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® T. Furukawa, J. Hauptmann, T. Nakagaki, R. Ikeuchi, M. Sagawa, D. Nagata, J. Nakatsuka, IDW’21, FLXS5/FMC6-1 (2021).
“Roll-to-Roll Fabrication for OLED Lighting Using Ultra-Thin Glass Substrate and Encapsulating Stainless Steel Foil”

® T. Nakagaki, T. Kawabata, H. Takimoto, T. Furukawa, IDW’19, FLXp1-9L (2019).
“Scribing Tool and Cutting Method for Ultra-thin Glass”

® T. Furukawa, K. Mitsugi, S, Akiyama, H, Itoh, D, Kobayashi, T. Suzuki, H,kuroiwa, M, Sakakibara, K,Tanaka, M,
Kawamura, M, Koden, IDW’14, FLLX3-4 (2014). “Patterned ITO Film by Roll-to-Roll Process on Ultra-thin Glass”
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Stainless steel foil (50um) Stainless steel foil (S0mm)

Barrier resin Barrier resin , Insulator Barrier resin
Insulator Insulator
Cathode / Cathode /
Organic layers Organic layers - Ag Organic layers
(plural layers) / (plural layers (plural layers)
[] [] / a m A [] [ ]
170 17.0, 170
Ultra thin glass (50pm) Ultra thin glass (50pm) Ultra thin glass (50um)
oGEL + Film
Device structure : :
Stainless steel foil 30 WO PETEGEL
PET#50/GEL#250
Glasses i 7, PET #50/GEL#500
Melamines ® W e e PET#100/GELF250
0 PET * 9 20 | — — PET#100/GEL#500
© Acrylics <or: 2 K
E Polypropylens © ah 15
tEU Polyethylenes @ E
Vulcanized rubbers e ﬁ 10
Silicone rubbers = P
OPTaGEL —or
1.E-06 1.E-04 1.E-02 1.E+00 1.E+02 0
Young's modulus [GPa] 0 0.2 0.4 0.6 0.8
Displacement [mm]
Young’s modulus of various materials Pressure stress test (aGEL)
Stainless ball(64g) Stainless ball(230g) Ballpoint pen (0.7mm) Table Drop impact test result
Protection layer Height when glass cracked [cm]
Cover film OPTaGEL t250pum Stainless ball drop Ballpoint pen
/ Thickness [um] Needle penetration [1/10mm] 64 [g] 230 [g] drop
- 60~80 20~40 10
PET / 100 - 90~100 60~80 20~50
PC /200 - 50~60 > 100 50~70
PET / 100 130 Soft > 100 70 50~60
PC /200 130 > 100 90 50~70
PC /200 90 > 100 > 100 80
PC /200 50 > 100 100 50~60
PC /200 25  Hard > 100 80~90 60

Drop Impact test (¢ GEL)

AABESHMTFHRISH, SEXIVYEVFIEBRRSH,
BE&7IHL&ITUT7IVHEASME, RRXE1 24D, THT—THA 4t
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® T. Furukawa, J. Hauptmann, T. Nakagaki, R. Ikeuchi, M. Sagawa, D. Nagata, J. Nakatsuka, IDW’21, FLXS5/FMC6-1 (2021).
“Roll-to-Roll Fabrication for OLED Lighting Using Ultra-Thin Glass Substrate and Encapsulating Stainless Steel Foil”

® M. Natsuka, Y. Ono, H. Mataki, S. Usui, H. Suzuki, M. Abe, T. Furukawa, IDW’21, FLX5/FMCe-2 (2021).
“Protection of OLED Lighting with Ultra-Thin Glass by Special Silicone Gel”
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(WVTR: Water Vapor Transmission Rate)
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NIPPON STEEL Chemical & Material
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Flexible substrate Stainless steel foil (50pm) Insulator Stainless steel foil (30pm) Insulator Flexible substrate
Barrier resin Barrier resin Barrier resin Barrier resin
Semi-transparent cathode Cathode Cathode Cathode Insulator

Organic layers Organic layers Organic layers Organic layers

(plural layers) (plural layers) (plural layers) | (plural layers) |

TCO (Transparent Conducting Oxide) B [ [] ] 1Z0O
Reflective metal 1Z0 1720 - SiOx barrier 1 ]
: i X DATTICr Tayer
| ETTE Ve P T £ Ultra thin glass (S0pm) Ultra thin glass (S0pum) ; Y
oGEL+firm Plastic film

FARS S, BRTIALATTFUT SRS, BABREFHISA,
=EX(VEVFTESR S, BALHBERRE, THT—T a4t
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® K. Taira, Taiga Suzuki, W. Konno, H Chiba, H. Itoh, M. Koden, T. Takahashi, T. Furukawa, IDW’18, FLX2-4L (2019).
“Development of High Gas Barrier Film Using Novel Precursor by Roll to Roll PECVD”
® T. Suzuki, W. Konno, K. Taira, H Chiba, H. Itoh, M. Koden, T. Takahashi, T. Furukawa, IDW’18, FLXp1-10L (2019).
“High Gas Barrier Films with Heterogeneous Multilayer”
® K. Taira, T. Furukawa, N. Kawamura, M. Koden, T. Takahashi, IDW’17, FLXp1-8L (2018). “High gas barrier film for OLED”
® T. Furukawa, N. Kawamura, M. Koden, H. Itoh, H. Kuroiwa, K. Nagai, LOPEC (2017). “Gas barrier film for OLED devices”
® Y. Hagiwara, T. Furukawa, T. Yuki, S. Yamaguchi, N. Yamada, J. Nakatsuka, M. Koden, H. Nakada, IDW’17, FLXp1-9L (2017).
“Roll-to-Roll Patterning of Reflective Electrode on Planarized Stainless Steel Foil”
® M. Koden, T. Furukawa, T. Yuki, H. Kobayashi, H. Nakada, IDW/AD’16, FLX3-1 (2016).
“Substrates and Non-ITO Electrodes for Flexible OLEDs”

® Y. Hagiwara, H. Itoh, T. Furukawa, H. Kobayashi, S. Yamaguchi, N. Yamada, J. Nakatsuka, M. Koden, H. Nakada, IDW/AD’16,
FLXp1-5 (2016). ”’Roll-to-Roll Processing of Silver/ITO Continuous Deposition on Planarized Stainless Steel Foil”
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Roll-to-Roll (R2R) Fabrication of Barrier Film with Transparent Electrode
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BT D&
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T V. / Flexible substrate
« g TS ¥
R2ZR | o, 8102%/\J IZOX/\ B IVFUT . = Flexible film
PENI(ILL | P — pgeyp | yvg  A—xFER er | PYTIYT Barrier layer

~~~~~~~~~~~~~~~~~ ’ Barrier resin
~~~~~~~~~~ o /,/" Cathode
\i RZR}?’E}%%E (FEBACS) ﬁ %EL 7__,/ 3 A2 | Organic layers |

...................................................... (plural layers)
170
SiOx barrier layer
PEN film

B SULVHR/NYF7:WVTR =6. 3 X 10—6g/m2/day

Cross section of barrier layer CVD deposition mechanism

FAGRR 2, RV—HKA2#, B2t tU7IoO=7)LY,
Xt P ®EAT, kX2 FEBACS,
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® K. Taira, Taiga Suzuki, W. Konno, H Chiba, H. Itoh, M. Koden, T. Takahashi, T. Furukawa, IDW’18, FLX2-4L (2018).
“Development of High Gas Barrier Film Using Novel Precursor by Roll to Roll PECVD”
® T. Suzuki, W. Konno, K. Taira, H Chiba, H. Itoh, M. Koden, T. Takahashi, T. Furukawa, IDW’18, FLXp1-10L (2018).
“High Gas Barrier Films with Heterogeneous Multilayer”
® K. Taira, T. Furukawa, N. Kawamura, M. Koden, T. Takahashi, IDW’17, FLXp1-8L (2017). “High gas barrier film for OLED”
® T. Furukawa, N. Kawamura, M. Koden, H. Itoh, H. Kuroiwa, K. Nagai, LOPEC (2017). “Gas Barrier Film for OLED Devices”
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® Y. Kawamura, T. Takahashi, T. Furukawa, ICFPE 2021, 2Rm401-08-02 (2021). “Student Oral Presentation Award” % &
“Improvement of printed electrodes disconnection after 3D thermoforming by optimizing print process on PC film”

® Y. Kawamura, T. Takahashi, K. Wakabayashi, H. Hirose, Y. Azakami, H. Itoh, T. Furukawa, IDW’20, FLX3-04L (2020).
“Effect of Pressure Forming Conditions on PC Sheet integrating Electric Wiring for 3D Electronics Technology”
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® Y. Kawamura, T. Takahashi, K. Wakabayashi, H. Hirose, Y. Azakami, H. Itoh, T. Furukawa, IDW’20, FLX3-04L (2020).
“Effect of Pressure Forming Conditions on PC Sheet integrating Electric Wiring for 3D Electronics Technology”
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Application of organic electronics technologies to interactive advertisement
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Barrier film or Stainless steel foil / Insulator
Design electrode fabrication by R2R P Saldalaeiy
— Design electrode fabrication by rocesses — Cathode

ot Y e e O icl

. R2R vacuum deposition § ' R2R screen printing equlpment {pglﬁ,gicla,f‘e’,.’f)rs

i equlpment (KOBELCO) i (SERIA ENGINEERING) § L 70 ]

. T “a Ultra-thin glass or Barrier film
Ultra-thin glass 170 __ Printingof __ Wet __  Printing of > OLED
or Barrier film sputtering etching paste cleaning insulation paste
R2R wet-cleaning equipment (FEBACS)

Process for prototype

~ Printingof = Wet _ Printing of
Cut — : m m .
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Non-ITO Transparent Electrode with Implanted Metal-mesh Structure

BEPCEBRELT N\ ATHWSRKERNLZHEHEEETHAITO (Indium Tin Oxide)lFaR
. EESGEDORTHREZBLTLVET,
ITOIZCELAREBEHEBRMELTERETZILVE D LKA ST ARILAYS 2B A
A EBERAVE=AEBELT/\N\MAOWREAFEEZHLR THEHTIVET,

B DEE
B TSI AR OMRLI AL Protecting film
Ay B HIAHEBIE < _L- Bonding
AL [ECutvi aZALVEENEEN
B HAAEEICKAM DR ETFEE Protecting film
- ﬁ ﬁELs E #ﬁkl%’%iﬂﬁf ' :Ft'?ﬁﬁ EIﬁ‘é @ Patterning (Etching)
TLELT LT INA R AT EE m 51 1w
Sheet resistance Protecting film
ITO (on glass) ~10Q/ ~_ > Bonding
ITO (on film) ~ 400/ Substrate (Glass, film, etc.)
Al mesh (thickness: 1Spum) 0.036€2/ BN B IReSinI B B
Cu mesh (thickness: 15um) 0.023Q/ Protecting film
| PR | < De-bonding
Substrate (Glass, film, etc.)
Resin
J\I/I 1 1 BB
Metal mesh
F 75 iR R AR )L Ay 1 EAR D R
B AR Ay Al HAAH B BEERNTHRE B AL Ay B HAH BB ZERAL:
ELT/\ARZMEHL . BEDITOEEZ AL AMELR R
=B a ERFOI-V-LE, BRELERE " @,«

1.0E+05 O ITOE & (Reference)

| A Cuty 1 EHE

E 1.0E+04
=
S 1.0E+03
>
= LOE+02 Al (Cathode)
_g Organic layers
£ 1.0E+01 ' ‘
E ’ PEDOT:PSS

1.0E+00 . X ; ; ; ; IResinI

Voltage (V) \ / Substrate (Glass, film, etc.)

Metal mesh (Thickness: 15pum, width: 75um)

HE7ILS=o LR, EFEEHE (U KXFEINOEL)

® UJﬁﬁi—‘F?l/jF“/jllle/QFD—OZE—FE%JJ‘J—“/'}"A(YU FLEC) [2018/1~2023/3]

® JST: EREHXF TSV IA—LERPARKEET AT 5L (OPERA) A —T oA /R—L a3V EERIN U XE/RTUT7IL X TALRA
//\-yazké:éi%ﬁﬂ’]‘/?I~3D5'?~Ed>§llizt’<bbb7b\%d>'ﬁ<t)i DO ER 1 (JPMIOP1844) [20185E [ ~ 20225 ]

o MEHEE F—ToM/R—La RO RBBERNUBKRE/F—T oA/ R—2a BB 1120185 F ~2022F E]|

FEHRER

o MERIEE, IR, fEEt, A, E—, BREE, b Z mUEHR, FBELF/mEEI1EHE, S7-2 (2020).
[ AYS 1B HAARITORE FZHEEE] L\T_E%ELJ

® IE—, HEE, hEZ, FmILFEHA, %30 A YA/ JAILIMAZ IR URID L(MES2020)FZFEKRE, 1B1-2 (2020).
[ERBIVF IR BREFERALE-EE I )LLRERENR]

o LK [JFlex2020E JrTCTJAPANJE(zozo 1/ BREEYTHAR), [JFlex201981(2019.1 / EREYT HAR).

® FET7IEZ=) LtEXEst; (LFEITEBER (2020.1.20), #X&%rRE (2020.3.19).

@ ME—(WHETIE=) LKA EH), EETILSER, Ay 2 EHH]1(2019).

® WFETFIZIZIL; TRTaAV T/ BEF A -HHEXPO](2020.1,2019.1 / RREYT ¥ A1),
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TFE (Thin Film Encapsulation) Technologies for OLEDs
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Yamagata University

BEBELT /\A AAEIEEIE (TFE : Thin Film Encapsulation) [CEUWTHEE/ N7 BREIIZH
BT ABEEORERUVEBELT N\AANDERAKRNEN -7 LIS EFEMF
SCHR—ILT AV T AR EHRT IV —T) LEZEL THALELT -,

10°g/m?/day & DEmWL /AN 7 1EZERBL, BRELT /NS RARESRITSEALEL=,

BT D&

B —3—7 LEAHAR [EEFIEUV-IH | TFE (Thin Film
[BA* 10%BE " Encapsulation)
A2y FRIADOUVIE{L B FER & _ Organic layers
11— I‘ H *SI‘ (plural layers)
. $ o = A ™~ Insulator
‘SINEMANDEFNRYF, N\)T7EERE ver o+ N
<R R395nmDUVE TR AT BE T RebkePiubse | \
BRI —YIEFEELD \ /
Anode TFT-circuit/bass-line Insulator
FEEMTRR
B EL\V\)TP%RI TFEERK BERBELT/\1XRIZEA

a4 LA SHE TUV-LIEEA ]
M/ N\ 7 RERMICAVW-TFEEE
VAUDL - ¥
* 40°C/90% RHERFFHER T1,00005E %207
*WVTR (Water Vapor Transmission Rate):
10-%g/m?/day & (40°C/90%RH)

Wax
m IR SiNx (Sputtering)
(40°C/90%RH) Al (Cathode)
0 [ ]
Ca (100nm) R
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ SINX (sputtering, 150nm) e
© Organicresin (Toyo Ink) oy

SINX (sputtering, 150nm)

Glass substrate

1.E-01 PEN (100pm)
= 1.E-02
<
- : :
,E 1.E-03 Organic resin: reference
> 1.E-04 \\\_‘\\/
~ L -0
—
; 1.E-05
T T~ == Al,O, (60nm) by ALD
1.E-06 : / Organic resin (TOYO INK)
. Organic resin: developed ALO, (45nm) by ALD
0 200 400 600 800 1000 1200 W
: rganic layers
Storage time (hour) R,
= I oo = Y. Transparent electrode
IN 3 lTA**EtK*i Glass substrate

BEJOJ5 4

o L REILXITILILIMOAZHORESEEHEDY— T L (YU-FLEC) [2018/1~2023/3]
O UERIER AT oA/ R—La3VBRBOBBEEINUBKRE/A—T oA/ R—2 a3 81 1[2018F FE ~20225 F)]

FTEMRAER -RAR

o LLIEKEE; [JF1ex20208 1(2020.1 / REE YT S AK); [JFlex20198 1(2019.1 / HEREWT Y AF).
& KR TIFH=-TUV-IEIES T 1EME. F—a3—45 LKBKXEHDIVA LA NSP 800 (UVEEILE, 1202y HIRIA) ELTH
mieEhTWET, 18
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AT RUREBEL/NI—=25

OnDemand Patterning of OLEDs by Ink-jet Printed Insulators

YU-FLEC

BEHBBLICA IV TREIRER AT HLICKY, BEGTO LA TS REHRLET
*f’f/’éﬁj-éﬁ%ELd)’}‘ 2 ERNZRFELEL . COBEMICKY, F21)—T
THAVDABELZERAIRELGY  Hi-LRAZRAICRNAYET,

W <AV TYMIKBABIEDA T IURNNA—2 R/ >
| %ﬁ% ﬂ;é{ /by v Fﬁ; ﬁ‘Z Cleaning / pre-treatment

Ink-jet printing of resin UV exposure

A A / Baking
-HETREGTOER S
> 7'7./ p 7_2'52’{ -~ (glﬁlﬁi‘-f Ffsﬁlﬁ'é) Electrode i> 3 Electrode . i> H Electrode -
Hﬂ'ﬁ.’(‘f:f:—jd)ﬁ%EL | bﬁﬂ"ﬁg Substrate Substrate Substrate
NIV TDIODIHRIRAIRR s LozieRLAREES

RIFICELL (BEL DY)

R . m**“f‘ﬂlﬂ:?b\_l AN DO XAANE#H (EaXM
RAFLA T 7 I=h - R oA IR :

CIARTROERDE=O . AT IR (S RIEEE) [T RAE |
B h_a_b—Aﬁ—tA*i[*]ﬁ%l}Tb#}Xh@ Clearlnng;/p’re Erea,tmsnt Coating of resin / Pl;bakﬁlg / |
NSP800RIUVEE{LEO— hﬁ*ij(ﬁﬁ%nn)’& AN SR :
¥ ¥ ¥ ¥ ¥ Photo-sensitive resin Photo-sensitive resin | |
ﬁm Electrode i> Electrode i> Electrode
UVEE 1'39 ,rj (ﬁ ;gﬁu) Substrate Substrate Substrate
Aoy FNRIE Y C/
HBEOBNTOLLARRICLERTRE P Dodomancine poscasking
[*] b—3—7 LBEASHERFAFSCR—ITAT AR IZ-:‘:I I 777
£ D100%F=+TY, | Photo-sensitive resin /_\ / \ [ [\ [\ [\
Electrode i> Electrode i> Electrode i
Eﬁﬁfiﬁﬁﬁ% Substrate Substrate Substrate
_ FUV-IJHHEM/#E»f/bv‘ryhﬂimu—iﬁiﬁﬁL\'C?ﬁ#&ELv“-/wxi—{’E%
TUV-DBE 1D Ty E6H . BIFGY—FKE
TUV-UEIE 1D WEBELT /\M RERAZEDHE. Fin
AEHAEE : L/S=61/62um (400dpitE ) .00 M Tune
| | | B &) 4=
nsulator (by 1J) . - 10 N ”
i . |
o S 2000 o 0.9 SRS
Organic layers i E RIS
(plural layers) 1000 w 0.8
An(’de w 0 100 200 300 400 500
Substrate N 4 B3 [HICH)

REREDEAICIIRNAFBRIEELL

TOYOINL

TOYO IN<

MwEEHY

f—3—4 LS

eEETL
g E Y4 X:50mm X 50mm

EiRY 1 X:60mm X 100mm

O LU REILXITIILVIMNAZHRERE#EDY)—F L (YU-FLEC) [2018/1~2023/3]
O XHHEFEHK . A—T oA/ R—aVBBOBEEENUBKE/A—T o4 /R— 3 B8 120184

® M. Sugimoto, Y. Fukuchi, H. Tsuruta, M. Koden, H. Nakada, T. Yuki, A-COE 2021, PA-17 (2021).
“OLEDs with on-demand patterns drown by ink-jet printing”

® I2AX X, Eih B, IsH F0, B /&, H , & 85, AHELA RS E32EM%,
(429D ENRIL= B IRIC KD TR/ 23— OLEDD EFEHA1E ]

o 2AX =¥, Eih B&F, IsH F0, B /&, fH Z, & 85, AHEL R E31 M=,
(120 xybHIRILT- B IRICKDFA TR/ 93— 0OLED |
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ALD (Atomic Layer Deposition) /\!) 7 &
Barrier layer by ALD (Atomic Layer Deposition)

ALD (Atomic Layer Deposition) T EBEH RN PEREETTEAETCTHY . ILFT
WEBILIMNOZ ORATINARAADBEANPFINATLET,
ALDZAWTELVYT7EZR T H/\) 7T ZAFELELT=,
LXLTILE *&Ibbhn—bzwﬁﬁnﬁﬁﬁk;ﬁﬁﬁfiiﬂ'o

BT DR

B ALDZEICKAEVHEEBEZRAIHN\IT7RHEAK
B SiNx/\YTREDERBIZLD/ELV/ ) THE:
WVTR:10%/g/m*/day&
(WVTR: Water Vapor Transmission Rate)
B RE KA ETEREMBEALDERE
(BERYLX:10cmA)

TR R UALDEE (ML RUENETY)
B ALO,ME (ALDE) ESINXIR (R/\YAE) EDTER /N TR : 106/g/m?/dayd DWVTR

1.E+00
Glass substrate LE-01 SIN(200nm)/Al,04(30nm)/SiN(200nm)
Wax > 1.E-02 SIN(20Unm)/ Al,U;{60nm)/SiN{2U0nm)
S e
g SiN(200nm)/AlL,O5(90nm)/SiN(200nm)
Ca (100nm) & 1.E-04
. . a2
SINX (Sputtering) 200nm = 1E05 TN L
: : 1.E-06 — .
SiNx (Sputtering) 200nm
PEN film (125um) e
0 200 400 600 800 1000 1200

Storage time (Hour) at 40°C/90%RH
CafE BiEIZEDWVTR (Water Vapor Transmission Rate)ifl] E
B ALO;R (ALDR) AL M-AHRELRE &

Flexible substrate EXPEEK film (KURABO) SiN (200nm) by CVD (i*-opera)

Barrler layer SizN, (100nm) by sputtering Al,O; by ALD

.f’-f;f-‘i A1203 (90nm) by ALD SiN (200 ) bv CVD (.3 ) ';:- .:;,f
o 551 _j;;: Si;N, (100nm) by sputtering 1 nm) by I'-0opera
A1203 (60nm) by ALD Barrier resin Cathode Al 03 (45nm) by ALD
3 (plural layers) s 1Z0 (120nm) (plural layers) g y :

SizN, (100nm) by sputtering Transparent electrode (plural layers)
e Qi) By AL SiN (200 by CVD (i? Transparent electrode
Barrier layer Si,N, (100nm) by sputtering iN (200nm) by (i’-opera) P
Flexible substrate EXPEEK film (KURABO) Flexible substrate (PEN) Glass substrate

o U KRFEILXLTIILI/MA= R ESEER#EDLY—2 7 L (YU-FLEC) [2018/1~2023/3]
O NEFIPE : A—ToA/R—a VB RBEEEINUBKE/A—ToA4/R— a3 8 1[20185F E ~ 20225 K|

20




INOE B ILI O=IZA(/R"—YavEy5—
ILF VT IVERBMHARYT IL—T (FhA/H/$EE/ RBRART IL—T)

LI 2 K 5
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f ILF ST VEBELRARE/ YT T4V L

YU-FLEC __, : : :
High Temperature Tolerant Barrier Films for Flexible OLEDs

FRELEEITESTIT200°0CLLEDBMEBNREFNLSITELHY . TOBRRNILTY
JIVEBELAME/ N )7 74 ILLDBRARNIKROONET,

B EHR S NEFRELI-2000CLL LD HEEEZE T 5I1ILLEXPEEK® (T RXE—2)
ZRAW=ILX O TJILEMELANYT7 24V LERFELELT -,

BT D&

B SRR EHET 1)L LAEXPEEK T

- —E R EMPEEKGRY T—T LI —TILT I HYERIED 1 IV A

- RYASF ERF DM EE (Tg~320°C)

- RIFETH R mE

G- AYEINA-BIFSEHMN

- (KSR

BiFERETEEE (RENASCEYENRIVD., ZRLELRE)
B HEI<)LLAEXPEEK LIZ/NYPREERBL. 2LF LT IVEBELT

INA R Z5E F
EXPEEK
¥ j;E{;ﬁ E‘Z% (B HEHRRA SR —LR—DKY)
B ELHRNYT7HE:105~10%¢/m*dayE DWVTR B LTI EBELEER
CafE BiEIZEHWVTR (Water Vapor Transmission Rate)ifl 7€ EXPEEK film
Hichest brocess Si;:N, (100nm) by sputtering
Structure of barrier film Tg P Typical WVTR AlL,O; (90nm) by ALD
emperature Si;N, (100nm) by sputtering
EXPEEK/SiNx(100nm) <100°C 2 X103 Barrier resin
EXPEEK/AL,O,(90nm) 100°C 2 X 102 ETM:Liq[3:1] (32nm)
o p Alg3:Coumarine[1%] (35nm)
EXPEEK/AL,O;(10nm) 300°C 2 X100 o-NPD (80nm)
HATCN (5
EXPEEK/SiNx(100nm)/AL,O,(90nm)/SiNx(100nm) |  100°C 2 X 105 1ZO (1231:::)1)
I Si:N, (100nm) by sputtering
EXPEEK/Resin/SiNx(100nm) 100°C 4 %10 “ALO. (90nm) by ALD
EXPEEK/SiNx(100nm)/Resin/SiNx(100nm) 100°C 3% 106 31,1\, (190nm) by sputtering
EXPEEK film

WVTR (Water Vapor Transmission Rate): Evaluated by Ca corrosion method under 40°C/90%RH
SINx: Deposited by sputtering Barrier film
Al O;: Deposited by ALD (Atomic Layer Deposition) Adhesive barrier resin

Resin: NSP811 (Toyo Ink) coated by ink-jet (thickness:10~15um)
. Ca (100nm) .

Barrier layer < ’
EXPEEK (25pum) | .
AR S > ¥
FEFHXIT')7 :32mm X 32mm
BEETOTS5 A [ JFlex2020 |

o LA ILFLTILILIMO=HREFEREDY—F L (YU-FLEC) [2018/1~2023/3) (2020.1/ REEYTH 1)
® XHHFE =T/ R—2a BBOBRBERIUBRE/A—T oA/ R—2a B 120185 F ~2022F )

FTEWRER

® T. Yuki, T. Nishikawa, M. Sugimoto, H. Nakada, M. Koden, ITE Trans. on MTA Vol. 9, No. 4, pp. 216-221 (2021).
“High Temperature Tolerant Barrier Films with Stacking Barrier Layers by Sputtering and ALD”

® T. Yuki, T. Nishikawa, M. Sugimoto, H. Nakada, M. Koden, IDW’20, FLLX2-3 (2020).
“High Temperature Tolerant Barrier Film with Stacking Barrier Layers by Sputtering and ALD”

® LU KZE; [JFIex2020 1(2020.1 / RREYT Y A1), [JFlex20198& 1(2019.1 / RREYIT Y AR).
® %‘%&?ﬁﬁ# [ETRIEBEETSAFVIR1(2018.12 / HigAv+t), [SEMICON Japan 20181 (2018.12 / EE wFHAk).

EXPEEKC®(IEBHEBRDEHZXKEETI
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Printed Flexible Organic Photovoltaic (OPV) Devices
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LT ILEBEIRKEE  (OPV: Organic Photovoltaic) D HA—)Ltod—)L (R2R) 70O
AKX EMORESCOEH R THFEL ., RIERABRZEHTNET,

XD AVZRAKBEMELEBRLTREIRNMRETHY , RENSHEEFTTOREILH
AERZEKRIBICIEBTES2O . YD) -G IR X —2EAHTENTEET,

CILFLIILERMEABER(OPV)DRER

BEZEATHS-OHEICKELTORBRNAZESEMLLY,
BO)LLERNWTWST=HTLF T ILT, B B iy,
BEREGMZTREYT . BORLGEICLRET TG ETHEICKRETES,

R D&

B O0—)LtoA—)L (R2R) FNRAIA =X TR

. 'IIE30CIII~ Eélmuiwkﬁiﬁ Barrier film

= T ER . ——
1) BEEAEHR(TCO)RL R 2 o1 6) HTL (Hole Transport Layer
2)INI—=24 Eg ) /
3) gﬁ%i@' :? = 4) ETL (Electron Transport Layer)
4) %?ﬁ%% (ETL) :RZREI-I jf:ﬂ“ E ] 1) TCO (Transparent Conducting Oxide)

5) R EE (Active layer):R2REIRI
6) IE FlL.EX & (HTL) RZREIJJFnIJ

Barrier film

L3S JILOPVEIEE

7) BB :R2RENF
8) SR E /Mt RoF— oY /RES
o) 1k N
< 2 |
L BE 2 8E
B O0—)lLtod—)L(R2R) EﬂFl]jg'—tLJ:U Efl ®E (5,&'1%1%%:&5]5&5@

RIEILESTIABEM(OPV)ZEESH — - - ——————— = —— e e - - N
2EDRICEREL=-ABEEHLESA—IL
TRELE-BHEREALT. AREYLE <'F”

E.XEE(BELEM ZETAIL. €D
EX1BEOTARATUAETESE

T —RARTK

I KEE#BILHINA=HR L /R—2 30202 —(INOEL) [ZERE

FmEBESUNZE%‘Ji;—J OPTree 4 (*EFF'&'); VDOEE) JREH 2|: Tokonard Building “CRRAR)—>
(AZESASAREES) 2020510 AR E (RmINBREARTODIN) (OPVADHIRIICKAEIENTE., ZEfi~DILA)
2018F3AKRE 2021598/ E

=24 MORESCO

Lhcia SN @ JST: ERRAITSYNI+—LERHRHETOS 5L (OPERA) ~T L K2 - H#H I OIER AR L4 S
vaMI:’a_'—’d'ZaiﬁEﬁﬁd)#ﬁﬁ&U‘J?I~'~79— ORFAIZA~D R (JPMOP1614) [20165EFE ~ 20204 ]
FIEHRER

0 YERFE A—ToA/R—a BEBOBEEXINUB KA —T oA /R—2 3 818 1[20185F E ~ 20225 E]

o Lz K rJFlexz()zOEJ (2020.1 / EREYSTHAR)

o LUEEXE, TERABILERER (PVEXPO)2021](2021.3 / REEYIT Y ALR&ATM4)

® uJﬁ;jc-JL 7°l/7(') )—ATHIRIARIZKDILF LTI BB EIREARIGE M DOSEILHERZEAIR1(2019.11.6).
® BRrXEHMORESCO; FLAVY—RIILX LTI EHEIEKIEE ) RIEAERZRIE1(2019.11.6).
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PSA Encapsulating Technologies for OLEDs
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HREXESHEMORESCODMEFL TULVAPSA (Pressure Sensitive Adhesive) 74JLLZ AN =D
LT IVEBELT N\AR{EOHRARZZL LR THAELELTLVET,

T D&

<MORESCO#tPSATAILLDEE>

H RybA)LEE _—

B E A TR 71/#’“/731/§*& yVES >

N Eni-RE ""7’?\ —
B Bh-BEE (TR PSARHE

W ARG/ T .

AHID— /SUTR

LA TNER
C ELEERE
B PSAHFIEZRWNV-OLF T IILEHELEER

Flexible substrate

Barrier layer

<
< < "
E - BRI
< < 4
o o
< < 4
o EE
< < 4
- ER-
< < %
- ER
o ER
< < "
o E
< < 4
EI- ER-
< < 4
- ER
< < %
o o
<

Organic layers
(plural layers) <
ITO

Barrier layer

Flexible substrate

¥ X £ MORESCO

o L KREILXVITILILI/MNAZ )R EREREDY)—2 7 L (YU-FLEC) [2018/1~2023/3]

® JST: EFRHXEI TSV IA—LERHAEHLETOS 5L (OPERA) ~FR MR fEE -8 Y —L 7 LML KE-

M OBE#EES &*iAyxTMI:’&é'é%ﬁHﬂﬁw#ﬁﬁmﬁ‘J7I~7’5¢— ORTAORA~DEE
(JPMOP1614) [20165EE ~ 20205 JF)]

O XHFIFE : A—ToA/R—a VBB EEEINUBXRF/A—T o4 /R—3 8 1[2018F E ~20225F K]

FEMRER

® LLUEKE; [JF1ex20208 1(2020.1 / EHEREYT HAFL).
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Spray Coating
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Yamagata University

ERILINOZORTNARIZCBIT5EBHHBRAEMELTRTL—
ﬁ*ﬁﬁﬂﬁ& F*ﬁ% Li LT: o

AHELTN\ARISERL., RIFEH—3K, RIFAFENTIONEL.

BT D&

B AL —ERIZEH>TERMHEEY —EFH,
S {EIC KEFEERICERATEE g

FEHMTRR

B AHMELT /A RISERL., RIFGE—F%, RIFERENTLN

RATL—ZEHREE

Counter substrate 105 2
. 10mA/cm
Desiccant 100 fo @
N2 g 05 T e——— —
Cathode 2 90 — Spin coat
Organic layers - Spray
85
(plural layers)
Spray coating layer 80
pray ITOg Y 0 100 200 300 400
Driving time (hr)
Glass substrate o~
7% BE 35 i &3k BR 5T
& S . .
5 HET2 T — Spin coat _— —~ 0000 — Spin coat
E LOE+01 | Qnray P E 5000 Spray
< 10E+00 | S 4000
‘% 1.0E-01 | S 3000 |
= =
S 1.0E-02 | / £ 2000
S 10E-03 | — E 1000
5 1.0E-04 - - : l . - ) 0
o 1 2 3 4 5 6 7 0 10 20 30 40
Voltage (V) Current density (mA/cm?)
I-ViFtE L-1%14%

ATL—ZHZ AWV -ERELT N\A REHEMA

24



INOE B ILI O=IZA(/R"—YavEy5—
ILF VT IVERBMHARYT IL—T (FhA/H/$EE/ RBRART IL—T)

HFZTaL—Ia E i
Optical simulation

EBELT/N\ARADT/INARERETIRIEDT=O. BERELT /INAAXESaL—a B iiTw
FARLTWET . EANGEMBELT /\AADRARIERATEET,

Rt D&

B FL - ABELT/NNAARELZaAL—aVDFEH. BELTEREZENNLEET/INARED HBRIREEIC
&Y. AREAFEORE -hEHIF L,
B EFEAYIMN AN —RIFRT LR ES%E Fluxim Setfos £
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» T. Yuki, T. Nishikawa, M. Sugimoto, H. Nakada, M. Koden, ITE Trans. on MTA Vol. 9, No. 4, pp. 216-221 (2021).
“High Temperature Tolerant Barrier Films with Stacking Barrier Layers by Sputtering and ALD”
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» M. Natsuka, Y. Ono, H. Mataki, S. Usui, H. Suzuki, M. Abe, T. Furukawa, IDW’21, FLX5/FMC6-2 (2021).
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