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Flexible OLED lighting devices with ultra—thin glass

[BERITSADEE]
> BT BT HETILEXLVTILERE (ES50 4 migE)
 PBEEDHSAERGR, BNT=H RN\, THEE., THERE, REFIBRELGEEZFT TS,
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Flexible OLED lighting device (92mm[]) with ultra—thin glass (fabricated by NEC Lighting)

Stainless steel foil (50pum)

Fill material

Cathode

Or ganlc layers
(plural layers)

ITO % *Ji"j"fx 92mm X 92mm

Sealant
Sealant

Ultra thin glass (50um) FILTUT :75mm X 75mm SAFALT I
o i, " (NECTA T4 T T—2R)
O BREL/NRILIER :NEC A T1>7 (201543 7)

* UniversalPHOLED@® Phosphorescent OLED Technology and Materials from Universal Display Corporation
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Flexible OLED device with ultra—thin glass (supported with protecting film)

Flexible film [*]
~ Encapsulating layer [*]
Al (80nm) O ROESS0 U nO BB SR LR

BOLXDTIIVEBERASA(BEAEREF)

DPB:Liq (25%) (44nm) | BNT=ARN\YTHE
| Alg:C545T (1%) (30nm) | - it St

a-NPD (80nm) - i 2R fm [

HIL (60nm) - RE

1ZO (130nm)

Ultra thin glass (50um) Wi2ERA S REIN L AFR R 1)L LB
Flexible film (12um) F-115),

(] SIR—hEHIE HHN) ® B[ Ut 1 ifffé&;@@%l{

(HROEET L LERES]  (BI%A]

(& BATPETI AL L)

Rt AKX :50mm X 50mm ﬁﬁigb\;ﬁ’g\aﬁﬁb s 75\1"_75\1973(4\

FHILITF :32mm X 32mm =
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Flexible OLED lighting devices with stainless steel foll

[SHEXTILREORE] ;
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> BN=H RN T, HEE, HRRE. ERREETEZRT S,
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drying curing
dryer furnace ‘

coating

roll of planarized
stainless steel foil

r———---

gravure roll

coating solution

(a) F1H1E,
Flexible film [*]

L Ev0s ~ Encapsulating layer [*]

1.E+02 ( RERSRsees RSESRARRans
_ 1E+01 . — Ag (20nm)
E /W g i
2 o / DPB:Liq(25%) (44nm)
£ e [ [ Alg3:C545T (1%) (30nm)
3 e /J HTL (40nm)

1.E-05 e

1 E-06 v/v o » MOO3 (5n m)

1.E-07 s ITO (10nm)

0 | : Voltzge V) 4 5 6 o Al (70nm)

HP Planarization layer

Stainless steel foil (50pum) *&'U"fx 50mm X 90mm
(] BRD BT 7 AT /B %‘ tT7 :32mm X 32mm

> N. Yamada, H. Kobayashi, S. Yamaguchi, J. Nakatsuka, K. Nose, K. Uemura, M. Koden, H. Nakada, IDW'14, FLX6-4L (2014).
> N. Yamada, S. Yamaguchi, J. Nakatsuka, Y. Hagiwara, K. Uemura, IDW'15, FMC3-1 (2015).

l SRERTULABZEAN=2mmATILX T IVEHELRB/ SARIL (NECTA T2 T R

Flexible OLED lighting device (92mm[]) with stainless steel foil (fabricated by NEC Lighting)
Flexible film

Fill material

=
O
Anode E
Organic layers | |o
(plural layers)

Cathode
Planarization layer

Sealant

LR A X -92mm X 92mm
%" T!J7 :75mm X 75mm

S HREL/ARILIER NEC 54T Stainless steel foil (50um)

* UniversalPHOLED@® Phosphorescent OLED Technology and Materials from Universal Display Corporation
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BRBR3: /N7 I4IVLERAWN =L TILEBEL/ARIL
Flexible OLED lighting devices with barrier film

(%78 \UF I L LD E]
> NUZBBOHDFR T EHERTR (A BERET . ALYPM-M)

a \UTE2BDAHDEFRNITEMERAN-ILEXLTILEHEL/ AR
(BN PR ST, AILYPM-M, FEBACS. LU KEE)

OLED device with novel barrier film consisting of only two barrier layers

T K5

YAMAGATA UNIVERSITY

_ FlodbleMm BKKSEBE(CaEBE) (40°CIO%RH)
Encapsulatlng Iayer [*] 1.E-02 CafEEBDIF
Al (800nm) ~ - S 40°C90%RH 1000h
DPBLIQ(ZS%) (44nm) g 1E-03 | WVTR=1.6 X10 g/m /day iy
Alg:C545T(1%) (30nm) £ 0
a-NPD (80nm) T
HIL (60nm) 5 | Eg5 L Lot m et —oomt ¢ i
1ZO (130nm) = 8
Wet barrier layer 1.E-06 | ' | | ' s '
_ 0 200 400 600 800 1000 .
Dry barrier layer Time (Hour) 12mm
PEN (100pm) B/N\)7I74)L LAV -EBELETDHIETEEE
[¥] SIHR—E1E (HRA) 200 . (B0°CI0%RHIRZF) A p PP WA Lk dls
~ 180 - ‘
§_ 160 - | /—u\ |
b,0140
x 120 ~ .
-‘;‘, 138 ASAHRZEHIE
§ 60 - o |
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"0 0 o we @0 o so o NERAIFERM

Storage time (hour)

HixH 14X :50mm X 50mm
FHNETT :32mm X 32mm

l VT4V LERN=2mmATLF LT IILBRELRB/ AL (NECTA T4 T EH)
Flexible OLED lighting device (92mm[]) with barrier film (fabricated by NEC Lighting)

Stainless steel foil (50um)

Fill material

[*] WVTR: Water Vapor Transmission Rate

o
) c
- ©
> Cathode &
© D
o| | Organic layers | |
P11 (plural layers)
ITO
Barrier layer
PEN LR 4 X:92mm X 92mm
FEFT1)7 :75mm X 75mm

O EHEL/NRILIESL:NEC SA T4

* UniversalPHOLED® Phosphorescent OLED Technology and Materials from Universal Display Corporation
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OLED lighting devices with non—ITO transparent electrode

ITO(Indlum Tin Oxide) DER7R :

it -OQEZRE+IAMN)VTOER, QF D EIR (In)

-gRIFIZ550L

E EIRIA XSk 2HRBAEBR B #TZE A =AH#EL/ SR
OLED lighting device using non—ITO electrodes fabricated by printing

(RXRBAHRI, DIC, I©MEVF)—., 7. KG#H,. FEBACS, BAEBSRIEHF. LUFEKXRZE)

Insulating layer A% 1) — 2 ElRI

Cathode Transparent
Organic layers

H

Substrate -\\ Ag 7-[:?/|:|~7|’E|?#Ij7

/ conducting polymer 7 L ¥ JHIR

» T. Furukawa, N. Kawamura, M. Sakakibara, M. Koden, IDMC, S4-4 (2015).

HEirH A4 X :50mm X 50mm
HICTYF :32mm X 32mm

B BT/ T4 —(AcNW) [E LB EERY v —EE AV -ABELEBB/ RIL

OLED lighting device with non—ITO electrodes consisting of silver nanowire (AgNW) and transparent
conducting polymer

Metal foil [*1]

Organic layers

Conducting polymer

$1] BRDFRIT7A T/
Ultra-thin glass (50um) [*2] *2] BHAE ’:Lﬁﬁ?iz

Protecting film [*3] +3] = Z£#tAE

1.0E+03
1.0E+02 w‘i’

§ 1.0E+01 9909%9999“‘”
' o
£ LOE+00 o
2> 1.0E-01 .
2 1.0E-02 *
g 18582 0 00008 O AgNW / Conducting polymer
£ o o @ Reference (ITO anode)
5 LOE-05 7o oveettes
1.0E-06
0 2 4 6 8 10
Voltage (V)

Cathode

Oranic lavers

100%
80%
60%
40%

20%

Luminance (normalized)

0%

HigH 14X :-50mm X 50mm
%éﬁ'n'::t')? :32mm X 32mm

> R, JIFESE, [ES ARELS me
2 2 0 [=fF]<, S6-3 (2015).

> GEEE, J IR, P HEC, HEGTE B
PRELS w5521 2], S4-9 (2015).

O AgNW / Conducting polymer
@ Reference (ITO anode)

Driving at 10mA/cm?

0 500 1000 1500 2000 2500 3000
Time (hour)

Substrate

> T. Furukawa, N. Kawamura, J. Inoue, H, Nakada, M. Koden, SID 2015, P-57 (2015).
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Q I&iﬁ%%im% Publications

EPREH; (International conference)

» M. Koden, SID'14 seminar (2014). (USA)
"OLED Devices, Processes, Encapsulation, and Flexible Substrates "

» M Koden , H. Nakada, Nanofair 2014 (2014). (Dresden) [Invited]
"Flexible substrate with alternative electrode of ITO for organic electronics

» M. Koden, H. Kobayashi, T. Moriya, N. Kawamura, T. Furukawa, H. Nakada, IDW'14, FMC6/FLX6-1 (2014). [Invited]
“Flexible Substrates and Alternative Electrodes of ITO for OLED Lighting”

» D. Kobayashi, N. Naoti, T. Suzuki, T. Sasaki, T. Furukawa, IDW* 14, FLX3-1 (2014). [Invited]
“Novel Roll-to-Roll Screen Printing Machine for Flexible Devices”

» T. Furukawa, K. Mitsugi, H. Itoh, D. Kobayashi, T. Suzuki, H. Kuroiwa, M. Sakakibara, K. Tanaka, N. Kawamura, M.
Koden, IDW'14, FLX3-4L (2014).
“Patterned ITO Film by Roll-to-Roll Process on Ultra-thin Glass”

» N. Yamada, H. Kobayashi, S. Yamaguchi, J. Nakatsuka, K. Nose, K. Uemura, M. Koden, H. Nakada, IDW'14, FLX6-4L
(2014).
“R2R Planarized Stainless Steel Foil for OLED Substrate”

» T. Furukawa, M. Koden, Large-area, Organic & Printed Electronics Convention (LOPEC), P3.3 (2015).
"Flexographic Printing Technology for Silver Nanowire"

» H. Tamagaki, K.Tanaka, K.Oishi, T.Furukawa, Society of Vacuum Coaters Technical Conference (2015). (USA)
“Roll-to-roll Vacuum Coating System for Development of Flexible Substrates for OLED Lighting”

» T. Furukawa, N. Kawamura, J. Inoue, H, Nakada, M. Koden, SID 2015, P-57 (2015). (USA)
"OLED lighting devices fabricated by flexography printing of silver nanowire and conducting polymer*

» M. Koden, Seminar of LED & OLED Expo (KINTEX Convention, Korea) (2015). (Korea)
"Development in Yamagata University Organic Thin Film Device Consortium*

» M. Koden, The Twenty-second International Workshop on Active-matrix Flatpanel Displays and Devices (AM-FPD 15),
2-1 (2015). [Invited]
"Flexible Substrates and Non-1TO Transparent Electrodes for Organic Electronics"
» T. Furukawa, N. Kawamura, M. Sakakibara, M. Koden, Proc. of IDMC, S4-4 (2015). (Taiwan) [Invited]
"Printed Transparent Electrode for OLED Lighting Devices"

» N. Yamada, S. Yamaguchi, J. Nakatsuka, Y. Hagiwara, K. Uemura, IDW'15, FMC3-1 (2015). [Invited]
"Planarized Stainless Steel Foil for Flexible Substrate"

F L RRE (Exhibition)
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