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Solution-processed znO films could exhibit transparent conductivity after

UV irradiation. The irradiation of UV-A and UV(A = 380 nm) only for 1 hour attained the
conductivity. The transparent circuit was drawn by UV laser irradiation and the conductive are had 3

order lower resistivity than without irradiation area. The rectification property was obtained the
Zn0 films deposited on p-Si and p-GaN substrate. The Mn doped ZnO film exhibited the saturation
magnetization of 1.68x10-2 emu/g-

It is valuable result that the transparent conductive magnetic ZnO film could be fabricated by
solution process.



ZnO AP Ga*
(ITO)
ZnO
100°C
c
ZnO
102 Q cm
ZnO
n
n ZnO
(LED)
p MgZnO
266 nm 365 nm
X-Y
ZnO
2
2
(AFM)
X

(XRD)

ZnO

80%

xy

(XPS)

365 nm
90°C
p GaN
LED
I-v
p Si p GaN
LED
Co

100°C

ZnO

(FT-IR)

(FIB)
AFM

ZnO

I-v

ZnO

ZnO Mn

ZnO

ZnO

30



ZnO 1 pm

UV-VIS (A=400 800
nm) 80%
10 Q cm
FT-IR
3
ZnO

A 340
nm, 365nm, 370nm, 380nm
( 10 nm) 1-3—59-24

0.10 - 0.08 — 0.06 — 0.06 Q cm
025—022—-021—-020Q cm
039 —0.29—-0.21—-0.19Q cm
0.61 - 0.33 - 0.23 - 0.20Q cm

A 340 nm
A =365 nm
LED (1000 mA
) XY 10
632 kQ 2
2
uv
340 nm 365 nm 4
102 Q cm
uv

uv

Defect
C
Conductive AFM
UV-A 380
nm 1
5 um
3
C-AFM
C-AFM
P n  ZnO
pn
p-Si p-GaN
p-Si
5 pm p-GaN
2 mM ZnO
p n
pn
p-Si
p-GaN
2
p-Si 5 pum p-GaN
2 mM
ZnO
Mn

73%
Mn/Zn 2.5%
1.68 x 107 e.m.u/g



100°C

8

. Jeongsoo Hong, Minjong Keum, Ken-Ichi
Katsumata, Takashi  Shirai, Nobuhiro
Matsushita, and Kyunghwan Kim:
Comparative Study of Crystallographic and
Electrical Properties of Zinc Oxide Films
Fabricated by Dry and Wet Processes;
Science of Advanced Materials, , Vol.
9, pp.1678-1682, 2017.
https://doi.org/10.1166/sam.2017.3176
. Jeongsoo Hong, Nobuhiro Matsushita,
Takashi Shirai, Kazuya Nakata, Chiaki
Terashima, Akira Fujishima and Ken-ichi
Katsumata: Influence of Surface Morphology
and  Conductivity on  Photocatalytic
Performance of Solution-Processed Zinc
Oxide Film; Chemistry-an Asian Journal,

, Volume 12[18], pp. 2480-2485, 2017.
https://doi.org/10.1002/asia.201700807
. J. S. Hong, K. Katsumata, N. Matsushita:
"The Morphological Properties of Hetero
structured Fe;04/ZnO  Film by Aqueous
Solution Process", IEEE TRANSACTIONS
ON MAGNETICS, ,  Volume
52[5],2,2600105, 2016.
DOI: 10.1109/TMAG.2015.2513740
. JeongSoo Hong, Hajime Wagata, Ken-ichi
Katsumata, Nobuhiro Matsushita: "Low
temperature Solution-Processed ZnO film on
flexible substrate", Materials Science in
Semiconductor Processing, , Volume
47, PP.20-24, 2016.
https://doi.org/10.1016/j.mssp.2016.02.010
. JS. Hong, K. Katsumata, Nobuhiro
Matsushita:  “High-conductivity  solution-
processed ZnO films realized via UV
irradiation and hydrogen treatment”, Acta
Materialia, , Volume103, pp. 844-849,
2016
https://doi.org/10.1016/j.actamat.2015.11.013
. J.S. Hong, Ken-ichi Katsumata, Nobuhiro
Matsushita: "Fabrication of Al-Doped ZnO
Film with High Conductivity Induced by
Photocatalytic Activity", Journal of Electronic
Materials, , Volume 45[10], pp.
4875-4880, 2016.
DOI:10.1007/s11664-016-4751-7
. Taiki Ihara, Ken-ichi Katsumata, Tomoaki
Watanabe, Kiyoshi Okada and Nobuhiro

Matsushita: “Nitrogen-doped ZnO Rods
Synthesized from an Ammine-Hydroxo Zinc
Complex”, , Chemistry Letters, 44
NO.5, pp.651-653, 2015
https://doi.org/10.1246/c1.141195

. Jeong Soo Hong, Hajime Wagata, Naoki

Ohashi, Ken-ichi Katsumata, Kiyoshi Okada,
Nobuhiro Matsushita: “Transparent ZnO
Films Deposited by Aqueous Solution Process
Under Various pH Conditions”, Journal of
Electronic Materials, , Volume 44[8],
pp. 2657-2662, 2015

DOI: 10.1007/s11664-015-3670-3

20

. Retno Miranti, Tetsuo Kishi, Tetsuji Yano,

Nobuhiro Matsushita:  Solution-Processed
Mn-doped Zinc Oxide Films with
Magnetic-Transparent ~ Properties, CEMS
International Symposium on Supramolecular
Chemistry & Functional Materials 2018
(CEMSupra 2018)( ), 2018

. Hwai En, Lin, Tetsuo Kishi, Tetsuji Yano and

Nobuhiro Matsushita: Conductive area
patterning on solution processed transparent
ZnO films by UV irradiation, The Tenth
International Conference on the Science and
Technology  for  Advanced  Ceramics
(STAC-10)( ), 2017

. Hwai En, Lin, Tetsuo Kishi, Tetsuji Yano and

Nobuhiro Matsushita: Direct conductive area
patterning on solution-processed transparent
zinc oxide, The 34th International
Japan-Korea Seminar on Ceramics

), 2017

. Hwai En, Lin, Tetsuo Kishi, Tetsuji Yano and

Nobuhiro Matsushita: The UV laser
conductive area patterning technique applied
on solution-processed transparent ZnO film,
The 7th conference of The Ceramic Society
of Japan Kanto Branch for young
researcher( ), 2017

. Retno Miranti, Tetsuo Kishi, Tetsuji Yano,

Nobuhiro Matsushita:  Solution-Processed
Mn-doped Zinc Oxide Films Having
Magnetic  and  Transparent-Conductive
Properties, International Conference on
Advanced Materials 2017 of IUMRS
(IUMRS-ICAM2017)( ), 2017

. Retno Miranti, Tetsuo Kishi, Tetsuji Yano,

Nobuhiro Matsushita: Enhanced Photocurrent
Generation in Solution-Processed Zinc Oxide
Rod Array by Incorporating AI’*, The 2017
MRS Fall Meeting & Exhibit( ),
2017

. Nobuhiro Matsushita, Toshiyuki Ikoma,

Kensuke Kuroda, Mituso Niinomi, Takeshi



Wada, Hidemi Kato, Tetsuya Kishi, Tetsuji
Yano: Fabrication and Structure-Control of
Nano-materials on Titanium alloy surface for

Biomedical Applications, The 7th
Nanoscience and Nanotechnology
Symposium (NNS)( ) ),
2017

8. Nobuhiro Matsushita, R. Kobayashi, Hajime
Wagata, J.S. Hong, K. Katsumata, T. Kishi,

and T. Yano: Solution-Processed ZnO
Nano-Rod  Array and  Photocatalytic
Properties, IUMRS-ICA 2017, ( )
), 2017
9.
ZnO
uv
28 2016/3/16-18
10.
100°C
ZnO
2016/9/2
11.R.Miranti, TXKishi, Y.Tetsuji and N.

Matsushita: Aquoes process for depositing
undoped and Mn doped zinc oxide on non
seeded substrate at low temperature

2016/9/2

12.
ZnO

2016/9/2

13.
ZnO

29

2016/9/7-9/9

14.Retno Miranti, Tetsuji Yano and Nobuhiro
Matsushita: A Novel Solution Process for
Depositing Mn doped Zinc Oxide Film on
Nonseeded Substrate at Low Temperature,
MRS-ID Meeting 2016, 2016/10/24-26,
Bandung Inst. of Tech., Indonesia

15.Nobuhiro Matsushita:  Solution-processed
Ferrite Layers at Temperature below 100°C
Applicable in Power and Signal Applications,
MRS-ID Meeting 2016, Invited Talk,
2016/10/24-26, Bandung Inst. of Tech,,
Indonesia

16.K. Yonemoto, J.S. Hong, H. Wagata, K.
Okada, N. Matsushita: Influence of the UV
irradiation on ZnO films deposited by
Spin-Spray method, IUMRS-ICAM2015,
Oct.25-29, 2015, Jeju Korea

17.Y. Seino, J.S. Hong, K. Katsumata, N.
Matsushita: Solution process to fabricate ZnO
transparent conductive oxide film, STAC9,
Oct 19-21, 2015, Tsukuba, Japan

18.

28 2015 9
16-18
19.

31
2015 9 78
20.N. Matsushita, K. Katsumata, H. Wagata, M.
Yoshimura, K. Okada: Solution-processed
ZnO and their structure designs for various
applications, Ceramic and  Advanced

Materials for Energy and Environment 2015,
Dec. 14-17, 2015, Bangalore, India.

https://search.star.titech.ac.jp/titech-ss/pursuer.act

?event=outside&key rid=1000181745&lang=jp

(1)

MATSUSHITA, Nobuhiro

90229469
)

WAGATA Hajime
40633722

3)
“)

Hong, Jeongsoo



