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【Purpose and Background of the Research】 
Electrical injection of spin-polarized electrons 

from ferromagnetic metallic electrodes into III-V 
compound semiconductor quantum dots (QDs) will 
be studied, where QDs are used to fabricate optical 
active layers for photoelectric conversion of spin 
information. In QDs, electron-spin states can be 
conserved during an emission process, enabling us 
to transform spin information into circular 
polarization of light and vice versa. 
  We study spin-polarized light emitting diodes 
based on QDs by investigating ultrafast spin 
injection into the QDs and spin transport in 
semiconductor barriers. Optical resonators for 
efficient photoelectric conversion are fabricated 
along with circularly polarized stimulated emitters 
and spin-polarized photo-diodes using QDs. 
  The above research is aimed at establishing a 
technology base for photoelectric conversion of 
spin-information utilizing QDs [Fig. 1]. 

Figure 1 A schematic of photoelectric spin- 
conversion device utilizing QD active layers 

 
【Research Methods】 

  We fabricate coupled QD structures with 
two-dimensional (2D) electron systems of quantum 
wells (QWs) and achieve efficient spin capture as 
well as ultrafast spin injection [Fig. 2]. Spin 
transport in semiconductor barriers is also studied. 
Quantum structures for room-temperature 
operation can be designed based on the 
temperature dependences of spin states and the 
relaxation in spin injection. Nanoscale optical 

resonators suitable for efficient photoelectric spin 
conversion are fabricated along with investigating 
the basic properties of circularly polarized 
stimulated emitters and spin-polarized 
photo-diodes using QD active layers. 
 
 
 
 
 
 
 
Figure 2  A QD structure coupled with a QW 
 

【Expected Research Achievements and 
Scientific Significance】 

  Spin-polarized wavefunctions and the dynamics 
in QDs coupled with 2D electron systems, and 
subsequent energy relaxation are essential for spin 
injection into QDs, which will be an important 
achievement in material science. Photoelectric 
spin conversion at room temperature will facilitate 
future applications of semiconductor spintronics, 
which stays in a basic state of research to date. 
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