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General

» Growth of Potonics Components

» OLED applications space

» OLEDs: Displays vs. Lighting

» View of Market Requirements 
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Yearly growth of photonics components

» Overall growth in 2006, 13%
• FPD biggest revenues with 23.6% growth, 2006 over 2005

» All segments positive for photonics

Quelle: OIDA, OIDA members, IOA members, PIDA, OITDA; Michael Lebby, OIDA

Yearly growth for OE components market

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Optical components

Flat panel displays

Optical I/O devices

Optical storage

Optical fiber comm

Optical lens and laser

Solid state lighting

Growth year on year (%)
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OIDA OLED technology roadmap

Quelle: Michael Lebby, OIDA

» OLED Technology has been under active R&D since 
1980’s

» Worldwide interest in OLEDs for both displays and 
lighting

» Ongoing roadmapping efforts
• US Display Consortium issued a roadmap for OLED 

displays in 2001
http://www.oled.at/oledroadmap.pdf

• OIDA OLEDs for General Illumination 2002
http://lighting.sandia.gov/lightingdocs/OIDA_SSL_OLED_R
oadmap_Full.pdf

• Industry - Universal Display, BASF, OLLA, Novaled, …
• Market Research - Display Search, iSuppli, …

» OLEDs are on everyone’s roadmap
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OLED applications space

Quelle: Michael Lebby, OIDA

» Solid State Lighting

• Backlighting displays
• Automotive signaling and interiors
• Signage for advertising, information and emergency
• Decorative, Accent, Architectural lighting
• General Illumination

» Small Displays < 4”

• MP3 player, Video player, Camera, Mobile phone subdisplay & main display
• Navigation, Auto entertainment, Smart phone, Game

» Medium Displays < 20”

• TV, Portable DVD Player
• Notebook Computer, Monitor

» Large Displays > 20”

• TV
• Signage

» Flexible Displays

• Enable new product form factors
• Electronic Paper

» Organic integrated optoelectronics

• Sensors, RFID tags
• Solar PV

» OLEDs address a wide range of markets
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OLEDs: Displays vs. Lighting

<$30/m²~$1.000/m²Cost

Relatively simpleComplexElectronics

10-200 lm/W1-5 lm/WEfficacy

10K – 100K5K – 20KLifetime

> 1 cm (Uniformity)< 1 mm (Picture detail)Pixel size

5-200 cm2-200 cmPanel size

Balanced (85% CRI)Saturated (120% NTSC)Colors

1.000-5.000 cd/m²100-1.000 cd/m²Luminance

LightingDisplayFeature

Quelle: Bardsley Consulting
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OLLA's View of Market Requirements

50-10010.0005.0005.000
General 

illumination

10.000>1.0001.000 35-50
Large area

illumination

25-3525.000300300-500
Emergency

lighting

25-5010.00010-2002.000-4.000
LCD 

backlighting

10-20 10.0005-50 50-2.000
Automotive 

applications

10-15 10.00010-10050-500
Decorative

Lighting

Efficiency

(lm/W)

Lifetime

(h)

Size

(cm²)

Brightness

(cd/m²)

Market

General Lighting Market Requirements

Quelle: Peter Visser, Philips Lighting; Bardsley Consulting
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Technology

» Technology Roadmap

» Luminoius Efficacy

» Lifetime

» Technology trends
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Technology Roadmap (USDC) (Diffuse lighting)

304060120$/m²Fabrication costs

0.10.10.250.5gm/cm²Panel weight

0.50.51.02.0mmPanel thickness

>40404014inPanel width

50K40K20K10KhoursLife from 2.000 cd/m²

90858075CRI
Color rendering

index

120805020lm/WEfficacy

302012.5 5%Energy efficiency

2013201020072004UnitsProperty

Quelle: OIDA

Corresponds to 0.3 C/cm²



20.02.2008 Dr.-Ing. Gotthard Weißflog, Technology Project Development, Jena

Internationale Aktivitäten

und Roadmap für OLED-

Lighting bis 2015

Inhalt

Roadmap

General

Technology

Market

Internationale 

Aktivitäten

Region Thüringen

12

OLLA Goals

Quelle: Peter Visser, Philips Lighting; Bardsley Consulting
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White OLED Luminous Efficacy

Quelle: OIDA, US DOE, NGLIA; Michael Lebby, OIDA

» Rapid progress projected and observed
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White OLED Lifetime

Quelle: OIDA, US DOE, NGLIA; Michael Lebby, OIDA

» Lifetime is projected to improve rapidly
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OLED technology trends

Quelle: OLED-T, IOA; Michael Lebby, OIDA

» Commercial OLEDs today
• Over 95% products are based on “Small 

Molecule” technology

» Pioneered by KODAK
• + High efficiency
• + Good lifetime
• - Vacuum processing limits substrate size

~ But is simple though

» Pioneered by CDT (now Sumitomo)
• + Simple Structure
• + Potential for ink jet processing of large 

substrates
• - Lower efficiency, and lifetime

» Next ???
• Multi-layer, multiple technologies (SM + Polymer)

» Opportunity → polymer panels, SM pixels
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Market

» Market Forecast

» Price target for OLED Lamps
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Lighting market share forecast

Quelle: Michael Lebby, OIDA

» SSL will grow quickly over next decade (32% by 2016)

» SSL fueled by strong LED performance
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Enabled lighting market

Quelle: Michael Lebby, OIDA

Growth of OLED lighting forecast to 16% by 2016
» Main issue will not be spec’s but will be COST!

» OLED cost structures still too high…



20.02.2008 Dr.-Ing. Gotthard Weißflog, Technology Project Development, Jena

Internationale Aktivitäten

und Roadmap für OLED-

Lighting bis 2015

Inhalt

Roadmap

General

Technology

Market

Internationale 

Aktivitäten

Region Thüringen

19

Japan
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White OLED Cost

Quelle: OIDA, US DOE, NGLIA; Michael Lebby, OIDA

» Cost reduction key for market scale
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Price Targets for OLED Lamps

Quelle: NGLIA OLED Tech Committee, Fall 2006; Bardsley Consulting
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Conclusions

» OLED lighting development is a global effort

» Most of the elements are (almost) here, but combining 
the best elements is difficult

» Critical path to 150 lm/W

• Internal Quantum Effenciency of > 80%

• light extraction effenciency > 80%

• Operation at ~ 3 V and ~ 1mA/cm²

» Material cost reduction is the major challenge

» Market entry is needed to finance further development

Quelle: Bardsley Consulting
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Windows @ 10G – (2.7m x 3m)

Quelle: Corning; Michael Lebby, OIDA

» Can we put solar cells on them?
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Internationale Aktivitäten

» Deutschland

» Europa

» USA

» Japan

» Korea

» China
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International SSL Research

DOE Estimate of Solid State Lighting Research
Spending pre-2006

SSL R&D Investment Activity

• Research investment “focused
on, or significantly applicable 
to, Solid-State Lighting”

• Different from market research
#’s

• Data inherently imprecise

Quelle: Jeff Tsao & Kevin Boyack (Sandia), Mark Huey (Strategic perspectives Inc); 
Bardsley Consulting
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Deutschland

» Philips in Aachen:
Weltweit erste Pilotfertigungslinie im
Februar 2008 in Betrieb genommen.

» Osram in Regensburg:

Transparente OLED mit Lichtausbeuterekord 
– großflächiger Prototyp –

Pressemitteilung: Januar 2008

» Start-up Novaled AG mit
FhI IPMS in Dresden:

Bauelementeproduktion im 
industriellen Maßstab ?

Quelle: Philips Lighting GmbH, OSRAM Opto Semiconductions GmbH, Novaled AG
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Initiative OLEDs 2015 – OPAL
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OLLA Outline

Quelle: Peter Visser, Philips Lighting; Bardsley Consulting

OLLA project characteristics

» Programme: EU-FP6-IST priority
» Type: Integrated Project
» Start: 1 October 2004
» Duration: 45 month
» 24 partners
» 8 countries
» Budget: 12 Mio euro funding
» Focus: OLED for Lighting Applications

Weiterführung in der Initiative Photonics 21 geplant –
Work Group No. 4 “Lighting & Display”
(wolfgang.schiene@philips.com)
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UK Collaboration 2007-2010

Quelle: Bardsley Consulting

» CDT to develop materials, device structures and test 
facilities

» University of Durham to perform research on materials 
and structures

» Thorn Lighting to design and produce lamps
» Efficacy target for product: 50 lm/W for 2011, 150-200 

lm/W by 2015
» Color: CRI “better than fluorescent lamps”
» Lifetime: 20,000 hours for printed devices
» $3.2M funding over 3 years from UK Department of 

Trade and Industry
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U.S. DOE’s SSL Initiative

Quelle: Bardsley Consulting

» Program started in 2000
» Involves universities, national labs and industry
» 4 funding categories

• Basic Research
• Core Technology
• Small Business Innovative Research
• Product Development

» Directed by James Brodrick (Building Technologies)
» Program plan for 2008-13 available at

http://www.netl.doe.gov/ssl/PDFs/SSLMYPP2007_web.pdf

» Next workshop in Atlanta, January 29-31, 2008
http://www.netl.doe.gov/ssl/AtlantaWorkshop.html

» Tech transfer to industry guided by NGLIA
» Standards program in collaboration with NIST
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Next Generation Lighting Industry Alliance

15 companies have signed up to exploit the R&D

NGLIA OLED Technical Committee

Anil Duggal General Electric
Kevin Gahagan Corning
Yuan-Sheng Tyan Eastman Kodak
James Sutton Eastman Kodak
Steffan Zahn Air Products an Chemicals
Dietrich Bertram Philips
Jeff Popielarczyk General Electric

Quelle: Bardsley Consulting



20.02.2008 Dr.-Ing. Gotthard Weißflog, Technology Project Development, Jena

Internationale Aktivitäten

und Roadmap für OLED-

Lighting bis 2015

Inhalt

Roadmap

General

Technology

Market

Internationale 

Aktivitäten

Region Thüringen

32

USA

» General Electric

» Universal Display Corperation

» Kodak

» Corning

Quelle: http://www.ge.com/research/grc_2_9_1.html; UDC; J.W. Hamer, Kodak 
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OLED Programs in Japan

Coordinated Programs have been encouraged by NEDO
NEDO = New Energy and Industrial Technology Development Organization

» 2002-6 High Efficiency Organic Devices
• Display centered
• Budget of ~ $8M per year

» 2004-6 R&D for OLED Lighting
• Coordinated by Yamagata University
• >100 lm/W in green and 39 lm/W in blue (Yamagata U)
• 70 lm/W in white (Konica Minolta)

» 2007-10 Commercialization Program
• Idemitsu Kosan for OLED materials
• Matsushita for device technology and deposition process
• Tazmo for coating process
• Research support from Aoyama Gakuin U, U. Tokyo and 

Yamagata U

Quelle: Bardsley Consulting
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Japan

» Konica Minolta

» Yamagata University

Quelle: http://www.digitimes.com; Makoto Ishida, http://www.spectrum.ieee.org/
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Solid State Lighting in Korea

Quelle: Bardsley Consulting

» SSL development is part of a huge photonics program
» Over $500M invested, mainly in Gwangju
» Project includes

• building new manufacturing plants
• laying fiber optic cables to homes and offices
• R&D focused at Korea Photonics Technology Institute 

(KOPTI)

» Most of LED work at KOPTI is on inorganic systems
» OLED work is primarily supported through Samsung 

and LG
• SSDI claims 50 lm/W and 20,000 hours lifetime
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China – Taiwan

» Why is china interesting in SSL?

• Energy-saving

• Environmental friendly

• High tech strategy industry

• Five National SSL Industrial Parks

• Potential to form complete Industrial Chain and IPR

» Taiwan is watching the new market opportunity 
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Zusammenfassung

» Energieeffizienzziele erhöhen globale Anstrengungen in 
Japan, in den USA und  Europa – Korea und China 
kommen hinzu. 

» Markteintritt in 2008, jedoch wird Geld in den nächsten 
3-5 Jahren nur in Nischenmärkten zu verdienen sein.

» Einzigartige Merkmale werden neue Systemlösungen 
ermöglichen.

» Partnerschaften innerhalb der gesamten 
Wertschöpfungskette in Deutschland/Europa erhöhen 
die Erfolgsaussichten für den Produktionsstandort 
Deutschland.

» Vorwettbewerbliche Förderung der 
Anwendungsentwicklung hilft dem innovativen 
Mittelstand.
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Region Thüringen
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Region Thüringen

Ausgangspunkt:

» Studie zu Kompetenzen und Ressourcen in Thüringen 
(11/2005)

Ziele:

» Applikationsentwicklung/ Systemintegration in den 
Nischenmärkten:
• Wissenschaftlich-technischer Gerätebau (Mikroskopie, 

Medizintechnik, Bildverarbeitung)

• Automotive (Fahrzeuginnenbeleuchtung)

• Consumerapplikationen (weiße Ware, ambiente 
Beleuchtung, Kunststofftechnik für Komponenten und 
Systemintegration, Textilien)

» Fertigungslinie für „Customized OLED“ für diese drei 
Nischenmärkte auf Grundlage von „bare level OLEDs“
für Beleuchtung durch  Investoren 
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Applikationsentwicklung

Quelle: Enlightment Co. – Mark Hansen; Masterstudent Bauhausuniversität Weimar 
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