Semiconductor Nano-Spintronics

GaAs-Fe chip

. Si micro beam

Think and grow Act and test Show and discuss

Study of optical manipulation of ferromagnetism and
spin-based photonics

Hiro Munekata, Tokyo Tech.

Outline :
1. Why light and spins?

2. Manipulation of M without H P charge
3. Detection and emission of circular polarization electron
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Angular momentum h would be the smallest quantity that
would handle physical information.

Linear polarization

multi photons

Z Circular polarization

single photon

E. Hecht “Optics”, 2nd ed. (1990, Addison-Wesley Publishing Comp., Reading, MA )
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Signals are small and fast-disappearing
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pulsed excitation;

(Ga,Mn)As, (In.Mn)As (2002 - ) Hybrid optical isolator,

(MnSb with InP-based structures)
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light-induced precession of M
T. Amemiya, et al., Appl. Phys. Exp. 1, 022002 (2008).




Photo-induced precession in GaMnAs
(P&P, A = 790nm, P = 3uJ cm)
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Thermal Heating of Lattice Temperature
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A change in hole number at around E¢ is the key.

Y. Hashimoto, S. Kobayashi, and H. Munekata, PRL 100, 067202 (08)
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Dependence of Mn contents on precession of magnetization
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Non-thermal influence of pulsed optical excitation on
magnetization has been clearly shown.

- low power excitation]

- a system with free carriers

- dynamical change in magnetic anisotropy

- spin-orbit interaction

Systematic study of an effective magnetic field for Mn spins
without an external magnetic field.

Coherent control
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Spin - Photonics

Ec D 1

ctando - <= spins

We began with studying the conversion between

circular polarization and spin current. SPIN-PD
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Spin voltaic effect
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Amount of current depends on spin polarization of carriers.
I. Zutic,et.al PRL (2002)
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Current injection (non-equilibrium condition) and hetero-spin transport factor g
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Spin - Photonics
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Extract information from the state of polarization

Chemical synthesis and analysis
- pharmaceutics
- foods and ingredients
Bio-technology

Information processing with guantum
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Diffusion is great !

( Depletion region would not cause problems)

Hot carriers help spin transport across
heterojunction !

( Dynamic enhancement of g)



Tokyo Tech. Spintronics Labs.

“240um.\
\

. Si micro beam

GaAs-Fe chip

Think and grow Act and test Show and discuss

Summary :
1. precession induced by the optical excitation

(non-thermal effect, insight into f.m.s.c)
2. spin transport in SC
(diffusion, heterojunctions)
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