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   More than 20 years has passed since the first report on 
the growth of a III-V-based magnetic semiconductor epi-
layer [1]. Nowadays, experimental and theoretical aspects 
of carrier-mediated ferromagnetism in semiconductors have 
been developed to great extent on the platform primarily 
based on III-Mn-V systems [2,3]; the highest Curie tem-
peratures are over 90 K [4] and 190 K [5], respectively, for 
(In,Mn)As and (Ga,Mn)As. Apparent luminescence prop-
erty in these materials, however, has yet to be pursued.  
   Ferromagnetism in oxide-based semiconductors appears 
to be reproducible and controllable, at least for TiO2 based 
system in which Curie temperature is higher than room 
temperature [6]. Realization of group-IV based, homoge-
neous magnetic semiconductors has remained to be an open 
subject to be challenged.  
   Taking physical and chemical diversity of host materi-
als into account, discussions as to the area of future appli-
cations of magnetic semiconductors would not be restricted 
within the limit of devices for electrical computers, as 
would be discussed at the time of presentation [7,8,9,10]. 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
Fig. 1  Progress in the research on Curie temperature as a func-
tion of time for p-(In,Mn)As and p-(Ga,Mn)As.  
 
Acknowledgements 
   I wish to express sincere thanks to all the previous and present 
members in my laboratory who contributed and have been con-
tributing to the research on semiconductor spintronics. The pre-
sent research projects in Munekata laboratory are supported in 
part by Grant-in-Aid for Scientific Research No.19048020 and 
Advanced Photon Science Alliance Project, both from MEXT, 
and Grant-in-Aid for Scientific Research No.22226002 from 
JSPS.  
 

References 
[1] H. Munekata, H. Ohno, S. von Molnar, A. Segmuller, L.L. 

Chang, and L.Esaki, “Diluted magnetic III-V semiconductors 
“, Phys. Rev. Lett. 63 (1989) 1849; U.S. Patent 5,296,048 
(Mar.22, 1994). 

[2] T. Dietl, H. Ohno, and F. Matsukura, “Hole-mediated ferro-
magnetism in tetrahedrally coordinated semiconductors”, Phys. 
Rev. B 63 (2001) 195205. 

[3] T. Jungwirth, J. Sinova, J. Mašek, J. Kučera, A. H. MacDonald, 
“Theory of ferromagnetic _III,Mn_V semiconductors”, Rev. 
Mod. Phys. 78 (2006) 809. 

[4] T. Schallenberg and H. Munekata, “Preparation of ferromag-
netic (In,Mn)As with a high Curie temperature of 90 K”, Appl. 
Phys. Lett. 89 (2006) 042507. 

[5] L. Chen, S. Yan, P. F. Xu, J. Lu, W. Z. Wang, J. J. Deng, X. 
Qian, Y. Ji, and J. H. Zhao, “Low-temperature magneto- trans-
port behaviors of heavily Mn-doped (Ga,Mn)As with high fer-
romagnetic transition temperature”, Appl. Phys. Lett. 95 
(2009) 182505. 

[6] T. Yamasaki, T. Fukumura, Y. Yamada, M. Nakano, K. Ueno, 
T. Makino, and M. Kawasaki, “Co-doped TiO2 films grown on 
glass: Room-temperature ferromagnetism accompanied with 
anomalous Hall effect and magneto-optical effect”, Appl. Phys. 
Lett. 94 (2009) 102515. 

[7] H. Munekata, “III-V Based Diluted Magnetic Semiconductors: 
Carrier-Induced Magnetism”, Adv. Mater. 7 (1995) 82; U.S. 
Patent 5,191,223 (Mar. 2, 1993). 

[8] W. Terui, H. Munekata, T. Hanna, and D. Yoshida, “MnSb- 
based spin LED with side-wall emission“, physica status solidi 
c (2010) in print; presented at ISCS 2010 (May 31-June 4, 
2010, Takamatsu ). 

[9] H. Munekata, “Light and Spins, and Studies Towards Spin- 
photonics”, A booklet for the 112th Technical Meeting of Mi-
crooptics Group in Optical Society of Japan/The Japanese So-
ciety of Applied Physics (in Japanese) (May 19, 2009, To-
kyo). 

[10] H. Munekata, “Light and spins, incorporating spin-photonics 
and optical memory”, A booklet for the 268th Technical Meet-
ing of Optoelectronics JSPS 130-Committee (in Japanese) 
(Sept. 3, 2009, Tokyo). 

 

 

-113-

Extended Abstracts of the 2010 International Conference on Solid State Devices and Materials, Tokyo, 2010, pp113-113

H-1-1(Invited)


