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1. Highlights in 2007 

(1) Spin detection in ferromagnet/semiconductor heterostructures using optical spin 
orientation 

Spin filtering effect is one of the principal mechanisms of detecting electron spin at 
ferromagnet/semiconductor interfaces with a view to developing spintronic devices. In this study, a 
half-metallic epitaxial Fe3O4 ultrathin layer was grown on a GaAs(001) substrate and the spin 
filtering effect is examined under optical spin orientation conditions. The spin filtering effect 
obtained was becoming significant at forward bias, showing a successful detection of spin-polarized 
electrons using Fe3O4 ultrathin layers. The spin filtering efficiency, however, is rather small 
compared with that using an Fe thin layer, indicating that Fe3O4 at the interface is not likely to have 
half-metallic characteristics. 

 

(2) Manipulation of ferromagnetic domain structures in ferromagnet/ferroelectrics 
heterostructures  

Manipulation of magnetic bit information using electric voltage has been attracting attention due to a 
huge reduction of the consumption of electricity. The purpose of this study is to develop a means to 
control magnetic domain structures in ferromagnet/ferroelectrics heterostructures, relying on the 
magnetostriction effect at the interface. Samples used were Fe dots/BaTiO3 and Fe dots/SrTiO3 
heterostructures, wherein we observed an enclosed magnetic domain structures in both samples. The 
most significant observation is a switching of the magnetic anisotropy of Fe seen at the structural 
phase transition temperature of BaTiO3, showing a sizable magnetostriction effect at the interface. 
Also, the results provide a promising basis to manipulating magnetic bit information using electric 
voltage instead of electric current.  

 

(3) Spin injection into semiconductor quantum dots and magnetoresistance effect 

Spin injection into semiconductor quantum dots is attracting interests due to fruitful phenomena such 
as Coulomb oscillation and spin accumulation, giving tremendous magnetotransport effects. In this 
study, we examined magnetoresistance effect in a lateral spin valve structure, where an InAs 
quantum dot is attached with two ferromagnetic wires. The magnetoresistance of the lateral structure 
oscillates with bias voltage due to a combined effect of Coulomb blockade and spin accumulation in 
the dot, and reaches a huge value of a few hundred %. A Kondo effect was also observed in this spin 
valve structure. This effect is very important to fabricate light emitting devices with optical circular 
polarization.  
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