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ABSTRACT

[. TITLE
Development of Key Technology for Interactive Smart OLED
Lighting

II. THE OBJECTIVITIES

- Interactive Smart OLED Lighting is a technology that overcomes
conventional OLED technologies. It offers ultra-slimness and
resistance against fractures. In addition it can be combined with
sensor and driving technologies to offer a new concept in lighting.

- We aim to develop interactive OLED light sources by combining
planar OLED technology and features such as ultra—-slimness and
fracture resistance. Such development will enable us to have
international competitiveness and technological superiority in OLED
technology.

II. THE CONTENTS AND SCOPE OF THE STUDY

Development of key technologies for interactive smart OLED light

sources.

-Development of key technologies for smart OLED light sources.

Materials and components for flexible light sources. (surface
roughness < 10 nm,light extraction efficiency > 20%)

Flexible planar light source. (thickness < lmm, power efficiency 20
Im/W)

-Development of appllied technologies for interactive OLED lighting.

Information display smart lighting system. (4bit dimming)

IV. RESULTS

O Materials for flexible planarization.

Planarization forming technologies using solution processes.
Double coated high refractive index polyimide film. Surface
roughness Ra = 2.84 nm achieved.

Surface roughness < 10 nm on flexible surfaces.

O Flexible light extraction simulation methods.
Establishment of optical simulation methods for various
nanostructures and refractive indices.

Optimized geometrical light extraction structures using FDTD
optical simulations

Possibility of achieving double light extraction efficiency by
combining low refractive nanostructure and high refractive



planarization layer.

O Fabircation technologies for flexible light extraction structures.
Nano hybrid Epoxy/TiO2 film with light extraction capacity

33% improvement in power efficiency compared to conventional
OLEDs

Light extraction efficiency > 20 %.

Achievement of 77% in total transmittance of nano hybrid
Epoxy/TiO2 films.

In order to find new materials additional experiments are in need. In
particular films thickness and light adsorption have to be
considered.

O Electrode and insulating materials for low temperature
processes.

Fabrication method for graphene anode equipped OLED.
Graphene laser patterning technology.

Structural design for leakage current suppressed graphene anode
OLED.

O White OLED technologies on flexible substrates.

Development of flexible OLED light source on Polycarbonate/IZ0O
substrates.

Convergence technology of flexible substrates and OLED lighting
technologies.

Operating conditions for IZO anode equipped OLED.

Light emitting OLEDs under bending conditions.

Thickness 0.8 mm, power efficiency 24 Im/W (@ 3000 nit).

O Constructing infra facilities for film encapsulation.

Flexible encapsulation process and vacuum lamination set up
installed in a glove box.

Suppression of air void formations between device and
encapsulation film surfaces.

Modified flexible encapsulation process for large area substrates.
O Smart OLED lighting system.

Short distance wireless communication technology. Android platform
based smart phones. Wireless control of smart OLED using smart
tablet apps.

O 4bit dimming OLED lighting operation driver.

Current driver for stable operation of OLED light source.
Possibility of using 6 port in one channel simultaneously.

4bit dimming operation.

O Wireless power transport for OLED lighting.

Wireless power transport using magnetic resonance technology.
Operation of lighting facilities without electrical wires or



connectors.

. EXPECTED RESULTS AND PROPOSITIONS

O We have established fundamental technologies for the fabrication
of flexible OLED light sources. We plan to develop improved core
technologies for reliable smart OLED light sources.

O Our infrastructure for the fabrication of flexible OLED light
sources will be used as supporting facilities to related companies of
components and materials developments.

O Wireless communications and power transport based interactive
smart OLED lighting technoliges will be applied to construct lighting
systems.
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CAA Ve A
=T T2 e e st Lrodn| pasy
® DOE project ; GE KODAK ubc
= EeTiseien Le i . E®AS OLED | —OLED £X®™ | —PHOLED &N
E -~'09 MM LPITH|O] 46.8% TN e m7@ g J@ g
— | - 201244, T00Im/W, 505/kl, 3008/m? | . ‘10 Bat - LGOI 2o | —2011H Yat
———— | - 20151, 150Im/W, 105/klm, 90s/m2 | FX A ayH A=
¢ OLEDIOOeu ; Osram Philips Novaled
=EoEn st einE MHZIZ OLED £ | Lumiblade, - OLED 2K/
- 20122, 100Im/W, 50$/kl. 1508/m® | s xjmi('07) Tech. kit AIEF | &XpAMI|E
- o NEMO; -4 &AM, 32me/257 ('09) e
© BMBF project (S @E “xus an
- Lili ; MerckZ==, 7gu[ 1= TIMS/3Y / Mgt
- Solight : Novaled, 712,88, 147me | OrbeosHH |~
Al (09) A
® NEDO project ; TohokuDevices | KonicaMinolia Lumiotec
- 04— NS, 43H2FY @ Al osaAk g
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- 20T, ¥670/kl, ¥10,000/m?
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- TTE TEHS ANAR
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(‘'09)

Y Y ('09)

gAY

<29 5. AA Fa=9

OLED 7]%= 7 &3>

[7=]

o 1999 JdXE 2020 3d7+A DOE (Department of Energy)e] Aoz w|xt A A
oluxe] 20 %E Anlsti U= £BWE duA 9 doks 93 WNyxWS
oA FzPoR diAEY] 9% ¢ Next generation lighting” Z=2AET}

g za)

© DOE Z2AEE FH 3 d &< 749 9E R dAFHIZ 51 719

Ta2AEVL FyEon, o]F OLED Hok= 25 /e Z2AE- A
AFH1] 49.2 %9l 36.9 &S] FAFAS
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<% 1. V] DOE Z2AE] F9 7|& ==q>
5

Metric | 2007 | 2000 | 2012 | 20
Efficacy- Lab
(/W) dd 76 150 150
Efficacy-
Commercial N/A 34 76 150
(lm/W)
OEM Device Price-
($/kIm) N/A 72 27 10
OEM Device Price-
($/m?) N/A 216 80 30
Device Life-
Commercial Product N/A 11 25 40
(1000 hours)

ZA]: technical committee, Fall 2008

o DOE X2 AE° OLED =4 7]& /&2 2015174 100 Im/W &) &5, 10
$/klm 7}EE EFEE Philips, GE, OSRAM Opto Semiconductors, Universal
Display Co., Dow Corning Co.,9} Princeton Univ. 59 Ak-8h-¢do] Zro]s)o]
2009 19 @A 25709 ZEAETL I3 Foll &

O Universal Display Co.©= 13&A % ol& o]&g WA OLED /W&
Fstal 9low, 2008 d el FaEF g e o83kl 1000 nit 1A 102 Im/W

o GE = 2007 d Konica Minolta ¢} EUHE Howf 3 d ol AEFS
EAshE AS HRE AT JhdEeln, 2008 | AlAl HEE Roll-to-Roll

AZZWE A8F OLED =9 A% AAste] A7 OLED =wel

<19 6.GE 9 X5 =1 AlAE>
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Dupont ¥+ 2009 W 7 9%¥ DOE ZH ¥ 26 #wt B9 x7& ol 14 719
TRAES A& Foln, &NFHE AwA OLED AuAdz &4 A7t

o
OLED €934 7|+ /Ms ER2 ot &

Kodak € 20094 5945 H 24 5o OLED x4 #9< 93t 7]4 2 3A 9
NEe ExE 1.7 Wul Bo] & Wwolal, 15cmXx15ecm OLED 3 do A
50Im/W o]AFe] @83 20,000 AlZF o]kl 1 AIZtS TZ2AES [ F

[#+4]

o

OLLA (Organic Light emitting diodes of ICT & Lighting
Applications) ZZ A EE 2004 @ 10 Dol 2008 @ 8 €714 15 X 15 cm?,
50 Im/W, 70 CRI, 10,000 A|ZF =€ ¥4} OLED Wxw 7/fids Hig=
Philips, Seimens, Osram-0S, Novaled, Merck & 24 7§ A<+ surt
Aot Mo 3 A5
OLLA Z2AE9] $& TzAERZ OLED100.ecu T2 E7} 2008 d 9 Y-
3 7k 100 Im/W, 1 m X 1 m, < 100 euro/m® & E%& 30 M$ 70 =

iR

RS

=d WSATE(BMBF) ZZ A EQl OPAL(Organic Phosphorescent diodes

for Applicaions on the Lighting market) Osram, Philips, Aixtron AG,

Seimens CT, Applied Materials 52 SAo® 1889 OLED #49S +

cents/cm’ 7FA o2 Qi = Y V& AR BEE FNHL 98

OPAL ¢ 2008 V& HEXE= 18
Ak

WG 5 e A

£ WA OLED 2 4 € cents/cm® 7Mo%

7% 7fdtoln] OSRAM-0S + OPAL 2008 ¢ d3gto=
g8l 1,000 cd/m® ¥7lelA 20 Im/W ool Wt g8 zte ZIRE

B} o] WA OLED %S AaAg

ROLLED Z2#E= 2004 dHE 2008 @74 Roll-to-Roll 7|&= #7174 ¢]

OLED 7S Ex= VTT, CSEM, INM, UPM, Hansaprint, Ciba, PolyIC A}
zhod g
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CombOLED X2 A E= Osram, Seimens 5 4 7§= 7 7} 713 o3& 3 Az
F-85]m A 7}ZA <] OLED Lighting & H%& 2008 1 €5¥ a5

Fast2light ZZAE= 2008 W5-E 2011 W7HA Philips, OTB, IMEC % 15 7l
7)o ekl A58 PLED 24 9 A7H4, roll-to-roll, fiH* &4

e NS Bxe 9

OLED =4E& A& Azd HaFstel OLED =9 /s A8y F<
Philips & EAA1E 39S =322 2009 OLED %9 %AHS A #8

g2 AHHo A3t TOPLESS(Thin Organic Polymer Light Emitting
Semi-conductor Surfaces) ZZAE7} 2008 WHE 2010 W74 £3.3M ¢
ATE7E FdHol sdEa 9lew, Thorn Lighting Z¥3ALE THoR
Sumation, Durham ™3 So] FHosle] polymer AA 7]¥to gz 3fe] 20
Im/W 2] W& OLED AeS Rz g

92Te AAAHQ =9 tzlolyl Qlumte-#(Ingomaurer)$t 7] thekst
tiApQlo® OLED 9o HI7P7HAE Folve =82 af $how, 2009 d

SHE7)1 HE 'Orbeos' H== 39 dufE A2t
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o H2E 20098 AH-EH Lumiblade' 2} B#=9] OLED 294 & 3¢ #vj=

AlAgom, AA Hz=2 w7 (nteractive) OLED - Aldsk v g5

| | 1
1 —-. !
SNEEE LITTITT
— ¢ 1 11
L 1 L1l
} —
r u
o -
r - |
™ s et e
an Sansanssraiaie:
gt

<a¥ 8. "H¥x9] OLED %>

[LE]

o 271EF N7 (NEDO)/AE 7% 574 o= 2004 d 4 9 ~
2011 3 3 €7bA] 43 oo A4uE F9
Zge nmuAEEdd IMES 59 OLED %4 #d A=

o NEDO + 2008 3 G8 AA3HolA ‘ Zero emission house'E &7H3om,
AeiauEs g o® OLED x9S Addter » AR OLED %4

15to] BLU % drtxr 7ds
|

7l Alds 2 vk S

© Yamagata &3} IMES A7} & A OLED & MPE
(Multi-Photon Emission) 722 7jate] 2005 W A Z=rgubghs]o] A 28 X
28 cm® 6 cm X 8 cm W4 OLED W x9S A3t

© Yamagata W8] Kido nH> x84 1% OLED EFAE= 133 Im/W
a59 Green OLED ¢ 53 Im/W White OLED & 7}&-3gt

© Tohoku Devices o= LCD & #etolE FHl o2 AFa; 1FAaAE o] &3

=g WAl OLED 2A4E /H23ak99-S (1,000 cd/m?, 10,000 hr)
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- E#EIA

<19 9. YE Zero emission house W& OLED Z*%>

o Matsusida AlellAl= OLED WxW-S /W¥sta 9low, 71 Im/W o 1&g
Z7g 2 20059 A xgures]ol A Ajdd)

o Matsusida =%, ROHM, Toppan printing, Mitsui & Co. A7} a2t A H3s
Lumiotec AF= MPE F-%29F 3 A2AE AL 14 x 14 cm® 7], 5000 nit
7], 20 Im/W dEanE Ad £%8 OLED #HdS 2009 dN-E Fied

Aee Trd

tlo
55

2. 7 7|&=4ds

o FUolAE MA Al 1 999 OLED tlxZdo] A¢ Aol Esta x4
S8 A% Ve RS Azl vlste] of 5 o] = Al
02006 11 "ol el = A 5oz AAAA T s8] 20129 10 E7HA]
100 Im/W HA FL4& APsts 2 HxE OLED & o83 W3 7=
Mk TA7E A 2.
- AN EATYY) FRor 167 Atgtdo] ol
- 2009 & @A, 1 @A dA7AzE 150 x 150 mm® ¢ thdF

FARHNEATDIE 50 /W ool WA FAGDTAAENDT)
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o FTHAAFAATYL 2001 @ AHRFAF A Ysle] © Flexible tlz=Zd o]
Abdell FHejste] WA OLED o] wist 155 a3k o]gl= OLED 24§ A
Fo dig Fa e 9 A9, xEE gRrsta .

- 20013249 ~ 20073149 ;° Flexible t]=Zgo]” A5 W4 OLED

714 @ ZeExMqE OLED 7]« 7|udh

- 2006 11 ¥ ~ @A ; ° OLED 7]&=5 o] &3 W3 7= /i AAF

aas WA OLED 7l 7HEel Fofste] 70Im/W o3 & SA=

= QAZE I LG 5438 A4 SMD,
LG stgte 2012 @ ks Bx=

vt 9l

160 x 50 m, >00% THE, 217m 54, 3000nit

<¥ 11. 44 SMD(EHS}F LG sHeh(-)9 =1 3d A A|=>
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2. 7133

OLED %W naa3te FAAe] =2 7|2 2020 o 7] 2H(Md5,
T+

0]
BEs )9 50%s AT A9l 2005 @ whH] of 28%° oux Hi A

<3 2.0LED x%¥ 7]& x4 s nlu>

OLED % LED

Technology LR (2020
2007 3| 20123 | 2020 1)

of
O,:L_l,
ofrt

Luminous

Efficacy(Im/W)

50 150 200 16 85 200

Life time(Khr) 5 10 20 1 10 >100

Flux(Im/lamp) 3,000 | 6,000 | 12,000 | 1,200 | 3,400 | 1,500

Input
60 40 60 75 40 7.5
Power(W/lamp)
Lumens Cost($/klm)| 100 <5 <1 0.4 1.5 <2
Lighting Market RRRS
wel s
Penetrated Al 2

o AZt-27d-8l Wy OLED HA™ =W d AAHCR A5 woprjolmnz

gns Jbesn AR J)|E AE dadAY 7E 99
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o AA ZHAFL 2008 71+ oF 1,1309E FEE A S54%% AL AH Folu,

A AA = AIFS GE, OSRAM, Philips & ¥ 37F /& 50%0]°dS #4435t

o T ZRAY FRE FF 27 9, 9 29 A=A A AANG FR 2.3%

o Il ZYAES FE 49 M$, 9 106

A sk, F7lEokel A E 27 91, 7Y 25 9 rEE U FAH

Ak (27 LG AAE)/ A=z rEdTa)

=

) $2H 7 4zt 2 weln, £Ee
AS WA=, BEE, B3, AMER 5 58 74 Sol wa) Re 292 =

(27 + AAFSE AR 2005.01)

<3 3. =W A Eekel =7t AAA ve>
(39 JE, %)

T 2002 49 2003 9 2004 9 200549 2006 (WL

AR 225,271 291,878 472,971 605,315 847,441

162,470,528 (193,817,443 253,844,672 284,418,743 | 282,599,292

=
e
ofj
KN
n]jzll

H| 0.14 % 0.15 % 0.19 % 0.21 % 0.30 %

siEAked| 1,762,330 | 1,888,765 | 2,000,687 | 2,130,732 | 2,269,228

F A 2bxx| 642,748,100 | 662,654,800 | 693,424,000 | 699,875,200 -
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H] = 0.27 % 0.29 % 0.29 % 0.30 % -

gAY 25,788 277,227 25,775 27,064 28,417

AEFTHY 14,326,666|15,126,111 15,161,764 |15,035,555| 14,956,316

H| 0.18 % 0.18 % 0.17 % 0.18 % 0.19 %

* 2006 A& 1~2 /] AAXE 2AZ 3 XA (3 : $1=1000 9)

s A7 GAAE SFYEFAAATD (2000 EWoA)e] 7E

=
DA AGANY C GeBPY | AXTAP  dw
FEY B, dTeY  FAAY

o OLED ZWA]4-2 2009 AH-H AlFS A ste] RoHS 7F ¥ra s+ 2006 174
A ANGS PAT Aoz ofAdm 20109 4 A9, 20209 1% 5799

AA FE7} dAE (24 IDTechEx)

I?ﬁ] {allian i
: OED EENE 17l :-.:s||||:;| nlizinn |
200 .  +
J S SR I
N =L
2000 : Thagzzacznl
it amp
1. '
OLED
1,008 G 2 Lighting
1
gk
40 ;0D A MOZiOENG I WS Bug
13 _._..E-EE"""""‘-",
Comm om0 mtz W wia 0 mis [BE] GLED lighting market in Japan can be £ billicn 5 in 2020,

% 27 1 fruakd el 4% 2008, IDTechEx 2006

<Z1% 14.OLED %949 Al >

o OLED H2Eelo] 2ol /A&t BAd 4728 2 5o st
A1 Sle AgEe AW gaZdel e sEd 2 Quas

olggromA et FAH A3 mahvh 7).
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