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national.com/led

High Performance. Low Power. 

Energy-Effi cient LED Lighting Solutions 
National’s new low-side, constant-current LED driver offers integrated thermal control 

to increase system reliability. The thermal foldback feature of National’s LM3424 LED 

driver provides a more robust thermal design to extend the life of the LEDs, making it an 

ideal solution for a variety of outdoor, automotive, and indoor lighting applications.

Thermal Management

Since thermal design greatly 

impacts the light output 

and lifetime of the LEDs, 

a well-designed thermal 

system is critical. The 

LM3424’s thermal foldback 

feature eliminates the 

need for external thermal 

management circuitry, 

allowing for a more robust 

and reliable thermal system 

and extending the life of the 

LEDs.  

Easy to Use

With National’s WEBENCH®

LED Designer online tool, 

designers can use the 

LM3424’s thermal foldback 

feature to visualize the 

design’s behavior at user-

selected LED temperature 

breakpoints for easy and 

quick development of 

a thermal management 

system.

Flexible Design

National’s LM3424 LED 

driver, with a wide input 

voltage range, can be easily 

confi gured in buck, boost, 

buck-boost, and SEPIC 

topologies with minimal 

adjustments. Driving a 

maximum of 18 LEDs in 

one string, the LM3424 

gives designers fl exibility 

while providing up to 96% 

effi ciency and accurate 

current regulation with less 

power and heat dissipation.
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Autumn is here, the days are growing 

shorter and I’ve got my LED bike lights 

out of the drawer. Th e conference schedule 

has been packed in recent weeks, with the 

economy causing some events to struggle, 

while others such as Light Show West in Los 

Angeles were very well attended, with excel-

lent feedback. We’re pleased to say that next 

February’s Strategies in Light 2010 (Santa 

Clara, CA) will be the largest in the show’s 

history, and a strong conference program 

has been announced (see www.ledsmaga-

zine.com/news/6/10/28). Also in California, 

utility Pacifi c Gas & Electric (PG&E) has 

removed a major roadblock for roadway 

lighting by including LED technology in its 

rate schedule (p.32). Put simply, PG&E has 

acknowledged the energy-effi  ciency benefi ts 

of LED technology, so that customers oper-

ating LED streetlights are charged less for 

PG&E’s services and power. 

In our last issue we wrote about the US 

DOE’s Lighting Facts program, which has 

introduced a label for lighting performance 

that is similar to the Nutrition Facts labels 

commonly seen on food products. A great 

idea, but unfortunately it has been under-

mined fi rst by Philips and then Osram Sylva-

nia, who both circumvented procedures and 

printed their own labels (p.17). Now we hear 

the Federal Trade Commission is looking at 

a similar labeling program for all lamps, to 

help consumers understand exactly what 

they are buying. Hopefully this will get rid 

of some of the ridiculous comparisons that 

are published on lamp packaging.  

Speaking of replacement lamps, it appears 

that the DOE’s Caliper program is doing its 

job. We hear that Costco, a major US store, 

has recalled certain LED lamps after they 

were proven by Caliper testing to have vastly 

inferior performance to the values claimed 

by the manufacturer. 

Positive news for replacement LED lamps: 

Cree has set new standards with its proto-

type A-19 lamp which has an output of 969 

lm and efficacy of 102 lm/W. The 2800 K 

lamp has 91 CRI (p.12). In our last issue we 

wrote about the L Prize, which focuses on 

achieving performance targets for diff er-

ent LED lamp types. Philips has submitted 

a 60W-replacement prototype, which is now 

being evaluated. In my view, it doesn’t make 

sense to award these lucrative prizes until 

the performance thresholds are reached by 

a lamp that is in full production. Customers 

don’t buy prototypes. Also, the price point 

needs to be considered, since market trans-

formation requires high-performance lamps 

that people can aff ord to invest in. 

Finally, as this issue was going to press, 

we heard that GE has acquired an LED mod-

ule technology from Journee Lighting (www.

ledsmagazine.com/news/6/11/10). Th e mod-

ule can be inserted into a luminaire with a 

simple twist-lock action, which makes the 

required thermal and electrical connec-

tions. Crucially, this means the module can 

be removed and replaced in case of failure of 

the LED source or drive circuitry, and it can 

also be upgraded as LED technology contin-

ues to evolve. As a major lighting player, GE 

has struggled to penetrate the mainstream 

market with its LED offerings, but these 

modules could be just what the market is 

looking for. 

Speaking of false dawns, I’m going to go 

and buy a blue-LED-based light therapy box 

to help combat the shorter autumn days. 

Tim Whitaker, EDITOR

twhitaker@pennwell.com

Nights draw in, LEDs 
light the road ahead 
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OSRAM Opto Semiconductors empowers lighting solutions for today and tomorrow

LEDs for General Lighting Solutions

www.osram-os.com
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Strategies in Light 2010 

February 10-12, 2010

Santa Clara, California, USA

An expanded Lighting Track and a new 

solid-state lighting Investor Forum will be 

among the highlights of SIL 2010 — see 

www.ledsmagazine.com/news/6/10/28 

for full program details. Register by 

December 11 for early-bird discounts. 

MORE: www.strategiesinlight.com

OLED Lighting Design Summit 2009  

December 2-3, 2009 

Boston, MA, United States 

ForumLED 

December 3-4, 2009 

Lyon, France 

White LEDs 

December 13-16, 2009 

Taipei , Taiwan 

Photonics West 2010 

January 23-28, 2010 

The Moscone Center, San 

Francisco, CA, United States 

The ARC Show 2010 

February 03-04, 2010 

Earls Court, London, United Kingdom 

LED China 2010 

March 02-05, 2010 

Guangzhou, China 

Light+Building 2010 

April 11-16, 2010 

Frankfurt am Main, Germany 

Lighting Japan: the 2nd LED/

OLED Lighting Technology Expo 

April 14-16, 2010 

Tokyo Big Sight, Japan 

Lightfair 2010 

May 12-14, 2010 

Las Vegas Convention Center, United States 

LED Lighting Taiwan

June 09-11, 2010

Taipai, Taiwan

LED Expo and OLED Expo 2010

June 22-25, 2010

KINTEX, South Korea

MORE: www.ledsmagazine.com/events
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Thomas Research  28

Products 

UPEC 43
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Webcasts
Optimizing LED Performance 

through Heat Management 

ORIGINALLY BROADCAST: October 2009

PRESENTERS: Martin Schon, Sapa Extrusions; Mick Wilcox, Nuventix

Solid-State Lighting: Safety Certifi cation 

Process and Performance Testing 

Measurement Techniques 

ORIGINALLY BROADAST: September 2009 

PRESENTERS: Greg McKee, Labsphere

Todd Straka, Intertek 

Visit www.ledsmagazine.com/webcasts to access upcoming 

and archived presentations.

Web Exclusive Articles
Strategically Speaking: Recent conferences 

in Asia highlight LED industry progress

www.ledsmagazine.com/features/6/10/12

High-effi ciency lighting needs high-effi ciency manufacturing

www.ledsmagazine.com/features/6/10/3

Fitted Target Effi cacy metric promotes discussion

www.ledsmagazine.com/features/6/10/2

Featured Companies
Th e following have recently been added to the LEDs Magazine site as Featured 

Companies (see www.ledsmagazine.com/buyers/featured):

High Power Lighting Corp. • Instruments Systems GmbH
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LED products are the future of lighting. They are also quite complex and rapidly evolving—which is why you 

need a test lab like Intertek. No other lab in the world offers the same breadth of safety and performance 

testing services. Plus, we have labs in Europe, North America and Asia, each with a commitment to ultra-fast 

project turnarounds. And our engineers offer the kind of guidance that can make all the difference when it 

comes to getting your product to market on time.

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

our team today as lighting reinvents itself, 

once again. For more information, whitepapers 

and webinars, please visit our website.

1-800-WORLDLAB (967-5352)

www.intertek.com/lighting

And the market said, “Let there be LED.”

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

performance, environmental and energy effi ciency testing services. 
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Two iconic towers, the Eiff el Tower in Paris and the BT Tower in London, 

have recently unveiled LED projects. Th e Eiff el Tower is celebrating its 120th 

anniversary, and in honor of the occasion Parisians and visitors will be able 

to enjoy a spectacular light display every evening until the end of the year. 

Th e dynamic lighting shows are made possible by more than 400 Ilumipod 48 

IP RGBW wash lights from Iluminarc, 

which have been installed on the 

Trocadero façade of the monument. 

BT, the UK-based telecom giant, has 

installed a huge LED information band 

at the top of the BT Tower, which was 

switched on at the start of the 1000-day 

countdown to the 2012 Olympic Games. 

Th e LED screen is made up of LC Plus 

Series™ LED panels from Martin Pro-

fessional.  Th ere are 177 separate pan-

els containing 177,000 pixels and a total 

of 529,750 LEDs. Th e LEDs are in verti-

cal tubes, with space in between. Th e 

display covers over 280 m2, with a cir-

cumference of 59m, and is wrapped around the Tower’s 36th and 37th fl oors, 

at a height of 167m above street level. At this height the screen has to endure 

harsh weather conditions, including hurricane force winds. ◀

BT TOWER: www.ledsmagazine.com/news/6/11/1

EIFFEL TOWER: www.ledsmagazine.com/news/6/10/22

ARCHITECTURAL

LEDs tower above Paris, London

MANUFACTURING

Equipment sales on the rise

TEST

Orb Optronix systems provide 
advanced LED testing 

As part of the design process, engineers 

must predict the performance of their 

LED system and determine if it will 

meet specifi cations at real operating 

temperatures and electrical drive con-

ditions. Th e new ETΦ™ (ETO) family of 

LED characterization systems, from Orb 

Optronix, is capable of measuring the 

quantity and color of light from LEDs 

over a range of temperatures and elec-

trical input power variables. 

Th e systems feature both automated 

data acquisition and mature data anal-

ysis, allowing users to quickly and eas-

ily view diff erent groupings of data in 

over 300 graphs. Information on how 

LED performance varies from LED to 

LED is pivotal to designing robust LED 

illumination systems, but this data is 

not readily available from LED makers. 

Th erefore, testing multiple LED samples 

is critical to understanding and char-

acterizing performance variability as a 

function of thermal conditions and elec-

trical power inputs. 

The ETO system, manufactured at 

Labsphere’s facility in North Sutton, 

NH, is available with options for inte-

grating sphere sizes from 6- to 76-inch; 

a range of source meters; and thermal 

platforms built for the measurement of 

discreet LED packages or high-power 

LED arrays and SSL subassemblies. ◀

MORE: www.ledsmagazine.com/press/20368» page 10

Leading vendors of MOCVD systems, which 

are used to grow LED epitaxial wafers, have 

reported positive news in their most recent 

fi nancial updates. Germany-based Aixtron 

AG’s president and CEO, Paul Hyland, said 

“We continue to see very healthy demand 

for our systems driven by an exception-

ally positive response by consumers to 

the introduction of TV LED backlight-

ing. Encouragingly, order and quotation 

activities are still continuing at a very 

high level and this trend seems set to con-

tinue into 2010.” Similarly, John Peeler, CEO 

of US-based Veeco Instruments Inc., said 

“We have seen an unprecedented demand 

from LED manufacturers in China, Korea 

and Taiwan for our MOCVD systems as 

they ramp production for laptop and TV 

backlighting. Veeco MOCVD systems were 

also selected by two leading US-based LED 

manufacturers to ramp production for gen-

eral illumination.” 

The US manufacturers are Philips 

Lumileds and Bridegelux, which both 

recently placed “multi-system” orders for 

Veeco’s TurboDisc GaN MOCVD systems. 

Elsewhere, Sanan Optoelectronics Co. Ltd., 

described as the largest manufacturer of 

full-color LEDs in mainland China, also 

recently placed multiple tool 
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AC LEDS

Epistar and Lynk 
Labs ink deal

Epistar Corporation, 

Taiwan’s largest LED epi-

wafer and chip maker, 

has entered into a stra-

tegic equity investment 

and license agreement 

with Lynk Labs Inc., the 

US-based supplier of AC 

LED device, light engine 

and power supply tech-

nology (www.ledsmaga-

zine.com/news/6/10/12). 

Terms of the deal were 

not disclosed. The companies will be 

developing new AC LED technology, and 

IP and products including single-chip 

and system-level solutions for the light-

ing industry. 

Lynk Labs’ technology patent and prod-

uct portfolio includes fundamental core 

AC LED circuits that can be integrated at 

the chip level as well as drive methods and 

product- or system-level solutions. Th e 

company’s fi rst US patent, no. 7,489,086, 

was granted early this year. 

Epistar has been developing AC LED 

chips since 2004 and in March 2009 

Manufacturing from page 9

orders for Veeco MOCVD systems. Simon Lin, 

CEO of Sanan, commented, “Th e addition of 

Veeco’s high productivity MOCVD systems to 

our manufacturing facilities in Xiamen and 

Tianjin, China ensures that we can continue 

to increase output of our market-leading HB-

LEDs. We are seeing increased demand for LEDs 

in such applications as general illumination, TV 

backlight and outdoor display.”

Also in China, five Crius MOCVD systems 

from Aixtron have been qualifi ed for GaN-based 

production at Neo-Neon International Ltd, one 

of the largest LED-based lighting companies in 

the world. Th e systems have a 31 × 2-inch wafer 

confi guration. Neo-Neon’s vertically-integrated 

approach has now resulted in a complete supply 

chain from epitaxy and chip processing to LED 

packaging and lighting applications. Ben Fan, 

Chairman of Neo-Neon, said that the MOCVD 

systems have been installed in the company’s 

new factory complex, a fi ve-story facility at its 

mainland China production plant. ◀
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announced plans to enter the AC LED mar-

ket with single-chip AC LED technology. Last 

year, Epistar obtained a patent license from 

ITRI, the Taiwan-based Industrial Technol-

ogy Research Institute.

• In September, Epistar raised US$351 mil-

lion in equity fi nancing, and has settled a 

dispute with Philips Lumileds over AlIn-

GaP LED technology and products (www.

ledsmagazine.com/news/6/9/23). 

• Also, Epistar says it has developed a 

technology to enable high color rendering 

index (CRI) and high effi  cacy for warm-white 

LEDs. Th e company has combined its blue 

and red chips in diff erent packages (www.

ledsmagazine.com/news/6/11/4). ◀

MANUFACTURING

SemiLEDs increases capacity 

LED maker SemiLEDs Corporation has 

introduced an Aixtron MOCVD system with 

7 × 4-inch confi guration into its 4-inch LED 

wafer fab in Taiwan. SemiLEDs has shifted 

its mass production of its VLED products 

to 4-inch wafers, which it says will greatly 

increase production capacity to meet strong 

demand for high-end applications, such as 

street and domestic lighting. Th e fab will 

be able to produce 10 million high-power 

VLED chips per month when running at 

full capacity. At the recent ChinaSSL confer-

ence, SemiLEDs announced that its packag-

ing customers, using I-core MvpLED chips, 

have achieved 120 lm/watt for cool-white 

LEDs running at 350mA. ◀

MORE: www.ledsmagazine.com/press/20396

REPLACEMENT LAMPS

Cree shows 102 lm/W LED A-lamp 

Cree has demonstrated an A-lamp LED light 

bulb with an output of 969 lumens at 102 

lm/W effi  cacy, which the company claims 

is the highest lumen output and effi  cacy 

reported in the industry (www.ledsmaga-

zine.com/news/6/11/3). Th e light output is 

equivalent to that of a 65W incandescent 

bulb, but Cree’s LED version uses only 9.5W. 

Th e demonstration A-19-style bulb features 

the latest Cree production XLamp® XP-G 

LEDs and TrueWhite Technology, a pat-

ented method of delivering warm-white light 

with high color rendering and effi  ciency. 

Th e 2800 K warm-white lamp has 91 CRI. 

Cree said that all data was verifi ed by third-

party testing under steady-state operating 

conditions. 

Th e US government’s L Prize includes a 

category for an LED replacement for a 60W 

incandescent lamp. Light output should 

exceed 900 lm with energy consumption 

of less than 10W, and effi  cacy of more than 

90 lm/W. CRI should exceed 90 with a color 

temperature in the 2700–3000 K range. 

It remains unclear whether Cree may plan 

to manufacture LED lamps in the future, or 

to license its technology and/or sell its LEDs 

to an established lamp maker. 

• Cree’s revenue for LED products was a 

record $156 million for the quarter ended 

September 27, 2009, a14% increase over the 

previous quarter.

• Cree’s cool-white XLamp® XP-G LED is 

now commercially available. It can produce 

up to 367 lm when driven at 1A, at a typical 

effi  cacy of 111 lm/W. Th e highest-perform-

ing bin also has a standard minimum fl ux 

at 350 mA of 139 lm. Th e XP package size is 

3.45 × 3.45 mm. 

• Cree expects to add 275 jobs in North 

Carolina during 2009 to serve the expan-

sion of its LED manufacturing capacity and 

other staffi  ng needs at its facility in Dur-

ham, NC. ◀

ARCHITECTURAL

Enfi s and Cooper provide 
LED veil for Yas Hotel 

Anyone who saw the recent Formula One 

Grand Prix in Abu Dhabi could not fail to 

notice the color-changing LED veil cover-

ing the Yas Hotel, which is unique as the 

only hotel in the world to sit astride a race 

track. Th e building’s visual impact is greatly 

enhanced by its exterior LED mesh, contain-

ing 208,800 LEDs, which resulted from a col-

laboration between two UK-based compa-

nies, Cooper Lighting and Enfi s Group plc. 

Th e exterior consists of sweeping, curvilin-

ear forms constructed of steel and over 5,300 

pivoting diamond-shaped glass panels which 

are illuminated via the LED lighting system. 

Cooper used over 5,850 Enfi s LED arrays in 

its lighting system. Primarily these were 

Enfi s 4-channel UNO Plus arrays and con-

trol drivers integrated into custom-designed 
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IP65-rated stainless-steel stanchions. 

Th e desert climate of Abu Dhabi can reach 

60°C in the summertime, creating problems 

for most light sources. Cooper said that the 

Enfi s array/driver system was the only one 

that passed the rigorous environmental 

chamber trials. Enfi s’ technology provides 

the ability to control each LED array, as 

well as two-way communication with each 

driver/array combination providing real-

time monitoring of fixture temperature, 

CCT and energy consumption. Th e Remote 

Desk Management (RDM) DMX control sys-

tem was supplied by e:cue. ◀

MORE: www.ledsmagazine.com/news/6/11/2

MANUFACTURING

LG invests in LEDs  

LG Group, one of Korea’s largest display mak-

ers, plans to spend about 4 trillion won (about 

$3.34 billion) on a major plant for making 

liquid-crystal display (LCD) glass substrates 

and LEDs in Paju, Gyeonggi Province, Korea. 

Th e new, 840,000-square-meter manufactur-

ing facility will begin producing LED compo-

nents and materials in 2010, and LCD glass 

in 2012, and will be critical in LG’s plans to 

exploit the sharply increasing demand for 

next-generation display and lighting tech-

nologies. LG Innotek, the company’s LED 

subsidiary, will invest around 1 trillion won 

through 2012, and will use the new facil-

ity to produce LED BLUs and lighting com-

ponents. Th e plant will eventually boost 

the company’s production capabilities of 

LEDs by four times the current level with a 

focus on LED backlighting units for use in 

LCD televisions and monitors produced by 

LG Display. ◀

MORE: www.ledsmagazine.com/news/6/9/25

BUSINESS

Tyntek to acquire Ubilux 

Tyntek Corp, a Taiwan-based LED chip 

maker, has obtained approval from its board 

to acquire Ubilux Optoelectronics Corp., the 

LED chip manufacturing arm of Powerchip 

Semiconductor Corp, Taiwan’s second-

largest computer memory chipmaker. Th e 

share-swap deal is worth about NT$2.81 

billion (US$86.8 million). After the acqui-

sition, Powerchip will become the biggest 

shareholder at Tyntek, and Tyntek will be 

the third largest LED chip maker in Taiwan, 

after Epistar Corp and Optotech Corp. Th e 

company has aggressive expansion plans 

and will increase the number of MOCVD sys-

tems to 30 units by the end of next year.  ◀

MORE: www.ledsmagazine.com/news/6/10/24

OLEDS

Transparent low-profi le 
OLED lighting panels

Osram Opto Semiconductors has devel-

oped prototype large, transparent OLED 

panels, that measure 17 × 17 cm2 and have 

a luminous area of 210 cm2. Th e panels are 

only a few hundred micrometers thick, 

and do not need separate encapsulation. 

Th e test samples were developed as part 

of the TOPAS research project funded by 

the Germany Ministry for Education and 

Research (BMBF). Th e aim of the project is 
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to produce 1 m2 transparent OLED mod-

ules, and will run until 2011. Osram Opto 

says that in the OLED lighting market 

there is a clear demand for large, low-pro-

fi le transparent light sources. Th e OLED 

panels can be made transparent due to 

new developments in electrode design 

and a new approach to thin-fi lm technol-

ogy. Th e current is distributed evenly over 

the active surface, which in turn leads to 

uniform luminance. Further development 

work will lead to an even thinner carrier 

material, and therefore to even thinner 

OLEDs. Th e new technology also simplifi es 

the manufacturing process, whether 

OLEDs are produced on a small molecule 

or polymer basis. Th e next stage is to inte-

grate the processes into a stable manufac-

turing operation. ◀

MORE: www.ledsmagazine.com/news/6/10/19

LICENSING

Acuity joins Philips LED 
luminaires licensing program

Another major lighting company, Acuity 

Brands Inc, has signed up for Philips’ licens-

ing program for LED-based luminaires. Acuity 

will gain access to Philips’ patent portfolio 

for LED systems and controls. Th e deal cov-

ers worldwide sales of LED-based luminaires 

from all of Acuity’s businesses. Acuity Brands 

is one of the world's leading providers of light-

ing fi xtures and related products, with brands 

including Lithonia Lighting, Holophane, 

Peerless, Gotham and Mark Architectural 

Lighting. Philips has already signed licensing 

agreements with major players such as Osram 

and Zumtobel. ◀

MORE: www.ledsmagazine.com/news/6/10/21

LED PERFORMANCE

Lumileds publishes LM-80 data

Philips Lumileds is claiming to be the fi rst 

power LED manufacturer to publicly publish 

LM-80 test report data, which describes the 

lumen maintenance characteristics of its 

white Luxeon Rebel LEDs. Th e report, avail-

able from its website, will be useful for lumi-

naire manufacturers when evaluating the 

merits of using diff erent LEDs for their SSL 

products. Lumileds is encouraging other LED 

makers to follow its lead. ◀

MORE: www.ledsmagazine.com/news/6/10/20

Correction:

Dialight installation

In our last issue we published an article 

written by Linear Technology (LEDs 

Magazine, Sept/Oct 2009, p. 49; www.

ledsmagazine.com/features/6/10/9). 

Figure 2, which shows a refi nery 

installation, as well as information 

in the section entitled "Industrial 

lighting," is taken without permission 

or acknowledgement from a case study 

published by Dialight (www.ledsmagazine.

com/press/17997). The article also claims 

that a Linear IC was used in Dialight's 

fi xtures. According to Dialight, Linear's 

IC is defi nitely not used in the luminaires 

pictured in Dialight's installation photo, 

nor are any Linear ICs used in any Dialight 

luminaires. LEDs Magazine apologizes to 

Dialight for publishing this material.
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Thermally conductive insulated metal substrate
boards specifically configured for LED applications.

NEW T-CLAD®PA
STICKS IT TO HEAT.

Peel and place thermal solution withstands the heat of solder reflow.
Easier assembly, cooler LEDs.
Bergquist’s T-Clad with pre-applied Bond-Ply®450 allows you to adhere your
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programs
 funding

Rogue lamp labels 

hit the shelves

In September, we reported that several 

Philips LED lamps were on sale in the 

USA with unauthorized versions of the 

Lighting Facts label on their packaging 

(www.ledsmagazine.com/news/6/9/21). 

Th e Lighting Facts label is part of the US 

Department of Energy’s voluntary SSL 

Quality Advocates program, via which 

LED luminaire makers can “demonstrate 

their commitment to accurate and con-

sistent reporting of product performance 

claims,” to quote the DOE. Blaming an 

internal procedural error, Philips hur-

riedly joined the program and submit-

ted the required performance data. 

In October, it emerged that Osram Syl-

vania had also made its own Lighting 

Facts label for its 4W PAR16 LED lamp 

(www.ledsmagazine.com/news/6/10/14). 

Th is particular label lacks the standard 

portrait format and other features of the 

authorized version. 

In between the Philips and Osram Syl-

vania incidents, the DOE commented on 

the Lighting Facts label program, saying 

that it will take “immediate action” to 

investigate any violations and insist on 

conformity with the program require-

ments. Th e DOE said anyone “who does 

not play by the rules” should expect to 

hear from DOE lawyers and the Federal 

Trade Commission. We have yet to hear 

of any outcome in this direction, but 

the DOE also correctly said that rogue 

labels undermine the very nature of the 

program, which is designed to protect 

the consumer from "getting burned" by 

products whose performance falls short 

of manufacturers’ claims.

Equally important, but not covered 

by the Lighting Facts program, is the 

issue of invalid and inappropriate com-

parisons with existing technology. Th e 

Osram Sylvania 4W LED lamp is stated 

to be a replacement for a 25W lamp (of 

unspecified type). However, the LED 

lamp produces only 110 lumens—which 

would be pretty shoddy performance for 

any 25W lamp.    

At the end of September, the US Department 

of Energy (DOE) and the US Environmental 

Protection Agency (EPA) signed a partner-

ship agreement that transfers the responsi-

bilities for the Energy Star program, includ-

ing solid-state lighting, from DOE to EPA. 

Th e original joint announcement (www.leds-

magazine.com/news/6/10/1) stated that the 

EPA would be brand manager and Agency 

lead for the Energy Star products program, 

while DOE will provide technical support in 

areas such as product testing and verifi ca-

tion. Th e statement also resolved to develop 

an integrated approach to the Energy Star 

residential lighting program that recognizes 

the importance of both whole-fi xture-based 

and light-source-based approaches for mea-

suring lighting energy effi  ciency.

In mid-October, Jim Brodrick, lighting pro-

gram manager for the DOE, said that it is still 

unclear whether the Energy Star SSL Program 

will continue as introduced by DOE, or if sig-

nifi cant changes will be made by EPA (www.

ledsmagazine.com/news/6/10/18). However, 

he said that, at the behest of the Next Gener-

ation Lighting Industry Alliance (NGLIA) and 

other industry stakeholders, an agreement 

has been reached with EPA to continue the 

criteria adoption process for outdoor lighting 

and replacement lamps.

Brodrick commented that Energy Star 

played “only a minor role” in the DOE’s over-

all commercialization support eff orts for 

SSL, which he stressed would continue. “We 

are in the process of expanding our Caliper, 

Gateway Demonstration, and Lighting Facts 

eff orts as a way of broadening our commer-

cialization support in an expanding indus-

try. We will also be increasing stakeholder 

educational efforts, especially for those 

potential buyers not totally familiar with 

solid-state lighting,” he said. 

In early November, Alex Baker, Energy 

Star lighting program manager for the EPA, 

provided an update to Energy Star lighting 

manufacturing partners, energy effi  ciency 

program sponsors and stakeholders (www.

ledsmagazine.com/news/6/11/5). Baker said 

that no later than November 30, 2009, DOE 

and EPA will release a more detailed proposal 

outlining anticipated Energy Star program 

enhancements for 2010, including a proposed 

approach for integrating various elements of 

the Energy Star lighting program. 

“Among other things,” said Baker’s letter, 

“it is EPA’s intention to streamline the qual-

ifi cation process and paperwork related to 

Energy Star qualifi cation of lighting prod-

ucts, as part of the process of integrating 

potentially duplicative and overlapping 

specifi cations.” 

Baker also said that EPA intends to retain 

key elements of the DOE-developed Energy 

Star specifi cations for Solid State Lighting 

and Integral LED Lamps, including test-

ing according to the IES LM-79 standard, as 

appropriate. 

“Th e process to integrate the lighting spec-

ifi cations will be consistent with Energy Star 

Guiding Principles, and open to partner and 

stakeholder review through a series of public 

comment periods resulting in fi nal version(s) 

that go into eff ect after suffi  cient transition 

time,” said Baker’s letter. “Until this task is 

complete, partners will continue to be able 

to qualify products using existing specifi ca-

tions and contracting support to the Energy 

Star program.” ◀

EPA and DOE sign deal to end 
Energy Star Wars saga
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I
t should be possible to achieve about a 

70% reduction in production costs for LED 

lighting by 2015. Th is was one conclusion 

reached by attendees at two US Department 

of Energy (DOE) workshops that looked at 

ways to improve solid-state lighting (SSL) 

manufacturing (see “SSL Manufacturing 

workshops”). A big part of that potential 

decline is projected to come from a reduc-

tion of about 85% in the cost of the packaged 

LED, which now accounts for some 40% of 

the cost of the luminaire. 

However, achieving those aggressive 

potential reductions will likely depend, in 

part, on sector cooperation on an indus-

try roadmap—and a realistic common-cost 

model—so those within the supply chain can 

fi gure out where to best focus their eff orts. 

Such pre-competitive collaboration has been 

used eff ectively by the semiconductor and 

fl at-panel display industries in the past to 

drive more rapid improvement in process 

technology.

DOE recently released an initial road-

map for HB-LED and OLED manufactur-

ing technology. Th e roadmap is based on 

the stakeholder discussions at the work-

shops, and represents industry consensus 

on the expected evolution of SSL manufac-

turing, best practices, and opportunities for 

improvement and collaboration. “We came 

to some consensus on where the principal 

costs are, which gives us a better sense of 

what needs work,” says Fred Welsh, Radcliff e 

Advisors, consultant to the DOE and one of 

the organizers. 

DOE plans to update the roadmap next 

year, and also to continue work on devel-

oping a cost-of-ownership model, to better 

identify where the best gains 

from investments in improv-

ing manufacturing process 

would be. Such a model would 

allow the community to iden-

tify equipment and processes 

lying on the critical path and 

offer a more quantitative 

assessment of the  benefi cial 

cost impact of addressing 

each issue. The equipment 

and materials industry asso-

ciation SEMI, which has facil-

itated similar eff orts in other 

sectors, also welcomes input 

on how it can best help sup-

port these eff orts, says Tom Morrow, SEMI 

VP of global exhibitions and marketing. 

EQUIPMENT: Suppliers see 

2–3x potential reductions

Semiconductor equipment makers say there 

are real options for making big improve-

ments in process yields and productivity to 

bring down SSL costs, by applying learnings 

from other thin fi lm manufacturing sectors 

and designing equipment specifi cally suited 

to this sector, with the kinds of process con-

trol and volume throughput that are now 

required. 

“We think overall epitaxial process-

ing cost has to come down 3×, and we see 

a path to be able to do that,” says Jim Jen-

son, VP of marketing for the MOCVD busi-

ness at Veeco Instruments, Inc. (Plainview, 

NY). He notes that progress has been made 

on improving the complex, multi-hour 

 epitaxial process that grows most of the key 

device layers. Th is has included development 

of better uniformity and repeatability, opti-

mized fl ow geometries, better temperature 

control, faster processing time, improved 

system architecture and optimized batch 

sizes, though it could take a few years for all 

these developments to get into high-volume 

production. 

Another more radical option being con-

sidered by both established and potential 

new suppliers is to divide the epitaxial pro-

cess into separate chambers, each optimized 

to the diff erent requirements of the diff er-

ent layers. Typically this would use hydride 

vapor phase epitaxy (HVPE) for the thick 

GaN, though HVPE reactors will need to be 

made into high-volume tools. Oxford Instru-

ments plc (Yatton, UK) recently announced 

the fi rst multiwafer HVPE reactor (see www.

ledsmagazine.com/press/18664). 

Applied Materials, Inc. (Santa Clara, 

CA) reports it’s making progress on possi-

ble MOCVD solutions as well. “We see tech-

niques from IC processes used for decades 

that would apply,” says Pat Lamey, strategic 

marketing and new business development 

for the energy and environmental solution 

Supply chain maps a path to bringing 

down the cost of LED lighting

Signifi cant reductions could be achieved in the cost of producing LEDs, particularly if the supply 

chain can collaborate on an industry-wide roadmap, writes PAULA DOE of SEMI.

PAULA DOE covers Emerging Markets for SEMI (www.semi.org), the global industry association 

serving the manufacturing supply chains for the microelectronic, display and PV industries.

FIGURE 1. Projected luminaire cost, and potential for 

reduction. Source: DOE Manufacturing Workshop.
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group. He notes that Applied’s development 

focus is now getting feedback from custom-

ers, and is based on a combination of com-

monly used MOCVD processes and “some 

technology that’s been written about for 

decades but never brought to production.” 

Lamey also says that better process con-

trol is key to improving overall LED yields 

and costs, because it’s crucial to overall 

throughput and performance. “We’re see-

ing a segment of the solid-state business 

with potential for signifi cant improvement 

in the next half decade, and the sooner we 

can bring the production techniques and 

controls known from our other technologies 

and products, the faster it will move into the 

market place,” says Lamey. “A roadmap will 

be particularly helpful, especially since the 

LED industry is transitioning from two-inch 

substrates to 100mm substrates.” 

Likely to propel the biggest jump in manu-

facturing productivity, however, could be the 

entry of some big silicon chip makers who 

are accustomed to doing very controlled pro-

duction in very high volumes. “Th e customer 

base is evolving as new players from the IC 

industry enter the fi eld,” says 

Lamey. “Th eir entry will have 

a huge impact on manufac-

turing technology.”

KLA-Tencor Corp. (Milpi-

tas, CA) sees another poten-

tial 2× cost reduction from 

improvements in defect 

inspection and defect source 

analysis, says  Richard Solarz, 

KLA-Tencor senior direc-

tor of technology, as the LED 

industry currently lacks 

both appropriate inspection 

equipment to fi nd the critical 

defects and effi  cient  systems 

to figure out what’s causing them. Tools 

developed to inspect fi ner features on silicon 

for the IC industry fi nd a lot of defects that 

don’t matter for LEDs, and can’t fi nd others 

that do. For example, they can’t diff erenti-

ate the problematic micropits or threading 

defects in sapphire from the particles that 

don’t matter, and they can’t bin the  fi nished 

die by the qualities of 

interest. And laser-

based bare wafer/

film surface analy-

sis tools in the front-

end, developed for 

the hard-disk indus-

try, can’t talk to the 

image-based pat-

terned-wafer inspec-

tion tool in the back-

end, developed to 

inspect wafer-level 

chip packaging. Th is 

makes it diffi  cult to 

quickly track defects 

back to their source. 

“ Now t hat we 

understand the key 

defect needs of many 

of the LED manufac-

turers, we have iden-

tifi ed key changes we 

need to make in our 

tools to isolate these 

defects. And we need 

to overlay the defect 

maps from the tools,” 

says Solarz. “Work-

ing with our custom-

ers, we believe that we can reduce manu-

facturing cost in many cases by as much 

as a factor of two.” He sees other potential 

for improved yields, but only if the indus-

try agrees on what is needed. One exam-

ple, he notes, is the diff erence in opinion 

about the need for a color-quality monitor. 

“Th e answers range from solid 'yes' to solid 

SSL Manufacturing 

workshops

The DOE held two SSL Manufacturing 

workshops in 2009 (April 21–22 in 

Fairfax, VA, and June 24–25 in Vancouver, 

WA), as the start of a new initiative to 

enhance product consistency and quality, 

and to accelerate cost reductions through 

manufacturing improvements. More 

than 350 participants—chip makers, 

fi xture and component manufacturers, 

and others—examined underlying issues 

related to materials, equipment, and 

other factors that infl uence SSL product 

quality and cost. The Fairfax workshop 

attendees identifi ed key barriers and 

recommendations toward lower-cost, 

higher-quality SSL products, and a draft 

roadmap was reviewed at the Vancouver 

event. The fi nal version of the roadmap 

represents industry consensus on the 

expected evolution of SSL manufacturing 

and is available at www.ssl.energy.gov/

projects.html.   ◀

FIGURE 2. Projected packaged LED cost, and potential 

for reduction. Source: DOE Manufacturing Workshop.
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'no,' " says Solarz. “People ask us for a custom 

tool, but if we knew everyone wanted one, we 

would build it.”

Ultratech, Inc. (San Jose, CA) argues that 

there’s also a clear path to a 2× reduction in 

lithography costs as well, by moving from 

mask aligners to 1× projection steppers with 

better yield and cost of ownership. Th e cur-

rently used proximity aligners start to have 

problems with focus and mask wear when 

dealing with larger wafers with more warp, 

argues CTO Andy Hawryluk. He notes that a 

4-inch wafer typically has some 100 microns 

of warp, a 6-inch wafer perhaps 200 microns. 

So Ultratech is developing a new model of its 

1× projection stepper based on an equipment 

platform originally used for power semicon-

ductors, MEMS and thin-fi lm heads, rede-

signed for the LED market, slated for intro-

duction mid 2010. Designed specifi cally to 

deal with warped LED wafers, the tool can 

map and tilt the wafer to adjust the focus 

section by section, for improved yield.    

EV Group (St. Florian, Austria) sees 

 potential for improving LED effi  ciency by 

structuring the surface by nanoimprint 

to extract more light. Most producers are 

exploring the technology, reports Paul Lind-

ner, executive technology director, though 

the technology is still in development, with 

cost of materials and throughput remaining 

concerns. 

Wafer-level optics or packaging could also 

help bring down costs  signifi cantly. “With 

larger wafers, wafer-level packaging becomes 

more interesting,” says Lindner, noting that 

6-inch wafers are coming. “We are look-

ing very carefully at this.” If even one of the 

wafers were high yield, and 

costs were low, a wafer-level 

bonding process with singu-

lation and binning at the end 

could be eff ective. Wafer-level 

processes for imprinting opti-

cal lenses on top of the light, 

based on technology devel-

oped for CMOS image sen-

sors, might also be possible.

LED folks, meanwhile, 

caution the silicon guys that 

LEDs are an alternative uni-

verse in which core silicon 

assumptions about device 

scaling, wafer size, yield 

management, and automation don’t neces-

sarily apply. “If you’re a CMOS guy, the fi rst 

thing you should do is forget everything 

you know,” jokes Robert Walker, principal 

at Sierra Ventures, noting a 

list of diff erences. For exam-

ple, with some exceptions, 

the typical high-power LED 

is going to stay a single diode 

at sizes around 1 mm2. Larger 

wafer diameters are only of 

modest importance when the 

bottle neck MOCVD cham-

ber already produces large 

batches of smaller wafers.  

MATERIALS: Suppliers 

see lower costs from 

larger wafers, surface treatments

Suppliers report that most of the big-name 

LCD makers that are now ramping toward 

volume production of HB-LED backlights for 

their own internal use are starting on 4-inch 

sapphire wafers instead of the more widely 

used 2-inch substrates, and are looking seri-

ously at 6-inch within the next two to three 

years. Epitaxy reactor-chamber layout can be 

easily converted to take about a dozen 4-inch 

wafers instead of 40-plus 2-inch wafers. Th is 

will lead to some gains in yield from reduc-

ing the total edge area that’s more subject to 

defects, but the larger gains come from just 

less handling of so many little parts in the 

rest of the process fl ow.

Adoption of 4-inch sapphire wafers will 

be widespread in 2010, reports Sunil Pahtak, 

VP of  engineering with Rubicon Technology 

(Franklin Park, IL), who notes that 6-inch 

wafers are already in pilot volumes, will 

start production in 2010, and see widespread 

adoption by 2011–2012. Rubicon has shipped 

more than 30,000 epi-polished 6-inch sub-

strates in the last two years. Prices for the 

larger wafers have looked daunting, com-

pared to the $10 or so for 2-inch sapphire, 

but suppliers argue that higher volumes, and 

some sector agreement on standard specifi -

cations, should help bring down costs.

Th e next likely option is some sort of sur-

face treatment of the sapphire to improve 

epi yields, or even putting the fi rst GaN lay-

ers on the substrate separately. Better per-

formance and better yields demands lower 

defect densities, requiring some solution for 

reducing the lattice and thermal mismatch 

between the substrate and the LED layers. 

“Bulk GaN gives a huge advantage in per-

formance,” says Keith Evans, CEO of Kyma 

LINKS

Semiconductor supply chain sees big potential for cost reductions in LED manufacturing 

www.ledsmagazine.com/features/6/6/9

High-effi ciency lighting needs high-effi ciency manufacturing Modern LED manufacturing 

facilities benefi t from sophisticated planning and design tools, and consideration of “reduce, re-

use, and recycle” options, such as the conversion of existing semiconductor facilities. This enables 

projects to be completed faster, with minimized environmental impact, and with an improved 

bottom line, writes Don Carkner, Principal Technologist with CH2M HILL, Portland, Oregon. 

www.ledsmagazine.com/features/6/10/3

FIGURE 3. Pareto analysis of SSL manufacturing costs, 

projected for 2010. 

FIGURE 4. Nitride LED substrate trend prediction. 

Source: Kyma Technologies. 
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FIGURE 5. Freestanding GaN foil. 

(Courtesy of Goldeneye)

Technologies (Raleigh, NC). “But the world 

doesn’t have much experience in making it, 

so we’re still coming down the volume learn-

ing curve. But in the meantime there’s a driv-

ing force for an intermediate solution.” 

Th e fi rst intermediate solution now appar-

ently getting a serious look is patterned sap-

phire. Texturizing the surface with diff er-

ent schemes of wet or dry etch improves 

the quality of the epi layers grown on top, 

for better light extraction effi  ciency, though 

why this works and how best to do it remain 

to be worked out. Also a possibility is adding 

an aluminum nitride (AlN) layer on top of 

the patterned sapphire, with initial results 

reportedly showing increased brightness 

and wavelength uniformity. “We strongly 

suspect this may bring down costs too,” 

says Evans, “since it can eliminate some of 

the MOCVD steps.” Th e AlN-coated sapphire 

can be ramped more quickly to the appropri-

ate temperature and needs no buff er layer, 

so the epi process can skip straight to high-

temperature deposition of the GaN, improv-

ing throughput of the reactor. Deliveries of 

these substrates are expected in 2010.

Th en there’s the more radical alternative 

of putting a GaN surface on the sapphire, 

then taking away the sapphire and using just 

the freestanding GaN foil alone as the sub-

strate for growing the LED layers. Goldeneye 

(Carlsbad, CA) grows a 30-micron layer of 

GaN by HVPE, then removes it by laser lift-

off . Th ese thin GaN foils measuring a centi-

meter square (see Fig. 5) can be very quickly 

ramped to growth temperature and cooled 

back down, allowing an epi growth cycle as 

fast as 30 minutes, claims Scott Zimmer-

man, Goldeneye VP of technology. Th e com-

pany has just taken delivery of its fi rst reac-

tor redesigned specifi cally for this kind of 

rapid cycling.

The European semiconductor research 

consortium IMEC, meanwhile, is working 

on controlling thermal mismatch of GaN 

grown on silicon, by monitoring the growth 

in situ and doing careful stress engineer-

ing. “GaN on Si is the option that off ers the 

best cost reduction possibilities in the end 

compared to any other choice,” argues Mar-

ianne Germain, GaN program manager for 

IMEC. “Si is the only substrate that allows 

for large wafer diameters and lower sub-

strate cost.” IMEC claims to have reduced 

defects to about the same level as on sap-

phire, by using several intermediate layers 

of AlGaN and silicon nitride (SiN) between 

the Si and the GaN.  
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S
olid-state lighting technology, in 

particular using high-power LEDs, 

is quickly entering the lighting 

mainstream. Connectors play a pivotal—yet 

often neglected—role in these new lighting 

applications, and connector selection needs 

to be given the same thought and consid-

eration as is given to thermal, optical, and 

electrical issues at the early design stage. 

Selecting the best connector for a lighting 

application is a matter of matching applica-

tion requirements to available connectors, 

with proper consideration given to perfor-

mance and costs. 

Connectors and solid-state lighting

Our concern here is with connector tech-

nology and the ways it can help (or hinder) 

making lighting more aff ordable and easier 

to apply and use. Connectors remain a crit-

ical part of a lighting system, but are often 

left to the end of the development cycle. Th is 

lack of foresight can result in fewer choices 

and higher costs (including cost of materi-

als, cost of assembly, and cost of upkeep). 

Integrating connector selection into early 

design phases opens options, gives more 

choice, and often lowers costs.

Not only is it important to consider con-

nectors early in the design to gain the wid-

est array of options, it’s equally important 

to understand some of the basics of con-

nector technology to allow informed deci-

sions about various options and tradeoff s. 

Th e connectors shown in Fig. 1, for exam-

ple, are low-profi le, surface-mount (SMT), 

two-position connectors designed for use 

in PCB-based LED strings, lighting controls, 

and other applications that can benefi t from 

an easy poke-in wire termination to the PCB. 

Th e connector speeds assembly and routine 

maintenance of lighting systems through an 

application-specifi c design.

Th e basic connector consists of a housing 

and contacts used to create a separable elec-

tromechanical interface. Th e physical ele-

ments common to all connectors (see Fig. 

2) are the housing design and material, the 

contact design and material, and the con-

tact plating system. Depending on its design, 

the basic connector can be used for wire-to-

wire, board-to-board, and wire-to-device/

board connections.

Contact basics

Th e purpose of the contact interface is to 

establish and maintain a reliable, yet sepa-

rable low-resistance connection. Electrically, 

the contact exerts a spring force to achieve 

the normal force required to achieve the low 

resistance. Mechanically, the contact must 

exert suffi  cient spring force to maintain nor-

mal forces over the life of the specifi c appli-

cation. It  must accommodate vibrations and 

other mechanical and environmental distur-

bances to maintain a long-term, stable, and  

reliable interface.  

Th e design of the contact interface and 

bulk contact must be properly selected to 

stay cool for the rated current it will carry.  

To keep the interface resistance low, the con-

tact’s surface must resist the formation of 

nonconductive fi lms, corrosion, and other 

eff ects. Plating over the base material guards 

against corrosion and other environmental 

deterioration. While spring properties and 

normal force are mainly a function of the 

base contact material, they work in conjunc-

tion with the plating system to provide an 

electrically stable connector.

Contact materials and platings

Th e contacts used in a connector system are 

at the heart of what makes a connector work. 

Proper material selection for the end appli-

cation is always challenging as it is a com-

promise between cost, mechanical perfor-

mance, electrical performance, and physical 

size constraints. Most contacts use a copper 

alloy of some sort, with brass arguably the 

most common material. Contact platings 

can be broadly categorized into two groups: 

noble pure gold or gold alloy and non-noble 

materials. Noble platings such as pure gold 

or gold alloy do not corrode or oxidize, while 

non-noble platings—typically tin, nickel, 

and silver—are subject to corrosion under 

the right conditions. A more detailed discus-

sion of contact materials and platings can 

be found in the longer version of this arti-

cle (see www.tycoelectronics.com/products/

lighting). 

Electrical concerns

Th e two most fundamental electrical crite-

ria for any connector system are the voltage 

and current level. Traditionally, anything 

1 amp or less and under 10°C temperature 

RONALD WEBER is the Global Technical Market Manager, Lighting with Tyco Electronics 

(www.tycoelectronics.com/lighting).

Connectors: the vital link fo
Taking the time to select the correct connector technology for a specifi c 

lighting technology can pay dividends, writes RONALD WEBER.

FIGURE 1. Connectors specifi cally 

designed for LED applications can lower 

design and assembly costs.
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rise is considered a signal connec-

tor. Due to tight contact spacings, 

signal connectors are not well 

suited to higher voltage applica-

tions (typically above 48 volts). 

Although signal contacts have 

an inherent low-current rating, higher cur-

rents can be carried through these connec-

tors by using multiple contact positions in 

parallel; however, the manufacturer should 

be contacted to obtain the appropriate der-

ating factors for the contacts when paral-

leled. Similarly, higher voltage ratings are 

sometimes obtained by skip-loading con-

tacts i.e. populating every third or fourth 

contact position to increase the distance 

between contacts. 

Power contacts can be characterized as 

having current ratings greater than 1 amp 

and greater than 10°C temperature rise in 

use. Power connectors are typically larger 

and have fewer contacts since adequate 

contact material is needed to carry cur-

rent without signifi cant joule heating of the 

contact body. Multiple contact interface 

points are desirable since they provide par-

allel paths that serve to minimize interface 

resistance and decrease joule heating at the 

interface. Since power contacts sometimes 

or lighting system design

FIGURE 2. A separable connection includes a housing, contact, and contact plating.

FIGURE 3. IP sealing levels. EN 60529 

outlines an international classifi cation 

system for the sealing effectiveness 

against both objects (tools, dust, fi ngers) 

and moisture. This classifi cation system 

uses the letters IP (for Ingress Protection)

followed by two digits. The fi rst digit 

refers to protection from physical objects; 

the second digit deals with moisture. 

Most unsealed connector systems, 

therefore, have an inherent IP20 rating. 

Number Protection Against

1st Digit 2nd Digit

0 No special protection No special protection

1 Objects greater than 50 mm in diameter; 

hands and other large body parts 
Dripping water

2 Objects greater than 12.5 mm in 

diameter; fi ngers
Vertically dripping water

3 Objects greater than 2.5 mm in diameter Sprayed water

4 Objects greater than 1.0 mm in diameter Splashed water

5 Dust suffi cient to interfere with operation 

of the equipment
Water projected from a nozzle

6 All dust (dust tight) Heavy seas or powerful jets of water

7 Immersion

8 Complete, continuous submersion in water
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operate at higher voltages, contacts are 

spaced further apart to meet agency sepa-

ration requirements.

Housings and environmental concerns

Th e connector housing provides a number 

of very important functions. Fundamentally, 

the housing provides environmental protec-

tion and electrical insulation between adja-

cent contacts and between the contact and 

the outside world. Th is insulation is usu-

ally verifi ed and stated as a voltage in the 

Dielectric Withstand Voltage (DWV) rating 

for the connector. 

A properly-designed housing holds the 

contacts in one half of a connector in cor-

rect relationship with the contacts in the 

mating half to provide trouble-free mat-

ing and unmating. It also fi xes the spac-

ing between contacts and defi nes the creep 

(electrical tracking distance over surfaces) 

and clearance (linear “line-of-sight” dis-

tance) between contacts. 

Th e environmental protection provided by 

the housing can pre-

vent contaminants 

(both solid and liquid) 

from getting into the 

connector interface, 

and also prevents 

inadvertent physical 

contact with the elec-

trical contacts.  The 

connector’s level of sealing typically adheres 

to the well-recognized IP levels (see Fig. 3). 

When dealing with elevated voltages (usu-

ally above 48 volts), most safety standards 

require design features to prevent accidental 

physical contact with the electrical contact. 

In this case, contacts are recessed to some 

extent and often shrouded as a mechanical 

barrier to contact. 

Choosing a connector 

Electrical, mechanical, and environmental 

performance requirements must be identi-

fi ed and considered to select the best con-

nector for an application.  Electrically, the 

connector must be compatible with the 

continuous levels of current and voltage. In 

addition, transient and surge conditions that 

may occur over the life of the product need 

to be identifi ed. 

Mechanical considerations include form-

factor issues such as physical size, mating 

direction, and how the connectors are held 

together after mating. Th e connector must 

also be evaluated for the degree in which it 

can withstand mechanical abuse, such as 

vibration, shock, and the like.

Environmentally, the connector must 

withstand both application temperature 

ranges and processing temperatures (such 

FIGURE 4. High-intensity LED holder combines thermal, 

mechanical, and electrical management into a single, easy-to-

use system.
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as those experienced during refl ow solder-

ing of surface-mount connectors). Th e appli-

cation environment will defi ne additional 

needs, such as sealing, ability to withstand 

solvents or salt spray, high altitudes, or other 

extremes. In outdoor applications, UV expo-

sure capability is critical to reliable, long-

term connector performance.

Thermal considerations

While signal applications typically do not 

require thermal management, power con-

tacts have a maximum current rating, usu-

ally based on a 30°C temperature rise on the 

contact. In high-intensity LED applications, 

the LEDs themselves generate enough heat 

to require careful consideration to thermal 

management. Integrating thermal manage-

ment into a system often poses unique sys-

tem packaging challenges since most of the 

new high-intensity LEDs are small and are 

often packaged as surface-mount devices 

(SMD). Integrating the connector system in 

among the LEDs, circuit boards, optics and 

thermal devices is often quite challenging 

if left to the end of the design process. Early 

evaluation of the interconnect options pro-

vides for a more tightly integrated, opti-

mized solution that can make assembly and, 

if needed, repair much more effi  cient. 

New interconnections must also address 

the special needs of solid-state lighting, 

including higher operating temperatures 

and the ability to provide housings in spe-

cific colors so the connector blends into 

the visible parts of the lighting designer’s 

f ixture. It is often very desirable to use 

circuit board-mounted connectors with 

softened edges to minimize shadowing 

and the possibility of partially occluding 

the light output of the low-profile surface-

mount LEDs. 

The next step in connectors

Current LED lighting design methodology 

usually incorporates one or more LEDs 

onto a circuit board, usually metal-clad 

for thermal reasons, since it is well known 

that LEDs perform better when operating 

at lower temperatures. Th is assembly is 

then integrated into the lighting fi xture. 

However, throwing out conventional logic 

that mandates a circuit board in the sys-

tem, one could combine a heat sink into the 

electromechanical design of the connector 

to create a thermoelectric connector that 

mates directly to the LED. 

An example is the high-intensity LED 

holder that Tyco Electronics designed for use 

with a high-intensity LED (see Fig. 4). Th e 

holder combines a small footprint and low 

profi le with a snap-together contact system 

for both direct electrical and thermal con-

nections directly to the LED. Without the 

need for solder, thermal adhesives, or metal-

clad PCBs, application is simple, cost eff ec-

tive, and expands mounting options beyond 

the planar constraints of circuit boards. As 

an added benefi t, replacement of a faulty 
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LED or changing colors is equally straight-

forward since all it entails is removing the 

retention clip, removing the LED, and replac-

ing it with a new one. Th e basic holder kit 

includes a contact carrier and an LED reten-

tion clip used to secure the LED to the car-

rier. Th e module-to-cable interface is a stan-

dard two-position Tyco Electronics’ Mini CT 

post and receptacle connection that further 

facilitates plug-and-play operation.

Standards and approvals

Naturally, any connector must meet agency 

requirements for any region of the world in 

which it is used. Regulatory agencies like UL 

and CSA in North America and IEC, TUV, and 

VDE in Europe have requirements to provide 

for safe application of a product. Selecting 

components that have already gone through 

the approval process speeds design and sim-

plifi es approval of the fi nal product. Given 

the global nature of the lighting market, the 

designer must confi rm components meet all 

regional or local requirements. Being cogni-

zant of the connector agency requirements, 

as well as those needed by the end applica-

tion, is critical to the successful selection 

and integration of the appropriate connec-

tor system. 

Cost

The acquisition cost of the connector is 

one thing, yet applied cost is quite another. 

Newer generations of application-specifi c 

connectors for lighting can reduce the cost 

of engineering, manufacturing, warranty 

and maintenance. One key to realizing these 

savings is to understand connector basics 

and to integrate connector selection into 

the overall design process. 

New solid-state lighting systems with 

their inherent longevity demand equally 

robust connector systems. Th e LEDs, ther-

mal solution, optics, and packaging com-

prise a considerable part of the overall cost 

of the lighting system. Th e connector is usu-

ally a small part of the overall cost and is 

often specifi ed without adequate consider-

ation and balancing of cost versus perfor-

mance.  It makes little sense to scrimp on 

the one component that your entire fi xture 

relies on for power. Without a reliable and 

appropriate connector system, the lighting 

fi xture, however well designed and esthet-

ically pleasing it is, becomes a dull, static 

(and unlit) non-functional object d’art. 

A checklist of requirements can be useful 

when selecting a connector. Th e full text of 

this article includes a detailed checklist (see 

www.tycoelectronics.com/products/light-

ing). Keep in mind that connector manufac-

turers typically have product specifi cations 

as well as application specifi cations avail-

able, so be sure to ask the supplier for help 

in your selection process. Spend some time 

and consideration selecting the appropriate 

proven connector system for the application, 

even if it costs a little more. It will pay divi-

dends in the long run. 
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LED Japan/Strategies 

in Light, organized by 

Strategies Unlimited and 

PennWell, was held in 

Yokohama on September 

16-17. Th e most pleasant 

surprise at this event 

was the growth in atten-

dance over last year’s 

event, held in October in 

Tokyo. Total attendance 

(including the conference 

and associated exhibits) 

nearly doubled, from 2,700 in 2008 to 5,300 

in 2009. Likewise the number of exhibitors 

increased from 45 to 67 (more details at 

www.ledsmagazine.com/news/6/10/3). Th is 

occurred in a year in which the GDP of Japan 

declined in the fi rst half by 7.95% from 2008. 

Clearly something interesting is happening 

to attract this kind of attendance in a very 

depressed economic environment. 

Although Japan has long been a major 

center of HB LED component manufacturing 

(accounting for 44% of world supply in 2008), 

it is a relative latecomer in the adoption of 

LED lighting, compared to, say, the US, 

Europe and China. However, that situation 

is beginning to change, as a number of major 

(and many smaller) companies in Japan 

enter the market with well-engineered and 

well-designed lighting products. 

The LED lighting pioneer in Japan has  

been Panasonic Electric Works (formerly 

known as Matsushita Electric Works), a 

well-established supplier 

of lighting products. The 

company introduced its 

fi rst LED lighting products 

several years ago, and in 

2009 is still the largest 

supplier. More recently 

Toshiba Lighting and Sharp 

have entered the market 

with a wide variety of LED 

luminaire products as well 

as replacement lamps. 

Regarding the latter, it 

seems that these companies are beginning 

to target the consumer market (in addition 

to the professional lighting market, which is 

the focus of most LED lighting suppliers at 

present). In Akihabara, the Tokyo electronics 

retail district, a large number of shops 

prominently display retrofit lamps from 

Sharp and Toshiba, claiming light output 

equivalent to 40W and 60W incandescent 

lamps. Retail prices are in the neighborhood 

of $40. 

Other Japanese companies active in the 

LED lighting market including Ushio, one 

of the country’s largest lamp manufacturers, 

as well as Odelic, Daiko Electric, Yamada 

Shomei, Yamagiwa, Iwasaki Electronics, 

and several others that are just beginning 

to enter the market in 2009. 

As a country with high electricity prices, 

as well as a strong focus on energy effi  ciency 

and the need for reduction in greenhouse 

gas emissions, it is not surprising that 

Japan has begun the move to solid-state 

lighting in earnest. Because the country 

already has wide adoption of highly effi  cient 

f luorescent lighting, it is understandable 

that it has waited until the efficiency of 

LEDs has reached the point where they are 

competitive with f luorescent sources to 

begin the adoption of LED lighting. 

There are a number of regulatory moves 

under way to promote the adoption of LED 

lighting, although the details are not yet 

clear (at least to an outsider). The focus 

is on facilities that use lighting on a 

24-hour-per-day basis, such as factories, 

convenience stores, gas stations, and 

the like. As one example, a Lawson’s 

convenience store in central Tokyo has 

converted all of its overhead f luorescent 

lighting to LEDs. 

ChinaSSL

Th e 6th China International Forum on Solid-

State Lighting (ChinaSSL 2009), held in 

Shenzhen on October 14-16, showed similar 

attendance trends to LED Japan. Attendance 

increased from 621 in 2008 to 1,087 in 2009. 

Organized by the China Solid-State Lighting 

Alliance (CSA), and supported by the China 

Illuminating Engineering Society, the China 

Association of Lighting Industry, and the 

Ministry of Science and Technology, among 

other organizations and government min-

istries, this is arguably the most important 

LED-related conference among the many 

held in China each year.

China’s enthusiasm for solid-state lighting 

seems to only increase from year to year. A 

steady stream of new companies is entering 

the market, at all levels of the supply chain, 

from epitaxy and chips to lighting fi xtures, 

Strategically Speaking: Recent conferences 

in Asia highlight LED industry progress

Two recent LED conferences—one in Japan and the other in China—illustrate how the LED industry 

continues to move forward, even in the midst of a worldwide recession that has caused substantial 

downturns in other industries, writes BOB STEELE.

BOB STEELE is Director of the Optoelectronics Program with Strategies Unlimited (Mountain 

View, CA), part of PennWell’s LED & Lighting Media Group. Tel. +1 650-941-3438. 

Web: www.strategies-u.com. Strategically Speaking: Insights Into LEDs & Lighting is a regular 

LEDs Magazine column from Strategies Unlimited. See www.ledsmagazine.com/strategies. 
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LumiBright • UNPRECEDENTED INTENSITY
• ULTRA HIGH BRIGHTNESS

LumiBright LS line of LED Line Source Modules
• For the Machine Vision market
• Unprecedented intensity in range of wavelengths UV to NIR 
• Accessories include power/control and cooling fan modules 

LumiBright LE series of OEM Light Engines
• Incorporate ultra high brightness (UHB) LEDs
• Primary collection optics, thermistor and photo-sensor options for

real-time feed back or monitoring
• One to three wavelengths UV to NIR and phosphors available  

Three newly released LumiBright LE modules
• Now available with glass optics for long life and high flux UV 

operation
• New high brightness white Endoscope Illuminator Module to

replace 300 Watt Xenon Lamps.

www.innovationsinoptics.com • 781.933.4477
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mostly funded by private 

investment, but with some 

government support as well. 

The most recent statistics, 

reported by Wu Ling, General 

Secretary of the CSA, and 

others at the conference, there 

are now more than 1,000 LED 

packaging companies in China 

(although many of them are 

very small, with more than 80% of them having investment of less 

than RMB 10 million (US$1.4 million). Perhaps more surprising is 

the number of epitaxy and chip companies, estimated to number 

more than 60 by the end of 2009. 

Equally impressive is the f igure of approximately 240 

MOCVD reactors expected to be installed (or at least on order) 

by the end of 2009. However, looking at the number of epi/chip 

companies relative to the number of reactors results in a figure 

of approximately four reactors per company. Compared with 

the more massive reactor populations installed or planned by 

competitors in the US, Europe, or elsewhere in Asia, 

it seems likely that some consolidation among the 

various Chinese chip companies will be required to 

achieve economies of scale and to refine large-volume 

manufacturing processes, as has happened over the 

past few years in Taiwan. 

In addition to the chip and packaging companies, there 

are also several thousand LED application companies in 

China. Th e exact number is hard to determine, and in 

fact it is growing on a weekly basis. According to CSA 

data, the total LED applications revenue in China in 

2008 was RMB 45 billion (US$ 6.5 billion), up 50% over 

2007, with the largest applications being architectural 

lighting and display. 

In addition to this domestic market, Chinese system companies 

are also active in production for the export market as well. Th is 

provides and important market opportunity for foreign HB LED 

suppliers, as the Chinese exporters are becoming more sensitive to 

quality, especially for lighting products, and thus many of them are 

using imported LEDs from Cree, Lumileds, Osram and other foreign 

suppliers to achieve performance and reliability levels that are not 

available from domestic LED manufacturers. 

LED streetlights continue to be a focus of the Chinese national 

solid-state lighting eff ort. In the past, individual cities have taken the 

lead, installing many thousands of streetlights per city in a number 

of cases (the best estimate of the cumulative total through the end 

of September 2009 is 200,000). Vendors were usually chosen from the 

local region, and product quality was often poor, with many early 

failures reported. 

A new streetlight program, initiated at the national level, will 

involve 21 cities, each of which is expected to install at least 10,000 

LED streetlights. Th ere will be a much greater emphasis on quality, 

and performance standards will have to be met as part of the bidding 

process. While in the past suppliers were all based in mainland 

China, in the new program bidding will be open to suppliers from 

Taiwan as well. 

Th e total potential number of streetlights that could be installed 

under this program could be up to 1 million. However, the timeframe 

over which this could happen is still uncertain. At this point the 

program is still in the discussion phase, and no installations have yet 

taken place. In the meantime, many cities continue to install LED 

streetlights on their own, and a dozen others are clamoring to join 

the program. 

Panasonic has introduced 

the Everleds range of 

replacement LED lamps. 
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A
signifi cant obstacle to the adoption 

of LED street lighting has been over-

come through the eff orts of Pacifi c 

Gas & Electric (PG&E), the California-based 

utility. PG&E has removed a major roadblock 

for roadway lighting in its new rate sched-

ule, which recognizes and acknowledges the 

fi nancial benefi ts of LED technology. Th e 

Electric Schedule “LS-2 – Customer-Owned 

Street and Highway Lighting” (see www.pge.

com/tariff s/ers.shtml) lists the rates charged 

by PG&E for diff erent lamp types, and is the 

sum of the facility charge and the energy 

charge. Monthly facility charges include the 

costs of owning, operating and maintaining 

the various lamp types and size. Crucially, 

because LS-2 now lists LEDs at a separate 

lamp type, it refl ects the energy savings of 

LED compared to other lighting technolo-

gies. LS-2 is applicable to lighting installa-

tions which illuminate streets, highways, 

and other outdoor ways and places where 

the customer is a governmental agency and 

owns the lighting fi xtures, poles and inter-

connecting circuits. 

Although LS-2 was eff ective May 1, 2009, 

there was no mention of it at September’s 

IES Street and Area Lighting Conference 

(SALC), where the announcement would 

have surely captured the attention of all in 

attendance, since everyone in the indus-

try has recognized this as a major barrier. 

PG&E leadership has set an example for 

utilities across North America and created 

a path for municipalities to follow. It also 

off ers a vehicle for dialogue and discussion 

in dealing with their local utility when con-

sidering LED street lighting, especially when 

attempting to derive the associated fi nancial 

benefi ts that demonstrate that LED makes 

“fi nancial sense” in order to develop a real-

istic payback scenario. 

Mary Matteson Bryan, lighting portfolio 

manager for PG&E’s Emerging Technologies 

(ET) group, explained to LEDs Magazine how 

the new schedule was developed: “As part of 

PG&E’s Customer Energy Effi  ciency depart-

ment, the ET group performed a number 

of assessments of LED street lighting from 

2007 to 2009. Evaluations of energy savings 

and lighting performance were positive. 

“In a collaborative eff ort between PG&E’s 

ET group, its Lighting Energy Effi  ciency pro-

gram staff , and the PG&E Street and Area 

Lighting group, PG&E began efforts to 

incorporate LED street lighting as a prod-

uct off ering to customers. In the summer 

of 2008, the team started strategizing on 

how to develop a tariff  for customer-owned 

LED street lights. Street lights are billed a 

fl at monthly fee based on the lamp size and 

wattage and an assumed 11 hours per night 

of operation.

“Th e initial issue identifi ed was that LED 

street lights do not come in standard watt-

ages or sizes. Th e team developed the idea to 

use ‘wattage categories’ for the LED street-

lights (for instance 50–55W category). Th e 

next issue was how to validate the power 

(watts) of the street light in order to assign it 

to the correct rate schedule category. Th e ET 

team identifi ed the recently adopted IESNA 

LM-79 test procedure as a means of provid-

ing a consistent, verifi able method for mea-

suring the power of the entire LED street-

light fi xture for use in assigning to a rate 

schedule category.

“With these basic parameters, the LED 

Street and Area Lighting group developed 

the detailed wattage categories and monthly 

billing rates for amendment to the current 

rate schedule. Th e rates were subsequently 

approved by the California Public Utilities 

Commission (CPUC).”

Dark-Sky says boo to blue light

Th e rapidly expanding use of bluish-white 

outdoor lighting threatens visibility at 

Outdoor LED lighting benefi ts from PG&E 

efforts, but health concerns are surfacing

The California utility PG&E has added LED lighting to its rate schedule, but people are starting to 

discuss whether cool-white lighting is a great idea. BRIAN OWEN and TIM WHITAKER report. 

BRIAN OWEN is a contributing editor of LEDs Magazine and Program Advisor to greenTbiz, 

which facilitates the LED City Toronto initiative and is an Energy Star partner. He is actively 

involved in the development and operation of energy conservation programs for government, 

municipalities and utilities. Email: brian@greenTbiz.org.

An evaluation study of solar-powered, 

LED-based outdoor luminaires 

by the Lighting Research Center 

showed positive results. More: www.

ledsmagazine.com/news/6/10/4. 
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night and jeopardizes the nocturnal 

environment worldwide, according to 

a statement (www.ledsmagazine.com/

news/6/10/8) released by the International 

Dark-Sky Association (IDA). 

The statement says that developers of 

light sources should be required to refi ne 

their products to limit blue-light emission 

at wavelengths shorter than 500 nm. Th e 

IDA also discourages the use of bluish-white 

lamp sources with a correlated color temper-

ature above 3000 K. Th e IDA is a US-based 

not-for-profi t organization aiming to pre-

serve and protect the night-time environ-

ment through environmentally responsible 

outdoor lighting. 

The advisory notes that the “laudable” 

demand for energy-efficient lighting has 

resulted in a new generation of electric 

light sources such as LEDs and induction 

lamps that emit a cold, bluish-white light. 

Although LED lighting is mentioned spe-

cifi cally, LEDs Magazine was told by Peter 

Strasser, IDA managing director, that IDA is 

not taking an adverse position toward any 

specifi c technology. 

IDA states that the bluish-white light can 

have significant environmental impact, 

causing light pollution and sky glow, as well 

as glare and the compromising of human 

vision in the aging eye. “In addition, blue 

light has a greater tendency to aff ect liv-

ing organisms through disruption of their 

biological processes that rely upon natural 

cycles of daylight and darkness, such as the 

circadian rhythm,” says the statement. 

IDA published a graph showing the pho-

topic sensitivity curve of the human eye, 

which peaks at 555 nm. Light in the blue 

portion of the color spectrum below 500 nm, 

such as that produced by a phosphor-con-

verted “blue-rich” LED, has a limited useful-

ness to the human eye. Th is blue light also 

falls within the circadian-rhythm sensitiv-

ity curve, which peaks at around 470 nm. (It 

is important to note that the human eye uses 

scotopic vision under low-light conditions, 

and mesopic vision in intermediate condi-

tions. Th e peak sensitivity for scotopic vision 

occurs at around 520 nm.)

Th e IDA claims that some manufacturers 

and government agencies are “misrepresent-

ing the visual eff ectiveness of these bluish-

white light sources, and the environmental 

impacts are not being considered.” Because 

of this, the IDA is encouraging government 

and other concerned parties to support addi-

tional scientifi c research on this subject, 

stating “Research will help to understand 

fully the impact of bluish-white light, and 

guide the evolution of lighting technology 

to protect human health and the nocturnal 

environment while providing safe and effi  -

cient outdoor lighting.” An IDA white paper 

on this subject is expected soon. 

LRC’s Unifi ed System of Photometry

Researchers at the Lighting Research Center 

(LRC), Troy, NY, have demonstrated in multi-

ple fi eld tests that, by using what they describe 

as a Unifi ed System of Photometry, a street 

lighting system can be designed to reduce 

________

_________

____________
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World Headquarters (US): 317.244.1200

Europe: 44.1483.541000

Japan: 81.426.31.8680

Singapore: 65.6862.8687

www.scscoatings.com/lighting

Impressive. And the bridge is nice too.

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

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

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

Computerized LED lighting, Bosphorus Bridge, Turkey

lighting | OUTDOOR

energy use while maintaining or improving 

perceptions of visibility, safety, and security. 

Th e Unifi ed System of Photometry pro-

vides an objective method for optimizing the 

spectrum of a light source, while minimizing 

energy use and at the same time maintain-

ing good visibility. Th e system was designed 

to characterize light at any level, including 

the mesopic level where both rods and cones 

operate (see below). 

“In nighttime conditions, the human eye 

is more sensitive to short-wavelength light,” 

said LRC Director of Energy Programs Peter 

Morante. “By replacing traditional, yellowish 

high-pressure sodium (HPS) lights with ‘cool’ 

white light sources, such as induction, fl uores-

cent, ceramic metal halide, or LEDs, we can 

actually reduce the amount of electric power 

used for lighting while maintaining or even 

improving visibility in nighttime conditions.” 

Th e eye has two types of visual receptors in 

the retina, namely cones and rods. Th e current 

system of photometry—the measurement of 

visible light in terms of human perception—

is based on how diff erent cones respond to dif-

ferent wavelengths. Cones are the dominant 

visual receptor under photopic (daylight) 

lighting conditions, while rods function pri-

marily under very dim (scotopic) conditions. 

According to Morante, it is necessary to 

redefine the luminous efficacy functions 

needed for nighttime applications where 

electric lighting is used, and both rods and 

cones contribute to vision (mesopic condi-

tions). Th e LRC’s Unifi ed System of Photome-

try was designed to characterize light at any 

level, including the mesopic level. 

LRC Director Mark Rea says researchers 

around the world are also concluding that 

the current system of photometry could use 

some updating to better characterize light 

source performance under nighttime condi-

tions. Rea says that the International Com-

mission on Illumination (CIE) will be releas-

ing its own form of unifi ed photometry for 

outdoor lighting. See www.ledsmagazine.

com/news/6/11/8 for more references on 

this subject.  

A recent scientifi c paper confi rmed that 

exposure to a low level of blue light can 

be as effective in treating symptoms such 

as mood swings and low energy levels as 

exposure to the intense bright white light 

that is used in traditional light therapy. 

This enables the use of smaller, portable, 

LED-based devices, such as this Philips 

product. More: www.ledsmagazine.com/

press/20343. 
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OWNED & PRODUCED BY:PRESENTED BY: FLAGSHIP MEDIA SPONSOR:

Visit www.strategiesinlight.com for up-to-date information on the conference, exhibitors, and other event activities.

ENTERING A NEW ERA
FOR LED MARKET GROWTH
PARTICIPATE IN THE 11TH ANNUAL CONFERENCE & EXPO
FOR THE HB LED AND LIGHTING INDUSTRY

HB LED Market Track - Main Conference
• Preview the HB LED Market Overview and 5-Year Forecast by

Strategies Unlimited, the world‘s leader in photonics market research
• Learn about the latest trends in LED-based illumination from innovative

SSL manufacturers
• Explore emerging HB LED applications with the foremost industry experts
• Understand the latest developments in LED technology

LEDs in Lighting Conference
• Hear the results of the new Strategies Unlimited market study on

LED luminaires and replacement lamps
• Discover how to use LEDs in building designs from leading lighting designers

and architects
• Increase understanding of truth in labeling of LED lighting products
• Learn how to specify LEDs in lighting designs
• Get insight into financing lighting projects
• See the latest generation of LED products and interact with LED manufacturers

The Longest-Running and Largest HB LED & Lighting Conference + Exhibition

Register by December 11 to Receive $200 Off the Regular Conference Price.
Go to www.strategiesinlight.com

SPECIAL OFFER TO RECEIVE FREE DRAGON DRIVE

FEATURED SPEAKERS FROM HB LED
MARKET CONFERENCE INCLUDE:

KEYNOTE:
Derry Berrigan
Principal
DBLD Sustainable Lighting Design

James Brodrick
Lighting Program Manager
US Department of Energy

Cary Eskow
Director
Avnet LightSpeed

Robert Steele
Director of Optoelectronics Programs
Strategies Unlimited

FEATURED SPEAKERS FROM LEDS
IN LIGHTING CONFERENCE INCLUDE:

Ted Konnerth
President and CEO
Egret Consulting Group

Lars R. Bylund
Professor of Light and Energy
Bergen School of Architecture

Register by December 11 to Receive $200 Off

February 10-12, 2010 • Santa Clara Convention Center , Santa Clara, CA USA

FREE
EXPO PASS

THE BIGGEST EVENT TO DATE!

NEW!
Solid-State Lighting

Investor Forum
for venture capitalists

and investment
bankers
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lighting | SAFETY CERTIFICATION

P
roduct safety compliance is a 

legal requirement worldwide, 

and is a necessity when intro-

ducing new solid-state lighting prod-

ucts into diff erent markets. In the 

USA, according to the requirements 

of the Occupational Safety & Health 

Administration (OSHA), electronic 

equipment is deemed to be safe for 

use in the workplace if it is listed 

by a Nationally Recognized Testing 

Laboratory (NRTL; see www.osha.

gov/dts/otpca/nrtl/index.html). 

NRTLs are qualified, third-party 

organizations that meet the require-

ments mandated by OSHA under 29 

CFR section 1910.7 to perform inde-

pendent safety testing and product 

certifi cation. 

Th e process of conducting prod-

uct certification can be broken 

down into several steps. First, a 

review of the product’s construc-

tion and design is performed, which 

includes careful evaluation of spe-

cific product information, includ-

ing the bill of materials, applicable 

ratings of the individual components 

and materials, product design draw-

ings, and spacing and dimensional 

requirements. From the review of all submit-

ted information, it is then possible to deter-

mine the appropriate testing that will be 

required to suffi  ciently satisfy the require-

ments stated in the applicable standard(s).

Next comes the actual product testing 

phase, which is performed in accordance 

with the requirements of the applicable 

standard(s). Such tests may include tem-

perature, electrical, dielectric, strain relief, 

environmental (wet location), and mechan-

ical tests, among others. Step three includes 

the creation and issuance of the formal test 

report and “authorization to mark” (ATM), 

which grants the manufacturer permis-

sion to label the product with the applica-

ble safety mark from an NRTL (an exam-

ple would be the ETL Listed mark from 

Intertek).

Finally, the manufacturer must agree to 

participate in the NRTL’s follow-

up services program. Th is typically 

involves an initial audit of the man-

ufacturing facility, as well as peri-

odic manufacturing facility inspec-

tions to ensure consistent design, 

production, and labeling of the prod-

uct. It is also necessary to maintain 

and update fi les to remain current 

with the latest revision of the appli-

cable standards.

Product safety standards 

Existing lighting safety standards 

still apply for LED lighting, but eval-

uations are now conducted incorpo-

rating UL 8750 Safety Standard for 

LED Lighting. The requirements 

found in UL 8750 are intended to 

supplement those found in the exist-

ing standards that relate to lighting 

(see table). For example, UL 1993 

covers self-ballasted lamps and lamp 

adapters, and now includes replace-

ment LED lamps. Th e third edition, 

published in August 2009, added 

requirements covering LED driver 

circuitry, and added requirements 

and limits for LED light sources. UL 

1993 is now harmonized with ANCE 

(Mexico) and CSA (Canada). 

UL 8750 covers LED equipment that is an 

integral part of a luminaire, including LED 

drivers, controllers, arrays, modules and pack-

ages. Th e fi rst edition of UL 8750 was released 

in May 2009, and a revised version was pub-

lished in September. After a further comment 

period, the fi nal standard is expected to be 

published before the end of 2009. 

In North America, product safety stan-

dards are published by organizations such 

as the American National Standards Insti-

Navigating the product safety certifi cation 

process for solid-state lighting products

With proper planning, it is possible to effi ciently navigate the testing and certifi cation waters and 

launch high-quality LED products into the rapidly changing lighting market, writes TODD STRAKA.

TODD STRAKA is Director – Lighting Services with Intertek (www.intertek.com), Cortland, NY. 

These product safety standards still apply for LED 

lighting, but evaluations are now conducted incorporating 

UL 8750 – Safety Standard for LED Lighting. 

Standard Product Type

Fixed Luminaires

UL 1598 

CSA C22.2 # 250 Luminaires

UL 1573 Stage & studio lighting

UL 1574 Track lighting

Portable Luminaires

UL 153 Portable electric lamps

UL 1993 Self-ballasted lamps and lamp adapters

Specialty Luminaires

UL 48 Electric signs

UL 676 Underwater lighting fi xtures

UL 844 Fixtures for use in hazardous locations

UL 924 Emergency lighting and power equipment

UL 1786 Nightlights

UL 1838 Low-voltage landscape lighting systems

UL 1994 Low-level path marking and lighting systems

UL 2108 Low-voltage lighting systems

UL 2388 Flexible lighting products

Power Supplies

UL 1012 Power units other than Class 2

UL 1310 Class 2 power units
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tute (ANSI), the National Fire Protection 

Association (NFPA), Underwriters Labora-

tories (UL) and Canadian Standards Asso-

ciation (CSA), after gaining industry-wide 

consensus. NTRLs (such as Intertek, UL, 

and CSA) are authorized to evaluate and cer-

tify products according to these standards. 

Each NTRL issues its own safety certifi ca-

tion mark, which is an equally valid indica-

tion of compliance with the standard(s). 

Effi ciently navigating the process

When beginning the safety certifi cation pro-

cess, it is important to fi rst consider where 

you intend to sell your products. Th inking 

globally from the outset may save a consid-

erable amount of time and cost for the man-

ufacturer in the long run. Another tip is 

to design with compliance in mind, which 

means involving your certifi cation partner at 

the R&D and design phases of your product’s 

life cycle. Doing so may minimize potential 

compliance issues and improve time to mar-

ket. During the product design phase, it is 

necessary to be mindful of the main safety 

concerns with LED lighting, which include 

the risk of electric shock, risk of fi re, and 

also biological hazards. For electric shock, 

UL 1310 covers Class 2 power supplies, which 

operate at 24V or below and off er reduced 

shock and fi re hazard. UL 1012 covers power 

supplies other than Class 2, which must com-

ply with standard insulation and accessibil-

ity requirements. Generally, it is necessary 

to enclose (or create a barrier to) live parts 

to prevent physical contact. It is also neces-

sary to insulate live parts with appropriately 

rated materials, and to utilize appropriate 

spacings for live and accessible parts. 

Th e risk of fi re arises because of heat pro-

duction within LEDs. Th ermal dissipation is 

dependent on the ambient temperature and 

the thermal path design. It is necessary to 

take into account the proximity and spac-

ing of LEDs, the material and design of the 

diff user if appropriate, the type of enclosure 

utilized and its fl ame ratings, and the instal-

lation scenario. 

In terms of biological hazards, exposure 

to ultraviolet wavelengths (100–400 nm) 

is a concern. Th e US and Canada currently 

do not have mandatory standards or regu-

lations in this respect. However, organiza-

tions such as IESNA, ANSI, CIE, and IEC are 

actively evaluating these eff ects. 

Another consideration is to identify as 

many product variations as possible. Th is 

will allow products of similar design and 

construction to be grouped into product 

families, which may help to minimize the 

total number of samples required for evalu-

ation and testing, and in turn lower the total 

project certifi cation and testing fees.

Finally, as LED technology continues to 

advance rapidly, it is advisable to tap into 

industry resources to help you keep pace 

with ever-changing product safety and per-

formance standards. Th ere are many valu-

able educational resources available, includ-

ing industry meetings and events, standards 

development committees, trade publications 

and online resources. 

Performance testing

As LED products continue to seek wide-

spread adoption in the marketplace, it is 

also important to remain mindful of your 

specifi c product’s performance levels. Some 

NTRLs have the capability to also 

carry out product performance test-

ing. Th ree major standards related to 

LED lighting were released in 2008: 

IESNA LM-79-08, ANSI C78.377-2008, 

and IESNA LM-80-08. 

IESNA LM-79-08 covers electrical and 

photometric testing of SSL devices, and 

applies to both LED luminaires and LED 

light sources to be used in retrofi t or replace-

ment scenarios. It does not cover LED mod-

ules, LED packages, or individual LEDs. 

LM-79 is based on absolute, rather than rela-

tive, photometry, and includes the measure-

ment of total luminous fl ux (lumens), lumi-

naire effi  cacy (lm/W), color (chromaticity, 

CCT, CRI), and intensity distribution. ANSI 

C78.377-2008 applies to general indoor light-

ing applications. It covers the chromaticity 

of SSL products and specifi es recommended 

chromaticity (color) ranges for white LEDs, 

including correlated color temperature 

(CCT) values for SSL products such as LED 

luminaires and integrated LED lamps. 

IESNA LM-80-08 covers the measure-

ment of lumen maintenance for LED 

light sources and applies to LED arrays, 

packages, and modules only. It does not 

apply to luminaires. LM-80 provides a 

test method to measure L70, the time 

taken for the light output to fall to 70% 

of its original value. Testing is carried out 

at three diff erent case temperatures over a 

minimum of 6,000 hours with lumen mea-

surements taken at 1,000-hour intervals. 

However, it is important to note that this 

standard does not provide guidance regard-

ing predictive estimations or extrapola-

tion of product life; this will be addressed 

by IES TM-21-xx, which is currently under 

development. 

Another example of performance testing 

might include Ingress Protection (IP) testing 

according to IEC 60529. Th is ensures that the 

product’s enclosure will withstand varying 

degrees of moisture and dust intrusion should 

it be placed in an environment where it will be 

exposed to such elements (see page 23).  

A Type C high-speed mirror 

goniophotometer for luminaire testing.

LINKS

“Solid-State Lighting: Safety Certifi cation Process and Performance Testing Measurement 

Techniques” Originally broadcast: September 2009 www.ledsmagazine.com/features/6/9/1

LED lighting standards and guidelines are now building on a fi rm foundation

www.ledsmagazine.com/features/6/6/7
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Event Overview:

The Large and Growing Global 
HB LED and Lighting Market
For 10 years, Strategies in Light® Conference & Expo has grown to be the premier annual forum 

for presenting current commercial developments in high-brightness LEDs and most recently, 

lighting.  Celebrating its 10th anniversary in 2009, Strategies in Light drew record-breaking 

attendance of more than 2,000 indicative that the interest in LED technology and markets 

remains undiminished and the long-term fundamentals for the LED and lighting industry remain 

strong. In 2008 to meet the demand for the large and growing HB LED and lighting market in 

Japan, LED Japan Conference & Expo/Strategies in Light® successfully debuted to more than 

2,700 participants. This year’s 2009 event in Japan exceeded 5,300 total participants.

Join Us at Strategies in Light Europe
Strategies in Light Europe will focus on the LED industry supply chain, which results in prod-

ucts such as LED lighting fi xtures (luminaires) and replacement lamps; automotive lighting; 

high-defi nition LED displays; backlighting for screens in TVs and laptops; and mobile devices, 

among others. 

Discussions will cover LED systems and end products, LED light-engines and modules and 

the LEDs themselves, as well as critical components such as drivers and controllers, optics, 

thermal management and test and measurement. Speakers will focus on issues such as 

critical challenges and barriers to adoption; regulatory issues and standards; government 

support and funding; technology updates and roadmaps; fi nancing, and the competitive 

landscape. 

Europe has a robust LED applications environment, ranging from automotive lighting to 

outdoor signage to solid-state lighting. Moreover, all elements of the HB LED vertical supply 

chain are represented in Europe, ranging from substrates, to process materials and chemi-

cals, to manufacturing equipment.

Whether you are a supplier, an LED manufacturer trying to reach new customers, a designer 

looking for new product information, or a buyer exploring the latest technologies, Strategies 

in Light Europe can help achieve your objectives.

ANNOUNCING

September 28-29, 2010  • Frankfurt, Germany • Sheraton Frankfurt Hotel & Towers, Conference Center

Owned and Produced by:

WHO WILL ATTEND

• LED lighting manufacturers

• Lighting designers, specifi ers and architects

• LED product designers

• LED & lighting specialists working with:

 - Mobile Appliances

 - Signs and Displays

 - Automotive Lighting

 - Signals

 - Illumination

 - Electronic Equipment

• LED makers and distributors

• Energy-effi ciency organizations

• Corporate R&D staff

• Government regulators and policy-makers

•  Financial analysts, investment bankers, and 

venture capitalists

APPLICATIONS INCLUDE

• General lighting/illumination

• Architectural and decorative lighting

• Mobile devices

• Outdoor lighting

• Signs and displays

• Automotive lighting

• Signals

• Backlighting

WHO WILL EXHIBIT

• LED manufacturers

• Component distributors

• Driver and controller manufacturers

• Test & measurement providers

• LED lighting manufacturers

• Design software suppliers

• Equipment and materials suppliers

• Thermal management and optics suppliers

• Module and light-engine vendors

www.sil-ledeurope.com

FOR MORE INFORMATION ON THE EVENT, PLEASE CONTACT:
UK Offi ce

Paul Sweeney

International Events Director

Tel: +44 1992 656 623

Email: psweeney@pennwell.com

Germany/Austria  Offi ce:

Holger Gerisch

Sales Manager

Phone: +49-8801-302430

holgerg@pennwell.com

Presented by:

USA Offi ce:

Tim Carli

Sales Manager

Phone: +1 650-941-3438 ext. 23

tcarli@strategies-u.com
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24V

24V inc Comms

Ethernet

Bluetooth

DMX512

DALI

PIR

String #2

String #1

Multi-RGB LEDs

per slave unit via

expansion board

design forum | SMART PHONE CONTROL

T
here is an iPhone app that allows you 

to use it as a spirit level or even drink 

beer from it—but have you ever con-

sidered using it to control the lights in your 

home or offi  ce? ML Electronics (MLE), a spe-

cialist design house, decided there was no 

reason why not, and wrote an app to prove 

it when they built a new LED lighting con-

trol system.  

Th e iPhone and other smart phones are 

equipped with popular standard wireless 

communications protocols (such as WLAN 

and Bluetooth) and benefi t from open soft-

ware architectures with support for third-

party software development, so in truth 

there is no reason why they can’t be used as 

a control module. 

ML Electronics designers embarked on 

the development of a low cost, two-wire 

home LED lighting control system as a ref-

erence design to help us explore opportuni-

ties for using control technology to make 

our designs more sustainable. Th e design 

brief was to develop a low-voltage LED color 

lighting system that 

could be retrofitted 

into existing standard 

housings as a replace-

ment for, or enhance-

ment to, conventional 

lighting. 

The system was 

required to use only 

two wires both for 

the low-voltage power 

supply and the control 

signals. In addition to 

allowing the system 

to be programmed 

using standard inter-

faces such as a PC over 

Ethernet, the design-

ers set themselves the 

challenge of creating an iPhone application 

as an alternative. Th e project also demon-

strates the effi  cacy of 

an innovative Power 

Line Control (PLC) pro-

tocol that runs over a 

24V DC power line. 

Hardware 

architecture

The system is oper-

ated using one or more 

master controllers that 

address a number of 

slaves, and each slave 

controls clusters of 

three RGB/white LEDs. 

Th e master can be controlled via Ethernet, 

Wireless LAN (Wi-Fi), Bluetooth, DMX512, 

DALI, or any custom control interface. 

Th e slaves are connected to the master 

using a two-wire, low-voltage (24 volt) sup-

ply, and each slave is capable of controlling 

the color and brightness of up to 50 watts of 

LED illumination from data command sig-

nals superimposed on the power line. A mas-

ter unit injects control data onto the low-

voltage supply line controlling the slaves 

using the MLE PLC protocol.  Each mas-

ter can control two “strings,” each with 16 

slaves. Th ese strings can be wired in paral-

lel, so that each slave produces the same col-

ors, or in series, allowing slaves to produce 

diff erent output colors if desired. No earth is 

required, and there are no separate control 

lines, fully meeting the design brief.  

The iPhone application

Th e iPhone app fully exploits the “fun” side of 

the user interface, with touch-sensitive slid-

ers to set diff erent color levels. It also uses 

the accelerometer feature to create random 

shake eff ects and to off er a tilt control as an 

Putting the Smart Phone in control: 
using apps in embedded systems 
to control LED lighting

An iPhone app has been developed to control a low-cost, two-wire, low-voltage 

LED color lighting system in the home, explains CARL MATTHEWS.

CARL MATTHEWS is a Senior Software Engineer with ML Electronics Ltd., Salisbury, UK 

(www.ml-electronics.co.uk).

FIGURE 1. ML Electronics’ LED lighting control system in serial 

confi guration.

FIGURE 2. ML Electronics’ LED lighting control system in 

multi-control scheme.
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alternative to the sliders. Color wheel com-

binations were also available. 

To carry out the development, the design-

ers registered as an iPhone App Developer—

providing access to development support 

from Apple, such as API’s and example 

code. Before taking an iPhone App to mar-

ket, there is the necessary step of register-

ing it with the Apple iStore. Although it is 

an additional piece of work that needs to 

be completed, it brings the benefi t of open-

ing up the iStore as a marketing gateway to 

a huge base of potential customers. Th ere 

are an estimated 21 million iPhones in the 

world and an additional 45 million iPod 

Touch devices, and Apple’s App Store has 

seen over 1.5 billion downloads. It is also, 

by the way, a condition of the iPhone war-

ranty that it is only used with duly regis-

tered software. 

Other Smart Phone options

We also considered extending the application 

to other smartphone environments. Symbian 

is the biggest target, with close to 50% market 

share today—and rather more of the installed 

base. Th e Blackberry is the next biggest player, 

and Windows Mobile–based devices are also 

very popular. An emerging alternative is 

Google with the Android OS. 

Th e only real way of writing one applica-

tion that could be used on all of these is to 

design a web-based application so that any 

device capable of web browsing would be 

able to use it. However, this approach would 

eliminate the opportunity to implement the 

“cool” features of our iPhone app. 

Conclusion

Th e project has exceeded expectation with 

the fi nal electronics being smaller and more 

power-effi  cient than anticipated. Th is means 

that the integration into standard domes-

tic space envelopes and housings will be a 

viable option. A second area that exceeded 

expectation is the interest we have gained 

from partners and customers, with two 

engagements to date to further develop the 

technology. Th e LED partnership is in early 

stages but the innovation is developing our 

business in diff erent directions. We are also 

looking at using smart phones as control 

devices on other projects.  

FIGURE 3. Screen shots of the iPhone app.
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NEW REPORT AVAILABLE NOW!

ORDER TODAY!

High-Brightness LED
Market Review and Forecast – 2009

An Invaluable Tool for LED Suppliers,  

Equipment Manufacturers, Industry Analysts, and  

Suppliers of Materials and Chemicals to the LED industry.

REPORT HIGHLIGHTS:

• Identifies all the major types of HB LED products by material type 
 (InGaN, InGaAlP) and package type (low. medium, or high power)

• Analyzes the major market applications including mobile applications, 
 signs and displays, signals, automotive lighting, BLUs, and 
 illumination/solid-state lighting

• Delineates the worldwide markets in Japan, North America, Europe, 
 Asia-Pacific region, and ROW

• Breaks out the worldwide HB LED supplier market shares

• Provides five-year market forecasts (revenue and units) for the global 
 HB LED market for 2009 – 2013

•  Compares the HB LED consumption patterns by application and 
 product type by geographic region

FLAGSHIP 
MEDIA 
SOURCE:

TO REVIEW THE TABLE OF  

CONTENTS FOR THIS NEW  

REPORT, PLEASE CONTACT: 

Tim Carli, Sales Manager
(650) 941-3438 x23
tcarli@strategies-u.com
www.strategies-u.com

World’s Leader in Photonics Market Research 

Strategies Unlimited, 201 San Antonio Circle, Suite 225, Mountain View, CA 94040 USA

RELATED REPORTS AVAILABLE FROM  

STRATEGIES UNLIMITED: 

• The Market for High-Brightness LEDs in Lighting Applications—2009

• LED Lighting Fixtures Market Review and Forecast—2009

• LED Replacement  Lamps  2009

• Substrates for GaN-Based Devices:

• Performance Comparisons and Market Assessment—2009
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E L E C O S N  ( H K )  C O. , LT D.

5W MR16 Dimmable LED  
Bulb = 50W Halogen
• Direct replacement to MR16 halogen lamp

• Dimming from 100% to 0 with incandescent lamp dimmer 

• 85% energy-saving

• 45,000 hours long use-life 

• No CO2 Emission 

• UV-free

Tel: 852-68894112

Email: sales@elecosn.com

Web: www.elecosn.com

F OX S E M I C O N

LED Light Engine for Indoor and 
Outdoor Applications
• As light engine or integrated with a variety of light fixtures. 

• Lightweight (<1.9 lbs) and small (11' × 2.8' × 2.5') for flexible 

application.

• Adjustable luminaries spread area.

• Easy to install.

• Excellent heat dissipation.

• Various color covers.

Tel: +1 408-383-9880

Email:  ethan.yc.liu@

foxsemicon.com

Web: www.foxsemicon.com 

Vio
® High Power White LED

GE’s Vio LED combines violet chips with proprietary 
phosphors for a warmer, more natural diffused light that 
shifts less than 75K over 50,000 hours.

���������	�
���������
�����	�������
�������	����������������
���

For more info contact 
�������������������	�!��"#�
"$�
$�
%&���	�'��(��)*+�&�
www.lumination.com/vio

Download the data sheet: www.optoelectronix.com/blox.html

Call or email for a demo: sales@optoelectronix.com :: 1.408.437.9455

Plug-&-Play to Line Voltage

1,000-Lumen Plug-&-Play  

LED Light Engine
Unique, fully integrated module includes ��

LEDs, optics, heat sink, electronics, and 

power supply

Built-in 120V power supply for simple ��

installation: just connect two leads and the 

ground wire to an electrical junction box

Triac-compatible dimmer��

Ideal for ADA-compliant wall sconces, ��

luminaires, floodlights, and general illumination

Five-year warranty��

ULE4000 LightBlox™  

 warm white or cool white  

LED light engine

ROA L  E L E C T RO N I C S

STRATO Series LED Drivers for 
Industrial Applications
• Smallest package available: fits in standard electrical junction 

box
• Simplifies fixture design; lowers complexity and cost; facilitates 

Energy Star ratings compliance
• Wide temperature range -30ºC to +90ºC case with temp sensing
• Active PFC; Wide Range AC Input
• 0 – 10 % Dimming Input
• Efficiency > 90%

• 5-year warranty

Email: sales@roallivingenergy.com

Web: www.roallivingenergy.com 

U P E C  E L E C T RO N I C S  C O R P.

New LED T8 Tube Light for 
traditional fluorescent replacement
UPEC’s new LED T8 Tube Light is excellent for interior lighting. 
It can save up to 60% energy compare to traditional fluorescent 
light. By applying one 120cm LED tube, we can reduce 50kg of 
CO2 emission per year. Our outstanding design makes it high 

reliable and long lifespan.

• High efficiency and high brightness
• Low maintenance cost
• CE and RoHS certified

• High degree of uniformity

Email: ledsmg@u-pec.com
Web: www.u-pec.com 

PRODUCT focus TO PROMOTE YOUR PRODUCT HERE, PLEASE CONTACT JOANNA HOOK AT joannah@pennwell .com 

                                                                 OR MARY DONNELLY (U.S. SALES) AT maryd@pennwell .com
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I
t’s been more than 45 years since the fi rst 

practical LED was created in a US corpo-

rate research lab. Since then millions of 

LEDs have been used in thousands of light-

ing applications, and LEDs are becom-

ing commonplace in many applications—

from street lights to medical equipment to 

smartphones.

Until now, virtually every application has 

deployed small LEDs (1 × 1 mm chip size or 

less) either as a single light source (indicator 

lights, microdisplays) or as arrays of large 

numbers of small LEDs (fl at-panel TVs, dis-

play lighting, video walls). Th at’s because 

most conventional LEDs, for all their advan-

tages, provide fairly meager light output. 

Typical LEDs provide around 70–100 lm/W, 

depending on color temperature. While 

this easily surpasses the 15 lm/W of a 60 W 

incandescent bulb, and is on par with the 100 

lm/W effi  cacy provided by fl uorescent and 

many HID lights, individual LEDs are not 

typically able to generate suffi  cient light for 

most general illumination applications. Still, 

the advantages of LEDs have overcome the 

disadvantages of arranging them in arrays, 

and LED lighting is continuing to show up in 

an expanding variety of applications.

Th e next step in LED development aims 

to provide an LED that delivers 150 lm/W, 

nearly doubling today’s typical performance. 

While some prototype LEDs approach this 

in the lab, it is an ambitious target and one 

that strains the capabilities of small LEDs 

arranged in groups. At 150 lm/W, or even 

at the theoretical ideal limit of around 200 

lm/W, a single one-watt 1 × 1 mm LED pro-

duces a fairly modest output. Significant 

penetration into the general illumination 

market requires fi xtures that deliver from 

hundreds to tens of thousands of lumens. 

While one could, in principle, build arrays 

of any number of 150 lm LEDs, clearly there 

are signifi cant design compromises and sys-

tem limitations for many lighting product 

applications.

The solution, as created by Luminus 

Devices Inc., is to develop much larger LEDs, 

big enough so that one LED 

can suffi  ce for many applica-

tions, and so that arrays of 

LEDs can use far fewer, but 

larger, light sources. You could 

say that soon the industry is 

going to have LEDs, OLEDs 

and RBLEDs (Really Big LEDs). 

It is the RBLEDs that will 

enable the widespread adop-

tion of LEDs in general light-

ing applications.

Over the past eight years, 

photonic lattice technology (PhlatLight™), 

developed at MIT, has been shown to enable 

superior light extraction from the LED chip 

independent of chip size. Th is has enabled 

Luminus Devices to develop LED chips 

that are more than to ten times larger than 

other commercial LEDs by incorporat-

ing novel, state-of-the-art processing tech-

nologies such as wafer bonding, substrate 

removal and advanced contact technolo-

gies. Combined with industry-leading effi  -

cacies through world class materials, this is 

the only LED technology able to deliver suf-

fi cient brightness to replace traditional light 

sources in mainstream applications. 

Th e projector industry has been hindered 

by size, heat, fragility, environmental, and 

lamp-life problems commonly associated 

with mercury arc lamps. Large LEDs built on 

photonic lattice technology can provide ten 

times the brightness of projectors that use 

conventional LEDs. Th is has created a new 

class of small, light, ultra-portable “pocket 

projectors” that benefi t business travelers 

and consumers by creating instant projec-

tion rooms anywhere, anytime. Until now, 

pocket projectors, or PICOs, 

using conventional LED tech-

nology have had limited pop-

ularity beyond niche markets 

because of their lack of bright-

ness. This new, large-LED 

technology is rapidly coming 

to market in several brands 

of extremely bright powerful 

new, aff ordable, small projec-

tors … and large data projec-

tors as well.

Large, high-output LEDs 

will also be highly attractive in general and 

residential lighting applications. Th ese LEDs 

provide high effi  ciency and a full white color 

palette that is neutral and warm instead of 

the undesirable harsh white light from yes-

terday’s LEDs. This technology provides 

industry-leading lumen output and more 

than 50,000-hour lifespan. 

Th e promise of LEDs in general and dis-

play lighting has been apparent for years. 

Until now there has been no technology that 

delivered the high brightness, color range, 

and the form factor to replace traditional 

light sources in mainstream applications. 

Now, with the advent of RBLEDs, the LED 

revolution has begun. 

MORE: www.luminus.com

Really Big LEDs will enable 
the next phase of LED lighting

“RBLEDs” will enable the widespread adoption of LEDs in general lighting 

applications, says KEITH WARD, president and CEO of LUMINUS DEVICES.
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Avago Technologies is a world leader in the design 

and manufacturing of LEDs and ships billions of 

products annually. Due to the recent changes 

and announcements by other LED suppliers, we 

are expanding our portfolio of LED products to 

provide drop-in alternatives for the products other 

LED suppliers are changing or obsolescing which 

will force you to redesign your board.  

Avago’s High Power LEDs are ideal for lighting 

applications such as portable, contour, 

architectural, entertainment, decorative, outdoor, 

channel, and more. 

Avago Technologies offers a drop-in replacement 

for these supplier products. 

Forced to Redesign?
Avago has Drop-In Replacements and More!

For More
Information  
and to Order 
Free Samples 
Visit Our Website
www.avagotech.com/hpleds

Your Imagination, Our Innovation

Avago’s  portfolio of  

High Power LED 

products gives you the 

Price and Performance 

ratio along with 

energy efficiency for 

your design. 

Competitor  
Part Number

Avago  
Part Number

Product Color Avago Advantage

LXHL-PW01 ASMT-AW00-NST00 1W high power Cool white ��������	
��	�������

������������

�������������

���	
���������������������

�����������������	�������������

ASMT-AW00-NSU00 1W high power Cool white

ASMT-AW00-NTU00 1W high power Cool white

LXHL-PM01 ASMT-AG00-NST00 1W high power �����

�!"�#��$% &'()#&�$$#*�*$$ 1W high power ��+�

&'()#&�$$#*(*$$ 1W high power ��+�

&'()#&�$$#*(�$$ 1W high power ��+�

�!"�#��$, ASMT-AL00-NMP00 1W high power �	������+�

ASMT-AL00-NNP00 1W high power �	������+�

LXHL-PD01 &'()#&�$$#&��$$ 1W high power ��

LXHL-PL01 &'()#&&$$#&��$$ 1W high power &����

LXHL-PH01 &'()#&"$$#&��$$ 1W high power ��#����.�

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

M SaGEF

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

M SaGEF

http://www.qmags.com/clickthrough.asp?url=www.avagotech.com/hpleds&id=13787&adid=PCOVER 3A1
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=13787&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=13787&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=13787&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=13787&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


Coming in 2010: The Orb Optronix / Labsphere ETφTM

System for the 

Electrical Thermal and Optical Characterization of LEDs

Applications:
Design & Development of Products using LEDs including:

LED Selection

LED Qualification

LED Characterization

LED Benchmark Analysis

LED Thermal Engineering

LED Optical Engineering

LED Electrical Engineering 

LED QA/QC

Features:
Complete Electrical Thermal Optical Data

Automated Data Aquisition and Analysis

Highly LED Measurements including:

Flux, Chromaticity, CCT and more     

TEC Temperature Control and Monitoring

DC and PWM Power Supply Control

Vf and If 4-wire Measurement

AND
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