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         Intra-band Excitation
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   Intra-band and Inter-band Excitation
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   Hanle Effect in Spin-Galvanic Effect
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Magnetic field induced circular 
        photogalvanic effect

jx = - µ Bx E02 Pcirc ∝ Bx sin 2ϕ
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         Inter-subband Excitation
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Removal of space inversion

In noncentrosymmetrical materials space symmetry is absent: ε   (k) = ε   (-k) 
(Without magnetic field Kramers doublets are present (time symmetry:  ε   (k) = ε   (-k) )

k-cubic terms in the effective Hamiltonian



Removal of space inversion in zink-blende structure based symmetrical QWs 

In two dimensional structures kz=0  (but not the average k2z !!)
(Without magnetic field Kramers doublets are present (time symmetry:  ε   (k) = ε   (-k) )

k-linear terms in the effective Hamiltonian



Removal of space inversion in asymmetrical QWs 
(Without magnetic field Kramers doublets are stil present (time symmetry:  ε   (k) = ε   (-k) )

k-linear terms in the effective Hamiltonian



2D band structure  
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Experiments on the details of the  band structure

HSO= α(σxky-σykx)+ β(σxkx-σyky)

>

H = �2k2/2m* + HSO

> >

α - Rashba term
β - Dresselhaus term

ky

kx

α = β 

Cubic axes:   x,y  



Experiments on the details of the  band structure

Spin-galvanic current:

j
SGE 

∝ ( β  −α )S
              α  −β

Direct measurement of 
the ratio  α / β
(α - Rashba term, β - Dresselhaus term)

HSO= α(σxky-σykx)+ β(σxkx-σyky)

>

H = �2k2/2m* + HSO

> >

α - Rashba term
β - Dresselhaus term

ky
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α = β 

Cubic axes:   x,y  



Experiments on the details of the  band structure

j
SGE 

∝ ( β  −α )S
              α  −β

Spin-galvanic current: jR/jD = α / β
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j ( Θ ) = jD cos ( Θ + ϕ ) + jR sin ( Θ -  ϕ ) 

Phy.Rev.Lett. 2004



Experiments on the details of the  band structure

j
SGE 

∝ ( β  −α )S
              α  −β

InAs:  α / β  = 2.15
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Spin-galvanic current: jR/jD = α / β




