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Current OLED Tech Trend



Display White OLED Spectrum

Solar Light Spectrum (CRI 100)

� CIE chromaticity  (0.33, 0.33)

� Color Temperature (CCT) ; 2,000K ~ 10,000K

- General lighting : 3,000 K ~ 6,000K

- Display : 6,000K ~ 10,000K 

(* LCD BLU : Monitor 6500K, TV 10,000K)

� Color Rendering Index (CRI) ; >80
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Current OLED’s Color Index
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Materials for White OLED



WOLEDWOLED
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WOLED

In/out-door lighting LCD backlight Full color OLED
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White OLED for Lighting Source



LED vs OLED for Planar Lighting
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LED 
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History of White OLED 
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Power efficacy (lm/W) peak @ 1000 nit

neat 44.8 34

with MLA (x1.6) 71.7 54.4 - J. H. Lee, ETRI, Korea (2008) -
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Single layer white OLED  



FOSSM (Fused Organic Solid Solution Method) System

Yan Shao and Yang Yang, UCLA, USA, 2005
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Single layer white OLED  

• ITO/PEDOT/NPB/Doped NPB/BCP/Alq3/LiF/Al
• EML – NPB:DPVBi:rubrene:DCJTB:C545T

(100:5.81:0.342:0.304:0.394)
• 2.5 lm/ W, CIE(0.29,0.33)
• Dopant concentration control using FOSSM under high pressure and temperature



R. S. Deshpande, Princeton Univ., USA, 1999

13

White OLED with Two Color Mix

Hole-blocking layer

Interlayer sequential energy transfer (ISET):
NPD ��� � Alq 3 ��� � DCM2

0.35 lm/W, (0.33, 0.33) , and  100 cd/ m 2 at 11..5 V



1. The confinement of charge carriers in light-emitt ing quantum wells can enhance the forming 
probability of excitons and the light-emitting effic iencies of the devices.

2. Compared with multi-layer white OLEDs, the influ ence of band gap matching can be negligible, and 
the positions of different color light-emitting qua ntum wells can be exchangeable.

3. Easy turning of Commission International de I’Ec lairange (CIE) chromaticity

N
O

Be

N
O

BePP2

Rubrene

0.41 lm/W, CIE (0.32, 0.38) at 9V

b:TPD (8nm)

a :TPD(4nm)

Z. Y. Xie, Jilin Univ., China, 2001
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WOLED with Three Color Mix (multi-
QW)



MPE (Multi-Photon Emission) 
Insertion of CGL (Charge Generation Layer)

IMES, Japan,  2003

SOLED (Stacked OLED) 
RGB individual layer

Princeton/UDC, USA, 2001
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Multi-layered  Stack WOLED
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Color Conversion WOLED

• Polymer Blue Light Source  

• Easy to Make Large Size Device

• Blue Polymer OLED + Perylene dye 

• 16 lm/W, 19cd/A,  CIE (0.36, 0.36) @1,500 cd/m2

• Small Molecular Blue Light Source  

• Fluorescent Emitter

• Single Color Conversion Layer
• 15cd/A  CIE(0.28,0.31)@1000cd/m2 for lighting

Metal Cathode

Blue OLED

ITO

Glass

PLF

Blue 
OLED

White 
Conversion 
Single Layer

General Electronics, 2004 Hoseo & KDT, 2007
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Materials for WOLED
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B. W. D’Andrade et. al., SID08 Digest, 712-715 (2008 )

Phosphorescence WOLED
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1) Convert all electrical charges to photons      

~ 100 % Internal quantum efficiency --- Phosphorescence

2)   Reduce drive voltage close to photon energy
• Good injecting contacts

• High mobility transport layers

• Doped transport layers

• Device engineering e.g. graded interfaces

3)   Ensure that as many photons as possible are 
radiated

(Out-coupling efficiency) 

4)   White light emitting systems
• Minimize spectrum changes with luminances

• Control of white spectrums according to application s

5)   Low cost solution processing system

1) Convert all electrical charges to photons      

~ 100 % Internal quantum efficiency --- Phosphorescence

2)   Reduce drive voltage close to photon energy
• Good injecting contacts

• High mobility transport layers

• Doped transport layers

• Device engineering e.g. graded interfaces

3)   Ensure that as many photons as possible are 
radiated

(Out-coupling efficiency) 

4)   White light emitting systems
• Minimize spectrum changes with luminances

• Control of white spectrums according to application s

5)   Low cost solution processing system

WOLED’s Tech. Advantages



WOLED Lighting Technology
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Worldwide(2005)

CO2 emission
~ 1,900MTon

Healthy surroundings/
Super-economize Semiconductor Light

2020year
Semiconductor  Light  
50% Substitute

OLED

LED

~ 4,250 TWh

Lighting

Energy Consumption of Lighting



Flat Panel Display

Li
gh

tin
g

$40 Billion Market
(2016)

$60 Billion Market
(2016)

General 
Lighting

Backlights

Specialty
Lighting

Segmented
Displays

Area Color
Passive 
Matrix

Full Color

Transparent
Display

Flexible
Displays
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OLED Display vs Lighting
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Tech. Advantages of OLED Lighting 



Section OLED LED
Fluorescent 

Lamp
Incandescent 

Lamp

Characteristic
Of

Light

Surface Point Line Circle

Brightness Normal High Normal Low

Usefulness
House

(Developing)
Signal Lamp, 
Blinker, BLU

House House

Life Time 20,000 100,000 10,000 1,000

Unit Cost
($/Klm)

20 100 10 1

Strength Diversification
High 

Luminance
Low Cost Low Cost

Weakness R&D invest
Light parts 
Pollutional  
Material

Heavy Metal 
Pollution

Low Efficiency
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WOLED vs Other Light Source



� DOE project ; 
- “Next  Generation Lighting”
- 1999year ~ 2020year
- $74.8H.M/3yrs ('06 ~'08)
- Object(2015)100lm/W,10$/klm

�°�Ÿ�ž�°�Ÿ�ž �¢� �¢� 

� EU project ;  
- OLED100.eu, CombOLED,   

BMBF, Fast2Light etc.
8 Project achieve

- Participation Company :Participation Company :
Osram, Philips, Siemens ect

�«�Ã�Ä�Ç�Ä�Ë�Î�«�Ã�Ä�Ç�Ä�Ë�Î �ª�Î�Í�¼�È�ª�Î�Í�¼�È �®�Ä�À�È�À�É�Î�®�Ä�À�È�À�É�Î

� NEDO project ; 
- NEDO/Industrial Technology

Chromaticity Association
- 2004-2011, �I 43H.M 

Object :  BLU / Light Develop 
- OLED Light Company     

(Lumiotec) Institution

�¦�Ê�É�Ä�¾�¼�{�¨�Ä�É�Ê�Ç�Ï�¼�¦�Ê�É�Ä�¾�¼�{�¨�Ä�É�Ê�Ç�Ï�¼ �¨�¼�Ï�Î�Ð�Î�Ã�Ä�Ï�¼�Š�­�¤�ª� �¨�¼�Ï�Î�Ð�Î�Ã�Ä�Ï�¼�Š�­�¤�ª� 
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WOLED in Tech. Leaders



�� Period : 2007.10~2010.09  Period : 2007.10~2010.09  
��� ���� � DonationDonation : Korea Energy Management Corporation: Korea Energy Management Corporation
��� ���� � Object : 50lm/WObject : 50lm/W
��� ���� � Participation : Sung Participation : Sung KyunKyun KwanKwan UniversityUniversity

�� Period  : 2006.11~2013.10 (3Period  : 2006.11~2013.10 (3 level)   level)   
��� ���� � Donation : Ministry of Knowledge & Economics Donation : Ministry of Knowledge & Economics 
��� ���� � Object : 100lm/W, 10,000hrs @ 1000nit Object : 100lm/W, 10,000hrs @ 1000nit 
��� ���� � Participation : KITECH, ETRI, KETI, KOPTI Participation : KITECH, ETRI, KETI, KOPTI ectect

The Development of OLED Technology using 
Surface Light Source

The Development of Low Cost Organic 
Surface Light Source System

�Ø�ç�å�Ü�Ø�ç�å�Ü�Ø�ç�å�Ü�Ø�ç�å�Ü

�è�×�Ö�è�×�Ö�è�×�Ö�è�×�Ö KITECH ETRI

�� Period : 2009.3~2014.02  Period : 2009.3~2014.02  
��� ���� � DonationDonation : Ministry of Knowledge & Economics: Ministry of Knowledge & Economics
��� ���� � Object : Transparency Luminous Source, Object : Transparency Luminous Source, 

OLED Light, 50lm/WOLED Light, 50lm/W
��� ���� � Participation : ETRI, Sam Sung SMD  Participation : ETRI, Sam Sung SMD  ectect ..

Environment / Sensitive OLED Surface Light 
Technological

�•�‘

WOLED R&D in Korea



Expected WOLED’s market introduction
as light source but not yet

USDC 2007
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WOLED’s Tech. Roadmap
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WOLED Current Patent Analysis



Research Activities in White OLED
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Conventional WOLED PLF WOLED

Conventional vs PLF WOLED
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Various Blue OLED Light Source Spectrum

Blue OLED Light Source Modification
Deep Blue Fluorescence

- Higher Efficiency Blue Performance (2mmx2mm)

-> 9cd/A, 6.31lm/W @ 1000cd/m2

- Low Operating Voltage 4.5V

-Device Structure Modification & Microcavity

-> Highly Stable Property Against Progressive Defec t

-> Narrow FWHM (<50nm)  

- Lifetime  > 5000hr@500cd/m2

Shoulder 
Intensity 
Reduction

Blue OLED Light Source



�˜ 9cd/A Blue Device Efficiency & Under 5V  
Operation Voltage in Prototype BLU              
(Fluorescent EML)

• >17cd/A White OLED device
• > 5000hr @ 500cd/m2 of lifetime w/o Other  

Treatment
• Applying the Out-Coupling Effect 
• Improving the Blue Color Purity from  

Reflecting the Micro-cavity Effect
• Special OLED Structure for Securing the 

Stability against Progressive Defect
• >70% Color Gamut with 3�ó Color Conversion

OLED Device & LCD Performance

Conventional 
WLED BLU

Blue OLED +
PLF BLU

2.08” Prototype PLF WOLED BLU



• Device design : Special Electrode Formation by Unif ormity Focused  
Evaluation Result to Achieve Higher Uniformity 
Over 90%

• PLF Development : Constituent  Ratio to achieve Pro per Emission Property
for Color Temperature.

• Energy Up by PLF Out-coupling : 30% (by Controlling  the Main Resin)
• Luminance UP by PLF : 80%
• Efficiency : 15cd/A @ Luminance 2000cd/m2 (0.25,0.2 8)
• Method : PLF Color Conversion White with High Refra ctive Index Media
• Spec. 4.8” Rectangular One pixel Lighting
• CRI : > 80
• Application : Indirect Illumination or Stand

• Device design : Special Electrode Formation by Unif ormity Focused  
Evaluation Result to Achieve Higher Uniformity 
Over 90%

• PLF Development : Constituent  Ratio to achieve Pro per Emission Property
for Color Temperature.

• Energy Up by PLF Out-coupling : 30% (by Controlling  the Main Resin)
• Luminance UP by PLF : 80%
• Efficiency : 15cd/A @ Luminance 2000cd/m2 (0.25,0.2 8)
• Method : PLF Color Conversion White with High Refra ctive Index Media
• Spec. 4.8” Rectangular One pixel Lighting
• CRI : > 80
• Application : Indirect Illumination or Stand

PLF WOLED Planar Lighting



Lighting 
Device

Color 
Temp.(K)

Thickness

(mm)

Power

(W)

Lumen

(lm)
Company spectrum

Day Light
Compact

Fluorescent 
Lamp

6500 20~30 20 1135 Philips

Cool White
Compact

Fluorescent 
Lamp

5000 20~30 20 1274 Osram

Warm White
Compact

Fluorescent 
Lamp

3000 20~30 15 924 Osram

Bulb Light Lamp Bulb 2600 50~80 60 696 Philips

OLED 
Lighting

OLED+PLF

6500K

5000K
4500K

3000K

Etc…

~10mm ~15 105
Hoseo & 

KDT

Characteristics of Lighting
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1. Photoluminescence Film (PLF) was applied for WOLED via 

color conversion from Blue OLED

2. WOLED with PLF achieved 15cd/A of efficiency with

CIE(0.28,0.31) @1000cd/m2 of brightness

3. PLF-WOLED would be promising technology for flexibl e 

and thinner BLU with improvement of its reliability   

Summary of PLF OLED 
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Glass / ITO (1000 Å)

NPB (500 Å)

DPVBi (65 Å)DPVBi (65 Å)

MADN : DCM2-0.5% (170 Å)MADN : DCM2-0.5% (170 Å)

Bphen (300 Å)

Liq (20 Å)

Al (1000 Å)

Glass / ITO (1000 Å)

NPB (500 Å)

Bphen (300 Å)

Liq (20 Å)

Al (1000 Å)

Device A Device C

Glass / ITO (1000 Å)

NPB (500 Å)

DPVBi :BCzVBi-6%(90 Å)DPVBi :BCzVBi-6%(90 Å)

MADN : DCM2-0.5% (170 Å)MADN : DCM2-0.5% (170 Å)

Bphen (300 Å)

Liq (20 Å)

Al (1000 Å)

Device B

Device Structure of FL White OLEDs

Journal of NanoScience & NanoTechnology 
Vol 8, 4579–4583, 2008

IMID2007
1429-1432, 2007

Research of Engineering
Vol 26, 105-114, 2007
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Device A Device B Device C
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Characteristics of FL WOLEDs
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Device C at 6V
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Device C at 9V
( 0.31, 0.34 )

Device C at 12V
( 0.31, 0.33 )



Energy Diagram of FL WOLEDs

MA
DN

DCM2
0.5%

170 Å

MA
DN

DCM2
0.5%

170 Å

Bphen

300 Å

D
P
V
B
I

65
Å

D
P
V
B
I

65
Å

NPB
500 Å

AlITO

5.0

2.1

5.9

2.8

5.6

2.6

6.4

3.2

5.4

3.5

4.3

4.7

3.2

5.4

Liq
20 Å

�¨�œ
�Ÿ�©

�Ÿ�ž�¨�•
�‹�‰�•�€

�Œ�’�‹�{�ê

�¨�œ
�Ÿ�©

�Ÿ�ž�¨�•
�‹�‰�•�€

�Œ�’�‹�{�ê

�•�Ë�Ã�À�É

�Ž�‹�‹�{�ê

�Ÿ
�«
�±
�•
�¤

�”�‹
�ê

�Ÿ
�«
�±
�•
�¤

�”�‹
�ê

NPB
500 Å

�h�“�p�{�v

�\�U�W

�Y�U�X

�\�U�`

�Y�U�_

�\�U�]

�Y�U�]

�]�U�[

�Z�U�Y

�\�U�[

�Z�U�\

�[�U�Z

�[�U�^

�Z�U�Y

�\�U�[

�s�•�˜
�Y�W�G�Ë

�\�U�\

�Y�U�[

AlBphen

300 Å

D
P
V
B
I

55
Å

D
P
V
B
I

55
Å

NPB
500 Å

ITO

5.0

2.1

5.9

2.8

5.6

2.6

�‘�‰�•

3.2

5.4

3.5

4.3

4.7

5.4

Liq
20 Å

A
l
q
3

65
Å

A
l
q
3

65
Å

3.0

5.7

MA
DN

DCM2
0.5%

60 Å

MA
DN

DCM2
0.5%

60 Å

3.2

Device A Device CDevice B



Device  A Device  B Device  C

NPB (200�F�F�F�F )

DABPV-ph : MADN (7%,180 �F�F�F�F )

DABPV-ph : MADN (7%,190 �F�F�F�F )

ITO

Al (1000 �F�F�F�F )

Glass substrate

Liq (20 �F�F�F�F )

2-TNATA (600 �F�F�F�F )

BPhen (300 �F�F�F�F )

NPB (200�F�F�F�F )

DABPV-ph : MADN (7%,180 �F�F�F�F )

(acppy) 2Ir(acac) : CBP ( 8%, 30 �F�F�F�F )

ITO

BPhen (300 �F�F�F�F )

Al (1000 �F�F�F�F )

Glass substrate

Liq (20 �F�F�F�F )

DABPV-ph : MADN (7%,190 �F�F�F�F )

2-TNATA (600 �F�F�F�F )

MADN (50�F�F�F�F )

MADN (50�F�F�F�F )

(acppy) 2Ir(acac) : CBP ( 8%, 30 �F�F�F�F )

NPB (200�F�F�F�F )

DABPV-ph : MADN (7%,180 �F�F�F�F )

(acppy) 2Ir(acac) : CBP ( 8%, 30 �F�F�F�F )

ITO

BPhen (300 �F�F�F�F )

Al (1000 �F�F�F�F )

Glass substrate

Liq (20 �F�F�F�F )

DABPV-ph : MADN (7%,190 �F�F�F�F )

2-TNATA (600 �F�F�F�F )

CBP (50�F�F�F�F )

CBP (50�F�F�F�F )

Structure of WOLED Using Spacer
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EL Spectra of Spacer WOLED

Device A Device B Device C

Spacer None MADN CBP

J (mA/cm 2) at 14V 290 224 180

L max (cd/m 2) 28000 16800 25600

Efficiency (cd/A) 
11.5

at 0.08mA/cm 2

8.32 
at 12.7 mA/cm 2

25.7
at 0.01 mA/cm 2

CIEx,y coordinates
from 6 V to 14 V

( 0.22, 0.35 )
( 0.21, 0.33 ) 

( 0.21, 0.35 )
( 0.21, 0.32 )

( 0.38, 0.35 ) 
( 0.33, 0.33 )
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WOLED Structure with Spacer



Device CDevice B

5.5

2.5

NPB

ITO

5.0

2.1

4.7

MADN
Liq

Al

4.3

5.4

2.8

5.4

B
p
h
e
n

2.5

6.2

2-TNATA

4.8

MADN

5.5

2.1
CBP

2.5

5.4

2.6

5.4

2.6

5.3

2.8

1.9

M
A
D
N

M
A
D
ND

A
B

P
V

-p
h

D
A

B
P

V
-p

h

(a
cp

py
) 2

Ir
(a

ca
c)

5.5

2.5

NPB

ITO

5.0

2.1

4.7

MADN
Liq

Al

4.3

5.4

2.8

5.4

B
p
h
e
n

2.5

6.2

2-TNATA

4.8

MADN

C
B
P

5.5

2.1

CBP

2.5

5.4

2.6

5.4

2.6

5.3

2.8

1.9

D
A

B
P

V
-p

h

D
A

B
P

V
-p

hC
B
P

(a
cp

py
) 2

Ir
(a

ca
c)

Emission Mechanisms of WOLEDs

Device B : Electrons and holes flow smoothly.

Device C : Holes flow smoothly but SCs prevent electron flowing.
T1 energy is transferred well from blue host to red emitter.
Emitted light is reddish white.



�•�•

I-J-L & CIE xy of Spacer WOLED 
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Layout of Display Fab at Hoseo



Technical Issues of White OLED
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Driving PowerDriving Power

Color GamutColor Gamut

Thinnest BLUThinnest BLU

ReliabilityReliability

Low CostLow Cost

UniformityUniformity

•Reducing the Total Number of EML layers (Structure Simplification)
•Security of process reliability for product (Yield Up)
•Low Cost Encapsulation

•Reducing the Total Number of EML layers (Structure Simplification)
•Security of process reliability for product ( Yield Up )
•Low Cost Encapsulation

•Special Design for OLED BLU Driver IC
•New Structure of OLED BLU for Reducing Power Consum ption
•Need of Optical function Sheet Fittable to OLED Lamb ertian Source

•Special Design for OLED BLU Driver IC
•New Structure of OLED BLU for Reducing Power Consum ption
•Need of Optical function Sheet Fittable to OLED Lamb ertian Source

•Take Advantage of Easy Color tuning (for LCD Color F ilter matching)
•Development for Low Cost & High Purity Materials
•Take Advantage of Easy Color tuning (for LCD Color Filter matching)
•Development for Low Cost & High Purity Materials

•Thin Film Passivation
•Securing the Processibility with Thin Glass Substrate  
•Film BLU with Plastic Substrate

•Thin Film Passivation
•Securing the Processibility with Thin Glass Substrate 
•Film BLU with Plastic Substrate

•Development for New Device structure & Materials
- Free From Progressive Defect
- Having Longer Lifetime

•Development for New Device structure & Materials
- Free From Progressive Defect
- Having Longer Lifetime

•Special Panel Design for Large Area Aperture
•Higher and Higher Current Efficiency (Reduction of V drop in Device )
•Special Panel Design for Large Area Aperture
•Higher and Higher Current Efficiency ( Reduction of V drop in Device )

IssuesIssues Technical ApproachTechnical Approach

WOLED’s BLU Commercialization
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Driving PowerDriving Power

Color GamutColor Gamut

Thinnest BLUThinnest BLU

ReliabilityReliability

Low CostLow Cost

UniformityUniformity

• Approach to LED Backlight level as a M/C aspect• Approach to LED Backlight level as a M/C aspect

• ~ 200mW in 2” sized OLED BLU Product 
• >100lm/W for OLED lighting
• Collaboration for Prism Sheet fittable to Lambertian Light Source
• Ultimately, Remove Optical Sheet from Device

• ~ 200mW in 2” sized OLED BLU Product 
• >100lm/W for OLED lighting
• Collaboration for Prism Sheet fittable to Lambertian Light Source
• Ultimately, Remove Optical Sheet from Device

• >80% Color Gamut with LCD Color Filter 
• >90% CRI Performance as an Illuminator
• >80% Color Gamut with LCD Color Filter 
• >90% CRI Performance as an Illuminator

• Plastic Substrate & T/F Passivation
• Bendable Film BLU or Tiling Illumination
• Plastic Substrate & T/F Passivation
• Bendable Film BLU or Tiling Illumination

• >20000hr @ 3000 nit• >20000hr @ 3000 nit

•>90% in BLU or Illumination all the same•>90% in BLU or Illumination all the same

IssuesIssues Goal for White OLEDGoal for White OLED

WOLED for Planar Lighting
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