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Future electronics

BenQSiemens Snake phone
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FOUR KEYS TO THE C

SCIENTIFIC
AMERICAN

FUTURE LOOKS FLEXIBLE

ORGANIC LIGHT EMITTERS
ENABLE BETTER
ELECTRONIC
DISPLAYS

THE MYSTERY OF SHOCI ™
WHY DID CRIME RATES FALL?
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TEM image of F 5-CuPC
- Electrons are localized in a molecule

Inorganic

Organic Crystals Semiconducor

Weak Van der Waals interaction

Organic
Semiconductor

(herring bone structure) Covalent Interaction Energy Weak Van der Waals
(2~4eV) (10 ~ 102 eV)
Band Transport Mechanism Hopping
100 ~ 10,000 Mobility (cm?/Vs), RT 106~1
| ~ (100 ~ 1000) a, Mean free path | ~ a, = lattice constant
Mg < M, Effective mass M=(102 ~ 10%)m,,
(Polaron)
Inorganic Crystals Wannier-Mott Exciton Frenkel

Strong covalent bond

(diamond structure)

E. A. Silinsh and V. Capek, Organic Molecular Crystals,(AIP, NY, 1994)
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Conducting Polymers
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H. C. Starck
(Germany)
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~10 Baytron® P HC
~1  Baytron® P
(antistatic applications)

~10"° Baytron® P VP Al4083
(OLED)

~105 Baytron® P VP CH8000
(PMOLED)

Nobel Prize in Chemistry 2000

Hideki Shirakawa, Alan G. MacDiarmid, Alan J. Heegel
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Conducing Polymers

Organic Semiconductor Lab

Changhee Lee, SNU, Korea

A=Y 5%

2007. 287

4.0 T T T T T T T T T ]

[ gD Q\ ]

35 Poly(3-octylthiophene) el

L yf Ps‘yOT P! PPP Poly(2,5-pyridinediyl)

L V4 221eV S0V pro PPY ]

[ R PPV 301ev  3.leV il

3.0 S n MEH-PRV. 0o L . N

L R 225ev ]

: n S n OR :

2.5 polydiacety e S L ]

S B o Polyll?::?rphene M‘),‘“ :

L L 1.7eV 20eV = RO [ 4

% 20 [ trans-Pol | Poly(thienylenevinylene) ]

(O] gl 4

° [ ]
c

I~ = 4

m L 4

L5p ]

10F -

05f .

ool .

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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Organic Materials as Ne AT

Monomers Polymers Biological molecules

Increasing complexity i B =) e
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Matal transfer

Stephen R. Forrest, “The path to ubiquitous and low-cost organic electronic appliances on plastic”, Nature 428, 911 (2004).
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1906. Photoconductivity in anthracene: Anthracene

A. Pochettino, Acad. Lincei Rendic. 15, 355 (1906). OOO
ED

1960. TCNQ: R. G. Kepler, P. E. Bierstedt, R. E. Merrifield, Phys. Rev. Lett. 5, 503 (1960).
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1973. TTF-TCNQ: L. B. Coleman, et al, Solid State Comm. 12, 1125 (1973).
6~8,000 S/cm

1977. Doped (CH),: 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 Zs
in Doped Polyacetylene, Phys. Rev. Lett. 39, 1098 (1977).
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Chemical Doping
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Change in Absorption Spectrum

Main nr* transition blue-shifted and reduced in strength
+ Additional peaks appear in the red and IR
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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 struct
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Organic slectroluminasecent diodes
C.W. Tangand'S. A, VanSlyke
Research Laboratories, Corporate Research Group: Eastmar Kocdak Company. Rochester, New York 14650
(Received 12 May 1987; accepted for publication 20 Jnly 1957
A novel electroluminescent device is constucted using organic materials as the emitting — N Mg Ag
eleménits, Thia diode has 2 double-layer structnre of organic thin films, prepared by vapor ; r_’;m__ﬂ,-mh
deposition: Efficient injection of holes and electrons is provided from ap indium-tin-oxide i L o DiTTIRS
anode and an-alloyed Mg:Ag cathode. Electron-hote recombination and green __.__:‘Q .~ [TO
electroluminescent entission are confined near the organic interface region. High external R SN
quantum efficiency (19 photon/electron), luminous efficiency (1.5 lm/W), and brightress b
(> 1000 cd/m?) are achievable at a driving voltage below 10V,
E T ! 60 prrrrrrrr e FIG. 1. Configuration of EL cell and molsevlar structures.
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FIG. 2. Brightness-current-voltage charecteristics of an [TO/dianvne/ 400 500 600 700 800
Alg/MgApEL celt. Wavelength (nm)
C. W. Tang and S. A. VanSlyke, Appl. Phys. Lett. 51, 913 (1987)
|
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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: ES
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Wavelength (nm)
Efficient red EL emission from triplet excitons: n,,, ~ 2.2% @ 100 cd/m?

M. A. Baldo, et al, Nature 395, 151 (1998)
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Quantum Efficiency kgt
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Triplet " i
spin symmetric [ax,>=1 1>

. >=1 > Excited States

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

Ze? 1 s
HSO:ZmZCZFL.S *L SO_H_

Ground State, S=0

Fluorescence : Radiation restricted to singlet excitons, > n ~25%
Phosphorescence : Radiation is from triplets - n ~ 100%.
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High efficiency white C
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R. Forrest, Nature 440, 908 (2006)
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PMOLED and AM
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AMOLED
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Cost Reductionnss
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Effect of increased number of panels
per substrate, achieved by increasing
substrate size

Effect of lower materials
expense from increased
production volume

i 40-inch LCD
—@— 42-inch PDP
~#¢— 37-inch LCD
== 37-inch PDP

1,000
2003 2004 2005 2006 2007 2008 2000 2010

Year

NE Asia JAN 2005 Issue
(http://neasia.nikkeibp.com/neasia/000003)
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Worldwide Flat Panel AA B S
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0
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

W a-Si TFT LCD @ PDP OLTPS TFT LCD @ PMLCD M OLED [ DLP B HTPS TFT LCD O VFD MLCOS @ Other
Master Technology | 2008 | 2004 | 2005 | 2006 | 2007 | 2008 | 2000 | CAGR
a-Si TFT LCD $30,782 | $44,251 | $46,784 | $53.862 | 556,100 | $60874 |$66,378.3 | 8.4%
PMLCD $5207 | $6,295 | $5666 | $4.671 | $4286 | $4,244 |$4,096.3 | -8.2%
LTPSTFTLCD | $2807 | $4844 | $5700 | $6.689 | $7,72 | $7,108 |$7,970.6 | 10.5%
PDP 52816 | sa262 | s4802 | s6.331 | s7.074 | se932 |s6328.1 | 8.2%
VFD $699 | $705 | $622 | $603 | $585 | 9568 | $5365 | -5.3%
HTPS TFT LCD $619 | s574 | $534 | 520 | s$514 | 476 | $4007 | -6.9%
DLP $419 | 613 | $674 | 753 | s7o7 | s@s8 | $8327 | 6.3%
Lcos $56 $70 s147 | s193 | s258 | $332 | $3086 | 34.7%
EL $145 | $141 | $115 $94 $74 $58 | $38.8 | -22.8%
EINK $3 $13 $30 $39 $54 | $55.6 | 77.0%
Total $43.860 | $62.088 | $65,596 | $74.567 | $80,950 | $86.049 |$92.489.0 | 8.3%
/Y Growth 7% 2% 6% 14% 9% 6% 7%

Organic Semiconductor Lab DisplaySearch, July 2005 Changhee Lee, SNU, Korea
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OLED Market
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= Passive Matrix
Active Matrix

iSupply, H2 2006
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