
Project term 

R&D subject 

Oct. 2017 ～ March 2021 

1. LAOLA: Large Area Organic Lighting Applications on ultra-thin substrates 
2. IonT: Internet on Things - Intelligent OLED-OPV based Signage for interactive Advertisement 
3. F2E: Free Form Electronics - Freedom in design by thermo-formed printed electronics 
 

Yamagata University Flexible Electronics Japan-Germany 
International Collaborative Practical Utilization Consortium 

(YU-FIC) 

♥FUJIKURA KASEI CO.,LTD.    ♥KEIHIN RAMTECH CO., LTD. 
♥Mitsuboshi Diamond Industrial Co., Ltd. 
♥Nippon Electric Glass Co., Ltd. 
♥NIPPON STEEL & SUMIKIN MATERIALS CO., LTD 
♥Seieido Printing Co., Ltd.    
♥SERIA ENGINEERING, INC. (KOMORI Group)   
♥SurFtech Transnational Co., Ltd.   ♥TAKEDA PRINTING CO.,LTD. 
♥Tokyo Process Service Co., Ltd.    ♥The Japan Steel Works, LTD. 
♥WIREDGATE Inc. 

Participating Companies 



Equipment / Members 
Equipment 

Device fabrication equipmennt 

Analysis and evaluation equipment 

Ca method 

Sheet-to-sheet (S2S) printing equipment 

Sputtering Laminator Screen printing 

Members 

WVTR 

Ink-jet 

Bending 

Organic 
deposition 

（G1 substrate) 

Four original roll-to-roll (R2R) equipment (Roll width: 30cm) 

R2R sputtering 
&CVD 

(KOBELCO) 

R2R screen printing 
(SERIA) 

R2R Gravure offset and Flexography 
printing  (Komori Machinery/ Taiyo 

Kikai) 

R2R wet cleaning 
(FEBACS) 

Organic 
deposition 

Gravure offset and 
Flexography printing 

Viscoelasticity 
measurement 

Hybrid 
confocal 

microscopy 

Precise position 
detector 

YU-FIC Fellow YU-FIC Chair 

ta-furukawa@yz.yamagata-u.ac.jp 
(Field) 

Fine patterning technology,  
Printing, Roll-to-roll technology 

(Biography) 
 1984 Graduated at Saitama 

University (Master degree) 
1984～2011 Kyoto Printing Co., Ltd. 

R&D and production of Color 
filter (CF), flexible CF and 
LCD 

2011～  INOEL, Yamagata University 
(current position) 

 

effort@yz.yamagata-u.ac.jp 
(Field) 

Polymer chemistry, composite material, 
Administration, International collaboration 

(Biography） 
1988 Graduated at Waseda Univirsity 

(Master degree) 
1988～1998 DuPont 
1996 Graduated at Yamagata University 

(PhD) 
2002～ Yamagata University  
2008～  Yamagata University, Professor  
2016～  Yamagata University, Director of 

INOEL 

koden@yz.yamagata-u.ac.jp 
(Field) 

Field: LCD, Display, OLED, Chemistry 
(Biography) 
 1983 Graduated at Osaka University 

(PhD) 
1983～2012 Sharp Corporation (Liquid crystal 

materials, LCD, OLED display, etc.) 
1998～2011 Guest prof. of Nara Institute of 

Science and Technology 
2012～  INOEL, Yamagata University 

(current position) 
 

YU-FLEC Secretary 

Professor
Dr. Mitsuhiro Koden

Professor
Dr. Tatsuhiro Takahashi

Associate Professor
Tadahiro Furukawa



Ultra Thin Glass / Barrier Film / Printing / R2R 

The effect of wet cleaning on barrier property of flexible film 
(Collaborating with FEBACS and Teijin) 
T. Furukawa, N. Kawamura, M. Koden, H. Itoh, H. Kuroiwa, K. Nagai, LOPEC (2017).  

The effect of wet cleaning on barrier property of flexible film was investigated by using roll-to-
roll (R2R) wet cleaning equipment, finding that wet cleaning improves barrier property. 

Flexible OLED panel with ultra-thin glass 
(Collaborating with Nippon Electric Glass and SERIA ENGINEERING)  

 Flexible OLED panels were developed on ultra-thin 
glass (thickness: 50µm) with transparent electrode 
fabricated by roll-to-roll (R2R) processes. 
The following results were also obtained. 
1) ITO tends to reduce mechanical strength due to the 

mechanical stress.   As a counter technology, IZO was 
applied. 

2) The inclusion of reflective particles to Ag assisting 
electrode reduces the attention of the assisting 
electrode. 

T. Furukawa, N. Kawamura, T. Noda, Y. Hasegawa, D. Kobayashi, M. Koden, IDW’17, FLX6-2 (2017).  

 
Brush Cleaning 

  (PVA sponge – Detergent)) 
  ↓ 

Atomizing spray cleaning 
  ↓ 

Pure water 
  ↓ 

Air knife 
  ↓ 
IR 

  ↓ 
(UV) 

R2R cleaning equipment 
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1×10-4 No cleaning 

7.8×10-5 Atmizing spray cleaning
4.7×10-5 Brush + Atmizing spray 

cleaning

4.4×10-5 Atmizing spray cleaning
3×10-5 Brush +Atmizing spray 

cleaning + UV
2×10-5 Atmizing spray cleaning

(Barrier thickness: 1200nm)

Cleaning Ca corrosion test 

WVTR (g/m2/day)  Cleaning method

CVD
(600nm)

AEF barrier resin

Organic layers
(plural layers)

Cathode

Ultra-thin glass (50µm)
IZO

Ag (with particle)
Insulator

Barrier layer
Flexible film 

 ium Zinc Oxide)

 

n Electric Glass

Sputtering
of IZO

Printing of 
etching paste

Wet
cleaning

Printing of Ag 
electrode with particles

Printing of 
insulator

R2R wet-cleaning equipment (FEBACS)

R2R vacuum deposition 
equipment (KOBELCO)

R2R screen printing equipment 
(SERIA ENGINEERING)

Electrode fabrication by R2R Processes (Photolithography free)

Cutting / OLED 
device fabrication

R2R ultra-
thin glass

Nippon 
Electric Glass

Wet
cleaning

Wet
cleaning



Topics / Publication 
Award 

International Conference 

Book 

Paper 

 H. Nakada, M. Koden, “Award from Minister of State for Science and Technology Policy”, 
Cabinet Office, Government of Japan, (2017). 

M. Koden, “OLED Displays and Lighting” (Wiley, IEEE Press) (2017). 

 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” 

Exhibition 
 “Printable electronics 2017” (Feb. 2017). 
 “G7 Exhibition” (May. 2016). 
 “Printable electronics 2016” (Jan. 2016). 
 “International Photonics Exhibition 2015” (Korea)（Oct. 2015). 
 “National Museum of Nature and Science (Japan)” (May 2015). 
 “Printable electronics 2015” (Jan. 2015). 

 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” 

 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 (Large-area, Organic & Printed 
Electronics Convention) (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, International Workshop on Flexible & Printable Electronics (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), O15-6 (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"   

Research Group for Flexible Technologies (Nakada/Furukawa/Yuki/Koden) 

“Printable electronics 2016”  
(Jan. 2016) 

“International Photonics Exhibition 2015” 
 (Korea)（Oct. 2015) 

“Printable electronics 2017”  
(Feb. 2017) 
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