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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
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Inter-subband Excitation
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Removal of space inversion

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

Bulk A3B° (Noncentrosymmetric) semiconductors:

Bulk Inversion Asymmetry

HE) =hQ-0/2.

In the coordinate system x || [100], y || [010], z || [001] :
Q o [kg(k2 — k2)x + ky(k2 — k2)y + k(K3 — k7)) 2
(G.Dresselhaus, Phys. Rev. 1955)

k-cubic terms 1n the effective Hamiltonian



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

In two dimensional structures £,=0 (but not the average k2 -
(Without magnetic field Kramers doublets are present (time symmetry: € +(k) =€ +(—k) )

0 o [kx(kg — k2)x + ky(k2 — K2) y + ko (k2 — kg) z

For QWs system grown in z || [001] direction
by setting k, — (k,) =0 and k2 — (k2) ~ (7/L,)*:

Interface Inversion Asymmetry :

no-common-atom system (InAs/GaSbh).
ITA vanishes for (110)—grown structures.

BIA + IIA — Dresselhaus term

k-linear terms 1n the effective Hamiltonian



Removal of space inversion in asymmetrical QWs
(Without magnetic field Kramers doublets are stil present (time symmetry: € +(k) = 8+(-k) )

Structure Inversion Asymmetry
(absence of inversion in the growth dlrectlon)
z is non-equal to —z

0y = oo x k], = a(ogky — oyks) .
SIA — Rashba term

TOTAL: fI so = a(ogky — oyks) + B(ogks — oyky)

In the coordinate system 1 || [110], 2 || [110], z I|| [001] :
Hgo = oo1ks — o2ky) + B(o1ks + o2k:)

k-linear terms 1n the effective Hamiltonian
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2D band structure
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Experiments on the details of the band structure

/\_ 2 N

Cubic axes: X,y B

Hgn= oc(cxky-cykx)Jr B(kax-cyky)

o =P

o - Rashba term

B - Dresselhaus term




Experiments on the details of the band structure

Cubic axes: X,y

Hgn= oc(cxky-cykx)Jr B(kax-cyky)

oL - Rashba term
B - Dresselhaus term

/\_ 2 N

Spin-galvanic current:

o =P

]SGEOC(

B -«

(X_

)

_>

Direct measurement of

the ratio o/ 3
(o - Rashba term, B - Dresselhaus term)




Experiments on the details of the band structure Phy.Rev.Lett. 2004

Spin-galvanic current: TSGEOC ( 3 :g )§ JpIp =0/

Jj(O©)=jpcos (O +@)+jpsin(O- @)




Experiments on the details of the band structure

Spin-galvanic current: j_ o (
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