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Introduction to JNB 

• MA in mathematics, Cambridge University 
• Ph.D. in theoretical physics, University of Manchester 
• 20 years as a physics professor, mainly at University of Pittsburgh 
• 30 years research in atomic & molecular physics & ionized gases 
• 15 years managing research at Lawrence Livermore National Lab 
• 15 years as advisor to industry on displays & lighting 
• 4 years as consultant to the DOE Solid State Lighting Program  

I know a little about a lot of things 
 but am not an expert on anything 

• My major goal is to encourage collaborations  
 to bring technology from the lab to market 
• I do not make market forecasts or give investment advice 
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Sources: Lowes.com; Lighting Direct.com; Lithonia; Thomas 

Hiding The Light: A Waste of Energy and Money?  

http://www.lightingdirect.com/index.cfm?page=product:mediaGallery&uniqueId=844597
http://www.lightingdirect.com/index.cfm?page=product:mediaGallery&uniqueId=524160
http://www.lightingdirect.com/index.cfm?page=product:mediaGallery&uniqueId=946431
http://www.lightingdirect.com/index.cfm?page=product:mediaGallery&uniqueId=889392
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Source: Sebastian Ludwig, 
OLED Lighting Design Summit 2011 
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Lighting Industry Evolution as Seen by RPI 

Source: Robert Karlicek, DOE SSL Workshop 2011 



SID -BA, February 2012 8 Source: Colleen Pastore,  DOE SSL Meeting 2011 



SID-BA, February 2012 9 

Outline 
• Large Area Lighting Sources 

• Thin, flexible, transparent 
• OLED vs LED 
• OLED challenges 

• Efficacy gains – Application enabler 
• Digital Controls 

• Automated or user controls 
• Wireless networks 

• Color Control 
• Market pull 
• Implementation issues 

• Broadband Communications 
• Evolving lifestyles 

• Age gap 
• Flat panel displays and off-desk memory 
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Prototype OLEDs 

Acuity 

Novaled UDC-Armstrong GE 
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Suspended Ceiling Lights? 

Pentelic Designs from Rambus 
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Table or Desk Top Lamps? 

Pentelic Designs from Rambus 
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OLEDs vs LEDs as Diffuse Sources 

Characteristic OLED LED 
Energy transport Multi-component 

current conduction 
Bouncing photons 

Light extraction Very difficult Micro-lens arrays 
Angle control Even more difficult Patterned extraction 
Color control Complex patterning Need RGBXY sources 
Flexibility Difficult encapsulation Straightforward 
Arbitrary shape Not yet demonstrated Straightforward 
Thermal management <100C; still needs work ~500C; needs work 
 Cost 100x too high 2-10x too high 
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OLED Efficiency Analysis (Lab Devices) 

DOE SSL R&D Multi-Year Program Plan, March 2011 



SID -BA, February 2012 15 Source:  Florian Pschenitzka, DOE SSL Workshop 2012  



SID-BA, February 2012 16 

Should be accomplished through thin-film structures 
• Where? 

• Outer surface of transparent substrate 
• Between substrate and transparent conductor 
• Inside transparent conductor 
• Between the electrodes 
• At edges 

• How? 
• Scatter light 
• Bend light rays (without chromatic aberrations)  
• Micro-cavities or multi-layers (without chromatic aberrations) 

• Uncertainties 
• Low-cost high-index substrates 
• Energy losses in metal electrode 
• Manufacturability of sub-micron patterns  
• Complementarity of partial solutions 

Improved Light Extraction is Critical 
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Source:  Kieran Drain,  
DOE SSL Workshop 2011  
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But what if I want to  
move my desk? 

Source John Langevin, Strategies in Light, Japan 2011 
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Source: Eran Fine, Intertech-Pira LEDs 2011 
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Technology Source and Cost Reduction Driver 
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Outline 
• Large Area Lighting Sources 

• Thin, flexible, transparent 
• OLED vs LED 
• OLED challenges 

• Efficacy gains – Application enabler 
• Digital Controls 

• Automated or user controls 
• Wireless networks 

• Color Control 
• Market pull 
• Implementation issues 

• Broadband Communications 
• Evolving lifestyles 

• Age gap 
• Flat panel displays and off-desk memory 
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OLED Luminaire Efficacy Targets 

DOE SSL R&D Multi-Year Program Plan, March 2011 
http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/ssl_mypp2011_web.pdf 
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(I)LED Luminaire Performance Targets 

DOE SSL R&D Multi-Year Program Plan, May 2011 
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Source: Paul Thieken  Intertech Pira LEDs 2011 
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Source: Marshall Miles, Intertech-Pira LEDs 2011 



SID -BA, February 2012 40 Source: Paul Thieken, Intertech-Pira LEDs 2011 



SID -BA, February 2012 41 Source: B.J. Lee, DOE Mfg Workshop 2011 



SID-BA, February 2012 42 

LED Status in 2011! 

Cree CR24TM Troffer 
50,000 hour lifetime 

 
5-year warranty 

Price: $200-300 
CR24-40L35K 

Source: Cree web pages 
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Source: Camil-Daniel Ghiu 
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Illegal in CA in 2012? 
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Power Projections for 32” TVs 

Brightness: 450 cd/m2 for LCD 
 360 cd/m2 for OLED 

Consumption of best LCD-TV in 2011 
 was 29 W at 188 cd/m2 

Source: Mike Hack (UDC), SID 2011 
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Outline 
• Large Area Lighting Sources 

• Thin, flexible, transparent 
• OLED vs LED 
• OLED challenges 

• Efficacy gains – Application enabler 
• Digital Controls 

• Automated or user controls 
• Wireless networks 

• Color Control 
• Market pull 
• Implementation issues 

• Broadband Communications 
• Evolving lifestyles 

• Age gap 
• Flat panel displays and off-desk memory 
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Source: Eric Holland, 
  Lighting Science Group, 
    Intertech-Pira LEDs 2011 
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Source: Camil-Daniel Ghiu 
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Sensor Networks from Lighting Science Group 

But what has Google done since May 11, 2011? 

Source: Eric Holland, 
  Lighting Science Group, 
    Intertech-Pira LEDs 2011 
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Source: Brian Chemel, 
Intertech-Pira LEDs 2011 
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Source: Brian Chemel, 
Intertech-Pira LEDs 2011 
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Source: Brian Chemel, 
Intertech-Pira LEDs 2011 
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Source: Brian Chemel, 
Intertech-Pira LEDs 2011 
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Source: Dan Cline, 
Intertech-Pira 
 LEDs 2011 
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Source: Michael Miles, Inventronics, Intertech Pira LEDs 2011 



SID -BA, February 2012 60 

Source: Bill Ballweg, Lithonia Lighting, Intertech-Pira LED Summit 2011 
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Extend Lifetime and Save Energy 

Source: Lithonia Lighting, nLight Controls Guide 
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Outline 
• Large Area Lighting Sources 

• Thin, flexible, transparent 
• OLED vs LED 
• OLED challenges 

• Efficacy gains – Application enabler 
• Digital Controls 

• Automated or user controls 
• Wireless networks 

• Color Control 
• Market pull 
• Implementation issues 

• Broadband Communications 
• Evolving lifestyles 

• Age gap 
• Flat panel displays and off-desk memory 
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Source: Steve Paolini, Lunera & Telelumen; DOE SSL Workshop 2012 



SID -BA, February 2012 64 Source: Steve Paolini 



SID -BA, February 2012 65 Source: Steve Paolini 



SID -BA, February 2012 66 Source: Steve Paolini 



SID -BA, February 2012 67 Source: Julian Carey, Intertech-Pira LEDs 2011) 



SID -BA, February 2012 68 

Source: Decai Sun,  
DOE SSL R&D Workshop 2012 
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Efficient Green LED Sources 

Perhaps we do need OLEDs after all 
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Data has been transferred at up to 
800Mb/s by modulation of RGB LED light 
at the Fraunhofer Heinrich Hertz Institut 
in Berlin. 

Visible Light Communication 

This could be useful 
in locations where 
radio signals are 
not allowed, e.g. 
aircraft cabins and 
hospitals 

http://www.hhi.fraunhofer.de/en/project-of-the-month 
/visible-light-communication/ 

http://www.hhi.fraunhofer.de/en/project-of-the-month
http://www.hhi.fraunhofer.de/en/project-of-the-month
http://www.hhi.fraunhofer.de/en/project-of-the-month
http://www.hhi.fraunhofer.de/en/project-of-the-month
http://www.hhi.fraunhofer.de/en/project-of-the-month
http://www.hhi.fraunhofer.de/en/project-of-the-month
http://www.hhi.fraunhofer.de/en/project-of-the-month
http://www.hhi.fraunhofer.de/en/project-of-the-month
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The Age Factor 

ANSI Office Lighting Standards assume that 50-year old readers  
 require twice the illuminance needed by 20-year olds. 
 
So what about me… 
   ….. and her 

Source: Eric Holland, 
  Lighting Science Group, 
    Intertech-Pira LEDs 2011 
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How Much Desk Space Needs To Be Lit? 

and what kind of display will we be using? 
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Daylight Harvesting – Solar Bottle Bulb 
Isang Litrong Liwanag  

60W replacement bulb designed at MIT… 
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Further Information 

http://www1.eere.energy.gov/buildings/ssl/ 
 
This DOE web site has a wealth of information including most of the presentations 
 at its meetings and many technical reports.  The two technology roadmaps are at:  

http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/ssl_mypp2011_web.pdf 
 
http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/ssl_manuf-roadmap_july2011.pdf 
 

I also recommend a European study published by the IEA Annex 45 
 

http://www.ecbcs.org/docs/ECBCS_Annex_45_Guidebook.pdf 
 

A summary of this long document can be found at 
 

http://lightinglab.fi/IEAAnnex45/guidebook/guidebook_summary_report.pdf 
 

http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/ssl_mypp2011_web.pdf
http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/ssl_mypp2011_web.pdf
http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/ssl_manuf-roadmap_july2011.pdf
http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/ssl_manuf-roadmap_july2011.pdf
http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/ssl_manuf-roadmap_july2011.pdf
http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/ssl_manuf-roadmap_july2011.pdf
http://www.ecbcs.org/docs/ECBCS_Annex_45_Guidebook.pdf
http://www.ecbcs.org/docs/ECBCS_Annex_45_Guidebook.pdf
http://lightinglab.fi/IEAAnnex45/guidebook/guidebook_summary_report.pdf
http://lightinglab.fi/IEAAnnex45/guidebook/guidebook_summary_report.pdf
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With thanks to 

• Bill Ballweg, Lithonia 
• Julian Carey, Intematix 
• Brian Chemel, Digital Lumens 
• Dan Cline, Lux Research 
• Arfon Davies, ARUP 
• Kieran Drain, Rambus 
• Shawn Du, Nichia 
• Eran Fine, Oree 
• Camil-Daniel Ghiu, Osram-Sylvania 
• Mike Hack, UDC 
• Eric Holland, Lighting Science Group 
• David Horn, Switch 
• Robert Karlicek, RPI 
• Jang-Joo Kim, Seoul Nat U 

• John Langevin, Rambus 
• B.J. Lee, Epistar 
• Sebastian Ludwig, Trilux 
• Marshall Miles, Inventronix 
• Steve Paolini, Lunera  
• Florian Pschenitzka, Cambrios 
• Colleen Pastore, Philips Lightolier 
• Tom Simpson, 3M 
• Jun Souk, Samsung Mobile  
• Decai Sun, Philips Lumileds 
•  Paul Thieken, Cree 

….and to the patient audience 
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