
www.ledsmagazine.com

TM

Technology and 
applications of light 
emitting diodes
Issue 18  January/February 2008

Installations
p30

Testing
p33

Japan
p27

Also in this issue:
Luminaires p17
Packaging p41

Prizes p12

Contents  |  Zoom in  |  Zoom out   Search Issue  |  Next PageFor navigation instructions please click here  

Contents  |  Zoom in  |  Zoom out   Search Issue  |  Next PageFor navigation instructions please click here  

http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=13405&adid=PCOVER 1E1


www.osram-os.com

Feel the difference. 
WarmWhite LED – latest improvement in the world of light 
designed for your well being. 
OSRAM delivers WarmWhite LEDs and modules for a variety of applications and designs. 
Feel the difference, feel at home with WarmWhite LED light.
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Support for energy-efficient lighting
Governments around the world are continuing to support the devel-
opment of LEDs as one of the more promising future technologies 

in energy consumption, with the consequential effect on CO2 emis-

are also a key driver for lighting installations that use 

incandescent and created a large amount of positive PR 

lamp (CFL), with some ill-informed comments sug-

strong advocates of LED lighting, when and where it 

for that matter CFLs, direct LED replacements invari-

Lemnis Lighting (see page 48) are relatively expensive, although the 

down the price/performance pathways laid out in their roadmaps, 

see for example 

a 23-30 W CFL can replace a 100 W incandescent pro-

) also contains handy hints on 
how to dispose of CFLs, since they do of course contain 

-

found at -
naires

-

-

develop, within 5 years of the date of the award, government-wide 

intelligent LED lighting (see 

strong domestic infrastructure in an emerging technology, hopefully 
-

2

Whole lotta LEDs
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WHITE RGB

Distribution was yesterday. Today is EBV. &

Sponsored by

EBV Elektronik

Avago RGB and White LED Modules from EBV

Many lighting applications require special light units. For such purposes 

Avago Technologies offers LED modules featuring compact design, outstanding 

heat discharge properties and very high light intensity.

Avago Technologies offers 24 Watt RGB LED modules (ADJD-MJxx) which 

generate virtually all the colors in the spectrum and 10.5 & 3.5 Watt warm 

white (ADJDYDxx) and cold white (ADJD-WDxx) LED modules. For all ques-

tions and support please just contact your local office of EBV Elektronik, 

Avago’s leading semiconductor specialist in Europe. 

Further information is also available under www.ebv.com/avagomodules

   MAIN FEATURES:

¬ Plug & Play

¬ Outstanding heat discharge
     properties

¬ High light intensity

¬ Long life time

¬ No soldering required
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BUSINESS

Philips buys US-based 
luminaire maker Genlyte for 
$2.7 billion
In November, Philips Electronics announced its latest spend-
ing splurge in the lighting market, when it entered into a defini-
tive merger agreement with North American luminaires company 
Genlyte Group Inc. The Netherlands-based lighting giant offered 
USD 95.50 per share, or a total of approximately USD 2.7 bn (EUR 
1.8 bn) to be paid in cash upon completion. Philips says that the pro-
posed transaction builds on its earlier acquisition of Color Kinetics 
and provides the company with a leading position in the North 

Although the deal is not all about solid-state lighting by any means, 
this was an important aspect. Theo van Deursen, CEO of Philips 
Lighting, described the deals as “another major step for Philips 
in executing its strategy to establish a global leadership position 

key application areas. It follows on our recent acquisitions of Color 
Kinetics, TIR Systems, Partners in Lighting International, as well as 
our earlier investment to acquire full ownership of Lumileds.” 

Van Deursen also said that, as well as growing the company’s 
presence in North America, the deal deepens Philips’ contacts to 
end users, such as wholesalers, contractors, architects and light-
ing designers, which will help speed up the market rollout of more 

Based in Louisville, Kentucky, USA, Genlyte designs, manufac-

wide variety of applications, including solid state lighting. 
In the year ending September 2007, Genlyte had revenues of 

around $1.7 billion. Genlyte’s lighting products are sold under many 
different brand names. Several brands have launched LED-based 
products, notably Ardee Lighting and Lightolier, which took part in 
Lightfair 2007 (see www.ledsmagazine.com/features/4/6/3). 

Just under 90% of Genlyte’s 2006 revenues were related to com-
mercial and industrial applications, with the remainder for high-end 
residential applications. A leader in the North American construc-
tion luminaires market, Genlyte sells to distributors and electrical 
wholesalers. The company’s products are also promoted through 
architects, engineers, contractors, and building owners. Genlyte 
employs approximately 6700 people. 

www.ledsmagazine.com/news/4/12/9

AWARDS

Osram LED researchers win 
German Future Prize 2007

The German Future Prize, the most prestigious award for research 
and development in Germany, has been awarded for the development 

family of LEDs. The prize, worth EUR 250,000, was awarded by the 
German President Horst Köhler to Klaus Streubel (right) and Stefan 
Illek (center) from Osram Opto Semiconductors in Regensburg, 
together with Andreas Bräuer (left) from the Fraunhofer Institute 
for Optics and Precision Engineering in Jena. 

www.ledsmagazine.com/news/4/12/9

LIGHTING

LLF reports 113.6 lm/W 
from warm-white LED lamp
In late November LED Lighting Fixtures, Inc. (LLF) announced a 
new performance milestone for a prototype LED luminaire, which 
smashes existing records. LLF built a prototype PAR 38 self-bal-
lasted lamp, which was tested under steady-state conditions by 
the National Institute of Standards and Technology (NIST) in 
Washington, DC. 

Philips Solid-State Lighting Solutions, formerly Color Kinetics, has 
unveiled its new 50,000-square foot corporate headquarters in 
Burlington, Massachusetts - merging the principles of “green” design 
with innovative uses of its LED lighting technology. More details at 
www.ledsmagazine.com/news/4/12/28. Lighting design was by 
Focus Lighting, Inc. of New York, who also designed the LED lighting 
for the Times Square New Year’s Eve Ball (see www.ledsmagazine.
com/news/4/11/28). 
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-

-

DISTRIBUTORS

Anglia launches specialized 
division for LED lighting

-

-

-

FUNDING

Element Labs wins $12.75 m

-

-

-

MEDICAL

Bookham unveils novel LED 
multiplexing module

-

-

PRIZES

LEDdyamics and CeramTec 
win awards for LED 
products

BUSINESS

Cooper acquires Clarity 

-

-
-
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DRIVERS

HB LED driver IC market to 
exceed $1.9 billion in 2011
Dramatic improvements in the performance of HB LEDs will open 

years, according to a new report from market research company 
Strategies Unlimited. The total market for HB LED driver ICs is 
forecast to grow to more than $1.9 billion in 2011. 

The $865 million market for driver ICs in 2006 was dominated 
by the maturing mobile phone application. In the 2007-2011 period, 
however, market growth will be driven by general illumination, 
signs and displays, and automotive applications, which will register 
a combined CAGR of 38%. 

The report provides analysis of the market for LED driver ICs by 
application and geographic region, as well as a detailed market fore-
cast. According to the report’s analysis, mobile applications, which 
accounted for 77% of the market in 2006, will grow at a CAGR of 7% 
in the forecast period, but by 2011 its share of the total market will 
decline to less than 50%. Among mobile appliances, LED driver ICs 
for laptop display backlight applications will see dramatic increases 
in revenue. 

Automotive applications will be a key element of market growth, 
mainly due to the increasing penetration of LED headlamps, as well 
as the increasing use of LEDs in interior lighting. Another key aspect 
of market growth will be the use of driver ICs in single-color and 
full-color outdoor signs and in the emerging application of LED 
backlights for LCD TVs. Finally, lighting applications will consti-
tute a major growth driver, as HB LEDs move from niche lighting 
applications into general illumination.
“HB LED Driver IC Market Review and Forecast – 2007” is avail-

able from Strategies Unlimited (www.strategies-u.com) or by con-
tacting Tim Carli, Sales Manager, at tcarli@strategies-u.com.

DISPLAYS

Symphonica in Rosso makes 
spectacular use of LEDs 

JVR audiovisual provided a giant LED backdrop for Symphonica 

Mitrix LED tiles and 300 m2 of Mitsubishi OD10 LED screens were 
turned into a stunning piece of video decoration. 

More details: www.ledsmagazine.com/news/4/12/22
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ARCHITECTURAL LIGHTING

LEDs in concert at the O2 

No longer a white elephant, the Millenium Dome in London is now a 
hugely successful concert venue known as the O2, and the overhaul 
has included the extensive installation of LED lighting and displays. 
Philips Lighting created a striking visual design made up of a com-

-

uplighters at the base, six Philips blue BendiLED hoops staggered 

as a skin wash. 
Philips has also designed open-mash LED Vidiwall displays 

dome. Rowena Preiss, Philips UK Innovations Manager, explained 
that each 7m-high display is a giant mesh with LEDs positioned at 

LEDs – red, green, blue and white. The displays carry images and 
messages from different sponsors. The power consumption for each 

internally-lit signage that was proposed as an alternative solution. 
-

have made the O2 visible from the moon,” jokes Preiss.
Infact, the owners AEG were very sensitive to local residents. 

-
-

The lighting control system was provided by UK-based Architen 

the external lighting of the entire structure (see www.ledsmagazine.
). The control system also has an internal link with 

done anywhere on site with a laptop. 

LEDS MAGAZINENEWS & ANALYSIS
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DEVICES

Osram single-chip Dragon 
LEDs operating up to 2 A

launch the Diamond Dragon, its latest single-chip white LED in the 
Osram Dragon series. The LED is based on a 2 mm2 chip manu-
factured in Thin-GaN technology with chip-level phosphor coat-
ing. Other Dragon and 
Ostar packages from 

2

chips. 
The LED will pro-

duce a luminous f lux 

operating current of 

operation, says Osram. 
The cor responding 
color temperature was 
not discussed. The maximum rated current is 2 A. The LED has a 

used in situations where ideal cooling cannot be achieved. 
These properties enable the LED to be easily integrated for exam-

luminaires, where they can potentially replace small halogen lamps. 

Diamond Dragon will be compatible with the other Dragon foot-
prints and can therefore be integrated in existing designs without 

entire white range and all other colors. 
 More details: 

LEDS MAGAZINE NEWS & ANALYSIS
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MANUFACTURING

Lumileds recalls some 
Luxeons, halts production 

Philips Lumileds has been forced to recall certain Luxeon Rebel and 
Luxeon K2 LEDs, and halt production until a problem with epoxy 

-

In a letter to a small proportion of its customers, Philips Lumileds 

numbers, and recommended that all the listed products within the 
affected date codes should be returned. 

Lumileds told LEDs Magazine that it contacted all customers 

total customer base, within one week of discovering the problem. 

by the recall. 
-

remain on hold until it has resolved the issue. This is a packaging 
problem that arose in Lumileds’ packaging facility in Malaysia. The 

issue is under rigorous investigation. The letter to customers said, 

 More details: 
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MATERIALS

IPO funds growth for Rubicon

-
phire substrates, conducted a successful initial public offering (IPO) in November with 

sapphire substrates in terms of volume. Rubicon’s sapphire wafers are sold as substrates 

made a decision 2 years ago to sell its material to companies that polish the wafers, 

but we still maintain a strong relationship with major LED makers and we know that 
our material is used by many of them,” he says. 

ma nufac t u r i ng capac i t y  (see  ) . 

sapphire, and many facilities still use 2-inch wafers. 

production, the main roadblock for the use of larger wafers is seen to be the uniformity 

-

using other technologies 
 More details: 

On our website – Outdoor lighting

weekly email newsletter at www.ledsmagazine.com/newsletter.

HOLIDAY LIGHTING

STREET LIGHTING

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.

NEWS & ANALYSIS
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Prize fund provides $20 m incentive 
to develop efficient LED lamps
The new energy bill contains details of the Bright Tomorrow Lighting prizes total-
ing $20 million, to encourage US companies to develop efficient LED lamps to 
replace 60 W incandescents and PAR-38 halogens.

On December 19, 2007, President Bush signed into US law a new 

relating to lighting, not least a prize fund totaling $20 million for 
the development of new solid-state lighting lamps. However, it is 
important that this is a policy bill, rather than an appropriations 
bill; in other words this describes what the government would like 

Among the stated purposes of the Energy Independence and 
Security Act of 2007 (EISA) are to move the United States toward 
greater energy independence and security, to increase the produc-

buildings, and vehicles, and to improve the energy performance of 
the Federal Government. Details of the bill can be found at http://
energy.senate.gov. 

government would like to deal with current lighting technologies, 
-

vice incandescent lamps. While these provisions have an impact 
on solid-state lighting, the Bright Tomorrow Lighting Prizes have 
attracted most attention. There are three prizes, one for the replace-
ment of 60 W incandescent lamps, one to replace PAR-38 halogen 
lamps, and a third entitled the “Twenty-First Century Lamp” prize. 
The proposed awards are 10, 5 and 5 million dollars respectively, 
and the prizes are due to be established before the end of 2008. 

The Table summarizes the requirements for the three prizes. 
They all relate to lamps with a warm-white color temperature (less 
than 3000K) and a high color rendering index in excess of 90. But 

-
ciency requirements. Clearly, there is some way to go before these 
performance numbers can be achieved. 900 lumens from an LED 
lamp with the same form-factor as a 60-watt incandescent A19 bulb 
and a single-contact medium screw socket? This is a level of per-

formance that will stretch the capabilities of the LED industry and 
fully demonstrate the capabilities of solid-state lighting. 

There is of course a strong argument that LED lighting is not 
well-suited to existing form-factors such as 60 W incandescent 
and PAR-38 halogen lamps, particularly due to thermal manage-
ment issues. The alternative approach is a purpose-built, inte-
grated approach to light engine design that can simultaneously 

However, this prize fund will certainly provide the incentive for 
a huge amount of further development in the replacement lamp 
area.
LLF Inc has described some highly impressive results for a PAR-38 
replacement (see page 4), which produced 659 lumens at 113.6 

Another point to note is that this is in effect an R&D result, so the 
performance of lamps in production would be lower. 

Also in the Bill, the 60 W incandescent and PAR-38 replacements 
-

terns as current standard products. The winning products must also 
be capable of mass production within a competitive market, via the 
manufacturing of commercially-accepted, quality-controlled lamps 
that match or exceed the criteria in the Table.

For both the 60 W incandescent and PAR-38 replacements, the 
Bill also looks ahead to using the successful products in Federal 
Government buildings. As soon as practicable after the suc-
cessful award of the prizes, the Bill calls for the development of 
government-wide Federal purchase guidelines with a goal of replac-
ing the two lamp types in Federal Government buildings with LED 
lamps, by not later than 5 years after the award is made.

       

Maximum power (W)    10   11

Minimum color rendering index   90   90   90
Correlated color temperature (K)   2750-3000  2750-3000  2800-3000
Minimum life (hours to 70% depreciation)  25,000   25,000   25,000
Prize      $10 million  $5 million  $5 million

Bright Tomorrow Lighting Prizes
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UK allocates GBP10 million to improve 
energy efficiency of light sources

Building Blocks for LED/LCD Measurement Systems

Low cost, CCD array
 spectrometers

TE cooled version for
 long-term stability

Ideal for on-line
 sorting and binning

ISO 13485 / ISO 9001 Certified
info@bwtek.com

www.BWTEK.com
Phone: 1.302.368.7824

LED CHARACTERIZATION

INC.
19 Shea Way, Newark DE 19713

High-Dynamic range/
 High-Sensitivity
 spectrometers

TE cooled version
 available

Ideal for low and
 high NIT levels

LCD TESTING

Flexible Fiber Coupling Light Input
High Dynamic Range Devices
TE Cooled, Temperature Regulated for Long-Term Stability
Color SDK Available to Speed up Custom Software Development

Contract Manufacturing and Engineering

The UK’s Technology Strategy Board (TSB) plans to make a £10 
million investment to support collaborative research and develop-
ment projects in Advanced Lighting, Lasers and Displays. Naturally, 
this is expected to include projects that involve solid-state lighting. 
Explaining the background to the decision to invest in this area, TSB 
Chief Executive Iain Gray said: “Lighting accounts for up to 20% 
of the UK’s power. As we move towards a lower carbon economy, 

advanced light sources becomes increasingly important.” 
The challenges of this funding competition - part of the TSB’s 

autumn 2007 call for proposals in diverse innovation and technology 
areas - are (a) to establish solutions which reduce energy consump-

of new and existing component technologies to provide proof of 
principle and demonstrations of practicality. 

The TSB is a business-led, non-departmental public body estab-
lished by the UK government and sponsored by the Department of 
Innovation, Universities and Skills (DIUS). Its mission is “to pro-
mote and support research into, and development and exploitation 

of, technology and innovation for the benefit of UK business, in 
order to increase economic growth and improve the quality of life.” 
Last year, the UK government funded several LED- and OLED-
related projects as part of the Technology Programme within the 
now-defunct DTI – see Links, below – and these projects now come 
under the wing of the TSB.

Applicants must register their intention to apply for funding, and 

closing date for applications is 27 March 2008. 

Promoting innovation
Mike Biddle, a Technologist for Electronics, Photonics and Electrical 
Systems with the TSB, describes the TSB’s role as “stimulating 
wealth by promoting innovation” and “acting as a catalyst” for indus-
trial growth. The body will have a budget of around £1 billion
 for the period 2008 to 2011 to fund all its programmes.  This includes 
£130m and £180m from, respectively, the Research Councils and 
Regional Development Authorities towards the Board’s science-to-
business collaborative research and development programme.
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-
tribute to the UK’s climate-change goals as well as creating major 
business opportunities for the UK. Advanced light sources are seen 
by the TSB as an area where the UK has both a high reputation for 
world-class research activity and a healthy industrial base with the 
capability to exploit the results globally.  Biddle explains that the TSB 
determines the appropriate areas for investment by speaking with 
businesses and many other interested parties such as government-
funded Knowledge Transfer Networks (KTNs), for example the 
Photonics KTN and the UK Displays and Lighting (UKDL) KTN. 
The TSB also consults with advisory bodies such as the Electronics 
Leadership Council and the Photonics Leadership Group. 

The TSB’s investment will provide partial funding for winning 
projects that involve businesses working collaboratively with other 
businesses and/or research organizations and academic institutions. 
Projects funded by the TSB typically last 2-3 years and receive a 
contribution of £500k - £2 million, and they must demonstrate a 

-

path to market in 1 year’s time, the company should be funding it 
themselves.”

Scope for applications
The TSB invites projects that will result in improvements in the 

applications from solid-state lighting through brighter displays to 
laser systems. Projects that demonstrate system-level improvements 
in light generation/extraction techniques are particularly welcomed 
in areas including; 

reliable, sustainable, cost-effective, high-brightness, quality, high-

lighting systems as well as mood lighting, indicator lighting and 
display lighting systems.

principle and demonstrations of practicality. Proposals could involve 
advances in thermal/power management, packaging technologies, 
improved optical extraction technologies, driver integration or other 
techniques. 

in a 5-7 year timeframe”  Mike Biddle

TSB: www.technologyprogramme.org.uk

UK-based NoveLELS project earns government backing
www.ledsmagazine.com/news/4/7/30

UK group plans to develop LEDs on 6-inch silicon wafers
www.ledsmagazine.com/news/4/6/3

UK OLED project targets replacement conventional lighting
www.ledsmagazine.com/news/4/7/19

Links

www.roallivingenergy.com/multilinq2.htm

5.0L x 2.2W x1.5H

Yesterday’s LED lighting systems needed many Class 2 
power supplies with AC wiring to each one. 
Today a single MultiLINQ module can safely power 
up to 400 watts of LEDs from a single power supply.

THE LED LIGHTING
smart power revolution

Class 2 DC power splitter
Four (4) safe Class 2 outputs per module
Permits the use of larger commercial power supplies
Low dissipation, no wear-out mechanisms
Reduced weight
Reduced assembly, installation and maintenance 
costs
UL Listed
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The Palace Pier, Toronto’s premiere waterfront condominium, has 

of a $2.4 million renovation to the interior corridors. “This is the 

The lamps have a correlated color temperature 

Design requirements

our application, as well as current and available 

maintenance costs such as lamp purchase and labour will be drasti

Palace Pier is special because it demonstrates how urban 

Energy savings

will be within 9 months. 

About the author

or

Toronto condominium adopts 
LED lamps for interior lighting 
LED lighting has been employed to illuminate the interior corridors throughout a 
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Fig. 1. LED fixtures illuminate interior corridors of 
the Palace Pier condominium

Fig. 2. Replacement MR-16 
lamp from CRS Electronics 
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The promise of solid-state lighting (SSL) 
is here today. From the marketing hype of 
LED chip and component manufacturers, the 

light sources. It is not uncommon for LED 
packagers to claim >50,000 hrs lifetimes, 

-
out regard to cost or manufacturability) has 
added to the expectation of light sources 
exceeding 150 lumen per Watt. This mar-
keting hype is exacerbated by exaggerated 
claims of LED Luminaire performance by 

the Department of Energy (DOE) CALiPER 

and actual performance of SSL luminaires 

efficacy and/or lumen output. The DOE 
CALiPER reports should reset the expectations of the industry and 

products just better than incandescent lamps to products better than 

The key attributes of SSL include color quality (CRI/Ra), lumen 

the ability to function on existing dimmers, the ability to change 
color temperature or color chromaticity, the ability to maintain color 
chromaticity unit-to-unit, the ability to maintain color chromaticity 
over the expected lifetime of the product, and creating a source or 

Design considerations
Existing luminaire manufacturers typically integrate a lamp bal-

related to poor design. 
Unfortunately, the same story holds true to SSL inasmuch as 

incumbent technology luminaire manufacturers DO NOT under-
stand the important design aspects of LED components, and LED 
component manufactures do not understand the details of the lumi-
naire manufactures.
The design rules for an SSL luminaire can simply be stated: 
1.Thermal - LED’s lifetime is severely affected by temperature 

and effectively.

is a critical element for SSL to replace incumbent technologies in 
high-end applications.

Thermal
To achieve the expectations by the LED component manufactures 
for long life performance (>50,000 hrs) requires careful design 
consideration. Measurement of the junction temperature (Tj) of the 

temperatures is truly inadequate. This measurement is tedious, but 

system designer to easily measure. The Lighting Research Center 
(RPI, Troy, NY) compromises by measuring the temperature of the 

are attached [3].

most LED systems is not the LED dice/chip itself, but rather the 
packaging material (epoxies, silicones, phosphors) surrounding the 
discrete chip.

Data from LED component manufacturers and independent test-

the details. Ambient temperatures and drive currents are the param-

lumen maintenance of 70% of original output) as long as Tj does not 

luminaires with LEDs
A systems-level approach for LED luminaire design is required to achieve all the 

Gerry Negley and Antony van de Ven.
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Fig. 1. Department of Energy performance comparison of downlights [ref 2].
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-

 If the fixture is designed for an insulated ceiling (IC) and an 

the thermal limit of the component. 
The thermal resistance of the component must be taken into 

(e.g., component to PCB, PCB to heatsink, heatsink to ambient or 
Rthermal = RLED + RPCB+ Rheatsink). Additionally, the heat gen-

Electrical

the overall technology is in its infancy using an off-the-shelf driver 
results in a performance compromise to the system.

the LEDs. Other features may be implemented, for example as color 
changing, color control and dimming.

Some LED luminaires try to use matched strings to the line voltage 

consideration the maximum voltage available on the AC line. 
There are various topologies that can be used to control the LEDs, 

-

Optical
The optical system includes the fundamentals of the LEDs them-
selves and the bounds of physics such as the etendue of the optical 
system. The photons per source are limited by diminishing returns. 

sub-linear at high injection ratios. If one doubles the nominal drive 

double that drive current again, the light output increases by another 

drive current for the LED system must take into account the cost per 
lumens and the cost to adequately take care of thermal design.

require more than one LED to achieve useful light output. Multiple 

system can be used to create a non-pixilated light source to mimic a 

A final aspect of the optical system is the source luminance. 
Requirements from the architectural community suggest limiting 

LUMINAIRES
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the luminance of the source to 9,000 cd/m2

an obscuring optic to meet this requirement for high-end applica-
tions.

Color quality
The primary method for determining color quality in the industry is 

-
rately the color of an object looks under illumination as compared 
to under incandescent lights or daylight. It is effectively a measure 

get a number of merit. A value of 100 means that the color of objects 

source or daylight. 
The trend of acceptance is given by: 100 is perfect, >90 is excel-

70 is very poor. Incandescent lamps have a CRI Ra of 100, most 

50 is of no use for color differentiation – the light has no color qual-

economic alternative, and is very uncomfortable and extremely non-

the perceived actual color is not important.

some colors look very grayish and others may look too vivid. CRI 

generally not good enough for indoor applications.
A high quality light suitable for general indoor illumination needs 

a CRI of >90. It is also preferable to have a good rendering index for 

It is also important that the actual color of the illumination be close to 
the black-body locus. Incandescent light sources and daylight naturally 
are very close to the black-body curve. Fluorescent tubes have gener-

the black-body locus. For high quality light it is preferable that the 

consistency performance of incandescent lamps.
In addition to the necessity for color quality, color consistency is 

maintained color consistency are added design constraints.

Summary of design rules
Solving the thermal issues for a SSL luminaire is essential to achieve 

LEDS MAGAZINELUMINAIRES
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-

-
nents can be achieved. 

-
terparts. Additionally, selecting the requirement of high CRI (>90) 

LEDs for solid-state lighting
One of the most commonly-used type of LEDs in solid-state light-

Ce or BOSE) is coated on a blue InGaN LED die. The resultant mix 
-

-

-

tions of LEDs can be used to achieve better CRI values. The lack of 

vividness of the RGB colors is enhanced.

material. Commercially available devices have external quantum 

this approach, almost any color along the tie line on the CIE diagram 

If the portion of the lumens of blue light is approximately greater 
than 3% and approximately less than 7% then the combined emitted 

boundaries of light suitable for illumination. 

80. For phosphor-converted LEDs the primary omission from the 
spectral content is the red color components. 

and suitable encapsulant materials a lot of light is lost due to total 
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Fig. 2. CIE (x,y) diagram with tie-line for standard phosphor-
converted LEDs. The dashed-line boundary about the curved 
black-body locus is the area within Du’v’ -- the region of interest 
for high quality general illumination.

Fig. 3. LLF’s unique approach to high efficacy and high color 
rendering (see U.S. Patent 7,213,940). The combination of a red 
AlInGaP LED and a blue-shifted yellow (BSY) LED enables warm-
white illumination very close to the black-body curve.
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unexpectedly exceptional CRI is achieved [6]. 

Using the patented approach described above, LED Lighting 
Fixtures, Inc. (LLF) has introduced the LR6, a 6-inch diameter 

LR6 highlights essentials 
The design of the LR6 highlights many essential aspects of LED 
luminaire design:

Thermal: The LR6 is designed so that the junction temperature 

This is achieved by utilizing surfaces both in the plenum and in the 
room to dissipate heat.

Electrical: 

Correction (PFC), (2) an open-loop system for color consistency, and 

LLF believes that each of the features is essential for LED-based 
luminaires:

1. In the USA, PFC is typically a requirement for commercial 

2. The open loop system is designed to maintain color consistency 
over the lifetime of the product. Some existing lamp technologies 

product. This creates the noticeable perception of different color 
sources if units are replaced at various times, or requires all units to 
be replaced (100% re-lamping) to maintain color consistency. 

3. Color consistency at initial operation is as important as color 

bin distributions of LED component manufacturers, the ability to 
consistently reproduce the same color (as perceived by 
the observer) is required.

Optical: The LR6 utilizes a diffuse optic to obscure the individual 

Discrete sources can be a distracting element in lighting designs 
and may also produce glare. Using an optic to both create the desired 
illumination pattern and average the luminance over an area are 
features designed into the LR6 product.

Color Quality:
provides excellent color accuracy and displays strong colors accu-

Conclusions
LED technology has advanced to the realm of general illumination. 
The ability to achieve the market requirements of color quality, 

-
tion is given to every aspect of the overall design. Unlike a simple 
incandescent light bulb, a systems approach is required to maximize 
performance and to achieve the expected attributes of SSL. 

Further reading

results at . Pilot Round 
Dec 2006, Round 1 Mar 2007, Round 2 Aug 2007. 
[2] As above, Round 3 Oct 2007, Summary of Results, p10. 

.
, p7.

[5] 

About the authors

(LLF) of Morrisville, NC, USA 

BSY
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Fig. 4. A block diagram of the LR6 unit, which includes an open-
loop system for color consistency. Color control is possible due to 
the inclusion of two types of blue-shifted yellow (BSY) LEDs that 
emit slightly different colors.
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LYNK LABS INC.

XyLiteTM AC LED Light Engines
Breakthrough - Simple LED Retrofit Product Design Solutions 

 • EFFICIENT

 • SIMPLE

 • NO BINNING

 • NO DRIVERS

XyLite AC LED Light Engines  
   

     

Products
This special Products section is produced in conjunction with the 
Strategies in Light conference and exhibit. Booth numbers of 
exhibiting companies are shown at right. For more products, visit 
our website: www.ledsmagazine.com/press

Future   500
Intematix 310
Labsphere 207
Laird  102
Luminit  101

Lynk Labs 406
Nuventix  105
Roal Electronics 201
RPC Photonics 301

Booth Numbers for SIL 2008
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To promote your product here, please contact Joanna Hook at joanna@pennwell.com

M A C R O B L O C K

16-Channel Constant Current 
LED Driver with Silent Error 
Detection
Macroblock’s MBI5039 is a 16-channel constant current LED driver 
with smart error detection functions, including “In-Message Error 
Detection” and “Silent Error Detection”. The detection functions 
make it easy to run the full LED panel detection in real time and 
to detect the LED short and open errors online. The MBI5039 is 

Macroblock for more information.

Tel: +886-3-579-0068
Fax: +886-3-579-7534
Email: marketing@mblock.com.tw
Web: www.mblock.com.tw 

L E D P A C K A G I N G . C O M  

Innovation for LED solutions:
more light, less power, longer
life, less cost!
Hex WaveTM the only LED substrate PCB that has LED cooling 

TM

  

L A I R D  T E C H N O L O G I E S

Solutions for Electronic Systems 
and Components
Laird Technologies provides solutions for electronic systems and 
components by offering products that remove or spread heat, thereby 
preventing damage to the device. Laird Technologies also provides 
temperature control for temperature sensitive applications as well 
as thermal interface materials for eliminating air and improving 
thermal transfer; thermally conductive printed circuit boards which 
are single or multilayer circuit boards with an aluminum base and 
thermoelectric assemblies which are electronic cooling or heating 
systems.
Tel: +1 (866) 928-8181 Tel: +1 (636) 898-6000 
Fax: +1  (636) 898-6100
Web: www.lairdtech.com
Email: sales@lairdtech.com
SIL Booth Number – 102

R O A L  E L E C T R O N I C S

MultiLINQTM, a patent pending 
revolution for powering LEDs
addresses several long-standing industry concerns, mainly the service 
life of LED lighting systems. MultiLINQ eliminates multiple Class 
2 power supplies by enabling the use of a larger, more cost effective 
power supply, and relocates the power to an easy to access location 
MultiLINQ modules essentially split the main power feed into four 
Class 2 power outputs, safely powering up to 400 watts of LED lights 
per module.

Contact: Erica Schmidt
Email:sales@roallivingenergy.com
Web: www.roallivingenergy.com/multilinq2.html

N U V E N T I X

Nuventix SynJets Bring Cooling 
Reliability to LED Industry 
Nuventix’ SynJet™ technology provides high reliability, low 
acoustics and low power consumption cooling for two industry 

allows 2-3 times the light output compared to passive LED thermal 

Contact: Nuventix
Email:
Web:

R O H M  E L E C T R O N I C S

PicoLED™-mini: The industry’s 
smallest, thinnest chip LED
ROHM’s PicoLED™-mini was developed in response 
to the progression of miniaturizing electronic devices. At 
0.6mm×0.3mm×0.2mm, surface area is reduced by 70% over 
ROHM’s original 1006 (0402)-sized PicoLED™(1.0×0.6×0.2mm), 
making it the smallest LED in the industry to date. The full-color 
lineup (red x 2, orange, yellow, green, yellowish green, blue, and 
white) and ultra-compact, thin size ensure compatibility with virtually 
any set– even those previously unable to incorporate LEDs due to size 
restrictions.

Contact:ROHM Electronics
Email: Marketing76@rohmelectronics.com
Web: www.rohm.com
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A P C U S  T E C H N O L O G I E S

Indoor, outdoor and portable 
LED jumbo screen tiles
•  Over 20 years experience in the LED imaging business. 
•  Installations throughout the world totaling 3000 plus.
•  Factory direct pricing for authorized dealers and integrators.
•  North American sales and service operations. 
•  State of the art overseas design, development and manufacturing. 
•  Utilizing the highest quality LED’s available today.
•  Call for available tile size and quote.

Contact: Apcus Technologies
Tel: +1 949-333-3393
Web: www.apcusleyard.com

I N T E M A T I X

Intematix Technology Center 
launches several LED and 
module products
Intematix Technology Center (ITC) has launched a series of 
high power LEDs using chip-array-on-ceramic packages. The 
compact linear or square array modules with high quality of surface 
illumination shown in the picture run at 5 to 8W @ 70-90lm/W 

modules are ideal choice for applications such as task lighting, 

Contact: Ilkan Cokgor

Email: icokgor@intematix.com
www.itc-tw.com

LUMIN I T

Luminit LED Light Shaping
Diffusers®
Shape your output beam, remove hot spots, 
reduce multiple shadows and decrease the 
number of LEDs.  Luminit Light Shaping 
Diffusers (LSD®) offer transmission from 
85% to 92% in a variety of shapes and angles.
Luminit is the global provider of innovative 
light management solutions for the display, 
lighting, biomedical, and machine visio industries

Contact: Luminit
Tel: +1 310 320 1066
Email: sales@luminitco.com
Web: www.luminitco.com
SIL 2008 booth number: 101

LUMIN I T

Luminit LED Light Shaping 
Diffusers®
Luminit LLC is a rapidly growing, global high technology company 
specializing in custom and standard holographic diffuser solutions.
Luminit’s Light Shaping Diffusers® provide innovative light 
solutions for the display, lighting, biomedical and machine vision 
industries

Contact: Luminit
Tel: +1 310 320 1066
Email: sales@luminitco.com
Web: www.luminitco.com
SIL 2008 booth number: 101

R P C  P H O T O N I C S

The best solutions for LED light 
control and distribution
• Collimating optics • Color mixing diffusers
• LED homogenization • LED beam shaping

Applications include:
• General lighting • Automotive
• Architectural • Displays
• Signage  • Backlights

Contact: RPC
Tel: +1 585-272-2848
Email: info@RPCphotonics.com
Web: www.RPCphotonics.com

L A B S P H E R E  I N C

LED Testing and 
Characterization Made easy!
Labsphere continues to set the pace for LED measurement and 
characterization with Choice and Starter LED Solutions. The Starter 
and Choice Solutions incorporate components including basic 
and high-end spectrometers respectively, intensity heads, spectral 
irradiance receiver, calibration lamp standard, LED spatial analyzer, 
and the LightMtrX software platform.  Labsphere’s Starter and 
Choice Solutions are available for broad applications, and individual 
components may be selected with the help of Labsphere’s sales 

Tel: +1.603.927.4266
Email:  Labsphere@labsphere.com
Web: www.labsphere.com

In North America, please contact Mary Donnelly at maryd@pennwell.com
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The First International Conference on White LEDs and 
Solid State Lighting took place in Tokyo on November 
26-30, 2007 and featured an international line-up of speak-
ers, as well as solid representation from Japanese compa-
nies. For non-Japanese speakers, this offered a rare and very 
welcome opportunity to meet with many companies and 

One such contributor is conference chairman Tsunemasa 
Taguchi of Yamaguchi University, who said that the event 
was intended to increase mutual understanding among 

white LED lighting. “For future development of lighting 

and international performance standards for white LED 
lighting technologies and systems,” he said. “In order to 
accelerate the LED lighting system and design concept, 
market and culture, we also need the good collaboration 
among semiconductor engineers, lighting engineers and 
lighting designers in the world.” The follow-on event in this 
series will be held in December 2009 in Taiwan.

It goes without saying that Japanese countries were, and 
continue to be, at the forefront of white LED development. 
In fact, Taguchi pointed out that it was already 10 years since 
the Ministry of Economy, Trade and Industry (METI) funded the 
Japanese national project “The light for the 21st century”, which 
started in 1997. 

The conference featured a wide variety of international speak-
ers, including big names such as Shuji Nakamura of University of 
California, Santa Barbara. He discussed the performance of GaN-
based LEDs grown on non-polar or semi-polar substrates, and also 
claimed that the performance of UCSB’s “ordinary” GaN LEDs (i.e. 
grown on c-plane sapphire) matches or exceeds the best research 
results for 20 mA operation published by Nichia. (Unfortunately, 
Nichia didn’t participate in White-LEDs 07, possibly because 
Nakamura was the plenary speaker.)

Elsewhere, representatives from Korea, China, Taiwan and the 
UK spoke about the national programs in their respective countries. 
Lumileds explained more about their Lumiramic phosphor technol-
ogy, and LLF Inc reported their LED-based PAR 38 lamp with 113.6 

-
ing a huge wealth of information, but we have decided to focus here 
on presentations from various Japanese companies. 

Large chips versus arrays
Masayoshi Kanamori of Citizen Electronics provided a compari-
son of high-power white LEDs using either large chips or multiple 
smaller chips. The latter approach is used by Citizen in its production 

brightness (cd/m2) and is particularly suitable for automotive head-
lights and projector light sources. However, said Kanamori, the small 
chip method is more suitable for applications that emphasize high 

area is relatively large i.e. features that match the properties of most 
general lighting equipment. 

Citizen investigated the effect of increasing either the number of 
-

tive to incorporate more chips that operate with low current. For 
example, with a 12-chip array, an increase from 20 mA to 60 mA 

Luminaire development – Matsushita 
M. Sugimoto of Matsushita Electric Works, Osaka described the 
design of a compact LED luminaire that was on show at the com-

circular luminaire contains 8 “chip units” and is only 10 mm thick. 

the average illuminance of a 2m2 area at a distance of 3m was 70 lx. 
A new blend of phosphors was developed to increase Ra from 71 to 

MEW has developed a color-matching fabrication system in its 
assembly process. Phosphor parts containing different concentra-
tions of phosphor are fabricated separately from the packaging line. 

Tokyo illuminated by white LEDs
The White-LEDs conference in Tokyo provided a unique opportunity to meet key 
players in Japan’s LED lighting industry, writes Tim Whitaker.

LEDS MAGAZINECONFERENCES
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The Chanel store in the Ginza district of Tokyo has a 10-storey  media 
facçade comprising arrays of white LEDs sandwiched  inside the store’s 
multilayer glass front. The main façade is 188  pixels tall by 98 pixels wide, 
with each pixel containing 72 LEDs.  The LED lighting and control systems 
were supplied by LED  Effects, now part of Lighting Science Group
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After die bonding, the wavelength of each LED package is mea-
sured, and a suitable phosphor part is selected and assembled into 

across the opening of a cavity package containing the chip. But, said 
Sugimoto, light passing through different sections of the phosphor 
plate has different optical path lengths within the phosphor, creating 
chromaticity differences. For the new chip unit, MEW eliminated the 
cup and developed an aspheric dome shape for the phosphor cap. 

Sugimoto also said that MEW had paid special attention to thermal 
management, choosing an aluminium diecast casing for the lumi-
naire to enhance radiation from the outer surface. A copper plate 
was placed between the sub-mount and the isolation sheet to expand 
the thermal conduction cross-section. And chips with a substrate of 
silicon, rather than sapphire, were chosen to obtain high thermal 
conductivity. 

Luminaire development – Toshiba 
Keiichi Shimizu of Toshiba Lighting & Technology Corp explained 
that the goals of the Kyoto Protocol were a driving force to develop 

-

-

The main-frame of the downlight has a H-shaped cross-section, 

-

OLED development - Matsushita 
Like Europe and the USA, Japan is also investing in the develop-
ment of OLED technology for lighting applications, and two national 
OLED projects are supported by NEDO (the New Energy and 
Industrial Technology Development Organization). Most recently, 
Matsushita Electric Works, Idemitsu Kosan and Tazmo started 
a NEDO project in September 2007. The project aims to develop 

2. Innovative 
production processes such as wet coating, vacuum deposition and 
encapsulation will also be developed. 

T. Komoda of MEW gave the following performance metrics for 

cd/m2 with consideration to angular distribution of emission):

MEW also described the development of “multi-unit OLEDs” with 
alternate stacked emissive units and transparent connecting layers. 

LEDS MAGAZINE CONFERENCES

Fig. 1. M-force LED lighting fixtures from Panasonic including 
the 10-mm thick circular downlight containing 8 LEDs.  

Fig. 2. Pansonic’s LUGA multichip LEDs measure 12 x 37 x 2.3 
mm and operate with a forward voltage of 10.6 V and 0.8 mA 
current. The natural white (5000K) version has an output of 400 
lm and the warm white LED yields 280 lm. The average color 
rendering index of these LEDs is 67 and 84, respectively. 

Fig. 3. LED light panels and fixtures from Opto Design Inc that 
are designed to convert the LED point light source(s) into uniform 
surface illumination. LEDs are placed a highly reflective thin box 
(known as a “flattener” and light undergoes multiple scattering 
before exiting through an aperture mask on the top surface. 
Uniform illumination is realized at a diffusion plate.
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Emissions from each unit are stacked within the same area, so the 
brightness is enhanced. Komoda described this as a key technology 
for obtaining high performance OLEDs with long lifetime at high 
luminance. 

Phosphors – Mitsubishi Chemical 
Although Ce-doped YAG is widely used as a down-conversion mate-
rial for many white LEDs, other phosphors are being developed that 
give improved color rendering for general lighting applications. Of 
course, any new phosphor material should also exhibit high lumi-

the temperature of the material is increased). For white LEDs used as 
the backlights in LCD displays, the requirements of phosphors are 
a little different. Here, in order to obtain good color reproducibility, 
a broad spectrum with good color rendering is less desirable than 

LCD backlight. 
Researchers from Mitsubishi Chemical described new red and 

green phosphor materials that are appropriate for lighting and LCD 
backlighting applications. The red phosphor (Sr,Ca)AlSiN3:Eu 
has a broad excitation spectra from 300-500 nm. Compared with 
CaAlSiN3

2+ with Sr2+ results in a 
higher intensity and also shifts the emission peak from 650 nm to 628 
nm, where the eye sensitivity is higher. The result is 1.9x increase 
in brightness. 

New green phosphors include Ca3(Sc,Mg)2Si3O12:Ce and 
CaSc2O :Ce. A third green phosphor, Ba3Si6O12N2:Eu is excited in 
a broad band from 250 to 500 nm and has a green emission peak at 

LED backlighting for LCDs.

Automotive headlamps - Koito 

feature LED headlamps, although only for the low-beam lighting 
function (see ). S. Kajiyama 

beam light distribution pattern is a combination of the four beam 
-

tain a beam-shaper that redirects light falling above the cut-off line 
in the beam pattern. In a conventional projector, the shader would 
eliminate this light completely.

for extremely high reliability. Kajiyama said that the brightness 
“hardly changes” after remaining lit for 10,000 hours with a drive 

themselves have been specially designed by Nichia in partnership 
with Koito to operate at higher temperatures. In the projector units, 
the LEDs are fixed directly to the heat sink unit, and cooling is 
achieved by natural air convection without a fan. 

mm2 (25 Mcd/m2 -
sumption for the whole system with driver is 50 W, so the over-

improvement to 80 lm/W in future, coupled with a decrease in 
cost. 

LEDS MAGAZINECONFERENCES

Fig. 4. Koito’s LED low-beam headlamps for the Lexus LS600h. 
At right is a Koito fog-lamp module with a built-in driver. 

Fig. 5. Toshiba’s E-core 60 downlights are LED replacements for 
60W incandescent fixtures. The 5000K version produces 390 lm 
at 7.8 W (50 lm/W) with 40,000 hour lifetime, compared with 380 
lm at 54 W and 2000 hours for the incandescent. Warm-white 
versions produce 290 lm at 2800K. The listed price is ¥23,800 
($225).  Version with Ra of 92 are also available.  

Fig. 6. Seiwa Electric showcased a wide range of modules and 
fixtures for general lighting, including these variants 
incorporating 7 power LEDs. The company is highly vertically 
integrated, producing LED chips and packages, all the way 
through to systems such as LED traffic signals and road 
information displays.  
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LEDs help Sentry create greener 
workplace in Wisconsin 
Interior and exterior LED lighting in Sentry Equipment’s new manufacturing facility 
are part of a green lighting scheme to reduce energy usage.  

ledsmagazine.com  January/February 2008© Copyright 2008 Pennwell Corporation.  All rights reserved
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Payback and feedback

Interior and exterior lighting at Sentry’s new facility in Oconomowoc, Wisconsin. [Outdoor photo credit:  Todd Dacquisto.]
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Those working at the forefront of LED technology know 
that LEDs are certain to become one of the light source 
choices for general illumination. Over the next few years, 
we can expect to see an increasing number of LED lumi-
naires in the marketplace. Already today we are seeing 
LED luminaires challenging traditional light sources in 
several general and niche lighting applications. 

LED device manufacturers have to be commended for 
their persistence in improving white LED performance 
over the last decade. The year 2007 may be when LEDs 
began to seriously take on traditional light sources in 
general lighting applications. Downlighting and street/
parking lot lighting are two applications for which several 
manufacturers have released LED products to compete 
with traditional lighting. 

However, as with many traditional luminaires, not all 
LED-based luminaires provide reliable performance. 
While the LED itself may have good quality and perfor-
mance as a bare device, its integration into a luminaire 
and that luminaire’s installation environment are key to 

up to customer expectations. Luminaires that do not meet 
customer expectations can turn off users from promising 
LED technology. 

So, the questions become:
- How do we differentiate product performance in terms of life and 
light output?
- How can we keep the market transformation of LED technology 
from facing early setbacks?

The answers to these questions may rest upon changing the tradi-
tion of photometry as we know it today. 

Traditional testing
Those knowledgeable in lighting use photometric data to select 
and use suitable luminaires. Traditionally, photometric testing of 
light sources and luminaires is performed at an ambient tempera-
ture of 25°C. This temperature typically is measured at a position 
up to 1 meter away from the light source or luminaire and at the 
same height as the midpoint of the light source or luminaire (e.g. 

IESNA LM-9-99; “IESNA Approved Method for the Electrical and 
Photometric Measurements of Fluorescent Lamps” published 1999 
by the Illuminating Engineering Society of North America). 

Photometric data collected according to such testing standards 
have been useful for selecting and specifying technologies, such as 
incandescent, whose performances are not affected by the ambient 
temperature surrounding the light source. 

However, such data are not very useful for LED technologies, 
which can show radically different photometric performance and 
life when used in different application environments. Selecting LED 
downlights for an application on the basis of published photometric 
data could result in considerably lower light levels in the space than 
designed, leading to disappointment.   

Temperature affects LEDs
In an LED, the temperature of the junction between the semiconduc-

LED luminaire performance: 
changing traditions can set the 
right expectations
LED technologies can show radically different photometric performance and life 
when used in different application environments. Consequently, photometric 
data produced according to traditional testing standards are not very useful for 
LED luminaires, say Nadarajah Narendran, Jean Paul Freyssinier and 
Jennifer Taylor.
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Fig. 1. LED downlight test rack at the Lighting Research Center.
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tor’s light-producing layers (p and n materials) is known to be good 
predictor of performance. The junction temperature depends on the 
drive current supplied to the LED and the application environment 
where the light source or luminaire is installed. 

Usually, a lighting system can experience different thermal envi-
ronments depending on where it is installed in the application. To 
obtain realistic performance data for a lighting system, the test 
environment must mimic the actual environment where the lumi-
naire would be used. To address this concern, in 2006 researchers at 
Rensselaer Polytechnic Institute’s Lighting Research Center (LRC), 
together with sponsors of the Alliance for Solid-State Illumination 
Systems and Technologies (ASSIST), recommended the creation 
of three environmental conditions to test the performance of direc-
tional lighting systems (e.g., downlights and track heads) that are 

LED systems. 
These recommended testing conditions were based on the typical 

operating environments of indoor lighting systems. These testing 
conditions were described and published in “ASSIST recommends. 
. . Recommendations for testing and evaluating luminaires used in 
directional lighting”, which is available on the LRC website (www.
lrc.rpi.edu/programs/solidstate/assist/directional.asp).

Test environments
The test environments proposed by the LRC and ASSIST are open 
air, semi-ventilated, and enclosed. In the case of open air, the light 
source and the current driver have plenty of ventilation around them 
for convection heat transfer. Convection heat transfer is important 
for LEDs because they do not radiate heat out from the source like 
incandescent lamps do. The open-air testing condition is most simi-
lar to the traditional photometric testing environment. 

In the next environment, semi-ventilated, the light source and 
the driver have limited ventilation around them for convection heat 
transfer. In enclosed environments, the light source and the driver 
have almost no ventilation around them for convection heat transfer. 
As an example, in practice these three environments can be thought 
of as luminaires operating in a suspended track lighting system, as 
recessed downlights in non-insulated ceilings, and as recessed down-
lights in insulated ceilings, respectively. (See Box “Recommended 
luminaire testing environments” for more information.)

In general, the three testing environments and recommended test 

methods published in “ASSIST recommends” were designed to:
Provide more useful information for selecting and using LED 

directional lighting
Help differentiate between good and poor performing LED lumi-

naires in terms of light output and life
Simplify and improve photometric data accuracy by controlling 

the board temperature of LED luminaires with a smaller volume test 
chamber instead of controlling the ambient temperature of the room 
while gathering data.

To understand more clearly how LED luminaire performance var-
ies under the three environmental conditions, the LRC began test-

The three recommended testing environments described cover 
the typical indoor applications of directional lighting. These 
conditions provide a range that allows users to estimate the 
performance of a downlight in any application condition if the 

application falls outside of the temperature range of the three 
recommended environments, the same principle for testing 
can be applied:
1) Install the luminaire in a way that is representative of the 
actual application
2) Allow the light source to stabilize and measure the board 
temperature (for LEDs) or other point known to have a direct 
relationship with the performance of the light source (e.g. the 

3) Test the luminaire photometrically and electrically at the 
same board temperature found in the previous step

One of the advantages of the three testing environments as 
described by ASSIST recommends is the use of small test-
ing chambers to control more precisely the temperature, as 
opposed to controlling the room’s ambient temperature as is 
typically done with traditional photometry. Additionally, the 

-
cally because of its location within the luminaire rather than in 
the ambient environment.

Recommended luminaire 
testing environments

TESTINGLEDS MAGAZINE

Fig. 2. Measured luminous flux and board temperatures for two commercial LED downlight products tested in three different 
temperature environments.
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ing commercial LED downlight luminaires according to ASSIST’s 
recommendations. The LED downlights selected for testing were 
IC-rated. These luminaires were mounted and operated in the three 
different testing environments (open air, semi-ventilated, and 
enclosed) per ASSIST recommends. 

Testing methodology
A temperature sensor was attached to the LED circuit board of each 
downlight to measure the board temperature of the luminaires while 
operating in the testing environments. After an initial 100-hour sea-
soning period, the LED downlights were turned on and allowed to 
stabilize for 24 hours. The board temperature values for the three 
testing environments were then measured to obtain baseline tem-
perature data for the luminaires. From the board temperature, the 
LED junction temperature could be estimated. 

Next, the LED downlights were mounted inside a specially 
designed heated chamber that maintained the same board tempera-
tures found previously. The board temperatures were monitored 
and maintained throughout the test period via a feedback control 
circuit that provided a signal to a supplemental heater built inside the 
chamber. This procedure ensured that the LED junction temperature 
remained equal to what it would be if the LED downlights were 
mounted in an actual application. 

An integrating sphere with an optical spectrometer attached to 
one of the ports was placed below the LED system, as shown in the 
photo of the downlight test rack (Figure 1). Light output from the 
LED downlights entered the integrating sphere through an entrance 

integrating sphere was positioned under each of the LED downlights 
and measurements were taken for light output and spectrum. 

The use of the integrating sphere ensured good mixing of light 

spatial distribution of light level and color of an LED luminaire beam 
is non-uniform and therefore can lead to large measurement errors 
if the detector sees only a portion of the beam.

Test results
The two parts of Figure 2 illustrate measured performance data for 
two commercial LED downlight products: a 26-watt dedicated LED 

incandescent-based downlight. These two sample data were selected 
to illustrate the performance of a not-so-good LED luminaire prod-
uct and a good LED luminaire product. 

Figure 2a shows that the light output of the 26-watt LED product 
differs radically in each of the three testing environments. On the 
other hand, the 12-watt product provided very similar light output in 

in the three environments (open air, semi-ventilated, and enclosed) 
were 87°C, 107°C, and 119°C, respectively, for the 26-watt product; 
and 42ºC, 50ºC, and 60ºC, respectively, for the 12-watt product.

Figure 3 illustrates the relative light output over time for the 26-
watt and 12-watt LED downlights in the three testing environments. 
Lumen maintenance is an important performance metric for lumi-
naires. For LEDs, the light output decreases over time and at some 

point, the light source or luminaire is considered to be at the end of 
its useful life and should be replaced. 

light source or system to reach 70% of its initial light output (L70). 

www.lrc.rpi.edu/programs/solidstate/assist/ledlife.asp.

3a), even though the number of hours for data collection is still very 
low, extrapolated data indicate that this downlight will reach its end 
of life, L70, within 2500 hours for an enclosed application, 2800 
hours for a semi-ventilated application, and 4300 hours if placed 

are much shorter than the 40,000–50,000 hours published by the 
manufacturer. Such a short useful life is due to high temperatures at 
the LED junction. On the other hand, the 12-watt downlight product 
has not shown any appreciable diminishing of light output to date 

TESTINGLEDS MAGAZINE

Fig. 3. Measured and extrapolated light output over time for the two commercial LED downlight products tested in three different 
temperature environments.
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Photorealistic Rendering
Photorealistic images of an 
optical system’s lit appearance
help designers assess how the
human eye will react to an
illuminated system.User-Defined 3D Textures

LightTools enables the design
and analysis of arrays of
complex shapes on a surface for
backlights and microlens arrays.

Skinned Solids
LightTools skinned solids are a
highly versatile class of geometrical
objects whose size and shape are
defined by multiple cross-sections
along their length. These fully
optimizable objects are ideal for
creating efficient LED couplers 
and color-mixing optics.
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because the junction temperatures are much lower.

Outcomes
To illustrate the point, if one were looking for a 600-lumen down-
light luminaire for a residential application with insulated ceilings, 

published photometric data, measured according to traditional prac-
tice. However, the 26-watt downlight product would have led to dis-
appointment on two fronts, initially with a 30% lower light level in 
the space and in the longer term with frequent replacement due to a 
much shorter life than advertised. 

The testing data reported here illustrate why photometric data pro-
duced according to traditional testing standards are not very useful 
for LED luminaires. LEDs have great potential to provide custom-
ized, dynamic, and energy-saving illumination—if the technology 
can be presented using relevant and meaningful photometric data 
and installed in optimal applications. 

Changing traditions by testing and reporting data per ASSIST 
recommends will assist end-users in selecting appropriate LED 
luminaires by providing more useful information. In turn, this can 
help set the right expectations and ultimately lead LED technology 
to widespread acceptance and use.

About the Authors
Nadarajah Narendran, Jean Paul Freyssinier and Jennifer Taylor are 
with the Lighting Research Center (LRC) at Rensselaer Polytechnic 
Institute (RPI). Narendran is an associate professor at RPI, the direc-
tor of research at the LRC, and the organizer of ASSIST. He leads 
a team of researchers and educators in the area of solid-state light-
ing at the LRC and conducts research and educational programs 
to accelerate the development and market transformation of this 
promising technology. Freyssinier is a research assistant professor 
at the LRC and conducts research on LED lighting technology and 

applications. Taylor is a senior communications specialist with the 
LRC and works on publications for the LRC’s Solid-State Lighting 
and ASSIST programs.

ASSIST (www.lrc.rpi.edu/programs/solidstate/assist) was 
established in 2002 by the Lighting Research Center (LRC) at 
Rensselaer Polytechnic Institute, Troy, NY as a collaboration 
between academic researchers, manufacturers, and government 
organizations, ASSIST’s goal is to facilitate the broad adoption 

and to speed its market acceptance. ASSIST is active in a number 
of research projects and other activities to advance and promote 
LED technology. Research, education, and industry collabora-
tion have been the key activities of the program, which seeks to 
reduce many of the technical hurdles standing between LEDs 
and their market acceptance.

As part of these activities, ASSIST has developed a publica-
tion program called ASSIST recommends to provide a set of 
formal recommendations to the LED and lighting communi-
ties about issues important for the reliable performance of LED 
lighting and its comparison to other light source technologies. 

-
tion, testing and measurement, best practice guides for different 
lighting applications, and recommendations for selecting LED 

lighting. These publications are developed under the guidance of 
ASSIST sponsors using research conducted by the LRC. 

Each ASSIST recommends publication undergoes internal 
review, first by LRC researchers and then by ASSIST spon-
sors. Industry input also is gathered during the writing process 
through one or more roundtable sessions hosted by ASSIST and 
the LRC. Based upon this industry input, the publications are 
revised and then published electronically for free download (see 
www.lrc.rpi.edu/programs/solidstate/assist/recommends.asp). 
As warranted, the publications are updated from time to time to 

ASSIST recommends is sponsored by Cree; Federal Aviation 

Osram Sylvania; Philips Lighting/Color Kinetics, now Philips 
Solid-State Lighting Solutions; Photonics Cluster (UK)/The 
Lighting Association; Seoul Semiconductor; and the U.S. 
Environmental Protection Agency (EPA).

Alliance for Solid-State Illumination Systems and Technologies (ASSIST)

Measure all optical and electrical pa-
rameters of single LEDs, high-power 
LEDs and LED modules in conformity 
to international standards accurately 
and within seconds. With equipment 
from INSTRUMENT SYSTEMS – the 
world leader in LED metrology.

phone +49 89 45 49 43-0
info@instrumentsystems.de
www.instrumentsystems.de

WE BRING QUALITY TO LIGHT

LED Test and Measurement

Luminous intensity (candela) 
Luminous flux (lumen) 
Dominant wavelength (nm) 
Color coordinates (x, y, z) 
Spatial radiation pattern
Thermal behavior

ledsmagazine.com  January/February 2008 © Copyright 2008 Pennwell Corporation.  All rights reserved

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=13405&adid=P39E3
http://www.qmags.com/clickthrough.asp?url=www.instrumentsystems.de&id=13405&adid=P39A1
http://www.qmags.com/clickthrough.asp?url=www.lrc.rpi.edu/programs/solidstate/assist/recommends.asp&id=13405&adid=P39E2
http://www.qmags.com/clickthrough.asp?url=www.lrc.rpi.edu/programs/solidstate/assist&id=13405&adid=P39E1
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=13405&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=13405&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.ledsmagazine.com&id=13405&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=13405&adid=logo


40

For general illumination, conventional LEDs are desirable for their 

2

2

Large chips versus arrays

Thermal issues in package design

2

Thermal design considerations for 
high-power single-chip LEDs
With advanced high-power packaging technology, large-area chips offer a number 
of advantages over arrays, according to Bob Karlicek, John Graff and Dave 
Sciabica.

Figure 1. The PhlatLight common anode package (a) has a 
significantly improved thermal performance compared to arrays 
that require an insulated anode (b); this approach uses electrically 
insulating materials with lower thermal conductivity. 

a) Common Anode 

b) Insulated Anode 

Circuit trace 

Electrical  
Insulator 

Metal
heat spreader

LEDS MAGAZINE PACKAGING
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Bold and bright. New LED technology. Shining in places where

light never went before. That’s the imagination and innovation

that NuSil Technology is bringing to designers and engineers

in a rapidly changing competitive environment. Our advanced

chemical engineering helps create the most efficient and

stress-free packaging. So you can provide the most powerful

and reliable LED light transmission possible.

Whatever your scientific needs, look to NuSil for innovative

solutions. From LEDs to fiber optics, large batches to small,

our Lightspan brand of products delivers precise, custom 

formulations and the most complete line of high-refractive

index-matching adhesives, encapsulants and thermosets

available. All backed by more than 25 years of engineering

expertise. Follow the light to NuSil.

What? When? Where? If it’s NuSil, it’s no problem.

Glow at sea.

Rescue is near.

Saved by the light.

NuSil Technology.

What’s your challenge?  
www.nusil.com 
Europe +33 (0)4 92 96 93 31
USA +1-805-684-8780©2007 NuSil Technology LLC. All rights reserved. LED0207-PH2 
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System level considerations

solutions are becoming available from several of the 

cm2

New applications 

About the authors

Further reading
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Figure 2. A planar waveguide 
illuminated from one edge with 
a PhlatLight RGB module.  The 
waveguide is approximately 40 mm 
by 800 mm and be fabricated in 
many other sizes and shapes.

Fig. 3. Prototype packages delivering 
from 500 lm (plastic package, left) to over 
2000 lm (copper package, right) under 
development for entertainment and 
compact SSL applications. 
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The use of lead-frame molding principles for LED packages can 
enable a high-volume, automated process that minimizes part han-
dling and enhances quality. With the correct choice of materials, it 

detail with great precision using this technique. 
The widespread introduction of lead-free soldering means that 

injection-molded LED packages for high-brightness lighting appli-
cations must withstand temperatures above 260°C. Of course, 
thermal issues are paramount when the device is operating, and the 
package itself must tolerate the effects of high drive currents, encap-
sulation and high ambient temperatures (for example, direct sunlight 
for outdoor lighting applications).  

Ticona Engineering Polymers, the Florence, Kentucky-based 
subsidiary of Celanese Corporation, has developed liquid crystal 
polymer (LCP) materials that are suited to the demands of power 
LED devices. Edson Ito, a Technical Marketing expert for Ticona’s 
Vectra® LCP products, says that the Vectra S series can withstand 

higher temperatures compared with other types of materials or dif-

it can be molded into complex shapes with thin walls and tight toler-
ances,” he says.  The materials undergo minimal dimensional change 
in molding and end use and they also have negligible outgassing, so 
their volatiles do not fog lenses or degrade contacts. 

Ticona has been working closely with, and supplying Vectra 
S series LCP materials to, Spectrum Plastics. This Ansonia, 
Connecticut-based subsidiary of Barnes Group Inc produces mil-
lions of open-cavity LED packages each year. “Polymer perfor-
mance is critical for our high-brightness and ultra-high-brightness 
LED cavities,” says Kurt Weber, manager of automation at Spectrum 
Plastics. “These are often used in applications such as automotive 
lighting, consumer electronics and mobile phone handsets, and must 
perform reliably for the life of the product.” 

Weber says that unlike most other materials, including other LCPs, 
the Vectra S resins provide a wide thermal margin during lead-free

Your Light is on the Horizon

Careers in LED’s

SALES - MARKETING - ENGINEERING

LCP materials for power LED packages

Vectra LCP liquid crystal polymer materials from Ticona are used by Spectrum 
Plastics to create open-cavity packages for power LEDs.

LEDS MAGAZINE PACKAGING
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since they have a wide processing window, rapid cycle time and cre-

The two companies routinely approach potential custom-
ers together with a view to initiating joint product development. 
Their target market is high-end, power LED packages that require 
optimum materials. “This is a new market, and we need to offer a 
whole-product solution,” says David Kelly, Spectrum VP of Sales 
& Marketing. 

High volume molding
Spectrum Plastics fabricates open-cavity LED packages in a con-
tinuous molding process, using a proprietary reel-to-reel technology. 
This process overmolds open cavities onto strips of lead frames in a 
multi-station line using multi-cavity tools. 

The lead frame strips are supplied to LED packaging customers 
who populate the cavities with LED die. The customer then wire-
bonds the unit, adds a lens (also molded by Spectrum), and stamps 
the completed package out of the strip. 

The lens is molded from an optical grade of silicone rubber that 

the company overmolds lenses on metal rings on a stainless steel 
strip. The ring supports the lens when the customer assembles it to 
the LCP open-cavity package. 

Background
Injection molding is simple in concept — plastic is melted, injected 

machines have an injection section that plasticizes and pushes the 
resin into the mold, and a clamping mechanism that opens and closes 
the mold. LCPs consist of rigid, rod-like macromolecules, which 

a typical thermoplastic processing operation. Properties of LCPs 
include low melt viscosity, excellent dimensional stability, very low 
heat of fusion (resulting in extremely short cycle times), and very 
high tensile strength.

PACKAGING

A metal lead-frame containing open-cavity packages made by 
Spectrum Plastics via injection molding using Vectra LCP.

Ticona: www.ticona.com
Spectrum Plastics: www.spectrumplastics.com 
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PSSL
The Independent source for your Power

Tel: 01279 813066
www.powersupplysourcing.co.uk

LED POWER SOLUTIONS
All products are specifically designed for the LED
industry to provide a total cost effective solution

• 5W to 150W IP67 Rated

• 1W to 9W Constant Current
Universal I/P

• 1W to 9W Plug Top
Constant Current Universal I/P

• 3W to24W Universal I/P
Constant Voltage and Constant Current

• 30-100W with Dimming Function
IP 64 and IP67 Rated, Universal I/P
Constant Current

• DC I/P Solutions

• Approved Distributor of
Mean Well Standard Power Supplies

sales@powersupplysourcing.co.uk
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LED lighting has the potential to replace both incandescent and 

surpasses incandescent but in most cases is far from approaching 

-
put. The SynJet cooling module creates turbulent, pulsated air-jets 
that can be directed precisely to locations where thermal manage-
ment is needed. Compared with conventional air movers such as 
fans, SynJet cooling modules have much higher reliability, lower 
power consumption and effectively silent operation. 

Lighting examples
An ANSI standard size LED MR-16 lamp dissipates 5 to 6 W through 
natural convection. With a SynJet cooler, an LED MR-16 lamp can 
dissipate 15 to 20 W, increasing the lumen output 3 to 4 times while 
using only 750 mW of power for cooling. Similarly, in a LED PAR 
38 lamp, natural convection might dissipate 15 to 20 W under ideal 
conditions and less in applications such as recessed lighting. With 
a SynJet cooler, an LED PAR 38 lamp can dissipate 35 to 50 W, 
increasing the lumen output 2 to 2.5 times while only consuming 2 
W of power for cooling.

Example 1: MR16 LED lamp
Assume that a retail space uses 10 banks of three MR16 halogen 
lamps each, for accent spotlighting. Each lamp produces 900 lm and 
uses 50 watts, so the total wattage consumed is 1500 W. Passively 
cooled LED MR-16s are not currently capable of producing enough 
lumens to replace 50-watt halogen lamps. However, active cooling 

using a SynJet cooling module makes this market possible today. 
If the 50W halogen lamps are replaced with actively cooled LED 

of 40 lm/W, an LED MR-16 would use 22.5 watts. Add 750 mW for 
the SynJet cooling module, and the total energy use is 23.25 W per 
lamp or just under 700 W for the entire store (30 lamps). In total, the 
LED lamps use 54% less electricity than the halogens.

Example 2: PAR 38 LED lamp
Assume that a hotel uses 500 PAR 38 incandescent lamps for general 
lighting. Each lamp produces 1800 lumens and consumes 120 W, so 
the total wattage consumed is 60 kW. The passively cooled LED PAR 
38 lamps that are currently available consume about 8-12 W, but use a 
large array of LEDs and only produce 200 lumens. This lumen output 
is not enough to replace existing 120W PAR 38 lamps. 

However, with active cooling using a SynJet cooling module, an 
LED PAR 38 can operate at much higher power and produce enough 
lumens to compete with 120W incandescent lamps. At 40 lm/W 
efficacy today’s top achievable output of 40 lumens per watt, an 
LED PAR 38 would use 45 watts to produce 1800 lm. Add 2 W for 
the SynJet module, and the total energy use is 47 W per lamp and just 
under 23.5 kW for the entire hotel (500 lamps). In total, the LEDs use 
61% less electricity than incandescent lamps.

As the examples above show, switching out incandescent and halogen 
lamps with SynJet-cooled LED lamps can greatly reduce electricity 
costs. The future of lighting will be even more ecologically sound 

Many white LED manufacturers working with phosphors in pow-
der form and transparent silicone encapsulants have addressed the 
problem of mixing the materials to obtain a uniform dispersion. To 
complicate matters further, the silicone is usually a two-part system 
that begins to cure as soon as it is mixed. 

The goal is to achieve a uniform, suspended dispersion that can 
be dispensed into the LED package during assembly. Commonly 
encountered problems include how to effectively add phosphor to 
the silicone encapsulant without having it settle or cause processing 
problems such as curing too soon or bubble formation. 

Recently, NuSil Technology performed a study to investigate 
whether it was possible to formulate a one-part phosphor dispersion 
to address these manufacturing concerns and improve LED produc-
tion for some customers. The goal would be a pre-mixed, one-part 
material that would not need to be mixed or handled in any way other 
than dispensed directly into the LED. 

The ability of the silicone to keep the phosphor in suspension is 
determined at least in part by the silcone’s viscosity, and this was one 
property that was investigated by NuSil. Other important parameters 
include the temperature and cure rate. Although curing starts once 
the two-part silicone system is mixed, the cure can be arrested by 
placing the mixture in a -40°C freezer, and under these conditions 
the material should have a shelf life of around 6 months. 

NuSil evaluated two silicone materials and determined that its 
LS3-3354 was better for maintaining the phosphor in suspension. 
The company has now produced a developmental phosphor gel, 
GEL8-9617-30, which is a pre-blend of its LS3-3354 silicone and 
11% phosphor. The phosphor is supplied by Intematix. NuSil recog-
nizes that some customers will have different requirements for the 
precise phosphor material and the percentage in the blend, but the 
new material allows evaluation of the pre-mixing concept.

More details: www.nusil.com/events/spiephotonicswest.aspx

NuSil evaluates phosphor mixing

Low power “green” cooling for LEDs
SynJet cooling modules enable LED lighting to dissipate more power, says Jim 
Balthazar, CEO of Nuventix.
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Hot and Bright.
Get 300°C With Vectra® LCP. The Future Of LED Housings Is Here.

High-brightness LED housings typically endure temperatures up to 260°C or more 
during lead-free reflow soldering. But Vectra® LCP from Ticona takes the heat, providing 
a distortion temperature under load (DTUL) well above 300°C.

Vectra LCP shines in high-brightness LED housing applications with superior 
properties that include:
• High temperature resistance (short-term up to 340°C)
• High-flow characteristics to fill long, thin and complicated flow paths
• Extremely fast cycle times over long production runs
• Very high HDT and low CTE
• Low outgassing 

Ticona supports LED manufacturers with product development, superior technical 
services, molding expertise and beyond. Envision the future of your LED housings 
with Vectra LCP from Ticona.

Now that’s hot and bright.

To Learn More
Visit www.ticona.com/vectra
or call 1.800.833.4882

Ticona Engineering Polymers
8040 Dixie Highway
Florence, KY, USA 41042

© 2008 Ticona
Except as otherwise noted, trademarks
are owned by Ticona or its affiliates.
Ticona is a business of Celanese Corporation.
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In November 2007, Lemnis Lighting, a Netherlands 
company that is developing sustainable light-
ing solutions based on LEDs, was selected by the 
Clinton Climate Initiative (CCI) to be a supplier of 
LED lightbulbs. CCI has created a network of pro-
viders that enables cities around the world to pur-

(www.ledsmagazine.com/features/4/11/1).
Lemnis introduced its Pharox LED light bulb in 

November 2006 as a direct replacement for incan-
descent lamps, and has also developed products 
for other applications such as outdoor and green-
house lighting. Lemnis (www.lemnislighting.com), 

lamp to offer light quality comparable to that of a 

“We are proud that the Clinton Climate Initiative recognizes our 
high product quality standards,” said Frans Otten, chairman of Lemnis 

mission of introducing this revolutionary LED technology and con-

LM: How did Lemnis become involved with CCI?
Frans Otten: The focus of CCI and Lemnis is aligned in the sense that 
we are seeking to reduce the level of CO2 emissions through the use of 

to encourage the use of the newest and best technologies in its vendor 
programs. We both want to use LEDs because of their potential impact 
on climate change, not just because they are an exciting technology.

How does CCI operate?
CCI combines the purchasing power of different organizations, in this 
case a number of very large cities. This creates a large and viable mar-
ket and allows suppliers to cut prices. The same approach has already 
been used successfully with anti-Aids drugs. 

Many current LED-based lighting applications are low-volume proj-
ects with high margins. Lemnis is targeting the introduction of LED 

W and 60 W incandescent lamps. This will have the biggest impact 
on climate change. 

Can LED lamps compete with CFLs?
We see CFLs as a transition from incandescent to 
LED lamps. In the coming months and years, LED 
efficiency will continue to improve. We want to 

What is the performance of Pharox?
We have introduced a 4-watt lamp as a replace-
ment for a 40 W incandescent. The light output is 
230 lumens, with a color temperature of 2800 K. 
The color rendering exceeds 85 and the lifetime 
is 50,000 hours, compared with 1000 hours for an 
incandescent lamp. 

The light output level is not great, and you 
wouldn’t use this lamp to read a book, but it would 

be very suitable for lighting a hallway for 7 hours per night every day, 
for example. 

How does this translate into savings?
We estimate that if every Dutch household were to replace 4 incan-
descent bulbs with 4 Pharox lamps, the country would save 1.5 billion 
kWh of energy per year. This energy saving is equal to the annual 
energy consumption of all households in Amsterdam.

years for household use. This means there will be much less need for 
retail shops to carry replacement bulbs. Retailers make a huge margin 
on lamps, for example a CFL costs about 30 cents to make and retails 
at $3-4. With LED lamps, more logical distribution models are likely 
to emerge. One example would be for utility companies to supply light 
sources as well as energy. We have been involved in a program with a 
Dutch energy company (Oxxio – see www.oxxio.nl/lamp) where the 
customer receives 4 LED lamps and then pays for them over a period 
of 4 years, as part of their energy bill.

The Pharox bulbs are priced around EUR 25 in The Netherlands. Of 
course with time and increasing volumes the price will go down, but 
we are dependent of the general LED industry in that case.

LEDS MAGAZINE INTERVIEW

Frans Otten of Lemnis Lighting
LED lighting supplier Lemnis 
believes that introducing LED 
lamps into high volume, low 
margin markets can have a 
large impact on 
climate change. 

(top) Lemnis founder Frans Otten, 
left, and President Clinton. 

The 40 W Pharox lamp.
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