should con-
tinue to drive double-digit growth through
2013-2014. However, as the displays sector
matures, continued growth will be depen-
dent on the quick development of significant
demand for general LED lighting by 2015.
Based on our assessment of recent progress
towards improving performance and reduc-
ing costs, we think the industry is on track to
achieve this. But it’s not a done deal: there’s a
lot more development that needs to happen.

“If this industry is going to continue to
grow, it will be with general lighting,” says
Tom Pearsall, Secretary General of the Euro-
pean Photonics Industry Consortium (EPIC).
“And that depends on continued major prog-
ress in everything from basic research and
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EPIC Consortium
members identified a
need for better infor-
mation on these key manufacturing tech-
nology issues as their top priority. The
organization commissioned a report enti-
tled “LED Mantech” (“LED Manufacturing
Technologies”) from Yole Développement,
and EPIC members worked with analysts
on focus and content.

Economies of scale, improved yields

The best opportunities to reduce pack-
aged LED costs will come from manufac-
turing efficiencies that result from econo-
mies of scale and improved yields, and from

ERIC VIREY, PHILIPPE ROUSSEL and PAULA DOE are with Yole Développement (www.yole.

1), a market research and strategy consulting firm specializing in disruptive semiconductor
technology. TOM PEARSALL heads the European Photonics Industry Consortium (EPIC: www.
epic-assoc.com), a non-profit member organization that works to facilitate the development of the

LED industry in Europe.
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FIG. 1. Processed die surface area by material type. Source:
LED Mantech 2010 report by EPIC and Yole Développement.

advances in the technology for epitaxy, phos-
phors and packaging.

Economies of scale typically drive down
costs, and the HB-LED sector will certainly
be churning out the volume. The compound
annual growth rate (CAGR) in revenue of
28.2% through 2015 - our base scenario —
will drive even faster growth in wafer volume
and processed surface area. Steadily-declin-
ing average selling prices will mean that the
$25.7 billion in LED sales in 2015 will require
amore than 40% CAGR in processed surface
area. Fig. 1 shows that the chip surface area
will reach 51 billion mm?in 2015, eight times
the area processed in 2009.

As manufacturing yields improve, wafer
usage won't jump quite that much, but we
still expect a seven-fold increase, or 37%
CAGR, in wafer starts over the next five
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years, to 86.3 million two-inch wafer equiv-
alents in 2015.

With these kinds of wafer volumes, the
capacity needed to be a player in 2015 will
be massive, and will require massive invest-
ment. Big, vertically-integrated companies
are likely to be a major force, for example the
integrated electronics companies Samsung
and LG. Since entering the LED business two
years ago, these companies already account
for 20% of global die capacity, according to
Yole’s LED fab database. Semiconductor
makers now getting into the LED business
are also likely to be among the players able
to invest for these kinds of volumes. Of the
more than 60 companies now involved in
epitaxy of GaN-based LEDs, only those who
reach critical mass and master the technol-
ogy will survive, so we expect considerable
consolidation, starting in 2013.

Equipment suppliers

These kinds of volumes get the attention of
IC equipment suppliers, who are now start-
ing to invest in developing equipment spe-
cifically tailored to the LED sector’s larger
pattern dimensions, smaller wafers, and
issues such as wafer bowing and trans-
parency. Such equipment is better able to
deliver higher yields and throughputs. As
the sector moves from lab-like production
to industrial-scale continuous processing,

it will move to automated wafer-handling
and computerized process control. Industry
interoperability standards could help
smooth the process. New entrants from the

Impact on
manufacturing cost
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the generous subsidies from the Chinese gov-
ernment, which will likely continue to some
extent, may fund another 700-1000 more.
This could create a short period of oversup-

Epitaxy - MOCVD:
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material quality
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FIG. 2. Key technologies & research areas, showing relative impact in SSL cost of
ownership. *LED performance includes efficiency, lumen/package, color rendering,
lifetime. Source: LED Mantech 2010 report by EPIC and Yole Développement.

semiconductor industry, such as Samsung,
TSMC, and Micron, could also accelerate
this transition.

We expect that close to 1400 additional
MOCVD reactors will be needed to meet
LED demand in the 2010-2014 period. Also,

plyinlate 2011; however, most of this excess
capacity will be in the hands of newcomers
with little manufacturing experience, so the
impact will be mostly at the low end of the
market. Even so, temporary shortages may
also occur for some of the more demand-
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ing applications. With this booming mar-
ket, MOCVD tool makers have invested seri-
ously in improving performance, with the
new generation of reactors getting twice
the throughput of the older models. Suppli-
ers target a 2x improvement in cost-of-own-
ership every 5 years.

Better equipment and the move to auto-
mated volume production will likely
improve manufacturing yields. There is
certainly plenty of headroom now, but the
margins for improvement will narrow as
the industry matures. We estimate that
with the substrate edge-exclusion area, the
cutting streets between dies, and the aver-
age process yields in epitaxy and packaging,
currently only about 24% of processed sub-
strate surface is turned into qualified dies
(i.e. those that meet the specifications for
a given application). The industry looks on
track to increase yields to more than 40%
by 2020 according to our base scenario.
This relatively low level even a decade out is
because significant improvements in yield
will become more difficult to achieve as the
technology improves and as specifications
become much more stringent.

Larger wafers improve efficiency

The move to larger-diameter wafers will also
help bring down costs. Though most pro-
duction is still on 2-inch wafers, the main-
stream is moving to 4-inch and the leaders
are preparing to move to 6-inch wafers. The
strong demand for LED backlights pushed
demand for 2-inch sapphire wafers up faster
than the supply, so 2-inch wafer prices rose
to equal 4-inch prices in dollars per unit sur-
face area. This pushed some companies to
switch to 4-inch, enabling better through-
put from MOCVD reactors and other process
tools. Massive adoption of larger wafers will
startin 2011, with 2-inch wafers dropping to
less than 50% of total wafers processed for
the first time.

The move to 6-inch inch wafers will likely
improve process productivity significantly
in the next few years. For example, Aixtron’s
new generation of 6-inch-wafer reactors can
process a third more surface area per run.
The 6-inch wafers still remain more expen-
sive and in short supply, as there is limited
capacity to produce high-quality sapphire
in large crystal boules, so the main transi-

LEDsmagazine.com

tion will likely not be for a year or two. But
more capacity is coming on line this year,
with Rubicon and Monocrystal doubling
capacity, and Sapphire Tech in Korea now
claiming to have capacity larger than Rubi-
con. LG started production on 6-inch wafers
in 2010, and at least two more companies,
Philips Lumileds and Lextar, are following
close behind.

Companies are sampling 8-inch wafers,
for production in 2012 or after, driven by the
availability of good legacy 8-inch tools from
the semiconductor industry. This has the
potential to make production more efficient
still, if the issues of growing the larger boules
and dealing with the bow or thickness of the
larger diameters — and the issue of cost — can
be solved.

So far all the research on other substrate
materials has yet to produce a clear alterna-
tive to sapphire, but the possibility remains
of developing a disruptive substrate technol-
ogy. The most promising alternative is silicon:
although good devices can be made, costs are
not yet competitive.

Packaging and phosphors

Encouraging developments in phosphors
and packaging also seem likely to reduce
costs in the next few years. We expect to
see significant expansion in the use of sil-
icon package substrates for better thermal
management, opening the way to wafer-
level packaging. If the die are redistrib-
uted across a package substrate wafer,
then phosphors and lenses can be applied
across the whole wafer, and interconnects
and heat distribution added with through-
silicon vias. This should significantly reduce
assembly costs compared to assembling all
the tiny die individually after dicing. Such
technologies are already in use in MEMS,
CMOS image sensors, and wafer-level cam-
era-module optics, so much of the ground-
work is already done.

There’s also plenty of room to reduce the
cost of the phosphors that convert the light
to the desired white color, as patents expire,
volumes increase, and manufacturing pro-
cesses improve. Quantum dot technology is
also a promising approach, but one still in
its infancy, and more work is needed to fur-
ther improve efficiency and stability and to
develop cadmium-free compositions. &)
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luminaire design | DISCUS SPOTLIGHT

Sun and symbolism inspire
disc-shaped LED spotlight

HARALD GRUNDL of design studio E00S discusses the design of Zumtobel’s LED-based Discus

spotlight, the shape of which mimics the sun's rays.

umtobel’s Discus spotlight series was
Z designed by EOOS, a Vienna, Austria-

based design studio, which has been
along-standing partner of the lighting com-
pany. The design ensures purely passive cool-
ing of the central LED module, in addition to
very compact dimensions and a distinctive
appearance.

The unmistakable shape of the Discus
spotlight series reflects the familiar per-
ception of the sun - a disc with radially-
arranged rays. In this case, the “rays” are

32
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the blades of a passive cooling attachment,
ensuring a long service life for the cen-
tral high-performance LED module. With
a depth of only 28 mm, the luminaire is
extremely flat, and the compact, unobtru-
sive design of the track box adaptor con-
forms to the spotlight’s minimalist nature.
The spotlight series won an iF product
design award in 2010.

As well as designing the Discus spotlight
series, EOOS has designed Zumtobel prod-
ucts such as the Tempura LED spotlight, the

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

Vivo LED spotlight and pendant luminaire
and the Liviano “eco-design” spotlight. The
company has a self-declared philosophy of
Poetical Analysis, which essentially means
that the design process is preceded by an
exploration of the corporate philosophy of
the partner, in an effort to understand the
subconscious identity of the client, and
hence to achieve a perfect balance of func-
tional and emotional components. Poetical
Analysis primarily involves the search for an
intuitive image, a ritual, a story or a myth.
Harald Griindl, one of the
founders of EOOS along with
Gernot Bohmann and Mar-
tin Bergmann, has provided
insight into the design consid-
erations for the Discus product.

What challenges did you face
during the development of

the Discus spotlight series?
Harald Griindl: The idea of
developing a really flat spot-
light goes back four years to the
briefing for our first LED spot-
light (Tempura). The advances
in LED technology, and the
greatly increased efficiency of
LEDs, have finally made it pos-
sible for us to realize our vision
of developing a simple disc-
shaped LED spotlight. This
confirms our conviction that a
technological change is really
taking place - that the LED

FIG. 1. Harald Griindl, one

of the creative heads of the
Vienna-based design studio
EOOS, discusses the creation
of the Discus LED spotlight.
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FIG. 2. The flat and unobtrusive shape
of Discus allows integration in any
architectural environment.

can actually meet the future requirements
of lighting quality and energy efficiency. So
far, LED technology has been integrated in
conventional constructional shapes. During
the development process we soon
realised that we would do this

the other way round and inte-
grate conventional illumi-
nants in this disc shape.

How did you develop the
distinctive “sun rays”

in the Discus design?

HG: We were looking for

a powerful image on which
to base the Discus design. We
found this very powerful image
of sun discs on pendants worn by sha-
mans. These sun disc images are thousands
of years old. In our eyes this archaic and
very symbolic shape, in combination with
modern high technology, is a perfect reflec-
tion of today’s society in our eyes. As human
beings we are influenced by stories, myths
and rituals that have existed for thousands
of years. But on the other hand, we are also
very much influenced by modern technol-
ogy, which we are not always able to under-
stand fully. The combination of these differ-
ing aspects really represented the starting
point of the design of Discus for us.

The rays fulfill an important technical
function - is the design intended

to explicitly underline this?

HG: The radial arrangement that you see in
Discus calls to mind the symbolic shape of
the shaman pendant. In addition, the radi-
ally-arranged blades are cooling fins that
help to cool the LED module in the center
of the spotlight. The design of the spotlight
ensures that whatever position the spot-
light is in, air is sucked in from below, cool-
ing of the LEDs is guaranteed and the hot
air is given off to the back. This is an excel-
lent demonstration of our design concept

(L )

Discus spotlight: www.zumtobel.com/discus

LEDsmagazine.com

TR

- symbolic shapes should not only stand
for themselves alone, but also be an integral
part of a technical function. We don’t con-
sider design to be something that is added
to a technical function. The shape that
finally emerges is an interaction of a sym-
bolic shape and technical necessity.

technology, but on heat technology. This
also illustrates the changed approach to
designing with LEDs. It’s more a matter of
how to get rid of the heat rather than a con-
sideration of light technology aspects. The
LED module is already optimized from a
light technology point of view, and it really
only needs to be cooled effectively. This
means that instead of wrapping up and
packaging, future designs will have to break
open shapes to be able to meet the techni-
cal requirements of the LED. We hope that
this strong archetypal shape of the spot-
light will remain, only to be supplemented
by ever more efficient LEDs.

Discus is especially suitable for

sales and presentation applications

- what do you consider to be the

major advantages of the spotlight?

HG: Our experience as retail designers has
shown that it is very important to have a
structural design that can incorporate vari-
ous different illuminants. So there shouldn’t
be any different sizes, only variations in light
e.g. different angles of radiation, or different

FIG. 3. EOOS design sketch for the Discus spotlight.

LED technology increases the

importance of the illuminant’s technical
requirements: as a designer, do you also
have to be a light technology expert now?
HG: Although we are talking about a spot-
light here, the problem that had to be
solved in this case was not based on light

light sources. Our hope is

that disc-shaped luminaires

will predominate in the next few years. For
retail applications, this should allow differ-
ent illuminants to be used in combination
with each other without having to fit differ-
ent types of spotlights to the ceiling. &
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materials | PHOSPHORS

LED phosphor suppliers are affected
by China's rare-earth export quotas

LED phosphors typically incorporate rare-earth elements, and manufacturers need to ensure that

they have an adequate supply of these critical materials, as TIM WHITAKER reports.

he LED industry uses a wide and
_|_ growing range of phosphor materi-

als to convert the light emission from
LED chips into a different wavelength spec-
trum. LED makers rely on their supply of
phosphor materials as a crucial aspect of the
production process. The most common use
is the combination of a blue LED chip with
one or more phosphors to create a white
LED. Many of the phosphors used in LEDs
contain rare-earth elements, and the avail-
ability of these materials is currently caus-
ing some concern, particularly because of
new quotas introduced by China.

The 17 rare-earth elements comprise the
lanthanide series in the periodic table (ele-
ments 57 through 71), plus scandium (Sc) and
yttrium (Y). The most common LED phosphor
is yttrium aluminum garnet (YAG) doped with
cerium (Ce), another rare earth, while TAG
phosphor contains terbium (Tb). Silicate phos-
phors such as BOSE and nitride phosphors are
commonly doped with Ce or europium (Eu).

A key issue with rare earths is that China
currently mines more than 95% of the global
supply of these materials. For some of the ele-
ments, the so-called heavy rare earths, the
figure is more like 99%. The materials have a
wide variety of uses in many industries, and
China is also a huge consumer. Crucially,
however, China recently reduced its export
quotas for rare-earth materials (http://nyti.
ms/fEgS0Z). With the quotas being actively
enforced, this will secure supplies for domes-
tic Chinese manufacturers, and will also raise
tax revenue for the Chinese government.

On the more positive side, China only
has around 35% of global rare-earth depos-
its, and there are numerous efforts under-
way to exploit reserves in other countries.
For example, US-based Molycorp Inc. (NYSE:
MCP) plans to rapidly increase production at

LEDsmagazine.com

Intematix has introduced phosphor-coated plastic discs that act as both a remote
phosphor and a diffuser optic (www.ledsmagazine.com/news/8/1/10).

its mine in Mountain Pass, CA.

However, this will take time, as Mike
Pugh, worldwide director of operations for
Intematix Corporation, a US-based phosphor
supplier, explains. “In my view, China will
have a stranglehold on the supply for about
another two years,” he says. “That’s when
other companies can come online with signif-
icant volume, predominantly in the USA and
Australia. LED companies will have to man-
age this issue for the next 2 years.”

The availability of different rare earths var-
ies considerably from element to element, and
their level of usage in LED phosphor depends
on the material’s chemical composition. For
example, there’s a relatively large yttrium
content in YAG, while only a small amount of
europium is used as an activator in certain
red-emitting nitride phosphors. Material
prices can be high, particularly for the heavy
rare earths, and large price spikes can occur.

While pricing can be a concern, the avail-
ability of materials is critically important.
“LED makers need to be sure their phos-
phor supplier has a secure supply of rare-

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

earth materials,” says Pugh. “The last thing
an LED maker with big growth ambitions
wants is to be placed on allocation by their
phosphor supplier.”

Some phosphor suppliers are thought to
have large stockpiles of critical rare-earth
materials. As for Intematix, Pugh explains
that the company has two factories, one in
California and one in China. In the USA the
company makes nitrides and silicates that
only require small amounts of rare-earth
elements as activators, says Pugh, while the
China factory is where the company manu-
factures its phosphor materials that have
high rare-earth content. There is no quota
for internal consumption in China. The gov-
ernment is also encouraging the export of fin-
ished goods containing rare-earth elements,
driving value-added activities in China.

Another wrinkle is that Taiwan, which
has a huge demand for phosphors, is also
included in the quota for export from main-
land China. This creates another incentive
for Taiwan-based companies to build LED
factories on the mainland. &)
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Devising a standardized method to predict the long-term lumen maintenance of packaged LEDs and

LED modules is not an easy task, writes JIANZHONG JIAO in his latest column on standards.

henlighting designers, specifiers,
builders, and contractors eval-
uate or implement LED light-

ing products, just as with any other light-
ing technology, they want to know how long
those LED lighting products will last. More
specifically, they need to know how long it
will take, in terms of hours or years, until
the light output of these products is reduced
to a level where they need to be replaced.
Practically, the users want to know how to
predict LED lighting lumen maintenance.

Without an existing industry standard,
energy-savings programs in the US, such
as Energy Star and the DesignLights Con-
sortium (DLC), have established thresholds
based on a simple mathematical model to
make predictions, which are then used to
qualify new products that are submitted for
certification. The programs also have pre-
determined set periods of time (number of
hours) over which test data for new prod-
ucts is collected. However, the duration of
the test is relatively short in comparison to
the manufacturers’ claimed life of LEDs.

Although many industry experts dis-
agree with the method currently in prac-
tice to qualify the wide variety of LED light-
ing products available, they also realize that
energy-savings programs must have some
rules to qualify these products.

TM-21 working group
After the IESNA Testing Procedure
Committee (TPC) published in late 2008

its recommendations for LED lumen-main-
tenance testing methods, LM-80, a work-
ing group was formed within the TPC
to address some unfinished business for
LM-80. This concerned the method to pre-
dict LED lumen maintenance using the data
obtained from LM-80 testing.

Recognizing the needs of
LED users and the energy-sav-
ings programs, the experts in
this working group have been
working for over two years to
develop a procedure which will
be published as the document
TM-21.

The reason this document
has yet to be completed is due
to the fact that developing a
standardized method to pre-
dict LED lumen maintenance is not a simple
task. There are arange of LED lumen-degra-
dation mechanisms. Because LED technolo-
gies vary, when the LED products are tested
over a short duration of time relative to their
designed life, such as 6,000 hours specified
in the LM-80 test, it appears that mathemat-
ical models derived from the data collected
within this short time-frame can't be reli-
ably used to make long-term lumen-main-
tenance predictions.

Scope of TM-21

Over the past two years, pressure has been
mounting from LED users to develop lumen-
maintenance prediction standards and there

JIANZHONG JIAO (jianzhongjiao@osram-os.com) is Director of Regulations and Emerging
Technologies at OSRAM Opto Semiconductors, Inc. and is actively involved in LED and SSL
standard development activities. He is Chairman of the SAE Lighting Committee, past Chairman
of NGLIA, past Chairman of the NEMA SSL Technical Committee, active member of IESNA Testing
Procedure Committee and Roadway Lighting Committee, ANSI SSL Working Groups, Standard

Technical Panel member of UL8750, and member of several other organizations.
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are high expectations and many misconcep-
tions regarding the development of the TM-21
IESNA document. It may be necessary to clar-
ify what the specific intent of TM-21 is and
what the potential outcomes could be.

First, all of the published and developing
standards for LED lighting are
grouped into two levels; com-
ponent level and system level.
Similar to LM-80, TM-21 will
be a component-level docu-
ment that addresses lumen-
maintenance predictions for
packaged LEDs (or modules if
they are tested per LM-80).

Second, as stated in the
scope of the TM-21 proposal,
this document “provides rec-
ommendations for project-
ing long-term lumen maintenance of LED
packages using data obtained when testing
them per IES LM-80.” This sets the limit for
what information is to be used for TM-211i.e.
the data from the LM-80 report. If an LM-80
report contains a minimum of 6,000 hours
of testing data for an LED package under
specific operational conditions of current
and temperature, the 6,000 hours of data
will be the basis for making a prediction.

Compared to the LED life claimed by the
manufacturers (typically 50,000 hours),
6,000 hours is a rather small fraction. The
lumen-maintenance test data from several
LED manufacturers collected by the TM-21
working group clearly indicate large vari-
ations in LED behavior within the initial
6,000 hours. That variation is what leads
to the significant challenge in developing
a standardized method to generalize LED
behaviors so that long-term lumen mainte-
nance (e.g. L70 life) can be predicted with a
unified formula.
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Engineering or statistical evaluation
Two approaches can be used to predict LED lumen maintenance using
testing data. The first is an engineering approach. Initially this ana-
lyzes the causes of LED lumen degradation to identify if the light out-
put loss over time is caused by aging of the LED chip, by material
decay (encapsulation, lens, and phosphor), or by structural change
(substrates, reflector, etc.). These degradations may be verified or dis-
tinguished by stress-testing LEDs under more severe conditions, such
as high temperature, high humidity or high current. The experts can,
based on their engineering expertise and the tests’ findings, estab-
lish corresponding mathematical models. In turn, these mathematical
models, once verified, can then be used to predict lumen maintenance.
The second approach is a statistical approach and is based purely
on the testing data itself. For any given set of data, one or more math-
ematical equations can be applied to the data points, and then used
to extrapolate the trends for making predictions. A set of rules and
measures can be established to choose which mathematical model
(or models) provides the best fit with the data. The model(s) can then

LED lighting community benefits from ongoing standardization efforts
LEDs Magazine February 2010, p59: www.ledsmagazine.com/features/7/4/7

Non-directional luminaires require new testing procedures for LED light engines
LEDs Magazine Nov/Dec 2010, p47: www.ledsmagazine.com/features/7/11/8

be used to make extrapolations without any engineering judgments.

The engineering approach is largely based on experts’ knowledge
and understanding of the technologies and processes used in LED
production, while the statistical approach is based on the rules and
criteria that make the application of mathematical formulas reli-
able and consistent.

When LED manufacturers (or third-party researchers) produce
LM-80 reports and relay their findings to the LED users (including LED
luminaire manufacturers), the data only reflects the LEDs” behavior
within the testing duration (e.g. 6,000 hours), and LED users are often
unable to identify the causes for those behaviors. These behaviors make
sense if the proper mathematical model(s) can be identified, which
would not only offer the best fit for the data points within 6,000 hours,
but also provide extrapolations that match the data points long beyond
the initial testing period. Unfortunately, this is not the case. Accord-
ing to the industry experts, 6,000 hours of LED testing is too short to
create accurate mathematical models that lead to reliable predictions.

Dealing with a dilemma

Considering these facts, it appears that the industry is at a
crossroads in regard to lumen-maintenance prediction.
Mandating a longer testing duration, such as 10,000 hours or
more, would certainly add more burdens to LED and LED-
module manufacturers and delay the introduction of new
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technologies and products. However, setting
up improper models or thresholds for using
only 6,000 hours of LM-80 testing data could
penalize good and long-lasting LED products.
That is the challenge in establishing the TM-21
document. With such high expectations from
the industry, the TM-21 working group con-
tinues to work on this challenging goal of rec-
ommending a practice that meets the need of
lumen-maintenance predictions for LED users.

There are some alternative ideas being
considered. One recommendation would be
to establish the use or evaluation of 6,000
hours of LM-80 testing data as a provisional
or conditional step towards lumen-mainte-
nance prediction. The methods used to make
predictions using 6,000 hours of LM-80 test-
ing data should later be verified and val-
idated with further testing over a longer
duration. On the other hand, if the LED man-
ufacturers possess the knowledge or know-
how in predicting the long-term lumen
maintenance of their products, their predic-

tion models may be published together with
the supporting LM-80 testing data. If the
sets of rules and criteria can be established
to qualify the correlation between the man-
ufacturers’ models and testing data, then it
may be possible to validate predictions.

Predictions at the luminaire level

Establishing the TM-21 document will not
fully resolve the additional challenge of
lumen-maintenance prediction at the LED
luminaire level. The TM-21 will be limited
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to the use of available LM-80 testing data,
which is still on the component level.
Although LED-package lumen deprecia-
tion is critical, the LED drivers and optical
and thermal components used in the lumi-
naires may affect the L70 life of the LED lumi-
naires as well, but this will not be accounted
for within TM-21. Therefore, IESNA TPC has
established another working group focused
on the development of lumen-maintenance
testing standards at the system level, such
as LED lamps, engines and luminaires. &

outdoor | |ght| NE  from page 22
based on the energy savings, and induc-
tion installations are mainly earned back
by the reduction in maintenance costs.
Plotting the lighting technologies in the
spider web diagrams of Fig. 3 shows in one
quick view the main differences in perfor-
mance between various products or tech-

nologies. They allow for a visual commu-
nication of the performance parameters
to expert and non-expert customers. I
believe that such visual communication
is an important tool to provide clarity and
to help guide our customers through the
complex and dynamic world of today’s
lighting systems. &)
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Wireless networks enable city-wide
control of LED street-light installations

Municipalities can add a wireless system to LED street-light deployments and implement remote

power-monitoring and control functions including dimming, says MAURY WRIGHT.

. nergy-efficient lighting technologies
= are quickly pervading street-light
b deployments globally as municipal-
ities seek to save money and utilities try to
forestall energy shortages due to generation
shortfalls. LED-based street lights have per-
haps the greatest potential for energy sav-
ings because solid-state-lighting (SSL) tech-
nology is more amenable to adaptive controls

than are induction or ceramic-metal-halide
options. Controls will allow dimming of
lights for even greater savings during off-peak
hours. Network and control systems, such as
Roam from Acuity Brands Controls, enable
remote control and monitoring of street lights
utilizing a wireless mesh network.

Control networks, including the Roam
Monitoring and Control system, aren't con-
fined to SSL installations. Indeed Roam came
to the market before SSL did and Acuity has
supplied the technology with many types of
legacy lights for power monitoring, on-off
control, and detecting failed lamps. Dim-
ming is an additive feature that’s especially
valuable with LED lights because the technol-
ogy is amenable to dimming and delivering
energy savings. For more information on dif-
ferent light sources, see the article from Phil-
ips Lighting on p 17.

Dimming can be used in a number of ways
to cut energy usage. Our recent article on the
Street and Area Lighting Conference (SALC)
discussed an SSL installation in San Jose, Cal-
ifornia, where the roadway's classification
changes from high capacity at rush hour to

low capacity later at night (www.ledsmaga-
zine.com/features/7/11/10). The city is dim-

LEDs

ming the lights as the traffic diminishes.

The city of Chula Vista, California has a
MAURY WRIGHT is the Senior Technical Editor
of LEDs Magazine.

LEDsmagazine.com

trial site where lights follow a more com-
plex operational pattern. According to con-
sulting engineer Kenny Perez of Nate Mullen
Visual Concepts, the BetaLED luminaires are
first turned on at a dimmed level at dusk. As
the night darkens, the programmatic con-
trol brings the lights to 100% illumination.

more information on the Los Angeles deploy-
ment). Los Angeles is not at present using
dimming technology although they have
indicated an intention to do so going forward.
Terry Utterback, VP and Value Stream Leader
at Acuity Brands Controls, reports that Los
Angeles is testing dimming now. Utterback

FIG. 1. A cylindrical Roam network node module mounted on top of a street light.

At midnight the level is cut back to 50%. And
then early in the morning the brightness is
again increased as rush hour begins.

Dimming is very much an incremental
feature on a network such as the Roam sys-
tem. The monitoring aspect has led many cit-
ies to install the technology just to automate
the street-light maintenance process. Cities
can reduce maintenance cost via the ability
to detect failed lamps thereby minimizing
maintenance-truck outings.

Controls and dimming, however, are com-
ing to the forefront with LED lighting. The
city of Los Angeles, for instance, is installing
Roam in what is the largest SSL street-light
deployment in the US (see the SALC story for

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

said, “I suspect if all goes well that they will
move toward a dimmable fixture shortly.”

The Roam network
Let’s have a detailed look at how the Roam
network operates because it is one of a few
system-level approaches available to broad
street-light deployments. Roam leverages a
wireless mesh network to connect the indi-
vidual street lights. A mesh implies that the
gateway or base station device is not directly
connected to each street light or node in the
network. The node present in each luminaire
can retransmit data that it receives, effec-
tively increasing the reach of a base station.
The Roam system relies on the IEEE
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802.15.4 specification as a basis for the phys-
ical and media-access-control layers of the
network (for a refresher on network technol-
ogies for controls, see www.ledsmagazine.
com/features/7/11/13). IEEE 802.15.4 is the
same spec used in ZigBee networks, although
ZigBee was really designed for shorter-range
applications with node spacing in the 10m
range. Roam has developed a network that
can handle node spacing up to 1000 feet so
long as there is a clear line of sight between
the nodes, according to Utterback.

The mesh capability allows a single net-
work to cover an area much larger than 1000
feet. The company has installed a single net-
work that coves 8 linear miles of roadway.
And in a deployment such as Los Angeles,
the installation entails many networks that
all connect to a single control center.

The Roam network uses the same license-
free 2.4-GHz frequency band that is used by
ZigBee. Moreover, both transmit data at 250
kbits/s. That is a relatively slow data rate com-
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FIG. 2. A Roam wireless gateway links street lights via Ethernet or cellular backhaul.

pared to a high-speed Internet connection but
fast enough to send control commands and
receive status data from street lights.

Gateways and backhaul options

The base-station device that Roam calls
a gateway (Fig. 2) connects to and con-
trols a network of street lights. Roam has
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demonstrated as many as 2000 nodes on a
network - that doesn’t necessarily mean 2000
lights as you will learn shortly. The company
believes that it might reach 5000 nodes per
gateway. It’s the gateways that link individ-
ual networks within a city-wide installation
to the control center.

Roam added quite alot in terms of network
features to the 802.15.4 specification. Utter-
back said, “We added mesh, self-healing, and
self-forming capabilities.” Self-forming means
that when a node powers up, it automatically
seeks to communicate with other nodes and
establish a link to a gateway. Self healing
means that the network continues to oper-
ate when a node fails. Utterback said, “If you
lose a node, no problem.”

Installations of the Roam network can rely
on either Ethernet or cellular-data connec-
tions for backhaul - connecting the street-
light node to a control center. Utterback
asserts than Ethernet works well in many
relatively small networks.

Still, cellular is clearly the only choice in
installations such as Los Angeles that are
spread over large areas. Fortunately, the cel-
lular system in most regions of the world car-
ries data quite effectively these days. And the
dataload is again very small compared to say
normal Internet usage. Utterback said the
network typically takes 3-5 seconds between
a command being issued in a control center
to when it is received at a street-light node.

Luminaire installation

Having covered the basics of the network,
let’s discuss how the functionality gets
added at the street-light luminaire level.
Most street lights have a National Electrical

LEDsmagazine.com
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Manufacturers Association (NEMA) con-
nector on the top side of the luminaire. The
NEMA connector is primarily provided so
that photo detectors can be added to street
lights to automatically turn on the lights at
dusk and off in the morning. For the scheme
to work, the power feed for the street light
loops through the NEMA connector.

The Roam network nodes (Fig. 1) are imple-
mented in modules that look similar to photo-
detector modules and that mate with the
NEMA connector. Indeed the modules still
include a photo detector, but also add the
network node than can switch power on and
off, and a monitoring circuit that can report
the health of the street light and the energy
being used.

The Roam system handles dimming sepa-
rately. Acuity sells a Dimming Control Mod-
ule (DCM) that must be integrated inside the
luminaire to enable dimming. The DCM pro-
vides a 0-10V output that connects to standard
0-10V-dimmable drivers or ballasts.
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FIG. 3. A Roam secure web portal is map based and
accessible from PCs.

The DCM is also a wireless network node.
It takes its commands from the node in the
NEMA-mounted module. But the DCM does
count as another node on the wireless net-
works, and that’s why a 2000-node network

may not imply 2000 lights.

The Roam approach is both elegant in the
simplicity of the concept, and also very differ-
ent from how you might design a dimmable
street light with a blank sheet of paper. The
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NEMA interface means that monitoring and
on-off controls can be added to almost any
luminaire. Utterback asserts that the pro-
cess takes 3-5 minutes. And many luminaire
designs will be able to accommodate DCMs,
although those may be custom purchases
specified to a luminaire maker.

With a blank sheet of paper, you would cer-
tainly integrate the on-off control, dimming
control, and monitoring functions directly
into the driver electronics and rely on a sin-
gle network node. A simple microcontroller
could both handle the network function-
ality and even execute LED dimming algo-
rithms and control the driver electronics.
But that integrated approach would essen-
tially require that we have either a de facto or
formal industry standard for street-light net-
works so that all manufacturers could build
interoperable products.

When asked about network standards,
Utterback indicated that the company is
tracking initiatives such as 6LoWPAN (IPv6

over low power wireless area networks). The
technology is meant as a way to connect
devices to the Internet and is also referred
to sometimes as supporting machine-to-
machine networks — as opposed to people
using PCs. Utterback said, “If any standards
develop traction, we can update nodes via
over-the-air programming.” Basically the
network protocols in the nodes could be
updated remotely.

Network control center

The final piece of the Roam system is the net-
work control-center capability that consoli-
dates monitoring and control operations. The
Roam system can deliver a control console via
a secure web portal that city personnel can
access on their desktop PC. An IT system that
supports monitoring and control functions
and even maintenance work-order manage-
ment underlies the portal. The network ser-
vices are an integral part of the Roam system,
and indeed add to the cost of an installation.
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The web portal is based on the deCarta
maps engine that underlies Google Maps.
Municipal personnel can view each street
light on a map and easily access monitoring
and control functions.

Alternatively, the Roam data can also be
fed into existing IT systems. For example,
Los Angeles already had an extensive map-
based IT system in place to monitor, control,
and schedule street-light operations. Acuity is
able to feed data from its street-light network
control center into the Los Angeles IT system
in a XML format.

Controls will compound the energy-saving
potential of SSL and in the case of street lights
reduce maintenance costs by automatically
detecting failed lights.

Future articles will continue to examine
options for adaptive controls in general- and
street-lighting applications. We will look at
other wireless network options and alterna-
tive network technologies such as power-line
communications. &)
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outdoor lighting | LIGHTSAVERS PILOT

A pilot SSL street-light project in Caledon, Canada tested LED luminaires from three manufacturers.

MAURY WRIGHT describes the generally positive results for illuminance, uniformity, and lumen-

depreciation after a full year since deployment.

he LightSavers project of the Toronto
_|_ Atmospheric Fund (TAF) has col-

lected a year of data related to a pilot
installation of LED-based street lights in the
town of Caledon, Canada. The LightSavers
group has measured the optical performance
of the solid-state lighting (SSL) installation
and existing metal-halide (MH) lights on a
biweekly basis. The pilot has documented an
advantage for the LED lights in terms of illu-
minance, energy savings, uniformity, and
lumen depreciation, but the greater cost of
the SSL luminaires yielded a relatively lengthy
projected payback of 14 to 18 years. Still, the
falling price of LED lighting and the increas-
ing efficiency of luminaires will continue to
drive down the payback period.

The Toronto Atmospheric Fund (TAF) cre-
ated the LightSavers (www.lightsavers.ca)
project to accelerate the use of advanced
lighting and adaptive controls to reduce
both energy usage and greenhouse gas emis-
sions. Subsequently, The Climate Group
licensed the LightSavers trademark from
TAF and established a LightSavers program
(www.theclimategroup.org/programs/light-
savers) to purse LED-lighting and smart-
controls projects globally. Three of the TAF
pilot projects, including Caledon, are part
of the global Climate Group program. The
global program allows The Climate Group
to compare results from pilots around the
world and distribute results globally as well.

Caledon municipal site

The Caledon project is located in a parking
lot adjacent to a municipal building. The
MAURY WRIGHT is the Senior Technical Editor
of LEDs Magazine.

LEDsmagazine.com

FIG. 1. One of the Elumen LED street lights with a
illuminance measurement location marked in red on
the pavement.

town handled procurement of the LED lights
and the TAF LightSavers program handled
the data gathering and tests over the course
of November 2009 to November 2010. The
project was relatively small in scale, involv-
ing only nine LED lights. But LightSavers
was able to evaluate LED luminaires from
three manufacturers and deliver accurate
and actionable results.

TAF and Caledon chose the pilot site in

part because the existing MH
lights were performing poorly.
Specifically, the lights were
experiencing excessive lumen
depreciation leading to annual
replacement of the MH lamps.
LightSavers conducted the pilot
using the LightSavers Monitor-
ing and Evaluation Protocol
that is available on its website.

Caledon asked SSL manu-
factures Elumen, Relume, and
Ruud (BetaLED) to provide
LED luminaires that were “sub-
stantially equivalent” in terms
of optical performance to the
existing 175W Philips Gardco
CR204XL MH lights with a Type
IV beam pattern (for more infor-
mation about beam patterns,
see www.ledsmagazine.com/
features/7/9/8).

The town installed three
luminaires from each vendor
in different areas of the park-
ing lot. Fig. 1 shows one of the
installed Elumen luminaires.
Fig. 2 shows the data collection
sheet that LightSavers used to
record optical performance. The
luminaires were installed at a height of 5m.

In each of the four test areas, LightSavers
defined a grid in which it would take eight illu-
minance measurements. The team marked a
spot on the pavement in each of eight rectan-
gles for each of the four test areas. They consis-
tentlymade illuminance measurements using
the exact same marked spots.

The pole spacing was not constant, but
the tests in each area were located around
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outdoor lighting | LIGHTSAVERS PILOT

two of the luminaires as marked by the let-
ter x in Fig. 2. Despite the slightly irregu-
lar layout, LightSavers sought in each case
to take measurements directly in front of
luminaires and between luminaire pairs.

llluminance measurement methodology
Prior to beginning the measurement pro-
cess, the team installed new lamps in the
baseline MH fixtures. The team operated
the new lamps for 100 hours to ensure
that the lamps would achieve full output.
Likewise the team operated the LED lights
for approximately 100 hours before taking
any measurements.

To kick off the test, the team took power-
consumption and illuminance measurements
on November 10, 2009. Subsequently the team
repeated the illuminance measurements
twice per month. The team made the mea-
surements at least an hour after sunset using
a Cooke cal-LIGHT 400 light meter. The team
also recorded the temperature and atmo-

More than your expectation

spheric conditions at measurement time.

Fig. 3 summarizes the results of the tests.
The bar chart shows the average and mini-
mum illuminance measurements (in lux) for
the MH and LED lights. As you can clearly
see, two of the LED fixtures significantly
outperformed the MH lights.

The chart also includes a line that repre-
sents the Illuminating Engineering Society
(TIES) recommended minimum value for an
Enhanced Security lot.

Lumen depreciation

The LightSavers team also wanted to study
lumen depreciation and that’s one reason
the test ran for a full year. Possible lumen
depreciation issues remain an obstacle to
broad adoption of LEDs in outdoor applica-
tions. To be economically viable, LED lights
must deliver more than 70% of their original
light output (L70) over long life spans. The
luminaires tested in Caledon were all rated
for 100,000 hours, equating to about 22 years

Your partner for high efficiency SMD LED
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Q 5730 top LEDs

@ 3535 top LEDs

Tel: 86-755-2967 5000 Fax: 86-755-2967 5111

E-mail: sales@refond.com

www.refond.com

in the parking-lot application.

Based on a 100,000-hour life estimate, the
luminaires would have to maintain annual
depreciation under 2%. The MH lights depre-
ciated 51% over 12 months. TAF LightSav-
ers Program Manager Bryan Purcell noted
that the depreciation was unusually high
for an MH lamp. Diagnosing the reason for
the excessive MH depreciation wasn't part
of the pilot’s objective, but Purcell theorized
that perhaps the gaskets in the MH fixtures
weren't sealing properly and moisture was
impacting performance.

The Elumen luminaires are designed to
gradually increase drive current over time
to combat depreciation. The measurements
over the course of the year were sporadi-
cally above and below the first measure-
ments taken with the final measurement
being 11.5% higher than the first. LightSav-
ers believes that the products are on track to
deliver more than 20 years of life.

The Relume luminaires did generate

4 £
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some measurements
throughout the year

that were lower than %

. #1
the first taken. But Base
the last measurement x

made was exactly
the same as the first.

The LightSaver team %

believes that leaves #2

Elumen
on nearby trees

blocked some of the x
light and impacted

the measured perfor- x

mance during a por- #3

tion of the year. And  Relume

the team believes the

data does indicate a
lifespan of greater
than 20 years for the
Relume products.

The Ruud lumi-
naires suffered depreciation of 8.9% over
the course of 12 months. The LightSavers
team believes that part of the problem was
premature failure of an adjacent MH lumi-
naire that spilled light into the Ruud SSL test
area. The team replaced the MH lamp at the
end of the test and that improved the depre-
ciation figure but still didn’t bring it to the
2% target. The team is planning additional
photometry tests on

CALEDON LIGHTSAVERS DATA COLLECTION SHEET

North

b 4 #4 Ruud X

FIG. 2. The data collection sheet shows roughly the eight areas
on a grid where LightSavers took illuminance measurements
relative to the light poles marked as red x's.

218W. The SSL power measurements were a
bit more complicated. The existing MH lights
were powered by a 347V input. At the time
of the procurement, none of the SSL vendors
had luminaires that would operate from that
high voltage. The town installed a trans-
former at each of the SSL poles to deliver
120V to the LED luminaires. The LightSavers
team made the current measurements after

the Ruud luminaires. 12

Using the temper-
ature measurements
taken with each illu-
minance measure-
ment, the LightSavers
team also sought to
correlate optical per-
formance with tem-
perature since thermal
design is an important
consideration in SSL.
The results showed
only a slight corre-
lation between high
temperature and low light levels, leading the
team to conclude that all of the test lumi-
naires had robust thermal designs.

MH Baseline

Power measurements and savings

LightSavers measured the current used by
each of the luminaires and then calculated
the power consumption. The MH lights use
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Il Average illuminance

I Minimum illuminance

IES recommended minimum

Elumen Relume Ruud

FIG. 3. A chart of average and minimum illuminance (Ix)
measurements after 12 months for the four test cases, along
with the IES recommended minimum value.

the transformer so that power loss in the
transformer was not included in the com-
parative data.

The SSL luminaires use 92W, 70W, and
67W for the Rudd, Relume, and Elumen
products respectively. Power consump-
tion will increase slightly over time in the
Elumen case because the design gradu-
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Economic Performance for Early Replacement Scenario

Fixture Cost Annual Energy Avg. Annual Simple 20 Year Return
Savings* Maintenance Savings Payback** on Investment**
Elumen  $1,349 $50 $36 14.2 Years 47%
Relume  $1,772 $49 $36 17.3 Years 18%
Ruud $1,651 $41 $36 17.9 Years 15%
* At $0.075/kWh

** Assuming 3.5% annual inflation in energy prices

FIG. 4. Payback varies from 14 to 18 years in the Caledon project although SSL prices

have dropped considerably since those fixtures were procured and that would shorten the

payback considerably in current analysis.

ally ramps up the drive current to counter
lumen depreciation.

Fig. 4 summarizes the cost of the prod-
ucts, the savings, and the calculated sim-
ple payback period for an SSL retrofit. The
costs include the price of the transformer
in the case of the SSL luminaires. While
the payback ranges to almost 18 years, the
investment could still be a good one if the

lights deliver more than 20-year lifespans.
The LightSaver team also considered a case
where LED lights were installed rather than
MH lights in new-construction or end-of-life
scenarios. That shaved three years from the
payback periods.

In reality, the payback periods would
look even better were the project done today
given the drop in SSL prices since Caledon

outdoor lighting | LIGHTSAVERS PILOT

bought their lights, new SSL lumi-
naire features, and higher-volume
purchases. Purcell said, “One thing
that drove up costs in this project was
that we had to install transformers to
make it work with 347V. Next-gener-
ation products are now available for
347V which really improves the eco-
nomic picture.”

The Climate Group’s Cities and Tech-
nology Director Philip Jessup pointed
out that the relatively high price of the
LED luminaires was related to the fact
that it was a very small purchase. Jes-
sup said, “Higher volume purchases in larger
cities will bring the price down. For exam-
ple, consider Los Angeles where they've got-
ten the price for street-light LED luminaires
down to around $400 each.”

The LightSavers team concluded that a
luminaire price below $1000 would yield
payback inside 10 years. That’s certainly a
reasonable expectation for prices in 2011. &)

S THE PERFECT
INDOOR LAMP

REPLAGEMENTS

vy AMERICAN BRIGHT LIGHTING, INC.

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

| =

" f
- s

“‘“h".

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

agents in your area.

T

our website or contact us directly for list of our authorized distributors and

“A” LAMP SERIES
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9 -12 June 201

China Import and Export Fair Complex
Guangzhou, China

More than 1,300 LED exhibitors already signed
up so act now to secure your booth space!

Don’t miss out on business opportunities:

e Largest LED/OLED one-stop sourcing platform in
China covers full spectrum from raw materials to
applications.

¢ Show attracts thousands of LED/OLED buyers for

you to make business contact.

Leading international players already signed include

Brightlux, Cree, Delta, Everlight, GE Lighting, Lextar,

Macroblock, Nichia, Osram, Panasonic, Philips, Rohm,

Seoul Semiconductor, Toshiba and many more.

Have face-to-face contact with your target buyers

through our business matching programs.

Get the latest market trends and technologies at our

LED conference.

Exhibiting at LED Asia is a must if you are selling:
e LED/OLED raw material & components

e | ED/OLED driver & power supply

e LED/OLED packages/modules

LED/OLED applications such as illuminations

& displays

LED/OLED manufacturing and processing equipment

Capture and secure your marketing opportunities
by booking your booth now!

Contact information:

Messe Frankfurt (HK) Ltd

Tel:  (852) 2238 9927 / 2238 9953

Fax:  (852) 2598 8771

Email: LBguangzhou@hongkong.messefrankfurt.com

www.ledasia.cn

.‘
B messe frankfurt

guangzhou international
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LED
DESIGN
FORUM

The SSL industry is beginning to do a better job of optimizing the LED components,

drive electronics, thermal design, and optical elements of a luminaire according to

MATTHEW REYNOLDS, who details the energy-efficiency challenge.

n the relatively short life of the LED-based

solid-state lighting (SSL) industry, there

has been a lot of buzz about a system-
level solution or design. This conceptual
solution requires an optimization of dis-
parate disciplines or technologies includ-
ing LED components, thermal design ele-
ments, optics, and driver electronics. Only
recently has the multidisciplinary systems
approach begun to take hold as experts in
each area deliver optimized subsystems.
But obstacles remain. For example, brighter
LEDs that can be driven at higher current
levels create power efficiency challenges in
the driver electronics. Driver designs and
LED enhancements must evolve together to
deliver efficient luminaires.

Over the last ten years LED manufactur-
ers have increased the efficacy of LEDs at a
rapid pace. SSL solutions were not as cost
effective as existing technologies and LED
manufacturers were focused on lumens per
watt, or even better, lumens per dollar.

Power electronics and IC manufacturers
have had more than 30 years of experience
with AC/DC and DC/DC voltage regulation
topologies to draw from in considering the
LED drive problem. Although SSL requires
a constant-current driver that’s different
from the more typical voltage-regulation
applications, the technical knowledge and
power electronics manufacturing expertise
were already in place. LED driver topologies
found in initial SSL products were largely
MATTHEW REYNOLDS is the Global
SSL IC Applications Manager at National
Semiconductor.

LEDsmagazine.com

modifications of existing voltage-regula-
tion schemes. Efficient AC/DC LED drivers,
however, have unique requirements. These
requirements have re-energized the power-
electronics community to develop efficient,
reliable and cost-effective solutions targeted

SSL systems cost shapes designs

In order for SSL luminaires to attain mass
adoption, the end solutions must be cost-
competitive compared to incumbent light
sources. LEDs are the most expensive com-
ponent of an SSL luminaire bill of materials

at the SSL driver market. (BOM). LEDs have been manufactured on rel-
— » . . -
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FIG. 1. Typical retrofit LED lamp circuit used in the optimization experiments.

With technology maturation and pro-
grams like Energy Star and the US Depart-
ment of Energy’s Lighting Facts Label, all of
the pieces have been put in place to push SSL
to mass adoption. The LED manufacturers
have made amazing progress with the effi-
cacy of the LEDs. The optics industry has
minimized the lumen losses and increased
the quality of their optics. The power elec-
tronics and IC manufacturers have devel-
oped drivers and optimized for LEDs. All
was good, or so we thought...

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

atively small wafers, and the manufacturing
hasn’t been fully cost-optimized. That situa-
tion is improving. But luminaire manufactur-
ers realized that the easiest means to reduce
system cost was to reduce the number of LEDs
in the system. The SSL industry has pushed
the LED manufacturers to create LEDs with
greater efficacy numbers, as well as LEDs that
had increased lumen output - higher power
LEDs that operate at higher drive currents.
A looming issue became apparent, how-
ever, as luminaire manufacturers adopted
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higher-power LEDs and steadily decreased
the number of LEDs needed in a system.
Fewer LEDs was good for product costs,
but it created an unforeseen technical chal-
lenge in energy efficiency for the industry.
The problem was first noticed in the A19/
E27 lamp retrofit market.

The SSL industry assumed that the LED
driver would increase in efficiency (or at least
remain similar to past designs) as the number
of LEDs were reduced in the system and as the
LEDs increased in lumen output. It turns out
efficiency dropped. Let’s look at an example,
and then discuss what went wrong.

Typical SSL retrofit bulb specification
A typical SSL replacement lamp for a
60W incandescent bulb met the following
specifications:

« Voltage - 10 LEDs in series (31V - 36V)

« Lumen output ~ 800 lumens

« LED forward current - 350mA

« Output power (max) - 12.6W

- Efficiency target — 85%

« Input power ~ 14.82W

« System efficacy ~ 53.7 Im/W

- Internal power dissipation ~ 2.3W

With brighter LEDs available, the SSL
industry expected to reduce the number of
LEDs in the system, increase the LED drive
current, and make a slight gain in efficiency.
A target for the next generation retrofit lamp
included the following specifications:

« Voltage - 5 LEDs in series (15V - 17V)

« LED forward current - 700mA

« Lumen output ~ 800 lumens

« Output power (max) - 11.9W

« Input power ~ 14W

- Efficiency target — 85%

« System efficacy ~ 67 Im/W

« Internal power dissipation ~ 2.1W

The reality was that the design with
fewer LEDs didn’t meet the specifications.
The designs did hit the lumen output goals
and the output-power specification. But the
design didn't meet the efficiency target and
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the system efficacy dropped. The design
delivered these specifications:

« Voltage - 5 LEDs in series (15V - 17V)

« LED forward current - 700mA

« Lumen output ~ 800 lumens

« Output power (max) - 11.9W

+ Input power ~ 15.9W

« Efficiency target — 75%

« System efficacy ~ 50 Im/W

« Internal power dissipation ~ 4W

System efficacy was certainly a prob-
lem and Energy Star compliance could be
in question with the realized design. Power
dissipation was also alarming for other rea-
sons. The heat from the power loss could
cause reliability issues. The heat issue could
also increase cost due to more elaborate
heat sinks or the need for potting material
around the electronics.

Understanding power losses
To understand the cause of the drop in effi-
ciency, let’s review sources for power loss.

ALS0O AVAILABLE:

* STEP-DOWN TRANSFORMERS
FOR 4B0/347V APPLICATIONS

* SURGE PROTECTORS FOR
ADDED PROTECTION AGAINST

DANGERDUS POWER TRANSIENTS

11548
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SMITH DR. HUNTLEY, IL 60142

homas Research Products

Innovative & Energy Saving Lighting Controls

CONSTANT-CURRENT OR CONSTANT-VOLTAGE

UNIVERSAL VOLTAGE, 120 THRU 277

DIMMABLE MODELS FROM Z25-200W

INDOOR DR OUTDOOR APPLICATIONS

ULTRA-LONG LIFE DESIGN

CusToMm OUTPUT REQUESTS WELCOME

DOMESTIC STOCKING PROGRAM, FAST LEAD TIMES
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Losses within the power conversion stage can be categorized into three
types, namely conduction losses, switching losses and quiescent losses.

All silicon devices and passive components within an LED driver
have resistance associated with them. Conduction of current
through resistances results in I, ;> x R power losses. Depending
on the quality and type of components chosen (MOSFET, diode, mag-
netics), losses could vary as the system specification varies.

Switching losses occur during the transition from one MOSFET
or diode being turned on while the other MOSFET or diode is being
turned off. A converter operating at 200 kHz will have twice as much
switching loss relative to a converter operating at 100 kHz, but there
is a trade-off between operating switching frequency and power loss
that must be evaluated. Switching at higher frequencies allows for
lower inductance values and smaller components allowing for larger
wires that can reduce conduction losses.

The quiescent power losses are associated with powering inter-
nal circuitry. In similar LED driver designs, you may have the same
output power (Pour = Irep X Viep-stack) but depending on the voltage,
and currents of the system, and the type of components within the
system efficiency of the system may vary wildly.

Looking at the circuit in Fig. 1, and considering the sources of
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FIG. 2. Cree MX-6 and MX-6S LEDs.

power loss, one could quickly make some assumptions regarding
stack voltages (the voltage drop across a stack of series-connected
LEDs) and currents (the current through the stack) in an SSL light-
ing application. By increasing the current through a reduced num-
ber of LEDs, the lumen output may meet specification, but efficiency
will likely decrease. A quick analysis identifies the following opera-
tional characteristics that lead to the efficiency drop in the system:

The conduction losses in the inductor L3 will increase as the LED
forward current increases.

Switching losses in the free-wheeling diode D4 increase if the LED
forward current is increased.

By decreasing the stack voltage you have increased the percent-
age of time the free-wheeling diode D4 is conducting relative to the
time that the main switching MOSFET Q4 is on. This diode will have
larger conduction losses than the MOSFET, and therefore power loss
in the system has increased.

Conduction losses will increase in the main switching MOSFET Q4
with increased LED current.

System-level approach delivers efficiency

The good news is that a system-level approach can deliver more effi-
cient SSL products including retrofit lamps. Optimization from the

LEDsmagazine.com
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The Choice is Clear...
Shin-Etsu Silicones

Shin-Etsu Silicones is focused on HB LEDs and
expanding its premium silicone solutions to meet the
increasing material demands of the industry.

Recent silicone innovations include:

Highly Transparent Encapsulants:
SCR-1012 / SCR-1016 / KER-2500 / KER-2600

Durable Die Bond Adhesives:
KER-3000-M2 / KER-3100-U2 / KER-3200-T1

Thermally Conductive, Double-Sided Tape:
TC-20SAS

Contact us to learn more about these and many
other superior silicone materials for HB LEDs.
The choice is clear.

Shirttsu

Shin-Etsu Silicones of America, Inc.
1150 Damar Drive, Akron, OH 44305 USA
PH: 330.630.9860

Email: LED@shinetsusilicones.com
www.shinetsusilicones.com
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chosen LED components through
the driver can deliver a cost-effec-
tive product that also meets effi-
ciency and reliability goals.

The power electronics community
has taken on the challenge of devel-
oping LED driver solutions that are
efficient even in cases where the LED
stack voltage is very small relative to
the input voltage. Moreover, National
Semiconductor and others have cre-
ated LED drive electronics that allow
luminaire manufacturers to achieve
Energy Star compliance.

After analyzing many different
types of LED and driver configura-
tions in the laboratory, it became
apparent that the lower LED count
with higher forward current would
present an increased challenge to
achieve Energy Star compliance
for lamp makers. Concurrently, the
LED manufacturers recognized that
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FIG. 3. Cree MX-6 LEDs configured in series to
implement an 800-Im lamp.
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focusing on developing efficient sin-
gle LEDs is not the whole story. LED
manufacturers are increasingly
aware of how their LEDs are being
used in the market, and are config-
uring their LEDs to help optimize a
specific SSL solution. LEDs used in
retrofit A19/PAR type lamps must
be very different than street-light
and MR16 applications. By working
with design teams from other areas
of expertise the LED manufacturers
have recently released LEDs specific
to the end application.

LED manufacturers have begun
to offer application-specific LED
products. One such product from
Cree is the new MX-6S. The MX-6S
LED is reconfigured from the older
MX-6 LED, but this particular LED
offers significant benefits if used in
the right application, and in this case
its benefits are recognized in retrofit

Iﬂgyigator of LED Light

LB B -

Reflection Lighting

‘?F

0L

T8 LED 8W/16W

AC 110V/220V

Wall Lamp el

Stainless Steel Wall

Advantages:

* No switching power,

no shock danger
* Low temperature,

no need heat sink
* Even display

TEAM INSTRUMENT CO,, LTD
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The new MX-6S LED
has the six internal LEDs

ULED (1)

llLED (2)

uLED @3) configured in series.

A The forward current of

the series string is up to
115mA. The single MX-6S

~ 42V package LED has a for-

ward voltage between 19V
and 22V. Simplified LED

configurations within

the packages are shown

LED (-)

FIG. 4. Cree MX-6S LEDs configured in a 3 x 2 array for

an 800-Im lamp.

lamp applications. The original MX-6 LED has
six LEDs in parallel within a single package.
Each LED within the package would handle
up to 150mA, for a total LED current of up
to 1000mA. The LEDs have a forward voltage
between 3.2V and 3.6V.

in Fig. 2.

The LED dice in both
the MX-6 and MX-6S
are identical — assuming
the dice came from the

same binning selection.
The only difference between the two LEDs
would be their internal bonding configura-
tion. This single variable allowed for an excel-
lent bench analysis between LED stack volt-
ages in an A19 SSL lamp application with a
common LED driver.

MX-6 vs. MX-6S bench analysis

We performed a bench analysis to consider
how aretrofit lamp might utilize the Cree LEDs
and the operational characteristics of each.
The analysis between LED stack voltages and
currents had the following goals and criteria:

« Optimize a common LED driver for SSL

retrofit lamp applications with different
LED configurations

« Record power loss and record critical

component temperature

«Record any significant cost benefits

with one design compared to the other

- Formulate driver and LED configura-

tion recommendations with perfor-
mance, cost reliability and manufac-
turability metrics in mind.

We adjusted LED currents to obtain a spe-
cific light output between the two designs.
With equal lumen output we had fairly com-
parable system variables such as lumen loss
due to temperature. We carefully controlled
variables such as light-measuring equip-

Thermal Interface Materials (TIMs) for LEDs
Reduced LED Temperature, higher brightness and
long term reliability.

Parker Chomerics is a total solutions company built

on core competencies in material science and process
technology serving as the basis for product development,
custom engineered solutions, integrated electronics hous-
ing and displays, supply chain management. This mateiral
science and process technology is applied into many fields
including EMI Shielding, Thermal Management, Optical
Display Products, Engineered Plastics and Metal based
Assemblies. Please contact Chomerics Application Engi-
neering support team for product performance informa-
tion. Our worldwide network of Applications Engineering
support, manufacturing facilities, and sales offices insures
Chomerics products are available when and where you
need them.

Parker Chomerics TIMs (Thermal Interface Materials) offer excellent thermal conductivity and long-term
reliability allowing for preservation of high brightness light output.

Y.

Thermally Conductive Gap Filler Pads ble Gels

Thermally Conductive Disp
(THERM-A-GAP™)

(THERM-A-GAP™)

Thermal Interface Materials

effectively remove heat from

LED boards to heat spreading
devices.

Thermally Conductive Electrical Insulators

Thermally Conductive Attachment Tapes
(CHO-THERM™)

(THERMATTACH®)

Phase-Change Thermal Interface Pads

Solid State Heat Spreaders
(THERMAFLOW®)

(T-WING®and C-WING™])

781-935 4850 www.parker.com

chomailbox@parker.com www.chomerics.com
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design forum | ENERGY-EFFICIENT LED LAMP

ment, heat sinks, and mechanical design to
deliver comparable results.

We performed an empirical analysis on
the low- and high-voltage stacks in a proto-
type design. The SSL lamp design was equiv-
alent to a 60W incandescent bulb with the
following design criteria:

« V 115VAC (+/-20%)

« PF > 0.70

« SSL bulb lifetime > 30k-hours

string driven at 90mA. Each LED delivers
approximately 133 Im/W at 90mA. Table 2
summarizes the operational characteristics.

Thermals analysis and reliability
To perform a thermal and reliability anal-
ysis, we placed the LED driver in a plastic

Table 1. MX-6-based lamp operational characteristics.
#LEDs  liep (MA) Ve LED Vo Po (W) Eff (%)
6 600mA 3.65 22 13.2 78.00

Power Dissipation (W)
3.72

Table 2. MX-6S-based lamp operational characteristics

«Reverse & forward phase dimmer #LEDs  liep (MA) Ve LED Vo Po (W)  Eff (%) Power Dissipation (W)
compatible 6 90mAX3 21.25 425 11.5 86 .78
« Dimming ratio > 50:1
«60W incandescent equivalent (~8001lm)  Table 3. MX-6 data.
A simplified schematic of the design (Fig. Input Voltage LED stack Voltage LED current Efficiency
3) comprises six MX-6 LEDs connected in Y
series driven at 600mA. Each LED delivers LS 2l el e
approximately 133 Im/W at 600mA. Table 1 Thermocouple # External Element Temperature 20min
summarizes the operational characteristics. 1 Electrolytic Capacitor 65°C
A simplified schematic of the MX-6S-based 2 Main MOSFET 100°C
d.es1gn is shown in Fig. 4. ’[he.des1gn utilizes 3 Inductor 101°C
six LEDs that are configured in a 3 x 2 array. : .
The total output current is 270mA, with each < Gt Dz 120
PHOTONICS FESTIVAL in TRIWAN
New!
Overseas VIP Buyer Scheme
[ ] 2 0 1 1 ( Flight Ticket / Hotel Scbsidies )
I.IGI-I'I'IN G
| Taiwan

LED Lighting Taiwan

The 7th Int'l LED Lighting Exposition

www.optotaiwan.com

June 14-16,2011

TWTC Nangang Exhibition Hall

Exhibits
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= LED Applications
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Organizer

= Epi Wafer / Chip
= Materials
= Processing Equipment

Photonics Industry & Technology Development Association
5F, No.9, Sec.2, Roosevelt Road, Taipei 10093, Taiwan

[ Overseas Contact ]
Tel : +886-2-2351-4026 (ext. 805)

Fax : +886-2-2396-8513
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housing and inserted it into a common
PAR38 aluminum fixture. The driver and
LEDs were assembled typical to a PAR38
retrofit bulb solution. The design was first
configured for six-series connected MX-6
LEDs at 600mA. We attached thermocou-
ples to the electrolytic capacitor, main
switching FET, main rectifier diode, and
output inductor. A bench test delivered the
data in Table 3.

We repeated the test using six MX-6S
LEDs in the configuration from Fig 4. Our
tests delivered the data in Table 4.

Conclusions

System design engineers should conclude from
this simple analysis that the areas of most con-
cern are the temperature differences of the
critical components within the LED driver
electronics between the two designs. There is
little direct cost implication between the two
designs. But the temperature difference could
be catastrophic to the manufacturer due to

design forum | ENERGY-EFFICIENT LED LAMP

Table 4. MX-6S data.

Input Voltage LED stack Voltage
115VAC 40.15V
Thermocouple # External Element
1 Electrolytic Capacitor
2 Main MosFET
3 Inductor
4 Output Diode

returns, and a reputation for poor quality.
Cost could be an indirect consequence if the
manufacturer was determined to use a partic-
ular LED configuration and then was required
to increase the efficiency with expensive drive
electronics components, or was required to
add additional heat-sink or potting material
to ensure the system components were within
proper thermal specifications.

Often the electrolytic capacitor is the
determining factor in the life expectancy of
the drive electronics. If proper attention to
design is taken, electrolytic capacitors can

LED current Efficiency
300mA 86%
Temperature 30min
51°C
80°C
98°C
90°C

be used with confidence to gain >50k hours
of life in SSL applications. A rule of thumb is
that for every ten degrees Celsius you increase
the temperature of an electrolytic capacitor,
you half its life. For example, if you were to
use a 105°C 10k-hour rated electrolytic capac-
itor and operated it at 85°C, the capacitor
would be considered good up to 40k hours. If
the same capacitor was operated at 95°C, the
life expectancy would be about 20k-hours -
a big difference. In our test case, operational
life would at least double with the use of the
higher-voltage stack LEDs. <)

-
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High-Brightness LED

Cooliance’s Coolstrate™ product line

-
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Lighting Applications Lighting
Delivered Lumens | Up to 2,500 Up to 6,000 Up to 20,000
Watts Up to 30 Up to 100 Up to 250
Noise Less than 16db | Less than 20db | Less than 33db
Operating Life 50,000+ hrs. 50,000+ hrs. 50,000+ hrs.
Diameter 50 to 80mm 50 to 80 mm | 80 to 160mm

offers up to seven times the light
output in the same form factor.
Coolstrate enables a dramatic increase
in power and lumens in directed light,
recessed light and high bay lighting

fixtures.

See Coolstrate™ at the Strategies in Light Show in Santa Clara, CA
February 22nd through February 24th - Booth No. 524
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Participate in a three-day international
business- and market-oriented
conference and expo.
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The Leading Events for the Global LED and Lighting Industry c h I na
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Kowloon Shangri-La Hotel
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please contact:
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Tim Carli, Sales Michael Tsui, Sales
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Mary Donnelly, Sales Mark Mak, Sales
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+49 8801 302430 +65 9616 8080
holgerg@pennwell.com yfyee@singnet.com.sg
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business | MERGERS & ACQUISITIONS

The energy-efficient lighting category has experienced a substantial amount of strategic acquisition

activity for the past several years, and this trend should continue, according to TRISHA HANSEN and

DAVID CUMBERLAND.

op lighting companies are leading
_|_ the transition of the lighting sec-

tor toward energy-efficient lighting
(EEL). The market opportunity for energy-
efficient lighting is large: the US Department
of Energy has estimated the annual sales for
the global lighting market at more than $80
billion, with energy-efficient lighting repre-
senting only a small percentage of the total.
The segment of EEL with the most poten-
tial appears to be solid-state lighting (SSL)
provided by LEDs, which can result in supe-
rior energy efficiency relative to traditional
alternatives.

Adapted from the Energy-efficient Light-
ing report published in late 2010 by Robert
W. Baird & Co., this article summarizes the
actions and plans designed to enable lead-
ing lighting manufacturers to capitalize on
the significant growth prospects of energy-
efficient lighting.

Primary growth drivers

Energy-efficient lighting should experience
rapid growth for an extended period, thereby
drawing the focus of key lighting companies.
The primary growth drivers of the EEL mar-
ket include:

Expanding applications: Many com-
mercial applications for SSL have become
practical only in recent years as quality
has improved and production costs have
declined. Based on the latest technology
developments, SSL holds important advan-
tages over legacy lighting in terms of energy

efficiency, longevity, maintenance costs,
directional light output, variety, versatility,
non-toxic composition, heat radiation, dura-
bility, and compact size.

Greater interest in energy efficiency:
The combination of high energy prices and
increasing environmental awareness has
strengthened the focus on energy efficiency.
Among efforts to reduce energy costs and
consumption, lighting efficiency stands out
as having the largest possible impact.

Technology advancement: As output
and efficiency increase, declines in manu-
facturing costs and end-user prices support
large-scale adoption.

Government regulation and incen-
tives: Based on the environmental and
monetary impact of energy policies, govern-
ment bodies globally are taking additional
steps to promote energy efficiency, includ-
ing implementation of regulations and sub-
sidies tied to renewable energy production.

Economic cycle upturn: Following the
recent global economic downturn, improved
trends for industrial activity provide a back-
drop for growth.

Developing markets: Emerging mar-
kets represent a growing source of demand
for EEL through industrial expansion, pop-
ulation growth, and increases in per-person
usage of electricity.

Strategic acquisition activity
The EEL category has experienced a sub-
stantial amount of strategic acquisition

TRISHA HANSEN is a Director, Investment Banking and DAVID CUMBERLAND is Director,
Mergers & Acquisitions Research with Robert W. Baird & Co. (www.rwbaird.com).

LEDsmagazine.com

activity for the past several years, and this
trend should continue. Acquisitions have
been driven by attractive growth prospects,
high barriers to entry, economies of scale
and scope, and the benefits of a broad geo-
graphic presence in a global market. Past
acquisitions by leading lighting companies
illustrate the importance of key success
factors for participants in the EEL sector,
including innovation, intellectual property
(IP), proven R&D processes, brand name
recognition, and distribution networks.
Buyers have demonstrated the willingness
to pay premium multiples for technology-
based acquisitions.

The fragmented nature of the light-
ing products sector results in significant
consolidation opportunities. In addition
to stimulating interest among end users,
the broad-based push toward energy effi-
ciency has enhanced the appeal of EEL
companies to larger acquirors. Distribu-
tion partners and end users are relying
heavily on leading lighting products man-
ufacturers in the transition toward EEL,
motivating companies to expand their
EEL capabilities, often via acquisition.

Recent activity

Recent acquisition activity and management
commentary underscore the high level of
interest in EEL among leading lighting com-
panies. Here are some examples:

Philips, a global leader in lighting prod-
ucts, projects LED lighting to capture about
half of the general illumination market by
2015. This compares to LED lighting repre-
senting a single-digit percentage of recent
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lighting sales for Philips. The company has
indicated its focus on growing its owned IP
portfolio. In 2008, Philips purchased Gen-
lyte, the number two lighting fixture com-
pany in the US, providing increased access
to US distributors for its LED business. The
Genlyte transaction was preceded by a
series of sizable LED lighting deals in 2006
and 2007.

As a lighting market powerhouse, GE
Lighting is likely to invest heavily in build-
ing its EEL business via organic growth
while also evaluating acquisitions. GE has
expressed its intention to compete on tech-
nology, suggesting an interest in IP as a sus-
tainable foundation for lighting products
that deliver superior efficiency and quality.
The focus on LED-related R&D ties with GE’s
lighting strategy of offering the best quality
in LED technology.

Global lighting leader Acuity has made
considerable progress on growing its EEL
business. The Sensor Switch deal of 2009
secured market leadership in occupancy
sensor products and technology for light-
ing controls. The 2010 acquisition of Renais-
sance Lighting brought a highly valuable IP
portfolio related to advanced LED optical
solutions and technologies.

Cree, a leading supplier of LED compo-
nents, acquired LED Lighting Fixtures in

2008 to strengthen its position within the
sizable market for LED downlights, a large
segment of indoor lighting.

Cooper Industries has shown its com-
mitment to EEL via acquisitions, including
the 2009 purchase of Illumination Manage-
ment Solutions in order to obtain its proprie-
tary LED technology. Cooper opened its LED
Innovation Center in 2009 to reduce new
product time to market and achieve lever-
age across businesses.

Hubbell has been acquisitive in an
attempt to solidify its position as a top
lighting products manufacturer in the US.
The purchase of Varon Lighting in 2008
enhanced the company’s portfolio of envi-
ronmentally friendly, energy-saving light-
ing products.

Siemens has built a substantial lighting
business through its Osram Sylvania unit,
including recent acquisitions for makers of
products related to lighting end markets.
The company features integrated LED prod-
ucts across the lighting value chain, from
components to fixtures to bulbs.

Zumtobel, aleading Europe-based light-
ing products company, has selectively
acquired smaller firms with products
involved in manufacturing LED lighting.
The firm views LED technology as a stra-
tegic pillar of growth and seeks further

business | MERGERS & ACQUISITIONS

expansion of its technical knowledge in
preparation for rapid growth in the LED
lighting market.

Among other leading electrical-prod-
ucts companies, Schneider Electric has
emphasized energy-efficient products and
solutions, and EEL would be complemen-
tary to product lines in adjacent catego-
ries. Toshiba has a corporate initiative
to enhance its lighting systems business
through new products such as LED bulbs
and fixtures. As a result, the company may
be on the hunt for acquisitions within the
EEL category. Components manufacturer
Nichia could look to increase its exposure
to the LED market via acquisitions in Asia,
a key territory for the LED lighting sup-
ply chain. Samsung Electronics demon-
strated its focus on the sector by establish-
ing Samsung LED in 2009 (through a joint
venture with Samsung Electro-Mechanics),
with the stated goal of producing the world’s
best LED. In 2010, Samsung LED and Acu-
ity announced plans to collaborate on solid-
state lighting products as a means of accel-
erating adoption of LED lighting.

Acquisition activity in the EEL category
should remain prevalent in 2011 and beyond,
based on the market’s strong growth pros-
pects and the potential benefits of strategic
purchases. &)
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last word

LED lighting begins to mature but
must overcome early SSL problems

Like many upstart lighting technologies before it, LED lighting has suffered from broken

promises, but quality products are emerging that lighting designers can confidently deploy,
says CHIP ISRAEL of LIGHTING DESIGN ALLIANCE.

he lighting design field is undergoing
_|_ a transformation and LEDs are lead-

ing the way. Historically, we have
seen a new, major, and exciting improvement
in the lighting field every few years, only to
be disappointed with limitations and fail-
ures. Hopefully LED lighting will persevere
through early road blocks and deliver on its
lofty promises.

History, however, is full of problems with
new lighting technologies. Remember the
introduction of MR-16 lamps to the United
States? They worked great in open, Euro-
pean-styled track heads. We borrowed the
technology, stuffed them into miniature
downlights, and watched as they melted.
While that technology is now mature, we
still have clients 20 years later that insist
on using other lamps. Bad memories fade
slowly, even though the technology contin-
ues to improve.

Remember the HQI (hydrargyrum quartz
iodide) lamp and all that it promised? It was
supposed to solve all of the traditional prob-
lems with standard metal halide lamps. It
failed. But it paved the way to today’s
ceramic metal halide lamps - a great alter-
native to incandescent lighting in many
commercial applications.

Electronic ballasts for fluorescents and
metal halides went through these same
growing pains. We experienced 100% fail-
ure on one project. Luckily the luminaire
supplier stood behind the installation as the
ballast manufacturer disappeared. Innova-
tion is sometimes a bumpy road.
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Will solid-state lighting (SSL) fail due to
the broken promises of early products or find
the path to success? There are many issues
like binning, heat management and misin-
formation. We personally have already wit-
nessed projects with 40% failure rates. Our
firm has in the past limited
the use of LEDs to color appli-
cations and low-light needs
such as step lights, coves or
shelf lighting.

We have daily inquiries
from manufacturers pro-
moting their products. Our
first request is to see their
LM-79 and LM-80 reports. Six
months ago, many of them
didn’t even know about the
reports. Currently most have
supplied them or are working
on it. The high quality manufacturers see the
need to self- police themselves so they avoid
the mistakes made in the past.

When a manufacturer offers the “equiv-
alency” argument instead of true photo-
metrics, be skeptical. I have heard a hun-
dred times that “we are just like a 50 watt
MR-16," only to do a side by side comparison
and prove that they are not.

Just recently, we finished testing
over 2,000 different LED replacement
lamps. There were many bad lamps, for
example some that were labeled 2700K but
when tested were found to be 6700K. Some
fell apart in the boxes while others aimed off
axis. The great news is there were more good
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ones than bad ones. The tide has changed to
where major clients can now begin to spec-
ify LEDs with confidence. It does take a lot
of time to properly select the correct lamp
for your application. We have always tried
to test or mock-up new technologies and
now it is more important
than ever.

As designers we must
specify LED systems, not a
kit of parts. The manufac-
turers have listened and
are now designing new
light fixtures around LEDs,
not just shoving them into
existing fixtures. These pro-
gressive designs have inte-
grated minimal architec-
tural-sized apertures with
massive hidden heat sinks
above. The color temperatures and CRI are
now truly appropriate for interior appli-
cations. The issues of dimming are being
worked out. Manufacturers that origi-
nally offered throw-away solutions are now
offering fixtures with replaceable compo-
nents. We are even beginning to see the
development of several stock LED driver
units which could lead to the standardiza-
tion of the technology.

Hopefully, we have learned from the past.
The future for LEDs is looking bright, but
specify thoughtfully and with caution to cre-
ate the next generation of sustainable and
high quality designs. )

MORE: www.lightingdesignalliance.com
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7 CREE XLAMP® LEDs ARE THE BRIGHTEST

ANYWHERE

INSIDE. OUTSIDE. EVERYWHERE.*
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CREE HAS AN ENERGY-EFFICIENT LED FOR ANYWHERE YOU NEED LIGHT.
(AND THEY’RE AVAILABLE EVERYWHERE.)

Find a Cree Solutions Provider or authorized distributor at
www.cree.com/xlamp or call 800-533-2583.
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@ 20w @ now @ 5w @ 4w @ 4w Lighting in this image depicts applications using Cree
XLamp LEDs. Cree, XLamp and the Cree logo are
XLamp® XLamp® XLamp® XLamp® XLamp® registered trademarks, and Lighting The LED Revolution
MP-L LEDs MC-E LEDs XP-G LEDs XR-E LEDs MX-6 LEDs is a trademark of Cree, Inc.
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