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BAND STRUCTURE OF III-V SEMICONDUCTORS 
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Spin-orbit coupling gives rise to both optical orientation and spin relaxation 



SPIN-ORBIT SPLITTING OF CONDUCTION BAND 
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Larmor frequency  
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2D semiconductor structures without space inversion: 

Rashba term k-linear Dresselhaus term 
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Structure  
inversion asymmetry 

  Bulk inversion asymmetry 

depends on QW crystallographic orientation    
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D’YAKONOV-PEREL’  MECHANISM 
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Spin precession in the effective field 
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Effective fields in (001)-grown QWs 
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Rashba field Dresselhaus field 
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Collision-dominated regime,  k  << 1 

- spin relaxation time 

- exponential decay of electron spin polarization 

  12~


kΩTs
,  with   being the scattering time 



OSCILLATORY REGIME OF SPIN DEPHASING,  k  > 1  

Rashba field 

V.N. Gridnev, JETP Lett. (2001) 
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M. A. Brand et al., Phys. Rev. Lett. (2002) 
W. J. H. Leyland et al., Phys. Rev. B (2007)  
M. Griesbeck et al., Phys. Rev. B (2009) 

Experimental data 

W.J.H. Leyland et al. (2007)  
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HANLE EFFECT 

Depolarization of luminescence in transverse magnetic field, W. Hanle, Z. Phys. (1924) 
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G  is the spin generation rate 

Ts  is the spin relaxation time 

Steady-state spin components 
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HANLE EFFECT: MICROSCOPIC THEORY 
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Kinetic equation for the spin density matrix 
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is the Hamiltonian of spin-orbit coupling  

 σskkk  If is the spin density matrix  
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St is the collision integral (short-range scattering) 

Magnetic field dependence of total electron spin S = k sk 

Exact solution for the Rashba splitting,  
RΩ|| kΩ



HANLE CURVES 

Magnetic field 

A. V. Poshakinskiy and S. A. T.,  
Phys. Rev. B 84, 073301 (2011) 
 

, 

spin dephasing times 

Collision-dominated regime, R  << 1  

High-mobility structures, R  > 1  

sharp peak at  L  R 



MICROSCOPIC MODEL OF ANOMALOUS HANLE EFFECT 

Spin precession in the total magnetic field (external field + spin-orbit field)  
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HANLE EFFECT ANISOTROPY 

Quantum wells with both Rashba and Dresselhaus contributions 
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2D STRUCTURES WITH ANISOTROPIC SCATTERERS 

AlGaAs/GaAs HJ with semidisk antidots, 
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D. Ercolani et al., PRB 77, 235307 (2008) 
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In-plane anisotropy of electron mobility 
in (001)-grown n-type quantum wells 

AFM surface topography of (001)-grown  

n-type InGaAs/InAlAs QWs, 
from D. Ercolani et al., Phys. Rev. B  (2008) 



SCATTERING ASYMMETRY IN 2D SYSTEMS 
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The integral of collisions 

Expansion of the scattering rate in angular harmonics 

Вещественность 

Оптическая теорема 

Инверсия времени 
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Инверсия t и r 

The properties of elastic scattering 

the reality of rate 

“optical theorem” 

r and t  inversion sym. 

is real 

time inversion sym. 

space inversion sym. 



SPIN DYNAMICS IN ANYSOTROPIC STRUCTURES 

System of coupled linear equations to be solved 
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Quantum equation for the spin density matrix 

 σskkk  IfSpin density matrix  

Expansion in angular harmonics 

k-linear splitting in QWs 

spin rotation 
spin generation 
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HHamiltonian of spin-orbit coupling  



COLLISION-DOMINATED REGIME 

- intensive scattering, small rotation angles between collisions,     

Spin distribution function 

small correction 

Distribution function of electrons in electric field 

Electrical conductivity in two-dimensional structures 

small correction 

Electric current 

Spin-relaxation-rate tensor  
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                         the Larmor frequency 

            of the effective magnetic field 



DEPHASING RATES IN (001) QUANTUM WELLS 
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OSCILLATORY REGIME 

Model of anisotropic scatterers 

The scattering rate 
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   Pulse excitation  

(at normal incidence) 
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A. V. Poshakinskiy and S. A. T., Phys. Rev. 84, 155326 (2011) 



KINETIC ANISOTROPY OF SPIN RELAXATION 

anisotropic    
scattering 

spin precession  
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Fast relaxation of electron spin 

      along the growth direction 

SPIN DEPHASING IN (110) QUANTUM WELLS 
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Symmetric wells (110) 

Slow relaxation of electron spin 

      along the growth direction 

Effective magnetic field 
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Effective magnetic field 
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LIGHT INTENSITY DEPENDENCE 
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Signal amplitude ~ Sz(0) Dephasing rate 1/Ts 

Experiments by T. Korn et al. (Regensburg) 



SPIN DEPHASING IN (110) QUANTUM WELLS 

Signal amplitude ~ Sz(0) 

Dephasing rate 1/Ts 
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Spin dephasing at zero magnetic field 

Optical generation rate Gz ~ I 

Dephasing rate  

hole density Nh ~ I Intensity dependence 

Dephasing rate from Hanle curves 
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Intensity dependence 

I0  0.5 W/cm2 in the experiment 

R. Völk, M. Griesbeck, S. A. T. et al., Phys. Rev. B 83, 241306(R) (2011) 



SPIN DIFFUSION IN THE PRESENCE OF HOLES  
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probe 

MOKE experiment with high space resolution  

(110) 30nm-wide GaAs/AlGaAs 

Difference in the diffusion coefficients of electrons  

and holes results in a non-monotonic dependence 

of spin polarization on the pump-probe distance    Pump-probe distance [μm] 
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SPIN SPLITTING IN ASYMMETRIC (110) QWS 

M. O. Nestoklon, S.A.T., J.-M. Jancu, and P. Voisin, Phys. Rev. B 85, 205307 (2012) 

Crystal structure (Cs group) 

Effective Hamiltonian 
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Spin-orbit coupling parameters as a function  

of QW width for (110) GaAs/Ga0.7Al0.3As/GaAs 



SPIN DEPHASING. COLLISION-DOMINATED REGIME 

Balance equation for total spin 

is the tensor of spin relaxation rates 

Point group Cs: identity, one mirror plane mx 

Non-zero components of the second-rank tensor  

  is the spin generation rate 

m 

DP mechanism: Components of the spin-relaxation-rate tensor 

Larmor frequency of the field Beff 
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PRINCIPLE AXES OF SPIN-RELAXATION-RATE TENSOR  

Equation for eigen values and vectors 

Principle axes: 

Spin relaxation rates in the principle axes: DP mechanism 

Rashba/Dresselhaus 
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SPIN DECAY AFTER PULSE EXCITATION 

S0 

is described by two lifetimes and 

leads to the appearance of Sy 

Relaxation of Sz 

Time evolution of spin components 

S(t) 

Sy(t) 



z
z~

y~

y

x



RELAXATION OF ELECTRON SPIN  

INITIALLY ORIENTED ALONG THE GROWTH DIRECTION 
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SUPPRESSION OF SPIN DEPHASING BY DRESSELHAUS FIELD 
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OPTICAL ORIENTATION IN SEMICONDUCTORS 

Selection rules for the interband transitions 
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OPTICAL ORIENTATION BY LINEARLY POLARIZED LIGHT 

(110)-quantum wells, Cs  
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asymmetric photoexcitation followed by 
spin precession in the effective magnetic field 

     S.A.T., Phys. Rev. B 72, 113302 (2005) 



EXCITATION BY LINEARLY POLARIZED PULSE 

V.A. Gorelov, S.A.T., N.S. Averkiev, JETP 113, 873 (2011) 
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OPTICAL ORIENTATION AND SPIN DEPHASING                

IN HIGH-MOBILITY QUANTUM WELLS  

• Spin dynamics of optically oriented electrons in quantum wells drastically 
depends on crystallographic orientation of the structure, electron gas 
mobility, details of scattering, and intensity of optical pumping.  

• The absorption of linearly polarized light in quantum wells leads to the   
spin orientation of photoexcited electrons. 

Summary 


