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Development of low damage high rate sputter-deposition process for the fabrication o
f OLED
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In the fabrication of an organic light emitting diode (OLED), the deposition of to
p electrode films by using the sputtering technique led to a significant increase in its operating voltage
. Therefore, the development of a sputter-deposition process without such unwanted ﬁhenomena is greatly de
sired. In this work, we have proposed low damage facing target sputtering (FTS) method for the deposition
of the top electrode films with significantly low levels of damage and tried to confirm the effectiveness
of the sputter-deposition method. As a results, it was clarified that the low damage FTS was useful to imp
rove the operating characteristics of the OLED, although a complete suppression of the incidence of high e
nergy secondary electrons to the substrate was necessary. In addition, optimization of the sputtering cond
itions such as sputtering gas pressure and sputtering current were also effective to improve the operating
characteristics of the OLED.
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Fig.l Suppression of the incidence of high
energy secondary electrons to substrate by the
insertion of shield plates and permanent
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Fig.2 Improvement of electron injection
properties from Al electrode in glass/Al/LiF(0.6
nm)/Algz (80 nm)/LiF (0.6 nm)/Al structure by

suppression of high-energy-electron
bombardment (upside Al electrode was

sputtered at 10 mTorr). Open and solid symbols
denote injections from lower and upper

electrodes, respectively.
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Fig. 4 Changes in optical emission

charcteristics of OLED(glass/ITO/NPB (40
nm)/Algs (30 nm)/BCP (30 nm)/LiF (0.6
nm)/Al) where Al electrode was deposited by
Sputtering and/or evaporation.
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Fig.5 Voltage-luminance characteristics of the
OLED fabricated at various sputtering gas
pressures.
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Fig.6 Voltage-L uminance characteristics of the

OLED fabricated at various discharge
currents.
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Fig.7 Current-Luminance characteristics of
the OLED fabricated at various sputtering
gas pressure.



TiO,
Fig.8
a-SiN H
a-SiN:H
150MHz
VHF-PECVD
1Torr
14

1) Masaaki Isai, Ikuta Nakamura, Tatsuya Ito,
and Yoichi Hoshi, “Prepareation of Pt-deposited
TiO, films and evaluation of photocatalytic
properties”, Transactions of the Material
Research Society of Japan, 36 [2] 261-264
(2011)

2) Y. Seki, Y. Sawada *, M.H. Wang, H. Lei, Y.
Hoshi, T. Uchida, “Electrical properties of
tin-doped indium oxide thin films prepared by a
dip coating”, Ceramics International, 38S
(2012) S613-S616

3) Md. Zaved Hossain Khan, Takuya Nakanishi,
Shigeki Kuroiwa, Yoichi Hoshi, Tetsuya Osaka,
“Effect of surface roughness and surface
modification of indium tin oxide electrode on its
potential response to tryptophan”
Electrochimica Acta 56 (2011) 8657— 8661

4) Y. Yasuda, K. Kamikuri, M. Tobisaka, and Y.
Hoshi, “Low-temperature  deposition  of
crystallized TiO, thin films”, Thin Solid Films,
520(10), 3736-3740 (2012).

5) Y. Yasuda, H. Lei, and Y. Hoshi, “New
oxygen radical source using selective sputtering
of oxygen atoms for high rate deposition of
TiO, films”, Journal of Vacuum Science &
Technology, A 30, 061503 (2012).

6) Yutaka Sawadal,a, Hayato Ohkubol,

2.5f

Refractive index
7

0 20 40 60 80
Incidence angle (deg.)

Fig8 Changes in effective refractive
index of the films at 633 nm due to
incidence angle.

Yoshiyuki  Sekil, Keh-moh Lin2,b,
Kazuyuki Sanol, Shigeyuki Seki3,c,
Takayuki Uchidal and Yoichi Hoshi,
“Zinc Oxide Films Doped with Aluminum,
Gallium or Tin Prepared by Dip Coating
Process Using Ethanol Solution.” Key
Engineering Materials Vols. 512-515
(2012) pp 1503-1506

7) Meihan Wang, Hao Lei, Yoshiyuki Seki,
Shigeyuki Seki, Yutaka Sawada, Yoichi
Hoshi, Shaohong Wang, Lixian Sun,
“Thermal crystallization kinetic and
electrical properties of partly crystallized
amorphous indium oxide thin films
sputtering deposited in the presence or
the absence of water vapor Journal of
Thermal Analysis and Calorimetry, 111,
(2)  (2013)  1457-1461 DOLI:
10.1007/s10973-012-2526-9)

8) Masaaki Isai, Ikuta Nakamura,
Takanori Sato, and Yoichi Hoshi,
“Stabilized Pt deposition on the TiO2
films and their photocatalytic properties”
Trans. Mat.Res.Soc. Japan,
38[1]111-15(2013)

9) Y. Yasuda, M. Tobisaka, K. Kamikuri, and
Y. Hoshi, “Effect of ion bombardment on
low-temperature growth of TiO, thin films in
DC reactive sputtering with two sputtering
sources”, Surf. Coat. Technol., Vol.231
(2013)  439-442  doi:10.1016/j.surfcoat.
2012.01.003

10) Y. Yasuda, N. Kitahara, and Y. Hoshi,
“Glancing Angle Sputter Deposition of
Titanium Dioxide Films for Photocatalytic
Applications” ECS Transactions, 50 (48)
25-35(2013), DOI: 10.1149/05048.0025¢ecst

11) Yoichi Hoshi, Yoiji Yasuda, and Naoto
Kitahara , “Control of Nano-structure of

Assisted Glancing Angle Deposition” J. J.



Appl. Phys., Vol.52 (2013)110124

12) Hao Lei, Meihan Wang, Yoichi Hoshi,
Takayuki Uchida, Shinichi Kobayashi,
Yutaka Sawada “Comparative studies on
damages to organic layer during the
deposition of ITO films by various sputtering
methods”, Applied Surface Science 285P
(2013)389-394

13) Masaki Isai, Ikuta Nakamura, Yuki Hieda,
Fumiya Fukazawa, and Yoichi Hoshi,
“Co-catalytic effect on improving the
photocatalytic properties of TiO, films”
Trans. Mat. Res. Soc. Japan, 38[4]529-533
(2013)

14) TiO,
Vol.57 No.l (2014)
pp.9-15
34 ( 13 )
2011 12

1) Yoichi Hoshi, Youji Yasuda, Shin-ichi
Kobayashi, Takayuki Uchida, Yutaka Sawada,
tHidehiko Shimizu, “Changes in carrier
injection properties of OLED by the
sputter-deposition of Al electrode” TACT 2011
International Thin Film Conference, C-061
(2011 11 )

2)

142 C
47
pp.25-30 23 10 24

10

2012 (10 )

1) Yoichi Hoshi, Shin-ichi Kobayashi,
Takayuki Uchida,’Hidehiko Shimizu,
“CHANGES IN CARRIER INJECTION
PROPERTIES OF OLEDs BY
SPUTTER-DEPOSITION OF Al
ELECTRODE” 20th Annual International
Conference on Composites or Nano
Engineering{CCE-20) (2012, Beijing,
July)

2) Y. Yasuda, H. Lei and Y. Hoshi, “New oxygen
radical source using selective sputtering of
oxygen atoms for the high rate deposition of
TiO, films”, ITUMRS-ICEM2012, Yokohama
(Japan), B-3-P26-005 (September, 2012).

3) T. Matsuzaki, Y. Seki, Y. Yasuda, Y. Sawada,
Y. Hoshi, and T. Uchida, “Luminance
Enhancements in OLEDs Using a TiO,
Electron Injection Buffer”, International
Display Workshop in conjunction with Asia
Display 2012, Kyoto (Japan), OLEDp-8
(December, 2012).

4) 1 1 1

ITO

EL

73

13p-C13-6(2012 9 )
5)

EL
2013

CS-4-1 2013 3 4
2013 (12 )
1)

EL

, vol. 113, no. 171, CPM2013-45, pp.
29-34,2013 8
2) Y. Hoshi, S. Kobayashi, T. Uchida, Y. Sawada
and H. Shimizu, “Control of Work Function of
ITO Anode Films in OLED”, TOEO, 13pP31

(2013) 5
3) 1 1 1
2 EL
74
[19p-C7-1] (2013 9
19 )
4)
EL
61
19p-E3-4 (2014 3 ) 8
D
2012 11 ()
2
(2012 11
)
3
2013
6 «C )
4

(2013 7 )X )

EL

2011 9 pp.3-18

http://www.seit.t-kougei.ac.jp/ThinFILM
Lab/index.html

o
HOSHI YOICHI

20108228



