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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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While I was away in December, enjoying 

the delights of New Zealand, Europe 

moved a step closer to banning the energy-

hungry incandescent lamp. Legislation 

has yet to be ratifi ed and will need to be 

approved on a country by country basis, but 

the clear intention is to remove from sale 

the most ineffi  cient lamps, in a tiered man-

ner, so that before too long it won’t be possi-

ble to buy most types of incandescent lamp. 

See page 17 for more details. Whether or not 

you think this is a good idea depends on your 

viewpoint. Purely based on energy consump-

tion, it certainly sounds sensible – but only if 

you believe the numbers concerning relative 

energy consumption of incandescent lamps 

versus CFLs. Clearly, the mercury content 

of CFLs should be a concern, but apparently 

not to European legislators. Other groups 

point out that CFLs are totally unsuitable for 

certain applications. Th eir light quality can 

leave a lot to be desired, and can even cause 

problems for people with poor vision. 

So, does this open the door for LEDs in 

domestic applications? In short, no. The 

European Union points to the future poten-

tial of LEDs, but it is clear at present that 

in many applications LEDs cannot hit the 

required price-performance point. You can 

get very good LED lamps with high light 

quality and long lifetime (subject to certain 

conditions, such as not using them in poorly 

ventilated fi xtures) but they are expensive 

to buy. For the average consumer, price is 

a huge factor. Conversely, if you buy cheap 

and end up with an LED lamp that fails to 

meet your expectations, it could be a long 

time before you buy anything labeled “LED” 

again. 

Rather than promoting LEDs as the ulti-

mate and immediate alternative to CFLs and 

incandescents, the LED industry should con-

tinue to penetrate the applications where 

LEDs make most sense. For Philips Light-

ing UK, one such area is professional indoor 

luminaires. Th e company will stop selling 

non-LED products in this category, although 

business will continue as normal in other 

market sectors (see page 9). 

Elsewhere in Europe, the biennial Elec-

tronica tradeshow was a lively event with 

lots of interest in LED products and tech-

nology (see page 28). However, the electron-

ics industry is now seeing the eff ects of the 

economic slump, and the LED sector won’t 

escape unscathed. US-based LED maker 

Cree said that, in the fi rst calendar quar-

ter of 2009, it expects that lower demand for 

products in consumer, mobile and automo-

tive applications will be partially off set by 

growth in LED sales for commercial light-

ing applications. Bob Steele of Strategies in 

Light will unveil his 2009 market forecast at 

the Strategies in Light meeting in mid-Feb-

ruary, but preliminary estimates suggest 

the high-brightness LED market will show 

an overall decline of around 10% during the 

coming year. While some non-illumination 

markets still show promise (see page 21), 

lighting will be the main area of focus for 

many LED companies in 2009.

Tim Whitaker, EDITOR

twhitaker@pennwell.com

LEDs for lighting, but 
only if it makes sense
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www.ledsmagazine.com/features/6/1/4

First class thermal management for LEDs
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Water jet-guided laser improves LED effi ciency
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Webcasts
Thermal Design for Enhanced LED Performance

ORIGINALLY BROADCAST: November 2008

PRESENTATIONS FROM:  Mentor Graphics and The 

Bergquist Company

Visit www.ledsmagazine.com/webcasts to 
access all of our archived presentations. 

Featured Companies & Profi les

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

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

Alliance Optotek Corp. • Ecomaa Lighting • Edison Opto Corp. 

ProLight Opto Technology Corp. • UPEC Electronics Corp.

Company Profi les have also been added for the following

(see www.ledsmagazine.com/Profi les):

Edison Opto Corp. • Docter Optics

Guangzhou International 

Lighting Exhibition 

June 9-12, 2009 

Guangzhou, China

GILE is focusing more on LEDs this 

year by adding a second dedicated hall. 

Organizers say the LED booths were 

very popular last year, due in part to the 

expanding LED market in China. Th e 

exhibition showcases a comprehensive 

range of technical and exterior lighting, 

decorative lighting, professional 

lights, accessories and components for 

architects, building planners, lighting 

retailers and wholesalers. Last year there 

were 1,539 exhibitors from 21 countries.

More details:  www.ledsmagazine.com/

news/6/1/9

LED lighting today: tales or facts? 

March 13, 2009 

Naples, Italy 

Green Lighting Event 

March 24-26, 2009 

Frankfurt, Germany 

Phosphor Global Summit 

March 24-26, 2009 

Miami, Florida, United States 

LUMEN 

March 25-26, 2009 

Milan, Italy 

LED Asia 2009  
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Kowloon, Hong Kong 

Electric Lighting International Exhibition 

April 08-11, 2009 

Bucharest, Romania 

LED/OLED Lighting Technology Expo 

April 15-17, 2009 

Tokyo, Japan 

Euroluce 

April 22-27, 2009 

Milan, Italy 

Lux Pacifi ca 2009 

April 23-25, 2009 

Khabarovsk, Russia 

See www.ledsmagazine.com/events for event 

reports, latest updates and related news.
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Enabling Intelligent Lighting Applications with the NEC Electronics 

μPD78F8024 Microcontroller

Future Lighting Solutions and NEC Electronics America introduce the world’s fi rst 

intelligent constant high-current driver with a microcontroller. Designers of LED 

lighting are always looking for ways to reduce the cost and size of the power 

management solution in applications that use more than one LED.

www.FutureLightingSolutions.com

Two-die SiP Solution in 64-Pin LQFP

photo supplied by 

Chaos Design

Reception Desk 

Finsbury Square, London

High-Performance 8-Bit 

78K0 Flash MCU

• 8 KB fl ash memory, 512-byte SRAM

• 4-channel 8-bit PWM timers

• 3-channel serial interfaces 

  (UART, UART/CSI, I2C)

• Internal 8 MHz oscillator

• 4-channel 10-bit A/D converter

• Watchdog timer

• 16-bit capture/compare timer

Constant High-Current Driver

• 4-channel buck or boost current regulators

• Up to 1 MHz switching frequency

• 350 mA – 1.5A per channel with external FETs

• 9 – 38V supply voltage

• Soft start (for reduced EMI)

• Thermal shutdown

• Under-voltage lockout

INTEGRATION AND   

INTELLIGENCE

Flash
MCU

4-ch
Constant
Current
Driver

Applications

• Architectural and entertainment lighting

• Area lighting, street and tunnel lights

• Emergency and warning vehicles

• Gaming systems, including slot machines

• Interior and exterior aerospace lighting

• Light box sign backlighting

• Signaling and obstruction lighting

• White LED LCD backlighting
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Two Japanese companies, the electronics giant Sharp 

Corporation and LED maker Nichia, have entered into a pat-

ent cross-licensing agreement covering LEDs and laser diodes. 

Th e deal grants each other the right to use inventions related 

to LEDs and laser diodes covered by the vast number of pat-

ents owned by the respective companies in Japan and other 

major countries. Th e companies say they will aim to create 

even higher performance LEDs and laser diodes, enabling 

them to respond to rapidly expanding market demand. Th e 

companies are expecting to see growing demand for gallium 

nitride (GaN)-based LEDs in general illumination, LCD TV 

backlighting and automotive lighting. Meanwhile, blue-vio-

let GaN-based laser diodes are required in Blu-ray Disc record-

ers and players. By working toward development of a verti-

cally integrated business model including both LED lighting 

and Blu-ray Disc recorders, Sharp says it is aiming to create 

unique, one-of-a-kind products in the future that feature both 

devices at their core. ◀

PATENTS

Sharp, Nichia in cross-licensing deal

ENERGY EFICIENCY

Smart LEDs illuminate 

parking lot 
Th e California Lighting 

Technolog y Center 

(CLTC) at the University 

of California at Davis 

and industry part-

ners have developed an 

energy-efficient LED 

parking lot light with 

a motion sensor that triggers increased brightness. After two years 

of development and fi eld testing, the college placed the fi xtures in its 

South Entry Parking Structure. Th e 50 LED light fi xtures, developed 

by Ruud Lighting/BetaLED using Cree LEDs, feature activity-sensing 

technology, provide enhanced nighttime visibility, and reduce energy 

consumption by up to 80% compared with the metal-halide fi xtures 

that were replaced, according to UC Davis. 

Safety can be improved with the two-level activity-sensing system. 

When motion is detected and the higher light-level mode is activated, 

the change in the visual environment alerts people nearby. Drivers, 

pedestrians and security agents now have an indicator when there is 

activity in the area. “Even at half power, the LED fi xtures are deliver-

ing plenty of light to the space. We may be able to cut levels further, 

saving even more electricity and lengthening fi xture lifetimes,” said 

Michael Siminovitch, director of UC Davis’ CLTC and a professor in UC 

Davis’ Design Program. PG&E off ered incentives as part of a University 

of California system-wide energy initiative and supplied partial fund-

ing based on demonstrated energy savings and Watt Stopper/Legrand 

of Santa Clara, CA supplied the occupancy sensors. ◀

MORE DETAILS: www.ledsmagazine.com/news/6/1/13

LIGHTING

Philips UK focuses on 

LEDs for professional 

indoor luminaires
Philips Lighting UK has announced that it intends to 

concentrate its professional indoor luminaire activi-

ties on LED-based solutions. Th is means that, in the UK 

market, the company will cease selling non-LED prod-

ucts to all its professional indoor customers, such as 

architects and specifi ers. 

This strategic move will not affect Philips Light-

ing UK’s activities in its other major market seg-

ments, namely outdoor luminaires, consumer lumi-

naires and lighting controls. Outside of the luminaire 

business, the company’s businesses selling existing 

lamps and control gear are unaffected by this new 

strategy. 

The company believes it is “extremely well posi-

tioned” to compete in the “new landscape” of LED light-

ing, and says that it is convinced that this repositioning 

towards LED solutions will “allow it to meet the cur-

rent and future needs of its customers, bringing them 

the full economic, environmental and design benefi ts 

of this new technology.”

Philips says that it has held the view for some time 

that LEDs are “the future of illumination”. The com-

pany has established strong expertise throughout the 

industry supply chain, based on the development of 

a strong IP portfolio and various acquisitions such 

as those of Lumileds, Color Kinetics, TIR Systems 

and PLI. » page 10
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Optical software 
for lighting design 
and engineering 

Model. Design.Analyze.
Lumens exiting, absorbed and 

incident | Optical efficiency, luminance
and radiance | Candela distributions |

IESNA and Eulumdat file formats |
White light LED phosphorescence |
Reflector design and optimization 

Illuminate your designs,
bring on TracePro!

L A M B DA  S O F T WA R E

LEDs | Lamps | Reflectors |
Lightpipes | Luminaires |
Architectural lighting |

Automotive and aviation lighting | 
Displays and backlighting |

Contact us today 
to demo TracePro!

1.978.486.0766
sales@lambdares.com

Lambda Research  
www.lambdares.com

Littleton, MA 01460, USA  

Images courtesy of Color Kinetics Inc.
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LIGHTING

Hubbell snaps up Varon 

Hubbell Inc., one of the largest US-based 

lighting manufacturers, has acquired the 

Varon Lighting Group, LLC. Financial terms 

were not disclosed. Varon will join Hubbell’s 

Lighting business, which includes lighting 

brands such as Kim Lighting, Architectural 

Area Lighting, Kurt Versen, Columbia 

Lighting, Progress Lighting and Prescolite. 

Based in Chicago, Illinois, Varon manufac-

tures energy-effi  cient lighting fi xtures and 

controls designed for indoor commercial 

and industrial lighting retrofi ts, as well as 

outdoor new and retrofi t pedestrian-scale 

lighting applications. “Th is very large retro-

fi t market is an attractive complement to our 

existing lighting business, which emphasizes 

new construction,” said Timothy Powers, 

CEO of Hubbell Inc. Th e Varon Group’s four 

primary brands include: Precision Lighting, 

Paragon Lighting, Beacon Products and 

Th omas Research Products. Precision and 

Paragon focus on commercial and industrial 

facilities, while Beacon specializes in out-

door and public spaces, and has an extensive 

portfolio of LED fi xtures. Beacon’s LED street 

lights use an indirect lighting approach to 

reduce glare and improve uniformity. Th e 

company has manufacturing operations in 

California, Florida, and Wisconsin, and a 

R&D facility in Illinois. 

Varon was advised on the sale by 

Th inkEquity, an investment banking com-

pany. Th inkEquity's Mike Burton told LEDs 

Magazine that his team spoke to more than 

50 lighting companies regarding the sale. 

"We think there is a window at the moment 

for lighting companies to make platform 

investments in technology," said Burton. 

"Varon gives Hubbell access to the retro-

fi t market, but their LED technology was 

also important; this includes Beacon's LED 

streetlights and Th omas Research's driver 

technology." ◀

Philips from page 9

According to Paul Coggins, Director of 

Philips Lighting Solutions UK, the switch 

to LEDs for the professional indoor mar-

ket allows the company to focus on areas 

where it can add most value. “In the UK 

the general luminaire market is satu-

rated,” says Coggins. “By focusing just on 

LED products, we can add value for early 

adopters, and we can also accelerate the 

uptake of the technology.” 

While Philips feels the time is right 

to focus on LEDs for professional indoor 

applications, this is clearly not the case 

for consumer or outdoor luminaires. 

“LEDs are not the right option for every 

project,” says Peter Maskell, Chairman & 

Managing Director of Philips Electron-

ics UK Ltd. “But, we are very comfort-

able with LED technology for the appli-

cations where it works.”

Th is is not to say that Philips is ignor-

ing the domestic or outdoor luminaires 

markets. Th e company has worked exten-

sively on street lighting applications, and 

one of the main reasons for acquiring 

the Belgian company PLI was to accel-

erate the use of energy-effi  cient lamps 

and luminaires, including LEDs, in the 

domestic market. 

Many of today’s applications for LED 

lighting are in areas such as outdoor 

f loodlighting or entertainment light-

ing, often using colored LEDs. However, 

says Coggins, LEDs are now increasing 

capable of addressing more traditional 

lighting segments such as high-output 

downlights or offi  ce lighting. “Th e mar-

ket is at a crossroads,” he says. “In par-

ticular, the development of viable 2700K 

white products is allowing much greater 

penetration.”

Philips acknowledges that upfront cost 

is often an issue when specifying LEDs. 

“However, the cost of ownership story 

invariably stacks up,” says Maskell.  Th e 

move to LED products will allow Philips to 

work with a narrower range of luminaires 

and control gear, making product support 

easier and also simplifying the specifi ca-

tion process. Th e new strategy will also 

help to bring standardized products to the 

market. “By leading the move away from 

traditional lighting technologies to LEDs, 

Philips can become the recognized expert 

in this fi eld,” concludes Coggins.  ◀
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CHIP DESIGN

RPI researchers 
tackle droop

Resea rchers at  Renssela er 

Polytechnic Institute (RPI) have 

published a paper (Applied Physics 

Letters 94, 011113, 2009) describing 

a new type of LED with signifi cantly 

improved lighting performance and 

energy effi  ciency. Th e new polar-

ization-matched LED, developed 

in collaboration with Samsung 

Electro-Mechanics, exhibits an 18% 

increase in light output and a 22% 

increase in wall-plug effi  ciency. Th e 

LED achieves a notable reduction 

in “effi  ciency droop,” a phenome-

non where LEDs are most effi  cient when driven at low current 

density, but then lose effi  ciency at higher current density. “Th is 

droop is under the spotlight since today’s high-brightness LEDs 

are operated at current densities far beyond where effi  ciency 

peaks,” said RPI project leader Fred 

Schubert. “Our new LED, however, 

which has a radically re-designed 

active region, namely a polarization-

matched active region, tackles this 

issue and brings LEDs closer to being 

able to operate effi  ciently at high cur-

rent densities.” 

Schubert’s team discovered that 

the active region of gallium indium 

nitride (InGaN)-based LEDs contains 

materials with mismatched polariza-

tion. Th e researchers discovered that 

the mismatch can be strongly reduced 

by introducing a new quantum-bar-

rier design, and replaced the conven-

tional GaInN/GaN layer of the LED 

active region with GaInN/GaInN. Th is 

substitution allows the layers of the active region to have a better 

matched polarization, and in turn reduces both electron leakage 

and effi  ciency droop.  ◀

MORE DETAILS: www.ledsmagazine.com/news/6/1/11
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METROLOGY

NIST tweaks LED test methods

A new, economical method to allow LED and 

lighting manufacturers to obtain accurate, 

reproducible, and comparable measure-

ments of LED brightness and color has been 

proposed in a recent paper by researchers 

at the National Institute of Standards and 

Technology (NIST). 

To speed production, LED manufactur-

ers typically use a high-speed pulsed test at 

ambient temperature to measure the color 

and brightness of their products. However, 

pulsed measurements do not give the LED 

chip time to warm to its normal operat-

ing temperature, so the results are diff er-

ent from the output in actual lighting prod-

ucts. Th e lighting industry uses steady-state 

DC measurements that involve turning the 

light on, letting it warm up, and measuring 

the characteristics of the light produced. 

Although time-consuming, 

DC measurement provides 

a more realistic test of how 

the lighting product will 

perform in a consumer’s liv-

ing room. 

NIST scientists Yuqin 

Zong and Yoshi Ohno have 

created a standard high-

power LED measurement 

method that leverages the 

fact that the optical and 

electrical characteristics of an LED are 

interrelated, and are a function of the LED’s 

junction temperature. Th e method entails 

mounting the LED on a temperature-con-

trolled heat sink set to the desired LED junc-

tion temperature between 10 and 100°C. 

After applying a pulse of electricity through 

the LED and measuring the voltage across 

the junction, scientists turn on the DC power 

to the LED and adjust the temperature of the 

heat sink to ensure the voltage has the same 

value as for the pulsed measurement. Th e 

measurement results can be reproducible 

regardless of pulse or DC operation, or type 

of heat sink. Th e new method also allows the 

measurement of heat fl ow in and out of the 

LED, enabling LED and lighting manufac-

turers to improve the design of the LED and 

the thermal management system of the asso-

ciated lighting product.  ◀

MORE DETAILS: LEDsmagazine.com/news/5/11/28

BUSINESS

Osram, Traxon form joint venture

Osram has set up a joint venture with Traxon 

Technologies Ltd, a Hong Kong-based com-

pany that serves the professional LED light-

ing market with a focus on architectural, 

hospitality and shop lighting. The new 

company, in which Osram has the major-

ity shareholding, will operate under the 

name “Traxon Technologies – An Osram 

Company”. Th e purchase price was undis-

closed. Osram CEO Martin Goetzeler said 

that the joint venture will act as “a powerful 

driving force for the continuing innovative 

development of Osram’s components busi-

ness. We intend to create an integrated off er-

ing across the entire LED spectrum, which 

will be marketed through the joint world-

wide partner and sales network.” Th e Traxon 

group also includes e:cue Lighting Controls, 

which supplies light management and con-

trol software. Osram was also attracted by 

Traxon’s contacts with architects and light-

ing designers in the worldwide project busi-

ness. The joint venture will continue to 

operate from Traxon’s head offi  ce in Hong 

Kong while its R&D activities will remain in 

Paderborn, Germany, and Hong Kong. Th e 

company employs around 135 people and 

had sales of around EUR 17 million ($22 mil-

lion) in fi scal 2008. ◀
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18930 West 78th Street Chanhassen, MN 55317 • (952) 835-2322 Fax (952) 835-0430 • www.bergquistcompany.com

Thermal Products • Membrane Switches • Touch Screens • Electronic Components

Thermal Clad®– The designers solution
for Power LED applications.
Thermal Clad is a metal-based circuit board for use with surface mount
components that efficiently transfers heat from the circuit layer to the
metal base. No other circuit board does a better job of removing heat
from electronic components. Because Thermal Clad
is a metal-based material, it can be configured
for special shapes, bends, and thicknesses.This dis-
tinctive composition allows for Power LED lamp
placement into virtually any application.
Superior technology helps extend
LED life and reliability.
Power LED light output and long life are directly
attributable to how well the LED’s are managed
thermally. Mounting your Power LED’s on Thermal
Clad assures the lowest possible operating temperatures and brightest
light output.Thermal Clad is available as panels, or individual circuits to
meet your specifications.

A world leader in thermal management solutions.
Heat is the enemy of LED’s and other silicon containing electronic
components. Bergquist is the world leader in thermal management
materials supplying some of the best names in the business such
as Gap Pad®, Sil-Pad®, Hi-Flow®, and others.

HOT applications for LED’s mounted on Thermal Clad:
• Headlamp / Daylight Running Lamp
• Instrumentation
• Interior / Exterior / Accent
•Turn / Stop Signals
Contact us today for your FREE
LED test circuit board.
Now you can test multiple packages
of LEDs on Thermal Clad. Qualify
for your FREE circuit board online:

www.bergquistcompany.com/coolfuture
or call 1-888-942-8552

KEEPINGLEDs
COOLIS HOT STUFF.

Bergquist’s Cool Little Secret To Extending Power LED Life.

Thermal Clad keeps even the smallest LEDs
cool - like this one by Innovations In Optics.
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PRODUCTION

From Russia with LEDs

OptoGaN, a supplier of high brightness LEDs 

based in Espoo, Finland, has been acquired 

by Onexim, a Russian financial group. 

OptoGaN’s Finnish and German operations 

have become part of the OptoGaN Group, 

a joint venture established by Onexim, the 

Russian Corporation of Nanotechnologies 

(RUSNANO), and the Ural Optical and 

Mechanical Plant (UOMP). Th e JV is aimed 

at creating a production company in Russia 

for next-generation lighting based on gallium 

nitride (GaN) chips. Products will include 

LED chips, lamps, and lighting systems. 

Industrial production of GaN chips will take 

place within the special economic zone in St. 

Petersburg, Russia, while the assembly of LED 

lamps and lighting systems will be performed 

in Yekaterinburg, Russia, at newly built pro-

duction facilities next to UOMP. OptoGaN’s 

management considers the deal a signifi cant 

step towards commercializing its GaN tech-

nology and establishing itself as a mass-pro-

duction LED company.  ◀

LITIGATION

Cree settles with Bridgelux 

Th e patent dispute between rival US-based 

LED makers Cree and Bridgelux has ended 

after Boston University and Cree agreed with 

Bridgelux to settle the parties’ patent infringe-

ment litigation and to dismiss all claims and 

counterclaims in the suits. As part of the set-

tlement, Cree granted Bridgelux a license to 

the Cree and Boston University patents at 

issue in the litigation (US patents #6,885,036, 

#6,614,056, #6,657,236, and #5,686,738), and 

Bridgelux agreed to pay a license fee and roy-

alties. In addition, the two companies have 

entered into a supply agreement under which 

Cree will become a signifi cant supplier to 

Bridgelux. Mark Swoboda, Bridgelux CEO, 

said that the agreement affi  rms the commit-

ment of both companies to the protection 

of intellectual property, adding “Cree will 

become an important technology and man-

ufacturing partner for Bridgelux, support-

ing our eff orts to enable the mass adoption 

of solid-state lighting.”  ◀

OLEDs

Europe targets OLED production

A new facility has been opened by Fraunhofer 

IPMS in Dresden, Germany for R&D and pilot 

production of organic LEDs and solar cells 

based on small-molecule technology. The 

Federal Government of Germany, the Free 

State of Saxony and the European Union 

have invested a total of EUR 25 million in the 

Center for Organic Materials and Electronic 

Devices Dresden. Th e primary purpose of the 

center is to develop economically viable and 

production-oriented processes for organic 

semiconductor devices such as OLEDs and 

organic solar cells, and to secure a manufac-

turing industry in Europe. ◀

MORE DETAILS: www.ledsmagazine.com/OLEDs

PATENTS

Seoul, Tridonic cross-license

Korean LED maker Seoul Semiconductor has 

entered into a cross-licensing agreement with 

Tridonic Optoelectronics and its patent part-

ners. Th e agreement relates to white LEDs 

using silicate-based phosphors. Tridonic, 

part of the Zumtobel Group, is an established 

supplier of chip-on-board LEDs and modules, 

and a joint venture partner with Toyoda Gosei 

in Lexedis Lighting. Tridonic, Toyoda Gosei 

and other partners are joint owners of patents 

related to silicate-based phosphors. Under the 

cross-licensing agreement, SSC says that it is 

now in “a very strong position to manufac-

ture and sell its own white LEDs using silicate 

system phosphors” as well as to expand and 

accelerate relevant R&D activities.  ◀
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O P T I S

OPTIS is the world leader in physics based simulation of light 
and visual ergonomics providing end-to-end solutions; from 
initial concept through to perceived quality review. Our software 
is used by many of the world’s leading vehicle, aerospace, 
lighting and LCD manufacturers.

OPTIS SPEOS software solutions are 100% integrated within 
your PLM environment guaranteeing seamless 
workflow without data translation; reduce 
lead times, diagnose and resolve potential 
problems and optimize your product 
earlier in the design process. We offer 
a complete solution, simulating light 
sources, materials, environments and 
human vision as an integrated part of 
the product design cycle.

www.optis-world.com

Phone :
Americas : +1 248 524 0373
Europe : +33 494 086690
Asia : +81 3 3274 1160
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LED eye-safety testing

is essential, says Orb

LED-based lighting products have been 

shown to exceed the “blue light hazard” 

limits for risk group category RG-1 as 

defi ned by the ANSI/IESNA RP-27.3-07 

standard “Recommended Practice for 

Photobiological Safety for Lamps, Risk 

Group Classification and Labeling.” 

David Jenkins, president of Orb Optronix, 

says, “It is clear from our testing that 

[some] SSL products exist that exceed 

the ANSI standard’s limits.” Th ese prod-

ucts would fall into the RG-2 categoriza-

tion, which cautions against direct view-

ing of light sources with the human eye. 

RP-27 describes the “blue light photo-

biological hazard” as the “potential for 

a photochemically induced retinal injury 

resulting from radiation exposure pri-

marily between 400 nm and 500 nm.” 

Th e hazard levels defi ned in the stan-

dard are specifi c to the operating condi-

tions and system, so LED component mak-

ers cannot provide conclusive eye safety 

information specifi c to the end product 

implementation of their parts. For this 

and other reasons, it is critical that prod-

uct manufacturers incorporating LEDs 

properly test and label their products for 

their intended system application.

Orb Optronix off ers product evaluation 

to the various standards, and also works 

closely with medical physicist David Sliney, 

an expert in photo-biological safety.

Until recently, there was confusion 

among manufacturers about the use of 

proper classifi cation standards in diff er-

ing markets. For instance, in some coun-

tries, products containing LEDs required 

a classification under IEC 60825-1, a 

product standard intended for lasers, 

not LEDs. Fortunately, the recently pub-

lished second edition of this laser prod-

uct standard no longer includes LEDs in 

its scope. IEC 62471 replaces IEC 60825-1 

internationally for LEDs and provides 

methods to assess the risk of LEDs by 

classifying their risk group (i.e., Exempt, 

RG-1, RG-2, RG-3) and is a “dual-logo” 

standard with CIE S009.  ◀

On December 8, 2008, experts from European 

Union member states endorsed the European 

Commission’s proposals for a regulation 

that will lead to the progressive phase-out 

of incandescent lamps starting in 2009 and 

fi nishing at the end of 2012 (see www.leds-

magazine.com/news/6/1/15). The regula-

tion (scheduled for formal adoption by the 

Commission in March 2009) targets lamps 

typically used in households - in particu-

lar incandescent lamps, halogen lamps and 

compact fl uorescent lamps (CFLs) - by set-

ting minimum energy effi  ciency and func-

tionality requirements. 

Beginning in September 2009, all non-

clear (frosted) incandescent lamps and all 

clear incandescent lamps at 100W and above 

will eff ectively be prohibited from sale. Th e 

staged phase-out process will then remove 

lower-power incandescents from the market 

as well. (Th e regulation doesn’t target spe-

cifi c lamp types, but it does set minimum 

effi  ciency/performance levels that certain 

lamp types will fail to achieve.)

An EU Technical Briefing document 

says the regulation is the result of a desire 

to prohibit “the sale of the worst-per-

forming domestic lighting products from 

2010, where alternatives exist, while 

avoiding any risk of disruption of sup-

ply to the internal market or loss of func-

tionality from the user perspective.”

Th e same document describes LEDs as “a 

fast-emerging technology, whose efficacy 

competes with that of CFLs. However, LEDs 

for room illumination are today only in the 

fi rst phase of commercialization, and rare are 

those that fulfi ll all the expectations of the 

consumers in terms of light output and other 

functionalities. Th ey are likely to become 

true alternatives to CFLs very rapidly.”

In the meantime, however, CFLs are the fore-

front the EU’s plans to enhance the adoption 

of energy-effi  cient lighting. Th e Professional 

Lighting Designers Association (PLDA) is one 

of many groups that feel a ban on incandes-

cents is not warranted, given the inherent 

problems with CFLs and their unsuitabil-

ity for many applications. In an open let-

ter (www.ledsmagazine.com/news/6/1/12), 

the PLDA’s Director of Sustainability Kevan 

Shaw said the EU’s action was “entirely led 

by a desire to appear to be making progress 

with climate change issues, rather than by a 

fully thought-through and eff ective policy.” 

Indeed, the EU’s own technical briefi ng doc-

ument brushes aside the problem of mercury 

content, and the eff ect that CFLs can have 

on people with various diseases or ailments 

related to light sensitivity. 

How the EU’s decision will aff ect the LED 

market is yet to be determined; it could 

accelerate the adoption of LED lamps, but 

experience with CFLs shows it would be a 

mistake to try to push inferior or expensive 

products into the market.  ◀

European regulations outlaw 
ineffi cient incandescent lamps 
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programs funding

Draft criteria for 

integral LED lamps

Th e DOE has released the fi rst draft of 

Energy Star criteria for integral LED 

lamps (those with LEDs, an integrated 

LED driver, and an ANSI-standardized 

base) and is inviting comment by 

February 27, 2009.

The criteria include integral LED 

lamps intended to replace standard gen-

eral service incandescent lamps of ≥25 

W; decorative (candelabra style) lamps 

and standard refl ector lamps of ≥20 W; 

and non-standard lamps. Th e criteria are 

not applicable to LED lamps intended to 

replace linear fl uorescent or high-inten-

sity discharge (HID) lamps. 

DOE is especially interested in com-

ments on dimming, non-standard lamps, 

low-voltage MR16s, and reliability testing. 

See www.ledsmagazine.com/news/6/1/20 

for links and contact information.   ◀

Th e U.S. Department of Energy (DOE) has 

unveiled version 1.1 of its Energy Star require-

ments for solid-state lighting to start February 

1, 2009. Th e new version includes various 

revisions, and some Category A applications 

have been postponed for more comment. In 

version 1.1, references to industry standards 

have been updated to refl ect current sta-

tus. For example, the Lumen Maintenance 

Qualifi cation (p16 of the 1.1 document) was 

updated to explain the required 6,000 hour 

lumen maintenance minimum thresholds, 

based on the new LM-80-08 test procedure. 

Several new category A applications have 

been added (see www.ledsmagazine.com/

news/5/12/16). Th e original category A appli-

cations that require further time to fi nal-

ize criteria are: outdoor pole/arm-mounted 

area and roadway luminaires; outdoor wall-

mounted area luminaires (“wall packs”); cir-

cular or square parking garage luminaires; 

and cove lighting with asymmetric distribu-

tion. DOE plans to issue revised draft criteria 

for these applications early in 2009, providing 

for a second stakeholder review and comment 

period before fi nalizing these criteria. 

Since the requirements for the original 

Category A applications were published in 

September 2007, LED light output, effi  cacy, 

and other performance attributes have 

improved signifi cantly, and new applications 

and products have appeared on the market. 

To keep pace with changing technology, and 

consistent with Energy Star program objec-

tives, minimum luminaire effi  cacy require-

ments for the Category A additions are 

higher than requirements for the original 

Category A applications.  ◀

DOE revises Energy Star 
requirements for SSL
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LED Driver Solutions for a 
Broad Range of Applications

www.allegromicro.com/promo469
115 Northeast Cutoff, Worcester, Massachusetts 01606 USA ■ 508.853.5000

High-Performance Power ICs and Hall-Effect Sensors

Features within the portfolio of devices include:
■ Buck, Boost, Charge Pump, and Linear topologies
■ Series and Parallel configurations
■ Single and multiple (up to 16) channel outputs
■ Output currents up to 350 mA per channel
■ Multiple intensity control methods including PWM 

control with high resolution per channel
■ Current-control for color calibration (dot correction)
■ Open LED and shorted LED detection
■ Thermal shutdown and undervoltage lockout
■ Automotive voltage and temperature ratings available
■ Excellent current matching and accuracy
■ Low quiescent current
■ TQFN, SOIC, HTSSOP, and PLCC packages

Backlighting

Digital cameras
DVD players
Games
GPS
Mobile phones
Laptops
LCD HDTVs
LCD PC monitors

Automotive

Daytime running lights
Interior lights
Stop/turn/tail lights

Displays and Signage

Billboards
Channel letters
LED video displays
Message boards and
scoreboards

Illumination and Signals

Headlamps (mining, camping)
Interior decorative and
ornamental lighting
Emergency lighting and 
exit signs

Allegro MicroSystems, Inc. offers a growing portfolio 
of LED drivers used for signs, display backlighting, 
architectural and automotive lighting applications. 

Allegro’s process technology and applications expertise
have enabled the development of highly integrated LED
driver ICs with on-chip FETs and diverse control options,
providing flexibility and functionality in a small solution
footprint.

Allegro’s LED Driver portfolio covers a wide variety of
topologies, channel counts, output currents and feature
sets, to help customers optimize their solutions.
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LE
THE NEXT GENERATION CONSTANT CURRENT HIGH POWER

DRIVER

All-in-one

Fig. original size

- Ready to use - Plug & Play

- Up to 1.2A Constant Current

- 96% Efficiency

- Wide Input Voltage Range

- PWM/Digital Dimming

- 100% linear Analog Dimming

- Low Emissions (EN-55022)

- Long lifetime up to 600,000hrs.

- Ultra Miniature Design

- High op. temperature/85oC�

www.recom-power.com

�

*To get your free LED-Driver Sample send an e-mail with the subject: “Free LED-Driver Sample” to: admin@recom-power.com
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markets | NON-ILLUMINATION

A
s a major LED manufacturer with 

a parent in the top two of global 

lighting companies, Osram Opto 

Semiconductors has a strong interest in 

developing LED products for lighting appli-

cations. However, as Wolfgang Lex, vice pres-

ident LED, explained 

when we met at the 

Electronica trade 

fair recently, there 

is defi nitely life out-

side of general illu-

mination. Th e non-

illumination LED 

markets remain 

very important, not 

least because they 

are substantially larger than the current 

market for lighting with LEDs.

“Some non-lighting customers see lots of 

communications and press coverage about 

LEDs for illumination and express their 

concern that we might be focusing only on 

lighting. It makes them nervous,” says Lex. 

“However, we have strong obligations and 

commitments to existing customers and 

markets. Th is is especially the case in the 

automotive market, which requires long-

term supply commitments; suppliers can’t 

just jump in and out of the business.”

In fact, says Lex, there is strong synergy 

between existing markets and the emerg-

ing lighting market. Technology and design 

innovations that are developed in areas such 

as automotive forward lighting and high-end 

consumer products will fi lter through to the 

lighting market. Conversely, lighting is a high-

volume market that will require competitive 

pricing through effi  cient production, which 

in turn helps LEDs to remain competitive in 

other markets. 

Lex says that Osram Opto Semiconductors 

participates in markets where it can lever-

age its strengths in advanced technology. 

Th e company is not involved directly in low-

end consumer applications, for example blue 

keypad backlights, where the market is satu-

rated and technology developments are lim-

ited. However, Lex notes that while Osram 

does not push this market, its distributor 

partners serve the market indirectly.

Automotive applications 

Interior automotive applications are very well 

penetrated by LEDs, and the trend is now to 

optimize the design and reduce the number 

of LEDs. However, this is off set by an increase 

in the number of applications for LEDs such 

as internal mirror lights, reading lights, car 

ceiling lights, and foot-space illumination. 

Car makers are also starting to work with 

infrared (IR) illumination for safety-related 

applications, for example to detect if a driver 

is showing fatigue. Other systems combin-

ing an IR emitter with a camera can be used 

to measure the size and position of the pas-

senger, and adjust the airbag deployment 

strength accordingly. IR emitters use the 

same thin-fi lm technology as Osram’s visible 

products, says Lex. Another example is a ten-

chip Ostar Observation package, which can 

be used as the IR source for external night-

vision systems. Th e device yields 4.3 W of opti-

cal power, and one device per headlamp can 

illuminate the required range of 200m. 

On car exteriors, LED-based rear combi-

nation lights are well-established, but there 

is still room for further penetration, says Lex. 

“Th e decision to use LEDs is often related to 

brand appearance, while the cost of imple-

menting LEDs becomes a less and less signif-

icant consideration in comparison with the 

overall energy savings available.” 

Life beyond lighting: LED market 

shows growth in other areas

Although lighting is the fastest-growing and most exciting application for LEDs, there is 

plenty of activity and technical development in other market sectors, as Wolfgang Lex of 

Osram Opto Semiconductors explains to TIM WHITAKER.

Unique phosphor combinations enable 

unusual LED colors, and give drivers 

the fl exibility to chose the color of their 

instrument panel. 

Wolfgang Lex
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markets | NON-ILLUMINATION

Infrared thin-fi lm emitters in small 

packages provide suffi cient power at short 

distances to enable proximity sensing; 

if the handset is held close to the face, 

the display can be switched off or the 

loudspeaker volume can be reduced. 

Recent European legislation mandat-

ing daytime running lights (DRLs) in 

new vehicles does not specifically require 

LEDs. “However, this will be a great oppor-

tunity for increased LED usage, as design-

ers take advantage of the unique 

features of LEDs,” says Lex. “The 

feasibility of full-LED headlamps 

has now been proven, and these 

will penetrate the market in the 

coming years.” In general, the 

use of LEDs will be supported 

by energy savings targets for 

the total automotive f leet of a 

car manufacturer. LEDs can 

help here to achieve a minimum 

power budget for lighting appli-

cations, at least. 

As we are all aware, car sales 

have been badly hit by current 

global economic conditions. 

However, the impact on the LED 

market has yet to become clear. 

To stimulate sales, car makers 

often include features that previously were 

paid-for extras. In past downturns, this has 

seen car radios and climate control become 

standard in all vehicles. Additional lighting 

using LEDs may be one such feature, leading 

to increased penetration, and off setting the 

decline in car sales to some extent. 

Professional consumer

A growing area in the mobile handset sector 

is power fl ash; in-built cameras with increas-

ingly large numbers of pixels require more 

powerful fl ash units, in competition with 

xenon. LEDs require more time to produce 

the same illumination (lux) levels as xenon, 

and this requires complex power manage-

ment. “As with automotive headlights, it’s 

not simply a matter of replacing the pre-

vious light source with an LED,” says Lex. 

“Th is is an area that requires detailed under-

standing of advanced technology, making it 

ideal for Osram. Also, the substitution rate is 

high, with better cameras being introduced, 

so that continuing LED developments are 

required.” 

Minaiture projectors, either embedded 

into phones or as accessories, could be a 

growth area for LEDs, but at this stage it is 

not clear whether phone makers will chose 

to introduce this technology into their 

f lagship models, primarily for business 

customers. Typically a technology such 

as this might take 2-3 years to migrate 

from high-end phones into widespread 

use. Larger so-called pocket projectors 

are seeing a surge in interest, at least on 

the part of OEMs. “We’ve never seen so 

much interest, and our customers think 

there is growing demand from consum-

ers,” says Lex. “The feasibility has been 

demonstrated of producing more than 50 

lumens from a battery-powered device, 

and even larger, non portable projectors 

could potentially be equipped with LEDs. 

Our thin-f ilm technology is optimized 

for projection applications, and this is an 

area where we have been involved for more 

than 5 years, starting with head-up dis-

plays in cars.”

Notebooks have emerged as the fi rst real 

high-volume application for LED backlights 

in larger LCD panels. Th is takes advantage of 

the special features of LEDs: environmental 

aspects such as absence of mercury and lead, 

as well as long lifetime, thinness, and the 

most important parameter — extended bat-

tery life. Th e monitor segment, for areas such 

as medical and desktop publishing, is mainly 

driven by the need for better colour gamut as 

well as by environmental concerns. 

Th e TV backlight market is potentially 

the largest for LEDs, but also the most chal-

lenging, and is driven mainly by cost com-

petition from the incumbent CCFL technol-

ogy. “Th e original idea to simply exchange 

CCFLs for LEDs was not so successful,” says 

Lex. “Th e new trend is to make best use of 

the unique features of LED technology, ben-

efi ting from the form factor of the package, 

the individually addressable nature of the 

LEDs, and their long lifetime. This leads 

to the trend of very fl at LCD TVs (< 20mm 

thick) with large diagonal.”

Industrial applications

LED lighting off ers multiple functions for the 

illumination of white goods such as freez-

ers, fridge, ovens etc. New design capabili-

ties, long lifetime and the ability to use col-

ors for diff erent product presentations are 

the main drivers for this growing market.

Meanwhile, the existing market for LED 

signs will see a trend from radial LEDs 

towards SMT solutions. Performance is 

increasing as the individual LEDs are opti-

mized for this application, and also the 

reduction of power consumption will be a 

key driver. Market development will be 

strongly related to general economical sit-

uations and major global events, such as 

the Olympics Games or world soccer cham-

pionships. 
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  Lutron introduces the first UL Listed (UL 8750) LED driver  

for lighting fixtures, an intelligent and controllable driver  

that dims lights from 100% to 1% of total light output. 

Compatible

  The Lutron fixture qualification program ensures your fixture  

and our driver work together properly.

Universal  

Universal voltage (works in both 120 V and 277 V applications)

 Intelligent

  Works with Lutron EcoSystem® digital bus and 3-wire controls.

© 2009 Lutron Electronics Co., Inc.

For details and a list of qualified fixtures, 

please visit www.lutron.com/HilumeLED

or e-mail HilumeLED@lutron.com.

Take control with the new 

Hi-lume® LED driver from Lutron
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lighting | FIXTURE TESTING

T
he arrival of LED products in the 

general illumination market has 

provoked a great deal of discussion 

about how the lighting industry measures 

energy effi  ciency, particularly for residen-

tial fi xtures. Th ere is great debate about 

the merits of the old approach (measur-

ing source effi  cacy) and the new approach 

(measuring luminaire effi  cacy). At issue is 

the notion that luminaire effi  cacy measure-

ments provide a much truer picture of poten-

tial energy savings than do source effi  cacy 

measurements. See "Defi nitions" at right to 

learn more about the diff erence between 

these approaches.

Th e real question is: can we continue to 

ignore light loss within residential fi xtures, 

as most residential lighting energy effi-

ciency programs have to date? Answering 

that question requires a brief look back at 

the market introduction of compact fl uores-

cent lamps (CFLs), and a look forward at our 

nation’s energy and environmental future.

A look back

Th e North American market introduction 

of CFLs in the late 1980s created an enor-

mous opportunity for reducing residential 

lighting energy use in the US. At the time, 

almost all residential fi xtures used incan-

descent sources. Being three to four times 

more effi  cient than the incandescent lamps 

they replaced, CFLs presented a simple and 

compelling opportunity: by replacing an 

incandescent lamp with a CFL, energy sav-

ings of 60% to 75% were achievable. 

Both consumers and residential fi xture 

manufacturers, however, proved reluctant 

to transition to CFLs. Despite the promise 

of longer product life and reduced electric-

ity costs, consumer interest and purchases 

remained small. Seeing little consumer 

interest in CFL equipped fixtures, man-

ufacturers remained focused on 

making fixtures designed for 

incandescent lamps, and dem-

onstrated an unwillingness to 

design fi xtures specifi cally for 

CFLs. To help jumpstart this 

early market, electric utilities 

provided substantial fi nancial 

incentives to consumers. Util-

ity-funded rebates of $10 to $15 

for CFLs were not uncommon 

in the 1990s. 

Approximately 1.5 billion 

light bulbs were sold each year 

in the 1990s, and only about 

2% were CFLs. Concerned that 

consumers would switch back 

to incandescent bulbs after 

trial runs with CFLs, many 

energy effi  ciency programs — 

including the newly launched 

Energy Star Residential Lighting Fixture 

program — began to promote residential fi x-

tures using pin-based CFLs (these fi xtures 

couldn’t accept incandescent sources). Th ese 

programs focused their technical require-

ments on the source efficacy of the CFL 

lamp, and chose to ignore light losses that 

occur when that lamp is placed in a fi xture. 

Regardless of how much useful light the fi x-

ture produced, a fi xture could qualify for 

these programs so long as its light source 

was deemed effi  cient. 

Given consumer and manufacturer reluc-

tance to adopt CFLs, using an approach 

that only considered the effi  cacy of the light 

source (not the entire fi xture) made a lot 

of sense at the time. Th is approach made 

it relatively easy for fixture manufactur-

ers to qualify products for most programs. 

All they had to do was select a lamp/ballast 

combination from an approved list of prod-

ucts that met minimum technical require-

ments, and then assemble their fi xtures with 

the approved components. 

They needn’t concern themselves with 

minimizing light losses. Fixtures did not 

require redesign for maximum energy effi  -

ciency, nor did manufacturers have to 

undertake photometric testing, used to mea-

sure how much light actually escapes the fi x-

ture. Energy savings of 60% or more could 

be achieved without asking manufacturers 

to go through the more expensive and com-

plicated steps of addressing how effi  ciently 

they could extract light from a fi xture. For 

the most part, fi xture manufacturers retro-

fi tted existing designs to accept CFLs. 

Time to stop ignoring light losses 

from residential fi xtures

Luminaire effi cacy testing will help buyers and builders choose effi cient residential lighting 

fi xtures and accelerate the rate of energy savings achieved, writes JAMES BRODRICK. 

JAMES BRODRICK manages the US 

Department of Energy’s Solid State Lighting 

program (www.netl.doe.gov/ssl). 

Defi nitions

Source effi cacy measures the effi cacy of the light 

source, separate from the fi xture. It is calculated by 

measuring the total light output of a lamp/power 

supply system, and then dividing it by the power 

drawn by that system. (It does not account for losses 

caused when that system is installed in a fi xture/

luminaire.) It is expressed in lumens per watt.

Luminaire effi cacy measures the effi cacy of 

the complete luminaire, taking into account the 

optics, thermal design, and other design factors 

that impact effi cacy. It is calculated by measuring 

the total light output of a luminaire, and then 

dividing that by the amount of power drawn by that 

luminaire. It is expressed in lumens per watt. ◀
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www.roallivingenergy.com
Visit us at Strategies in Light Booth #206

THE POWER BEHIND SMART LED LIGHTING
Undeniably the MOST efficient, MOST dense, MOST reliable LED Drivers available

The TROPO Series of LED Drivers 
is ideally suited for retrofit 
commercial and residential LED 
lighting applications.

The STRATO Series of LED 
Drivers is ideally suited 

for new commercial and 
residential LED lighting 

applications. STRATO 
drivers are optimized for 
size, efficiency and cost.
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Times have changed

Today there is growing concern about energy 

security, greenhouse gas emissions, and envi-

ronmental sustainability. While energy effi  -

ciency specialists were once the loneliest guys 

at the party, they are now among the most pop-

ular. America’s newly elected president has 

made it clear that energy will be among his 

top priorities, with energy effi  ciency and green-

house gas emission reductions among the key 

components of his new energy policies. 

Large corporations are racing to adopt 

sustainability and clean energy practices 

and policies. After decades of relative dor-

mancy, CFL sales have exploded, with Wal-

Mart alone selling more than 100 million per 

year. It is no longer diffi  cult to persuade a 

large number of fi xture manufacturers to 

develop and off er for sale fi xtures using effi  -

cient light sources. Th ey, like a wide range of 

companies across our economy, are aggres-

sively trying to position themselves as pur-

veyors of effi  cient, sustainable products.

Further, US law regarding residential light-

ing has changed. Th e Energy Independence 

and Security Act of 2007 requires DOE to 

establish minimum effi  ciency standards for 

general lighting service (GLS) bulbs to start 

taking eff ect three years from now (January 

2012). While the fi rst standards will likely be 

met by advanced incandescent lamps (such as 

halogen IR, which use about 30% less energy 

than conventional incandescent lamps), the 

Tier 2 standards required eight years later 

will likely be met by CFLs or 

LEDs. Countries accounting 

for at least half of the GLS sales 

throughout the world have 

adopted similar new policies to 

phase out standard incandes-

cent lamps. As a result of these 

policies, the average residen-

tial fi xture will soon be using 

a light source whose effi  ciency 

is equivalent to CFLs.

Soon, a program approach that focuses 

solely on the effi  ciency of the light source will 

become obsolete. Coupled with the possibility 

of new national policy to reduce greenhouse 

Can we continue to ignore light loss

within residential fi xtures, as most 

residential lighting energy effi ciency 

programs have to date? — JIM BRODRICK 
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gas emissions, energy effi  ciency program sponsors will need to look 

beyond the lighting energy savings that can be achieved by focusing 

solely on light source effi  cacy, and turn their attention to new types 

of luminaires that will achieve maximum energy savings. Lighting 

controls, daylighting solutions, and more effi  cient light fi xtures will 

all be part of the solution. 

By basing their programs on luminaire effi  cacy, effi  ciency pro-

gram sponsors can reward fi xture manufacturers who carefully 

design their fi xtures to maximize energy effi  ciency and minimize 

light loss, and steer buyers toward fi xtures that could potentially 

consume as little as 10% as much energy as today’s incandescent fi x-

tures. True, residential fi xtures have not historically been photome-

tered to calculate luminaire effi  cacy. But times have changed, and a 

wide range of products including ceiling fans, televisions, and other 

consumer electronics are now being tested for energy effi  ciency. 

More importantly, recent photometric testing of residential fl uo-

rescent fi xtures (conducted through the US Department of Energy’s 

CALiPER program) has revealed that many of the fi xtures are often 

ineffi  cient. Test results show that a large fraction of the light pro-

duced by the source is trapped and therefore wasted — more than 

50% in some products.

A look to the future

Th e arrival of LEDs in the general illumination market makes the 

shift toward luminaire effi  cacy even more attractive. LEDs are direc-

tional sources of light, emitting light in narrow to wide beams in 

one direction, as opposed to the omni-directional output of incan-

descent and fl uorescent lamps. Directional output allows fi xture 

manufacturers to minimize and sometimes eliminate the refl ec-

tive surfaces, lenses and diff users used to guide light out of fi xtures 

into intended directions. Each of those components absorbs some 

fraction of the light emitted by the source, reducing the overall effi  -

cacy of the fi xture.

If LEDs are transplanted into fixtures that were originally 

designed for incandescent lamp use, as has been done with CFLs, 

much of the effi  ciency advantage of LEDs is surrendered. Lighting 

programs based only on source effi  cacy do not reward manufac-

turers for making effi  cient fi xtures, and won’t guide consumers to 

higher performing products.

It’s time to look to the future, to begin photometric testing of res-

idential fi xtures, and to begin making the information produced 

from those tests available to buyers and builders so they can choose 

truly effi  cient lighting fi xtures, not just fi xtures with effi  cient light 

sources. Doing so will allow us to accelerate the rate of energy sav-

ings achieved in residential lighting and to make deeper reduc-

tions in greenhouse gas emissions. Early automobile manufactur-

ers installed internal combustion engines in modifi ed horse buggies, 

compromising the potential of the new power source. Let’s not make 

the same mistake.  

It's time to begin photometric 

testing of residential fi xtures.
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A
s a major event for the European elec-

tronics industry, last November’s 

Electronica trade fair attracted 

around 2800 exhibitors and around 73,000 

trade visitors to Munich, Germany. Green 

electronics was a key theme, and Ruediger 

Mueller, CEO of Osram Opto Semiconductors, 

was one of several participants in a debate 

on “Th e Contribution of the Semiconductor 

Industry to Climate Protection”. Th is is not a 

show for lighting companies, but many LED 

makers were present, some represented by 

distributors, and others such as Nichia were 

notable by their absence. All the major semi-

conductor makers were present and many 

(Texas Instruments being a good example) 

had demonstrations of drivers for lighting, 

LCD backlighting and other applications. 

Th e show also attracted LCD makers, with 

the majority showing demonstrations of 

LED backlighting.

Like other exhibitors, Future Lighting Solu-

tions illuminated its booth with LED lights. 

As a demonstration of the advances in LED 

performance, FLS said that its booth at the 

last Electronica in 2006 was lit with more 

than 150 LED light fi ttings, while this year 

the company’s slightly larger booth was illu-

minated with just 53 units. Th ese were down-

lights from UK manufacturer IST, each con-

taining 18 Luxeon Rebel LEDs and producing 

the equivalent light output to a GU10 halo-

gen lamp (more details: www.leds-

magazine.com/press/16785). LEDs 

Magazine had an interesting dis-

cussion with the head of FLS, Jamie 

Singerman, who has authored the 

Last Word column on page 56 of 

this issue. We also had a preview 

of the newest FLS software tool, 

which will sit alongside the LED 

Reliability and Usable Light tools, 

and will enable designers to model 

multicolor mixing and CRI for dif-

ferent confi gurations. 

Osram Opto Semiconductors announced 

a series of new LED products for automo-

tive headlighting, video displays and camera 

phone flash (see www.ledsmagazine.com/

news/5/11/12). Th e company is involved in a 

wide range of LED markets outside of the rel-

atively small general illumination area, as 

discussed in our article on page 21. Th e Ostar 

Headlamp LED, illustrated on the cover of this 

issue, can be equipped with between one and 

fi ve chips, and is fi tted with a glass cover that 

has an integrated shutter to create the desired 

beam pattern on the road. At the show we saw 

a Sony LCD panel using Advanced Power Top-

led Plus devices from Osram for backlighting. 

Th e red, green and blue devices have special 

outcoupling optics enabling high optical effi  -

ciency and homogenous direct backlighting. 

Also, Osram has developed software can be 

used to select the correct combination of R-G-

G-B LEDs across the whole display, meaning 

that all the LEDs of the same color do not need 

to come from the same bin. 

Using a contrasting approach, backlighting 

specialist GLT demonstrated a 42-inch panel 

lit by 160 white LEDs on the top and bottom 

edges. Cross-display uniformity of 85%is 

Green electronics and LED lighting were major themes at the biennial Electronica 

tradeshow in Munich, reports TIM WHITAKER.

LEDs part of the green the
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attained using the company’s MicroLens light 

extraction technology. White Lumileds Rebel 

LEDs with a red and green phosphor mix 

were used to achieve a color gamut of 100% 

of NTSC. Th e thickness of the light guide and 

the backlighting unit were 5mm and 12mm, 

respectively. Th e power consumption was 185 

W. GLT said that it expected to reduce the 

number of LEDs to 120. 

Among the exhibits on Rohm Semicon-

ductor’s stand was a new LED driver IC for 

LCD backlighting that is intended to pro-

vide optimized viewing with low power 

consumption (see www.ledsmagazine.com/

press/17316). Th e company also had an inter-

esting poster on ZnO LEDs and ultraviolet 

photodetectors. As UV emitters, ZnO LEDs 

can be used for fl uorescent excitation, ster-

ilization or TiO2 catalyst excitation.  

CeramTec showed a range of applications 

for its CeramCool ceramic heat-sink tech-

nology, in which the LED can 

be bonded directly to metalized 

pads on the heat-sink surface. Th e 

company announced a heat sink 

design with optimized geometry 

to enable the operation of a 4W 

LED at a maximum temperature 

of 60°C (see www.ledsmagazine.

com/products/17344).  Th e com-

pany can form its ceramic mate-

rial into a wide variety of shapes, 

including a GU10 LED spot, where 

the LED is bonded directly to the 

ceramic (see www.ledsmagazine.

com/products/17776). CeramTec 

also demonstrated a heat sink 

with conduits suitable for liquid 

cooling.

TAOS Inc. demonstrated its 

TCS3404 and TCS3414 Digital 

Color Light Sensors with inte-

LINKS

Additional photos from the 2008 show: www.ledsmagazine.com/features/6/2/1

Crowds fl ock to Electronica 2006: www.ledsmagazine.com/features/3/12/10

Electronica 2010 takes place November 9-12 in Munich: www.electronica.de/en

eme at Electronica

Texim Europe, a distributor, 

showcased a new light source 

from Lemnis Lighting, the 

manufacturer of the Pharox 

LED lightbulb. Lemnis is now 

offering the Pharox’s LED 

light source as a separate 

OEM product. The chip-on-

board array has 6 white LEDs 

and 2 red chips, to produce 

warm white light with color 

temperature of 2900K. The CRI 

is 86 and the luminous fl ux is 

235lm for a power consumption 

of 4.0 W (350 mA and 11.6 V), 

corresponding to an effi cacy of 

58 lm/W. Several OEM modules 

are also available, and Lemnis 

plans to introduce a greenish-

white light source, suitable 

for street lighting, in the near 

future. 
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grated red, green and blue (RGB) filters. 

Th ese can derive the color chromatic-

ity and illuminance (intensity) of 

ambient light with 16-bits of res-

olution for managing LED and 

CCFL display backlighting. 

Applications include RGB back-

lighting, industrial and commer-

cial signage, architectural light-

ing, embedded display calibration 

and medical diagnostics. Both devices 

have a six-lead chipscale package, providing 

a very small footprint of 2.095 x 1.875 mm 

with a height of only 0.685 mm.  Th e chipscale 

package includes an internal infrared-block-

ing fi lter that eliminates the error resulting 

from the infrared spectral component of the 

light source while measuring light intensity 

and color as the human eye sees it without the 

need for an external fi lter. 

Stanley Electric showed a variety of LEDs 

for lighting, at color temperatures of 5000K 

and 3300K, with a focus on very high CRI – 

not surprising, given the company’s close rela-

tionship with Nichia, which is also strong in 

this area. At a drive current of 300 mA, and 

power consumption of 1W, Stanley’s cool- and 

warm-white LEDs have a fl ux 70 lm and 60 lm 

respectively, with a very high CRI of 95. A cool 

white device with CRI of 70 has an effi  cacy 

of 100 lm/W. Stanley’s roadmap includes the 

development of cool white LEDs with effi  cacy 

of 150 lm/W at 1W by 2010, and 5W devices 

operating at 100 lm/W by 2009. Th e company 

also had a striking visual display of twisted 

light-guides and 

Sharp had a major presence, showcasing its LED modules and lamps, LED lighting 

fi xtures, and LCD displays, including the world’s largest, a 108-inch model on which 

visitors could play a Nintendo Wii tennis game against a life-size opponent. The 

company has a wide range of LCD panels for industrial applications that feature 

LED backlights, from 3.5 to 15 inches in diameter. While CCFL backlights require a 

high-voltage inverter, LEDs operate at low voltages and avoid the risk of sparks and 

explosions in hazardous areas. Sharp has also designed the LCD housing to provide 

adequate heat management, enabling operation from -30°C to 80°C.

Sharp’s Zenigata LED modules contain multiple LED dies, and are available in high 

color-rendering versions (CRI of 90) as well as standard versions.  “Normal white” 

5000K modules produce either 540 or 280 lm at 360 mA, equivalent to 80 lm/W. 

Warm white (2800K) versions produce 400 and 190 lm, respectively. The more 

powerful modules contain 48 LED die in 16 parallel-switched series of 3, while 

there are 30 die in the less-powerful versions. The modules all use an 18 x 18 x 1.5 

mm aluminum-ceramic plate as the substrate, pre-drilled with holes for mounting to 

a suitable cooling element. 

30 JANUARY/FEBRUARY 2009

As well as a Surefi re fl ashlight and several downlights built using their 

LEDs, Seoul Semiconductor showed a headtorch manufactured by Petzl, 

containing a single Seoul P4 LED at 6300K, which produces 80 lm. 

The company also unveiled its new ultrathin Z-Power LED Z1 series, in a 

ceramic package measuring 5 x 6 mm by only 1.2 mm thick (www.ledsmagazine.

com/press/17343). The LED contains six chips, and has a viewing angle of 

120°. The pure white version (6300K) has a CRI of 68 and an output of 105 lm 

typical at 400 mA, with a forward voltage of 4.2 V (equivalent to 1.68 W, and 

62.5 lm/W). The maximum output is 120 lm (equivalent to 71 lm/W). The warm 

white version (3000K) has a CRI of 80 and a typical output of 80 lm at 400 mA. 

reflectors illuminated with pastel-colored 

LEDs to demonstrate the company’s optical 

design technology developed for applications 

such as automotive headlighting, LCD back-

lighting and amusement machines.  

Avago introduced a full series of single- and 

dual-digit, seven-segment displays for use in 

a wide range of consumer and industrial 

applications (www.ledsmagazine.com/

press/17282). Crucially, these very 

small devices can be surface-mounted directly 

to a PCB, with a maximum refl ow soldering 

temperature of 260°C. Avago also unveiled 

3W warm- and cool-white Moonstone LEDs 

(www.ledsmagazine.com/press/17281). Th ese 

two-chip LEDs are in the same package as the 

1W version. For cool white, the luminous fl ux 

is typically 145 lm at 700 mA, with a maxi-

mum of 165 lm. Th e warm white version has 

a typical output of 130 lm.  » page 32
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National Semiconductor (NSC) demonstrated an LED light 

engine, using fl exible thermal circuit material from Thermastrate 

Ltd. Nick Atkinson of Thermastrate said his company had 

been working with NSC and their other partners (Aavid, Avago, 

EBV, Fairchild) on the Mood Lighting project, culminating with 

the demonstrator unit at electronica. “This application of our 

Flexitherm technology is an excellent practical demonstration 

of what can be achieved with our new Direct-to-Heatsink 

construction,” said Atkinson. “It fulfi lls the criteria given to us by 

NSC, which was to provide a solution that thermally out-performs 

conventional MC-PCBs, while adding functionality and reducing 

solder interconnects.” One or more LEDs are mounted onto the 

Flexitherm circuit which in turn is mounted directly onto the 

heat sink, with a fl exible tail connecting to the control PCB. "The 

construction of the Flexitherm circuit relies on our best-in-class 

ceramic insulating layer," continues Atkinson, "which achieves 

good electrical isolation, while optimising thermal conductivity. 

The ceramic layer is typically 35 microns thick, has a thermal 

conductivity of over 6W/mK and produces an isolation voltage 

of over 1,000 Vdc between the copper circuit and aluminum 

heatsink. More details: www.ledsmagazine.com/press/17451.

Several manufacturers such as Piciesse, Huntsman and AB 

Mikroelektronik showcased circuit boards for automotive LED 

lighting applications. Freudenberg Mektec had several examples of 

lamps using fl exible printed-circuit boards, including the daytime 

running light (DRL) for the new Audi R8. The photo shows a fl exible 

strip sitting on top of the DRL unit.  Freudenberg says that the 

fl exible PCB’s free formability allows electrical connections to be 

made into a third dimension and, therefore, to connect contact 

points on different levels in the simplest possible way. 
ROAL Electronics previewed a new range of drivers that will be 

launched in early 2009, aimed specifi cally at the lighting market. 

Output powers for the different series will range from 15W to 240 

W. The Tropo series is aimed at retrofi t commercial and residential 

markets and are compatible with most standard triac-based wall 

dimmers. The Strato series is aimed at new-build markets and 

is optimized for size, effi ciency and cost. The Spectra series is 

for architectural and entertainment lighting and is intended to 

drastically reduce design cycle times for color-mixing LED fi xtures. 

IC maker Microchip demonstrated its automotive electronics 

products using a model car fi tted with a number of LED-

illuminated icons (www.ledsmagazine.com/products/17770).  

Touching an icon triggered a PC presentation of Microchip’s 

offering in the chosen application. The icons combined 

capacitive-based touch sensors with printed lightguide 

technology from Design LED Products. Each icon contains 

four hexagonal panels, shown in the photo; at left is the panel 

containing the pattern to be illuminated; next is the mesh light 

guide that distributes the LED light across the panel; next is 

the circuit board; and at right is the board with the capacitive 

switch in the center and the LEDs at the top and bottom. 
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Lighting | REPLACEMENT LAMPS

I
n the long term, the ultimately proper and 

successful implementation of LEDs as the 

predominant technology in general illu-

mination will be through the use of fi xtures 

and infrastructure specifi cally designed to 

take advantage of the unique properties of 

LEDs. Many elements of LED optical, ther-

mal, and electrical characteristics are at 

odds with today’s lighting infrastructure.

In the short to medium term, however, 

there are very good reasons to pursue a strat-

egy to retrofi t structures with LED products. 

Although using existing fixtures for LED 

products is an imperfect solution, it is none-

theless the solution off ering the quickest path 

to the greatest energy savings over the short-

est period of time. As the payback period for 

retrofi t lamps falls steadily below fi ve years, 

even for fl uorescent replacements, the pure 

dollar impact of a lamp-to-lamp replace-

ment will be attractive enough to entice facil-

ity owners toward energy-effi  cient LED solu-

tions, given that they do not have to incur 

additional infrastructure changes.

One argument against a lamp replace-

ment is that the added effi  ciency and light-

quality benefi ts of infrastructure changes 

can also be quantifi ed on short timelines. 

Th is may be true, but the additional outlay 

of capital may be onerous enough to prevent 

that from happening, even if additional sav-

ings are on the table. Moreover, there is a 

sense of comfort among facility managers 

that, if LEDs somehow cause a problem, they 

can swap backwards to current products or 

upgrade to newer LEDs in the same form fac-

tor.  Custom installations don’t allow this 

lamp source fl exibility.

Another argument against infrastructure 

changes is the overall inconvenience and 

environmental footprint inherent to demo-

lition and disposal, as well as manufactur-

ing and installation of new fi xtures.

ilumisys off ers two versions of its T8 and 

T12 replacement tubes. Th e MK1 runs with 

standard T8 fl uorescent ballasts, while the 

MK2 is powered by 120V and 277V build-

ing current, bypassing the ballast. Th e MK2 

approach provides a clear advantage in 

terms of eliminating the ballast from the cir-

cuit as a failure and power-draw point.  Yet, 

the MK1 remains a popular option because 

the task of simply swapping out tubes is 

quicker and easier than digging in behind 

fixtures to wire around modern T8 elec-

tronic ballasts, which may in fact be very 

effi  cient and long lived.

Th e gains from an easy implementation 

today are deemed “good enough” by many 

users to off set the incremental advantages 

from a more labor-intensive swap.  On the 

other hand, when presented with ineffi  cient 

T12 ballasts, the equation shifts quickly to 

bypassing the old ballast as a preferred 

option.

As part of its public/private partnership with 

the State of Michigan, ilumisys installed fi rst-

generation MK1 tubes in the Escanaba State 

Offi  ce Building, with an agreement to perform 

two subsequent upgrades. 

(It should be noted that the 

LED lights have been so well 

accepted that the Escanaba 

staff have decided to keep 

them, and to simply use later 

generations to fi t out more of 

the building.) Th e swap-out of 

200 tubes was accomplished 

in a couple of hours by a small 

team of people. Had the conver-

sion to LED lighting required a 

signifi cant tear-up of ceilings 

and disruption to the working 

environment, it is unlikely that 

this project would have moved 

as rapidly or with such imme-

diate acceptance as a low-risk 

way of going forward.

Th e defi nition of short, medium, and long-

term is of course of paramount interest. Given 

the long life-cycles for buildings, it seems rea-

sonable to expect the need for retrofi t tech-

nologies in signifi cant numbers for at least 

the next 20 years, after which the lighting 

infrastructure can be expected to have cycled 

through to new, LED-specifi c designs.

For the reasons listed, a case can be made 

that retrofi tting existing lighting fi xtures pro-

vides a clear and eff ective benefi t to the end-

user, while reducing extensive capital costs at 

the budding stages of the LED development 

movement.   

LED retrofi ts offer clear and 

effective benefi ts

LED replacements for fl uorescent tubes provide energy savings without costly infrastructure 

changes, writes DAVE SIMON.

DAVE SIMON is president of ilumisys (www.

ilumisys.com), located in Troy, Michigan, USA.

ilumisys installation of fi rst-generation MK1 tubes in the 

Escanaba, Michigan, State Offi ce Building.
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The biggest lighting industry 

forum in Asia 

9 – 12 June 2009
China Import and Export Fair Pazhou Complex

Guangzhou, China

Show highlights:

• Asia’s largest lighting exhibition and the 2nd largest 

in the world

• Over 1,500 exhibitors and 48,000 expected visitors

• Over 100,000 gross sqm exhibition space

• Dozens of symposiums featuring global speakers 

For free admission, register online now at

www.light-building.messefrankfurt.com and click on 

Guangzhou International Lighting Exhibition

For information, please contact:

Tel  +852 2238 9964

Fax +852 2598 8771

LBguangzhou@hongkong.messefrankfurt.com

www.light-building.messefrankfurt.com
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T
he use of white LEDs for solid-state 

lighting to address applications in 

the automotive, architectural and 

general illumination markets is just emerg-

ing. LEDs promise greater energy effi  ciency 

and lower maintenance costs. However, 

there is a signifi cant amount of design and 

cost optimization to be done while com-

panies continue to improve semiconduc-

tor manufacturing processes and begin to 

apply more effi  cient and better color render-

ing luminescent materials such as phosphor 

and quantum dot nanomaterials.

In the last decade, accurate and predic-

tive opto-mechanical software modeling 

has enabled adherence to performance, con-

sistency, cost and aesthetic criteria without 

the cost and time associated with iterative 

hardware prototyping. More sophisticated 

models that include simulation of optical 

phenomenon, such as luminescence, prom-

ise to yield designs that are more predictive 

— giving design engineers and materials 

scientists more control over the design pro-

cess to quickly reach optimum performance, 

manufacturability and cost criteria.

White LED designs

Th ere are generally two types of white LED 

design forms:

1) luminescent materials including phosphors 

or quantum dots mounted on an LED and

2) three LEDs of primary colors combined.

Th e TracePro Fluorescence Property Editor 

Utility was developed to facilitate selection of 

the phosphor formulation and excitation LED 

in design form 1) above. Th e earliest and most 

common commercially available design of this 

form is a blue LED chip exciting a yellow 

YAG:Ce phosphor. Other designs of this type 

include red and green phosphors applied to a 

blue LED, a combination of two or more phos-

phors spanning blue to red applied to a UV or 

violet LED, and luminescent quantum dots 

applied to LEDs.

Performance criteria include luminous 

fl ux, relative spectral power distribution, 

angular intensity distribution and viewing 

angle. Color criteria include CIE chromatic-

ity coordinates (x, y) and correlated color 

temperature (CCT). Used to specify white 

light, CCT is a comparison of chromatic-

ity coordinates with that of a black body. 

It is the temperature that corresponds to 

the blackbody whose chromaticity is repre-

sented by the point where the iso-tempera-

ture line from the white LED source point 

intersects the black body curve. Represen-

tative CCT values for commercially avail-

able white LEDs are 4500-10,000 K for cool 

white, 3500-4500K for neutral white, and 

2670-3500K for warm white. 

Optimum phosphor downconversion

As a simple example, consider a YAG:Ce 

phosphor excited by a blue LED. Th e formu-

lation of the specifi c down-converting phos-

phor materials and selection of the excita-

tion LED may be modeled and analyzed for 

desired color criteria using software such as 

TracePro’s Fluorescence Property Utility. 

Most often, the optical properties of exist-

ing phosphor luminescent material formula-

tions are proprietary. However, with the goal 

of discovering an optimum formulation for a 

particular application, the user can directly 

import specifi cations from a phosphor man-

ufacturer’s datasheet to the software as a 

Software predicts performance of phosphor 

down-converted white LED designs

Predictive modeling benefi ts from sophisticated algorithms and accurately measured data inputs, 

writes CHAO-HSI TSAO, EDWARD FRENIERE and LINDA SMITH.

CHAO-HSI TSAO is the general manager and EDWARD FRENIERE is the president of Lambda 

Research Corp. (www.lambdares.com), Littleton, MA, and LINDA SMITH is the principal of Ceres 

(www.cerescom.net), Needham, MA, USA.

FIG. 1. Relative emission spectrum of YAG:Ce mapped to chromaticity coordinates.
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starting design point. Phos-

phor manufacturers specify 

relative excitation, absorption 

and emission spectra for the 

luminescent material. Figure 1 

is representative imported data 

for a YAG:Ce phosphor [1]. 

Th e chromaticity coordinates 

of the phosphor material’s emis-

sion, absorption and excitation 

energy are determined by its 

relative emission, absorption 

and excitation spectra. In this 

example, the emission of the 

YAG:Ce phosphor has chroma-

ticity coordinates (xem, yem) of 

(0.464, 0.520). 

The chromaticity coordi-

nates of the excitation source are deter-

mined by the excitation LED’s relative spec-

tral power distribution. Similarly, this data 

can be retrieved from the LED manufac-

turer. Figure 2 is an example that includes 

a blue LED as the excitation source where 

(xsource, ysource) = (0.115, 0.085). 

White light may result when the blue exci-

tation energy mixes with the yellow lumines-

cence of the phosphor. It is dependent on the 

chromaticity coordinates of each as well as 

the conversion effi  ciency of the phosphor. Th e 

straight line between (xsource, ysource) and 

(xem, yem) represents the locus of points that 

result from mixing the blue excitation source 

energy with the yellow luminescence of the 

phosphor with diff erent conversion effi  cien-

cies. Th e color bar below the CIE plot graphi-

cally displays the color along the straight line 

between (xsource, ysource) and (xem, yem). In 

Fig. 2, the CCT of the resulting white light with 

61% conversion effi  ciency is shown on the CIE 

plot at the point, “Mix (39%)”. In Fig.3, a con-

version effi  ciency of 61% yields a cool white 

with CCT of 6136K and chromaticity of (0.319, 

0.338).

Predictive white LED modeling

A white LED may be modeled in software and 

its adherence to design criteria may be ana-

lyzed. Th e opto-mechanical model is created 

by importing the 3-D geometry from mechan-

ical CAD fi les or by directly creating the geom-

etry in TracePro. Th e user can model the com-

plete packaged LED by creating or importing 

the geometry for the LED cup, LED lens, and 

LED die and then applying optical material and 

surface properties to the geometry. For higher 

system-level modeling of systems including 

luminaires and displays, the user can simply 

incorporate additional optics and mechanics 

to the packaged LED models.

An optimized phosphor formulation, like 

that created above, may be directly exported 

to the opto-mechanical model. Th e param-

eters specifi ed for optimizing phosphor for-

mulation above are directly exported to the 

opto-mechanical model from the TracePro 

utility. In Fig. 4, the YAG:Ce phosphor in epoxy 

material is further characterized by its quan-

tum effi  ciency of 0.921, peak molar extinction 

coeffi  cient and molar concentration. Its bulk 

scatter properties are characterized by wave-

length dependent scatter coeffi  cients, anisot-

ropy and its bulk absorption coeffi  cient. 

Additional material properties of the 

phosphor formulation may be incorporated 

in the model for more accurate simulation. 

Th e designer is able to 

include temperature 

dependent data for all 

properties and bulk 

scatter characteris-

tics for the epoxy and 

phosphor formulation 

in the model. The ray 

trace of this model in 

TracePro then simu-

lates the phosphor for-

mulation’s lumines-

cence eff ects alongside 

the absorption, refl ec-

tion, transmission, and scat-

ter eff ects of the phosphor 

formulation and other com-

ponents in the model. The 

accurate simulation of scat-

ter and luminescence is par-

ticularly useful in remote 

phosphor down-conversion 

designs where backscat-

tered light is extracted from 

the phosphor layer. 

In the simple design form 

above, the excitation source, 

a blue LED, is character-

ized by its relative spec-

tral power distribution and 

angular intensity distri-

bution. In Fig. 5, using TracePro’s Surface 

Source Utility, spectral and angular excita-

tion LED characteristics from manufactur-

ers’ binned data are quickly and accurately 

exported and applied to the excitation LED 

FIG. 2. Relative spectral power distribution of blue LED mapped to 

chromaticity coordinates, resulting in a mix of white light.

FIG. 3. White light resulting from 39% 

residual excitation energy. 

FIG. 4. Remote phosphor white LED model.
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increasing yield and value of products.

Underfill
Jetting technology enables underfill of power LEDs for improved
brightness and thermal management.

Conformal Coating
State-of-the-art cooling systems for LED printed circuit board assemblies
for signage and automotive applications. Closed-loop process control and
industry-leading speed deliver high yield and low cost of ownership.

HEADQUARTERS
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U.S. Toll Free: 1-800-ASYMTEK
Tel: (760) 431-1919
Fax: (760) 431-2678
Email: info@asymtek.com

Asymtek Brings Dispensing Solutions to the Power LED Industry

INTERNATIONAL SALES
Europe: +31 (0) 43-352-4466
China, Guangzhou: +8620-8554-9996
China, Shanghai: +8621-5854-2345
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Korea: +82-31-765-8337
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chip surface in the white LED model.

Th e blue LED excitation and yellow lumines-

cence rays are then propagated through the 

3-D model with portions of the fl ux of each ray-

allocated for absorption, specular refl ection 

and transmission, luminescence and scatter. 

From the ray traced model, it is possible to ana-

lyze lumens exiting, absorbing and incident at 

the component and system levels, as well as 

candela distributions, optical effi  ciency, lumi-

nance and radiance metrics. 

Luminescence simulation

To simulate luminescence, TracePro traces 

rays from the LED excitation source to the 

phosphor. It calculates excitation effi  ciency, 

bulk absorption, path length, absorbance and 

absorption at the phosphor material. Th e fl ux 

in each ray is spectrally weighted as the area 

ratio of the emission curve. Th e ratio is the 

integral under emission curve within the 

spectral band divided by the integral under 

the entire emission curve. The resulting 

emission rays are then traced throughout 

the LED model. 

Discrepancies between phosphor down-

conversion white LED models and experimen-

tal data will arise if luminescence simulations 

do not account accurately for path length-

related absorbance and absorption, and the 

phosphor’s particle size and particle density. 

Th e models described herein account for par-

ticle size and den-

sity in their excita-

tion and emission 

spectra and for 

particle density in 

molar concentra-

tion. Given these 

inputs, algorithms 

in the software 

ca lculate path 

length-dependent 

absorbance and 

absorption. The 

measured bulk 

scatter property of the phosphor formula-

tion that is integrated into the model also 

accounts for the phosphor’s particle size and 

density. 

Analysis

From the white LED model, it is possible to 

analyze luminous fl ux, relative spectral power 

distribution, angular intensity distribution 

FIG. 5. Relative angular polar radiation pattern of blue LED source.

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

M SaGEF

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

M SaGEF

http://www.qmags.com/clickthrough.asp?url=www.asymtek.com/applications/LED&id=13781&adid=P39A1
http://www.qmags.com/clickthrough.asp?url=www.LEDsmagazine.com&id=13781&adid=P39E1
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=13781&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=13781&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=13781&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=13781&adid=logo


Having�a�HEAT�Problem???

We�have�the�Solution�–�We�have:

Aluminum�Clad�PCB’s

Universal�Sales�Company�/�Ozark�Circuits

sales@uscpcb.com�or�sales@ocipcb.com

www.uscpcb.com /�www.ocipcb.com

727�393�3900�/�417�864�5004

optical modeling | PHOSPHOR LEDs

and viewing angle at a 

defi ned plane in the model. 

It also possible to analyze 

color criteria includes CIE 

chromaticity coordinates 

(x, y) and the CCT at any 

defi ned plane in the model. 

In Fig. 6, TracePro’s Candela 

plot displays the luminous 

intensity or fl ux per solid 

angle.

Summary

Opto-mechanical Monte 

Carlo ray-trace simulation 

has been instrumental in the 

continuous improvements in 

effi  ciency, fl ux, maintenance 

and cost of white LEDs. How 

closely the software model 

predicts the actual device, 

however, remains dependent 

on the validity, accuracy and 

precision of the assumptions and optical prop-

erty values attributed to each component in 

the system. For this reason, it is critical that 

the design software’s user interface calls for 

accurately measured data inputs that are 

readily available to the designer.

Furthermore, in the case of the phosphor 

down-conversion white LED design forms, 

accuracy of results is also dependent on the 

fundamental algorithms used to simulate 

luminescence. More sophisticated simula-

tion algorithms, combined with the capa-

bility to include accurately measured data 

inputs, give engineers and materials scien-

tists more control over the design process to 

quickly reach best performance and lowest 

cost.  
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M
any opportunities to save energy exist 

in the commercial building environ-

ment. Besides the off er of high effi  -

cacy, extended operating life and reduced 

maintenance, significantly reduced power 

consumption favors the eventual conversion of 

most lighting uses to solid-state sources, most 

particularly LEDs. To underscore this conten-

tion, after three years of relatively slow growth, 

the market use of LEDs has virtually exploded 

into double-digit growth in the past two years, 

particularly in fi xed position applications like 

architectural lighting. Th e U.S. Department 

of Energy estimates that if LEDs become stan-

dard technology in indoor white-light niche 

market applications, 108 TWh of electricity 

could be saved per year, which is equivalent to 

1.1% of total annual primary energy consump-

tion and 13% of electrical energy consumption 

for lighting in the U.S. in 2007 [1].

However, one of the subtle obstacles fac-

ing LEDs, despite their otherwise compel-

ling benefi ts, is that driver circuits for these 

devices must include power conversion 

capability to transform alternating-cur-

rent (AC) branch distribution voltages (typ-

ically 277 V AC) to low-voltage direct-cur-

rent (DC) power. While this process is fairly 

simple, it adds cost and can reduce the oth-

erwise extraordinary power conversion effi  -

ciency of the LEDs themselves. It is like put-

ting a brick wall in front of each device or 

light engine. Given today’s typical building 

AC power distribution infrastructure, there 

is not much choice. 

Of course, LEDs are not the fi rst devices 

to run into this brick wall; all digital devices 

used in commercial buildings have the same 

issue – they are DC devices trying to exist 

in an AC environment. 

This problem includes 

computers, printers, 

cell phone chargers and 

assorted other personal 

use devices, as well as 

basic building controls, 

sensors, HVAC actua-

tors, security systems 

and A/V systems. It is the 

latter part of this list that 

increasingly has become 

a larger portion of the 

f ixed building infra-

structure’s use of power. 

Even state-of-the-art high effi  ciency fl uores-

cent lighting systems take an effi  ciency hit 

because all electronic ballasts have a front 

end that converts AC input voltage to DC volt-

age. Electronic ballasts require DC voltage to 

effi  ciently drive fl uorescent lamps at high fre-

quency as well as to facilitate dimming, pro-

grammed starts and assorted other digitally 

managed tasks. Typical AC to DC conversion 

effi  ciencies range between 85% and 92%.

Power generation dilemma

Th e situation is not much diff erent on the 

power generation side when site-based photo-

voltaic (solar), wind or other alternative gener-

ation is put into play. Th e native DC power gen-

erated by these increasingly effi  cient sources 

must be converted and synchronized with the 

utility-based AC power – meaning it typically 

is converted to 60Hz AC power. Th is comes at 

a higher initial investment cost for inverters, 

isolation, controls and noise fi lters, and a sig-

nifi cant operating effi  ciency loss. 

Making matters worse is the sometimes 

necessary use of a UPS battery-based back-

up system, which nearly doubles the ini-

tial loss, as DC power is converted to AC 

two times before making contact with the 

devices. To put this in perspective, because 

of accumulated conversion losses, a typical 

device in a building data center will only see 

half the power that was fi rst measured and 

paid for at the utility power meter. Th is sta-

tistic does not even take into account any 

power used in cooling to compensate for 

any waste heat that can escape back into 

the occupied environment. 

Society has been headed for a digital, DC-

powered world at break-neck speed, while 

powered by an analog, AC-powered infra-

structure that has not changed much in 

more than 100 years. And if you’re not yet 

convinced, look at the statistics concerning 

the use of external power supplies [2]. 

In 2008 alone, 3.2 billion external power 

supplies will be manufactured worldwide. 

Also in 2008, 737 million external power sup-

plies will be shipped to the U.S. and 434 mil-

lion external power supplies will be retired 

in the U.S. alone. Only 12.6% of them will be 

recycled, resulting in 379 million external 

power supplies going into landfi lls.

DC power distribution favors LED lighting

A low-voltage DC power standard could accelerate the conversion to LED lighting 

and create an enabling infrastructure for the workplace, write

BRIAN PATTERSON and PAULA ZIEGENBEIN.

BRIAN PATTERSON is chairman of the EMerge Alliance (www.emergealliance.org) and GM, 

Business Development, Armstrong World Industries. PAULA ZIEGENBEIN is an application 

marketing manager with Osram Sylvania. 

Schematic of a typical ceiling-based plug-and-play DC 

system. Picture courtesy of Armstrong World Industries and 

the EMerge Alliance Corp. 
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Th ese statistics do not include transformers 

inside ballasts and other internal power con-

version devices. A conservative estimate would 

easily double the numbers if it counted all the 

AC to DC power conversions made each year, 

and added a double-digit compound average 

annual growth rate on top of that fi gure. 

Adding a hybrid distribution layer

One solution to this dilemma, however, par-

ticularly favors the use of solid-state devices 

like LED light engines and lighting fix-

tures. Taking the form of a hybrid distribu-

tion layer of low-voltage (typically 24 V DC) 

power, it does not replace AC in a building, 

but complements it. After all, there are still 

some high-current loads that favor the use 

of AC power. Th e goal is to effi  ciently aggre-

gate or eliminate multiple AC to DC conver-

sions, thereby making devices simpler, safer 

and more fl exible in use. 

Why add DC? Two reasons:

Effi  ciency: Both alternative power genera-

tion and device consumption becomes more 

effi  cient with the consolidation or elimina-

tion of poor and highly fractionated power 

conversion. 

Cost: More and more devices, like LEDs, are 

native users of DC power, and therefore can 

be easier to build and smaller when directly 

connected to DC power.

Why low-voltage? Two reasons: 

Safety: Low-voltage power allows use of 

greatly simplifi ed and less expensive class-2 

wiring [3] and device protection, greatly 

reduces spark and fi re hazards and elimi-

nates shock/startle hazards.

Flexibility: Low-voltage power allows for 

‘hot-swap’ plug-and-play connectivity that 

essentially can be embedded into existing 

building structure and elements, i.e. sus-

pended ceiling grid, modular furniture, etc.

A typical ceiling-based plug-and-play DC 

system might look like the fi gure on p. 43. 

Safety, fl exibility, effi ciency, and cost

Couple these basic benefi ts with the enor-

mous capability off ered by either digital RF 

or power line carrier (PLC) device controls, 

and the result is a system with the prom-

ise to deliver near-wireless capability all 

around (power and signal), eliminating the 

need for battery-powered switches, sensors 

and controls. 

By providing convenient direct access to 

safe power (low-voltage, DC), such a system 

could:

1. Make it easier and less expensive to install 

lighting fi xtures, sensors and other devices 

and simpler to repurpose and reconfig-

ure future renovations without building or 

device re-wiring so buildings can resume 

operation sooner.

2. Help dramatically reduce technology 

upgrade costs for new technologies such as 

LED lighting, while reducing energy con-

sumption via state-of-the-art device control 

and digitally integrated load and source man-

agement that can enable higher resolution 

control, metering and demand response

3. Promote sustainability with simpler sys-

tem devices that have fewer materials with-

out AC to DC conversion components and 

through use and reuse of system devices 

with interoperable plug-and-play mobility 

and simplicity.

4. Facilitate the direct connection and effi  -

cient use of energy from solar, wind, or other 

native DC alternative energy sources.

5. Allow facility technicians to quickly and 

safely move or re-install lighting fi xtures and 

other low-voltage devices without the need to 

shut down branch power lines or otherwise 

signifi cantly interrupt area occupants.

New commercial DC power standard

In a move aimed at addressing existing prob-

lems and increasing the fl exibility, effi  ciency 

and sustainability of commercial buildings, 

a group of visionary companies recently 

announced in November 2008 the cre-

ation of an organization called the EMerge 

Alliance™. Th e Alliance is leading the cre-

ation and deployment of a new power, con-

trol and device-level technology standard for 

commercial interiors, developed around the 

use of safe, low-voltage DC power.

Founding members of the Alliance at the 

Governing level include Armstrong World 

Industries, Johnson Controls, Nextek Power 

Systems, Osram Sylvania and Wave. Having 

worked behind the scenes on this concept for 

the last several years, the alliance offi  cially 

launched in November 2008 and currently has 

council and membership representing over 25 

well-known companies, agencies and indus-

try experts in the following fi elds: architec-

ture/design; electrical and mechanical engi-

neering; sustainability consultants; energy 

providers; building owners/developers; gov-

ernment; code and industry groups; product 

manufacturers in lighting, power supplies, 

electrical systems, cabling, HVAC sensors and 

controls; and A/V and security, building auto-

mation, and interior systems (ceilings, walls, 

and furniture).

Membership in the alliance is open, with 

tiered rights and privileges. Representation is 

given at the organization level with one vote 

per organization, depending upon member-

ship type. Th e alliance hopes to draw from 

a broad and deep pool of industry leaders 

involved in the design, construction and man-

agement of commercial buildings to create 

an enabling infrastructure that prepares the 

workplace for the future of DC power.

A step in the right direction

Th e central features of the proposed EMerge 

standard include the selective and scaleable 

distribution of low-voltage DC power within 

common infrastructures already present in 

commercial interiors, as well as improve-

ments in the optional use of on-site alter-

native energy through providing a means of 

direct and more effi  cient connection between 

these new energy sources and interior electri-

cal loads, such as lighting and controls.

Th e belief is that this new commercial tech-

nology standard will also provide a platform 

for innovation to create even more energy effi  -

cient and individually controllable devices 

for the future, including new forms of LED or 

other solid-state general lighting devices. In 

essence, the alliance is focused on the nexus 

of today’s top priorities for building owners – 

energy savings and adaptability. Sustainabil-

ity-minded building owners are looking for 

leading-edge technologies that can provide 

a faster return on their investment in clean 

energy. Th is new standard is a deliberate and 

empowering step in that direction.  
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N
o one disputes the obviously bright 

future of LED technology in the 

emerging 21st century market-

place for general illumination. Th e bright-

ness of that future, however, can blind the 

unwary to the broader context of compet-

ing and complementary lighting technolo-

gies emerging to share the same future.

“We get a lot of inquiries about the coming 

of LEDs as the lighting savior of energy effi  -

ciency and brilliance,” quipped Kelly Cun-

ningham, outreach coordinator of the Cal-

ifornia Lighting Technology Center (CLTC; 

Davis, CA). “One of the things we usually tell 

people right away is that we are a research 

lab. We are technology agnostic or neutral 

and position ourselves to look at a broad 

technology spectrum.”

Th e broad spectrum at the CLTC includes 

daylighting, luminaire technologies, com-

pact and electrodeless fl uorescents, LEDs, 

metal halides and other emerging technol-

ogies. CLTC advisors find a combination 

of technologies most beneficial in many 

scenarios. Th ey also increasingly combine 

lighting technologies with control technol-

ogies to, for instance, dim the light in a park-

ing garage by 50% when no occupants are 

detected.

Th e technology agnostic approach is not 

unique to the CLTC or even to research labs 

for that matter, as indicated by discussions 

with representatives of commercial, uni-

versity and government organizations con-

cerned with lighting technology. So although 

diode fundamentalists may cry “heresy,” 

most folks actually view the broad and excit-

ing diversity of emerging illumination tech-

nologies as a natural and healthy response 

to current illumination challenges.

Replacing the light bulb

The electron stimulated luminescence 

(ESL) light bulb under development at 

Vu1 (Seattle, WA) looks like and is actu-

ally made from the same glass that makes 

incandescent bulbs (see Fig. 1). But instead 

of a tungsten fi lament, the ESL 

bulb contains an electron source 

that projects a uniformly distrib-

uted pattern of accelerated elec-

trons onto a luminescent coat-

ing on the inside of the bulb. A 

plastic sleeve in the neck of the 

bulb houses electronics that 

drive the system.

Ron Davis, chief marketing 

offi  cer at Vu1, expects to enter the 

market in a matter of months, ini-

tially with replacements for the conventional, 

incandescent R30 65-W refl ector bulbs, typi-

cally installed in home ceilings. Th ose 65-W 

bulbs produce on average 600 to 650 lumens 

and the ESL bulb will match that luminance 

at only 19 W energy usage, shooting to even-

tually get below 15 W through optimization 

of the bulb electronics, Davis said. He expects 

the product to be price- and lifetime-com-

petitive with the 65-W refl ector-bulb-shaped 

$12-$17 compact fl uorescents, but with incan-

descent light qualities that CFLs lack, such as 

a CRI of 93, a color temperature of 2800K and 

instant-on, fully dimmable operation from 

100 to 0%.

ESL bulbs also generate only half as much 

heat as incandescent bulbs, and unlike com-

pact fl uorescents, are non-toxic enough to 

meet Title 24 California standards for dis-

posal in recycling bins. Currently Vu1 is 

ramping up manufacturing capabilities to 

move from the current prototype bulbs to the 

f irst actual 

mass produc-

ible versions 

of their bulb. 

The company 

completed a $5 

million fi nancing 

round in Decem-

ber 2008. 

G r o u p  I V 

Sem iconductor 

(Ottawa, Ontario, 

Canada) is targeting the 

traditional light bulb market also, but with 

fi laments made of light-emitting, doped sil-

icon oxide thin fi lms that would essentially 

replace the tungsten in an incandescent 

bulb. Stephen Naor, CEO of Group IV, proj-

ects that, in volume, the costs of these light-

emitting elements will be low enough to 

enable manufacture and sale of high qual-

ity 1200 lumen (100W incandescent equiv-

alent) light bulbs for $4 a piece.

Th e thin-fi lm, doped silicon oxide emitters HASSAUN JONES-BEY (hassaun@gmail.com) is a technology writer based in California. 

Novel lighting technologies offer 

a future alternative to LEDs

A broad and exciting diversity of emerging illumination technologies is a natural and healthy 

response to current lighting challenges, writes HASSAUN JONES-BEY.

FIG. 1. 

Similar 

appearance, 

different 

technology: 

the Vu1 bulb uses 

electron stimulated 

luminescence instead of 

a tungsten fi lament. 
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currently sit on silicon wafers and draw their 

power directly from AC line voltages. Group 

IV is staff ed largely by former Nortel and 

JDS Uniphase employees who have experi-

ence developing lasers, also based on doped 

oxides, Naor said. Th e Group IV technology 

generates red, green and blue light indepen-

dently on the same chip, which mixes spon-

taneously on leaving the chip to produce 

white light.

Th e company expects to fi eld a product 

prototype in late 2010. In the meantime, 

they’ve established a joint development 

relationship with Applied Materi-

als (Santa Clara, CA) to adapt a stan-

dard semiconductor-industry produc-

tion tool for the fi ne process control 

required to fabricate devices that will 

meet Group IV’s performance targets. 

Interestingly, since Group IV technology 

is based on a thin fi lm, it might also provide 

area lighting similar to OLED technology, 

Naor said. Th e company’s focus at present, 

however, is on light bulbs.

Complementary technology

Th e naturally distributed light from OLEDs 

off ers a complementary lighting technology, 

not just to point-source LEDs but to the vast 

majority of existing light sources as well, 

potentially opening up numerous applica-

tions such as light partitions, mood lighting 

and canopies of light, as well as windows, 

skylights and other daytime lighting struc-

tures that could become light sources them-

selves after the sun goes down. 

OLEDs are still very much at the R&D 

stage, however. Commercially competitive 

brightness levels have already been achieved 

in the laboratory and good progress is being 

made in terms of general lighting require-

ments. But the development of manufactur-

ing processes still present major hurdles. To 

develop cost-eff ective processes for volume 

production of organic LEDs, the European 

Union is funding the CombOLED project 

(www.comboled-project.eu), coordinated by 

Osram Opto Semiconductors (Regensburg, 

Germany), as well as OLED100.eu and other 

projects. 

In the U.S., about 40% of the $15 to $20 

million annual Department of Energy (DOE) 

funding for solid-state lighting projects goes 

for work on OLEDs and the rest goes for work 

FIG. 2. Eden Park Illumination has developed a microplasma nano-technology for area 

lighting. (Courtesy: Calello Photography)

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

M SaGEF

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

M SaGEF

_________

http://www.qmags.com/clickthrough.asp?url=www.comboled-project.eu&id=13781&adid=P47E1
http://www.qmags.com/clickthrough.asp?url=www.LEDsmagazine.com&id=13781&adid=P47E2
http://www.qmags.com/clickthrough.asp?url=www.olinet.com&id=13781&adid=P47A1
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=13781&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=13781&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=13781&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=13781&adid=logo


“making our world a brighter place”

Darren Cullen - Manufacturing Sales Manager  

NSH, Unit 2 Trillennium, Gorsey Lane, Coleshill,Warwickshire, B46 1JU,

United Kingdom

m + 44 (0) 7875306959, t +44 (0) 1675 467971, 

e darren.cullen@nsh.co.uk, www.nshelectronics.com

� End - to - end manufacturing solution for Global LED, OEMs

� 100% Quality Assurance

� Dedicated account management.

� Market leading quality and process technology 

� A dedicated team for "new product introduction" 

� Low, Medium Volume, High Complexity Batch Production 

� Design, SMT and TH placement Box build, test and logistics

� Full material procurement

� On time delivery 

� W.E.E.E. Compliance Partnership

lighting | NEW TECHNOLOGY

48 JANUARY/FEBRUARY 2009 LEDsmagazine.com

on LEDs, according to James Brodrick, light-

ing programs manager at the DOE. The 

money is usually spread over between 40 and 

60 companies, working on projects of about 

three years in duration. 

As with LEDs, however, competitive 

technologies and products are being devel-

oped by folks who hope to deliver the gen-

eral illumination promise of OLEDs before 

OLEDs can. For example, Eden Park Illumi-

nation (Somerset, NJ) has developed a 

microplasma nano-technology for area 

lighting (see Fig. 2). An anodized alu-

minum mesh creates the thin dielec-

tric barrier structure for a two-dimen-

sional array of 500-micron-diameter 

cavities. These are filled with non-

mercury-based emissive material and 

sandwiched between an aluminum 

electrode layer at the bottom and a 

transparent window at the top.

Application of an electric f ield 

between the bottom electrode layer 

and aluminum electrodes in the dielec-

tric barrier layer creates a microplasma 

light source in each microcavity with 

color determined by the emissive mate-

rials and also by phosphor coatings (if 

used to produce white light for instance) on 

the transparent window layer.

“Th ese fl at light sources give a homoge-

nous white light output with brightness on 

FIGURE 3. Pemco 

Lighting Products 

has developed a 

prototype fi xture 

for street lighting 

using Luxim’s 

LIFI(R) STA-40-01 

source (inset).
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the order of 13,000 candelas/m2, even in 

early demos,” said CEO Philip Warner. “And 

we expect to get considerably brighter. In 

terms of efficiency, we’re looking at 30 

lm/W right now with an aggressive road-

map towards 100 lm/W.” Th e company is 

now in the industrialization phase, which, 

by the end of 2010, is expected to result in 

a low-cost and environmentally recyclable 

product, manufactured on the same type of 

equipment that is used to create plasma dis-

play panels.

The fi rst thing to go

Induction lighting, provided by Osram and 

several other lighting companies, uses vari-

ous methods (magnetic coils outside of the 

fl uorescent tube in Osram’s product), instead 

of electrodes within the tube, to directly cou-

ple energy through the glass enclosure and 

into the mercury vapor. Since electrodes 

are often the fi rst things to go in fl uorescent 

bulbs, induction lighting achieves lifetimes 

up to 100,000 hours, while off ering lumi-

nous effi  ciencies in excess of 70 lm/W. CLTC 

often recommends them for large indus-

trial or institutional settings, such as park-

ing garages and prisons.

Electrodeless plasma lighting, which has 

recently begun to emerge onto the market is 

similar to induction lighting in that no elec-

trodes are used, but the energy is transmit-

ted using radiofrequency radiation, rather 

than magnetic induction. One product 

based on this technology is already off ering 

almost twice the luminous effi  ciency of tra-

ditional induction lighting at brightness lev-

els suitable for an entirely diff erent range of 

applications now served primarily by 400W 

metal halide lamps. Th e bulb in these plasma 

devices contains a gas, which is transformed 

into plasma by radio-frequency (RF) energy, 

and metal halide salts that are vaporized by 

the gas plasma to give off  white light. Th e 

actual frequency of the RF power source 

can vary, depending on the manufacturer, 

from hundreds of MHz in the case of Luxim 

(Sunnyvale, CA) to microwave in the case of 

Ceravision (Milton Keynes, England).

Luxim’s fl agship product, the LIFI STA 40, 

was launched last November for sale to fi x-

ture manufacturers, said Julian Carey, VP of 

marketing (see Fig. 3). Th e product provides 

about 20,000 lumens and targets applica-

tions such as street, façade and entertain-

ment lighting, and Luxim is ramping up pro-

duction. Th e technology for the company’s 

solid-state 400 and 800 MHz RF amplifi er 

system comes from the cellular communi-

cations industry.

Th e 20,000 lumen LIFI light source oper-

ates at 275 W to provide the same illumi-

nation as the 460-W metal halide bulb it is 

replacing and off ers a directional source, 

as do LEDs, providing effi  ciencies within 

fi xture designs on the order of 90%. While 

pricing varies with volume, the LIFI prod-

uct costs roughly three times more at ini-

tial purchase than the metal halide compe-

tition, but pays back the diff erence in about 

3 years, Carey said.

Luxim is not considering residential light-

ing at this time. Ceravision, however, with 

electrodeless plasma technology based on 

microwave energy, is (according to its web 

site) developing product solutions for a range 

of potential markets, including residential 

and automotive. 

LINKS

Ceravision: www.ceravision.com

CLTC: cltc.ucdavis.edu

Eden Park Illumination: www.edenpark.com

Group IV Semiconductor: www.groupivsemi.com

Luxim: www.luxim.com

Vu1 Corporation: www.Vu1.com

OLEDs: www.ledsmagazine.com/OLEDs
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www.coilcraft.com 800/322-2645

®

RoHS
COMPLIANT

®

IC reference designs are
a good start. But what if
you want to optimize the
driver inductor for size,
efficiency or price?

Or evaluate newer,
high performance parts
that weren’t available
when the reference design was created?

Then you’ll want to check out the new

LED Design Center on the
Coilcraft web site. It’s filled
with interactive tools that
let you compare hundreds of
inductors for all LED driver
topologies, including SEPIC.

To start your
search for the per-

fect LED driver inductor, mouse
over to www.coilcraft.com/LED

Our new LED Design Center lets you:
d Search by IC to find all matching inductors
d Compare DCR, current rating, size and price

d Analyze all core and winding losses
d Request free evaluation samples

www.coilcraft.com/LED

How to pick the perfect inductor
for your LED driver application
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L
EDs had their fi rst backlighting suc-

cesses in small, battery-powered devices, 

such as mobile phone handsets, thanks 

to their brightness and high effi  ciency. Now 

these and other performance characteristics 

are likely to make them successful for back-

lighting computer displays and televisions as 

well, where they may ultimately replace cold 

cathode fl uorescent lamps (CCFLs) that cur-

rently serve this purpose. 

Th e potential advantages LEDs have over 

CCFLs are formidable: they consume less 

power, last about fi ve times longer, are more 

effi  cient, can reduce display thickness, are 

dimmable in fi ne steps, use low-voltage driv-

ers and do not contain mercury and other 

hazardous substances as do CCFLs. How-

ever, it’s important to remember that behind 

every successful LED-enabled backlighting 

application are driver ICs that optimize the 

performance of the LEDs, protect them from 

a wide range of potentially damaging sce-

narios and ensure consistent visual quality 

over the life of the display. 

Understanding the many functions per-

formed by driver ICs and how they aff ect dis-

play performance enables designers to poten-

tially reduce subsystem size and cost by closely 

matching the driver to its application.

Although CCFLs age faster and have a 

shorter operating life than LEDs, the eff ects 

of aging, in which LED characteristics change 

over time, can still be a major challenge for 

LED backlighting designers. Whereas aging 

is not a primary issue in applications using 

only white LEDs, it can be a signifi cant prob-

lem with RGB (red, green, blue) LEDs, since 

they age at diff erent rates. To help 

maintain display uniformity, 

which can also be affected by 

diff ering materials and manufac-

turing variations, the backlighting 

driver IC compensates for LED changes 

that develop over time.

Voltage and current specs

Among backlighting driver ICs, there are 

wide variations in the range of input volt-

ages they can accept. Th ose with a narrow 

voltage range will be limited in the applica-

tions for which they are suited and may be 

unable to withstand the broad input voltage 

swings and other transient conditions that 

occur in service. 

Th e driver’s maximum output voltage is 

also a key parameter because the number 

of LEDs a driver can support is determined 

by its maximum output voltage as well as 

the number of channels. Driving more LEDs 

in series can reduce cost and require fewer 

channels, but since each LED can produce a 

voltage drop of 1 V to 4 V, the driver IC must 

have suffi  cient output to compensate by han-

dling the voltage drop that occurs among all 

the LEDs in the array.

Th e maximum current a driver can deliver 

per channel is important. Th is current must 

be matched to the requirements of each 

design, with emphasis on the employed LED 

type. For example, LEDs specifi ed in most 

portable applications draw 20 to 30 mA, while 

monitors and TVs typically use LEDs that 

consume 40 to 120 mA. Some applications, 

however, use LEDs that draw up to 350 mA.

Th e number of channels off ered by today’s 

driver ICs ranges from just a few to 16 or more. 

A 16-channel driver with lower output may 

support only fi ve LEDs in series (80 LEDs), 

while a 10-channel driver with higher output 

voltage may drive up to 16 LEDs in series (160 

LEDs). Th e goal in each case is to satisfy the 

needs of the backlighting system using as few 

drivers as possible in order to reduce cost and 

complexity. For both output voltage and out-

put current, higher values are generally bet-

ter, but it is important to keep in mind that 

drivers with high voltage and high current 

cost more than their less powerful siblings.

Maintaining system performance by using 

driver ICs to control and compensate varia-

tions in LED characteristics becomes a more 

daunting task as display sizes increase. For 

example, the number of LEDs a panel employs 

can vary from 30 in a 10-inch computer dis-

play to more than 1,000 in a large TV. As the 

light output of these LEDs is dependant on the 

current, it is very important that the current 

for all LEDs be tightly matched to compen-

sate for device-to-device variations. Failure to 

minimize these variations will cause percep-

Driver IC design ensures optimum 

performance of LED backlighting

LED backlight drivers are the “wizards behind the curtain” that ensure a display’s 

visual performance will remain as specifi ed regardless of the operating conditions, 

says MICHAEL JENNINGS.

A 16 x 10-channel LED board used for 

evaluating LED backlight driver ICs.

MICHAEL JENNINGS is market segment manager with the Analog, Mixed Signal and Power 

Division of Freescale Semiconductor (www.freescale.com), based in Tempe, Arizona, USA. 
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tible diff erences in lighting uniformity across 

the display. Th e driver’s ability to maintain a 

tight tolerance over current variation is dic-

tated by its current-matching specifi cation. 

A good fi gure of merit is +/-2% or better for 

notebook computer and monitor applications 

and +/-1% for TVs.

Pulse-width modulation considerations

Some LED properties vary with LED current, 

so it is desirable to perform the dimming func-

tion using a pulse width modulation (PWM) 

control scheme that maintains a constant cur-

rent in the “on” state. Some notebook comput-

ers use direct PWM control while other sys-

tems use an external PWM control signal. 

Choosing a driver with an onboard PWM gen-

erator simplifi es overall system design. Some 

driver ICs have internal PWM generators but 

also support external ones.

Another driver IC consideration is avoiding 

audible noise that can arise when backlight-

ing applications employ PWM frequencies 

below 1 kHz and use low-cost ceramic capac-

itors (most of today’s systems use 200 Hz to 1 

kHz). Th e noise is often caused by slower driv-

ers that do not provide a good range at higher 

frequencies. Th is problem can be avoided by 

choosing a device like Freescale’s MC34844 

10-channel LED backlight driver that supports 

a wide range of PWM frequencies, including 

those above the audible range. Some drivers 

can also synchronize themselves with other 

devices or an external source to remove cer-

tain visual artifacts as well as the possibility of 

noise caused by beat frequencies and harmon-

ics resulting from device interaction.

Th e granularity, or precision, with which a 

driver can dim an LED depends on its num-

ber of bits and its speed. Th e greater the 

number of bits, the fi ner the increments into 

which the PWM signal can be “sliced,” which 

makes dimming control more precise. For 

example, the MC34844 has eight bits, which 

allows LEDs to be dimmed to any of 256 lev-

els and makes it suitable for notebook com-

puters and monitors.

To ensure a precise square-wave output 

pulse, even with very low duty cycles, and 

tighter current matching and a more linear 

dimming range, transition time between 

low and high PWM states should be short 

(on the order of 50 ns). Drivers that pro-

vide linear dimming down to one least sig-

nifi cant bit (LSB) at a high PWM rate, such 

as 25 kHz, provide the best performance. 

However, transition time should not be too 

short because higher frequencies can cause 

ringing and other forms of electromagnetic 

interference. Speeds of about 50 ns satisfy 

this requirement and optimize effi  ciency.

A communications interface is desirable 

when the driver is employed in backlighting 

applications, but it’s essential when the device 

has an on-board PWM generator. Th e most 

common interface is the inter-integrated cir-

cuit (I2C) type. For systems requiring high-

speed update, the low voltage diff erential sig-

nal (LVDS) scheme is becoming popular.
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Boost converters 

Drivers with integrated boost converters 

eliminate the need to implement this func-

tion externally. An integrated switch is pre-

ferred because it eliminates the potential for 

EMI caused by board interconnects, reduces 

the bill-of-materials, saves PCB board space, 

and removes the need for the designer to spec-

ify a transistor that is well matched to the 

driver. Boost frequencies vary widely and are 

sometimes programmable. Higher frequen-

cies, such as 1.2 MHz, have the advantage of 

using smaller inductors and capacitors.

A dynamic headroom control scheme, also 

essential, measures the forward voltage of all 

LED strings connected to the boost converter 

and automatically adjusts the output voltage 

to the minimum value required to drive them. 

Th e result is less voltage drop across the lin-

ear drivers in the current mirrors and lower 

driver power dissipation, which increases over-

all effi  ciency.

If a driver IC has optical loop control, it pro-

| web exclusive
Nualight reduces M&S energy costs 
Marks & Spencer, a leading UK-based food retailer, has used LED 

lighting from Nualight to help reduce the energy footprint of some of 

its stores. Nualight embedded its Vantium Porto LED luminaires into 

refrigerated display cabinets from SPG, replacing fl uorescent case 

lighting that consumed 384W with LEDs consuming 174W. Positive 

customer reactions are another important advantage, as explained in 

the case study at www.ledsmagazine.com/features/6/1/5. 

vides the ability to use an optical sensor to 

compensate for LED temperature and aging 

variations. Optical sensors can also be used 

to adjust backlight brightness in response to 

changes in ambient conditions, such as dim-

ming the display in dark environments. Th er-

mal sensors may abe used to compensate for 

temperature-related eff ects.

One of the most important functions a 

driver IC can provide is the ability to protect 

both itself and the LEDs. Short and open pro-

tection for the LEDs allows backlighting to 

continue when an LED or LED string fails. 

Over-voltage, over-current, and over-temper-

ature protection guard both the driver and 

the LEDs. Under-voltage lockout ensures that 

the driver does not operate outside of its spec-

ifi ed range, which can lead to incorrect opera-

tion of the device.

In summary, a driver IC is a stabilizing 

force that ensures a system's visual perfor-

mance will remain as specifi ed under all oper-

ating conditions, allowing the LEDs to deliver 

superior image quality and effi  ciency. 
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D-LED ILLUMINATION TECHNOLOGIES

D-LED’s MegaACE-ER-SD is a Professional LED engine  

engineered for use in The Entertainment, Media, and Architectural 

markets.

Enables Flicker free light with full control over dimming at any power 

level, controls up to 432 LEDs (350mA) or 216 LEDs (700mA). 

Stand alone or DMX512 controlled, and features other operating 

modes as well. “CE”, “FCC”, “cTUVus” approved, and drives all 

“high brightness”, “current regulated” LED’s on the market today.

Tel: +972-9-7444-222 

Fax: +972-9-7466-466 

Email: info@d-led.net

e l d o L E D

Colour and dimming control with 

the turn of a dial

DimWheel Colour by eldoLED: one-button dimming and colour 

control. Connect LED drivers and other DMX-compatible 

luminaires to the DimWheel Colour for fine colour mixing and 

dimming or on/off control. DimWheel Colour measures 40mm 

by 48mm. Screw terminal blocks and threaded encoder guaran-

tee easy connection and mounting.

Tel: +1-408-451-9333 (USA) 

+31-40-2054050 (other countries)

Email: NAsales@eldoled.com (USA)

sales@eldoled.com (other countries)

Web: www.eldoled.com

e l d o L E D

World’s smallest RGBW driver/

controller

L-Dot Pico by eldoLED: 15 Watt, DMX-compatible RGBW 

LED driver/controller for 350mA – 700mA high-power LEDs 

in a 25mm diameter package – the ideal choice for in-fixture 

spot applications. Pico offers 15-bit resolution per channel 

allowing accurate dimming and colour mixing. Pico is available 

in a 1-, 2-, 3- and 4-channel version, all equipped with an NTC 

interface for robust thermal control.

Tel: +1-408-451-9333 (USA) 

+31-40-2054050 (other countries)

Email: NAsales@eldoled.com (USA)

sales@eldoled.com (other countries)

Web: www.eldoled.com

D O N G G UA N  K I N G S U N 

O P TO E L E C T RO N I C  C O. , LT D.

Intelligent respiratory system  

of Kingsun

Utilizing professional respiratory device GORE, the system is 

able to balance effectively the inner and outer pressure caused 

by cycle of warming and cooling of lamp body, which shapes 

into an efficient system of waterproof 

and dust proof. Thus, to  

effectively extend the lifespan of 

lamp can be achieved.

Tel: +86 (0) 769-83395677, 83395678

Fax: +86 (0) 769-83395679

Email:  ks_sherry@kingsun-china.com

Web: www.kingsun-china.com
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cont. from page 56

tive for high-volume general lighting appli-

cations that will support a rich ecosystem of 

commercial off -the-shelf suppliers. Modules 

that provide standardised combinations of 

LEDs, drive and control electronics, heat-

sinks and optics can help reduce the cost of 

many high-volume lighting applications and 

accelerate lighting manufacturers’ time-to-

money. We expect to see many developments 

in this arena in the coming months.

Every step that makes the design and devel-

opment of solid-state lighting applications 

quicker and simpler will ease the culture of 

caution that aff ects LEDs in the mainstream 

lighting industry. Ultimately, every participant 

in the solid-state lighting value chain has their 

part to play in helping lighting industry deci-

sion-makers understand the benefi ts to their 

businesses and how this unstoppable migra-

tion will benefi t their customers.

Traditionally, electronics distributors 

focus their customer service eff orts on prod-

uct designers and manufacturing engineers. 

Th at’s not enough. We need to reach the deci-

sion-makers who will help steer lighting busi-

nesses to completely appreciate the risks and 

benefi ts of implementing solid-state lighting.

If I had to sum up what’s required in one 

sentence, it would be that we must make LED 

lighting solutions simple — indeed, we have 

made this our mission. In time, the eff orts I 

have described will produce a greater accep-

tance of LED technology, and this in turn will 

lead to the mass adoption of solid-state light-

ing. A concerted industry eff ort in this direc-

tion will deliver the continued growth that 

we all want to see. Th is could very well be the 

brightest light in a diffi  cult economy.  

Future Lighting Solutions is a franchised sup-

plier of LED lighting products, solutions and 

services to the lighting industry. 
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LY N K  L A B S  I N C .

AC LED Light Engines

Breakthrough - Simple LED Retrofit Product Design Solutions

Efficient��

Simple��
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Contact: Lynk Labs Inc.  

Tel: 847.783.0123 

Fax: 847.783.0130

Email:  ACLED@lynklabs.com

AC LED light engines accelerate and simplify LED product design and integration. Bulb n’ Ballast Solutions For LEDs

Green Lighting Technologies
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M AC RO B L O C K , I N C .

Save the power of your LED signs and run the full panel error 

detection easily with Macroblock’s superior constant current 

LED driver-MBI5037. MBI5037 features include:
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Web: www.mblock.com.tw 

S P E C T RU M  P L A S T I C S  G RO U P 

Meet Challenging Demands in 

Growing LED Market

Spectrum Plastics Group has 10+ years manufacturing  

experience in LED industry of thermoplastic optical lens. 

Meeting high temperature reflow soldier requirements and  

providing tight tolerance at high volumes in LED market is a 

core technology. 

Tel: 203-736-5200

Fax: 203-732-2075

Email: terwin@ct.

spectrumplasticsgroup.com

Web: www.spectrumplasticsgroup.com

T H E R M A S T R AT E  LT D.

Unleashing the power of HB LEDs

Delivering thermal conductivity of up to 140W/mK with 

integrated interconnects and Direct-to-Heatsink solutions, 

Thermastrate’s Flexitherm® and Ultratherm® products give  

best-in-class thermal impedance and remove thermal barriers to 

guarantee higher performance of your HB LED assemblies.

����!���j	���������������	���

��{������$��"���	������

��|����"�$�[���������

������
�}�$�������	�����

��|����"�$���
��[�
��

��~$$�$�<	�������
��

Tel: +44 1670 717830

Email: info@thermastrate.com

Web: www.thermastrate.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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A
well-established component distri-

bution model has served the elec-

tronics industry for many years, sup-

porting OEMs with technical information and 

engineering resources, as well as providing 

global logistics and inventory services that 

streamline the manufacturing process.

For over 40 years now, Future Electron-

ics — the parent company of Future Light-

ing Solutions — has been at the forefront of 

electronics distribution. Helping the lighting 

industry bring LEDs into the mainstream, 

however, requires extending this model. Dis-

tributors must take additional measures 

such as investing in more in-depth techni-

cal and commercial support and enabling 

the proliferation of easy-to-use solutions in 

order to accelerate adoption.

The early adopters who developed the 

fi rst LED-based lighting had to build new, 

custom-engineered light engines and lumi-

naires from the ground up. They exper-

imented with different combinations of 

LEDs, optics, and control electronics.  Th e 

traditional strength of electronics compo-

nent distributors — supplying and support-

ing a wide variety of components to systems 

designers — played well in this fi rst phase of 

the industry’s development. 

I believe, though, that growth will pla-

teau if we do not extend the model beyond 

service and supply. Th e mass adoption of 

LEDs, which we are all so eager to see, will 

come when LED-based light sources are the 

de-facto preferred and optimal solution for 

many applications.

Th e technological advances in the design 

and manufacture of LEDs, as well as comple-

mentary technology, have enabled us to get 

to where we are today. We still have a huge 

role to play in overcoming the last of the bar-

riers to mass adoption.

Th e barriers that remain are of three kinds: 

technical, commercial and cultural: 

Technically, a skills gap diminishes the 1) 

ability of the lighting industry to implement 

LED-based luminaires quickly and easily. 

Accustomed to using the incandescent lamp 

as its light source, the indus-

try lacks widespread familiar-

ity with engineering concepts 

such as drive and control elec-

tronics, thermal management 

and optics. 

For many years, luminaire 2) 

manufacturers have worked 

with standards: for systems and 

light sources.  While standards 

for solid-state lighting-based 

systems are being worked on, 

their absence has created a 

challenge to adoption for companies who are 

taking a wait-and-see approach. Yet, this is a 

market opportunity for fi rst-movers!

Culturally, mainstream lighting compa-3) 

nies are most at home in the incandescent 

world. Many aspects of solid-state lighting 

— how they cast light, how they are inte-

grated into equipment, how long they last, 

how much they cost — are unfamiliar, and 

so it is not always obvious to lighting com-

panies how to make decisions about invest-

ing in this new technology. 

All of these barriers can be overcome in 

time. Indeed, many of the initiatives imple-

mented or in development by Future Light-

ing Solutions already address them. While 

Future Lighting Solutions has some of the 

answers, it will be the creativity and deter-

mination of all the key players in the solid-

state lighting industry that will lead to the 

eventual achievement of mass adoption.

In relation to the technical barriers to adop-

tion, it is clear that distributors can do much to 

bridge the gap for lighting industry customers. 

In truth, this requires signifi cant expertise in 

engineering. And this expertise, in many cases, 

can only be gained after a con-

siderable amount of investment 

and time. Our engineers can 

help customers overcome tech-

nical implementation issues 

while they develop in-house 

expertise. Customers who 

leverage our Lighting Resource 

Centres in Montreal, Shenzhen 

and (in the near future) Europe 

will receive exactly this kind of 

much needed support. 

We are also well positioned 

to develop tools to accelerate and simplify the 

design cycle for solid-state lighting applica-

tions. Every day we see the issues our custom-

ers are grappling with. In this regard, Future 

Lighting Solutions has developed unique tools 

that, for instance, simplify the processes of 

calculating the actual light output from any 

combination of LED, drive current, ambi-

ent temperature and heatsink, and calculat-

ing the expected lifetime of an LED system 

under the same conditions. Design automa-

tion provides the solution for easing the solid-

state lighting development process. 

Commercially, the environment is becom-

ing more favourable for suppliers of off -the-

shelf luminaire modules. Now, as never 

before, LEDs are a viable alterna-

Reconfiguring LED  distribution to meet 
the needs of lighting manufacturers

Driving LEDs into general lighting will require extended distribution models, says 

JAMIE SINGERMAN, worldwide corporate vice-president, FUTURE LIGHTING SOLUTIONS.

» page 54

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

M SaGEF

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

M SaGEF

http://www.qmags.com/clickthrough.asp?url=www.LEDsmagazine.com&id=13781&adid=P56E1
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=13781&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=13781&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=13781&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=13781&adid=logo


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

M SaGEF

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

M SaGEF

http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=13781&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=13781&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=13781&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=13781&adid=logo


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

M SaGEF

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

M SaGEF

______________________

http://www.qmags.com/clickthrough.asp?url=www.rohmsemiconductor.com&id=13781&adid=PCOVER 4A1
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=13781&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=13781&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=13781&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=13781&adid=logo

	Contents: 
	Zoom Out: 
	For navigation instructions please click here: 
	Search Issue: 
	Next Page: 
	Previous Page: 
	Front Cover: 
	http://www: 
	qmags: 
	com/clickthrough: 
	asp?url=www: 
	qmags: 
	com&id=13781&adid=logo: 

	ledsmagazine: 
	com&id=13781&adid=logo: 





	Page 37: 
	Page 25: 
	Page 35: 
	Page 46: 
	Page 51: 
	Page 4: 
	Page 21: 
	Page 17: 
	Page 28: 
	POP-UP: 
	p1: 
	Page 56: 
	Page 9: 
	Page 43: 
	Page 10: 
	Page 32: 
	Page 54: 
	Zoom In: 


