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The 9th Germany-Japan Joint Workshop
“Flexible, Printed Electronics and Sensors”
February 26th 2021

German time 08:30-11:30, Japanese time 16:30-19:30 (online)
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Roll-to-roll (R2R) and Printing Technologies
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Flexible OLEDs on Ultra-thin Glass
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_ Electrode fabrication by R2R Processes [ F
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® T. Nakagaki, T. Kawabata, H. Takimoto, T. Furukawa, IDW’19, FLXp1-9L (2019). “Scribing Tool and Cutting Method for
Ultra-thin Glass”

® T. Furukawa, N. Kawamura, T. Noda, Y. Hasegawa, D. Kobayashi, M. Koden, IDW’17, FLX6-2 (2017).
“Novel Roll-to-Roll Fabrication Processes of Transparent Electrodes on Ultra-Thin Glass”

® T. Furukawa, M. Koden, IEICE Trans. Electron, E100-C, 949-954 (2017).
“Novel roll-to-roll deposition and patterning of ITO on ultra-thin glass for flexible OLEDs”

® T. Furukawa, K. Mitsugi, S, Akiyama, H, Itoh, D, Kobayashi, T. Suzuki, H,kuroiwa, M, Sakakibara, K,Tanaka, M,
Kawamura, and M, Koden, IDW’14, FLX3-4 (2014). “Patterned ITO Film by Roll-to-Roll Process on Ultra-thin Glass”
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Flexible OLEDs on Ultra-thin Glass

HEEHSRAEICHELI-ABELT /A REMET SR MEMBELTLET,

R DR

HSADFEWLEEHNAHRNN)T, REDOFRE. BEREX. LENRENE. YA XAREMRLELE)
BEHSREFS-ABELTIEN DTN, HRICKYBMMNGTA AR L
SN A= F KB, AR AU RTHED R E

FRFEL =i

B ES50umDBEH SR EDILF VT ILEBELT /(1 ADHHH
ATV R R IEIC XD E D R L
HSRUEFEATIZ &S, YAEDEDIFvHHRLEQINH FF FiRtEDm L)
BHRN)A—2TIIZED AU ORR L R ED A £

Stainless steel foil

Stainless steel foil

Barrier resin Insulator Barrier resin \ - Insulator Barrier resin Insulator
. i \ Organic layers
Or%amc layers Org.,?:},'.‘ia‘,i{f 1 \ Ag (p%ural laye’rf's}
(plural layers) Iﬁ [~ \\ . . m
m m f‘ Stainless steel foil 1Z0
| 120 | Ultra thin glass (50pum) | Ultra thin glass (50pum)
Ultra thin glass (50pm) aGEL+irm
Device structure
30 — /0 PET&GEL
> R PET#50/GEL#250
Glasses - ‘ Z 25 PET#50/GEL#500
Melamines ° P — — PET#100/GEL#250
” PET . - g 20 | __pET#100/GEL#500
] Acrylics. - | A '8 f
E Polypropylens - on 15
2 Polyethylenes =y ﬁ
Vulcanized rubbers — § 10
silicone rubbers — =] s
OPTaGEL —
1.E-06 1.E-04 1.E-02 1.E+00 1.E402 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
Pratection 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 ot >100 70 50~60
PC /200 130 >100 90 50~70
PC /200 20 >100 >100 80
PC /200 50 >100 100 50~60
PC /200 25  Hard >100 80~90 60
Drop Impact test (aGEL)
ks AABRMHF. ZEFMVEVFIR, BTSNV QITIVTIV, B4, tesa
00 2% =5 ® T. Furukawa, J. Hauptmann, T. Nakagaki, R. Ikeuchi, M. Sagawa, D. Nagata, J. Nakatsuka,

IDW’21, FLXS5/FMC6-1, “Roll-to-Roll Fabrication for OLED Lighting Using Ultra-Thin Glass
Substrate and Encapsulating Stainless Steel Foil”

® M. Natsukal, Y. Ono, H. Mataki, S. Usui, H. Suzuki, M. Abe, T. Furukawa, IDW’21, FLX5/FMCé6-
1, “Protection of OLED Lighting with Ultra-Thin Glass by Special Silicone Gel”
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® 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”

® 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” 6
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Electrode fabrication by R2R Processes (Photolithography free)

I

(Te“n) - R2R vacuum deposition R2R screen printing and Slit coater |
_________ - _equipment (KOBELCO) | | equipment (SERIA ENGINEERING) |
RZ.R .._.,._.,,-_.,,_.,‘_:;‘.-.‘_—,::::i'.l'.*,A,_,_.‘____:__.: ........................... )
PEN or PET = et Alndmr _ CVDofSiOx __ 120 _ Printingof _ Wet
cleaning ayer barrier layer sputtering  etchingpaste  cleaning
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| R2R wet-cleaning equipment r
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B High gas barrier property

(WVTR: 6.3 X 10°g/m?/day)
@ .
0
@ T Crich
@ = Cpoor
@ -
616h
Ca corrosion device after 616
hours under40°C/20%RH CVD deposition mechanism
(Thickness of barrier layer:
720nm) Cross section of barrier layer
B WA BY—, €Y7, ADEKA, #FEHFT. FEBACS
® JST: OPERA Program Grant Number JPMOP1614 [FY2016~FY2020].
® MEXT: Construction Program of Open Innovation Organization [FY2018~FY2022].
[ J 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”
[ J 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”

7
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SEMI D78 - Test Method of Water Vapor Barrier Property for Plastic Films with High Barrier for

Electronic Devices
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1.2 X 10-* g/m*day 1.3 X 10 g/m¥day 7.3 X 105 g/m¥day 1.4 X 10*g/m?/day
ol = ] Ml Py
- @ /. - 2
3 (- @ 30 [-@- @
g -o- @ / T -0 @
22 <20
g s
£ 210
0 0

0 200 400 600 800 0 200 400
Storage time (hrs)

600 800

Starage tims (hrs) IDW’18, FLXp1-10L (2019).

SEMI D80 - Test Method for Measurement of Water Vapor Transmission Rate for
High Gas Barrier Plastic Film in a Short Time
o HESWEHERAV-WVTIRODEIE S E

SEMI D74 - Guide for Measuring Dimensions of Plastic Films/Substrates
® JSRFYITAILIERDTEPEVERET 5-HDREFIREZHRELTLET,

2 M8 : https://www.semi.org/en/products-services/standards/using-semi-standards
https://store-us.semi.org/collections/standards/lang-english+stdpbc-1119

20 #FA. MORESCO

® JST: OPERA Program Grant Number JPMOP1614 [FY2016~FY2020].
® MEXT: Construction Program of Open Innovation Organization [FY2018 ~FY2022].
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® Y. Kawamura, T. Takahashi, T. Furukawa, ICFPE2021 (2021), “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” 10
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Barrier film or Stainless steel foil
Barrier resin

Organic layers

R2R vacuum deposition R2R screen printing equipment (plural layers)
equipment (KOBELCO) (SERIA ENGINEERING) | Ll 170 L
T . ‘ Ultra-thin glass or Barrier film
Ultra-th'in glass | || Prmtmg of Wet Printing of 5 OLED
or Barrier film sputtermg etching paste cleamng insulation paste

RZR wet-cleaning equ]pment (FEBACS)

Process for prototype
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etching paste _cleaning_ insulation
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International Conference

» T. Furukawa, J. Hauptmann, T. Nakagaki, R. Ikeuchi, M. Sagawa, D. Nagata, J. Nakatsuka, IDW’21,
FLX5/FMC6-1, “Roll-to-Roll Fabrication for OLED Lighting Using Ultra-Thin Glass Substrate and
Encapsulating Stainless Steel Foil”

» M. Natsukal, Y. Ono, H. Mataki, S. Usui, H. Suzuki, M. Abe, T. Furukawa, IDW’21, FLX5/FMCé6-1,
“Protection of OLED Lighting with Ultra-Thin Glass by Special Silicone Gel”

» Y. Kawamura, T. Takahashi, T. Furukawa, ICFPE2021 (2021), “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”

» T. Nakagaki, T. Kawabata, H. Takimoto, T. Furukawa, IDW’19, FLXp1-9L (2019).

“Scribing Tool and Cutting Method for Ultra-thin Glass”

» T. Furukawa, M. Koden, ICDT2019 (2019). “Novel R2R and Printing Technologies for Electrodes of Flexible
OLED Lighting”

» 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. Furukawa, Advanced Materials-2018 (WCAM2018) (2018). [Invited]

“Substrates for Organic Electronics - Ultra-thin Glass, Stainless Steel Foil and High Gas Barrier Plastic Film”

» M. Koden, T. Furukawa, T. Yuki, H. Nakada, LS176 (2018). [Invited]

“Roll-to-roll and printing technologies for electrodes of flexible OLED lighting”

» T. Furukawa, N. Kawamura, T. Noda, Y. Hasegawa, D. Kobayashi, M. Koden, IDW’17, FLX6-2 (2017).
“Novel Roll-to-Roll Fabrication Processes of Transparent Electrodes on Ultra-Thin Glass”

» T. Furukawa, N. Kawamura, M. Koden, H. Itoh, H. Kuroiwa, K. Nagai, LOPEC (2017).

“Gas barrier film for OLED devices”

» M. Koden, T. Furukawa, T. Yuki, H. Kobayashi, H. Nakada, IDW/AD’16, FLX3-1 (2016). [Invited]
“Substrates and Non-ITO Electrodes for Flexible OLEDs”

» T. Furukawa, M. Sakakibara, N. Kawamura, M. Koden, IDW/AD’16, FLX3-3 (2016).

“All-printed non-ITO Transparent Electrodes on Ultra-thin Glass for OLED Lighting”

» T. Furukawa, IWFPE2016 (2016). [Invited]

“Flexible Substrates and Printed Transparent Electrode for OLED Lighting”

» T. Furukawa, N. Kawamura, H. Nakada, M. Koden, The International Conference on Flexible and Printed
Electronics (ICFPE 2016), 015-6 (2016). "Novel ITO fabrication processes on ultra-thin glass”

» M. Koden, 15th International Symposium on the Science and Technology of Lighting (LS15) (2016). [Invited]
"Substrates and non-ITO electrodes for flexible OLED Lightings"

» T. Furukawa, 2016 International Conference on Electronics Packaging (ICEP2016) (2016). [Invited]

"Printing Technology for Electronics*
» M. Koden, The 10th Taiwan Solid State Lighting (2016 tSSL) Symposium, B-4 (2016). [Invited]
"Flexible OLED Lighting*
» T. Furukawa, N. Kawamura, M. Sakakibara, M. Koden, Proc. of IDMC, S4-4 (2015). (Taiwan) [Invited]
"Printed Transparent Electrode for OLED Lighting Devices*

» M. Koden, The Twenty-second International Workshop on Active-matrix Flatpanel Displays and Devices (AM-FPD
15),2-1 (2015). [Invited]

» 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*

» T. Furukawa, S. Tokito, SID 2015, 4.4(2015).(USA), “Dimension Control of CF Fabricated by Transfer Method”

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

» 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”

» D. Kobayashi, N. Naoi, T. Suzuki, T. Sasaki, T. Furukawa, IDW*14, FLX3-1 (2014). [Invited]

“Novel Roll-to-Roll Screen Printing Machine for Flexible Devices”

» 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”
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