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RESPONSE TO FINAL OFFICE ACTION AND REQUEST FOR RECONSIDERATION

 
Commissioner for Trademarks
2900 Crystal Drive
Arlington, VA  22202-3513

Dear Commissioner:

This communication is being filed in response to the final office action (“Final Office Action”) mailed March 1, 2017.   Pursuant to T.M.E.P.
§715.03 and 37 C.F.R. § 2.64(b), Applicant Dyson Research Limited (“Applicant”) respectfully submits this communication both as a
Response to Office Action and as a Request for Reconsideration of the Office Action.  Applicant requests that the Examining Attorney
reconsider her refusal to register the mark based on the previously submitted office action response (“Office Action Response”) and
additional information submitted with this communication.  Applicant is also filing a Notice of Appeal concurrently with this Response to
Office Action and Request for Reconsideration. 
 

THERE IS NO LIKELIHOOD OF CONFUSION BETWEEN APPLICANT’S MARK AND THE CITED MARK

The Examining Attorney has maintained her refusal to register Applicant’s CU-BEAM mark under Section 2(d) on the grounds that the mark
is confusingly similar to U.S. Registration No. 1,079,479 for the Q-BEAM mark for “portable electric lights and accessories therefor-namely,
replacement lamps and filters,” in Class 11, and U.S. Registration No. 2,600,421 for the mark Q-BEAM SPOT/FLOOD, for “Lighting
apparatus and instruments - namely, a hand-held combination spotlight and floodlight,” in Class 11, both owned by Viatek Consumer
Products Group, Inc. (“the Registrant”).  
In support of her continued refusal, the Examining Attorney attached internet evidence to the Final Office Action, purportedly demonstrating
“that the same entity commonly provides the relevant goods and markets the goods under the same mark and in the same general channels of
trade.  Therefore, applicant’s and registrant’s goods are considered related for likelihood of confusion purposes.”   For the reasons set forth
below, Applicant believes that this evidence is unpersuasive.  In addition, Applicant respectfully disagrees with the Examining Attorney’s
conclusion concerning the commercial impression created by the applied-for mark, and on these bases, believes that the refusal of registration
for Applicant’s mark should be withdrawn.

I.                APPLICANT’S AMENDED GOODS ARE UNRELATED TO THOSE OF THE REGISTRANT

While Applicant believes that its current identification of “ceiling lights; suspended lights in the nature of lighting fixtures design to



be suspended from a ceiling with uplighters and/or downlighters; parts and fittings for the aforesaid goods,” creates a sufficient
distinction from the Registrant’s goods, Applicant herewith amends its identification to cover “ suspended lights in the nature of LED lighting
fixtures designed to be suspended from a ceiling with uplighters and/or downlighters, the aforesaid optimized to reduce eye strain and increase
comfort and productivity; parts and fittings for the aforesaid goods,” in Class 11.

These amendments limit Applicant’s goods in a significant way.   In particular, it is material that the identified lighting fixtures are LED
lights.  LED lighting is an increasingly popular alternative to both incandescent and fluorescent light sources.  Namely, LED lights use less
energy and have a longer lifetime than incandescent lights.  (Exhibit A.)  LED is also considered superior to fluorescent lighting, as it is more
energy efficient and does not have the environmental disposal issues of fluorescent lighting.  Id.    
Critically, the light from fluorescent bulbs is non-directional.  (Exhibit B.)  This makes it inappropriate for commercial settings in which
strong, directional lighting is necessary in order to provide adequate lighting for those reading, working at computers, or engaging in similar
eye intensive tasks.  Incandescent lighting is equally inappropriate for such settings, since it requires a whopping 85% more electricity than
LED lighting.  (Exhibit C.)

                                                                                                                                                                         By contrast, LED lighting is highly
flexible in its ability to be adjusted in strength, directionality, and color design.  (Exhibit D.)  In addition, the ability of LED lighting to mimic
the warm light that emits from traditional incandescent lighting makes it appropriate for high-end office, conference, and library settings.  (See
Exhibit E.)
                                                                                                                                                                   Finally, LED lighting has been
celebrated for its ability to increase office employee productivity, and in particular, a Cornell University study showed that LED lighting led
to a 3%-5% increase in worker productivity.  (Exhibit F.)  It is believed that this increase in productivity is due to the ability of LED lighting
to emit light in specific directions, such that light is not “lost”’ in other directions.   The office worker receives strong directional light, thus
reducing eyestrain.  
These considerations are precisely what inform the design of the CU-BEAM light fixture, which allows light to be directionally placed (up,
down, or both), as well as adjusted in strength, according to the necessity of various tasks and stages in the day (for example, for presenting,
meeting, and out of hours).  (See Exhibit G.)  As discussed below, these characteristics, which are explicit in the amended goods identification,
dictate the channels of trade and type of consumer to whom Applicant’s goods are offered.

II.              APPLICANT’S AMENDED GOODS AND THE REGISTRANT’S GOODS ARE OFFERED IN
SEPARATE CHANNELS OF TRADE AND TO DISTINCT CONSUMERS

A.        The Internet Evidence provided by the Examining Attorney Is Not Persuasive
 

In order to plausibly demonstrate that Applicant’s and the Registrant’s goods are commonly sold by the same entity, it must be

shown that it is commonplace for a company to offer portable flashlights and spotlights on the one hand, and LED ceiling fixtures designed to

optimize a user’s experience, on the other.   The internet evidence provided by the Examining Attorney simply does not do this. 

First, the Examining Attorney provided a webpage for an incandescent floodlight lightbulb offered by Philips, along with a Philips

webpage that offers flashlights and batteries therefor, and finally, a Philips webpage showing indoor suspension lights and ceiling lights. 

Applicant believes this evidence is of limited utility.  Philips is one of the largest electronics companies in the world (see Exhibit H), and

offers a product range of enormous breadth.  In addition to the lighting products that the Examining Attorney points to, Philips also

offers molecular imaging systems (Exhibit I) and personal dictation devices (Exhibit J), and yet it would be ludicrous to assert, on this basis

alone, that flashlights, molecular imaging systems, and personal dictation devices are each commonly offered by the same entities. 

Second, the Examining Attorney pointed to webpages for the company Grainger, which show that it sells temporary job site

floodlights, wet location ceiling fixture lights, and a decorative ceiling fixture.  But, again, this evidence is not probative of the fact the goods

described in Applicant’s and the Registrant’s identifications are offered by the same sources.   Grainger describes itself as a supplier of

maintenance, repair and operating (“MRO”) products.   (See Exhibit K.)  MRO refers to “ performing routine actions which keep devices,

equipment, machinery, building infrastructure and supporting utilities in working order (known as scheduled maintenance) and

prevent trouble from arising (preventive maintenance).”   (Exhibit L.) 

This fact is born out when looking at the product details for the 60W Wet Location Fixture, featured in the webpage that the

Examining Attorney provides.  The fluorescent fixture is intended for “wet and dusty locations” and it “helps prevent entry of airborne

contaminants,” making it appropriate for use in fabrication and machining areas, and welding and grinding environments.   (Exhibit M.) 



This type of product could not be further from the expensive fixtures (see the websites for Y Lighting and Lightology attached to the Final

Office Action) offered by Applicant under the CU-BEAM mark and elaborated on in the marketing materials presented in Exhibit G.  

The decorative light fixture featured in another Grainger webpage is similarly distinguishable.  It uses fluorescent bulbs, has a retail

price that ranges $35.42 to $46.80, and is not Energy Star compliant.  (Exhibit N.)  This lighting fixture has nothing in common with the goods

described in Applicant’s amended identification except that it is a light fixture.   This is simply not enough.  See Electronic Data Sys. Corp. v.

EDSA Micro Corp., 23 U.S.P.Q.2d 1460, 1463-64 (T.T.A.B. 1992) (holding the marks EDS and EDSA not likely to cause confusion despite

the fact that both marks were used in connection with products that were broadly characterized as computer software).  Moreover, the fact that

Grainger happens to have a decorative light fixture in its catalog of over 3,000 pages of MRO products (Exhibit O), is an incidental fact at best,

and certainly an insufficient basis to support the Examining Attorney’s proposition that it is common for a single source to sell the type of

products offered by Applicant and the Registrant.  

Finally, the Examining Attorney attached webpages for Phoenix Lighting, which prove, rather than undercut, Applicant’s point.   The

webpages show that Phoenix offers both portable floodlights and interior ceiling fixtures.  Yet the nature and purpose of the ceiling fixture

differentiates it from those described in the subject application in a material way.  The webpage explains that the fixture is vibration-resistant

for demanding applications, has UV-stabilized nylon housing that is corrosion-free, high impact, and glass reinforced, and that the fixture is

UL listed as suitable for wet locations, saltwater, and emergency lighting equipment.  (Exhibit P.)  Accordingly, the point that this evidence

supports is narrow—that it is common for a single source to offer lighting both for the outdoors and for wet, industrial environments because

each product category requires the same high-performance construction that is resistant to the elements.

Indeed, as the evidence demonstrates, distinctions in the purpose and nature of various lighting products make a critical difference in

the channels of trade where each light will be sold.  And while the Examining Attorney observes that the Registrant’s goods are not limited to

the consumer types listed on its websites: outdoor hobbyists and military or industrial applications, this misses Applicant’s point.   Implicit in

goods identifications for “portable electric lights” and a “hand-held combination spotlight and floodlight” are certain uses, certain

consumers, and certain channels of trade.  These consumers and channels of trade quite simply do not align with those for Applicant’s

amended goods.
            B.        Applicant’s Goods Are Sold to Design Professionals
 

In its Office Action Response, Applicant explained that its CU-BEAM light fixtures “are not offered directly to the public, but are

marketed towards architects, designers, and facilities managers who make institutional purchasing decisions.”   (Office Action Response at 3.) 

In rebuttal, the Examining Attorney pointed to two websites that offer the CU-BEAM light fixtures for sale.  (Final Office Action at 4).  Yet a

review of these websites reveals that they support, rather than contradict, Applicant’s point.  

Y Lighting describes itself as offering “the best in modern furniture, accessories, and decorative plumbing,” including many high-end

and highly lauded lines.  (Exhibit Q.)  Indeed, the company’s Trade Program is a buying program specifically for use by design professionals,

not the general public.  (Id.)  Similarly, Lightology describes itself as North America’s premier contemporary lighting showroom, which

serves “the specialty needs of architects, designers, contractors, and other trade professionals.”   (Exhibit R.)  The fact that these two large

designer showrooms also permit online sales to end-users does not change the fact that Applicant’s products (and all products of this nature)

are offered through a very narrow number of outlets.  Indeed, as a review of Exhibit G shows, unlike other of Applicant’s products, there is

no point of sale option on Applicant’s website for the CU-BEAM light fixture.  

The fact that the products in the subject application and the cited registrations are all lights, is not determinative.  Moreover, the fact



that third-party companies cited by the Examining Attorney offer lights for both indoor and outdoor use is equally undeterminative.  The

critical question is whether the goods described in the amended identification are likely to be sold by the same companies as those that sell

floodlights and flashlights.  They are not, and the Examining Attorney’s evidence does not demonstrate otherwise.

III.            DIFFERENCES IN THE MEANING OF THE MARKS MITIGATE AGAINST A LIKELIHOOD OF
CONFUSION

In its Office Action Response, Applicant argues that consumers associate its CU-BEAM mark with the copper pipes used in its construction,
therefore creating a distinct commercial impression from the Q-BEAM marks.  (Office Action Response at 1.)
The Examining Attorney states that “Applicant’s website does not reference copper.”   (Office Action at 4.)  While the Applicant concedes
that it failed to attach such evidence, it herewith attaches an excerpt from its webpage wherein it is explained that as part of its CU-BEAM
fixture’s heat pipe technology, a “copper wick draws the water back toward the LEDS.”   (Exhibit G.)  Perhaps more critically, third-parties
are discussing the role that copper pipes play in the CU-BEAM light fixtures.  For example, an article by Wired explains that “[e]very Cu-
Beam contains six copper heat pipes.”   (Exhibit S.)  And an article on Cool Things describes how the CU-BEAM light fixture utilizes “one
large high-power LED with a custom-engineered lens that’s cooled by six copper heat pipes integrated into the rig.”   (Exhibit T.)  These
third-party references to the copper pipes that form a central aspect of the design of the CU-BEAM lighting fixture, are highly probative that
consumers will understand that “CU” means copper, and thereby will differentiate Applicant’s mark from the Registrant’s Q-BEAM marks.

 
COMMENTS

Applicant believes that it has responded to all of the Examining Attorney’s questions and objections and that the application is now in
condition to go forward to publication.
If the Examining Attorney has any questions or wishes to discuss any of the information contained herein so as to expedite matters, the
Examining Attorney is requested to telephone the undersigned at (415) 268-6538.
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GOODS AND/OR SERVICES SECTION (current)

INTERNATIONAL CLASS 011

DESCRIPTION

ceiling lights; suspended lights in the nature of lighting fixtures design to be suspended from a ceiling with uplighters and/or downlighters;
parts and fittings for the aforesaid goods

GOODS AND/OR SERVICES SECTION (proposed)

INTERNATIONAL CLASS 011

TRACKED TEXT DESCRIPTION

ceiling lights; suspended lights in the nature of LED lighting fixtures designed to be suspended from a ceiling with uplighters and/or
downlighters, the aforesaid optimized to reduce eye strain and increase comfort and productivity; suspended lights in the nature of lighting
fixtures design to be suspended from a ceiling with uplighters and/or downlighters; parts and fittings for the aforesaid goods
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FINAL DESCRIPTION

suspended lights in the nature of LED lighting fixtures designed to be suspended from a ceiling with uplighters and/or downlighters, the
aforesaid optimized to reduce eye strain and increase comfort and productivity; parts and fittings for the aforesaid goods
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Request for Reconsideration after Final Action
To the Commissioner for Trademarks:

Application serial no. 79188560 CU-BEAM(Standard Characters, see https://tmng-al.uspto.gov/resting2/api/img/79188560/large) has been
amended as follows:

ARGUMENT(S)
In response to the substantive refusal(s), please note the following:

RESPONSE TO FINAL OFFICE ACTION AND REQUEST FOR RECONSIDERATION

 
Commissioner for Trademarks
2900 Crystal Drive
Arlington, VA  22202-3513

Dear Commissioner:

This communication is being filed in response to the final office action (“Final Office Action”) mailed March 1, 2017.   Pursuant to
T.M.E.P. §715.03 and 37 C.F.R. § 2.64(b), Applicant Dyson Research Limited (“Applicant”) respectfully submits this communication
both as a Response to Office Action and as a Request for Reconsideration of the Office Action.  Applicant requests that the Examining Attorney
reconsider her refusal to register the mark based on the previously submitted office action response (“Office Action Response”) and additional
information submitted with this communication.  Applicant is also filing a Notice of Appeal concurrently with this Response to Office Action
and Request for Reconsideration. 
 



THERE IS NO LIKELIHOOD OF CONFUSION BETWEEN APPLICANT’S MARK AND THE CITED MARK

The Examining Attorney has maintained her refusal to register Applicant’s CU-BEAM mark under Section 2(d) on the grounds that the mark is
confusingly similar to U.S. Registration No. 1,079,479 for the Q-BEAM mark for “portable electric lights and accessories therefor-namely,
replacement lamps and filters,” in Class 11, and U.S. Registration No. 2,600,421 for the mark Q-BEAM SPOT/FLOOD, for “Lighting
apparatus and instruments - namely, a hand-held combination spotlight and floodlight,” in Class 11, both owned by Viatek Consumer Products
Group, Inc. (“the Registrant”).  
In support of her continued refusal, the Examining Attorney attached internet evidence to the Final Office Action, purportedly
demonstrating “that the same entity commonly provides the relevant goods and markets the goods under the same mark and in the
same general channels of trade.  Therefore, applicant’s and registrant’s goods are considered related for likelihood of confusion purposes.”  
For the reasons set forth below, Applicant believes that this evidence is unpersuasive.  In addition, Applicant respectfully disagrees with the
Examining Attorney’s conclusion concerning the commercial impression created by the applied-for mark, and on these bases, believes that the
refusal of registration for Applicant’s mark should be withdrawn.

I.                APPLICANT’S AMENDED GOODS ARE UNRELATED TO THOSE OF THE REGISTRANT

While Applicant believes that its current identification of “ceiling lights; suspended lights in the nature of lighting fixtures design to be
suspended from a ceiling with uplighters and/or downlighters; parts and fittings for the aforesaid goods,” creates a sufficient
distinction from the Registrant’s goods, Applicant herewith amends its identification to cover “ suspended lights in the nature of LED lighting
fixtures designed to be suspended from a ceiling with uplighters and/or downlighters, the aforesaid optimized to reduce eye strain and increase
comfort and productivity; parts and fittings for the aforesaid goods,” in Class 11.

These amendments limit Applicant’s goods in a significant way.   In particular, it is material that the identified lighting fixtures are LED
lights.  LED lighting is an increasingly popular alternative to both incandescent and fluorescent light sources.  Namely, LED lights use less
energy and have a longer lifetime than incandescent lights.  (Exhibit A.)  LED is also considered superior to fluorescent lighting, as it is more
energy efficient and does not have the environmental disposal issues of fluorescent lighting.  Id.    
Critically, the light from fluorescent bulbs is non-directional.  (Exhibit B.)  This makes it inappropriate for commercial settings in
which strong, directional lighting is necessary in order to provide adequate lighting for those reading, working at computers, or
engaging in similar eye intensive tasks.  Incandescent lighting is equally inappropriate for such settings, since it requires a whopping 85% more
electricity than LED lighting.  (Exhibit C.)

                                                                                                                                                                         By contrast, LED lighting is
highly flexible in its ability to be adjusted in strength, directionality, and color design.  (Exhibit D.)  In addition, the ability of LED lighting to
mimic the warm light that emits from traditional incandescent lighting makes it appropriate for high-end office, conference, and library settings. 
(See Exhibit E.)
                                                                                                                                                                   Finally, LED lighting has been celebrated
for its ability to increase office employee productivity, and in particular, a Cornell University study showed that LED lighting led to a 3%-5%
increase in worker productivity.  (Exhibit F.)  It is believed that this increase in productivity is due to the ability of LED lighting to emit light in
specific directions, such that light is not “lost”’ in other directions.   The office worker receives strong directional light, thus reducing eyestrain.  
These considerations are precisely what inform the design of the CU-BEAM light fixture, which allows light to be directionally placed (up,
down, or both), as well as adjusted in strength, according to the necessity of various tasks and stages in the day (for example, for presenting,
meeting, and out of hours).  (See Exhibit G.)  As discussed below, these characteristics, which are explicit in the amended goods identification,
dictate the channels of trade and type of consumer to whom Applicant’s goods are offered.

II.              APPLICANT’S AMENDED GOODS AND THE REGISTRANT’S GOODS ARE OFFERED IN SEPARATE
CHANNELS OF TRADE AND TO DISTINCT CONSUMERS

A.        The Internet Evidence provided by the Examining Attorney Is Not Persuasive
 

In order to plausibly demonstrate that Applicant’s and the Registrant’s goods are commonly sold by the same entity, it must be shown

that it is commonplace for a company to offer portable flashlights and spotlights on the one hand, and LED ceiling fixtures designed to optimize

a user’s experience, on the other.   The internet evidence provided by the Examining Attorney simply does not do this. 

First, the Examining Attorney provided a webpage for an incandescent floodlight lightbulb offered by Philips, along with a Philips

webpage that offers flashlights and batteries therefor, and finally, a Philips webpage showing indoor suspension lights and ceiling lights. 

Applicant believes this evidence is of limited utility.  Philips is one of the largest electronics companies in the world (see Exhibit H), and offers a

product range of enormous breadth.  In addition to the lighting products that the Examining Attorney points to, Philips also offers

molecular imaging systems (Exhibit I) and personal dictation devices (Exhibit J), and yet it would be ludicrous to assert, on this basis alone, that

flashlights, molecular imaging systems, and personal dictation devices are each commonly offered by the same entities. 



Second, the Examining Attorney pointed to webpages for the company Grainger, which show that it sells temporary job site

floodlights, wet location ceiling fixture lights, and a decorative ceiling fixture.  But, again, this evidence is not probative of the fact the goods

described in Applicant’s and the Registrant’s identifications are offered by the same sources.   Grainger describes itself as a supplier of

maintenance, repair and operating (“MRO”) products.   (See Exhibit K.)  MRO refers to “ performing routine actions which keep devices,

equipment, machinery, building infrastructure and supporting utilities in working order (known as scheduled maintenance) and

prevent trouble from arising (preventive maintenance).”   (Exhibit L.) 

This fact is born out when looking at the product details for the 60W Wet Location Fixture, featured in the webpage that the Examining

Attorney provides.  The fluorescent fixture is intended for “wet and dusty locations” and it “helps prevent entry of airborne

contaminants,” making it appropriate for use in fabrication and machining areas, and welding and grinding environments.   (Exhibit M.)  This

type of product could not be further from the expensive fixtures (see the websites for Y Lighting and Lightology attached to the Final

Office Action) offered by Applicant under the CU-BEAM mark and elaborated on in the marketing materials presented in Exhibit G.  

The decorative light fixture featured in another Grainger webpage is similarly distinguishable.  It uses fluorescent bulbs, has a

retail price that ranges $35.42 to $46.80, and is not Energy Star compliant.  (Exhibit N.)  This lighting fixture has nothing in common with the

goods described in Applicant’s amended identification except that it is a light fixture.   This is simply not enough.  See Electronic Data Sys.

Corp. v. EDSA Micro Corp., 23 U.S.P.Q.2d 1460, 1463-64 (T.T.A.B. 1992) (holding the marks EDS and EDSA not likely to cause

confusion despite the fact that both marks were used in connection with products that were broadly characterized as computer

software).  Moreover, the fact that Grainger happens to have a decorative light fixture in its catalog of over 3,000 pages of MRO products

(Exhibit O), is an incidental fact at best, and certainly an insufficient basis to support the Examining Attorney’s proposition that it is common

for a single source to sell the type of products offered by Applicant and the Registrant.  

Finally, the Examining Attorney attached webpages for Phoenix Lighting, which prove, rather than undercut, Applicant’s point.   The

webpages show that Phoenix offers both portable floodlights and interior ceiling fixtures.  Yet the nature and purpose of the ceiling fixture

differentiates it from those described in the subject application in a material way.  The webpage explains that the fixture is vibration-resistant for

demanding applications, has UV-stabilized nylon housing that is corrosion-free, high impact, and glass reinforced, and that the fixture is UL

listed as suitable for wet locations, saltwater, and emergency lighting equipment.  (Exhibit P.)  Accordingly, the point that this evidence supports

is narrow—that it is common for a single source to offer lighting both for the outdoors and for wet, industrial environments because each product

category requires the same high-performance construction that is resistant to the elements.

Indeed, as the evidence demonstrates, distinctions in the purpose and nature of various lighting products make a critical difference in the

channels of trade where each light will be sold.  And while the Examining Attorney observes that the Registrant’s goods are not limited to the

consumer types listed on its websites: outdoor hobbyists and military or industrial applications, this misses Applicant’s point.   Implicit in goods

identifications for “portable electric lights” and a “hand-held combination spotlight and floodlight” are certain uses, certain consumers, and

certain channels of trade.  These consumers and channels of trade quite simply do not align with those for Applicant’s amended goods.
            B.        Applicant’s Goods Are Sold to Design Professionals
 

In its Office Action Response, Applicant explained that its CU-BEAM light fixtures “are not offered directly to the public, but are

marketed towards architects, designers, and facilities managers who make institutional purchasing decisions.”   (Office Action Response at 3.)  In

rebuttal, the Examining Attorney pointed to two websites that offer the CU-BEAM light fixtures for sale.  (Final Office Action at 4).  Yet a

review of these websites reveals that they support, rather than contradict, Applicant’s point.  



Y Lighting describes itself as offering “the best in modern furniture, accessories, and decorative plumbing,” including many high-end

and highly lauded lines.  (Exhibit Q.)  Indeed, the company’s Trade Program is a buying program specifically for use by design professionals,

not the general public.  (Id.)  Similarly, Lightology describes itself as North America’s premier contemporary lighting showroom, which serves

“the specialty needs of architects, designers, contractors, and other trade professionals.”   (Exhibit R.)  The fact that these two large designer

showrooms also permit online sales to end-users does not change the fact that Applicant’s products (and all products of this nature) are offered

through a very narrow number of outlets.  Indeed, as a review of Exhibit G shows, unlike other of Applicant’s products, there is no point of sale

option on Applicant’s website for the CU-BEAM light fixture.  

The fact that the products in the subject application and the cited registrations are all lights, is not determinative.  Moreover, the fact that

third-party companies cited by the Examining Attorney offer lights for both indoor and outdoor use is equally undeterminative.  The critical

question is whether the goods described in the amended identification are likely to be sold by the same companies as those that sell

floodlights and flashlights.  They are not, and the Examining Attorney’s evidence does not demonstrate otherwise.

III.            DIFFERENCES IN THE MEANING OF THE MARKS MITIGATE AGAINST A LIKELIHOOD OF
CONFUSION

In its Office Action Response, Applicant argues that consumers associate its CU-BEAM mark with the copper pipes used in its construction,
therefore creating a distinct commercial impression from the Q-BEAM marks.  (Office Action Response at 1.)
The Examining Attorney states that “Applicant’s website does not reference copper.”   (Office Action at 4.)  While the Applicant concedes that
it failed to attach such evidence, it herewith attaches an excerpt from its webpage wherein it is explained that as part of its CU-BEAM fixture’s
heat pipe technology, a “copper wick draws the water back toward the LEDS.”   (Exhibit G.)  Perhaps more critically, third-parties are
discussing the role that copper pipes play in the CU-BEAM light fixtures.  For example, an article by Wired explains that “[e]very Cu-Beam
contains six copper heat pipes.”   (Exhibit S.)  And an article on Cool Things describes how the CU-BEAM light fixture utilizes “one large
high-power LED with a custom-engineered lens that’s cooled by six copper heat pipes integrated into the rig.”   (Exhibit T.)  These third-party
references to the copper pipes that form a central aspect of the design of the CU-BEAM lighting fixture, are highly probative that consumers
will understand that “CU” means copper, and thereby will differentiate Applicant’s mark from the Registrant’s Q-BEAM marks.

 
COMMENTS

Applicant believes that it has responded to all of the Examining Attorney’s questions and objections and that the application is now in condition
to go forward to publication.
If the Examining Attorney has any questions or wishes to discuss any of the information contained herein so as to expedite matters, the
Examining Attorney is requested to telephone the undersigned at (415) 268-6538.
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Light-emitting diode 
From Wikipedia, the free encyclopedia 

A light-emitting diode (LED) is a two-lead semiconductor light 
source. It is a p- n junction diode that emits light when activatedJ5l 
When a suitable voltage is applied to the leads, electrons are able to 
recombine with electron holes within the device, releasing energy in 
the form of photons. This effect is called electroluminescence, and 
the color of the light (corresponding to the energy of the photon) is 
detennined by the energy band gap of the semiconductor. LEDs are 
typically small (less than 1 mm2) and integrated optical components 
may be used to shape the radiation pattern. [6] 

Light-emitting diode 

Appearing as practical electronic components in 1962, the earliest 
LEDs emitted low-intensity infrared light.l7l Infrared LEDs are still 
frequently used as transmitting elements in remote-control circuits, 
such as those in remote controls for a wide variety of consumer 
electronics. The first visible-light LEDs were also of low intensity 
and limited to red. Modem LEDs are available across the visible, 
ultraviolet, and infrared wavelengths, with very high brightness. 

Blue, green, and red LEDs in 5 mm diffused case 

I Working pl"inciple Electroluminescence 

Invented H.J. Round (1907)[1] 

Oleg Losev (1927)[21 

James R. Biard (1961)[3] 

Nick Holonyak (1962)[41 Early LEDs were often used as indicator lamps for electronic 
devices, replacing small incandescent bulbs. They were soon 
packaged into numeric readouts in the form of seven-segment 
displays and were commonly seen in digital clocks. Recent 
developments have produced LEDs suitable for environmental and 
task lighting. LEDs have led to new displays and sensors, while 
their high switching rates are useful in advanced communications 
technology. 

I First production October 1962 

I Pin configuration Anode and cathode 

I Electronic symbol 

I An~ooe 

LEDs have many advantages over incandescent light sources, including lower 
energy consumption, longer lifetime, improved physical robustness, smaller 
size, and faster switching. Light-emitting diodes are used in applications as 
diverse as aviation lighting, automotive headlamps, advertising, general 
lighting, traffic signals, camera flashes, and lighted wallpaper. As of2017, 
LED lights home room lighting are as cheap or cheaper than compact 
fluorescent lamp sources of comparable output.[8] They are also significantly 
more energy efficient and, arguably, have fewer environmental concerns linked 
to their disposal.l9H1 OJ 

Unlike a laser, the color of light emitted from an LED is neither coherent nor 
monochromatic, but the spectrum is narrow with respect to human vision, and 
for most purposes the light from a simple diode element can be regarded as 
functionally monochromatic. [11 l 

Contents 

• 1 History 
• 1.1 Discoveries and early devices 
• 1.2 Initial commercial development 
• 1.3 Blue LED 

https://en.wikipedia.org/wiki/Light-emitting_diode 

Anode 

Epoxy lenstcase 

Wire bond 

Reflective cavity 

Semiconductor die 

Flat spot 

Cathode 

Parts of a conventional LED. The flat 
bottom surfaces of the anvil and post 
embedded inside the epoxy act as 
anchors, to prevent the conductors from 
being forcefully pulled out via 
mechanical strain or vibration. 
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• 1.4 White LEDs and the illumination breakthrough 
• 2 Working principle 
• 3 Technology 

• 3.1 Physics 
• 3.2 Refractive index 

• 3.2.1 Transition coatings 
• 3.3 Efficiency and operational parameters 

• 3.3.1 Efficiency droop 
• 3.3.1.1 Possible solutions 

• 3 .4 Lifetime and failure 
• 4 Colors and materials 

• 4.1 Blue and ultraviolet 
• 4.2 RGB 
• 4.3 White 

• 4.3.1 RGB systems 
• 4.3.2 Phosphor-based LEDs 
• 4.3.3 Other white LEDs 

• 4.4 Organic light-emitting diodes (OLEDs) 
• 4.5 Quantum dot LEDs 

• 5 Types 
• 5. 1 Miniature 
• 5.2 High-power 
• 5.3 AC driven 
• 5.4 Application-specific variations 

• 5 .4.1 Flashing 
• 5 .4.2 Bi-color 
• 5 .4.3 Tri-color 
• 5.4.4 RGB 
• 5 .4.5 Decorative-multicolor 
• 5.4.6 Alphanumeric 
• 5.4.7 Digital-RGB 
• 5.4.8 Filament 

• 6 Considerations for use 
• 6.1 Power sources 
• 6.2 Electrical polarity 
• 6.3 Safety and health 
• 6.4 Advantages 
• 6.5 Disadvantages 

• 7 Applications 
• 7.1 Indicators and signs 
• 7.2 Lighting 
• 7.3 Data communication and other signalling 
• 7.4 Sustainable lighting 

• 7.4.1 Energy consumption 
• 7.5 Light sources for machine vision systems 
• 7.6 Other applications 

• 8 See also 
• 9 References 
• IO Further reading 
• 11 External links 

History 

https://en.wikipedia.org/wiki/Light-emitting_diode 

A bulb-shaped modem retrofit LED 
lamp with aluminium heat sink, a light 

diffusing dome and E27 screw base, 
using a built-in power supply working 
on mains voltage 

Close up image of a surface mount LED 
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Discoveries and early devices 

Electroluminescence as a phenomenon was discovered in 1907 by the B1itish 
experimenter H. J. Round of Marconi Labs, using a crystal of silicon carbide 
and a cat's-whisker detector.[12H13l Russian inventor Oleg Losev reported 
creation of the first LED in 1927.[141 His research was distributed in Soviet, 
Gemrnn and British scientific journals, but no practical use was made of the 
discovery for several decades.l15H16l Kurt Lehovec, Carl Accardo, and Edward 
Jamgochian explained these first light-emitting diodes in 1951 using an 
apparatus employing SiC crystals with a cutTent source of battery or pulse 
generator and with a comparison to a variant, pure, crystal in 1953.[17H18l Green electroluminescence from a point 

Rubin Braunstein[19l of the Radio Corporation of America reported on infrared 
emission from gallium arsenide (GaAs) and other semiconductor alloys in 
1955 _[20] Braunstein observed infrared emission generated by simple diode 

contact on a crystal of SiC recreates 

Round's original experiment from 1907. 

strnctures using gallium antimonide (GaSb), GaAs, indium phosphide (InP), and silicon-germanium (SiGe) alloys at 
room temperature and at 77 Kelvin. 

In 1957, Braunstein further demonstrated that the rndimentary devices could be used for non-radio communication 
across a short distance. As noted by Kroemer[21 l Braunstein " ... had set up a simple optical communications link: 
Music emerging from a record player was used via suitable electronics to modulate the forward current of a GaAs 
diode. The emitted light was detected by a PbS diode some distance away. This signal was fed into an audio amplifier 
and played back by a loudspeaker. Intercepting the beam stopped the music. We had a great deal of fun playing with 
this setup." This setup presaged the use of LEDs for optical communication applications. 

In September 1961, while working at Texas Instruments in Dallas, Texas, James 
R. Biard and Gary Pittman discovered near-infrared (900 nm) light emission 
from a tunnel diode they had constrncted on a GaAs substrate_[?] By October 
1961, they had demonstrated efficient light emission and signal coupling 
between a GaAs p-n junction light emitter and an electrically-isolated 
semiconductor photodetector.1221 On August 8, 1962, Biard and Pittman filed a 
patent titled "Semiconductor Radiant Diode" based on their findings, which 
described a zinc diffused p-n junction LED with a spaced cathode contact to 
allow for efficient emission of infrared light under forward bias. After 
establishing the priority of their work based on engineering notebooks predating 
submissions from G.E. Labs, RCA Research Labs, IBM Research Labs, Bell 
Labs, and Lincoln Lab at MIT, the U.S. patent office issued the two inventors 
the patent for the GaAs infrared (IR) light-emitting diode (U.S. Patent 
US3293513 (http://vvww.freepatentsonline.com/3293513 .pdf)), the first practical 
LED.171 Immediately after filing the patent, Texas Instmments (Tl) began a 
project to manufacture infrared diodes. In October 1962, TI announced the first 
commercial LED product (the SNX-100), which employed a pure GaAs crystal 
to emit a 890 nm light output.171 In October 1963, TI announced the first 
commercial hemispherical LED, the SNX-ll0.[231 

A Texas Instruments SNX-100 GaAs 

LED contained in a T0-18 transistor 

metal case. 

The first visible-spectrum (red) LED was developed in 1962 by Nick Holonyak, 
Jr. while working at General Electric. Holonyak first reported his LED in the journal Applied Physics Letters on 
December 1, 1962.124H25l M. George Craford,1261 a fonner graduate student of Holonyak, invented the first yellow 
LED and improved the brightness of red and red-orange LEDs by a factor of ten in 1972.1271 In 1976, T. P. Pearsall 
created the first high-brightness, high-efficiency LEDs for optical fiber telecommunications by inventing new 
semiconductor materials specifically adapted to optical fiber transmission wavelengths.[281 
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Initial commercial development 

The first commercial LEDs were conunonly used as replacements for incandescent and neon indicator lamps, and in 
seven-segment displays,[291 first in expensive equipment such as laboratory and electronics test equipment, then later 
in such appliances as TVs, radios, telephones, calculators, as well as watches (see list of signal uses). Until 1968, 
visible and infrared LEDs were extremely costly, in the order ofUS$200 per unit, and so had little practical useJ3°1 
The Monsanto Company was the first organization to mass-produce visible LEDs, using gallium arsenide phosphide 
(GaAsP) in 1968 to produce red LEDs suitable for indicators.[3Dl Hewlett-Packard (HP) introduced LEDs in 1968, 
initially using GaAsP supplied by Monsanto. These red LEDs were bright enough only for use as indicators, as the 
light output was not enough to illuminate an area. Readouts in calculators were so small that plastic lenses were built 
over each digit to make them legible. Later, other colors became widely available and appeared in appliances and 
equipment. In the 1970s conunercially successful LED devices at less than five cents each were produced by Fairchild 
Optoelectronics. These devices employed compound semiconductor chips fabricated with the planar process invented 
by Dr. Jean Hoerni at Fairchild SemiconductorJ31H321 The combination of planar processing for chip fabrication and 
i1movative packaging methods enabled the team at Fairchild led by optoelectronics pioneer Thomas Brandt to achieve 
the needed cost reductionsJ331 LED producers continue to use these methodsJ341 

Most LEDs were made in the very common 5 mm Tl% and 3 mm Tl 
packages, but with rising power output, it has grown increasingly necessary to 
shed excess heat to maintain reliability,l35l so more complex packages have 
been adapted for efficient heat dissipation. Packages for state-of-the-art high­
power LEDs bear little resemblance to early LEDs. 

Blue LED 

- I. Y I '-I 2 I 3 b 

LED display of a TI-30 scientific 

calculator (ca. 1978), which uses plastic 

lenses to increase the visible digit size 

Blue LEDs were first developed by Herbert Paul Maruska at RCA in 1972 using gallium nitride (GaN) on a sapphire 
substrate.l361 SiC-types were first commercially sold in the United States by Cree in 1989.!371 However, neither of 
these initial blue LEDs were very bright. 

The first high-brightness blue LED was demonstrated by Shuji Nakamura ofNichia Corporation in 1994 and was 
based on InGaN_[33H39l In parallel, Isamu Akasaki and Hiroshi Amano in Nagoya were working on developing the 
important GaN nucleation on sapphire substrates and the demonstration of p-type doping of GaN. Nakamura, Akasaki, 
and Amano were awarded the 2014 Nobel prize in physics for their work.[4Dl In 1995, Alberto Barbieri at the Cardiff 
University Laboratory (GB) investigated the efficiency and reliability of high-brightness LEDs and demonstrated a 
"transparent contact" LED using indium tin oxide (ITO) on (AlGainP/GaAs). 

In 2001 [411and2002,[421 processes for growing gallium nitride (GaN) LEDs on silicon were successfully 
demonstrated. In January 2012, Osram demonstrated high-power InGaN LEDs grown on silicon substrates 
commercially. !431 

White LEDs and the illumination breakthrough 

The attainment of high efficiency in blue LEDs was quickly followed by the development of the first white LED. In 
this device a Y3Al50 12:Ce (known as "YAG") phosphor coating on the emitter absorbs some of the blue emission and 
produces yellow light through fluorescence. The combination of that yellow with remaining blue light appears white 
to the eye. However, using different phosphors (fluorescent materials) it also became possible to instead produce green 
and red light through fluorescence. The resulting mixture of red, green and blue is not only perceived by humans as 
white light but is superior for illumination in terms of color rendering, whereas one cannot appreciate the color of red 
or green objects illuminated only by the yellow (and remaining blue) wavelengths from the YAG phosphor. 
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The first white LEDs were expensive and inefficient. However, 
the light output of LEDs has increased exponentially, with a 
doubling occurring approximately every 36 months since the 
1960s (similar to Moore's law). This trend is generally 
attributed to the parallel development of other semiconductor 
technologies and advances in optics and materials science and 
has been called Haitz's law after Dr. Roland Haitz.1441 

Light output and efficiency of blue and near-ultraviolet LEDs 
rose as the cost of reliable devices fell. This led to relatively 
high-power white-light LEDs for illumination, which are 
replacing incandescent and fluorescent lighting.l45U461 

Experimental white LEDs have been demonstrated to produce 
over 300 lumens per watt of electricity; some can last up to 
100,000 hours.1471 Compared to incandescent bulbs, this is not 
only a huge increase in electrical efficiency but - over time - a 
similar or lower cost per bulb.1481 

Working principle 

A P-N junction can convert absorbed light energy into a 
proportional electric current. The same process is reversed here 
(i.e. the P-N junction emits light when electrical energy is applied 
to it). This phenomenon is generally called electroluminescence, 
which can be defined as the emission oflight from a 
semiconductor under the influence of an electric field. The charge 
carriers recombine in a forward-biased P-N junction as the 
electrons cross from the N-region and recombine with the holes 
existing in the P-region. Free electrons are in the conduction band 
of energy levels, while holes are in the valence energy band. Thus 
the energy level of the holes is less than the energy levels of the 
electrons. Some portion of the energy must be dissipated to 
recombine the electrons and the holes. This energy is emitted in 
the form of heat and light. 

The electrons dissipate energy in the form of heat for silicon and 
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Illustration ofHaitz's law, showing improvement in light 
output per LED over time, with a logarithmic scale on the 
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The inner workings of an LED, showing circuit (top) 
and band diagram (bottom) 

germanium diodes but in gallium arsenide phosphide (GaAsP) and gallium phosphide (GaP) semiconductors, the 
electrons dissipate energy by emitting photons. If the semiconductor is translucent, the junction becomes the source of 
light as it is emitted, thus becoming a light-emitting diode. However, when the junction is reverse biased, the LED 
produces no light and- if the potential is great enough, the device is damaged. 

Technology 

Physics 

The LED consists of a chip of semiconducting material doped with impurities to create a p-n junction. As in other 
diodes, current flows easily from the p-side, or anode, to then-side, or cathode, but not in the reverse direction. 
Charge-carriers---electrons and holes- flow into the junction from electrodes with different voltages. When an 
electron meets a hole, it falls into a lower energy level and releases energy in the form of a photon. 
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The wavelength of the light emitted, and thus its color, depends on 
the band gap energy of the materials forming the p-n junction. In 
silicon or germanium diodes, the electrons and holes usually 
recombine by a non-radiative transition, which produces no 
optical emission, because these are indirect band gap materials. 
The materials used for the LED have a direct band gap with 
energies corresponding to near-infrared, visible, or near-ultraviolet 
light. 

LED development began with infrared and red devices made with 
gallium arsenide. Advances in materials science have enabled 
making devices with ever-shorter wavelengths, emitting light in a 
variety of colors. 

LEDs are usually built on an n-type substrate, with an electrode 
attached to the p-type layer deposited on its surface. P-type 
substrates, while less common, occur as well. Many commercial 
LEDs, especially GaN/lnGaN, also use sapphire substrate. 

Refractive index 

Bare uncoated semiconductors such as silicon exhibit a very high 
refractive index relative to open air, which prevents passage of 
photons arriving at sharp angles relative to the air-contacting 
surface of the semiconductor due to total internal reflection. This 
property affects both the light-emission efficiency of LEDs as well 
as the light-absorption efficiency of photovoltaic cells. The 
refractive index of silicon is 3.96 (at 590 nm),[50J while air is 
1. 0002926 _[511 

In general, a flat-surface uncoated LED semiconductor chip emits 
light only perpendicular to the semiconductor's surface, and a few 
degrees to the side, in a cone shape referred to as the light cone, 
cone of light,[521 or the escape cone.l491 The maximum angle of 
incidence is referred to as the critical angle. When this angle is 
exceeded, photons no longer escape the semiconductor but are 
instead reflected internally inside the semiconductor crystal as if it 
were a mirror. [491 

Internal reflections can escape through other crystalline faces if 
the incidence angle is low enough and the crystal is sufficiently 
transparent to not re-absorb the photon emission. But for a simple 
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I-V diagram for a diode. An LED begins to emit light 

when more than 2 or 3 volts is applied. The reverse 

bias region uses a different vertical scale from the 

forward bias region to show that the leakage current is 

nearly constant with voltage until breakdown occurs. 

In forward bias, the current is small but increases 

exponentially with voltage. 

Idealized example oflight emission cones in a simple 

square semiconductor, for a single point-source 

emission zone. The left illustration is for a translucent 

wafer, while the right illustration shows the half-cones 

formed when the bottom layer is opaque. The light is 

actually emitted equally in all directions from the 

point-source, but can only escape perpendicular to the 

semiconductor's surface and some degrees to the side, 

which is illustrated by the cone shapes. When the 

critical angle is exceeded, photons are reflected 

internally. The areas between the cones represent the 

trapped light energy wasted as heat.[491 

square LED with 90-degree angled surfaces on all sides, the faces all act as equal angle mirrors. In this case, most of 
the light can not escape and is lost as waste heat in the crystal.l491 

A convoluted chip surface with angled facets similar to a jewel or fresnel lens can increase light output by distributing 
light perpendicular to the chip surface and far to the sides of the photon emission point.l53l 

The ideal shape of a semiconductor with maximum light output would be a microsphere with the photon emission 
occurring at the exact center, with electrodes penetrating to the center to contact at the emission point. All light rays 
emanating from the center would be perpendicular to the entire surface of the sphere, resulting in no internal 
reflections. A hemispherical semiconductor would also work, with the flat back-surface serving as a mirror to back­
scattered photons.[541 
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Transition coatings 

After the doping of the wafer, it is cut apart into individual dies. 
Each die is commonly called a chip. 

Many LED semiconductor chips are encapsulated or potted in 
clear or colored molded plastic shells. The plastic shell has three 
purposes: 

1. Mounting the semiconductor chip in devices is easier to 
accomplish. 

2. The tiny fragile electrical wiring is physically supported and 
protected from damage. 

3. The plastic acts as a refractive intennediary between the 
relatively high-index semiconductor and low-index open 
air.[551 

The third feature helps to boost the light emission from the 
semiconductor by acting as a diffusing lens, emitting light at a 
much higher angle of incidence from the light cone than the bare 
chip would alone. 

Efficiency and operational parameters 

Typical indicator LEDs are designed to operate with no more than 
30- 60 milliwatts (mW) of electrical power. Around 1999, Philips 
Lumileds introduced power LEDs capable of continuous use at 
one watt. These LEDs used much larger semiconductor die sizes 
to handle the large power inputs. Also, the semiconductor dies 
were mounted onto metal slugs to allow for heat removal from the 
LED die. 

One of the key advantages of LED-based lighting sources is high 
luminous efficacy. White LEDs quickly matched and overtook the 

Most materials used for LED production have very 

high refractive indices. This means that much of the 

light is reflected back into the material at the 

material/air surface interface. Thus, light extraction in 

LEDs is an important aspect of LED production, 

subject to much research and development. The light 

emission cones of a real LED wafer are far more 

complex than a single point-source light emission. The 

light emission zone is typically a two-dimensional 

plane between the wafers. Every atom across this plane 

has an individual set of emission cones. Drawing the 

billions of overlapping cones is impossible, so this is a 

simplified diagram showing the extents of all the 

emission cones combined. The larger side cones are 

clipped to show the interior features and reduce image 
complexity; they would extend to the opposite edges of 

the two-dimensional emission plane. 

efficacy of standard incandescent lighting systems. In 2002, Lumileds made five-watt LEDs available with luminous 
efficacy of 18-22 lumens per watt (lm/W). For comparison, a conventional incandescent light bulb of 60-100 watts 
emits around 15 lm/W, and standard fluorescent lights emit up to 100 lm./W. 

As of2012, Philips had achieved the following efficacies for each color.l56l The efficiency values show the physics -
light power out per electrical power in. The lumen-per-watt efficacy value includes characteristics of the human eye 
and is derived using the luminosity function. 

C olo1· " lavelength range (nm) Typical efficiency coefficient Typical efficacy (lm/W) 

Red 620 < ) < 645 0.39 72 

Red-orange 610 < ), < 620 0.29 98 

Green 520 < }, < 550 0.15 93 

Cyan 490 < ), < 520 0.26 75 

Blue 460 < ,l < 490 0.35 37 
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In September 2003, a new type of blue LED was demonstrated by Cree that consumes 24 mW at 20 milliamperes 
(mA). This produced a commercially packaged white light giving 65 lm/W at 20 mA, becoming the brightest white 
LED commercially available at the time, and more than four times as efficient as standard incandescents. In 2006, they 
demonstrated a prototype with a record white LED luminous efficacy of 131 lm/W at 20 mA. Nichia Corporation has 
developed a white LED with luminous efficacy of 150 lm/W at a forward current of 20 mA.[571 Cree's XLamp XM-L 
LEDs, commercially available in 2011, produce 100 lm/W at their foll power of 10 W, and up to 160 lm/W at around 
2 W input power. In 2012, Cree announced a white LED giving 254 lm!W,l58l and 303 lm/W in March 2014.[591 
Practical general lighting needs high-power LEDs, of one watt or more. Typical operating currents for such devices 
begin at 350 mA. 

These efficiencies are for the light-emitting diode only, held at low temperature in a lab. Since LEDs installed in real 
fixtures operate at higher temperature and with driver losses, real-world efficiencies are much lower. United States 
Department of Energy (DOE) testing of commercial LED lamps designed to replace incandescent lamps or CFLs 
showed that average efficacy was still about 46 lm/W in 2009 (tested perfomrnnce ranged from 17 lm/W to 
79 hn/W).[60] 

Efficiency droop 

Efficiency droop is the decrease in luminous efficiency of LEDs as the electric current increases above tens of 
milliamperes. 

This effect was initially theorized to be related to elevated temperatures. Scientists proved the opposite is true: though 
the life of an LED would be shortened, the efficiency droop is less severe at elevated temperatures.l611 The mechanism 
causing efficiency droop was identified in 2007 as Auger recombination, which was taken with mixed reaction.l621 In 
2013, a study confirmed Auger recombination as the cause of efficiency droop.l631 

In addition to being less efficient, operating LEDs at higher electric currents creates higher heat levels, which can 
compromise LED lifetime. Because of this increased heat at higher currents, high-brightness LEDs have an industry 
standard of operating at only 350 mA, which is a compromise between light output, efficiency, and 
longevity. [62][64][65][66] 

Possible solutions 

Instead of increasing current levels, luminance is usually increased by combining multiple LEDs in one bulb. Solving 
the problem of efficiency droop would mean that household LED light bulbs would need fewer LEDs, which would 
significantly reduce costs. 

Researchers at the U.S. Naval Research Laboratory have found a way to lessen the efficiency droop. They found that 
the droop arises from non-radiative Auger recombination of the injected carriers. They created quantum wells with a 
soft confinement potential to lessen the non-radiative Auger processes.l67l 

Researchers at Taiwan National Central University and Epistar Corp are developing a way to lessen the efficiency 
droop by using ceramic aluminium nitride (AlN) substrates, which are more thennally conductive than the 
commercially used sapphire. The higher thermal conductivity reduces self-heating effects.l681 

Lifetime and failure 

Solid-state devices such as LEDs are subject to very limited wear and tear if operated at low currents and at low 
temperatures. Typical lifetimes quoted are 25,000 to 100,000 hours, but heat and current settings can extend or shorten 
this time significantly.[69] 

https://en.wikipedia.org/wiki/Light-emitting_diode 8/36 



9/1/2017 Light-emitting diode - Wikipedia 

The most common symptom of LED (and diode laser) failure is the gradual lowering of light output and loss of 
efficiency. Sudden failures , although rare, can also occur. Early red LEDs were notable for their short service life. 
With the development of high-power LEDs, the devices are subjected to higher junction temperatures and higher 
current densities than traditional devices. This causes stress on the material and may cause early light-output 
degradation. To quantify useful lifetime in a standardized manner, some suggest using L70 or L50, which are runtimes 
(typically in thousands of hours) at which a given LED reaches 70% and 50% of initial light output, respectively.l?D) 

Whereas in most previous sources of light (incandescent lamps, discharge lamps, and those that burn combustible fuel, 
e.g. candles and oil lamps) the light results from heat, LEDs only operate if they are kept cool enough. The 
manufacturer commonly specifies a maximum junction temperature of 125 or 150 °C, and lower temperatures are 
advisable in the interests of long life. At these temperatures, relatively little heat is lost by radiation, which means that 
the light beam generated by an LED is cool. 

The waste heat in a high-power LED (which as of2015 can be less than half the power that it consumes) is conveyed 
by conduction through the substrate and package of the LED to a heat sink, which gives up the heat to the ambient air 
by convection. Carefi.d thennal design is, therefore, essential, taking into account the thennal resistances of the LED's 
package, the heat sink and the interface between the two. Medium-power LEDs are often designed to solder directly to 
a printed circuit board that contains a thennally conductive metal layer. High-power LEDs are packaged in large-area 
ceramic packages that attach to a metal heat sink-the interface being a material with high thermal conductivity 
(thermal grease, phase-change material, thennally conductive pad, or thermal adhesive). 

If an LED-based lamp is installed in an unventilated luminaire, or a luminaire is located in an environment that does 
not have free air circulation, the LED is likely to overheat, resulting in reduced life or early catastrophic failure. 
Thermal design is often based on an ambient temperature of25 °C (77 °F). LEDs used in outdoor applications, such as 
traffic signals or in-pavement signal lights, and in climates where the temperature within the light fixture gets very 
high, could experience reduced output or even failure.l7 11 

Since LED efficacy is higher at low temperan1res, LED technology is well suited for supermarket freezer 
lighting.l72n73)[74l Because LEDs produce less waste heat than incandescent lamps, their use in freezers can save on 
refrigeration costs as well. However, they may be more susceptible to frost and snow buildup than incandescent 
lamps,l711 so some LED lighting systems have been designed with an added heating circuit. Additionally, research has 
developed heat sink technologies that transfer heat produced within the junction to appropriate areas of the light 
fixture.l751 

Colors and materials 

Conventional LEDs are made from a variety of inorganic semiconductor materials. The following table shows the 
available colors with wavelength range, voltage drop, and material: 
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Color Wavelength [nm] Voltage drop [ll VJ Semiconducto1· material 

Infrared J. > 760 L'1V< l.63 
Gallium arsenide (GaAs) 
Aluminium gallium arsenide (AIGaAs) 

Aluminium gallium arsenide (AIGaAs) 

Red 6 10 < ,\ < 760 1.63 < L'1V< 2.03 
Gallium arsenide phosphide (GaAsP) 
Aluminium gallium indium phosphide (AlGainP) 
Gallium(III) phosphide (GaP) 

Gallium arsenide phosphide (GaAsP) 
Orange 590 < J. < 610 2 03 < L'1V< 2 10 Aluminium gallium indium phosphide (AlGainP) 

Gallium(III) phosphide (GaP) 

Gallium arsenide phosphide (GaAsP) 
Yellow 570 < ), < 590 2.10 < 1'.'1V < 2. 18 Aluminium gallium indium phosphide (AlGainP) 

Gallium(III) phosphide (GaP) 

Traditional green: 
Gallium(III) phosphide (GaP) 

Green 500 < ,\ < 570 l.9[761< L'1V < 4 0 
Aluminium gallium indium phosphide (AlGainP) 
Aluminium gallium phosphide (AlGaP) 
Pure green: 
Indium gallium nitride (InGaN) I Gallium(III) nitride (GaN) 

Zinc selenide (ZnSe) 

Blue 450 < J. < 500 2A 8 < L'1V< 3.7 
Indium gallium nitride (InGaN) 
Silicon carbide (SiC) as substrate 
Silicon (Si) as substrate- under development 

Violet 400 < J. < 450 2.76 < L'1V< 4.0 Indimn gallium nitride (InGaN) 

Indium gallium nitride (InGaN) (385-400 nm) 

Diamond (235 nm)[771 

Ultraviolet J. < 400 3 < 1'.'1V < 4.l 
Boron nitride (2 15 nmf8][79] 

Aluminium nitride (AlN) (210 nm)[BO] 
Aluminium gallium nitride (AlGaN) 
Aluminimn gallium indium nitride (AlGainN)- down to 210 mn[811 

Blue with one or two phosphor layers, 
yellow with red, orange or pink phosphor added afterwards, 

Pink Multiple types L'1V"'3.3[821 
white with pink plastic, 
or white phosphors with pink pigment or dye over top.f83] 

Dual blue/red LEDs, 
Purple Multiple types 24 8 < 1'.'1V < 3.7 blue with red phosphor, 

or white with purple plastic 

White Broad spectrnm 2.8 < 1'.'1V < 4.2 
Cool I Pure White: Blue/UV diode with yellow phosphor 
" 'arm \Vhite: Blue diode with orange phosphor 

Blue and ultraviolet 

The first blue-violet LED using magnesium-doped gallium nitride was made at Stanford University in 1972 by Herb 
Maruska and Wally Rhines, doctoral students in materials science and engineering.184ll85l At the time Maruska was on 
leave from RCA Laboratories, where he collaborated with Jacques Pankove on related work. In 1971, the year after 
Maruska left for Stanford, his RCA colleagues Pankove and Ed Miller demonstrated the first blue electroluminescence 
from zinc-doped gallium nitride, though the subsequent device Pankove and Miller built, the first actual gallium 
nitride light-emitting diode, emitted green light.186ll87l In 1974 the U.S. Patent Office awarded Maruska, Rhines and 
Stanford professor David Stevenson a patent for their work in 1972 (U.S. Patent US3819974 A (http://www.google.co 
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m/patents/US3819974)) and today, magnesium-doping of gallium nitride remains the 
basis for all commercial blue LEDs and laser diodes. In the early 1970s, these devices 
were too dim for practical use, and research into gallium nitride devices slowed. In 
August 1989, Cree introduced the first commercially available blue LED based on the 
indirect bandgap semiconductor, silicon carbide (SiC).1881 SiC LEDs had very low 
efficiency, no more than about 0.03%, but did emit in the blue portion of the visible 
light spectrum. 

In the late 1980s, key breakthroughs in GaN epitaxial growth and p-type doping1891 
ushered in the modem era of GaN-based optoelectronic devices. Building upon this 
foundation, Theodore Moustakas at Boston University patented a method for 
producing high-brightness blue LEDs using a new two-step process.1901 Two years 
later, in 1993, high-brightness blue LEDs were demonstrated again by Shuji Nakamura 
of Nichia Corporation using a gallium nitride growth process similar to 
Moustakas's.1911 Both Moustakas and Nakamura were issued separate patents, which 
confused the issue of who was the original inventor (partly because although 
Moustakas invented his first, Nakamura filed first). This new development 
revolutionized LED lighting, making high-power blue light sources practical, 
leading to the development of technologies like Blu-ray, as well as allowing the 
bright high-resolution screens of modem tablets and phones. 

Blue LEDs 

External video 

Nakamura was awarded the 2006 Millennium Technology Prize for his 
invention.1921 Nakamura, Hiroshi Amano and Isamu Akasaki were awarded the 
Nobel Prize in Physics in 2014 for the invention of the blue LED.193H94H951 In 
2015, a US court ruled that three companies (i.e. the litigants who had not 
previously settled out of court) that had licensed Nakamura's patents for 
production in the United States had infringed Moustakas's prior patent, and 
ordered them to pay licensing fees of not less than 13 million USD.1961 

~ "The Original Blue LED" (http 

s ://vimeo.com/l 09205062), 

Chemical Heritage Foundation 

By the late 1990s, blue LEDs became widely available. They have an active region consisting of one or more InGaN 
quantum wells sandwiched between thicker layers of GaN, called cladding layers. By varying the relative In/Ga 
fraction in the InGaN quantum wells, the light emission can in theory be varied from violet to amber. Aluminium 
gallium nitride (AlGaN) of varying Al/Ga fraction can be used to manufacture the cladding and quantum well layers 
for ultraviolet LEDs, but these devices have not yet reached the level of efficiency and technological maturity of 
InGaN/GaN blue/green devices. !fun-alloyed GaN is used in this case to form the active quantum well layers, the 
device emits near-ultraviolet light with a peak wavelength centred around 365 nm. Green LEDs manufactured from 
the InGaN/GaN system are far more efficient and brighter than green LEDs produced with non-nitride material 
systems, but practical devices still exhibit efficiency too low for high-brightness applications. 

With nitrides containing aluminium, most often AlGaN and AlGalnN, even shorter wavelengths are achievable. 
Ultraviolet LEDs in a range of wavelengths are becoming available on the market. Near-UV emitters at wavelengths 
around 375-395 run are already cheap and often encountered, for example, as black light lamp replacements for 
inspection of anti-counterfeiting UV watermarks in some documents and paper currencies. Shorter-wavelength diodes, 
while substantially more expensive, are commercially available for wavelengths down to 240 run.1971 As the 
photosensitivity of microorganisms approximately matches the absorption spectrum of DNA, with a peak at about 
260 nm, UV LED emitting at 250-270 run are to be expected in prospective disinfection and sterilization devices. 
Recent research has shown that commercially available UVA LEDs (365 nm) are already effective disinfection and 
sterilization devices.1981 UV-C wavelengths were obtained in laboratories using aluminium nitride (210 nm),1801 boron 
nitride (215 run)178H791 and diamond (235 nm).1771 

RGB 
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RGB LEDs consist of one red, one green, and one blue LED.[991 By 
independently adjusting each of the three, RGB LEDs are capable of 
producing a wide color gamut. Unlike dedicated-color LEDs, however, these 
obviously do not produce pure wavelengths. Moreover, such modules as 
commercially available are often not optimized for smooth color mixing. 

White 

There are two primary ways of producing white light-emitting diodes 
(WLEDs), LEDs that generate high-intensity white light. One is to use 
individual LEDs that emit three primary colors[1DD]_red, green, and blue­
and then mix all the colors to fom1 white light. The other is to use a phosphor 
material to convert monochromatic light from a blue or UV LED to broad- RGB-SMD-LED 
spectrnm white light, much in the same way a fluorescent light bulb works. It 
is important to note that the 'whiteness' of the light produced is essentially 
engineered to suit the human eye, and depending on the situation it may not always be appropriate to think of it as 
white light. 

There are three main methods of mixing colors to produce white light from an LED: 

• blue LED + green LED + red LED (color mixing; can be used as backlighting for displays, extremely poor for 
illumination due to gaps in spectrnm) 

• near-UV or UV LED + RGB phosphor (an LED producing light with a wavelength shorter than blue's is used to 
excite an RGB phosphor) 

• blue LED + yellow phosphor (two complementary colors combine to fom1 white light; more efficient than first 
two methods and more commonly used)[1011 

Because of metamerism, it is possible to have quite different spectra that appear white. However, the appearance of 
objects illuminated by that light may vary as the spectrum varies, this is the issue of Colour rendition, quite separate 
from Colour Temperature, where a really orange or cyan object could appear with the wrong colour and much darker 
as the LED or phosphor does not emit the wavelength it reflects. The best colour rendition CFL and LEDs use a mix 
of phosphors, resulting in less efficiency but better quality of light. Though incandescent halogen lamps have a more 
orange colour temperature, they are still the best easily available artificial light sources in terms of colour rendition. 

RGB systems 

White light can be formed by mixing differently colored lights; the most common method is to use red, green, and 
blue (RGB). Hence the method is called multi-color white LEDs (sometimes referred to as RGB LEDs). Because these 
need electronic circuits to control the blending and diffosion of different colors, and because the individual color LEDs 
typically have slightly different emission patterns (leading to variation of the color depending on direction) even if 
they are made as a single unit, these are seldom used to produce white lighting. Nonetheless, this method has many 
applications because of the flexibility of mixing different colors)1021 and in principle, this mechanism also has higher 
quantum efficiency in producing white light. 

There are several types of multi-color vvhite LEDs: di-, tri-, and tetrachromatic white LEDs. Several key factors that 
play among these different methods include color stability, color rendering capability, and luminous efficacy. Often, 
higher efficiency means lower color rendering, presenting a trade-off between the luminous efficacy and color 
rendering. For example, the dichromatic white LEDs have the best luminous efficacy (120 lm/W), but the lowest color 
rendering capability. However, although tetrachromatic white LEDs have excellent color rendering capability, they 
often have poor luminous efficacy. Trichromatic white LEDs are in between, having both good luminous efficacy (>70 
lm/W) and fair color rende1ing capability. 
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One of the challenges is the development of more 
efficient green LEDs. The theoretical maximum for 
green LEDs is 683 lumens per watt but as of2010 
few green LEDs exceed even 100 lumens per watt. 
The blue and red LEDs get closer to their theoretical 
limits. 

Intensity 
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HU 
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Multi-color LEDs offer not merely another means to 
form white light but a new means to fonn light of 
different colors. Most perceivable colors can be 
formed by mixing different amounts of three primary 
colors. This allows precise dynamic color control. As 
more effort is devoted to investigating this method, 
multi-color LEDs should have profound influence on 
the fundamental method that we use to produce and 
control light color. However, before this type of LED 
can play a role on the market, several technical 
problems must be solved. These include that this type 
of LED's emission power decays exponentially with 
rising temperature,l103l resulting in a substantial 
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Combined spectral curves for blue, yellow-green, and high-brightness 
red solid-state semiconductor LEDs. FWHM spectral bandwidth is 

approximately 24- 27 run for all three colors. 

change in color stability. Such problems inhibit and may preclude industrial 
use. Thus, many new package designs aimed at solving this problem have been 
proposed and their results are now being reproduced by researchers and 
scientists. However multi-colour LEDs without phosphors can never provide 
good quality lighting because each LED is a narrow band source (see graph). 
LEDs without phosphor while a poorer solution for general lighting are the 
best solution for displays, either backlight of LCD, or direct LED based pixels. 

Correlated color temperature (CCT) dimming for LED technology is regarded RGB LED 

as a difficult task since binning, age and temperature drift effects of LEDs 
change the actual color value output. Feedback loop systems are used for 
example with color sensors, to actively monitor and control the color output of multiple color mixing LEDs.[1041 

Phosphor-based LEDs 

This method involves coating LEDs of one color (mostly blue LEDs made oflnGaN) with phosphors of different 
colors to form white light; the resultant LEDs are called phosphor-based or phosphor-converted white LEDs 
(pcLEDs).[105] A fraction of the blue light undergoes the Stokes shift being transfonned from shorter wavelengths to 
longer. Depending on the color of the original LED, phosphors of different colors can be employed. If several 
phosphor layers of distinct colors are applied, the emitted spectrum is broadened, effectively raising the color 
rendering index (CRI) value of a given LED.[1061 

Phosphor-based LED efficiency losses are due to the heat loss from the Stokes shift and also other phosphor-related 
degradation issues. Their luminous efficacies compared to nonnal LEDs depend on the spectral distribution of the 
resultant light output and the original wavelength of the LED itself. For example, the luminous efficacy of a typical 
YAG yellow phosphor based white LED ranges from 3 to 5 times the luminous efficacy of the original blue LED 
because of the human eye's greater sensitivity to yellow than to blue (as modeled in the luminosity function). Due to 
the simplicity of manufacturing, the phosphor method is still the most popular method for making high-intensity white 
LEDs. The design and production of a light source or light fixture using a monochrome emitter with phosphor 
conversion is simpler and cheaper than a complex RGB system, and the majority of high-intensity white LEDs 
presently on the market are manufactured using phosphor light conversion. 
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Among the challenges being faced to improve the 
efficiency of LED-based white light sources is the 
development of more efficient phosphors. As of 2010, the 
most efficient yellow phosphor is still the YAG phosphor, 
with less than 10% Stokes shift loss. Losses attributable to 
internal optical losses due to re-absorption in the LED 
chip and in the LED packaging itself account typically for 
another 10% to 30% of efficiency loss. Currently, in the 
area of phosphor LED development, much effort is being 
spent on optimizing these devices to higher light output 
and higher operation temperatures. For instance, the 
efficiency can be raised by adapting better package design 
or by using a more suitable type of phosphor. Conformal 
coating process is frequently used to address the issue of 
varying phosphor thickness. 

Some phosphor-based white LEDs encapsulate InGaN 
blue LEDs inside phosphor-coated epoxy. Alternatively, 
the LED might be paired with a remote phosphor, a 
prefonned polycarbonate piece coated with the phosphor 
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Spectrum of a white LED showing blue light directly emitted by 

the GaN-based LED (peak at about 465 nm) and the more 
broadband Stokes-shifted light emitted by the Ce3+:YAG 

phosphor, which emits at roughly 500-700 nm 

material. Remote phosphors provide more diffuse light, which is desirable for many applications. Remote phosphor 
designs are also more tolerant of variations in the LED emissions spectrum. A conunon yellow phosphor material is 
cerium-doped yttrium aluminium garnet (Ce3+:YAG). 

White LEDs can also be made by coating near-ultraviolet (NUV) LEDs with a mixture of high-efficiency europium­
based phosphors that emit red and blue, plus copper and aluminium-doped zinc sulfide (ZnS:Cu, Al) that emits green. 
This is a method analogous to the way fluorescent lamps work. This method is less efficient than blue LEDs with 
YAG:Ce phosphor, as the Stokes shift is larger, so more energy is converted to heat, but yields light with better 
spectral characteristics, which render color better. Due to the higher radiative output of the ultraviolet LEDs than of 
the blue ones, both methods offer comparable brightness. A concern is that UV light may leak from a malfunctioning 
light source and cause harm to human eyes or skin. 

Other white LEDs 

Another method used to produce experimental white light LEDs used no phosphors at all and was based on 
homoepitaxially grown zinc selenide (ZnSe) on a ZnSe substrate that simultaneously emitted blue light from its active 
region and yellow light from the substrate_[107J 

A new style of wafers composed of gallium-nitride-on-silicon (GaN-on-Si) is being used to produce white LEDs using 
200-mm silicon wafers. This avoids the typical costly sapphire substrate in relatively small 100- or 150-mm wafer 
sizes.l108l The sapphire apparatus must be coupled with a mirror-like collector to reflect light that would otherwise be 
wasted. It is predicted that by 2020, 40% of all GaN LEDs will be made with GaN-on-Si. Manufacturing large 
sapphire material is difficult, while large silicon material is cheaper and more abundant. LED companies shifting from 
using sapphire to silicon should be a minimal investment.[1091 

Organic light-emitting diodes (OLEDs) 

In an organic light-emitting diode (OLED), the electroluminescent material comprising the emissive layer of the diode 
is an organic compound. The organic material is electrically conductive due to the delocalization of pi electrons caused 
by conjugation over all or part of the molecule, and the material therefore functions as an organic semiconductor.[1101 
The organic materials can be small organic molecules in a crystalline phase, or polymers.l111l 
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The potential advantages of OLEDs include thin, low-cost displays with a low 
driving voltage, wide viewing angle, and high contrast and color gamut.[1121 
Polymer LEDs have the added benefit of printable and flexible 
displays.[113][1 14][1151 OLEDs have been used to make visual displays for 
portable electronic devices such as cellphones, digital cameras, and MP3 
players while possible future uses include lighting and televisions.[111H1121 

Quantum dot LEDs 

Quantum dots (QD) are semiconductor nanocrystals with optical properties 
that let their emission color be tuned from the visible into the infrared 

Orange light-emitting diode 

spectrnm.[116H1171 This allows quantum dot LEDs to create almost any color on the CIE diagram. This provides more 
color options and better color rendering than white LEDs since the emission spectrnm is much narrower, characteristic 
of quantum confined states. 

There are two types of schemes for QD excitation. One uses photo excitation with a primary light source LED 
(typically blue or UV LEDs are used). The other is direct electrical excitation first demonstrated by Alivisatos et 
al.[118] 

One example of the photo-excitation scheme is a method developed by Michael Bowers, at Vanderbilt University in 
Nashville, involving coating a blue LED with quantum dots that glow white in response to the blue light from the 
LED. This method emits a warm, yellowish-white light similar to that made by incandescent light bulbs.l1191 Quantum 
dots are also being considered for use in white light-emitting diodes in liquid crystal display (LCD) televisions.[1201 

In Febrnary 2011 scientists at PlasmaChem GmbH were able to synthesize quantum dots for LED applications and 
build a light converter on their basis, which was able to efficiently convert light from blue to any other color for many 
hundred hours.l1211 Such QDs can be used to emit visible or near infrared light of any wavelength being excited by 
light with a shorter wavelength. 

The structure of QD-LEDs used for the electrical-excitation scheme is similar to basic design of OLEDs. A layer of 
quantum dots is sandwiched between layers of electron-transporting and hole-transporting materials. An applied 
electric field causes electrons and holes to move into the quantum dot layer and recombine fom1ing an exciton that 
excites a QD. This scheme is commonly studied for quantum dot display. The tunability of emission wavelengths and 
narrow bandwidth is also beneficial as excitation sources for fluorescence imaging. Fluorescence near-field scanning 
optical microscopy (NSOM) utilizing an integrated QD-LED has been demonstrated.[1221 

In Febrnary 2008, a luminous efficacy of 300 lumens of visible light per watt of radiation (not per electrical watt) and 
wam1-light emission was achieved by using nanocrystals.l1231 

Types 
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LEDs are produced in a variety of shapes and sizes. The color of the plastic lens is often the same as the actual color of light emitted, but 
not always. For instance, purple plastic is often used for infrared LEDs, and most blue devices have colorless housings. Modem high­
power LEDs such as those used for lighting and backlighting are generally found in surface-mount technology (SMT) packages (not 

shown). 

The main types of LEDs are miniature, high-power devices and custom designs such as alphanumeric or multi­
color.l124l 

Miniature 

These are mostly single-die LEDs used as indicators, and they come in various 
sizes from 2 mm to 8 mm, through-hole and surface mount packages. They 
usually do not use a separate heat sink.l125l Typical current ratings range from 
around 1 mA to above 20 mA. The small size sets a natural upper boundary on 
power consumption due to heat caused by the high current density and need 
for a heat sink. Often daisy chained as used in LED tapes. 

Common package shapes include round, with a domed or ±lat top, rectangular 
with a ±lat top (as used in bar-graph displays), and triangular or square with a 
±lat top. The encapsulation may also be clear or tinted to improve contrast and 
viewing angle. 

Researchers at the University of Washington have invented the thinnest LED. 
It is made of two-dimensional (2-D) flexible materials. It is three atoms thick, 
which is 10 to 20 times thinner than three-dimensional (3-D) LEDs and is also 
10,000 times smaller than the thickness of a human hair. These 2-D LEDs are 

Photo of miniature surface mount LEDs 
in most common sizes. They can be 
much smaller than a traditional 5 mm 

lamp type LED, shown on the upper left 
comer. 

going to make it possible to create smaller, more energy-efficient lighting, optical conununication and nano 
lasers. [126][127] 

There are three main categories of miniature single die LEDs: 

Low-current 
Typically rated for 2 mA at around 2 V (approximately 4 mW consumption) 

Standard 
20 mA LEDs (ranging from approximately 40 mW to 90 mW) at around: 

• 1.9 to 2.1 V for red, orange, yellow, and traditional green 
• 3.0 to 3 .4 V for pure green and blue 
• 2.9 to 4.2 V for violet, pink, purple and white 
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Ultra-high-output 
20 mA at approximately 2 or 4-5 V, designed for viewing in direct 
sunlight 

5 V and 12 V LEDs are ordinary miniature LEDs that incorporate a suitable 
series resistor for direct connection to a 5 V or 12 V supply. 

High-power 

High-power LEDs (HP-LEDs) or high-output LEDs (HO-LEDs) can be driven 
at currents from hundreds of mA to more than an ampere, compared with the 
tens of mA for other LEDs. Some can emit over a thousand lumens.[128][1291 
LED power densities up to 300 W/cm2 have been achieved.l130l Since 
overheating is destrnctive, the HP-LEDs must be mounted on a heat sink to 
allow for heat dissipation. If the heat from an HP-LED is not removed, the 
device fails in seconds. One HP-LED can often replace an incandescent bulb 
in a flashlight, or be set in an array to form a powerful LED lamp. 

Some well-known HP-LEDs in this category are the Nichia 19 series, 
Lumileds Rebel Led, Osram Opto Semiconductors Golden Dragon, and Cree 
X-lamp. As of September 2009, some HP-LEDs manufactured by Cree now 
exceed 105 lniJW.[1311 

Examples for Haitz's law- which predicts an exponential rise in light output 
and efficacy of LEDs over time- are the CREE XP-G series LED, which 
achieved 105 lni/W in 2009[131 ] and the Nichia 19 series with a typical 
efficacy of 140 lm/W, released in 2010.l1321 

AC driven 

LEDs developed by Seoul Semiconductor can operate on AC power without a 

Very small (1.6xl.6x0.35 mm) red, 

green, and blue surface mount miniature 

LED package with gold wire bonding 

details. 

High-power light-emitting diodes 

attached to an LED star base (Luxeon, 

Lumileds) 

DC converter. For each half-cycle, part of the LED emits light and part is dark, and this is reversed during the next 
half-cycle. The efficacy of this type of HP-LED is typically 40 lm/W.(1331 A large number of LED elements in series 
may be able to operate directly from line voltage. In 2009, Seoul Semiconductor released a high DC voltage LED, 
named as 'Acrich MJT', capable of being driven from AC power with a simple controlling circuit. The low-power 
dissipation of these LEDs affords them more flexibility than the original AC LED design.[1341 

Application-specific variations 

Flashing 

Flashing LEDs are used as attention seeking indicators without requiring external electronics. Flashing LEDs resemble 
standard LEDs but they contain an integrated multivibrator circuit that causes the LED to flash with a typical period of 
one second. In diffused lens LEDs, this circuit is visible as a small black dot. Most flashing LEDs emit light of one 
color, but more sophisticated devices can flash between multiple colors and even fade through a color sequence using 
RGB color mixing. 

Bi-color 

Bi-color LEDs contain two different LED emitters in one case. There are two types of these. One type consists of two 
dies connected to the same two leads antiparallel to each other. Current flow in one direction emits one color, and 
current in the opposite direction emits the other color. The other type consists of two dies with separate leads for both 
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dies and another lead for common anode or cathode so that they can be controlled independently. The most common 
bi-color combination is red/traditional green, however, other available combinations include amber/traditional green, 
red/pure green, red/blue, and blue/pure green. 

Tri-color 

Tri-color LEDs contain three different LED emitters in one case. Each emitter is connected to a separate lead so they 
can be controlled independently. A four-lead arrangement is typical with one common lead (anode or cathode) and an 
additional lead for each color. 

RGB 

RGB LEDs are tri-color LEDs with red, green, and blue emitters, in general using a four-wire connection with one 
common lead (anode or cathode). These LEDs can have either common positive leads in the case of a common anode 
LED, or common negative leads in the case of a common cathode LED. Others, however, have only two leads 
(positive and negative) and have a built-in tiny electronic control unit. 

Decorative-multicolo1· 

Decorative-multicolor LEDs incorporate several emitters of different colors supplied by only two lead-out wires. 
Colors are switched internally by varying the supply voltage. 

Alphanumeric 

Alphanumeric LEDs are available in seven-segment, starburst, and dot-matrix format. Seven-segment displays handle 
all numbers and a limited set of letters. Starburst displays can display all letters. Dot-matrix displays typically use 5x7 
pixels per character. Seven-segment LED displays were in widespread use in the 1970s and 1980s, but rising use of 
liquid crystal displays, with their lower power needs and greater display flexibility, has reduced the popularity of 
numeric and alphanumeric LED displays. 

Digital-RGB 

Digital-RGB LEDs are RGB LEDs that contain their own "smart" control electronics. In addition to power and 
ground, these provide connections for data-in, data-out, and sometimes a clock or strobe signal. These are connected in 
a daisy chain, with the data in of the first LED sourced by a microprocessor, which can control the brightness and 
color of each LED independently of the others. They are used where a combination of maximum control and minimum 
visible electronics are needed such as strings for Christmas and LED matrices. Some even have refresh rates in the 
kHz range, allowing for basic video applications. 

Filament 

An LED filament consists of multiple LED chips connected in series on a common longitudinal substrate that forms a 
thin rod reminiscent of a traditional incandescent filament.11351 These are being used as a low-cost decorative 
alternative for traditional light bulbs tlrnt are being phased out in many count1ies. The filaments require a rather high 
voltage to light to nominal brightness, allowing them to work efficiently and simply with mains voltages. Often a 
simple rectifier and capacitive current limiting are employed to create a low-cost replacement for a traditional light 
bulb without the complexity of the low voltage, high cun-ent converter that single die LEDs need.l136l Usually, they 
are packaged in a sealed enclosure with a shape similar to lamps they were designed to replace (e.g. a bulb) and filled 
with ine1t nitrogen or carbon dioxide gas to remove heat efficiently. 

Considerations for use 
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Power sources 

The current- voltage characteristic of an LED is similar to other diodes, in that the 
current is dependent exponentially on the voltage (see Shockley diode equation). This 
means that a small change in voltage can cause a large change in current.[1371 If the 
applied voltage exceeds the LED's foiward voltage drop by a small amount, the 
current rating may be exceeded by a large amount, potentially damaging or destroying 
the LED. The typical solution is to use constant-current power supplies to keep the 
current below the LED's maximum current rating. Since most common power sources 
(batteries, mains) are constant-voltage sources, most LED fixtures must include a 
power converter, at least a current-limiting resistor. However, the high resistance of 
three-volt coin cells combined with the high differential resistance of nitride-based 
LEDs makes it possible to power such an LED from such a coin cell without an 
external resistor. 

Electrical polarity 

--+I 

v R 

Simple LED circuit with 

resistor for current limiting 

As with all diodes, current flows easily from p-type to n-type material_[1381 However, no current flows and no light is 
emitted if a small voltage is applied in the reverse direction. If the reverse voltage grows large enough to exceed the 
breakdown voltage, a large current flows and the LED may be damaged. If the reverse current is sufficiently limited to 
avoid damage, the reverse-conducting LED is a useful noise diode. 

Safety and health 

The vast majority of devices containing LEDs are "safe under all conditions of normal use", and so are classified as 
"Class 1 LED product"/"LED Klasse l "_At present, only a few LEDs-extremely bright LEDs that also have a tightly 
focused viewing angle of 8° or less-could, in theory, cause temporary blindness, and so are classified as "Class 
2"_[1391 The opinion of the French Agency for Food, Environmental and Occupational Health & Safety (ANSES) of 
2010, on the health issues concerning LEDs, suggested banning public use oflamps in the moderate Risk Group 2, 
especially those with a high blue component, in places frequented by children_[1401 [1411 

In general, laser safety regulations- and the "Class l ", "Class 2", etc_ system- also apply to LEDs_[1421 

While LEDs have the advantage over fluorescent lamps that they do not contain mercury, they may contain other 
hazardous metals such as lead and arsenic. Regarding the toxicity of LEDs when treated as waste, a study published in 
2011 stated: "According to federal standards, LEDs are not hazardous except for low-intensity red LEDs, which 
leached Pb [lead] at levels exceeding regulatory limits (186 mg/L; regulatory limit: 5). However, according to 
California regulations, excessive levels of copper (up to 3892 mg/kg; limit: 2500), lead (up to 8103 mg/kg; limit: 
1000), nickel (up to 4797 mg/kg; limit: 2000), or silver (up to 721 mg/kg; limit: 500) render all except low-intensity 
yellow LEDs hazardous_ .. [143] 

In 2016 a statement of the American Medical Association (AMA) concerning the possible influence of blueish street 
lighting on the sleep-wake cycle of city-dwellers led to some controversy. So far high-pressure sodium lamps (HPS) 
with an orange light spectrum were the most efficient light sources commonly used in street-lighting. Now many 
modem street lamps are equipped with Indium gallium nitride LEDs (lnGaN). These are even more efficient and 
mostly emit blue-rich light with a higher correlated color temperature (CCT). Since light with a high CCT resembles 
daylight it is thought that this might have an effect on the normal circadian physiology by suppressing melatonin 
production in the human body. There have been no relevant studies as yet and critics claim exposure levels are not 
high enough to have a noticeable effect [1441 

Advantages 
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• Efficiency: LEDs emit more lumens per watt than incandescent light bulbs.11451 The efficiency of LED lighting 
fixtures is not affected by shape and size, unlike fluorescent light bulbs or tubes. 

• Color: LEDs can emit light of an intended color without using any color filters as traditional lighting methods 
need. This is more efficient and can lower initial costs. 

• Size: LEDs can be very small (smaller than 2 mm21146l) and are easily attached to printed circuit boards. 
• Warm up time: LEDs light up very quickly. A typical red indicator LED achieves full brightness in under a 

microsecond.11471 LEDs used in communications devices can have even faster response times. 
• Cycling: LEDs are ideal for uses subject to frequent on-off cycling, unlike incandescent and fluorescent lamps 

that fail faster when cycled often, or high-intensity discharge lamps (HID lamps) that require a long time before 
restarting. 

• Dimming: LEDs can very easily be dimmed either by pulse-width modulation or lowering the forward 
current.11481 This pulse-width modulation is why LED lights, particularly headlights on cars, when viewed on 
camera or by some people, appear to be flashing or flickering. This is a type of stroboscopic effect. 

• Cool light: In contrast to most light sources, LEDs radiate very little heat in the forn1 ofIR that can cause 
damage to sensitive objects or fabrics. Wasted energy is dispersed as heat through the base of the LED. 

• Slow failure: LEDs mostly fail by dimming over time, rather than the abrnpt failure of incandescent bulbs.1691 
• Lifetime: LEDs can have a relatively long useful life. One report estimates 35,000 to 50,000 hours of useful 

life, though time to complete failure may be longer.11491 Fluorescent n1bes typically are rated at about 10,000 to 
15,000 hours, depending partly on the conditions of use, and incandescent light bulbs at 1,000 to 2,000 hours. 
Several DOE demonstrations have shown that reduced maintenance costs from this extended lifetime, rather 
than energy savings, is the primary factor in determining the payback period for an LED product.11501 

• Shock resistance: LEDs, being solid-state components, are difficult to damage with external shock, unlike 
fluorescent and incandescent bulbs, which are fragile. 

• Focus: The solid package of the LED can be designed to focus its light. Incandescent and fluorescent sources 
often require an external reflector to collect light and direct it in a usable manner. For larger LED packages total 
internal reflection (TIR) lenses are often used to the same effect. However, when large quantities of light are 
needed many light sources are usually deployed, which are difficult to focus or collimate towards the same 
target. 

Disadvantages 

• Initial price: LEDs are currently slightly more expensive (price per lumen) on an initial capital cost basis, than 
other lighting technologies. As of March 2014, at least one manufacturer claims to have reached $1 per 
kilolumen.11511 The additional expense partially stems from the relatively low lumen output and the drive 
circuitry and power supplies needed. 

• Temperature dependence: LED performance largely depends on the ambient temperature of the operating 
environment - or thennal management properties. Overdriving an LED in high ambient temperatures may result 
in overheating the LED package, eventually leading to device failure. An adequate heat sink is needed to 
maintain long life. This is especially important in automotive, medical, and military uses where devices must 
operate over a wide range of temperatures, which require low failure rates. Toshiba has produced LEDs with an 
operating temperature range of - 40 to 100 °C, which suits the LEDs for both indoor and outdoor use in 
applications such as lamps, ceiling lighting, street lights, and floodlights.l1081 

• Voltage sensitivity: LEDs must be supplied with a voltage above their threshold voltage and a current below 
their rating. Current and lifetime change greatly with a small change in applied voltage. They thus require a 
current-regulated supply (usually just a series resistor for indicator LEDs).11521 

• Color 1·endition: Most cool-white LEDs have spectra that differ significantly from a black body radiator like 
the sun or an incandescent light. The spike at 460 nm and dip at 500 nm can cause the color of objects to be 
perceived differently under cool-white LED illumination than sunlight or incandescent sources, due to 
metamerism,11531 red surfaces being rendered particularly poorly by typical phosphor-based cool-white LEDs. 

• Area light source: Single LEDs do not approximate a point source of light giving a spherical light distribution, 
but rather a lambertian distribution. So LEDs are difficult to apply to uses needing a spherical light field; 
however, different fields of light can be manipulated by the application of different optics or "lenses". LEDs 
cannot provide divergence below a few degrees. In contrast, lasers can emit beams with divergences of 0 .2 
degrees or less.[1541 
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• Electrical polarity: Unlike incandescent light bulbs, which illuminate regardless of the electrical polarity, 
LEDs only light with correct electrical polarity. To automatically match source polarity to LED devices, 
rectifiers can be used. 

• Blue hazard: There is a concern that blue LEDs and cool-white LEDs are now capable of exceeding safe limits 
of the so-called blue-light hazard as defined in eye safety specifications such as ANSVIESNA RP-27.1-05: 
Recommended Practice for Photobiological Safety for Lamp and Lamp Systems. [155)[1561 

• Light pollution: Because white LEDs, especially those with high color temperature, emit much more short 
wavelength light than conventional outdoor light sources such as high-pressure sodium vapor lamps, the 
increased blue and green sensitivity of scotopic vision means that white LEDs used in outdoor lighting cause 
substantially more sky glow.l134)[157)[158)[159)[160l The American Medical Association warned on the use of 
high blue content white LEDs in street lighting, due to their higher impact on human health and environment, 
compared to low blue content light sources (e.g. High-Pressure Sodium, PC amber LEDs, and low CCT 
LEDs).(1611 

• Efficiency drnop: The efficiency of LEDs decreases as the electric current increases. Heating also increases 
with higher currents, which compromises LED lifetime. These effects put practical limits on the current through 
an LED in high power applications.[62)[64)[65)[162] 

• Impact on insects: LEDs are much more attractive to insects than sodium-vapor lights, so much so that there 
has been speculative concern about the possibility of disruption to food webs.l163)[164l 

• Use in winte1· conditions: Since they do not give off much heat in comparison to incandescent lights, LED 
lights used for traffic control can have snow obscuring them, leading to accidents.[165)[1661 

Applications 

LED uses fall into four major categories: 

• Visual signals where light goes more or less directly from the source to the human eye, to convey a message or 
meamng 

• Illumination where light is reflected from objects to give visual response of these objects 
• Measuring and interacting with processes involving no human vision[167l 
• Narrow band light sensors where LEDs operate in a reverse-bias mode and respond to incident light, instead of 

emittina li aht(168)[169](170](171] 
b b 

Indicators and signs 

The low energy consumption, low maintenance and small size of LEDs has led to uses as stan1s indicators and 
displays on a variety of equipment and installations. Large-area LED displays are used as stadium displays, dynamic 
decorative displays, and dynamic message signs on freeways. Thin, lightweight message displays are used at airports 
and railway stations, and as destination displays for trains, buses, trams, and ferries. 

One-color light is well suited for traffic lights and signals, exit signs, emergency 
vehicle lighting, ships' navigation lights or lanterns (chromacity and luminance 
standards being set under the Convention on the International Regulations for 
Preventing Collisions at Sea 1972, Annex I and the CIE) and LED-based Christmas 
lights. In cold climates, LED traffic lights may remain snow-covered.l172l Red or 
yellow LEDs are used in indicator and alphanumeric displays in environments where 
night vision must be retained: aircraft cockpits, submarine and ship bridges, astronomy 
observatories, and in the field , e.g. night time animal watching and military field use. 

Because of their long life, fast switching times, and visibility in broad daylight due to 
their high output and focus, LEDs have been used in brake lights for cars' high­
mounted brake lights, trucks , and buses, and in turn signals for some time. However, 
many vehicles now use LEDs for their rear light clusters. The use in brakes improves 
safety, due to a great reduction in the time needed to light fully, or faster rise time, up 
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to 0.5 second faster than an incandescent bulb. This gives drivers behind more 
time to react. In a dual intensity circuit (rear markers and brakes) ifthe LEDs 
are not pulsed at a fast enough frequency, they can create a phantom array, 
where ghost images of the LED appear if the eyes quickly scan across the 
array. White LED headlamps are beginning to appear. Using LEDs has styling 
advantages because LEDs can form much thinner lights than incandescent 
lamps with parabolic reflectors. 

Due to the relative cheapness of low output LEDs, they are also used in many 
temporaty uses such as glowsticks, throwies, and the photonic textile 
Lumalive. Artists have also used LEDs for LED art. 

Weather and all-hazards radio receivers with Specific Area Message Encoding 

Automotive applications for LEDs 

continue to grow. 

(SAME) have three LEDs: red for warnings, orange for watches, and yellow for advisories and statements whenever 
issued. 

Lighting 

With the development of high-efficiency and high-power LEDs, it has become possible to use LEDs in lighting and 
illumination. To encourage the shift to LED lamps and other high-efficiency lighting, the US Department of Energy 
has created the L Prize competition. The Philips Lighting North America LED bulb won the first competition on 
August 3, 2011 , after successfully completing 18 months of intensive field, lab, and product testing.[1731 

LEDs are used as street lights and in other architecn1ral lighting. The mechanical robustness and long lifetime are used 
in automotive lighting on cars, motorcycles, and bicycle lights. LED light emission may be efficiently controlled by 
using nonimaging optics principles. 

LED street lights are employed on poles and in parking garages. In 2007, the Italian village ofTorraca was the first 
place to convert its entire illumination system to LEDs.[1741 

LEDs are used in aviation lighting. Airbus has used LED lighting in its Airbus A320 Enhanced since 2007, and 
Boeing uses LED lighting in the 787. LEDs are also being used now in airport and heliport lighting. LED airport 
fixtures currently include medium-intensity runway lights, nmway centerline lights, taxiway centerline and edge 
lights, guidance signs, and obstruction lighting. 

LEDs are also used as a light source for DLP projectors, and to backlight LCD televisions (referred to as LED TVs) 
and laptop displays. RGB LEDs raise the color gamut by as much as 45%. Screens for TV and computer displays can 
be made thinner using LEDs for backlighting. [1751 

The lack of IR or heat radiation makes LEDs ideal for stage lights using banks of RGB LEDs that can easily change 
color and decrease heating from traditional stage lighting, as well as medical lighting where IR-radiation can be 
harmful. In energy conservation, the lower heat output of LEDs also means air conditioning (cooling) systems have 
less heat in need of disposal. 

LEDs are small, durable and need little power, so they are used in handheld devices such as flashlights. LED strobe 
lights or camera flashes operate at a safe, low voltage, instead of the 250+ volts c01mnonly found in xenon flashlamp­
based lighting. This is especially useful in cameras on mobile phones, where space is at a premium and bulky voltage­
raising circuitry is undesirable. 

LEDs are used for infrared illumination in night vision uses including security cameras. A ring of LEDs around a 
video camera, aimed forward into a retroreflective background, allows chroma keying in video productions. 

LEDs are used in mining operations, as cap lamps to provide light for miners. Research has been done to improve 
LEDs for mining, to reduce glare and to increase illumination, reducing risk of injury to the miners. [1761 
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LEDs are now used commonly in all market areas from commercial to home 
use: standard lighting, AV, stage, theatrical, architectural, and public 
installations, and wherever artificial light is used. 

LEDs are increasingly finding uses in medical and educational applications, 
for example as mood enhancement, and new technologies such as AmBX, 
exploiting LED versatility. NASA has even sponsored research for the use of 
LEDs to promote health for astronauts.[1771 

Data communication and other signalling 

Light can be used to transmit data and analog signals. For example, lighting 

LED for miners, to increase visibility 

inside mines 

white LEDs can be used in systems assisting people to navigate in closed spaces while searching necessary rooms or 
objects.l178l 

Assistive listening devices in many theaters and similar spaces use arrays of infrared LEDs to send sound to listeners' 
receivers. Light-emitting diodes (as well as semiconductor lasers) are used to send data over many types of fiber optic 
cable, from digital audio over TOSLINK cables to the very high bandwidth fiber links that form the Internet backbone. 
For some time, computers were commonly equipped with IrDA interfaces, which allowed them to send and receive 
data to nearby machines via infrared. 

Because LEDs can cycle on and off millions of times per second, very high data bandwidth can be achieved. 11791 

Sustainable lighting 

Efficient lighting is needed for sustainable architecture. In 2009, US Department of Energy testing results on LED 
lamps showed an average efficacy of35 lm/W, below that of typical CFLs, and as low as 9 lm/W, worse than standard 
incandescent bulbs. A typical 13-wan LED lamp emitted 450 to 650 hunens,[1 801 which is equivalent to a standard 40-
wan incandescent bulb. 

However, as of 2011 , there are LED bulbs available as efficient as 150 lm/W and even inexpensive low-end models 
typically exceed 50 lm/W, so that a 6-watt LED could achieve the same results as a standard 40-watt incandescent 
bulb. The latter has an expected lifespan of 1,000 hours, whereas an LED can continue to operate with reduced 
efficiency for more than 50,000 hours. 

See the chart below for a comparison of common light types: 

LED CFL Incandescent 

Lightbulb Projected Lifespan 50,000 hours 10,000 hours 1,200 hours 

Watts Per Bulb (equiv. 60 watts) 10 14 60 

Cost Per Bulb $2.00 $7.00 $1.25 

kWh of Electricity Used Over 50,000 Hours 500 700 3000 

Cost of Electricity (@ 0 10 per kWh) $50 $70 $300 

Bulbs eeded for 50,000 Hours of Use 1 5 42 

Equivalent 50,000 Hours Bulb Expense $2.00 $35.00 $52.50 

TOTAL Cost for 50,000 Hours $52.00 $105.00 $352.50 

Energy consumption 
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In the US, one kilowatt-hour (3 .6 MJ) of electricity currently causes an average 1.34 pounds (610 g) of C02 
emission. [181 l Assuming the average light bulb is on for 10 hours a day, a 40-watt bulb causes 196 pounds (89 kg) of 
C02 emission per year. The 6-watt LED equivalent only causes 30 pounds (14 kg) of C02 over the same time span. A 
building's carbon footprint from lighting can, therefore, be reduced by 85% by exchanging all incandescent bulbs for 
new LEDs-if a building previously used only incandescent bulbs. 

In practice, most buildings that use a lot of lighting use fluorescent lighting, which has 22% luminous efficiency 
compared with 5% for filaments, so changing to LED lighting would still give a 34% reduction in electrical power use 
and carbon emissions. 

The reduction in carbon emissions depends on the source of electricity. Nuclear power in the United States produced 
19.2% of electricity in 2011 , so reducing electricity consumption in the U.S. reduces carbon emissions more than in 
France (75% nuclear electricity) or Norway (almost entirely hydroelectric). 

Replacing lights that spend the most time lit results in the most savings, so LED lights in infrequently used locations 
bring a smaller return on investment. 

Light sources for machine vision systems 

Machine vision systems often require bright and homogeneous illumination, so features of interest are easier to 
process. LEDs are often used for this purpose, and this is likely to remain one of their major uses until the price drops 
low enough to make signaling and illumination uses more widespread. Barcode scanners are the most common 
example of machine vision, and many low-cost products use red LEDs instead of lasers. [1821 Optical computer mice 
are an example of LEDs in machine vision, as it is used to provide an even light source on the surface for the 
miniature camera within the mouse. LEDs constitute a nearly ideal light source for machine vision systems for several 
reasons: 

• The size of the illuminated field is usually comparatively small and machine vision systems are often quite 
expensive, so the cost of the light source is usually a minor concern. However, it might not be easy to replace a 
broken light source placed within complex machinery, and here the long service life of LEDs is a benefit. 

• LED elements tend to be small and can be placed with high density over flat or even-shaped substrates (PCBs 
etc.) so that btight and homogeneous sources that direct light from tightly controlled directions on inspected 
parts can be designed. This can often be obtained with small, low-cost lenses and diffusers, helping to achieve 
high light densities with control over lighting levels and homogeneity. LED sources can be shaped in several 
configurations (spot lights for reflective illumination; ring lights for coaxial illumination; backlights for contour 
illumination; linear assemblies; flat, large format panels; dome sources for diffused, omnidirectional 
illumination). 

• LEDs can be easily strobed (in the microsecond range and below) and synchronized with imaging. High-power 
LEDs are available allowing well-lit images even with very short light pulses. This is often used to obtain crisp 
and sharp "still" images of quickly moving parts. 

• LEDs come in several different colors and wavelengths, allowing easy use of the best color for each need, where 
different color may provide better visibility of features of interest. Having a precisely known spectrum lets 
tightly matched filters be used to separate informative bandwidth or to reduce disturbing effects of ambient 
light. LEDs usually operate at comparatively low working temperatures, simplifying heat management, and 
dissipation. This allows using plastic lenses, filters, and diffusers. Waterproof units can also easily be designed, 
allowing use in harsh or wet environments (food, beverage, oil industries).[1821 
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The light from LEDs can be modulated very quickly so they are used 
extensively in optical fiber and free space optics communications. This 
includes remote controls, such as for TVs, VCRs, and LED Computers, where 
infrared LEDs are often used. Opto-isolators use an LED combined with a 
photodiode or phototransistor to provide a signal path with electrical isolation 
between two circuits. This is especially useful in medical equipment where the 
signals from a low-voltage sensor circuit (usually battery-powered) in contact 
with a living organism must be electrically isolated from any possible 
electrical failure in a recording or monitoring device operating at potentially 
dangerous voltages. An optoisolator also lets information be transferred 
between circuits that don't share a conunon ground potential. 

LED costume for stage performers 

Many sensor systems rely on light as the signal source. LEDs are often ideal as 
a light source due to the requirements of the sensors. LEDs are used as motion 
sensors, for example in optical computer mice. The Nintendo Wii's sensor bar 
uses infrared LEDs. Pulse oximeters use them for measuring oxygen 
saturation. Some flatbed scanners use arrays ofRGB LEDs rather than the 
typical cold-cathode fluorescent lamp as the light source. Having independent 
control of three illuminated colors allows the scatmer to calibrate itself for 
more accurate color balance, and there is no need for warm-up. Further, its 
sensors only need be monochromatic, since at any one time the page being 

LED wallpaper by Meystyle 

scatmed is only lit by one color of light. Since LEDs can also be used as photodiodes, they can be used for both photo 
emission and detection. This could be used, for example, in a touchscreen that registers reflected light from a finger or 
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stylus.[1831 Many materials and biological systems are sensitive to, or dependent on, light. Grow lights use LEDs to 
increase photosynthesis in plants)184l and bacteria and viruses can be removed from water and other substances using 
UV LEDs for sterilization.[981 

LEDs have also been used as a medium-quality voltage reference in electronic circuits. The forward voltage drop (e.g. 
about 1. 7 V for a normal red LED) can be used instead of a Zener diode in low-voltage regulators. Red LEDs have the 
flattest IN curve above the knee. Nitride-based LEDs have a fairly steep IN curve and are useless for this purpose. 
Although LED forward voltage is far more current-dependent than a Zener diode, Zener diodes with breakdown 
voltages below 3 V are not widely available. 

The progressive miniaturization of low-voltage lighting technology, such as LEDs and OLEDs, suitable to incorporate 
into low-thickness materials has fostered experimentation in combining light sources and wall covering surfaces for 
interior walls.f 1851 The new possibilities offered by these developments have prompted some designers and 
companies, such as Meystyle,[1 861 Ingo Maurer,l1 87l Lomox[188l and Philips) 189l to research and develop proprietmy 
LED wallpaper technologies, some of which are currently available for commercial purchase. Other solutions mainly 
exist as prototypes or are in the process of being further refined. 

See also 

• History of display technology • Nixie tube 
• Laser diode • OLED 
• LEAD (diode), a light-emitting and absorbing • Photovoltaics 

diode • Seven-segment display 
• LED circuit • SMD LED Module 
• LED lamp • Solar lamp 
• LED tattoo • Solid-state lighting 
• Li-Fi • Themrnl management of high-power LEDs 
• Light-emitting electrochemical cell • UV curing 
• List of LED failure modes 
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Which Way To Go ... LED vs Fluorescent 

Fluorescent is still an inexpensive option for retrofitting old T12 fixtures, but Fluorescent lighting 
does have it's drawbacks. Here are 10 problems that people run into with Fluorescent Lighting: 

1. Frequent Switching Causes Early Failures 

If the lamp is installed where it is frequently switched on and off, it will age rapidly. 

Under extreme conditions, its lifespan may be much shorter than a cheap incandescent lamp. 
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Each start cycle slightly erodes the electron-emitting surface of the cathodes; when all the emission 
material is gone, the lamp cannot start with the available ballast voltage. 

Fixtures intended for flashing of lights (such as for advertising) will use a ballast that maintains 
cathode temperature when the arc is off, preserving the life of the lamp. 

The extra energy used to start a fluorescent lamp is equivalent to a few seconds of normal 
operation; it is more energy-efficient to switch off lamps when not required for several minutes. 

2. Fluorescent Bulbs Contain Mercury 

If a fluorescent lamp is broken, a very small amount of mercury can contaminate the 
surrounding environment. About 99% of the mercury is typically contained in the phosphor, 
especially on lamps that are near the end of their life. 

The broken glass is usually considered a greater hazard than the small amount of spilled 
mercury.The EPA recommends airing out the location of a fluorescent tube break and using wet 
paper towels to help pick up the broken glass and fine particles. 

Any glass and used towels should be disposed of in a sealed plastic bag. Vacuum cleaners can 
cause the particles to become airborne, and should not be used. 

3. Fluorescent Lights Give Off Ultraviolet Light 

Ultraviolet emission Fluorescent lamps emit a small amount of ultraviolet (UV) light. A 1993 study in 
the US found that ultraviolet exposure from sitting under fluorescent lights for eight hours is 
equivalent to only one minute of sun exposure. 

Very sensitive individuals may experience a variety of health problems relating to light sensitivity that 
is aggravated by artificial lighting. 

Ultraviolet light can affect sensitive paintings, especially watercolors and many textiles. Valuable art 
work must be protected from light by additional glass or transparent acrylic sheets put between the 
fluorescent lamp(s) and the painting. 

4. The 11 Buzz 11 On the Fluorescent Ballast 

Magnetic single-lamp ballasts have a low power factor. Fluorescent lamps require a ballast to 
stabilize the current through the lamp, and to provide the initial striking voltage required to start the 
arc discharge. 

This increases the cost of fluorescent light fixtures, though often one ballast is shared between two 
or more lamps. Electromagnetic ballasts with a minor fault can produce an audible humming or 
buzzing noise. 

Magnetic ballasts are usually filled with a tar-like potting compound to reduce emitted noise. Hum is 
eliminated in lamps with a high-frequency electronic ballast. Energy lost in magnetic ballasts can be 
significant, on the order of 10% of lamp input power. 

Electronic ballasts reduce this loss. Small lamps may use an incandescent lamp as a ballast if the 
supply voltage is high enough to allow the lamp to start. 
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5. Power Quality and Radio Interference 

Inductive ballasts include power factor correction capacitors. Simple electronic ballasts may also 
have low power factor due to their rectifier input stage. 

Fluorescent lamps are a non-linear load and generate harmonic currents in the electrical power 
supply. The arc within the lamp may generate radio frequency noise, which can be conducted 
through power wiring. Suppression of radio interference is possible. 

Good suppression is possible, but adds to the cost of the fluorescent fixtures. 

6. Not As Efficient At High and Low Temperatures 

Fluorescent lamps operate best around room temperature. At much lower or higher 
temperatures, efficiency decreases. 

At below-freezing temperatures standard lamps may not start. Special lamps may be needed for 
reliable service outdoors in cold weather. 

In applications such as road and railway signaling, fluorescent lamps which do not generate as 
much heat as incandescent lamps may not melt snow and ice build up around the lamp, leading to 
reduced visibility. 

7. Fluorescent Lamp Shape Cause Retrofit Problems 

Fluorescent tubes are long, low-luminance sources compared with high pressure arc lamps and 
incandescent lamps. However, low luminous intensity of the emitting surface is useful because it 
reduces glare. 

Lamp fixture design must control light from a long tube instead of a compact 
globe. The compact fluorescent lamp (CFL) replaces regular incandescent bulbs. 

However, some CFLs will not fit some lamps, because the harp (heavy wire shade support bracket) 
is shaped for the narrow neck of an incandescent lamp, while CFLs tend to have a wide housing for 
their electronic ballast close to the lamp's base. 

8. Most Fluorescents Are Not Able To Be Dimmed 

Fluorescent light fixtures cannot be connected to dimmer switches intended for incandescent 
lamps. 

Two effects are responsible for this: 

1. The waveform of the voltage emitted by a standard phase-control dimmer interacts badly with 
many ballasts. 

2. It becomes difficult to sustain an arc in the fluorescent tube at low power levels. 

Dimming installations require a compatible dimming ballast. These systems keep the cathodes of 
the fluorescent tube fully heated even as the arc current is reduced, promoting easy thermionic 
emission of electrons into the arc stream. 
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Now, before you go off and write me a note telling me I am wrong, here is the exception ... 

This would not apply to some CFLs as they are available to be used with with suitable 
dimmers. 

9. Contaminants Cause Disposal and Recycling Issues 

The disposal of phosphor and particularly the toxic mercury in the tubes is an environmental issue. 

Governmental regulations in many areas require special disposal of fluorescent lamps separate from 
general and household wastes. 

For large commercial or industrial users of fluorescent lights, recycling services are available in 
many nations, and may be required by regulation . In some areas, recycling is also available to 
consumers. 

But even though recycling is available, it can be expensive which leads to a bigger issue. If it is too 
expensive to dispose of the lamps, people are not encouraged to recycle and dispose of the lamps 
in ways that are harmful to our environment. 

10. Light From Fluorescent Bulb Is Non-Directional 

The Light from fluorescent bulbs is non-directional light source. When a fluorescent bulb is lit, it 
gives off lighting all the way around the bulb or otherwise 360 degrees. 

This means that only about 60-70% of the actual light being given off by the fluorescent lamps is 
being used . The other 30-40% is wasted. 

This wasted light tends to lead to over lighting certain areas, especially offices. Most offices we go 
into will not qualify for The Energy Policy Act of 2005 because the wattage per square foot is too 
high. 

What About Considering TS LED Bulbs? 

In the article above, LED is the best replacement to solve most of those problems that are listed, but 
they can be a little pricey. Because of the reach of our blog, we have set up a special direct 
relationship with a LED manufacturer and now have LED TS Bulbs, LED Parking Fixtures, LED Wall 
Packs and LED Troffers. 

If you are looking for a better alternative to Fluorscent lighting, then check out our deal on TS LED 
bulbs, just click on the blue box below. Thanks, Jimmy 

Click Here To Learn More About TS LED Bulbs 

Topics: fluorescent ballasts, led replacement bulbs, led vs fluorescent, LED Lighting, fluorescent 

lighting, fluorescent bulbs vs led bulbs 
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CR EDIT: SHUTTERSTOCK 

"The rapid adoption of LEDs in light ing marks one of the fastest technology shifts 

in human history," Goldman Sachs stated in a new report. 

The accelerated deployment of light-emitting diode {LED) bulbs is on track to save 

U.S. consumers and businesses $20 billion a year in electricity costs within a 

decade, which would lower U.S. C02 emissions by some 100 million metric tons a 

year! The growing global effort to speed up LED adopt ion could ultimately cut 

global energy costs and carbon pollution 5 times as much. 

Let's look at some key charts and facts that illustrate the LED light ing "miracle," 

which is every bit as remarkable-and every bit as unheralded by the major media 

-as the solar miracle, the battery miracle, and the electric vehicle miracle. 

As recently as 2009, this country didn't have even 400,000 installations of 

common home LED bulbs, according to the November 2015 Department of 

Energy report "Revolution ... Now The Future Arrives for Five Clean Energy 

Technologies." And yet by 2012, we had 14 million-and by 2014 we had 

whopping 78 million installations. 
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This revolution has been driven by "sharp cost reductions and performance 

improvements, relatively short replacement cycles for incumbent technologies, 

and aggressive policy support (including bans on incandescent technology in 

major markets such as the U.S., the E.U. and China)," as Goldman Sachs has 

detailed in its recent reports on "The Low Carbon Economy." 
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Since 2008 alone, prices for LED lightbulbs have dropped a remarkable 90 

percent, and you can now buy a 60-watt-equivalent LED bulb for a little more than 

$3. 

Goldman forecasts "that LEDs will account for 69 percent of light bulbs sold and 

over 60 percent of the installed global base by 2020." This chart of where LEDs 

have been and where Goldman Sachs projects they are going in the near term is 

from their July 20 report , "The Low Carbon Economy: Our Thesis In 60 CHARTS." It 

compares LED adoption with the adoption of hybrid and electric vehicles and solar 

PVand wind. 
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Exhibit 19: The rapid adoption of LEDs in lighting marks 
one of the fastest technology shifts in human history.I 
LEDs for general lighting were commercialized only 
recently, but wi ll dominate sales by the end of this decade 
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Currently the best LED bulbs cut electricity use by 85 percent compared to 

incandescent light bulbs and by 40 percent compared to fluorescent lights. By 

2020, Goldman expects those savings to increase to over 90 percent and 50 

percent respectively. 

At the same t ime, LEDs can last for up to 5 years of nonstop use- or a few 

decades if used just a few hours a day. This is 50 times longer than incandescents 

and some 3 to 7 times longer than fluorescents. At the same time, LED bulbs 

provide superior light quality than compact fluorescent lights (CFLs). For all these 

reasons and more, GE announced earlier this year it would stop making CFLs "for 

the U.S. market and instead focus its consumer lighting efforts on LED lamps." 

With the initial price dropping sharply while t he ultra-low lifecycle costs also keep 

dropping, you end up with a revolution-one that is happening even faster in the 

United States: 
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Exhibit 53: . .. and LEDs now account for over half of US 
lighting sales ... 
LEDs for residential lighting are seeing over 1000 basis 
points in market share gain per annum. 
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With such an unprecedented technology revolution, it 's no wonder that, in 2014, 

the Nobel Committee awarded the Physics Prize to three scientists for their 1990s 

invention of "efficient blue light-emitting diodes [LEDs]. which has enabled a bright, 

energy-saving white light source." 

And in case you think that one small product you can hold in the palm of your hand 

can't be a game-changer in the arena of energy and cl imate solut ions, t hink again. 

The nation's tota l electricity bill for residential and commercial customers is now 

more than $320 billion. Of that about 15 percent is lighting- nearly $50 billion a 

year. 

Goldman Sachs projected last month that LED lights "are on t rack to cut power 

consumption for light ing ... by over 40 percent." That would provide annual savings 

of more than $20 billion for consumers and businesses within a decade. And t hat 

in turn would reduce U.S. C02 emissions by some 100 mil lion metric tons a year. 
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Exhibit 54: ... and are on track to cut power 
consumption for lighting (17% of total) by over 40%. 
As LED lighting rapidly penetrates the the installed base, 
US power demand for lighting begins to drop substantially 

600 
521 

500 489 

391 
400 

J: 283 
~ 300 

200 

100 

0 
2015E 2016E 2020E 2025E 

• Residential • Commercial Industrial 

Source: Goldman Sachs Global Investment Research. 

I have previously noted that elect ricity sales in th is country have been flat for 

nearly a decade even as the economy has kept growing. This shif t has been driven 

federal energy efficiency standards for appliances (including lighting) and a 

growing embrace of policies to promote efficiency at the state level. 

Clearly, the LED lighting revolution will help ensure that trend continues for at least 

one more decade. Indeed, the only plausible way the United States could return to 

an era of significant electricity demand growth is if the electric vehicle revolution 

takes off in the 2020s, which as we've seen is entirely possible, if not likely. 

The energy and climate benefits of LEDs are so large, it's no wonder the U.S. 

Department of Energy has been working to advance the technology and promote 

their deployment for over 15 years. And it's no surprise the DOE has worked with 

countries like India on technical and analytic approaches to rapidly accelerate their 

adoption of LED lights. 

Indeed, most of the major countries in the world have adopted policies that have 

sped up the adoption of LEDs, the most important of which have been the 

mandatory phaseout of inefficient incandescent lights: 
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Exhibit 20: Aggressive policy support in all major 
jurisdictions has been a key catalyst for growth .. . 
Mandatory phase-outs of incandescent lighting in all major 
markets played a key role in boosting investment in LEDs 

Source: Goldman Sachs Global Investment Research. 

On top of all that, in 2015, the world's energy ministers embraced a Global Lighting 

Challenge, which is "a global race to accelerate phase-in of high efficiency, high­

quality and affordable advanced lamps and lighting systems wit h a target of 

achieving cumulative global sales of 1 O billion such units as fast as possible." LED 

lighting will be a central focus. 

As with solar energy, advanced batteries, and electric vehicles, the LED lighting 

revolution may not be televised by the major media, but it is happening at a torrid 

pace nonetheless-with a big boost from government deployment policies. 
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Top Reasons Why You Should Choose Energy-Saving LED Light Bulbs 

LED light bulbs are currently about to take over the lighting technology market by storm. And 

this with good reasons, because as you know, LED bulbs are a far more energy efficient, more 

environmentally friendly and also a cost-saving alternative to the old conventional 

incandescent and CFL light bulbs. 

These are also the main reasons for both private and public transformations and upgrading of 

residential and commercial lighting technology systems to LED illumination. But are you aware 

of just how much of a difference LED light bulbs can make to energy saving, sustainability and 

financial spending? 

Well, apparently both Bill Clinton and Los Angeles Mayor Antonio Villaraigosa are highly aware 

of just this: 

Already back in February 2009, the Clinton Climate Initiative replaced 140,000 streetlights in 

Los Angeles with energy-saving LED fixtures. This investment into energy efficient LED lighting 

solutions is now saving the city of Los Angeles more than US$ 5 million annually, a number that 

is to reach $7.5 million per year once the entire LED upgrade has been made. Saving US$ 5 

million per year by switching over to LED light bulbs, imagine that! 
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Clearly, LED lights are a revolutionary, cost-saving and energy efficient lighting solution - but 

just how different is the LED technology when compared to incandescent and compact 

fluorescent light bulbs, the CFLs? 

So let's take a closer look at the top 5 reasons LED lighting clearly outshines its alternatives and 

leaves the other conventional lighting technologies left behind and in the dark. 

1. LED light bulbs are more energy efficient 

The main argument of course refers to the clear advantage LED lighting technologies have with 

regards to energy efficiency. With increasing costs of electricity, the cost factor of electricity is 

becoming more and more relevant. For example, up to 40% of a city's electricity costs are spent 

on street lighting only! 

By applying energy efficient LED light bulbs these costs can be reduced by 70-90% and 

generate significant cost-savings for urban communities and municipal governments. 

2. LED light bulbs have a longer life span 

When looking at the average life span of LED, conventional incandescent and CFL light bulbs, it 

is crystal clear to anyone why LED lighting is by far the best solution. An average CFL's lifespan 

is approximately 8,000 hours, whereas incandescent light bulbs only light for about 1,200 

hours. LED technology, on the other hand, has an average lifespan of an impressive up 50,000 

hours or more! That means, an LED light bulb is an investment you make to last for many years 

or even decades of sustainable illumination in your personal home residence or on your 

commercial business premises and other public venues or buildings. 

For urban lighting, this long life span also pays back in form of substantial cost-savings in 

maintenance: 

Instead of having to replace conventional light bulbs regularly and thereby generating high 

maintenance costs especially in a large-scale urban municipality setting, LED light bulbs with 

their exceptional long life time expectancy lead to significant cost-savings in regards to 

maintenance and replacement workloads. 

3. LED light bulbs helps you save money on your electricity bills 

LED lights use less power (watts) per unit of light (lumen) generated. Therefore, they are not 

only much longer-lasting in lifespan but also lower your electricity bill providing 100 or even up 

to 200 lumen per watt. CFLs, in contrast use about twice the amount of watts and incandescent 

light bulbs around 1 Ox as much power with only ca. 18-20 lumen per watts. 
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In a home or residential setting, this difference in 

lifespan and efficiency between incandescent 

lighting and LED lighting helps you to 

significantly reduce your electricity bill. 

In conclusion, a LED light bulb is therefore 

almost 50 times more efficient in lifespan, and 

ca. 70-80% more energy-efficient than a 

conventional incandescent option. Impressed 

yet? It gets better! 

4. LED lights are non-toxic and greener than other alternatives 

Apart from the compelling differences in efficiency, lifespan and therefore also electricity cost, 

LED lighting is also the greenest solution available on today's markets. For one, LEDs, in 

contrast to CFLs, do not contain the highly toxic mercury, which is harmful not only to the 

environment but also to your personal health. 

LED lights are free of toxic materials and are 100% recyclable, and besides this they will help 

you to reduce your carbon footprint by up to a third: 

The long operational life time span mentioned above means also that one LED light bulb can 

save material and production of 25 incandescent light bulbs. A big step towards a greener 

future! 

Most important for issues regarding global warming and environmental change, LED light 

bulbs release substantially less C02, sulfur oxide and nuclear waste. Where 30 incandescent 

light bulbs release about 2500 kg's of these emissions a year, LEDs only produce about 200 kg's 

annually. Taking into consideration the increasing threats of global warming and the effects of 

C02 emissions on our planet and personal health, it goes without saying that LED bulbs are by 

far the greenest lighting solution so far. 

5. LED lighting is flexible in color and design 

LED lights can easily be combined in various shapes and designs in order to produce highly 

efficient solutions for both residential and commercial illumination. Individual LEDs can be 

dimmed and both light, color and distribution can be dynamic controlled and adjusted either 

via timers or also remote and even via the internet or your home WLAN. A well-designed LED 

illumination system can achieve some amazing lighting effects that influence not only the eye 

but also for the mood and the mind of human beings. 

LED mood illumination is already being used in airplanes to bridge jet-lags allow for more 
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natural sleep patterns, and also in classrooms where the right lighting has proven to improve 

students learning abilities. 

You can expect to see a lot more LED mood illumination that are being dynamically controlled 

depending on settings, moods and so on in our daily lives within the next few years. 

LEDs are the way to a bright green future 

Mostly, when thinking about personal and individual benefits and comforts of LED bulbs, one 

considers factors such as the non-effect of on/off cycling in LED bulbs which means lifespan 

doesn't decrease. 

Additionally, the much lower output of heat which 

ensures that the bulbs typically do not overheat is 

also an important factor to consider. Besides these 

benefits, it is clear that with the efficiency, lifespan 

and ecological factors mentioned, the advantages of 

LED light bulbs range far beyond these simple 

comforts. 

LED technology is substantially more efficient, longer 

lasting and far more sustainable than other lighting alternatives, especially in comparison to 

incandescent bulbs - which, in our opinion and also in that of many regulators should be 

removed entirely from the market because of their massive environmental impact. 

If you want to learn more about the advantages of LED technology and digital illumination, feel 

free to also read our article Top 10 Benefits of Using LED Lighting to find out more about the 

benefits of LED lighting. 

It is high time to start saving money, benefit from longer-lasting lighting systems and 

sustainable illumination - and most importantly, you can also do your part and start to help 

saving our planet: 

You can now shop your LED light bulbs wholesale in the LEDLuxor on line shop, where you'll 

have the choice of a wide range of high quality products to suit your LED lighting needs. 

Feel free to contact our customer service for a wholesale quote and assistance! 
Tags: LED Technology, Reasons for LED, LED Benefits Last update: May 03, 2013 
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LED Global Market Penetration of 50% Expected by 2015 
8 Comments (1 Replies) 
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Ridley 
July 12, 201712:16 
I really like the idea of LED lights. just the fact that they use less watts and can save 
me money is great! We need to start replacing all of the bulbs in our home with 
LED ones, for sure. 

David Wei 
April 03, 2017 03:58 
Thanks for these messages.Led lights is the trend to replace the incandescent bulb 
and CFL bulb 

Reply 

Sansak 
July 27, 2016 00:28 
The Basic Advantages of LED's are that they are Long Operational,Great Energy 
Saver. But White LED's Must be ignored as they are more Power Consuming. Nice 
Post Buddy! 

Monica Weiss 
January 26, 2016 11 :16 
I am a member of the environmental group 350NYC, a local affiliate of 350.org We 
are launching a lightbulb project and are looking for partners. and suppliers. I can 
send you the information. Whose attention and which email address would I send 
it to? 
Also, would someone be able to help calculate the savings in C02 from changing 
one CFL to one LED? Thank you. Monica 

Susan Karppala 
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Add to this article: 
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#6 Health benefits of LED mood lighting per your own page! 
https://www .led I uxo r.com/led-i n novatio n/led-m ood-1 ighti ng-i ncreases-wel 1-bei ng­
mood-hea Ith 

Susan 
July 03, 201411 :15 

~e your website and eMagazine. 

okledlights 
August 08, 2013 18:36 
Most people prefer to buy LED lights in comparison of traditional bulbs because 
led lights produce less heat and saves energy. LED lights are cost effective and 
energy efficient diode. The installation of light emitting diodes is also very easy. 

Tom Smith 
April 15, 2013 04:13 
Nice post LED lights are used 70% less energy than an incandescent light and 
because they required less energy, we need to spend less money on our energy 
bills. If you are using old traditional light strings then you are wasting energy and 
money. By purchasing new LED lights you can save the energy resources and make 
the environment green. 

sebb 
February 14, 2013 18:58 
LED rocks and has helped us cut our electricity bill by 50 procent or so! 
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Color iemperature is a description of the warmth or coolness of a light source. When a piece of metal is 

heated. the color of tight it emits v.111 change. This color begins as red in appearance end gradu~es to 

orar19e. yellow. white. and then blue·white to deeper colors of blue. The temperature of this metal is a 

physical meastxe in degrees Kelvfi or absolute te~rature . While lamps other than incandescent such 

as LEDs do not exacny mmlc the outpU1 or this piece of metal, we u1111ze the correlated color temperatLXe 

(or Kelvins) to describe the appearance Of that light source as It relates to the appHrance ofthe piece of 

~tal (specifically a black body radiator). 

By convention. yellow-red colors (like the names of a fire) are considered warm, and blue-green colors 

(like light from en overcast sky) are considered cool. Confusingly, higher Kelvin temperatures (3600-5500 

K) are wh1:1t we con~ider cool and lower color temperatures (270()-3000 K) are considered warm. Cool 

light is preferred for visual tasks because it produces higher contrast than warm light. Warm light is 

preferred for living spaces because it is more tlaitering to skin tones and clothing. A color temperatlXe of 

270G-3600 K Is gene<ally recommended for most Indoor general and task llghting epplicatlons_ Color 

Temperature Is not an lndleator of lamp heat. 

NEM!ly created vintage and filament LED bulbs offer color temperatures below 27DOK, some even as low 

as 1900K1 These color temperatures are suited for those looking to mimic the ambience created by 

traditional carbon filament bulbs. These bulbs produce a lo'Ner number of lumens then traditional 

incandescent bulbs as do their LED counterparts. Only chose this level of color temperature if you are 

willing to sacrifice lumens for a more ambience that demands the extremely soft light these bulbs create. 
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A big thank you for your blog.Thanks Again. Fantas1ic. 

Marlin Colvert on Aug 04, 2015 

Good selection of LED products. 
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We talk a lot about the energy and cost savings and environmental benefits of LED lights (and will 

continue to do so), however something not often considered is the range of other business benefits that 

quality LED lighting can achieve. 

Several reports in the U.S. Library of Medicine National Institutes of Health reveal the positive effects of 

'light ' and its influence on human vitality, energy, mood, alertness, psychomotor vigilance and work 

performance. 

Workers surveyed by the Kensington Technology Group listed eyestrain as a leading cause of physical 

stress in the workplace. According to a study sponsored by the American Society of Interior Designers, 

68% of all office workers were concerned about lighting. Office workers consistently rated poor lighting as 

the first or second work environment concern. 

A study by Cornell University found 24% of office workers claimed poor lighting as a causal factor in loss of 

work due to eyestrain and discomfort. The study revealed a 2% loss of productivity per year for each 

individual surveyed, which equates to about one week of paid annual leave for each employee. 

The Cornell University study demonstrated that a 3% to 5% gain in worker productivity could be obtained 

with commercia l LED lighting. 
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We have a strong view that proper illumination is essential for comfort and productivity in office 

environments. Lighting in offices impacts upon quality of perception, mood and performance of 

employees. 

LED lighting can have this positive impact on employees - on their physical, physiological, and 

psychological health and well-being, enhancing their general performance and potentially reducing 

absenteeism. 

Conversely, dim or harsh lighting, often associated with traditional fluorescent and incandescent lights, 

can cause eye strain, as your eyes work harder to see, and associated ailments. Fluorescent and 'bulb'­

shaped incandescent lamps emit light in all directions, with the result that much of the light they produce 

is lost within the fixture or escapes in a direction not useful for the intended application. 

One of the defining benefits of LEDs is that they emit light in a specific direction, which reduces the need 

for reflectors and diffusers that can lower efficiency. LEDs do not flicker and are free from toxic substances 

and UV emissions. 

While natural light through windows provides the optimal lighting outcome, LEDs are the next best 

alternative and beautifully complement natural lighting, particularly when combined with modern control 

systems, which include wireless control (see our blog post on Zigbee control systems). 

MatrixLED offers a large range of office LED lighting solutions, including Zigbee wireless controlled 

systems. Please visit our website to learn more about LED lights and contact us for a free consultation. 
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dyson Shop v Products v Business v Support v My Dyson v C: v ~ _>o_o _<o ____ Q 

Powerful light 
precisely where 
your business 
needs it. 
Click each tab to find out more Cu-Bec m"" Susper ded l'gh·3 CSYS.,. To:k l9h;s 

dyson cu beam 
Suspended lighting with Heat p ipe technology to co o l LEDs. 

For powerful light, p recisely where you need it. 

8ackto top A 1 Live Chat Ci Email us r 855-720-6378 ~ See it Jive 



Brochures, instal lation guides and information 
Follow th" link b"low for us;iful resourc"s 

A dedicated D'json expert 
v.~11 contact you within ooe 

business day. 

Backto top A 

Face to face meeting 
whh demonstration 

Fluorescent lights can create 
problems, including reduced 
light output over time, wasted 
light in all di rections, costly 
replacement, noise pol lution 
and hazardous material. 

Downloads 

Get a tailored quote 
specific to your 
business needs. 

,,,,,_.. 

Speak to a Oyson expert 

855-720-63 78 
or see It l!ve In person. 

S..it liv1 

Cu-Beam '" suspended light technology works differently. 



Backtotop A 1 Live Chat G !mail us r 855°720°6378 ~ See it live 

Find out more about the Cu-Beam TM suspended light range 
nack to top A 1 Live Chat Ci Email us r 855°720°6378 ~ See it live 

Find out more about the Cu-Beam TM suspended light range 

dyson cu beam duo 

Alters to suit changing needs 
throughout the day. 

Le..nmore 

dyson cu beam down 

-
Ideal for lighting task surfaces such as 

meeting tables and office desks. 

Le.:im more 

dyson cu beam duo 

dyson cu beam up 

Optimal lighting for open spaces, such as 
atriums, foyers and offices. 

Le.:irnmore 

Combined up and down light with full flexible control. 

HMy team and I have spent 10 
yea rs immersed in the science of 
powe rful, long-lasting illumination. 
Now, we've developed a lighting 
tech no logy that can adapt to 
different tasks throughout the day." 

Joke Dyson 

If 

I 

I 

I 

I 

I 

I 

I 



Directing light where it's needed 
provides optimal visual conditions, 
preventing wasted light and helping 
to reduce eye strain . 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

• 

• 



Backto top A Cl Emnil us (9 855-720-6378 ~ See it live 

dyson cu beam down 
Suspended down-light with a controlled 

pool of powerful illumination. 

A custom-engineered lens, combined with ad justable shutters, 
provides precise task lighting. Ideal for board room tables and desks. 



Backtotop A 

Controlled pyramid of light 
When mounted at 1.3m / 4.25ft above the task area , Cu-Beam r"" down-tight projects 6731x 

evenly over an area of 3.2m x 1.6m I 1 O.Sft x 5.24ft. 

Iii Emt1il us r 855-720-6378 ~ See it l ive 

---

dyson cu beam up 
Suspended up-light with an ultra-wide 
distribution of powerful illumination. 

---------- -------------------------...... ---' ' I 
I 

,/ -- ,,' __ , .... ...... 

O ne light for the whole room 

Using a custom-engineered bubble optic lens, 
the CU-Beamr"' up-light casts a v.1de pool of light 

across the ceiling, cresting embient light. 

Wirl<=> rlidr ih1 1tirrn r.f Ii,-, ht 

---



' ' ,....,.._. '-" ' '"'" , .._, ...... """ ' ! _.. , " ':::::) ' II 

When mounted at 400mm I 15.75in from the ceiling, Cu-Beam™ up-light projects light evenly over an area of 4m / 13ft wide. 

Backto top A l5i Email US r 855·720·6378 ~ See it live 

Useful resources 

Download manuals, installation guides and technical specifica:ions. 

d!json cu beam duo d!json cu beam down d!json cu beam up 

'••• 
Range bl'ocl\ure 

Operations manual 

Tectinical specification 

IMtalbttlon oulde 

Backto top A 

Support 
l1fctme hell and support for all Dy:son 

Range brochure 

Operations manual 

Technical specifica1ion 

Register your warranty 
lt'N alow us to help yoo la!>!. er rf you 

everneeGSl{IPOft 

Range brochure 

Operations manual 

Technical speclflcatkln 

15i Emtiil us r 855-720-6378 ~ See it live 

Contact us 
rorfurthermfofmat1on. speak to a 

OysonelCpen 

How lo buy 
Con~tta Dyson expert 
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Powerful light, precisely 
where you need it. 

Neglecting to protect LEDs from 
heat con damage their phosphorus 
coating, degrading brightness. 
That's why Joke Dyson introduced 
Heat pipe technology to direct heat 
away from the LEDs to sustain 
their brightness. 







dyson cu beam duo 
Combined up and down light 
with full flexible control. 

Powerful up ond down light from one product. 

Custom-engineered lens ond trim blodes 
project direct light precisely where you need it. 

The down-light projects up to 7221x at 4000K 
evenly over on oreo of 10.5ft x 5.3ft I 3.2m x l .6m 
when mounted 4.3ft I l .3m above the task oreo.1 

The up-light projects up to 7331x ot 4000K evenly 
over on oreo of 13ft I 4m wide when mounted 
oto 15.8in /400 mm drop height from the ceiling.1 

High efficocy with up to 113 lm/W at 4000K. 

Weighs only 71b I 3.2kg. 

5 year worronty (ports only). 

Silver 

Block 

1Bosed on 50/50 split of up and down light. 





dyson cu beam down 
Suspended down-light with a controlled 
pool of powerful illumination. 

Powerful LED light (53501m at 4000K). 

Custom-engineered lens and trim blades 
project direct light precisely where you need it. 

LEDs stay bright for up to 180,000 hours.2 

Projects up to 6741x at 4000K evenly over on oreo 
of 10.5ftx 5.3ft I 3.2m x l.6m when mounted 
4.3ft I l .3m above the tosk oreo. 

High efficacy with up to 94 lm/W ot 4000K. 

Weighs only 61b 6oz I 2.9kg. 

5 yeor warranty (ports only). 

Silver 

Block 

White 

2Colculotecl lifetime based on LED L70. 





dyson cu beam up 
Suspended up-light with an ultra-wide 
distribution of powerful illumination. 

Powerful LED light (78001m ot 4000K). 

Custom-engineered lens projects wide beom 
of ombient light precisely where you need it. 

Stoys bright for up to 180,000 hours.2 

Projects up to 6901x at 4000K evenly over on oreo 
of 131! I 4m wide when mounted ot 15.8in I 400 
mm drop height from the ceiling. 

High efficocy with up to 92 lm/W at 4000K. 

Weighs only 61b 6oz I 2.9kg. 

5 year worronty (ports only). 

Silver 

I I 
Block 

White 

2Colculoted lifetime based on LED L70. 





dyson csys 
Powerful warm white task light. 
Engineered for use in a relaxing space. 

Powerful LED light (6481x). Meosured from l .9ft I 
0.6m distance over 10.7ft2 I 1 m2 task oreo. 

Stays precisely where you need it. 

Touch sensitive continuous dimming. 

Conical reflectors help to reduce glare. 

LEDs stay bright for up to 144,000 hours2 

due to Heat pipe technology. 

2 year worronty (ports only). 

Colorwoys - Floor and Clamp: Block/Silver, Block/Block. 
Desk: Block/Silver, Block/Block or White/Silver. 

_J 

l 

I. 
T 

1 

'Calculated lifetime based on LED L70. 





dyson csys 4k 
Powerful cool white task light. 
Engineered for the office environment. 

Powerful LED light (8081x). Measured from l .9ft I 
0.6m distance over 10.7ft2 I 1 m2 task oreo. 

High-efficiency LEDs provide 30% more 
lumens per wottthon our original model. 

Stays precisely where you need it. 

Touch sensitive continuous dimming. 

Conical reflectors help to reduce glare. 

LEDs stay bright for up to 144,000 hours2 

due to Heat pipe technology. 

2 year warranty (ports only). 

Colorwoys - Clamp: Block/Silver, Block/Block. 
Desk: Block/Silver, Block/Block or White/Silver. 

I ... 

I. 
I 

l 

2Colculoted lifetime based on LED l 70. 





dyson cu beam duo 

Visit website for full downloadable 
technical specifications. 
wwww.dyson.com/lighting 
www.dysoncanada.ca/lighting 

Luminaire dimensions 

H 3.Sin (89 mm) 
W 28.Sin (72S mm) D 8. lin (206 mm) 

Driver dimensions 

H 2.2in (SS mm) 
W 12.2in (310 mm) D 4.3in (110 mm) 

Minimum clearance from ceiling 

1S.7in (400 mm) 
Dimmoble: DALI, PWM,0- l OV, 1-lOV 
Factory pre-set light split ratio: 
SO% down-light I SO% up-light 
(available with 0-1 0 & 1-1 OV controls) 

8. lin 
(206 mm) 

FRONT ELEVATION 

l2.2in (310 mm) 

2.2inI~-IJ (55mm) ~ 

3.lin (79 mm) 

l0.2in (260 mm) 

UNDER ELEVATION 

28.Sin (725 mm) 

5.l in 
(l30 mm) 

SIDE ELEVATION 

4.3in (110 mm) 

8. l in (206 mm) 



dyson cu beam down 

Visit website for full downloadable FRONT ELEVATION SIDE ELEVATION 

technical specifications. 
wwww.dyson.com/ lighting 
www.dysoncanada.ca/ lighting 

Luminaire dimensions 

H 3.3in (83 mm) 
W 28.3in (720 mm) D 5.lin (130 mm) 

Driver dimensions 

H 2.2in (55 mm) 
W 12.2in (310 mm) D 4.3in (110 mm) 

Minimum clearance from ceiling 

15.7in (400 mm) 

l2.2in (310 mm) 4.3in (110 mm) 

2.2inI~mJ 
(55mm) ~ 

8.6in (225 mm) 6.9in (175 mm) 

UNDER ELEVATION 

11111 111111111 11 1111 111 11111:1
101

lllllllllllllllllll lll lllll lll I ,,:o':m 
28.3in (720 mm) 



dyson cu beam up 

Visit website for full downloadable 
technical specifications. 
wwww.dyson.com/ lighting 
www.dysoncanada.ca/ lighting 

Luminaire dimensions 

H 2.3in (60 mm) 
W 28.3in (720 mm) D 5.lin (130 mm) 

Driver dimensions 

H 2.2in (55 mm) 
W 12.2in (310 mm) D 4.3in (110 mm) 

Minimum clearance from ceiling 

15.7in (400 mm) 

FRONT ELEVATION SIDE ELEVATION 

12.2in (310 mm) 4.3in (110 mm) 

2.2in I [11-llJ (55 mm) 

5.lin (130 mm) 

~~~~~I 1.8in ~ (45 mm) ----------.. 

5. l in (130 mm) 

TOP ELEVATION 

I lllllllllllllllllllllllllllK QBlllllllllllllllllllllllllll l ,.;;·:m, 
28.3in (720 mm) 



dyson csys desk 

Visit website for full downloadable 
technical specifications. 
wwww.dyson.com/ lighting 
www.dysoncanada.ca/ lighting 

Luminaire dimensions 

H 25.6in (650 mm) 
W 20.7in (527 mm) D 4.6in (177 mm) 

FRONT ELEVATION 

20.7in (527 mm) 

11 

6.9in (175 mm) 

23.6in 
(600 mm) 

17.7in (450 mm) 

2.2in 
(55mm) 

SIDE ELEVATION 

25.6in 
(650 mm) 

4.6in (177 mm) 



dyson csys clamp 

Visit website for full downloadable 
technical specifications. 
wwww.dyson.com/lighting 
www.dysoncanada.ca/lighting 

Luminaire dimensions 

H 29.Sin (751 mm) 
W 28.7in (729 mm) D l.Sin (38 mm) 

FRONT ELEVATION 

~ - 7 

29.5in 
751 mm) 

' '\ .. ~ 

4.0in I 
(101 mm) ~ 

El: 

SIDE ELEVATION 

28.lin (729 mm) 

I 
n 

20.0in (509 mm) 

25.4in (645 mm) 

~ 

l 



dyson csys floor 

Visit website for full downloadable 
technical specifications. 
wwww.dyson.com/lighting 
www.dysoncanada.ca/lighting 

Luminaire dimensions 

H 55.5in (1410 mm) 
W 28.6in (727 mm) D 12.4in (315 mm) 

FRONT ELEVATION 

28.6in (727 mm) 

11111 

20.0in (509 mm) 

25.4in (645 mm) 

3 1.9in 
(810 mm) 

53.5in 
(1360 mm) 

55.5in 
(1410mm) 

SIDE ELEVATION 

12.4in (315 mm) 









EXHIBITH 



9/1/2017 Philips - Wikipedia 

Philips 
From Wikipedia, the free encyclopedia 

Koninklijke Philips N.V. (Koninklijke Philips N.V. of the 
Netherland, Philips), (stylized as PHILIPS) is a Dutch 
technology company headquartered in Amsterdam with primary 
divisions focused in the areas of electronics, healthcare and 
lighting. It was founded in Eindhoven in 1891, by Gerard Philips 
and his father Frederik. It is one of the largest electronics 
companies in the world and employs around 105,000 people 
across more than 60 countries.!11 

Philips is organized into three main divisions: Philips Consumer 
Lifestyle (fonnerly Philips Consumer Electronics and Philips 
Domestic Appliances and Personal Care), Philips Healthcare 
(formerly Philips Medical Systems) and Philips Lighting. As of 
2012, Philips was the largest manufacturer oflighting in the 
world measured by applicable revenues.121In2013, the company 
announced the sale of the bulk of its remaining consumer 
electronics to Japan's Funai Electric Co,l3l but in October 2013, 
the deal to Funai Electric Co was broken off and the consumer 
electronics operations remain under Philips. Philips said it would 
seek damages for breach of contract in the US$200-million 
sale.l4l In April 2016, the International Court of Arbitration 
ruled in favour of Philips, awarding compensation of€135 
million in the process. [Sl 

Philips has a primary listing on the Euronext Amsterdam stock 
exchange and is a component of the Euro Stoxx 50 stock market 
index.[6l 1t has a secondary listing on the New York Stock 
Exchange. 

Contents 

• 1 History 
• 1.1 Philips Radio 
• 1.2 Stirling engine 
• 1.3 Shavers 
• 1.4 World War II 
• 1.5 1945to2001 
• 1.6 2001 to 2011 
• 1. 7 2011 to present 

• 2 Corporate affairs 
• 2.1 CEOs 
• 2.2 CFOs 
• 2.3 Acquisitions 

• 3 Operations 
• 3.1 Asia 
• 3.2 Europe 
• 3.3 North America 

https://en.wikipedia.org/wiki/Philips 

Koninklijke Philips N.V. 

PHILIPS 

World headquarters in Amsterdam, Netherlands 

I Type Naamloze vennootschap 

Traded as 

Industry 

I Founded 

I Founders 

I Headquarters 

I Area served 

I Key people 

Products 

I Revenue 

I 

Euronext: PHIA (https://euronext.c 

om/products/ equi ties/NL0000009 5 
38-XAMS/quotes), NYSE: PHG (h 

ttps://www.nyse.com/quote/XNYS: 
PHG) 

Consumer electronics 

Lighting 
Healthcare 

15 May 1891 

Eindhoven, Netherlands 

Gerard Philips 

Frederik Philips 

Amsterdam, Netherlands 

Worldwide 

Jeroen van der Veer (Chainnan) 

Frans van Houten (CEO) 

Home appliances 
Lighting 

Medical equipment 

Audio equipment 

€24.51 billion (2016)[11 

1/21 
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• 3 .4 Oceania 
• 3.5 South America 
• 3.6 Former operations 

• 4 Products 
• 4.1 Lighting products 
• 4.2 Audio products 
• 4.3 Healthcare products 

• 5 Coat of arms/logotype 
• 6 Sponsorships 
• 7 Environmental record 

• 7 .1 Green initiatives 
• 7 .2 L-Prize competition 
• 7.3 Greenpeace ranking 

• 8 Publications 
• 9 References 
• 10 External links 

History 

Phil ips - Wikipedia 

I 
?perating 
mcome 

I Profit 

I Total assets 

I Total equity 

I 
Number of 
employees 

Divisions 

Website 

The Philips Company was founded in 1891 , by Gerard Philips and his father 
Frederik. Frederik, a Jewish banker based in Zaltbommel, financed the purchase 
and setup of a modest, empty factory building in Eindhoven, where the company 
started the production of carbon-filament lamps and other electro-technical 
products in 1892. This first factory has been adapted and is used as a museumFl 

In 1895, after a difficult first few years and near bankruptcy, the Philipses brought 
in Anton, Gerard's younger brother by sixteen years. Though he had earned a 
degree in engineering, Anton started work as a sales representative; soon, however, 
he began to contribute many important business ideas. With Anton's arrival, the 
family business began to expand rapidly, resulting in the founding of Philips 
Metaalgloeilampfabriek N.V. (Philips Metal Filament Lamp Factory Ltd.) in 
Eindhoven in 1908, followed in 1912, by the foundation of Philips 
Gloeilampenfabrieken N.V. (Philips Lightbulb Factories Ltd.). After Gerard and 
Anton Philips changed their family business by founding the Philips corporation, 
they laid the foundations for the later electronics multinational. 

€ 1.855 billion (2016)[11 

€1.448 billion (2016)[11 

€32.30 billion (2016)[11 

€12.60 billion (2016)[11 

114,188 (2016)[11 

Philips Consumer Lifestyle 
Philips Healthcare 

Philips Lighting 

www.philips.com/global/ (http://w 

·ww.philips.com/global/) 

Gerard Philips 

In the 1920s, the company started to manufacture other products, such as vacuum tubes. In 1939, they introduced 
their electric razor, the Philishave (marketed in the US using the Norelco brand name). The "Chapel" is a radio 
with built-in loudspeaker, which was designed during the early 1930s. 

Philips Radio 

On 11 March 1927, Philips went on the air with shortwave radio station PCJJ (later PCJ) which was joined in 1929 
by sister station PHOHI (Philips Omroep Holland-Indie). PHOHI broadcast in Dutch to the Dutch East Indies (now 
Indonesia) while PCJJ broadcast in English, Spanish and German to the rest of the world. 

The international program on Sundays commenced in 1928, with host Eddie Startz hosting the Happy Station 
show, which became the world's longest-nmning shortwave program. Broadcasts from the Netherlands were 
interrupted by the German invasion in May 1940. The Germans commandeered the transmitters in Huizen to use 
for pro-Nazi broadcasts, some originating from Germany, others concerts from Dutch broadcasters under German 
control. 
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Philips Radio was absorbed shortly after liberation when its two shortwave stations 
were nationalised in 1947 and renamed Radio Netherlands Worldwide, the Dutch 
International Service. Some PCJ programs, such as Happy Station, continued on 
the new station. 

Stirling engine 

Philips was instrumental in the revival of the Stirling engine when, in the early 
1930s, the management decided that offering a low-power portable generator 
would assist in expanding sales of its radios into parts of the world where mains 
electricity was unavailable and the supply of batteries uncertain. Engineers at the 
company's research lab carried out a systematic comparison of various power 
sources and determined that the almost forgotten Stirling engine would be most 
suitable, citing its quiet operation (both audibly and in terms of radio interference) 
and ability to nm on a variety of heat sources (common lamp oil - "cheap and 
available everywhere" - was favored).l81 They were also aware that, unlike steam 
and internal combustion engines, virtually no serious development work had been 

Philips chapel radio model 

930A, 1931 

carried out on the Stirling engine for many years and asserted that modern materials and know-how should enable 
great improvements.!91 

Encouraged by their first experimental engine, which produced 16 W of shaft power from a bore and stroke of 
30 mm x 25 mm,!101 various development models were produced in a program which continued throughout World 
War IL By the late 1940s, the 'Type 1 O' was ready to be handed over to Philips' subsidiary Johan de Witt in 
Dordrecht to be produced and incorporated into a generator set as originally planned. The result, rated at 
180/200 W electrical output from a bore and stroke of 55 mm x 27 mm, was designated MPl 002CA (known as the 
"Bungalow set"). Production of an initial batch of 250 began in 1951, but it became clear that they could not be 
made at a competitive price, besides with the advent of transistor radios with their much lower power requirements 
meant that the original rationale for the set was disappearing. Approximately 150 of these sets were eventually 
produced.!111 

In parallel with the generator set Philips developed experimental Stirling engines for a wide variety of applications 
and continued to work in the field until the late 1970s, though the only commercial success was the 'reversed 
Stirling engine' cryocooler. However, they filed a large number of patents and amassed a wealth of information, 
which they later licensed to other companies.!121 

Shavers 

The first Philips shaver was introduced in the 1930s, and was simply called "The Philishave". In the USA, it was 
called the "Norelco", which remains a part of their product line today.!131 

World War II 

On 9 May 1940, the Philips directors learned that the German invasion of the Netherlands was to take place the 
following day. Having prepared for this, Anton Philips and his son in law Frans Otten, as well as other Philips 
family members, fled to the United States, taking a large amount of the company capital with them. Operating from 
the US as the North Amel'ican Philips Company, they managed to nm the company throughout the war. At the 
same time, the company was moved (on paper) to the Netherlands Antilles to keep it out of American hands. 

On 6 December 1942, The British No. 2 Group RAF led an air raid which heavily damaged the Philips Radio 
factory in Eindhoven with few casualties among the Dutch workers and civilians.!141 The Philips works in 
Eindhoven was bombed again by the RAF on 30 March 1943.!151!161 
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Frits Philips, the son of Anton, was the only Philips family member to stay in the Netherlands. He saved the lives 
of382 Jews by convincing the Nazis that they were indispensable for the production process at Philips.[171In1943 
he was held at the internment camp for political prisoners at Vught for several months because a strike at his 
factory reduced production. For his actions in saving the hundreds of Jews, he was recognized by Yad Vashem in 
1995 as a "Righteous Among the Nations".[181 

1945 to 2001 

After the war the company was moved back to the Netherlands, with their headquarters in Eindhoven. 

In 1949, the company began selling television sets.[20] In 1950, it forn1ed 
Philips Records, which eventually formed part of PolyGram. 

Philips introduced the audio Compact Audio Cassette tape in 1963, and it 
was wildly successful. Compact cassettes were initially used for dictation 
machines for office typing stenographers and professional journalists. As 
their sound quality improved, cassettes would also be used to record sound 
and became the second mass media alongside vinyl records used to sell 
recorded music. 

Philips introduced the first combination portable radio and cassette 
recorder, which was marketed as the "radiorecorder", and is now better 
known as the boom box. Later, the cassette was used in telephone 
answering machines, including a special form of cassette where the tape 

The Philips Light Tower in Eindhoven, 

originally a light bulb facto1y and later 

the company headquarters[19l 

was wound on an endless loop. The C-cassette was used as the first mass 
storage device for early personal computers in the 1970s and 1980s. Philips reduced the cassette size for the 
professional needs with the Mini-Cassette, although it would not be as successful as the Olympus Microcassette. 
This became the predominant dictation medium up to the advent of fully digital dictation machines. 

In 1972, Philips launched the world's first home video cassette recorder, in the UK, the Nl 500. Its relatively bulky 
video cassettes could record 30 minutes or 45 minutes. Later one-hour tapes were also offered. As competition 
came from Sony's Betamax and the VHS group of manufacturers, Philips introduced the N l 700 system which 
allowed double-length recording. For the first time, a 2-hour movie could fit onto one video cassette. In 1977, the 
company unveiled a special promotional film for this system in the UK, featuring comedian Denis Norden.l21l The 
concept was quickly copied by the Japanese makers, whose tapes were significantly cheaper. Philips made one last 
attempt at a new standard for video recorders with the Video 2000 system, with tapes that could be used on both 
sides and had 8 hours of total recording time. As Philips only sold its systems on the PAL standard and in Europe, 
and the Japanese makers sold globally, the scale advantages of the Japanese proved insurn1otmtable and Philips 
withdrew the V2000 system and joined the VHS Coalition. 

Philips had developed a LaserDisc early on for selling movies, but delayed its commercial launch for fear of 
cannibalizing its video recorder sales. Later Philips joined with MCA to launch the first commercial LaserDisc 
standard and players. In 1982, Philips teamed with Sony to launch the Compact Disc; this format evolved into the 
CD-R, CD-RW, DVD and later Blu-ray, which Philips launched with Sony in 1997 and 2006 respectively. 

In 1984, Philips split off its activities on the field of photolithographic integrated circuit production equipment, the 
so-called wafer steppers, into a joint venture with ASM International, located in Veldhoven under the name ASML. 
Over the years, this new company has evolved into the world's leading manufacturer of chip production machines 
at the expense of competitors like Nikon and Canon. 
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In 1991 , the company's name was changed from N.V. Philips Gloeilampenfabrieken to Philips Electronics N.V. At 
the same time, North American Philips was formally dissolved, and a new corporate division was formed in the US 
with the name Philips Electronics North America Corp. 

In 1991-1992, Philips along with their subsidiary Magnavox, released the Philips CD-i, a combined CD player and 
home video game console. It sold one million units and was discontinued in 1998 after being heavily criticized 
amongst the gaming community.[221 

In 1997, the company officers decided to move the headquarters from Eindhoven to Amsterdam along with the 
corporate name change to Koninklijke Philips Electronics N.V. The move was completed in 2001. Initially, the 
company was housed in the Rembrandt Tower, but in 2002 they moved again, this time to the Breitner Tower. 
Philips Lighting, Philips Research, Philips Semiconductors (spun off as NXP in September 2006) and Philips 
Design, are still based in Eindhoven. Philips Healthcare is headquartered in both Best, Netherlands (near 
Eindhoven) and Andover, Massachusetts, United States (near Boston). 

In 2000, Philips bought Optiva Corporation, the maker of Sonicare electric toothbrushes. The company was 
renamed Philips Oral Healthcare and made a subsidiary of Philips DAP. 

In 2001 , Philips acquired Agilent Technologies' Healthcare Solutions Group (HSG) for EUR 2 billion.[231 

2001 to 2011 

In 2004, Philips abandoned the slogan "Let's make things better" in favour of a new one: "Sense and simplicity". 

In December 2005 Philips announced its intention to sell or demerge its semiconductor division. On 1 September 
2006, it was announced in Berlin that the name of the new company formed by the division would be NXP 
Semiconductors. On 2 August 2006, Philips completed an agreement to sell a controlling 80. 1 % stake in NXP 
Semiconductors to a consortium of private equity investors consisting of Kohlberg Kravis Roberts & Co. (KKR), 
Silver Lake Partners and Alpinvest Partners. On 21August2006, Bain Capital and Apax Partners announced that 
they had signed definitive commitments to join the acquiring consortium, a process which was completed on 1 
October 2006. 

In 2006 Philips bought out the company Lifeline Systems headquartered in Framingham, Massachusetts in a deal 
valued at $750 million, its biggest move yet to expand its consumer-health business (M)J241 

In August 2007, Philips acquired the company Ximis, Inc. headquartered in El Paso, Texas for their Medical 
Informatics Division.[251 In October 2007, it purchased a Moore Microprocessor Patent (MPP) Portfolio license 
from The TPL Group. 

On 21 December 2007, Philips and Respironics, Inc. announced a definitive agreement pursuant to which Philips 
acquired all of the outstanding shares of Respironics for US$66 per share, or a total purchase price of 
approximately €3.6 billion (US$5.l billion) in cash.[261 

On 21February2008, Philips completed the acquisition of VISICU Baltimore, Maryland through the merger of its 
indirect wholly owned subsidiary into VIS ICU. As a result of that merger, VISICU has become an indirect wholly 
owned subsidiary of Philips. VIS ICU was the creator of the eICU concept of the use of Telemedicine from a 
centralized facility to monitor and care for ICU patients.[271 

The Philips physics laboratory was scaled down in the early 21st century, as the company ceased trying to be 
innovative in consumer electronics through fundamental researchJ281 

2011 to present 
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In January 2011, Philips agreed to acquire the assets of Preethi, a leading India-based kitchen appliances 
company. [291 

On 27 June 2011, Philips acquired Sectra Mamea AB, the mammography division of Sectra AB, together with the 
MicroDose brand. [30J 

Because net profit slumped 85 percent in Q3 2011 , Philips announced a cut of 4,500 jobs to match part of an €800 
million ($1.1 billion) cost-cutting scheme to boost profits and meet its financial target.[31] 

In March 2012, Philips announced its intention to sell, or demerge its television manufacturing operations to TPV 
Technology.l32l 

In 2011 , the company posted a loss of€1.3 billion, but earned a net profit in Ql and Q2 2012, however the 
management wanted €1.1 billion cost-cutting which was an increase from €800 million and may cut another 2,200 
jobs until end of2014.[33l 

On 5 December 2012, the antitrust regulators of the European Union fined Philips and several other major 
companies for fixing prices of TV cathode-ray tubes in two cartels lasting nearly a decade.l34l 

On 29 January 2013, it was announced that Philips had agreed to sell its audio and video operations to the Japan­
based Funai Electric for €150 million, with the audio business planned to transfer to Funai in the latter half of 
2013, and the video business in 2017.[35H35l As part of the transaction, Funai was to pay a regular licensing fee to 
Philips for the use of the Philips brand.l35l The purchase agreement was terminated by Philips in October because 
of breach of contract.[371 

In April 2013, Philips announced a collaboration with Paradox Engineering for the realization and implementation 
of a "pilot project" on network-connected street-lighting management solutions. This project was endorsed by the 
San Francisco Public Utilities Commission (SFPUC).[381 

In 2013, Philips omitted the word "Electronics" from its name, which is now Royal Philips N.V.[391 

On 13 November 2013, Philips unveiled its new brand line "Innovation and You" and a new design of its shield 
mark. The new brand positioning is cited by Philips to signify company's evolution and emphasize that innovation 
is only meaningful if it is based on an understanding of people 's needs and desires.[40l 

On 28 April 2014, Philips agreed to sell their Woox Innovations subsidiary (consumer electronics) to Gibson 
Brands for $US 135 million. 

On 23 September 2014, Philips announced a plan to split the company into two, separating the lighting business 
from the healthcare and consumer lifestyle divisions.l41 l it moved to complete this in March 2015 to an investment 
group for $3 .3 billion[42l 

On February 2015, Philips acquired Volcano Corporation to strengthen its position in non-invasive surgery and 
imaging.[431 

In June 2016, Philips spun off its lighting division to focus on the healthcare division[44l 

In June 2017, Philips announce it would acquire US-based Spectranetics Corp, a manufacturer of devices to treat 
heart disease, for €1.9 billion (£1.68 billion) expanding its current image-guided therapy business.[451 

Corporate affairs 
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CE Os 

Past and present CEOs: 

• 1891-1922: Gerard Philips 
• 1922-1939: Anton Philips 
• 1939-1961: Frans Otten 
• 1961-197 1: F rits Philips 
• 1971-1977: Henk van Riemsdijk 
• 1977-1 98 1: Nico Rodenburg 
• 1981-1982: Cor Dillen 
• 1982- 1986: Wisse Dekker 
• 1986-1990: Corvan der Klugt 
• 1990-1 996: Jan Timmer 
• 1996- 2001: Cor Boonstra 
• 2001- 2011: Gerard Kleisterlee 
• 2011-present: Frans van Houten 

CEOs lighting 

• 2003-2008: Theo van Deursen 
• 2012-2015: Erik Rondolat 

CF Os 

Past CFO (Chief Financial Officer) 

• 1960- 1968: Cor Dillen 

Acquisitions 

Companies acquired by Philips through the years include ADAC Laboratories, Agilent Healthcare Solutions 
Group, Amperex, ATL Ultrasound, EKCO, Lifeline Systems, Magnavox, Marconi Medical Systems, Mullard, 
Optiva, Preethi, Pye, Respironics, Inc., Sectra Mamea AB, Signetics, VISICU, Volcano, VLSI, Ximis, portions of 
Westinghouse and the consumer electronics operations of Philco and Sylvania. Philips abandoned the Sylvania 
trademark which is now owned by Havells Sylvania except in Australia, Canada, Mexico, New Zealand, Puerto 
Rico and the USA where it is owned by Osram. Formed in November 1999 as an equal joint venture between 
Philips and Agilent Technologies, the light-emitting diode manufacturer Lumileds became a subsidiary of Phillips 
Lighting in August 2005 and a fully owned subsidiary in December 2006.146ll47l An 80.1 percent stake in Lumileds 
was sold to Go Scale in early 2015.1481 

Operations 

Philips is registered in the Netherlands as a naamloze vennootschap and has its global headquarters in 
Amsterdam.111 At the end of 2013 Philips had 111 manufacturing facilities, 59 R&D Facilities across 26 countries 
and sales and service operations in around 100 countries.1491 

Philips is organized into three main divisions: Philips Consumer Lifestyle (formerly Philips Consumer Electronics 
and Philips Domestic Appliances and Personal Care), Philips Healthcare (formerly Philips Medical Systems) and 
Philips Lighting.111 Philips achieved total revenues of€22.579 billion in 2011, of which €8.852 billion were 
generated by Philips Healthcare, €7.638 billion by Philips Lighting, €5.823 billion by Philips Consumer Lifestyle 
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and €266 million from group activities. [1 l At the end of 2011 Philips had a total of 121,888 employees, of whom 
around 44% were employed in Philips Lighting, 31 % in Philips Healthcare and 15% in Philips Consumer 
Lifestyle.[1] 

Philips invested a total of €1.61 billion in research and development in 2011, equivalent to 7 .1 % of sales. [1 l Philips 
Intellectual Property and Standards is the group-wide division responsible for licensing, trademark protection and 
patenting.l50l Philips currently holds around 54,000 patent rights, 39,000 trademarks, 70,000 design rights and 
4,400 domain name registrations.[1] 

Asia 

Thailand 

Philips Thailand was established since 1952. It is a branch of Royal Philips Electronics of the Netherlands which is 
a healthcare, lifestyle and lighting. Philips started manufacturing in Thailand in 1960 with an incandescent lamp 
factory. Philips has diversified its production facilities to include a fluorescent lamp factory and a luminaries 
factory, serving Thai's and worldwide markets.l51 l 

Hong Kong 

Philips Hong Kong began operation in 1948. Philips Hong Kong houses the 
global headquarters of Philips' Audio Business Unit. It also house Philips' 
Asia Pacific regional office and headquarters for its Design Division, 
Domestic Appliances & Personal Care Products Division, Lighting 
Products Division and Medical System Products Division.l52l 

In 197 4, Philips opened a lamp factory in Hong Kong. This has a capacity 
of 200 million pieces a year and is certified with ISO 900 l :2000 and ISO 
14001 . Its product portfolio includes prefocus, lensend and E 10 miniature 
light bulbs. [521 

China 

Philips established in Zhuhai, Guangdong in 1990. The site mainly 

The Philips building in the Hong Kong 
Science Park 

manufactures Philishaves and healthcare products.[531 In early 2008, Philips Lighting, a division of Royal Philips 
Electronics, opened a small engineering center in Shanghai to adapt the company's products to vehicles in Asia.[541 

India 

Philips began operations in India in 1930, with the establishment of Philips Electrical Co. (India) Pvt Ltd in 
Kolkata as a sales outlet for imported Philips lamps. In 1938, Philips established its first Indian lamp­
manufacturing factory in Kolkata. In 1948, Philips started manufacturing radios in Kolkata. In 1959, a second radio 
factory was established near Pune. This was closed and sold around 2006. In 1957, the company converted into a 
public limited company, renamed "Philips India Ltd". In 1970 a new consumer electronics factory began operations 
in Pimpri near Pune. This is now called the 'Philips Healthcare Innovation Centre'. Also, a manufacturing facility 
'Philips Centre for Manufacturing Excellence' was set up in Chakan, Pune in 2012. In 1996, the Philips Software 
Centre was established in Bangalore, later renamed the Philips Innovation Campus.[551In2008, Philips India 
entered the water purifier market. In 2014, Philip's was ranked 12th among India's most trnsted brands according to 
the Brand Trust Report, a study conducted by Trust Research Advisory.l56l 
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Philips has been active in Israel since 1948 and in 1998, set up a wholly owned subsidiary, Philips Electronics 
(Israel) Ltd. The company has over 700 employees in Israel and generated sales of over $300 million in 2007.1571 

Philips Medical Systems Technologies Ltd. (Haifa) is a developer and manufacturer of Computerized Tomography 
(CT), diagnostic and Medical Imaging systems. The company was founded in 1969 as Elscint by Elron Electronic 
Industries and was acquired by Marconi Medical Systems in 1998, which was itself acquired by Philips in 2001. 

Philips Semiconductors formerly had major operations in Israel; these now form part ofNXP Semiconductors. 

Pakistan 

Philips has been active in Pakistan since 1948 and has a wholly owned subsidiary, Philips Pakistan Limited 
(Fo1111erly Philips Electrical Industries of Pakistan Limited).1581 

The head office is in Karachi with regional sales offices in Lahore and Rawalpindi. 

Europe 

France 

Philips France has its headquarters in Suresnes. The company employs 
over 3600 people nationwide. 

Philips Lighting has manufacturing facilities in Chalon-sur-Saone 
(fluorescent lamps), Chartres (automotive lighting), Lamotte-Beuvron 
(architectural lighting by LEDs and professional indoor lighting), Longvic 
(lamps), Miribel (outdoor lighting), Nevers (professional indoor lighting). 

Germany 

Philips Germany was founded in 1926 in Berlin. Now its headquarters is 
located in Hamburg. Over 4900 people are employed in Germany.1591 

• Hamburg 

The headquarters of Philips France in 

Suresnes 

• Distribution center of the divisions Healthcare, Consumer Lifestyle, and Lighting. 
• Philips Medical Systems DMC. 
• Philips Innovative Technologies, Research Laboratories. 

• Aachen 
• Philips Innovative Technologies. 
• Philips Innovation Services. 

• Boblingen 
• Philips Medical Systems, patient monitoring systems. 

• Herrsching 
• Philips Respironics. 

• Ulm 
• Philips Photonics, development and manufacture of vertical laser diodes (VCSELs) and photodiodes 

for sensing and data communication. 

G1·eece 
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Philips' Greece is headquartered in Halandri, Attica. As of 2012 Philips has no manufacturing plants in Greece, 
although there have been in the past. 

Italy 

Philips founded its Italian headquarter in 191 8, basing it in Monza (Milan) where it still operates, for commercial 
activities only. 

Poland 

Philips' operations in Poland include: a European financial and accounting centre in Lodz; Philips Lighting 
facilities in Bielsko-Biala, Pabianice, Pila, and Kittrzyn; and a Philips Domestic Appliances facility in Bialystok. 

Portugal 

Philips started business in Portugal in 1927, as "Philips Portuguesa S.A.R.L. 11 .160H611 Currently, Philips Portuguesa 
S.A. is headquartered in Oeiras near Lisbon.1621 There were three Philips factories in Portugal: the FAPAE lamp 
factory in Lisbon;161H63H641 the Carnaxide magnetic-core memory facto1y near Lisbon, where the Philips Service 
organization was also based; and the Ovar facto1y in northern Portugal making camera components and remote 
control devices.1631 The company still operates in Portugal with divisions for commercial lighting, medical systems 
and domestic appliances.1651 

Sweden 

Philips Sweden has two main sites, Kista, Stockholm County, with regional sales, marketing and a customer 
support organization and Solna, Stockholm County, with the main office of the mammography division. 

United Kingdom 

Philips UK has its headquarters1661 in Guildford. The company employs over 2500 people nationwide.1671 

• Philips Healthcare Informatics, Belfast develops healthcare software products. 
• Philips Consumer Products, Guildford provides sales and marketing for televisions, including High 

Definition televisions, DVD recorders, hi-fi and portable audio, CD recorders, PC peripherals, cordless 
telephones, home and kitchen appliances, personal care (shavers, hair dryers, body beauty and oral hygiene ). 

• Philips Dictation Systems, Colchester. 
• Philips Lighting: sales from Guildford and manufacture in Hamilton. 
• Philips Healthcare, Reigate. Sales and technical support for X-ray, ultrasound, nuclear medicine, patient 

monitoring, magnetic resonance, computed tomography, and resuscitation products. 
• Philips Research Laboratories, Cambridge (Until 2008 based in Redhill, Surrey. Originally these were the 

Mullard Research Laboratories.) 

In the past, Philips UK also included: 

• Consumer product manufacturing in Croydon 
• Television Tube Manufacturing Mullard Simonstone 
• Philips Business Communications, Cambridge: offered voice and data communications products, 

specialising in Customer Relationship Management (CRM) applications, IP Telephony, data networking, 
voice processing, command and control systems and cordless and mobile telephony. In 2006 the business 
was placed into a 60/40 joint venture with NEC. NEC later acquired 100% ownership and the business was 
renamed NEC Unified Solutions. 
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• Philips Electronics Blackburn; vacuum tubes, capacitors, delay-lines, Laserdiscs, CDs. 
• Philips Domestic Appliances Hastings: Design and Production of Electric kettles, Fan Heaters plus former 

EKCO brand "Thermotube" Tubular Heaters and "Hostess" Domestic Food Warming Trolleys. 
• Philips Semiconductors, Hazel Grove, Stockport and Southampton, both also earlier part of Mullard. These 

became part ofNXP. 
• London Carriers, logistics and transport division. 
• Mullard Equipment Limited (MEL) which produced products for the military 
• Pye Telecommunications Ltd of Cambridge 
• TMC Limited of Malmesbury 
• Pye TVT Ltd of Cambridge 

North America 

Canada 

Philips Canada was founded in 1934. It is well known in medical systems for diagnosis and therapy, lighting 
technologies, shavers, and consumer electronics. 

The Canadian headquarters are located in Markham, Ontario. 

For several years, Philips manufactured lighting products in two Canadian factories. The London, Ontario, plant 
opened in 1971. It produced A19 lamps (including the "Royale" long life bulbs), PAR38 lamps and T19 lamps 
(originally a Westinghouse lamp shape). Philips closed the factory in May 2003. The Trois-Rivieres, Quebec plant 
was a Westinghouse facility which Philips continued to nm it after buying Westinghouse's lamp division in 1983. 
Philips closed this factory a few years later, in the late 1980s. 

Mexico 

Philips Mexicana SA de CV is headquartered in Mexico City. Philips Lighting has manufacturing facilities in: 
Monterrey, Nuevo Leon; Ciudad Juarez, Chihuahua; and Tijuana, Baja California. Philips Consumer Electronics 
has a manufacturing facility in Ciudad Juarez, Chihuahua. Philips Domestic Appliances formerly operated a large 
factory in the Industrial Vallejo sector of Mexico City but this was closed in 2004. 

United States 

Philips' Electronics North American headquarters is in Andover, 
Massachusetts. Philips Lighting has its corporate office in Somerset, New 
Jersey, with manufacturing plants in Danville, Kentucky, Dallas, Salina, 
Kansas and Paris, Texas and distribution centers in Mountain Top, 
Pennsylvania El Paso, Texas, Ontario, California and Memphis, Tennessee. 
Philips Healthcare is headquartered in Andover, Massachusetts. The North 
American sales organization is based in Bothell, Washington. There are also Philips' North American 

manufacturing facilities in Andover, Massachusetts, Bothell, Washington, headquarters in Andover, 

Baltimore, Maryland, Cleveland, Ohio, Foster City, California, Gainesville, Massachusetts 

Florida, Milpitas, California and Reedsville, Pennsylvania. Philips Healthcare 
also formerly had a factory in Knoxville, Tennessee. Philips Consumer 
Lifestyle has its corporate office in Stamford, Connecticut. Philips Lighting has a Color Kinetics office in 
Burlington, Massachusetts. Philips Research North American headquarters is in Cambridge, Massachusetts. 
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In 2007, Philips entered into a definitive merger agreement with North American luminaires company Genlyte 
Group Incorporated, which provides the company with a leading position in the North American luminaires (also 
known as -lighting fixtures") , controls and related products for a wide variety of applications, including solid state 
lighting. The company also acquired Respironics, which was a significant gain for its healthcare sector. On 21 
February 2008 Philips completed the acquisition ofVISICU Baltimore, Maryland. VISICU was the creator of the 
eICU concept of the use ofTelemedicine from a centralized facility to monitor and care for ICU patients. 

Oceania 

Austrnlia and New Zealand 

Philips Australia was founded in 1927 and is headquartered in North Ryde, New South Wales and also manages the 
New Zealand operation from there. The company currently employs around 800 people. Regional sales and support 
offices are located in Melbourne, Brisbane, Adelaide, Perth and Auckland. 

Current activities include: Philips Healthcare (also responsible for New Zealand operations); Philips Lighting (also 
responsible for New Zealand operations); Phillips Oral Healthcare, Phillips Professional Dictation Solutions, 
Phillips Professional Display Solutions, Phillips AVENT Professional, Philips Consumer Lifestyle (also 
responsible for New Zealand operations); Philips Sleep & Respiratory Care (formerly Respironics), with its ever­
increasing national network of Sleepeasy Centres ; Philips Dynalite (Lighting Control systems, acquired in 2009, 
global design and manufacturing centre) and Philips Selecon NZ (Lighting Entertainment product design and 
manufacture). 

South America 

Brnzil 

Philips do Brasil (Portuguese: Philips do Brasil) was founded in 1924 in Rio de Janeiro.1681In1929, Philips started 
to sell radio receivers. In the 1930s, Philips was making its light bulbs and radio receivers in Brazil. From 1939 to 
1945, World War II forced Brazilian branch of Philips to sell bicycles, refrigerators and insecticides. After the war, 
Philips had a great industrial expansion in Brazil, and was among the first groups to establish in Manaus Free 
Zone. In the 1970s, Philips Records was a major player in Brazil recording industry. Nowadays, Philips do Brasil is 
one of the largest foreign-owned companies in Brazil. Philips uses the brand Walita for domestic appliances in 
Brazil. 

Former operations 

Philips subsidiary Philips-Duphar manufactured pharmaceuticals for human and veterinary use and products for 
crop protection. Duphar was sold to Solvay in 1990. In subsequent years Solvay sold off all divisions to other 
companies (crop protection to UniRoyal, now Chemtura, the veterinary division to Fort Dodge, a division of 
Wyeth, and the phannaceutical division to Abbott Laboratories). 

PolyGram, Philips' music television and movies division, was sold to Seagram in 1998; merged into Universal 
Music Group. Philips Records continues to operate as record label of UMG, its name licensed from its former 
parent. 

Origin, now part of Atos Origin, is a former division of Philips. 

ASM Lithography is a spin-off from a division of Philips. 
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Hollandse Signaalapparaten was a manufacturer of military electronics. The business was sold to Thomson-CSF in 
1990 and is now Thales Nederland. 

NXP Semiconductors, fonnerly known as Philips Semiconductors, was sold a consortium of private equity 
investors in 2006. On 6 August 2010, NXP completed its IPO, with shares trading on NASDAQ. 

Philips used to sell major household appliances (whitegoods) under the name Philips. After selling the Major 
Domestic Appliances division to Whirlpool Corporation it changed from Philips Whirlpool to Whirlpool Philips 
and finally to just Whirlpool. Whirlpool bought a 53% stake in Philips' major appliance operations to form 
Whirlpool International. Whirlpool bought Philips' remaining interest in Whirlpool International in 1991. 

Philips Cryogenics was split off in 1990 to forn1 the Stirling Cryogenics BV, Netherlands. This company is still 
active in the development and manufacturing of Stirling cryocoolers and cryogenic cooling systems. 

North American Philips distributed AKG Acoustics products under the AKG of America, Philips AudioNideo, 
Norelco and AKG Acoustics Inc. branding until AKG set up its North American division in San Leandro, 
California in 1985. (AKG's North American division has since moved to Northridge, California.) 

Polymer Vision was a Philips spin-off that manufactured a flexible e-ink display screen. The company closed in 
2009. [69)[70) 

Products 

Philips' core products are consumer electronics and electrical products, including small domestic appliances, 
shavers, beauty appliances, mother and childcare appliances, electric toothbmshes and coffee makers (products like 
Smart Phones, audio equipment, Blu-ray players, computer accessories and televisions are sold under license); 
healthcare products (including CT scanners, ECG equipment, mammography equipment, monitoring equipment, 
MRI scanners, radiography equipment, resuscitation equipment, ultrasound equipment and X-ray equipment);l711 

Lighting products 

• Professional indoor luminairesl731 
• Professional outdoor luminairesl741 
• Professional lampsl751 
• Lighting controls and control systemsl761 
• Digital projection lightsl771 
• Horticulture lightingl78J 
• Solar LED lightsl791 
• Smart office lighting systemsl8DJ 
• Smart retail lighting systems181] 
• Smart city lighting systems1821 
• Home lampsl831 
• Home fixtures184l 
• Home systems (branded as Philips Hue ) 1851 

Audio products 

• Hi-fi systems 
• Wireless speakers 
• Radio systems 
• Docking stations 
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• Headphones 
• DJ mixers 
• Alarm clocks 

Healthcare products 

Philips healthcare products include: 

• CT scan 

Clinical informatics 

• Cardiology informatics (lntelliSpace 
Cardiovascular, Xcelera) 

• Enterprise Imaging Informatics (lntelliSpace 
PACS, XIRIS) 

• IntelliSpace family of solutions 

Imaging systems 

• CardioNascular X-Ray 
• Computed tomography (CT) 
• Fluoroscopy 
• Magnetic resonance imaging (MRI) 
• Mammography 
• Mobile C-A1111s 
• Nuclear medicine 
• PET (Positron emission tomography) 
• PET/CT 
• Radiography 
• Radiation oncology Systemsroots 
• Ultrasound 

Diagnostic monitodng 

• Diagnostic ECG 

Defibrillato1·s 

• Accessories 
• Equipment 
• Software 

Consume1· 

• Philips AVENTil 
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The Philips AS-PRO headphones 

Patient care and clinical infonnatics 

• Anesthetic 
gas 

monitoring 
• Blood pressure 
• Capnography 
• D.M.E. 

64-slice CT scanner originally 
developed by Elscint, now a Philips 

product[861 

• Diagnostic sleep testing 
• ECG 
• Enterprise patient infomrntics solutions 

OB TraceVue 
Compurecord 
ICIP 
eICU program 
Emergin 

• Hemodynamic 
• lntelliSpace Cardiovascular 
• lntelliSpace PACS (http://www.usa.philips.com/he 

althcare/solutions/clinical-informatics/enterprise-i 
maging-pacs) 

• lntelliSpace portal 
• Multi-measurement servers 
• Neurophedeoiles 
• Pulse oximetry 
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- -- • Tasy (http://www.philips.com.br/healthcare/produ 
ct/HCNOCTN306/tasy) 

• Temperature 
0 0 • Transcutaneous gases 

• Ventilation 
A typical Phillips Magnavox VCR • ViewForum 

Coat of arms/logotype 

• 
Original Philips shield 
introduced in 1938 

PHILIPS 

e 
Philips Shield in use 
until November 2013 

Sponsorships 

PHILIPS 

e 
Philips shield in use 
from 1968 until March 
2008!871 

Philips shield design 
introduced in November 
2013 

• Xcelera 
• XIRIS 
• Xper Information Management 

PHILIPS PHILIPS 

The Philips logo in use The current Philips logo 
until March 2008 

In 1913, in celebration of the lOOth anniversary of the independence of the Netherlands, Philips founded Philips 
Sport Vereniging (Philips Sports Club, now commonly known as PSV). The club is active in numerous sports, but 
is now best known for its football team, PSV Eindhoven, and swimming team. Philips owns the naming rights to 
Philips Stadion in Eindhoven, which is the home ground of PSV Eindhoven. 

Outside of the Netherlands, Philips sponsors and has sponsored numerous sport clubs, sport facilities and events. In 
November 2008 Philips renewed and extended its Fl partnership with AT&T Williams. Philips owns the naming 
rights to the Philips Arena in Atlanta, Georgia and to the Philips Championship , the premier basketball league in 
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Australia, traditionally known as the National Basketball League. From 1988 to 1993 Philips was the principal 
sponsor of the Australian rugby league team The Balmain Tigers.And Indonesian football club side Persiba 
Balikpapan 

Outside of sports Philips sponsors the international Philips Monsters of Rock f estival. 

Environmental record 

Green initiatives 

Philips is running the Eco Vision4 initiative in which it committed to a number of environmentally positive 
improvements by 2012_[88] 

Also Philips marks its "green" products with the Philips Green Logo, identifying them as products that have a 
significantly better environmental performance than their competitors or predecessors.189] 

L-Prize competition 

In 2011, Philips won a $10 million cash prize from the US Depai1ment of Energy for winning its L-Prize 
competition, to produce a high-efficiency, long operating life replacement for a standard 60-W incandescent 
lightbulb_l90J The winning LED lightbulb, which was made available to consumers in April 2012, produces slightly 
more than 900 lumens at an input power of only 10 W. 191 l 

Greenpeace ranking 

In Greenpeace's 2012 Guide to Greener Electronics, that ranks electronics manufacturers on sustainability, climate 
and energy and how green their products are, Philips ranks 10th place with a score of 3 .8/1 o.1921 The company was 
the top scorer in the Energy section due to its energy advocacy work calling upon the EU to adopt a 30% reduction 
for greenhouse gas emissions by 2020. It is also praised for its new products which are free from PVC plastic and 
BFRs. However, the guide criticizes Phillips' sourcing of fibres for paper, arguing it must develop a paper 
procurement policy which excludes suppliers involved in deforestation and illegal logging.1931 

Philips have made some considerable progress since 2007 (when it was first ranked in this guide), in particular by 
supporting the Individual Producer Responsibility principle, which means that the company is accepting the 
responsibility for the toxic impacts of its products one-waste dumps around the world_l94l 

Publications 

• A Heerding: The origin of the Dutch incandescent lamp indust1y. (Vol. 1 of The histmy of NV Philips 
gloeilampenfabriek). Cambridge, Cambridge University Press, 1986. ISBN 0-521-32169-7 

• A Heerding: A company of many parts. (Vol. 2 of The histmy of NV Philips' gloeilampenfabrieken). 
Cambridge, Cambridge University Press, 1988. ISBN 0-521-32170-0 

• LJ. Blanken: The development of NV Philips' Gloeilampenfabrieken into a major electrical group. 
Zaltbommel, European Library, 1999. (Vol. 3 of The histmy of Philips Electronics NV). ISBN 90-288-1439-
6 

• LJ. Blanken: Under German rule. Zaltbommel, European Library, 1999. (Vol. 4 of The histmy of Philips 
Electronics NV). ISBN 90-288-1440-X 
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All products 

Advanced Molecular Imaging Breathing and Respiratory care 
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Philips Molecular Imaging is transforming care At Philips Respironics, we work in concert with 

by providing low dose molecular imaging & care providers to support a patient -centered 

enhanced lesion detection. Explore our nuclear and coordinated respiratory and COPD disease 

imaging solutions. management approach. When initiated in the 

hospital and used consistently across the 

More > entire patient care journey, our solutions can 

help with patient compliance in the home and 

may contribute to fewer hospital readmissions. 

More > 

Clinical Informatics Computed Tomography 

We support users across the healthcare system Philips Computed Tomography (CT) is 

by streamlining management and analysis of dedicated to reshaping imaging in ways never 

clinical patient data generated by diagnostic thought possible through our innovation in 

imaging systems, cardiac testing equipment research and technology. 

and patient monitors. 

More > 

More > 

https:/lwww.usa .philips.com/healthcare/solutions 218 
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Customer Service Solutions 

We know that one size does not fit all - each 

healthcare facility has its own priorities. From 

the most basic service agreement to the most 

comprehensive, RightFit helps every customer 

find the right fit in proven service solutions. 

More > 

Emergency Care and 
Resuscitation 

Learn how Philips emergency care & 

resuscitation solutions help you respond to 

emergencies quickly. Explore our innovative & 

evidence-based systems. 

More > 

https:/lwww.usa.philips.com/healthcare/solutions 

All products 

Diagnostic ECG 

Philips algorithms, cardiographs, monitors, and 

ECG information management systems speed 

the flow of cardiology knowledge throughout 

your organization - to streamline workflow, 

improve the productivity of your people, and 

raise the quality of cardiac care. 

More > 

Enterprise telehealth 

Combining leading technology and data-driven 

population management with clinical expertise 

and a proven programmatic approach. 

More > 

318 
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Fluoroscopy Hospital Respiratory Care 

With Philips Universal Radiography and We understand the needs of patients and care 

Fluoroscopy systems you are ready to perform providers - we see beyond the obvious to 

virtually any fluoroscopy examination. discover insights that lead to i nnovations that 

really matter. 

More > 

I nterventional Devices & 
Therapies 

Our vision is to provide integrated solutions 

that advance minimally invasive procedures by 

helping healthcare providers to decide, guide, 

t reat and confirm the right therapy for the right 

patient at the point of care. 

More > 

https:/lwww.usa .philips.com/healthcare/solutions 

More> 

lnterventional X-ray 

Together we make the difference in minimally 

invasive treatment to improve patient 

outcomes and save lives. 

More > 
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Magnetic Resonance Mammography 

With a wide variety of patients and large range Digital mammography has proven to enhance 

of clinical indications, you need MRI that can the efficiency of breast cancer screening. 

perform with digital clarity & speed in many 

clinical circumstances. More > 

More> 

Mother & Child Care 

From pregnancy to NICU to the transition 

home, Philips offers a broad portfolio of 

solutions for mother and child care. 

More > 

https:/lwww.usa .philips.com/healthcare/solutions 

Pathology 

Meet the challenges of today's busy pathology 

lab with a digital pathology solution that help 

to increase workflow efficiencies, speed up 

consults and uncover new insights. 

More > 

518 



9/1/2017 

Patient Monitoring 

Explore the wide selection of Philips patient 

monitoring systems and solutions designed to 

meet the challenges of today's patient 

monitoring practices. 

More> 

Radiography 

Philips radiography solutions are highly 

customizable. From mobile units to complete 

digital X-ray rooms, we can provide a 

radiography solution that fi ts your workflow 

and budget. 

More> 

https:/lwww.usa .philips.com/healthcare/solutions 

All products 

Radiation Oncology 

Fast, accurate and interactive treatment 

planning tools have made Philips Pinnacle3 a 

leading radiation treatment planning system in 

performance and reliability. 

More> 

Refurbished Systems 

Our Diamond Select program provides reliable 

refurbished imaging systems at an attractive 

price, so you can afford up-to -date technology 

and provide a wider variety of high-quality 

services to your patients, while supporting 

profitability. 

More> 

618 
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Sleep Supplies 

We believe that effective sleep therapy 

management empowers patients to rediscover More > 

their dreams and to have the freedom to live a 

fulfilling life by restoring their ability to sleep 

comfortably - as sleep is intended to be. As a 

global leader in Sleep Diagnostic and Therapy 

solutions, we are passionate about providing 

patient-driven designed products t hat help 

patients lead healthy lives and, for providers, 

solutions designed to increase patient 

adoption, long-term use and enhanced 

efficiencies that help them attend t o patient's 

needs. 

More > 

Ultrasound 
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Explore Philips wide selection of ultrasound 

machines, designed to meet the challenges of 

today's clinical practices. 

More > 

What's trending 

:\\ News 

About the Philips Community Life Centers 

13 July 

All products 

Emory Healthcare achieves USO 4.6 million in savings over 15 months leveraging Philips elCU 

platform ... 

5 April 

Philips showcases how consumers can gain greater control in collecting, managing and sharing 

their h ... 

4 October 

Read More > 

© Koninklijke Philips N.V., 2004 - 2017. All rights reserved. 
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Overview Versions Specifications Support 

More time for your patients 

The SpeechAir smart voice recorder saves you time, allowing you to focus on helping your 

patients. SpeechAir fits perfectly into your daily workflow Recordings can easily be allocated to 

the correct patient by connecting directly to your hospital information system (H IS). The 

shockproof gorilla glass and antimicrobial surface makes the device perfectly suited for a medical 

environment 
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How does it work 

The Philips SpeechAir fits perfectly into your daily workfl.ow. Record your voice from your office or 

on the road and securely send it off for transcription. You can send your recordings to your 

assistant or use the Philips Speech live transcription service, where trained professionals will 

quickly type up your documents for you. You can also use speech recognition for almost instant 

transcription results. 
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01 Record 
your voice 

Highlights 

SpeechAir smart voice recorder PSP1000 I Philips 

02 Select your 
transcription option 

SpeechLIVQ 
t ransc rl ptlon 

service 

03 Receive finished 
text file 
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3 microphones 

Wi-Fi & Bluetooth 

Security 

Antimicrobial & Gorilla Glass 

Camera 

Ergonomic slide switch 

Docking station 

Dictation app 

More product features 

SpeechAir smart voice recorder PSP1000 I Philips 
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Your voice recorder comes with 

Docking station 

In-ear earphones 

Data USB cable 

Power USB cable 

Quick start guide 

Power supply with international power plugs 

Speech Exec Pro Dictate dictation workflow software (PSP1200) 

Find retailers 
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Protect your investment with the shock resistant SpeechAir 
case 

Fits perfectly into the docking station 

Find out more 

Buy now 
at your favorite retailer 
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D1dotion& 
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BUSINESS EQUIPMENT 

""1 
dictationstorecom 

Sales 
ADIJ ttl• 111.01 J 

© Speech Processing Solutions. All rights reserved. 
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... Stay up to date with 
company news 

Grainger I Linkedln 

Keep up with Grainger 

Discover new job 
opportunities 

See how you're connected 
to employees 

Join Linked In to get the latest news, insights, and opportunities from over 3 million companies. It's free' [ Join Linkedln I 

Grainger 
Business Supplies and Equipment 
10,001+ employees 

Home Careers 

FIND OUT 
WHATG 
MEANS. 

With 2015 sales of $10 billion, Grainger (GWW) is North America's leading broad line supplier of 
maintenance, repair and operating (MRO) products, with operations in Asia, Europe and Latin America. 

Grainger is a business-to-business distributor of products used to maintain, repair or operate facilities. 
Millions of businesses and institutions worldwide rely on Grainger for pumps, motors, hand tools, 
janitorial supplies, fasteners and much more. These customers represent a broad collection of industries 
including healthcare, manufacturing, government and hospitality. They place orders over the phone, at 
local branches, online and using mobile devices. More than 4 ,000 manufacturers supply Grainger w ith 
the 1 million products that are stocked in Grainger's branches and distribution centers or sourced through 
a network of suppliers. 

Visit Grainger.com to learn more. 

Specialties 
Supply Chain Management, Facilities Management, MRO, Light and Heavy Manufacturing, Healthcare, Inventory 
Management Solutions, Safety Services, Hospitality. Transportation, Keepstock 

Website 
http://vvww.grainger.com 

Industry 
Business Supplies and Equipment 

Type 
Public Company 

Headquarters Company Size Founded 
1927 100 Grainger Parkway Lake Forest, 10,001+ employees 

JJ.l.i.0.9.i.~ 60045 United States 

Recent Updates 

Grainger 15% of all accidental workplace deaths per year are caused by a slip, trip, or fall. These 6 tips 
can help you prevent one of the biggest workplace hazards http://bit.ly/2griaNe 

Like Comment Share 

6 Tips to Help Prevent Slips, Trips and Falls 

bit.ly It's probably happened to most of us. That momentary 
lapse of attention, thinking about a personal problem or distraclion 
by an activity that ends in a slip, trip or fall. A stumble down a 
stairway. A trip over an uneven surface. Slipping on the ice. It can 
lead to a variety of regrettable events .. 

1 day ago 

https://www.linkedin.com/company/w.w.-grainger 

97,179followers I Follow 1 1 Seejo5ig' i~ Join now 

Grainger employees 

Noni Southall 
Associate General Counsel, Finance and Assi .. 

See how you're connected • 

Careers 

II 
Interested in Grainger? 
Learn about our company and 
culture. 

122 jobs posted 

Learn more • 

Grainger Showcase Page 

l~. 

Grainger 

Business Supplies and ... 
10,001+ employees 

Grainger Mexico 

344 followers 
Follow 

MORRISON 
FOERSTER 

URL Category Warning Ack 

Please acknow ledge the following stal 

You are trying to visit a web page that 
the link below, you acknowledge that l 
u ... -• --· ·--- •L...- . ·---- -~ •L...- •-•----• ~ 

Affiliated Company Pages 
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size, software and behavior. http://bit.ly/2gmZVIJ 

3 Myths About Safety Management Systems 

bit.ly Even though safety management systems (SMS) in the 
workplace have a lot of benefits, many small to medium-sized 
business owners shy away from SMS because of some persistent 
myths. Let's debunk a few of the big ones. Myth #1: Safety 
management systems are only for big companies. Fact: Safety ... 

Like Comment Share 2 days ago 

Grainger It takes more than just knowledge to stay safe at work: it requires constant vigilance and 
awareness. Can you name OSHA's 5 workplace hazards off the top of your head? http://bit.ly/2iGguA2 

OSHA's 5 Workplace Hazards 

bit.ly Cultivating a workplace safety culture takes big-picture 
thinking. Preventing and removing workplace hazards is not only 
necessary for employee safety, it's your legal responsibility under 
the Occupational Safety Health Act's General Duty Clause requiring 
employers to provide a workplace that is .. 

Like Comment Share 3 days ago 

Grainger Last chance to register for this free Grainger webinar at 11 AM CT on 8/30! Join our safety 
experts to learn how surveyed ASSE members value and use the Top 10 list. http://bit.ly/2weNFzk 

cg1slcr for a 
ree Safety W~bmar 

,l ... ~111rn I 

ASSE Members on the Value of OSHA's Top 10 List 

bit.ly Every fall , the Occupational Safety and Health 
Administration releases a list of the 10 most frequently cited safety 
and health standards for the fiscal year. It is compiled from more 
than 30,000 workplace inspections by Federal OSHA The list rarely 
changes from year to year. In fact, the top ... 

Like Comment Share 3 days ago 

Grainger In 1978, a terrorist plot poisoned oranges across Europe. This article covers the case, and also 
details how the right food defense plan may help prevent potential acts of terror. http://bit.ly/2wXt0pj 

Food Terrorism and Intentional Adulteration 

bit.ly An act of terrorism directed at the food supply could be 
devastating, and the industry has a legal and moral responsibility to 
safeguard consumers. The FSMA Final Rule on Intentional 
Adulteration was written with the explicit goal of preventing acts of 
terror. The new law codifies producers' obligation to develop a food 
defense plan to deter potential attacks. 

Like Comment Share 3 days ago 

Grainger Learn the 4 industry best practices that will help you comply with the CMS final rule on 
emergency preparedness during this 8/29 webinar. Register now: http://bit.ly/2wCPsPX 

CMS' Final Rule on Emergency Preparedness 

bit.ly Tuesday, August 29, 2017 at 01:00 PM Central Daylight 
Time. 

E:GISTER 
A FREE • 

EALTHCARE 
EOINAR ~ 

.· . 
a' 
~ 

Like Comment Share 4 days ago 

Grainger See why now, more than ever, collaboration and effective communication between the Sterile 
Processing Department (SPD) and the Operating Room (OR) are critical to improve patient safety 
http://bit.ly/2hoDQJS 

Five Ways the SPD and the OR Can Help Reduce HAis 

bit.ly Breakdowns in communication are the single largest 
cause of sentinel events within healthcare each year, per The Joint 
Commission. In fact, it is estimated that over 70 percent of sentinel 
events are a direct result in communication issues. Ineffective 
communication also leads to other adverse .. 

Like Comment Share 8 days ago 
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This is especially critical in cases of food contamination http://bit.ly/2i9QUTQ 

Good Data Management Is Critical in the Food Industry 

bit.ly There are many aspects of the food industry that require 
good data management, whether it's recipe and formulations 
development, the management of raw ingredients, manufacturing 
and process control or post-market feedback. The reasons for good 
data management are diverse -- typically, drivers are .. 

Like Comment Share 8 days ago 

Grainger Gaining control over how you manage inventory can feel like an overwhelming task. Start by 
addressing these three key areas, paying particular attention to your people http://bit.ly/2wGpsT6 

• 

' l~~ ~ Inventory Management Challenges? You're Not Alone 

~~ I~ _ r1 bit.ly We asked our customers about their biggest inventory 
~ '. management challenges, and this infographic provides their 

- answers. !L·--
Like Comment Share 8 days ago 

Grainger Register today for this free Grainger webinar at 11 AM CT on 8/30 to see trends and get 
insights into changes in the OSHA Top 10 over the last ten years http://bit.ly/2w17B7c 
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rie Safety Webmar 
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ASSE Members on the Value of OSHA's Top 10 List 

bit.ly Every fall , the Occupational Safety and Health 
Administration releases a list of the 10 most frequently cited safety 
and health standards for the fiscal year. It is compiled from more 
than 30,000 workplace inspections by Federal OSHA The list rarely 

........, changes from year to year. In fact, the top ... 

Like Comment Share 9 days ago 
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Maintenance, repair and operations 
From Wikipedia, the free encyclopedia 

Maintenance, repair and operations 111 (MRO) involves fixing any sort 
of mechanical, plumbing, or electrical device should it become out of order 
or broken (known as repair, unscheduled, casualty or corrective 
maintenance). In the aircraft maintenance market sector, maintenance, 
repair and overhauil2l (MRO) services also include inspection, 
rebuilding, alteration and the supply of spare parts, accessories, raw 
materials, adhesives, sealants, coatings and consumables for aircraft 
manufacturing and MRO. 

In all sectors, effective MRO involves performing routine actions which 
keep devices, equipment, machinery, building infrastructure and supporting 
utilities in working order (known as scheduled maintenance) and prevent 
trouble from arising (preventive maintenance).131 

The marine transportation,141 offshore stmctures,151 industrial 
plant/equipment and commercial facilities market sectors depend on 
scheduled or preventive paint maintenance programmes to maintain and 
restore coatings applied to steel)6l and also concrete and masonry assets in 
enviro1m1ents subject to attack from erosion, corrosion and environmental 
pollution. 

MRO can be categorised by whether the product remains the property of 
the customer (i.e. a service is being offered), or whether the product is 
bought by the reprocessing organisation and sold to any customer wishing 
to make the purchase (Guadette, 2002). In the former case it may be a 
backshop operation within a larger organization or smaller operation. 

Mechanical repair 

Field i·epah- of aircraft engine (1915-

1916 yy) 

The former of these represents a closed loop supply chain and usually has the scope of maintenance, repair, or 
overhaul. The latter of the categorisations is an open loop supply chain and is typified by refurbishment and 
remanufacture. The main characteristic of the closed loop system is that the demand for a product is matched with 
the supply of a used product. Neglecting asset write-offs and exceptional activities the total population of the 
product between the customer and the service provider remains constant. 

Contents 

• I Engineering 
• 2 Maintenance types 

• 2.1 Preventive maintenance 
• 2.2 Corrective maintenance 
• 2.3 Predictive maintenance 

• 3 See also 
• 4 References 

Engineering 
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In telecommunication, commercial real estate, and engineering in general, 
the term maintenance has the following meanings: 

• Any activity - such as tests, measurements, replacements, 
adjustments, and repairs - intended to retain or restore a functional 
unit in or to a specified state in which the unit can perform its 
required functions.171 

• For material - all action taken to retain material in a serviceable 
condition or to restore it to serviceability. It includes inspection, 
testing, servicing, classification as to serviceability, repair, Road repair 

rebuilding, and reclamation_[?] 
• For material - all supply and repair action taken to keep a force in 

condition to carry out its mission_[?] 
• For material - the routine recurring work required to keep a facility (plant, building, strncture, ground 

facility, utility system, or other real property) in such condition that it may be continuously used, at its 
original or designed capacity and efficiency for its intended purpose.171 

Manufacturers and industrial-supply companies often refer to MRO as opposed to original equipment manufacturer 
(OEM). OEM includes any activity related to the direct manufacture of goods, where MRO refers to any 
maintenance, repair or overhaul activity to keep a manufacturing plant or facility running. Maintenance is strictly 
connected to the stage of ideation, in which the concept of maintainability must be included. In this scenario, 
maintainability is considered as the ability of an item, under stated conditions of use, to be retained in or restored to 
a state in which it can perform its required functions, using prescribed procedures and resources.[8H9l Overhaul 
extends to the concept of improving performance over and above original design specification. 

Maintenance types 

Generally speaking, there are two types of maintenance in use: 

• Preventive or scheduled maintenance, where equipment or facilities are inspected, maintained and protected 
before break down or other problems occur. 

• Corrective maintenance where equipment is repaired or replaced after wear, malfunction or break down. 

Architectural conservation is another type of maintenance involving the preservation, rehabilitation, restoration or 
reconstruction of historical structures made from stone, brick, glass, metal, and wood with MRO materials which 
match the original constituent materials where possible, or with suitable polymer technologies.[10] 

Preventive maintenance 

Preventive maintenance is maintenance performed with the intent of avoiding fa ilures, safety violations, 
unnecessary production costs and losses, and to conserve original materials of fabrication. The effectiveness of a 
preventive maintenance schedule depends on the RCM analysis which it was based on, and the ground rules used 
for cost efficacy. [11 l 

Corrective maintenance 

Corrective maintenance of equipment after equipment break down or malfunction is often most expensive - not 
only can worn equipment damage other parts and cause multiple damage, but consequential repair/replacement 
costs and loss of revenues due to down time during overhaul can be significant. Rebuilding and resurfacing of 
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equipment and infrastructure damaged by erosion and corrosion as part of cotTective or preventive maintenance 
programmes involves conventional processes such as welding and metal flame-spraying, as well as engineered 
solutions with thermoset polymeric materials.1121 

Predictive maintenance 

More recently, advances in sensing and computing technology have given rise to 'predictive maintenance'. This 
maintenance strategy uses sensors to monitor key parameters within a machine or system, and uses this data in 
conjunction with analysed historical trends to continuously evaluate the system health and predict a breakdown 
before it happens. 1131 This strategy allows maintenance to be performed more efficiently, since more up-to-date 
data is obtained about how close the product is to failure. 1141 

See also 

• Auto maintenance 
• Darning 
• Design for repair 
• Do it yourself 
• Kludge 
• Logistics center 
• Maintainability 
• MRO Software 

• Oracle Complex MRO 
• MRO Software, later called Maximo 

• Product Lifecycle Management 
•RAMS 
• Reliability engineering 
• Remanufacturing 
• Scheduled maintenance 
• Total productive maintenance 

No to be confused with 

• Reparation (legal) 
• Reparations (transitional justice), measures taken by the state to redress gross and systematic violations of 

human rights law or humanitarian law 
• Reparations for slave1y 
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Lighting I Indoor Fixtures 0 I Wet Location Fluorescent Fixtures 0 ·~ Search Feedback 

Wet Location Fluorescent Fixtures 
6 results found that include 28 products 

FILTER RESULTS BY 

Search within these results 

10 
PREVIOUSLY PURCHASED 

D View Previously Purchased 
Products 

BRANCH AVAILABILITY A 

Select a pickup branch to see 
products in stock now. 

ITEM 

D Dust Resistant Fixture (12) 

D Wet Location Fixture (16) 

LAMP QUANTITY 

D 1 (3) 

D 2 (18) 

D 4 (5) 

D 6 (2) 

LAMP TYPE 

~ 
D TB (10) 

D F17T8 (2) 

D F32T8 (4) 

D T5HO (7) 

A 

Sort Results By: Top Sellers v 

:: List I ~Table I Results per page: 16 I 32 I 48 

Dust Resistant Fixtures 

These fluorescent light fixtures are designed for wet or dusty 
locations. They help to prevent entry of airborne contaminants. 
The impact-resistant acrylic diffuser is also secured to housing 
with cam latches for a positive seal. Suitable for use in 
fabrication and machining areas, welding, grinding, or any 
nonhazardous environments. 

Brands 

ACUITY LITHONIA and LUMAPRO 

Lamp Fixture Length Height Width Brand Item# Type .... Wattage 

Lamp Quantity 1 

F17T8 17 26-3/8' 4-5/16' 4' LUMAPRO 6GAL4 

Price 

$73.48 
/ Each 

F32T8 32 50-3/16' 4-5/16' 4' LUMAPRO 6GAL5 $114.05 
/ Each 

Lamp Quantity 2 

TS 56W 48' 4' 5-3/4' ACUITY 4LUW4 $106.13 
LITHONIA / Each 

TB 56W 50' 4-3/4' 8-1/8' ACUITY 3YA23 $142.56 
LITHONIA / Each 

TB 108W 98' 5-5/8 ' 8-1/8' ACUITY 3YA24 $232.10 
LITHONIA / Each 

https://www.grainger.com/category/wet-location-ftuorescent-fixtures/indoor-fixtures/lighting/ecatalog/N-9gx 1/5 
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D T8HO (3) 

D F54T5HO (2) 

BALLAST TYPE A 

D Electronic (4) 

D Electronic Instant Start (9) 

D Electronic Program Start ( 11) 

D Instant Start (2) 

D Programmed Rapid Start (2) 

AMBIENT TEMP. RANGE A 

D -20 Degrees to 104 Degrees 

F (10) 

D -18 Degrees to 104 Degrees 

F (1) 

D 0 Degrees to 104 Degrees 

F (11) 

D O Degrees to 131 Degrees F ( 4) 

D 32 Degrees to 104 Degrees 

F (1) 

D 50 Degrees to 104 Degrees 

F (1) 

FIXTURE WATTAGE 

Type here to refine filters 

D 11 (1) 

D 32 (1) 

D 34 (1) 

D 64 (1) 

D 56W (4) 

D 58W (2) 

View More 

REPLACEMENT LENS 

D 31C005 (2) 

D 31C006 (2) 

Lamp Fixture 
Type .... Wattage Length Height Width Brand Item# Price 

F17T8 34 26-3/8' 4-5/16' 6-3/8' LUMAPRO 6GAL3 $79.68 
/ Each 

$131.08 F32T8 64 50-3/16' 4-5/ 16' 6-3/8' LUMAPRO 6GAL2 
/ Each 

T5HO 120W 48' 4' 5-3/4' ACUITY 4VDD1 $120.69 
LITHONIA / Each 

50' 4-3/4' 8-1/8' ACUITY $184.58 T5HO 120W LITHONIA 1VNU5 
/ Each 

TSHO 98W 50' 5-5/8 ' 8-1/8' ACUITY 6HHG4 $280.50 
LITHONIA / Each 

TBHO 185W 98' 5-5/8 ' 8-1/8' ACUITY 2LYX9 $326.70 
LITHONIA / Each 

Lamp Quantity 4 

ACUITY $239.14 TB 112W 98' 5-5/8 ' 8-1/8' LITHONIA 5YA12 / Each 

60W Wet Location Fixture, Instant Start Ballast Type, F32T8 Lamp 
Type 

Wet Location Fixture, Wet Location, 2 Lamp Quantity, F32T8 

Lamp Type, 32 Lamp Watts, 60W Fixture Wattage, 120 to 277 

Voltage, Description/Special Features Wet Locations, Gasketed 

Fixture,IP65, 31C006 Replacement Lens, Instant Start Ballast 

Type, Polycarbonate Housing Material, Gray Housing Finish, 

Suggested Lamp Item No. 2ETU3, No Lamp Included, 0 

Degrees to 131 Degrees F Ambient Temp. Range, Surface or 

Suspended Mounting, 50-13/16" Length, 3-13/16 In. Height, 6-

45/64 In. Width 

Lamp Type Fixture 
Wattage Length Height Width Item# Price 

F32T8 60W 50-13/16" 3-13/16' 6-45/64' 31C003 $141.46 
/ Each 

118W Wet Location Fixture, Programmed Rapid Start Ballast Type, 
F54T5HO Lamp Type 

https://www.grainger.com/category/wet-location-ftuorescent-fixtures/indoor-fixtures/lighting/ecatalog/N-9gx 215 



9/1/2017 Wet Location Fluorescent Light Fixtures - Indoor Light Fixtures - Grainger Industrial Supply 

D 6EKP6 (1) 

D 6EKP7 (1) 

D 6EKP8 (1) 

D 6EKP9 (1) 

View More 

LENGTH 

D 26-3/8" (2) 

D 48" (3) 

D 49-3/4" (1) 

D 50" (4) 

D 50-3/16" (2) 

D 51-3/4" (3) 

View More 

HEIGHT 

D 3-3/4" (1) 

D 3-13116" (2) 

D 4" (6) 

D 4-13/64" (2) 

D 4-5/16" (4) 

D 4-3/4" (2) 

View More 

WIDTH 

A 

Wet Location Fixture, Wet Location, 2 Lamp Quantity, F54T5HO 

Lamp Type, 54 Lamp Watts, 118W Fixture Wattage, 120 to 277 

Voltage, Description/Special Features Wet Locations, Gasketed 

Fixture,IP65, 31C005 Replacement Lens, Programmed Rapid 

Start Ballast Type, Polycarbonate Housing Material, Gray 

Housing Finish, Suggested Lamp Item No. 5AE35, No Lamp 

Included, 0 Degrees to 131 Degrees F Ambient Temp. Range, 

Surface or Suspended Mounting, 50" Length, 4-13/64 In. Height, 

6 In. Width 

Lamp Type Fixture 
Wattage Item# Price Length Height Width 

F54T5HO 11 SW 50" 4-1 3/64' 6' 31C002 $157.96 
/ Each 

60W Wet Location Fixture, Instant Start Ballast Type, F32T8 Lamp 
Type 

Wet Location Fixture, Wet Location, 2 Lamp Quantity, F32T8 

Lamp Type, 32 Lamp Watts, 60W Fixture Wattage, 120 to 277 

Voltage, Description/Special Features Wet Locations, Gasketed 

Fixture,IP65, 31C005 Replacement Lens, Instant Start Ballast 

Type, Polycarbonate Housing Material, Gray Housing Finish, 

Suggested Lamp Item No. 2ETU3, No Lamp Included, 0 

Degrees to 131 Degrees F Ambient Temp. Range, Surface or 

Suspended Mounting, 50" Length, 4-13/64 In. Height, 6 In. 

Width, Standards cULus Listed 

Lamp Type Fixture 
Wattage Length Height Width Item# Price 

https://www.grainger.com/category/wet-location-ftuorescent-fixtures/indoor-fixtures/lighting/ecatalog/N-9gx 3/5 
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D 4" (3) 

D 5-3/4" (2) 

D 6" (2) 

D 6-3/8" (2) 

D 6-1/2" (2) 

D 6-45/64" (2) 

View More 

SERIES 

D DMW (5) 

D EFS (1) 

D EFT (2) 

D FEM (3) 

D FEN (1) 

D FHE (4) 

View More 

SUGGESTED LAMP ITEM NO. A 

D 2F964 (2) 

D 21GR04 (2) 

D 38L993 (1) 

D 5AE35 (8) 

D 3CA64 (1) 

D 2EAF8 (1) 

View More 

BRAND A 

D ACUITY LITHONIA (20) 

D LUMAPRO (8) 

F32T8 60W so· 

Wet Location Fixtures 

4-13/64' 6' 31C001 $136.84 
/ Each 

These special application fluorescent fixtures feature high-impact 
acrylic lenses and are intended for low to medium mounting 
heights.They are designed for wet or dusty locations, and can 
help to provide bright light cost effectively in areas where 
moisture may be prevalent. Completely enclosed and gasketed, 
the multi-purpose fixtures feature fiberglass-reinforced polyester 
housings that resist oxidization and corrosion. 

Brands 

ACUITY LITHONIA 

Lamp Type Fixtu re 
Wattage Length Height Width Item# Price 

Lamp Quantity 1 

TSHO saw Sl-3/4' 4' 4' 16U242 $16S.OO 
/ Each 

Lamp Quantity 2 

TB S6W 49-3/4' 6' 9-3/4' SYA99 $S18.76 
/ Each 

TB S6W so· 7-1/4' 6-1 /2' 1BP87 $S17.88 
/ Each 

$1 S4.66 TB saw Sl-3/4' 4' 7' 16U241 / Each 

TSHO 117W Sl-3/4' 4' 7' 16U243 $179.96 
/ Each 

TBHO 160W 98' 7-1 /4' 6-1/2' 2LYX8 $866.36 
/ Each 

Lamp Quantity 4 

TB 112W 48' 3-3/4' 24' 3XY80 $224.62 
/ Each 

TB 128W Sl-7/8' 6' 14-S/8' 4VDC3 $333.30 
/ Each 

TSHO 216W Sl-7/8' 6' 14-S/8' 4VDC4 $327.SB 
/ Each 

TSHO 234W 100' 4' 7' 16U240 $332.42 
/ Each 

Lamp Quantity 6 
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9/1/2017 Wet Location Fluorescent Light Fixtures - Indoor Light Fixtures - Grainger Industrial Supply 

PRICE 

D $70-$80 (2) 

D $100-$200 (13) 

D $200-$300 (4) 

D $300-$400 (6) 

D $500-$600 (2) 

D $800-$900 (1) 

SHOP BY 

D Country Of Origin US (11) 

D Grainger Choice (8) 

RATINGS 

D 3Stars **** (1) 

D 1 Stars * **** (1) 

A Lamp Type Fixture 
Length Height Width Item# Price Wattage 

TS 192W 51-7/ 8' 6' 14-5/ 8' 4VDC5 $368.94 
/ Each 

T5HO 324W 51-7/8' 6' 14-5/ 8' 4VDC6 $369.82 
/ Each 

11 SW Wet Location Fixture, Programmed Rapid Start Ballast Type, 
F54T5HO Lamp Type 

Wet Location Fixture, Wet Location, 2 Lamp Quantity, F54T5HO 

Lamp Type, 54 Lamp Watts, 118W Fixture Wattage, 120 to 277 

Voltage, Description/Special Features Wet Locations, Gasketed 

Fixture,IP65, 31C006 Replacement Lens, Programmed Rapid 

Start Ballast Type, Polycarbonate Housing Material, Gray 
Housing Finish, Suggested Lamp Item No. 5AE35, No Lamp 

Included, 0 Degrees to 131 Degrees F Ambient Temp. Range, 

Surface or Suspended Mounting, 50-13/16" Length, 3-13/16 In. 

Height, 6-45/64 In. Width 

Lamp Type Fixture 
• Wattage Length Height Width Item# Price 

F54T5HO 11 SW 50-13/ 16" 3-13/16' 6-45/ 64' 31C004 $164.56 
/ Each 

::: List I §! Table I Results per page: 16 I 32 I 48 
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Lighting > Indoor Fixtures > Decorative Fixtures 

Decorative Light Fixture 

1 product found with these common attributes: 

Brand LUMAPRO Item 

Fixture Type Ceiling Lamp Quantity 

Housing Finish White Lens Type 

Lamp Type FC8T9/FC12T9 Energy Star Compliant 

Mounting Flush Suggested Lamp Item No. 

Fixture Wattage 54W Length 

Height 4' 

Price 

Clear All 
$45-$50 0 

Select items to compare View Previously Purchased 

Compare I 
Item# 

Mfr. Model# 

+Add to List 

Price 

~Email 

Decorative Light Fixture 

2 

Acrylic Mushroom 

No 

1 V776/1 V860 

ADD TO CART 

Ship To 
07101 v 
Pick Up 

Qty 

14" 

https://www.grainger.com/producULUMAPRO-Decorative-Light-Fixture-WP23537/_/N-9giZbk7?breadcrumbCatld=1 2972&s_pp=false&picUrl=//static.gr.. 1/3 
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2ZE29 

2ZE29 

WP23537 Decorative Light Fixture - Grainger Industrial Supply 

Expected to 

arrive 

Tue. Sep 05 

A Hurric 

ane 

Harvey is 

$46.20 I each impacting 
shipments 

in TX and 

LA which 

may 

impact 

delivery 

date 

estimates. 

Qty 

Note: Product availability is real-time basis and adjusted continuously. The product wil l be reserved for you when you complete your order. 
More 0 

CUSTOMERS ALSO PURCHASED 1 of 2 PREV I NEXT 

Ceiling Ceiling Carpet Protection 18.0 Watts LED Nylon Straight 
Fixture,54W,Circul Fixture,26W,Comp Film, 200 ft . Lamp, Cylindrical, Union, 1/4" Tube 
ar,White act Fluorescent Length x Medium Screw Size 

ITEM# 2ZE25 ITEM# 2ZE32 ITEM# 2NVH7 ITEM # 45PC25 ITEM# 40L314 

LUMAPRO LUMAPRO PLASTICOVER LIGHT EFFICIENT PARKER 
DESIGN 

Web Price Web Price Web Price Web Price 
$44.88 I each $35.42 I each $46.80 I each Web Price $18.92 I pkg. of 1 

$74.72 I each 

ADD TO CAR ADD TO CAR ADD TO CAR. ADD TO CAR" I ADD TO CA 

https://www.grainger.com/producULUMAPRO-Decorative-Light-Fixture-WP23537/_/N-9giZbk7?breadcrumbCatld=1 2972&s_pp=false&picUrl=//static.gr... 2/3 
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All PRODUCTS Ente1 keynmd, ilem, model Of re11litcement pan numbe SEARCH HULK ORDER PAD CART 

company Information 
AbouiUs 

Careers 

Corporate Social 
Respons1b1lity 
Inclusion & Diversity 

Investor Relations 

Press Room 

Supplier Overview 

Technical Education 

Worldvl\de 

Check it out! We're Moblle! 
Anytime. Anywhere. 

~- Are You Ready to Get Exc~ed About Free Shipping' Learn More 

cust-0mer support 

• Catailog Request 
.:; Contact Us 

·!'II Feedback 

9 Find A Branch 

order support Online Resources 
Orde~ Cle~mmce Cenier 

Pick·Up Grainger Choice 
Returns & Cancellaiions Hot Buys 
Guarantee And w arranty Kno'W'ledge center 

Rebates 

Replacement Parts 

SupplyUnk 

Today's Features 
Webinars 

The Safety Record 

Let's Stick Together connect With us 

Grainger Helps You GEt It Done. 
Your Connection To Whars 
New Al Grainger_ Sign Up 
Nowr QB1M f9WM 

SIGN UP 

services 
Auto-Reorder 

Catalog 
Special Orders 

Emergency SeNices 

Grainger Consulllng Servlees 

Inventory Management 

Invoices Your Way 

Grainger Lighting Solutions 

~~~7?~~~~~ 
Online PurchaSing Solutions 
Extended Protection Plan 

Questions? Call Us 
1-800-GRAINGER 
(1-800-472-4643) 

Terms cf Access New Terms of Sale Pn1a:1 Policy I Abo.t. Our Ads I Sr:emap I Fraud Alert 
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IUTie I Prod.Jru I RNdiLED"' Series I LED Snaciktr & Retrofit Kit 

ReadiLED™ Series I LED Snaplight@;) & 
Retrofit Kit 
~gnKjta~C!liN!.Ytluor~tfix~ 

Vibt>Jtian-rcsid:<mt for domanding 3ppliC.'.ltian!» 

Superior cormsian rcsisto:incc 

LEO tectnology inc:rease!. efficiency, eliminate~ nlfllnterwmce ond support:. green initilltives 

l,@ji§i 

4 foot b :turo 38W, 3617 lumen& 

50,CXlOl'IOl.a"•<it.edlife 

Power source 

120 27711. S0/£0M:z 

O-l0Vdirn-ni"9 option (DIM) 

•tilbilizcd nylon hou•u>g 

Compliances 

ut./cUL Li~tod to· 
• t.L.1598Suit<K>klfOfWotLOc.1bOns 

• t.L 1598<: LED Retroftt convers.on crwon 

kltsonlV) 

ULUste<lto: 

• u... 1598A Marl""I@ out">lae 1voe csanwater) 
• U... 924 Emorgor.cy Li!tltin.g E"Qo.J'pmcnt 
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Your life. 
Your design. 

Helping people bring great design into the spaces they live, work and play. 



WHO WE ARE (HTTP:/ /WWW.YDESIGNGROUP.COM#WHO-WE-ARE) OUR BRANDS (HTTP://WWW.YDESIGNGROUP.COM#OUR-BRANDS) 

WHO *¥AR~E TEAM (HTTP://WWW.YDESIGNGROUP.COM#MEET-THE-TEAM) 

PARTNER WITH US (HTTP://WWW.YDESIGNGROUP.COM#PARTNER-WITH-US) 

Helping people bring great design into the spaces they live, work and play. 

YDesign Group is an online-led retailer offering the best in modern 

and contemporary lighting, furnishings, and decorative plumbing to 

design driven consumers and trade professionals. 

Ylighting, our flagship brand that launched in 2001, is the leading 

modern lighting retailer in the US and offers more than 10,000 designs 

from top international brands. We launched Yliving in 2009 to provide 

our customers access to exceptional modern furniture and 
I 

accessories. n 2014, we expanded into the decorative plumbing 

category. 

OUR BRANDS 

YDesign Group inspires our customers to confidently fulfill their 

interior design visions w ith us by providing them an incomparable 

experience: a combination of products, advice, inspiration, site design 

and services that no competitor can match. 

-LIGHTING 
The Best in Modern Lighting 

(http:/ /www.ylighting.com)Founded in 2001, Ylighting is the leading retailer dedicated to the best in modern and contemporary lighting. We offer design 

driven consumers and trade professionals a premier selection of more than 15,000 products from top international brands, such as Artemide, FLOS, 

Nelson Bubble Lamps, and Louis Poulsen. Our curated collection ranges from iconic mid-century modern works to today's most innovative, 

contemporary lighting. Our difference is our commitment to an incomparable customer experience including an extensive assortment of the best in 

modern and contemporary lighting, expert advice and service, inspiration and support throughout our customers' projects. 



D LUMENS 
(http://www.lumens.com)Lumens was founded in 2004 with a goal in mind: to be the best place to shop for lighting, fans, modern furniture and 

accessories for people who love modern design. Cofounded by Ken Plumlee and Peter Weight, Lumens team is comprised of lighting and design 

enthusiasts servicing residential, trade professional, retail showroom, and commercial customers. Its team of product specialists is certified by the 

American Lighting Association. YDesign Group acquired Lumens in July, 2016. 

VI G 
The Best in Modern Living 

(http://www.yliving.com)Launched in 2009, Yliving offers design-driven consumers and trade professionals the best in modern furniture, accessories, and 

decorative plumbing. We carry thousands of exceptional products from renowned brands, including Herman Miller, Knoll, and Kartell, as well as from up­

and-coming companies. Our curated collection ranges from midcentury-modern classics to today's most cutting-edge, contemporary designs. Our 

difference is our commitment to an incomparable customer experience including an extensive assortment of the best in modern and contemporary home 

furnishings, expert advice and service, inspiration and support throughout our customers' projects. 

MEET THE TEAM 



Sean Callahan Donnat Lettman (http://www.ydesigngroup.com/ycorp_team/donnat-lettman/) 

Mark Reese (http://www.ydesigngroup.com/ycorp_team/mark- reese/) 

Myles Felsing (http://www.ydesigngroup.com/ycorp_team/myles-felsing/) 

Monica Delehanty (http://www.ydesigngroup.com/ycorp_team/monica-delehanty/) 

Sean Callahan 
Chief Executive Officer 

More> 

Sean Callahan joined the company as CEO in September 2008. Prior to YDesign Group, Sean was an Executive in Residence at the private equi ty 
I 

firm Alpine nvestors and led the operational diligence on the Ylighting investment. Previous to this he was based in London as the Senior Vice 
I 

President and GM of EMEA for Business Engine, an enterprise software company backed by Morgan Stanley, Oak nvestment Partners, and 

Technology Crossover Ventures. Business Engine was acquired in early 2007 by Planview, following a successful turnaround. Previous 

experiences include Director level roles in product management product marketing and business development at Oracle and NONSTOP 

Solutions (now part of Manhattan Associates). 

Sean holds a BS in Manufacturing Systems Engineering from the Pennsylvania State University, an MBA from Northwestern's Kellogg School of 

Business and Masters of Engineering from Northwestern's McCormick School of Engineering He lives with his wife and three children in the San 

Francisco Bay Area. 

Next: Donnat Lettman 

PARTNER WIT H US 



Brand Partners + Product Designers 

YDesign Group is committed to bringing customers the best in modern and contemporary design. Our seasoned merchandising team 

searches worldwide for products and partners who share th is commitment to great design and an incomparable customer experience. Our 

merchants emphasize accurately representing and communicat ing our partners' brand story. Each brand and product page is overseen by a 
I . 

dedicated merchandiser. n addition. YDesign Groups sales team averages more than 15 years of retail and commercial furnishings 

experience. Finally, we have the best marketing team in the space to make sure we reach the design community to introduce them to our 

product partners in a compelling way. 

I 
f you are interested in partnering wi th YDesign Group, please contact us. We look forward to hearing from you. 

Lighting: products@ylighting.com (mailto:products@ylighting.com) 

Home furnishings: products@yliving.com (mailto:products@yliving.com) 

Trade Program 

Apply Now: Ylighting (http://www.ylighting.com/trade- program.html) I Yl iving (http://www.yliving.com/trade- program.html) 

Our Trade Program offers exclusive benefits and support for design professionals. Once you are registered. you are automat ically enrolled to 

receive Trade Program benefits on both Ylighting and Yl iving. 

Our Trade Program benefits and resources include: 

• Trade discount pricing 

• Project and account management support 

• Complimentary quotes and design consultation 

• Dedicated technical and customer service support 

• Trade newsletters wi th exclusive previews to sales and new products 

• Free swatches. delivered directly to you or your clients 

• Customized specifications sheets 

Partnerships 

YDesign Group continuously looks for ways to raise awareness of great design and contri bute to the design community. When we get the 

chance to work with like -minded people. we jump at the opportunity. On occasion. we expand our horizons to work with individuals and 

organizations supporting causes in- line with our corporate values and that share our passion to make the world a better place. 

I 
f you have a passion for modern design and are exploring new and exciting ways to put people in touch with the best modern design has to 

offer. we would like to hear from you. Please reach out to us at marketing@ylighting.com (mailto:marketing@ylight ing com). 

Featured Partner: Be Original Americas 

Compelled by powerful data that highlights the negative impact of the knock-off trade. Be Original Americas is committed to informing. 

educating. and influencing manufacturers. design professionals. and individuals on the economic. ethical. and environmental value of 

authentic design whi le preserving and investing in its future. 

YDesign Group and other charter members believe that the value of authent icity can't be underestimated or taken for granted in the 

marketplace. YDesign Group has long supported this concept and works w ith partner brands who believe in supporting creativity and 

authenticity in o rder to invest in the future of design. and give back to the industry and the people it serves. 
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WELCOME TO LIGHTOLOGY 
215 W. Chicago Ave. 

Chicago IL 60654 

(312) 944-1000 

NORTH AMERICA'S PREMIER CONTEMPORARY LIGHTING 
SHOWROOM 

Featuring a highly-trained and dynamic staff of American Lighting Association-Certified Lighting Consultants, 

Lightology is an award-winning showcase of the latest and greatest in luxury contemporary lighting from around the 

world. 

http://www.lightology.com/index.php?module=about 1/7 
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-Lighto}o.o-viowroom is designed from the ground up to serve the specialty needs of architects, 

'-'·-~'&' __ , ~ . . _._-, 'c' c,-_ P./, dnd other tr2de prnfession2!s_ The 20,000 squ2re foot g!2ss-enc!osed sp2ce f101_A/S ?round 2 

central atrium featuring catwalks filled with high-end fixtures as well as permanent exhibits on light color, 

temperature, the history of electric lighting, and anything else inquisitive customers need to know about creating 

their ideal lighting environment. Our three-story showroom is topped off with a lush roof garden for meetings and 

events, providing a dramatic vantage point to Chicago's magnificent architecture. 

BIRTH OF AN INSTITUTION 

Lightology is the product of the combined skills and expertise of our dedicated staff 

Since opening its doors in 2001, Lightology has been home to the most talented and knowledgeable lighting experts, 

most with Lighting Specialist certifications from the American Lighting Association. From fitting individual lighting 

fixtures to designing large-scale projects for retail and commercial spaces, our lighting consultants help make the 

entire Lightology experience simple, satisfying and enjoyable. Confident navigators of limitless lighting possibilities, 

Lightology staff can guide retail, trade, and commercial customers through projects from start to finish. 

http://www.lightology.com/index.php?module=about 217 
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'Ltghto}o.o-vite has fast become a cornerstone of the Lightology experience. Our new ly redesigned, 

! , ,._.,_.,,._ , , ,._ , ,._,,, _., c·P l_ . ._llfS custorriers frorri ?round the country to exp!ore OU! thous?nds of lighting products, !e?!n 

everything they need to know about contemporary lighting design, and purchase on line. Our website is staffed by 

constantly growing sales and customer service teams who ensure all customers' needs are met, near and far. 

THE EARLY DAYS 

Lightology is the culmination of the three-decade career of founder Greg Kay 

A Detroit native, Kay had an interest in design from an early age. He completed his training as a master electrician in 

the 1970s, and soon spotted an entrepreneurial niche in the cultural climate of the day, as a roller disco lighting 

specialist. 

In 1983, Kay opened Tech Lighting in Chicago's River North gallery district. It was the city's first all-contemporary 

lighting showroom, and was a hit from the start. Kay has won dozens of awards in lighting and product design, as well 

as for the Lightology showroom itself. Notable awards include the prestigious Edwin F. Guth Award of Excellence in 

http://www.lightology.com/index.php?module=about 3/7 
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LightoJogy-1nd Lighting Showroom of the Year (2016). 

Kay surprised many in 2001 by selling Tech Lighting to focus on his biggest project to 
date: Lightology, the finest contemporary lighting showroom in the world. 

Visit The Lightology Showroom 

Lightology 

Visit our showroom located at: 

215 W. Chicago Avenue, Chicago, IL 60654 

Directions 

DESIGN ACCLAIM 

II Residential Lighting Showroom of the Year Award (2016) \\ 

http://www.lightology.com/index.php?module=about 417 
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Lightologytial Lighting Showroom of the Year Award for Merchandising (2010) \\ 

II ASID-lllinois Design Excellence Award for "Stratus" Wall Grazer (2008) \\ 

II ESNA International Illumination Design Award of Merit (1997) \\ 

II Chicago Lighting Institute Award of Merit for Lighting Excellence (1994) \\ 

II Chicago Athenaeum Good Design Award for Johnny and Wishbone Kablelite fixtures (1992) \\ 

II Edwin F. Guth Award of Excellence in Lighting Design (1989) \\ 

CLIENT TESTIMONIALS 

Xavier, 

Thank you for taking care of this! Great connecting with you today-you are my kind of people.:) 

II Karen K 

http://www.lightology.com/index.php?module=about 517 
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CHANDELIERS & PENDANTS CEILING LIGHTING 

l Back to top 

Sign-up to receive access to exclusive sales & promotions! 

COMPANY 

Trade Site 

About Us 

Lightology Showroom 

Contact Us 

Enter your email 

HELP 

Customer Service 

Orders & Returns 

Pricing & Shipping 

Custom & Bulk Orders 
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MY ACCOUNT 

Create an Account 

Sign In 

Track Orders 
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INSPIRATION 

Installation Gallery 

How-To 

Lighting & Design Tools 

Designers 

Resources 

Lightology I About Us 

Privacy & Security 

VISIT OUR SHOWROOM 

9 215 W Chicago Avenue 

Chicago IL 60654 

(31 2) 944-1000 

MON - SAT: 10 AM - 6 PM CST 

THU: 1 0 AM - 7 PM CST 

CONNECT WITH US 

~~ <p 

You G+ @ ID 

WE ARE HERE TO HELP (866) 954-4489 

© 2017 Lightology. All Rights Reserved. 
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SUBSCRIBE 

MARGARET RHODES DESIGN 12. 09.16 10:00 AM 

DYSON'S CU-BEAM DUO IS A RADICALLY NEW OFFICE LAMP 
-SERIOUSLY 

MIKE COOPER/DYSON 

.JAKE DYSON, SON of inventor and noted vacuum-maker Sir James Dyson, is taking on 

the lighting industry. Specifically, he's on a crusade for change in office lighting. His 

means to that end is the Cu-Beam Duo, a new suspension lamp that looks like a 

satellite, runs for decades, and gives you ample control over the direction and 

intensity of both up- and down-light. 

If one expensive suspension lamp seems like an unlikely change agent in the world of 

office lighting, consider the light in most offices. If you're in one, look around. It's 

probably really bright-far brighter than it needs to be. Government regulations 

require a minimum level out light output in the workplace, so a building's architect 

will often install a surplus of equally very bright lights into the ceiling. It's a blanket 

approach, not a personalized one. 

https:/lwww.wired.com/2016/12/dysons-cu-beam-duo-radically-new-office-lamp-seriously/ 1/19 



9/1/2017 The Dyson Cu-Beam Duo Is a Radically New Office Lamp (Seriously) I WIRED 

ugru u1 spec1111.: u1recuuns-cuu1u ne1p su1ve u1aL pruu1ern. 

"Lighting an office effectively is really difficult," says lighting designer Naomi Miller, 

a researcher at the Department of Energy's Pacific Northwest National Laboratory. 

She says it's particularly challenging to balance the quality, quantity, and placement 
of light. If any of these variables is off, the result is poor lighting conditions. And 

remember, an office's lighting needs usually change throughout the day. The ideal 

lighting solution produces adjustable, high quality light. 

Miller says the Cu-Beam Duo is impressive on that front. "What draws me to this new 

product is the ability to change the light distribution. That's pretty nifty." She's 

referring to the lamp's driver which lets users adjust the output ratio between the 

upward light and the downward-facing task light throughout the day. This allows the 

Duo to suit a range of needs. If you host a brainstorming meeting, for instance, you 

can choose to pour more light onto the table, so people can take notes. Need to 
interview a job candidate? Bathe the ceiling in light. It'll help diffuse the light, like a 

photographer's soft box, so your interviewee doesn't feel like they're under an 
interrogation lamp. 

DYSON 

Office buildings rarely support such options. A typical workplace ceiling has recessed 
lighting fixtures known as troffers, which blast a uniform blanket of light onto a 

space. The LEDs inside them are actually several small LEDs arranged together on 

one module. These are called chip-on-board LEDs, and while they emit light less 

effectively than large LEDs, casting shadows on each other that make it difficult to 

generate a focused beam, they disperse heat more effectively than larger diodes. 

"Everyone else gets more light out by using lots of little LEDs, because they don't 

want to engineer or invest in the cooling of them," Dyson says. Not him. He wanted a 

big LED that could also shed heat quickly. A few years ago, he realized he could use 

heat transfer to do it. Every Cu-Beam contains six copper heat pipes. Each pipe 

contains a small volume of water that wicks heat from the LED by vaporizing. The 

vapor then migrates to the end of the pipe, where it condenses back into liquid water, 

and repeats the cycle. This system allows the Cu-Beam Duo to keep two powerful, 

single LEDs running at low temperature. And because the lights emanates from a 

single source, they focus like a dream. 

https:/lwww.wired.com/201 6/12/dysons-cu-beam-duo-radically-new-office-lamp-seriously/ 2/19 
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decisions about workplace lighting mostly come down to cost and convenience. 
Dyson hasn' t assigned a price to the Cu-Beam Duo yet, but the Cu-Beam Up and Cu­

Beam Down, which cast light up and down, respectively, cost $1,999 apiece. 

That's a hefty price tag, but its sheer existence could affect the industry. "It might 

change lighting as we know it, because it's creating awareness that you can do 

something besides put troff ers in the ceiling," Miller says. For those who do opt in, 
Dyson says the Cu-Beam Duo stays lit at peak brightness for 180,000 hours, or up to 

37 years of working hours. "It's future proof," he says. OK, maybe not future proof­
it'll only be so long before someone else tries to revolutionize office lighting. 
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Dyson Cu-Beam Duo Offers A Unique Twist To 
Office Lighting 
DECEMBU 13, 2011 

Most orfices use either nuorescem lighting or LED troffers ror illumination. And 

theyre perfectly fine. Except for the fan that there's no way co personalize the kind 

of ligh ling you get in the room. Simply put, you either gee high levels of brighcness 

or none of it. The Dyson Cu-Beam Duo ofrers a customizable .:ilcernative. 

Unlike conventional office lighting solutions, the tamp doesn't just throw down a 

bright white light to keep every inch of the office well-illum inated. Instead, it can 

shine its light either upward or downward, with the upward light being d iffused 

through the ceiling and the downward light providing t he necessary illumination to 

get work done. 

The Dyson cu-Beam Duo doesn't just deliver the same level of lighting throughout 

the day, as it comes with a custom driver that lets you easily adj ust the ratio 

between the upward and downward light, allowing you to tailor the exact amount 

of light in the room. You can, for instance, maximize the amount of light shining 

down on the table to make sure people see everything they're reading and writ ing 

clearly, all whi le shin ing more light upward when someone's do ing a presentation to 

ensure the giant screen on the wall becomes the focal point of the room. 
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Unlike LEO trorfers, by the way, Dyson's lamp doesn't use an array or small LEDs ror 

its light. Instead, lhey use one large h igh-power LED with a cuslOm-engineered lens 

that's cooled by six copper heat pipes integrated into the rig. 

No pricing has been announced yet for the Dyson Cu-Beam Duo, but it's slated to 

come out next year. 
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