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(EX):
Semiconductor spintronics is one of the promising technologies for next generation electronics by
utilizing charge and spin degrees of freedom in electrons. For the development of semiconductor
spintronics, room temperature ferromagnetic semiconductor is needed. A transparent oxide
semiconductor, titanium dioxide doped with cobalt, is ferromagnetic at room temperature. In this
study, electrical induction of the room temperature ferromagnetism in cobalt—doped titanium

dioxide was achieved with the application of voltage as low as about three volts. This electrical
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control of the room temperature ferromagnetism is a fundamental technique for room temperature
semiconductor spintronics devices, paving the way to the realization of low energy consumption
and long lifetime devices utilizing non—volatility of the ferromagnetism. The transparency of the
cobalt—doped titanium dioxide will also contribute to the realization of invisible devices and

computers integrated on window glass, for example.
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The 17th International Conference on Molecular Beam Epitaxy (MBE2012), Nara, Japan, 2012 £ 9
B 23-28 H. [The Japan Society of Applied Physics]

Tomoteru Fukumura [$B15:5;%])
“Electric field induced room temperature ferromagnetism in transition metal doped oxide

semiconductor”
2012 International Conference on Solid State Devices and Materials (SSDM 2012), Kyoto, Japan,
2012 #£ 9 B 25-27 H. [The Japan Society of Applied Physics]

Shun Inoue, Tomoteru Fukumura, Tetsuya Hasegawa

“Observation of magnetic domain structure in room temperature ferromagnetic semiconductor
(Ti,C0)0,”

2012 International Conference on Solid State Devices and Materials (SSDM 2012), Kyoto, Japan,
2012 #£ 9 B 25-27 H. [The Japan Society of Applied Physics]

Tomoteru Fukumura [$B1F:8;E)

“Room temperature ferromagnetism induced by electric field in cobalt-doped TiO,”

Pacific RIM Meeting on Electrochemical and Solid-State Science (PRIME 2012)/222nd Meeting of
ECS, Hawaii, USA, 2012 4£ 10 B 7-12 H. [The Electrochemical Society]
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Tomoteru Fukumura [$B15:5;&])
“Electrically-induced ferromagnetism at room temperature in (Ti,Co)O,: carrier—mediated

ferromagnetism”
APS March Meeting 2013, Baltimore, USA, 2013 &£ 3 A 18-22 H. [American Physical Society]

Tomoteru Fukumura [$BfF:5/E]

“Carrier-mediated ferromagnetism in (Ti,C0)O, and the electrical control at room temperature”
EMN EAST Meeting —Energy Materilas Nanotechnology—, Peking, China, 2013 4 9 A 7-10 H.
[Open—Access House of Science and Technology (OAHOST)]
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Thantip S. Krasienapibal, Tomoteru Fukumura, Y. Hirose, Ryuta Sako, Masanori Nagao, Satoshi

Watauchi, Isao Tanaka, Tetsuya Hasegawa
“Electrical transport properties of self-buffered anatase TiO,”
2013 FEFFE HF 74 [ CRAYMEZFFMEESR, RAMT, 201349 A 16-20 H. [I[EAYE
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Tomoteru Fukumura [$R15:EE]

“Room temperature ferromagnetism in (Ti,Co)O,: the electrical control and the mechanism”
EMN Open Access Weak, Chengdu, China, 2013 &£ 10 A 21-27 H. [Open—Access House of
Science and Technology (OAHOST)]
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Daisuke Ogawa, Tomoteru Fukumura, Minoru Osada, Takayoshi Sasaki, Tetsuya Hasegawa

“Insulating and dielectric properties of an individual titania nanosheet”
2013 MRS Fall Meeting, Boston, USA, 2013 & 12 A 1-6 H. [Materials Research Society]
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Tomoteru Fukumura [$BfF:5/E]

“Toward transparent flexible spintronics using RT ferromagnetic semiconductor”
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HER
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Thantip S. Krasienapibal, Tomoteru Fukumura, Tetsuya Hasegawa

“Improved magnetization in (Ti,Co)O, with non-magnetic capping layer”
2014 5% Fo1 @ CAMEFBRESHEER HERT 2014 E3 A 17-20 8. [IGAY
HER]

Jie Wei, Tomoteru Fukumura, Yasushi Hirose, Tetsuya Hasegawa

“Epitaxial growth of Li, La,,_TiO, thin films on perovskite substrates by pulsed laser deposition”
2014 F£&F %61 @ CAMEFEREGHEER BERT, 2014 F 3 A 17-20 H. [ILAY
BEx]
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Tomoteru Fukumura, Masashi Kawasaki

“Magnetic oxide semiconductors: on the high—-temperature ferromagnetism in TiO,~ and
ZnO-based compounds”

Functional Metal Oxides: New Science and Novel Applications, edited by Satishchandra Balkrishna
Ogale, Thirumalai Venky Venkatesan, Mark Vlamire, (Wiley-VCH, Weinheim, 2013), p. 89-131, &t
498 XR— ISBN: 978-3-527-33179-6
http://as.wiley.com/WileyCDA/WileyTitle/productCd-3527331794.html

Tomoteru Fukumura

“Electric—field control of magnetism in ferromagnetic semiconductors”

Spintronics for Next Generation Innovative Devices, Wiley Series in Materials for Electronic and
Optoelectric Applications, edited by Katsuaki Sato, Eiji Saitoh, Arthur Willoughby, Peter Capper,
Safa Kasap, (Wiley, 2014), &t 264 X—< ISBN: 978-1-118-75191-6, 2014 &£ 11 AHHIRFE
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EMX[Science, Vol. 332, p. 1065-1067 (2011)]M B4

Science, Vol. 332, p. 1040 (2011).

“Chameleon Magnets” ISSN 0036—8075 (print), 1095-9203 (online)
http://dx.doi.org/10.1126/science.1205775

5 X[Science, Vol. 332, p. 1065-1067 (2011)]D A

Nature Nanotechnology Vol. 6, p. 400-401 (2011).

“Superconductivity at the double” ISSN: 1748-3387, EISSN: 1748-3395
http://dx.doi.org/10.1038/nnano.2011.104

$hi3[Science, Vol. 332, p. 1065-1067 (201 1)]D#B

NPG Asia Materials featured highlight

“Spintronics: Room—temperature electrical control” ISSN 1884-4049 (print), 1884-4057
(online).

http://dx.doi.org/10.1038/asiamat.2011.140

OvxT7%#EH

EMX[Science, Vol. 332, p. 1065-1067 (2011)]M B4

nanotech Japan
[EETHSERETESHLOINS OO RAOMARICHI~ERTOESRMEA ETHMED
RAYFUT ("HALA D W) 1T~ )
https://nanonet.nims.go.jp/modules/news/article.php?a_id=1094

EmX[Science, Vol. 332, p. 1065-1067 (2011)]M B4
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http://news.mynavijp/news/2011/05/27/093/
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s [Science, Vol. 332, p. 1065-1067 (2011)]M#B4t
AiM Research

[REVILYIRAZSR: BHEEGIEHT S
http://research.wpi—aimr.tohoku.ac jp/jpn/research/634

$RX[Science, Vol. 332, p. 1065-1067 (201 1)]D#E A

Nanowerk

“Ferromagnetism can be induced electrically at room temperature”
http://www.nanowerk.com/news/newsid=22793.php

$hisz[Science, Vol. 332, p. 1065-1067 (2011)]DFEA

physicworld.com

“Semiconductor shows its chameleon side”
http://physicsworld.com/cws/article/news/2011/may/27/semiconductor—shows—its—chamel
eon—side

EMX[Science, Vol. 332, p. 1065-1067 (2011)]M B4
SciTech Profiles Asia Pacific

“Ferromagnetic switching at room temperature (JPN)”
http://www.scitechpap.com/?p=830

X [Science, Vol. 332, p. 1065-1067 (2011)]D A

Asia Research News

“Electrical Switching between Paramagnetic and Ferromagnetic States (“Chameleon”
Magnets) in Cobalt-Doped Titanium Dioxide”
http://www.researchsea.com/html/article.php/aid/6299/cid/2/research/electrical_switching_
between_paramagnetic_and_ferromagnetic_states__chameleon_magnets_in_cobalt—doped_titani
um_dioxide.htm|?PHPSESSID=4n72mqlrgcs9tn2ifdhj6lnan0

S [Science, Vol. 332, p. 1065-1067 (2011)]D#E

Das Physikportal, pro—physik.de

“Elektrisch angeregter Ferromagnetismus”
http://www.pro—physik.de/details/news/1110849/Elektrisch_angeregter_Ferromagnetismus.ht
ml

S [Science, Vol. 332, p. 1065-1067 (2011)]D#E

Spintronics—Info.com

“Electric ferromagnetism at room temperature shown in cobalt-doped titanium dioxide”
http://www.spintronics—info.com/electric—ferromagnetism—-room-temperature—shown—cobalt—
doped-titanium—dioxide
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(AT REIZE >-HARKAHZEZE |(American Association for the Advancement of Science
(AAAS), 2012 £F) 35 R—C BICAABLUHARIT L—TOERELHMENEIIBH,

Virtual J. Nanoscale Sci. Technol., 23, June 6th, (2011)IZ Science /X AEH TN S,
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