Optical control of Mn spin in GaAs
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Outline

Spin polarized electrons + Magnetic ions (Mn)
GaAs doped with low Mn concentration (1018 cm-3)

- Energy structure, sp-d exchange interaction
- How to detect Mn orientation?
- How to distinguish between A° and A= ?

Experimental results
- Spin-flip Raman scattering (SFRS)
- Time-resolved photoluminescence (TRPL)
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Spin polarized electrons + Magnetic ions

s-d exchange interaction between 5 -
electron in conduction band with spin S H e‘é\"” — _b(S :
S_

magnetic impurity with spin .




' GaAs doped with low Mn concentration 2;6;}

Mn 3d>4s®> = acceptor with ag, =1 nm, E, ~ 110 meV
N,~ 1017-10%% ¢cm3
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-tU GaAs doped with low Mn concentration 21?

N,~ 10/-1018 cm3

Compensation with donors Ny~ 101 cm™ (az = 12 nm)
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tU GaAs doped with low Mn concentration 31?

N,~ 1017-10%8 cm3

Compensation with donors Ny~ 101 cm™ (az = 12 nm)
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Optical orientation of electrons +
+ exchange interaction with neutral (A°) or ionized (A’) Mn acceptors.




Intensity

Photoluminescence

PL spectrum for N,,, = 6x10’cm3, T =8K
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Spin-flip Raman scattering

" How to detect Mn spin polarization?
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Spin-flip Raman scattering
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1. Distinguish between the spin flip on neutral and ionized Mn acceptors.
2. Direct evaluation of Mn polarization.
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Intensity

B

What can we find from PL?

PL spectrum for N,,, = 6x10’cm3, T =8K
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'tU Time- and polarization- resolved PL 2??
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-Spectrometer filters out DO - A° transition | =1 +1 P = * —
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1. Total intensity 1(t)=1(0)e™"" population decay

2. Circular polarization o (t) = P, (O)e_t/TS spin decay




'tU TRPL in Faraday geometry 2{?
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Plateau changes sign with excitation helicity # Mn orientation

Saturation at magnetic field ~ 150 mT
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Intensity (arb. units)
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B,,— effective exchange field of

Mn acting on electron.

TRPL in oblique field
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Summary

1. Optical orientation of Mn ions is demonstrated (up
to 25 %).

2. Weak longitudinal magnetic field (B ~ 100 mT)
suppresses Mn?* spin relaxation.

3. Oriented Mn?* ions return spin polarization back to
electron system providing a long-lived electron spin
memory (up to 1 us).
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+2 Magnetic Field (T)
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L L) GaAs doped with low Mn concentration Z('

Mn 3d>4s®> = acceptor with ag, =1 nm, E, ~ 110 meV
N,~ 1017-10%% ¢cm3
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Ferromagnetic-Semiconductor Hybrid

GaAs cap 40 nm

GaMnAs layer ~1 nm

Spacer GaAs 2-10nm

QW InGaAs 10 nm

Buffer GaAs 100 nm

Substrate (001) n-GaAs
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Kerr rotation (arb. units)

Role of FM exchange field
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Dynamics of spin separation effect
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Conclusion: the spin polarization in Mn-
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PL intensity (arb. units)
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Time-resolved pump probe Faraday (Kerr) rotation

Kerr rotaticz_q% Faraday rotation
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Pump probe Faraday (Kerr) — rotation in GaAs-Mn
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Magnetic field induced spin polarization ?ﬁ@

B=0 3 0 KT << gu;B

Z
+1/2 Equilibrium spin polarlzatlop
due to the thermal population

%— -1/2  of spin levels split by the

external magnetic field B

Spin precession in transverse
magnetic field with Larmor
frequency

hQL = gu,B




Electron Spin Relaxation in GaAs

The main electron spin relaxation mechanisms:

- Elliot-Yafet (EY) and Dyakonov-Perel’ (DP)
Spin-orbit interaction

- Bir-Aronov-Pikus (BAP)

Electron-hole exchange interaction

- Hyperfine interaction with nuclear spins

In bulk GaAs

- n-type DP and Hyperfine interaction, 1, < 300 ns
- p-type BAP mechanism, 1. <5 ns for N, > 10 cm?3



inle Effect for Mn-band emission in GaA:%(-’zE
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G.V. Astakhov et al., PRL 101, 76602 (2008)



