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Nokia 888 Concept Phone 

BenQSiemens Snake phone

Future electronics
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Organic molecular crystal vs covalent crystal

　 E. A. Silinsh and V. Capek, Organic Molecular Crystals,(AIP, NY, 1994)

meff=(102 ~ 103)me, 
(Polaron)

Effective massmeff≤ me

FrenkelExcitonWannier-Mott

l ~ ao = lattice constantMean free pathl ~ (100 ~ 1000) ao

10-6 ~ 1Mobility (cm2/Vs), RT100 ~ 10,000
HoppingTransport MechanismBand

Weak Van der Waals
(10-3 ~ 10-2 eV)

Interaction EnergyCovalent
(2 ~ 4 eV)

Organic 
Semiconductor

Inorganic 
SemiconducorOrganic Crystals

Weak Van der Waals interaction
(herring bone structure)

Inorganic Crystals
Strong covalent bond
(diamond structure)

TEM image of F16-CuPC
- Electrons are localized in a molecule
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Conducting Polymers

Nobel Prize in Chemistry 2000
Hideki Shirakawa, Alan G. MacDiarmid, Alan J. Heeger
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~1      Baytron® P

(antistatic applications)

~10-3 Baytron® P VP Al4083
(OLED)

~10-5 Baytron® P VP CH8000
(PMOLED)

~10    Baytron® P HC

PEDOT:PSS
H. C. Starck
(Germany) Conducing Polymers
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Ref. N. C. Greenham and R. H. Friend, Solid State Physics 49, 1 (1995) p.13; A. Monkman et al., Phys. Rev. Lett. 6, 1358 (2001)
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Stephen R. Forrest, “The path to ubiquitous and low-cost organic electronic appliances on plastic”, Nature 428, 911 (2004).

Organic Materials as New Semiconductors
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Anthracene1906. Photoconductivity in anthracene:
A. Pochettino, Acad. Lincei Rendic. 15, 355 (1906).

1960. TCNQ: R. G. Kepler, P. E. Bierstedt, R. E. Merrifield, Phys. Rev. Lett. 5, 503 (1960). 

Research on organic semiconductors

NC CN

NC CN

TCNQ

1973. TTF-TCNQ: L. B. Coleman, et al, Solid State Comm. 12, 1125 (1973).
σ~8,000 S/cm

1977. Doped (CH)x: C. K. Chiang, C. R. Fincher, Jr., Y. W. Park, A. J. Heeger , H. 
Shirakawa, E. J. Louis, S. C. Gau, and Alan G. MacDiarmid, Electrical Conductivity 
in Doped Polyacetylene, Phys. Rev. Lett. 39, 1098 (1977). 

SS
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Chemical Doping

SEM of polyacetylene fibrils. 
(From K. Araya, A. Mukoh, 
T. Narahara, H. Shirakawa,
Synth. Met., 1986, 14, 199, 

Fig. 3b)
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OLED: device structure & materials
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C. W. Tang and S. A. VanSlyke, Appl. Phys. Lett. 51, 913 (1987)

+
+

+

-
Φe

Light
Φmetal

HOMOAlq3

LUMOAlq3

HOMODiamin
e

LUMODiamine

ΦITO

Electron

hole

- -

60

40

20

0

Li
gh

t (
ar

b.
 u

ni
ts)

800700600500400
Wavelength (nm)

C. W. Tang (Kodak): 1st OLED
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J. H. Burroughes, D. D. C. Bradley, A. R. Brown, R. N. Marks, K. Mackay, R. H. Friend, P. L. Burns, and A. B. Holmes, 
Nature 347, 539 (1990).
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Princeton/USC Group: Phosphorescent OLED

M. A. Baldo, et al, Nature 395, 151 (1998)

Efficient red EL emission from triplet excitons: ηext ~ 2.2% @ 100 cd/m2 
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Quantum Efficiency

Fluorescence :       Radiation restricted to singlet excitons, η ~25%
Phosphorescence : Radiation is from triplets η ~ 100%.

|χ1χ2 > =       |    > - |    >
2

1Singlet
spin anti-symmetric

Triplet
spin symmetric |χ1χ2 > = |     >

|χ1χ2 > = |     >

|χ1χ2 > =       |    > + |    >
2

1

Spin selection rule: no change in spin multiplicity 
(The spin-orbit coupling allows the mixing of singlet and triplet states)

4Z   SL ∝•= 322

2 1
2 rcm

ZeHSO

Ground State, S=0

S0

Excited States

+
–

e-h pair
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Updated the data in J. R. Sheats et al., Science 273, 884 (1996).

Progress of OLED performance

Dr. Ching W. Tang
Eastman Kodak

Now in U. of Rechester

Sir Richard Friend, FRS
University of Cambridge
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Philips Lighting/Novaled
25 lm/W @ 1000 cd/m2

General Electric
15 lm/W (2 ft. x 2 ft.) @ 1200 lumen

UDC
20 lm/W @ 800 cd/m2

High efficiency white OLEDs

Y. Sun, N. C. Giebink, H. Kanno, B. Ma, M. E. Thompson, S.
R. Forrest, Nature 440, 908 (2006)

23.8 lm/W @ 500 cd/m2
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PMOLED 구조

유리기판
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Driving
TR

Power Line
VDD

Scan Line

C

Light

Data Line
VDATA

Switching
TR OLED

RGB

IC

FPC

TFT
OLED pixel

TFT backplane

Driver IC

AMOLED 구조

PMOLED and AMOLED
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Bottom Emission Top Emission

Al Wiring
Light

Metal Cathode Transparent Anode

Metal Anode

Translucent Cathode

Transparent Plate

Light

Emissive Layer

Buffer Layer

Emissive Layer

AMOLED
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OLED display characteristics

AMOLED TFT-LCD

Backlight

Liquid
Crystal

Color
Filter

IC

FPC

IC

FPC

TFT
OLED

TFT기판

구동회로

Response TimeViewing angle
LCD OLED

Kodak website
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OLED 디스플레이 시제품 개발 현황

1998 1999 200
01999 2001 2002 2003 2004 2005
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Ching W. Tang
Eastman Kodak

1st Polymer LED
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Sir Richard Friend, FRS
University of Cambridge
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Samsung SDI
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Comparison of CRT, PDP, LCD, and OLED - TV

Lifetime

Weight/Thickness

Power consumption

Color Fidelity

Image Sticking

Response time

Viewing Angle

Dark condition

Bright condition
Contrast

Peak White

Full Black
Luminance

High Resolution

Large Size

2-3 년후Present
OLED

LCD
PDPCRTClassification

아주 좋음 좋음 보통 나쁨
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NE Asia JAN 2005 Issue
(http://neasia.nikkeibp.com/neasia/000003)

Cost Reduction of OLEDs

Price of OLED Panels

iSupply, H1 2005
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1870x2200 (삼성전자)
40” 8장, 46” 6장

1950x2250㎜ (LG필립스LCD)
42” 8장, 47” 6장

2160x2400㎜ (샤프)
52” 6장

7G
8G

Generation of Glass Size for Displays

OLED
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a-Si TFT LCD PDP LTPS TFT LCD PMLCD OLED DLP HTPS TFT LCD VFD LCOS Other

Worldwide Flat Panel Display Forecast

DisplaySearch, July 2005

Master Technology 2003 2004 2005 2006 2007 2008 2009 CAGR
a-Si TFT LCD $30,782 $44,251 $46,784 $53,862 $58,109 $60,874 $66,378.3 8.4%
PMLCD $5,207 $6,295 $5,666 $4,671 $4,286 $4,244 $4,096.3 -8.2%
LTPS TFT LCD $2,897 $4,844 $5,700 $6,689 $7,172 $7,108 $7,970.6 10.5%
PDP $2,816 $4,262 $4,892 $6,331 $7,074 $6,932 $6,328.1 8.2%
OLED $227 $331 $450 $831 $2,044 $4,546 $5,543.0 75.7%
VFD $699 $705 $622 $603 $585 $568 $536.5 -5.3%
HTPS TFT LCD $619 $574 $534 $529 $514 $476 $400.7 -6.9%
DLP $419 $613 $674 $753 $797 $858 $832.7 6.3%
LCOS $56 $70 $147 $193 $258 $332 $308.6 34.7%
EL $145 $141 $115 $94 $74 $58 $38.8 -22.8%
EINK $3 $13 $30 $39 $54 $55.6 77.0%
Total $43,869 $62,088 $65,596 $74,587 $80,950 $86,049 $92,489.0 8.3%
Y/Y Growth 47% 42% 6% 14% 9% 6% 7%
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Worldwide OLED Display Shipment Value by Application, 2004-2012
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