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Control of single magnetic spin in a semiconductor dot and its application
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We have clarified various aspects of the behavior of a single Cr atom in a
CdTe self-assembled dot. We observed the splitting of the exciton emission spectrum due to the
exchange interaction with a single Cr spin in the dot, and showed that the distribution of each Cr
spin state can be controlled by resonant excitation to the split emission lines. We observed the
decay of the distribution of specific Cr spin states generated under resonant excitation (optical
pumping) and clarified the transition process between Cr spin states as the origin of the decay. In
addition, we found an emission spectrum with a similar shape to that of the exchange splitting of Cr
spins, but with different characteristics such as linear polarization properties, which is
attributed to the valence fluctuation splitting of Cr ions located near the dots.




[1]
1 [2-4]

3d Cr CdTe Cr
(MBE) CdTe (SAD) Cr 1
Cr
Cr
“ SAD [5]
Cr ZMS
Cr
Cr 1 CdTe SAD
Cr
Cr
MBE ZnTe(001) CdTe
[6] CdTe Cr
Cr 1
(PL)
Cr
Cr 1 CdTe SAD PL
Cr
(1) Cr
Cr
( ) Cr z S
(7]
o o- (Fig.
(a) < (b) (c)
Pamp) g
T =5K o- JZ
-~ A "1>"F\ ..................... N 5 iz
= Detect é TH1> \u (rspm.
s I£1> = S relaxation
= o+ £
a‘ .
E /Q:; e o g T =60 ns
- /\/\N\" ’\/\/\/\-> E- pump s
E |
- =
. LV "i Lhn
1 1 1 T DO —
1999 2000 2001 2002 0 | '"':'P l_l. Imlm. |
Energy (meV) S=-1 0 +1 0 400 800 1200

Time (ns)

Fig. 1: Optical pumping of Cr spin states[7]. (a) The resonant excitation and detection on the excitonic
emission lines split due to the exchange interaction with Cr spin. (b) Energy configuration of the Cr spin
S states (ground state) and Cr-exciton complex states (optically-excited state). (c) Temporal variation of
the PL intensity under the pulsed resonant excitation.
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Fig. 3: The emission spectrum split due to charge fluctuation of Cr ion[9]. (a) “Normal” emission
spectrum from adot containing a Cr?* ion inside the dot. The spectrum is exchange-split with single Cr

spin. (b) Another type of emission spectrum from a dot

with a Cr ion located in the vicinity of the dot.

The spectrumis split dueto the charge fluctuation of Cr ion between Cr*, Cr?* and Cr3* states. (C) Energy

level of donor and acceptor states of Cr in ZnTe.
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