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1st Gen.

‘Durable Display”™

— X]—:‘:;_

2nd Gen.

‘Bendable Display”™

- Bendable
- Conformable

- Wearable Display

34 Gen.

“Flexible Display”

- Rollable
- Folderble

- Flexible Display

4t Gen.

“‘Ultimate Display”™

- Roll-to-Roll Process

- Easy Printing

. Displaybank
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Light Weight
L J
Carry Small
Display Large

Rugged & lebliiy in
Unbreakable Display Design
.
C ™
Realization of Lowest Cost

Boundless Display
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Roll to Roll Process
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4 A HHdx S 2HA7)
FHEA
AN H=
M =F

B ATl E B, SAA, B A 47 52 GhE Bols 2E X
(d79ehHE F= skl
Density
A
Quadrant |l Quadrant |
Peripheral and developed Central and developed
» Centrality
Quadrant |l Quadrant IV
Peripheral and undeveloped Central and undeveloped

< "% (Density) 9} 44 (Centrality) ] 2w >
Z+3 ¢ Xin Ying An, Scientometrics (2011) 88:133~144
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2 AFFANAME F 608H] FHL =] AAEQ o, QS EREAS T3 F 187
FeAE2D R QYAFJ) NE FEAEHE 5~50709] =Fo g Ao dx =
d, HaAre] B M 47 H& S Hole FYHAEH(ATI)E 44 6

st

A

Cluster no. Density Centrality Hade ZH2H 7]
data_9 0.6 0.526454 2010.8 5
data_2 0.6 0.490506 2010.6 5
data_24 0.47619 0.652375 2008.4286 7
data_12 | 0.466667 0.556605 2009.1666 6

data_5 | 0.431837 0.464624 2007.5601 50
data_31 | 0.428571 0.774209 2007.8572 7
data_21 | 0.418182 0.841125 2010.0909 11
data_16 0.4 0.583323 2011.6666 6
data_28 | 0.380952 0.724461 2009.2858 7
data_15 | 0.363636 0.796388 2008.1818 11
data_10 0.301471 0.115707 2008.0588 17
data_26 | 0.285714 0.684262 2010.4286 7

data_1 | 0.284898 0.299177 2008.0601 50
data_13 | 0.257576 0.85406 2009.9166 12
data_19 | 0.254545 0.815119 2006.5454 11

data_0 | 0.235918 0.206652 2007.16 50
data_11 | 0.228283 0.861932 2008.3778 45
data_14 | 0.176327 0.370078 2007.86 50
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<} 2-3> T8 QA (FAHA, 2%, HAdE)E FYH2H &9
=4 Density. Centrality H A=
1 Electrgglrfgrrl&a?lpégcs% Transparent films for | Thin Film Formation
OLED_11 | Methods for OLED_16
OLED_9

9 Performance of Mechanical Modeling Electrllggifill}ria?lggcg%

OLED_2 of Flexible OLED_13
OLED_9
3 Optoelectronic Devices Nanotechnology for Performance of
using OLED_24 OLED_21 OLED_2
- Low Temperature High Efficiency
4 | Application of OLED 12 | p ecses for OLED_19 Flexible OLED_26

Processes and
5 Thin Film Deposition Applications for Nanotechnology for
for OLED_5 Flexible Organic OLED_21

Electronic Devices_15
. Methods and fl})/[ratgggls Methods and leIratCe)EEIB Mechanjcal Modeling
Manufacturing_31 Manufacturing_31 of Flexible OLED_13
7 Nanotechnology for | Polymer Materials for | Polymer Materials for
OLED_21 OLED_28 OLED_28
3 Thin Film Formation | High Efficiency Flexible Application of
Methods for OLED_16 OLED_26 OLED_12
9 Polymer Materials for | Optoelectronic Devices | Optoelectronic Devices
OLED_28 using OLED_24 using OLED_24

Processes and

10 Applications for Thin Film Formation | Transparent films for

Flexible Organic
Electronic Devices_15

Methods for OLED_16

OLED_11

Density

.1
L PES

e5

®0
®1il
®10
@13
@21
15

®19

0.2 o 0.2

04 0.6 08

Centrality

<™ 2-6> Fe]2HYE $44 (Centrality), ¥ = (Density) A&
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<% 2-4> SH=HE(FHEH A7) 49 1070) TA44,

Cluster no. Density Centrality HyrA e Ze2H A7)
1 0.284898 0.299177 2008.0601 50
14 0.176327 0.370078 2007.86 50
5 0.431837 0.464624 2007.5601 50
0 0.235918 0.206652 2007.16 50
11 0.228283 0.861932 2008.3778 45
10 0.301471 0.115707 2008.0588 17
13 0.257576 0.85406 2009.9166 12
21 0.418182 0.841125 2010.0909 11
15 0.363636 0.796388 2008.1818 11
19 0.254545 0.815119 2006.5454 11
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2H= vt 2

A E=as 9 Electrical and Optical Performance of OLED
a5 A4 BEdE 28 2HA
F9E4
0.6 0.526454 2010.8 5
flexible displays=4, surface microcracks=3, organic layers=3, electrodes=2,
flexible organic light emitting diodes=2, organic light emitting diodes (oled)=2,
Al 7| 1= | bending process=2, barrier performance=2, break down=2, polyethylene
naphthalate=2, transparent electrode=2, cyclic bending tests=2, oled displays=2,
multilayers=2, light emitting diodes=2,
(1)[84863212709—P—115: Electrical, optical, and ITO characteristics of a flexible
OLED display]
(0)[79960010511—Enhanced barrier performance of flexible OLEDs using multilayer
transparent electrodes]

A= (0)[84869813677—Flexible characteristics of novel OLED materials ]
(0)[79956329131 —Improved lifetime of highly flexible OLEDs based on multilayer
transparent electrodes with enhanced barrier performance]
(0)[84860856710—Electrical, optical, and ITO characteristics of a flexible OLED
display]

71&9 2 High performance organic—inorganic hybrid plastic substrate for flexible display
IR ke = KT g8 2HAY
95X
0.6 0.490506 2010.6

A7 =

am oled=4, organic inorganic hybrid=3, flexible displays=3, high transmittance=2,
inorganic organic hybrid films=2, glass=2, thermal expansion=2, glass carrier=2,

wavelength ranges=2, low coefficient of thermal expansions=2, hybrid film=2,

4

i
A

(3)[78651328470—High—performance organic—inorganic hybrid plastic substrate for
flexible displays and electronics]

(3)[79952125329—61.2: Invited paper: High performance organic—inorganic hybrid
plastic substrate for flexible display and electronics]

(1)[79952154685—A flexible universal plane for displays]
(1)[84655175917—61.2: Invited paper: High performance organic—inorganic hybrid
plastic substrate for flexible display and electronics]

(0)[84870681063—The key factors of flexible AMOLED de—bonding from carrier

glass by using flexible universal plane technology]
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24 Optoelectronic Devices using OLED

1R A4 PAAE Y 2H A7)

0.47619 0.652375 2008.4286 7

A7 A=

organic light emitting diodes (oled)=5, light emitting diodes=4, organic
photodiodes=2, fluorescence=2, photodiodes=2, optical components=2, thermal
evaporation=1, silanes=1, touchpad=1, ormocer=1, research and development
management=1, eco friendly=1, silicones=1, end capping=1, physical optics=1,

waveguides=1, environmental protection=1, encapsulation layer=1,
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(6)[70449111656—Emerging technologies for the commercialization of AMOLED
TVs]

(6)[70249100656—Light— and touch—point localization using flexible large area
organic photodiodes and elastomer waveguides]

(2)[70449336694—Synthesis and electro—optical properties of 9,10—substituted
anthracene derivatives for flexible OLED devices]
(0)[77958112572—0ptochemical sensor, based on screenprinted fluorescent
sensorspots surrounded by organic photodiodes for multianalyte detection]
(0)[84864330679—0rganic semiconductors and their application in energy
harvesting]

12 Application of OLED

4% A4 BAdA= g &HAY

0.466667 0.556605 2009.1666 6

FHA7INE

field effect transistors=3, oled=2, polysilicon=2, semiconductor materials=2,
mobility=2, liquid crystals=2, organic semiconductor=2, organic light emitting
diodes (oled)=2, electrophoretic displays=2, reactive mesogens=2, charge carrier
mobility=1
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(9)[54249086734—Electrical properties of reactive liquid crystal semiconductors]
(5)[77957924289—Fast field solver for the simulation of large—area OLEDs]
(0)[79953688252—Rigid and flexible OLEDs: Prototypes to applications]
(0)[79960986184—Progress in organic field—effect transistors and its applications]
(0)[34748918416—Liquid crystal semiconductors and their application in field
effect transistors]

(0)[77955693092—Triindole based single crystals and thin films for OLED and
OFET applications]
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5 Thin Film Deposition for OLED

19 A4 HAdE EEa= e
CEER
0.431837 0.464624 2007.5601 50
light emitting diodes=32, organic light emitting diodes (oled)=23, light
emission=19, substrates=12, phosphorescence=12, thin films=12, helmet mounted
SIA 7| E | displays=9, encapsulation=9, current density=9, polyethylene terephthalates=38,
flexible displays=8, polymers=7, oxygen=7, oled displays=6, thin film
transistors=6, oled=6, surface roughness=6, organic light emitting diodes=6 &
(150)[0043128739—"Thin film encapsulated flexible organic electroluminescent
displays]
(112)[33645645528 —Flexible AM OLED panel driven by bottom—contact OTFTs]
(76)[2442664250—Flexible OLED displays using plastic substrates]
YA =7 (68)[33344468832—Development of high barrier films on flexible polymer
substrates]
(36)[4644226577—Properties of SiO2 —like barrier layers on polyethersulfone
substrates by low—temperature plasma—enhanced chemical vapor deposition]
(32)[23244448131—Thin films: Rolling out organic electronics] %
7l=v 31 Methods and Materials for OLED Manufacturing
1= CaC R HAd=E 282837
SRR
0.428571 0.774209 2007.8572 7
organic light emitting diodes (oled)=4, tin=3, oled=3, light emitting diodes=3,
8479 = titanium compounds=3, thin films=3, polyethylene terephthalates=3, substrates=2,

transparent conducting oxides=2, ito films=2, polymers=2, indium tin oxide thin

films=2, ink=2, oxide films=2, carrier concentration=2,
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(32)[56649120581 —Bacterial cellulose membrane as flexible substrate for organic
light emitting devices]

(15)[77955429636—Improvement of organic solar cells by flexible substrate and
ITO surface treatments]

(3)[33144486111—Gravure printing of transparent conducting ITO coatings for
display applications]

(3)[36349002887—Effects of plasma polymerized para—xylene intermediate layers
on characteristics of flexible organic light emitting diodes fabricated on

polyethylene terephthalate substrates]

(0)[84869219753—Glass—forming organic semiconductors for optoelectronics]
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719 11 Transparent films for OLED
4= A4 Hads 24287
¥Y9EA
0.228283 0.861932 2008.3778 45

light emitting diodes=25, organic light emitting diodes (oled)=24, substrates=13,
light emission=13, tin=8, thin films=7, polymers=6, display devices=6,

tag= ; ; = ; = ibl
e REEE nanocomposites=6, flexible displays 6,. electroluminescence 5 flex1b.e
substrate=5, anodes=5, oled=5, conducting polymers=5, deposition=5, tin
oxides=4, oled displays=4, helmet mounted displays=4, flexible organic light

emitting diodes=4, organic light emitting devices=4, plastic substrates=4 &

(46)[33847037115—Self—organized gradient hole injection to improve the
performance of polymer electroluminescent devices]
(32)[67649111120—Optically transparent wood—_cellulose nanocomposite as a base
substrate for flexible organic light—emitting diode displays]
(28)[2342614272—Transparent Flexible Plastic Substrates for Organic Light—Emitting

Devices]
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(18)[77950251627—Displays from transparent films of natural nanofibers]
(17)[35948937176—Moisture permeability through multilayered barrier films as
applied to flexible OLED display] &

7l1&H 13 Mechanical Modeling of Flexible OLED

U= A BHaE g8 &H A7

0.257576 0.85406 2009.9166 12

light emitting diodes=7, organic light emitting diodes (oled)=7, oled=4, flexible
substrate=4, top emitting=4, light emission=4, roll to roll=4, physical optics=3,
A 7] = | lighting applications=3, helmet mounted displays=3, flexible displays=3, color=3,
flexible oled=3, multilayers=3, thin film passivation=2, luminance efficiency=2,

tin=2, substrates=2, white oled=2, oligomers=2 &

(19)[69549110925—Mechanical modeling of flexible OLED devices]
(10)[49649129961—Effect of sputtering conditions on the mechanical property and
the permeability of 1ZO grown by DC magnetron sputtering for application to
flexible OLEDs]

(10)[79955516139—High—color—rendering flexible top—emitting warm—white organic
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light emitting diode with a transparent multilayer cathode]
(6)[75449083766—A nano—indentation study of the reduced elastic modulus of
Alg3 and NPB thin—film used in OLED devices]

(1)[84860864949—Invited paper: Novel approaches for OLED lighting] &
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21 Nanotechnology for OLED

4% TAA PAAE e
FHEA
0.418182 0.841125 2010.0909 11
organic light emitting diodes (oled)=8, light emitting diodes=4, tin=3, tin
oxides=3, optoelectronic devices=3, roll to roll=3, organic optoelectronics=2,
A 7| = | lambertian=2, flexible=2, indium tin oxide electrodes=2, microcavity=2,
microcavity effects=2, microcavities=2, metal foil=2, flexible substrate=2,
stainless steel=2, electrodes=2,
(90)[77956944514—A  transparent, flexible,  low—temperature, and
solution—processible graphene composite electrode]
(59)[40349089001 —Carbon nanotubes: A multi—functional material for organic
optoelectronics]
A =5 (46)[79952131183—Materials and devices toward fully solution processable organic
light—emitting diodes]
(9)[80054931800—Solution—processed transparent electrodes]
(7)[77958580321—Highly flexible AM—OLED display with integrated gate driver
using amorphous silicon TFT on ultrathin metal foil]
71 19 Low Temperature Processes for OLED
4= Ea R Had= E 287
FHEA
0.254545 0.815119 2006.5454 11
light emitting diodes=6, silicon nitride=5, thin film transistors=4, thin films=4,
chemical vapor deposition=4, polysilicon=2, display devices=2, amorphous
A7 = | silicon=2, roll to roll processing=2, organic light emitting diodes (oled)=2,
passivation=2, barrier layers=2, refractive index=2, water vapor transmission
rate=2, plastic substrates=2, 5
(49)[23644455993—Low—temperature materials and thin film transistors for flexible
electronics]
(15)[0042360557—Polysilicon TFT AM—OLED on thin flexible metal substrates]
(10)[20544474231—X—ray and neutron reflectivity measurements of moisture
BAN=F transport through model multilayered barrier films for flexible displays]

(7)[21244504623—Moisture —resistive properties of SiNx films prepared by catalytic
chemical vapor deposition below 100° C for flexible organic light—emitting diode
displays]

(5)[36749007744—Cat—CVD SiN passivation films for OLEDs and packaging]
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15 Processes and Applications for Flexible Organic Electronic

71ev ,
Devices
A A4 BAAE S8 2HAY
CEEE
0.363636 0.796388 2008.1818 11
light emitting diodes=7, substrates=7, organic light emitting diodes (oled)=6,
polymers=4, flexible polymeric substrates=3, thin film transistors=3, organic
SIA 7| E | polymers=3, roll to roll=3, am oled=3, organic electronic devices=3,
thermoelectric equipment=3, organic photovoltaics=3, flexible displays=3, field
emission displays=3 &
(59)[54849441632—Flexible organic electronic devices: Materials, process and
applications]
(11)[78349309564—High performance, flexible polymer light—emitting diodes
(PLEDs) with gravure contact printed hole injection and light emitting layers]
=5 (7)[71649115150—0rganic against inorganic electrodes grown onto polymer
substrates for flexible organic electronics applications]
(7177954154294 —Fabrication of flexible 4.7—inch QVGA AM—OLED panel driven by
In—Ga—Zn—0Oxide TFTs with flexible color filter]
(6)[33646056994—Fabrication of a tensile test for polymer micromechanics] &
7€ 31 Methods and Materials for OLED Manufacturing
1% =47 BEAE FE2EH AV
CEE
0.428571 0.774209 2007.8572 7

9497192

organic light emitting diodes (oled)=4, tin=3, oled=3, light emitting diodes=3,
titanium compounds=3, thin films=3, polyethylene terephthalates=3, substrates=2,
transparent conducting oxides=2, ito films=2, polymers=2, indium tin oxide thin

films=2, ink=2, oxide films=2, carrier concentration=2,

_1%11
>
i
M

(32)[56649120581 —Bacterial cellulose membrane as flexible substrate for organic
light emitting devices]

(15)[77955429636—Improvement of organic solar cells by flexible substrate and
ITO surface treatments]

(3)[33144486111—Gravure printing of transparent conducting ITO coatings for
display applications]

(3)[36349002887—Effects of plasma polymerized para—xylene intermediate layers
on characteristics of flexible organic light emitting diodes fabricated on
polyethylene terephthalate substrates]

(0)[84869219753—Glass—forming organic semiconductors for optoelectronics]
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16 Thin Film Formation Methods for OLED
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display devices=3, light emitting diodes=3, polyimides=2, flexible circuitry=2,
tin=2, metal oxides=2, p type=2, graphic methods=2, metallic compounds=2, thin
film transistors=2, thin films=2, saturation mobility=2, printing=2, liquid crystal

displays=2, low voltage=2, organic photovoltaics=2, flexible displays=2,
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(3)[84855959624—Impact of metered ink volume on reel—to—reel flexographic
printed conductive networks for enhanced thin film conductivity]
(1)[84863434916—Gravure printing of ITO transparent electrodes for applications
in flexible electronics]

(0)[84870710130—Low—temperature and low—voltage, solution—processed metal
oxide n—TFTs and flexible circuitry on large—area polyimide foil]
(0)[84869060530—Solution—processed and low—temperature metal oxide n—channel
thin—film transistors and low—voltage complementary circuitry on large—area
flexible polyimide foill

(0)[84871920722—Recent developments in the field of transparent conductive

oxide films for spectral selective coatings, electronics and photovoltaics]

9 Electrical and Optical Performance of OLED
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flexible displays=4, surface microcracks=3, organic layers=3, electrodes=2,
flexible organic light emitting diodes=2, organic light emitting diodes (oled)=2,
bending process=2, barrier performance=2, break down=2, polyethylene
naphthalate=2, transparent electrode=2, cyclic bending tests=2, oled displays=2,

multilayers=2, light emitting diodes=2,
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(1)[84863212709—P—115: Electrical, optical, and ITO characteristics of a flexible
OLED display]

(0)[79960010511 —Enhanced barrier performance of flexible OLEDs using multilayer
transparent electrodes]

(0)[84869813677—Flexible characteristics of novel OLED materials]
(0)[79956329131—Improved lifetime of highly flexible OLEDs based on multilayer
transparent electrodes with enhanced barrier performance]
(0)[84860856710—Electrical, optical, and ITO characteristics of a flexible OLED
display]
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2 High performance organic—inorganic hybrid plastic substrate for flexible display

1= A4 HAd= E =M
CEEE:
0.6 0.490506 2010.6
am oled=4, organic inorganic hybrid=3, flexible displays=3, high transmittance=2,
A 7] = | inorganic organic hybrid films=2, glass=2, thermal expansion=2, glass carrier=2,

wavelength ranges=2, low coefficient of thermal expansions=2, hybrid film=2,
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(3)[78651328470—High—performance organic—inorganic hybrid plastic substrate for
flexible displays and electronics]

(3)[79952125329—61.2: Invited paper: High performance organic—inorganic hybrid
plastic substrate for flexible display and electronics]

(1)[79952154685—A flexible universal plane for displays]
(1)[84655175917—61.2: Invited paper: High performance organic—inorganic hybrid
plastic substrate for flexible display and electronics]

(0)[84870681063—The key factors of flexible AMOLED de—bonding from carrier
glass by using flexible universal plane technology]

719 26 High Efficiency Flexible OLED
4= FAA HAI= S8 2HAY)
CER
0.285714 0.684262 2010.4286 7
organic light emitting diodes (oled)=5, light emitting diodes=3, light emission=3,
allium nitride=2, reactive ion etching=2, gan based light emitting diodes=2,
gz | , : "
photonic crystals=2, gallium alloys=2, polyethersulfones=2, new opportunities=1,
diamond like carbon films=1
(9)[77955401101 —High—efficiency flexible white organic light—emitting diodes]
(7)[78751645439—Full wafer scale nanoimprint lithography for GaN—based
light—emitting diodes]
(5)[80052743700—GaN—based light—emitting diodes with photonic crystals
=5 structures fabricated by porous anodic alumina template]

(3)[84863971227—Highly efficient inverted top—emitting green phosphorescent
organic light—emitting diodes on glass and flexible substrates]
(1)[36048997518—Characterization of hydrogen—free diamond—like carbon film on

COC for flexible organic electro—luminescence application]
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21 Nanotechnology for OLED

145 A4 BAAE g8 2HAY
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0.418182 0.841125 2010.0909 11
organic light emitting diodes (oled)=8, light emitting diodes=4, tin=3, tin
oxides=3, optoelectronic devices=3, roll to roll=3, organic optoelectronics=2,

BIA 7| & | lambertian=2, flexible=2, indium tin oxide electrodes=2, microcavity=2,
microcavity effects=2, microcavities=2, metal foil=2, flexible substrate=2,
stainless steel=2, electrodes=2,

(90)[77956944514—A  transparent, flexible,  low—temperature, and
solution—processible graphene composite electrode]

(59)[40349089001 —Carbon nanotubes: A multi—functional material for organic
optoelectronics]

YA =7 (46)[79952131183—Materials and devices toward fully solution processable organic
light —emitting diodes]

(9)[80054931800—Solution—processed transparent electrodes]
(7)[77958580321—Highly flexible AM—OQOLED display with integrated gate driver
using amorphous silicon TFT on ultrathin metal foil]
71&9 13 Mechanical Modeling of Flexible OLED
4% A4 HAdE S Bz

J454

0.257576 0.85406 2009.9166 12

9497192

light emitting diodes=7, organic light emitting diodes (oled)=7, oled=4, flexible
substrate=4, top emitting=4, light emission=4, roll to roll=4, physical optics=3,
lighting applications=3, helmet mounted displays=3, flexible displays=3, color=3,
flexible oled=3, multilayers=3, thin film passivation=2, luminance efficiency=2,

tin=2, substrates=2, white oled=2, oligomers=2 &

RS

(19)[69549110925—Mechanical modeling of flexible OLED devices]
(10)[49649129961 —Effect of sputtering conditions on the mechanical property and
the permeability of IZO grown by DC magnetron sputtering for application to
flexible OLEDs]

(10)[79955516139—High—color—rendering flexible top—emitting warm—white organic
light emitting diode with a transparent multilayer cathode]
(6)[75449083766—A nano—indentation study of the reduced elastic modulus of
Alg3 and NPB thin—film used in OLED devices]

(1)[84860864949—1Invited paper: Novel approaches for OLED lighting] &
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Taiwan 64 1.047 0.178
Korea, Republic 315 0.889 0.151
Netherlands 30 0.3 0.051
China 7 0.143 0.024
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& A7} ol 5ele) A% el 277k AAA Hvl, Sale) AAE e

7t 58 + 22 #49 27 | 52 AZ, D)
Australia 83 8.723 2.292
Netherlands 30 5.967 1.568
Germany 146 4.966 1.305
United Kingdom 26 4.038 1.061
{nited - Statesof | g3 3.702 0.973
Japan 549 3.474 0.913
Korea, Republic 315 3.46 0.909
Canada 16 3.438 0.903
Belgium 17 2.941 0.773
China 7 2.714 0.713
Taiwan 64 2.188 0.575

539 w4t #de] 27] 4 A France?t 7HE & 4(8.5)& Ko 5519 sjde] 7] #
AollA A2 o] 7HE 98 A o= Yebstth 1Al fof Hat o] S Hole w7tE
+ France(2.558), Switzerland(2.161), Germany(1.737), United Kingdom(1.317), Japan(1.115),
Korea, Republic(1.076), Canada(1.032)7} It} dt=o] Hopg thu] Ho vde] 7]+ 1.076
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<19 3-6> 53 5 uiH] A L A7)

1

Z

E3)9o] Y& X3t A3} Semiconductor Energy Laboratory7} A A 3,266 &
e
i=auan

& & 13.1%(4287) sto] 71 B2 535 Uudt 212 YElRth Eastman
Kodak Company+= 6.06%(19871), QUALCOMM MEMS Technologies= 5.54%(18171)=-
Afrste] 2+ 2, 391 AHA sk

ftlo

<& 3-6> T 53] &

€9 | 299 58 & | uz (%)
1 Semiconductor Energy Laboratory Co., Ltd. 428 13.1
2 Eastman Kodak Company 198 6.06
3 QUALCOMM MEMS Technologies, Inc. 181 5.54
4 Samsung Electronics Co., Ltd. 146 4.47
5 Silverbrook Research Pty Ltd 82 2.51
6 Universal Display Corporation 81 2.48
7 E. I. du Pont de Nemours and Company 72 2.2
8 Samsung Mobile Display Co., Ltd. 71 2.17
9 3M Innovative Properties Company 68 2.08
10 The Trustees of Princeton University 65 1.99

_89_



The Trustees of Princeton Univer sity -

M Innovative Properties Company -

Samzsung Mokile Display Co., Ltd. -

E. | du Port de Memours and Company -

ol Universal Display Corporation -
ofl

gl Silverbrook Research Py Lid -

Samsung Electronics Co., Ltd. -

GUALCOMM MEMS Technologies, Inc. -

Eastman Kodak Company -

Semiconductor Energy Laboratory Co., Ld. -

A9 1091749 299 53 5 dmdz dunw g E 2 9% g

d= 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | &%

Semiconductor Energy

Laboratory Co.. Ltd. 13 35 33 41 36 41 54 56 48 71 428

Fastman Kodak | g 19 | 15 | 20 | 31 | 21 | 24 | 25 | 9 16 | 198
Company

QUALCOMM = MEMS | 0 0 0 0 7 19 | 59 | 61 | 35 | 181
Technologies, Inc.

Samsung - Electronics | 0 0 0 6 | 15 | 24 | 46 | 35 | 20 | 146
Co., Ltd.

Silverbrook Research

bty Led 1 9 1 7 5 11 6 9 28 | 12 | 82
Universal Display | = 5 3 8 13 | 7 4 4 14 | 9 14 | 81
Corporation

E. 1. du Pont de

1 0 5 13 11 3 6 20 10 3 72

Nemours and Company
Samsung Mobile

. 2 2 12 1
Display Co., Ltd. 0 0 0 0 0 0 I ° > !
SMo— - Innovative | 5 7 3 | 14 | 13| 4 7 2 9 | 68
Properties Company
The Trustees of 3 1 9 3 9 5 5 7 3 9 65

Princeton University
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= = = = & e & & = = =
& Semiconductor Eneray Lakoratory o, Ltd. @ Esstman Kodak Company
o QLALCOMM MEMS Technologies, Inc- . Samsung Blectronics Co., Ltd.
& Silverbrook Ressarch Pty Ltd & Universal Display Corporstion
o E. | tiu Pont de Memours and Company & Samsung Mobile Display Co., Ltd.
&5t Innovative Properies Company " The Trustees of Princeton University
<1 3-8> U AW 53] 5
A B8 54 7= ok AA 5389 Hat 90E ol v 5A =
539 it Hg 9] 2A Felg ol FNE F A A4 57 G}
ol 54 9] 53 A7k 109 B¢ Y FUelo] AES 530 I
7k S ok QA 531 BF VNG 9 22 oJvjsu, 1,02 2t}
sl 2ok Wit Felg ol vs) ¥ vt
<% 3-8> FUME 53 7+ AF
=E B85l & | poikS | 2= s
o8 %
Semiconductor Energy Laboratory Co., Ltd. 428 7.846 1.336
The Trustees of Princeton University 65 7.831 1.333
3M Innovative Properties Company 68 7.338 1.249
Universal Display Corporation 81 6.259 1.066
Eastman Kodak Company 198 5.662 0.964
Silverbrook Research Pty Ltd 82 4732 0.806
QUALCOMM MEMS Technologies, Inc. 181 3.221 0.548
E. I. du Pont de Nemours and Company 72 2.944 0.501
Samsung Mobile Display Co., Ltd. 71 0.845 0.144
Samsung Electronics Co., Ltd. 146 0.671 0.114
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g 53519 S90S A48 23 Samsung Electronicso] 4| 3,266719] 53 5
4.44%(1457)E A3t 7P B2 5515 sk Ao 2 Ve Samsung Mobile
Display+= 2.17%(717), Samsung SDI+= 0.52%(177)S A-3ste] 242t 2, 39915 248k
1=

e | 29 53 & | HF (%)
1 Samsung Electronics Co., Ltd. 145 4.44
2 Samsung Mobile Display Co., Ltd. 71 2.17
3 Samsung SDI Co., Ltd. 17 0.52
4 LG Electronics Inc. 16 0.49
5 LG Display Co., Ltd. 15 0.46
6 Korea Institute of Science and Technology 4 0.12
6 Samsung Display Co., Ltd. 4 0.12
8 Samsung Corning Precision Materials Co., Ltd. 3 0.09
8 Samsung Corning Precision Glass Co., Ltd. 3 0.09
8 Advanced Display Process Engineering Co. Ltd. 3 0.09
<3-10> 3= 53 U A=l 53]
Ac 03 04 05 06 07 08 09 10 11 12 | 5%
Samsung Electronics 0 0 0 0 6 14 24 46 35 20 145

Samsung Mobile
Display Co., Ltd.

Samsung SDI 0 0 0 0 3 7 7 0 0 0 17
LG Electronics 0 0 0 0 0 2 0 3 0 11 16
LG Display 0 0 0 0 0 0 2 4 5 4 15
KIST 0 0 0 0 0 1 0 0 2 4
Samsung Display 0 0 0 0 0 0 0 0 0 4 4

Samsung Corning
Precision Materials

Samsung Corning
Precision Glass

Advanced Display

Process Engineering 0 0 0 0 0 0 0 0 ! 2 3

=9 Sl 54 7w 2ok AA 539 B R1E el tid 54 =99
L3 58]0 Bt 91§ o Hl2A JQ1R gl VInke & w7l d4 o B AR
olth. o= 54 U] i ATt 1.0% A5 alF =UQlo] R =] HAt I
A& F7F Al woF AA =] B AR ok S orlE, 1.0S 23k 4
G- ' ok " AAE el mlE E=5S oret
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Samsung SDI Co., Ltd. 17 0.361
Samsung  Corning  Precision

Glass Co., Ltd. 3 0.341
LG Display Co., Ltd. 15 0.182
LG Electronics Inc. 16 0.17
Samsung Mobile Display 71 0.144
Advanced Display Process

Engineering Co. Ltd. 3 0.114
Samsung Electronics Co., Ltd. 145 0.113
Korea Institute of Science and

Technology 4 0043
Samsung Display Co., Ltd. 4 0
Samsung  Corning  Precision 3 0

Materials Co., Ltd.
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FUM= OLED 7lzell &k 5351 5 Q1857 52 59 2|2ES vae] 3ol Ue
el=s
H3E ESAE(MFE3HS) =499 Q&
Electro—optic display overlays and systems _ . .
1 for addressing such  displays IE\:/IAIH%SC)OWOMUOH (Cambridge, 137
(6704133) ’
Electrophoretic displays in portable devices . .
2 and systems for addressing such displays %IAIH%SC)OWOMUOH (Cambridge, 121
(6753999) ’
3 Electro—optic mirror cell Donnelly Corporation (Holland, 116
(7255451) MI, US)
Process for modifying offset voltage
characteristics of an interferometric | IDC, LLC (San Francisco, CA,
4 115
modulator Us)
(7327510)
Electrochromic rearview mirror incorporating
5 a third surface partially transmissive | Gentex Corporation (Zeeland, 114
reflector MI, US)
(6512624)
Electrophoretic electronic displays with . .
6 low—index films 1E\)/[AlnkUSC)orporatlon (Cambridge, 109
(6865010) ’
Electrochromic rearview mirror assembly .
7 incorporating a  display/signal light &%nt%é) Corporation  (Zeeland, 109
(6700692) ’
3 Electro—optic reflective element assembly | Donnelly Corporation (Holland, 108
(7184190) MI, US)
Methods of making thin film transistors
comprising zinc—oxide—based
9 semiconductor materials and transistors IE:}%(S)tcrlrll:;lter Eg(da[ljs) Company 102
made thereby ’ ’
(7402506)
Gateway platform for biological monitoring . .
10 and delivery of therapeutic compounds IEIKIOII\J/ISe)tron, Inc. (San Diego, 100
(7044911) ’
Electro—optic displays, and methods for E Ink Corporation (Cambridge,
11 driving same MA. US) 99
(6950220) ’
Thin—film transistor and thin—film diode
12 having amorphous—oxide semiconductor | Canon Kabushiki Kaisha (Tokyo, 97
layer JP)
(7453087)
13 Lighting methods and systems Color  Kinetics Incorporated 95
(7178941) (Boston, MA, US)
14 Video enhanced night vision goggle ITT Manufacturing Enterprises, 99
(6560029) Inc. (Wilmington, DE, US)
Indium oxide—based thin film transistors and
15 circuits 91
(7211825)
Electroluminescent iridium compounds with
fluorinated phenylpyridines,
16 | phenylpyrimidines, and phenylquinolines and Ié:orr11 fﬁl lz%{flitln?i% It\loenm%lés Sg()j 91
devices made  with such compounds pany gtot, ’
(6670645)
17 Multi—feature—size electronic structures Alien Technology Corporation 90
(6606247) (Morgan Hill, CA, US)
. . Semiconductor Energy
18 l(jé%%lgggﬁwce Laboratory Co., Ltd. 86
2940292 (Kanagawa—ken, JP)
19 Architecture for distributed computing | Microsoft Corporation 36
system and automated design, | (Redmond, WA, US)

_45_




deployment, and management of distributed

applications
(7072807)
System and method for vehicle diagnostics Automotive Technologies
20 y g International, Inc. (Denville, NJ, 85
(7103460)
. Automotive Technologies
21 Sensor assemblies International, Inc. (Denville, NJ, 83
(7089099) Us)
Organic electroluminescent devices with .
22 enhanced light extraction ?ﬁ?ﬁ{rjl una E%\%C{trlés) Company 81
(6777871) yuna, Y,
Environmental barrier material for organic
93 light emitting device and method of | Battelle = Memorial Institute 76
making (Richland, WA, US)
(6570325)
Light—emitting nanoparticles and method of | Board of Regents, The
24 | making same University of Texas System 76
(6846565) (Austin, TX, US)
EL display using a semiconductor thin film .
25 | transistor Eegnlfotniucté)r Ltd (Jpg*:nergy 75
(6730966) aporatory 0., LiC.
System and method for providing thermal
compensation for an interterometric , an rrancisco, ,
26 i f i f ic | IDC, LLC (San F i CA 74
modulator display Us)
(7161730)
Electro—optic displays and optical systems . .
27 | for addressing such  displays IE\:/[AIH%SC)MDOMUOH (Cambridge, 74
(6900851) ’
O . : Semiconductor Energy
28 I(ég(ikztlgesnsn)ttmg EL display device Laboratory Co., Ltd. 70
e (Kanagawa—ken, JP)
Coatings comprising carbon nanotubes and
29 | methods for forming same Eikos, Inc. (Franklin, MA, US) 70
(7060241)
Architecture for distributed computing
system and automated design, - .
30 | deployment, and management of distributed %%gg?;grfltd WA US)Corporatlon 70
applications ’ ’
(7200530)
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<¥ 3-11>, <19 3-12>2 7|9 =7t
22kl ol EEI F SEAHE FolE Aotk
(Z19 =)o A AgE Fall Ad=E whget, Labellel 44 FL ==0] A
LT SH2E o Sek= 71 =49, Density W2 H

A (Blue — Red)o] =3k}

ol <3 3-12> Fe2H HHE e Rolch WA 187] 3 10749 AF Fej 28
(A7) Ze12E] e R )R FYse 7} FelzeE pgela FA, U

a8 7|19 EE 7)Esta Q)

<} 3-12> 53 7]199= E8/2=H £24(2003~2007)

FAFol 4 =44 iR
Cluster A
A : Fabrication Method 0.57 0.7
= B 7 e oled;emissive dopants;fabricating method;luminance;emissive region
Fodelir =44 Ux
Cluster B
B : Process Apparatus 1 0.5
Z2H7|H= vacuum chamber;electric apparatus;conductive member;substrate
ool A4 95
Cluster C
C : Film Formation Apparatus 0.2 0.2

electrical circuit;sublimation;first region;semiconductor display
| AH7| Y= device;impurities;layout;server;doped  nanowires;ldd  region;film
formation apparatus

Fodoliry =44 R
Cluster D
D : Materials 0.24 0.33

walls;materials;following structure;el device;lighting device;photoactive

S AH7| Y= . } ;
ligands;patterning

Bogo] 71 F94 | 2=
Cluster E
E : Optical system 0.32 0.46
projection system;platform;input terminal;capacitors;video

e 2E7HE : . .
camera;optical system;output terminal;cellular phone;first laser
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beam;driver circuits;laser;tft;capability

22719 =

ool A4 45
Cluster F
F : Image 0.2 0.4
presence;polymer composition;titanium;receptor;camera;imaging

system;second lens;micron;products;memory;first lens

FY2HIIHE

ool =44 Uz
Cluster G
G : flat panel display 0.37 0.84
electronic device;electroluminescent devices;flat panel

display;polymer;field effect transistor;optical film;rfid tags;fluoroalkyl;o
and;semiconductor;ic;oligomers;phenylene;monomers;manner;sensor
devices;oligo

Cluster H

Fodelir =44 U=
H : Lens 0.2 0.31

Y2HIIYE

polarizers;memory device;eyeglass frame;ink jet printing;light
source;multiple layers;means;single layer;semiconductor
material;spectacle lens;lens;light pipe;polythiophenes;depressions;wave
front analysis;refractive index

HEHIIYE

L A ETes A IS
Cluster 1
I : Coating and Deposition 0.25 0.15
binder;oxygen;organic optoelectronic device;semiconductor
substrate;electrical  contact;active regions;solar  cells;bidentate
ligand;second electrical contact;illumination

device;nozzle;spacer;integral compressible spacer;functionality;lighting
fixture;such devices;composite article;photovoltaic device;conductive
coating;diode device;light sensor;touch
screen;lampi;nanotubes;electrical
power;adhesion;controller;coatings;further embodiment;energy

4] 7713 FA4 | W=
Cluster J

J : Flexible Substrates 0.15 0.13

transmitter;organic photosensitive optoelectronic

devices;receptacle;display  screen;perimeter;display driver;circuit

board;tiles;flexible display;display

information;battery;donors;features;grid;keypad;quantity;resistors;backpl

Ze) 279 ane;display ~ apparatus;portable electronic device;electronic

= '“ component;printed circuit boards;optical sensor;flexible circuit

board;transmission;support structure;antenna;electronic

displays;integrated circuit;ohm;transceiver;electrical

conductor;electronic assembly;measurements;glass substrate;electrical
current;radio frequency identification;electrical communication

187)¢] 22]=H <]

Y 24>9] ExX w7} ¢

>~

ZAA WES 7)Eo R 2209 Fel Aol Wx|she o) <1
JEITh A3 Abe] Aol K0 wel thal 45RE 5 9

d], high centrality—high density, high centrality—low density, low

centrality—high density “12] 3L low centrality—low density 7-7Fo.2 Y+=At}. -3¢
HE2 AEsh < 20> 29 weh FhEE SEE S EEIH
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<3t 3—13> Centrality, Density

At A7) wE F

Ry

(2003~20073)

<1¥ 3-13> E3 7|9 S 2 A4,

oA A Cluster : 7]
Clus. G: flat panel display
1 High Centrality Clus. A: Fabrication Method
& High Density | Clus. E: Optical system
Clus. B: Process Apparatus
9 High Centrality _
& Low Density
3 Low Centrality Clus. D: Materials
& High Density | Clus. F: Image
Clus. C: Film Formation Apparatus
Clus. H: Lens
Clus. I: Coating and Deposition
Clus. J: Flexible Substrates
Clus. K: Print
A Low Centrality Clus. L: Control Circuitry
& Low Density Clus. M: Mobile Device
Clus. N: Composite Materials
Clus. O: MEMS
Clus. P: Oranic Materials
Clus. Q: Driving Circuit
Clus. R: Protective Materials

Density
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=

Centrality<= S¢]2~F] Alole] A4 AEE Yeh= AS = T glo] % S¢|~H
S 2E e Ado] WES YEATE 5, centrality 7} 2 S8 2HE 1 ok
o] H&= FAZAL & 4 Ut Densityt =2 2~E] o] 7|9 = Alolo] AARFEE
t}h. densitygto]l =2 S81AHE 1 Qb9 7]91E Alolo] AA(EALAY) o] v e}
71910l sfFeli= gom A4de] &isiA o] Fojx|= Aom FHs)E
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FQ BAo|411(2008~2012 W SEE3)
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H= sEmconmucrr devise.

@epiny device’

<71¥ 3-15> 24 @4 7]9= BEX W (2008~2012d, Density view)

<E 3-14>F EF5A 33E FY2H EHS A3 Aotk B 13719 S AHE A
gy 7 Fy2gEs 5

<¥ 3-14> E3] 7|19 =82 E2(2008~2012)

FAFolr =44 =
Cluster A -
A : Dopant Compound 0.06 1
S AH7|Y = phosphorescent dopant compound;chemical structure
gol F A4 i
Cluster B - - -
B : Thin Film 0.44 0.58
silicon nitride film;edge portion;photovoltaic cell;insulator;high
ZY2HIY= definition;protective film;photovoltaic device;organic compound
layers;transparent conductive film
EP AR P = A =k
Cluster C fj—=< 15 — Ee =
¢ . Displays 0.4 0.51
mobile phones;flat panel display;receptacle;display
screen;printhead;optical sensor;image sensor;pagewidth
S AHI|Y = printhead;printer;transceiver;display information;printed
substrate;server;sensitive display screen;handheld display
device;print media;mobile telecommunications dezice
FAFol =44 U
Cluster D - -

D @ Transistor 0.67 0.51
polarizers;electroluminescent devices;preparation;effect
transistor;optical film;field effect transistor;hydrogen gas;lcd;rfid

= AE Y= tags;integrated circuit;semiconductor;oligomers;ic;phenylene;ion
implantation;manner;radio frequency identification;deuterium;
fabric;sensor devices;oligo
Cluster E || H-Jo]+ A4 il
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E : Composite Materials | 0.57 | 0.44

ZHAHIIYE

composite materials;features;polymer materials;doped
nanowires;coatings;refraction;further embodiment;composite
article;nanoparticles;refractive index;nanostructures

Cluster F

Sl =44 A=
F : Display Devices 0.69 0.43

Sy 2H7|Y9=

liquid crystal display;organic photosensitive optoelectronic
devices;monolayer;multiple layers;solar cells;optical device;liquid
crystal material;interferometric display devices

Cluster G

gl A4 B
G : Printing and Deposition 1 0.29

ZH2EH7|Y9 =

ink jet printing;oxygen;heat treatment;sealant;substrate;metal
alloys;sublimation;fabricating method;flexible display;el device;color
filter;plastic substrate;film formation apparatus;nozzle;vacuum
chamber;memory device;impurities;single layer;red light;flexible
plastic substrate;organic material;inorganic
materials;evaporation;organic compounds;pixel regions;composite
film;glass substrate;depressions;organic el material;fabrication
method

Cluster 1 I35 8 SHE | A%
H : Flexible Materials 0.51 0.26

ZHAH7IYE

flexible organic light;binder;plasma;colors;conductive
adhesive;flexible material;micron;ionizable gas;luminescent
material;organic luminescent substance;flows;shadow mask;electrical
contact;electrochromic displays;interior surface;electronic
circuitry;electrical current;electricity;tubes;backplane;color
display;sidewall;energy

Cluster ] 12821773 S8 | 4%
J : MEMS 0.55 0.25

S AHIIYE

mems;microelectromechanical;treatment;silicon;display
driver;electromechanical device;light emitter;molybdenum;dielectric
material;carrier;etchant;modulator;products;protective
material;adhesive materials;injection;light modulator;such
devices;power supply;support structure;display
element;patterning;control circuitry;interferometric
modulators;backplate;titanium;second material
layer;adhesion;microelectromechanical systems device;protective
coating;movable reflector;photoresist;emissive
region;electromechanical systems device

Cluster K

ogo] 471 FA4 | U=
K : Optical Fiber 0.45 0.23

FH2HI|HE

light signals;eyeglass frame;optical fiber;display apparatus;laser
irradiation method;second lens;optical system;glass frit;spectacle
lens;lens;actuators;laser irradiation apparatus;first laser light;first
lens;presence;first laser beam;receptor;optical elements;active

regions;time delay integration;imaging system;laser;inert gas;wave

front analysis;high temperature;second laser light

_54_




Cluster L

i A4 Bk

L : Optoelectronic Devices 0.8 0.22

FH2HI|HE

diphenyl;emissive dopants;plastic film;cor;precursor;organic
optoelectronic device;semiconductor
material;substitution;iridium;fluoroalkyl;oled;materials;fluorine;monom
ers;carbon;bidentate ligand;quantity;polyimide;flexible
electronic;polymer;optoelectronic device;diode
device;alcohol;encapsulation;zinc;solution;nitrogen;polythiophenes;org
anic semiconductor material;biphenyl;polymer
composition;tris;donors;protrusions;second electrical
contact;types;silicon nitride;electronic
circuit;compounds;films;nano;benzene;organic solvent;zinc
oxide;indium tin oxide;following structure;hydrogen;nanotubes;
photoactive ligands;polymeric materials

Cluster M

FAtol =44 R
M : Drive Circuit 0.61 0.21

S AH7|Y=

input terminal;drive circuit;wiring resistance;channel region;power
source;semiconductor substrate;active matrix display
device;thresholds;external device;semiconductor device;driver
circuits;electric device;electronic apparatus;second signal
lines;semiconductor element;driving circuit;first power supply
line;flexible printed circuit;laser light;relation;channel formation
region;control circuit;first signal line;ldd region;first conductive
film;second switch;gate insulator;display periods;metal
element;impurity regions;frames;driving method;capacitors;electric
apparatus;thin film transistor array panel;heating elements;display
device;power consumption;fiber;output terminal;subset;portable
information terminal;first region;polarity;bits;layout;electric
charge;tft;source signal lines;luminance;video camera;electric
current;conductive coating;video signals;fourth
switches;semiconductor display device;electro—optical devices;base
film;major axes

Cluster N

1=} 2~
ol <47 R

N : Touch Sensor 0. 0.13

Ze) 2E7)9E

transmitter;optics;display unit;instructions;light
source;perimeter;circuitry;touch sensor;mechanism;magnetic
field;input device;circuit board;gaming machine;illumination
systems;touch panel;electromagnetic radiation;sensor
system;keypad;resistors;magnetic attachment mechanism;illumination
device;capability;spacer;projection system;electronic device;video
images;platform;microphone;lighting fixture;wires;user
interface;means;interior rearview mirror assembly;
transmission;antenna;ohm;control unit;light sensor;measurements;
electrical conductor;handheld electronic device;display
modules;reflective element;light guide;lighting device;connector;
controller;rearview mirror assembly;management;internet;
bezel;wireless communications circuitry;analysis;electric
field;electrical circuit;cellular phone;handheld
device;tiles;panels;battery;grid;spatial light modulator;integral
compressible spacer;functionality;module;display system;electrical
connection;control system;camera;portable electronic device;touch
input;conductive member;electronic component;printed circuit
boards;flexible circuit board;electronic displays;memory;touch
screen;electronic assembly;lamp;electrical power;magnet;electrical
communication;wireless transmissions;sensing device;electronics
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Cluster A .
A : Vacuum Deposition 0.89 1
S8 2=H ) . L . .
9 carbon nanotubes;electrodes;plastics;moisture;thin films;printing;coatings;vacuum
T —
ool A4 a%
Cluster B ] ]

B : Evaporation and Coating 0.97 1
292y thermal evaporation;luminescence;evaporation;optical properties;ink  jet
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)9 printing;ito;conducting polymers;organic polymers;low temperatures;light emitting
T = . .

diodes;ito glass;phosphorescence
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Cluster C - -

C : Barrier Materials 1 1

polyimides;passivation;barrier film;protective coatings;vacuum web coating;roll to
S roll;plasma enhanced chemical vapor deposition;ito films;water vapor;conductive
7199 = films;top emission;large area,magnetron sputtering;sputtering;coated

materials;zinc oxide;transparent electrode;metal foil;deposition;flexible
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substrate;glass substrate;plastic substrate;etching;encapsulation
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