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Motivation

Basics: Spin-photocurrents

Investigated Samples

Measuring (001)-grown samples

BIA / SIA  � Dresselhaus / Rashba terms

Magneto-gyrotropic photocurrent

Measuring (110)-grown samples

Conclusions
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Important in spintronics:
Spin-splitting � Controllable variation of spin relaxation time by E-Field

(001) / (110) grown GaAs QWs often used

Photogalvanic effects good tool to verify symmetry

Different delta-doping position (symmetry) changes Rashba term

Spin relaxation time controllable by position of delta-doping
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Enables coupling of polar vector (current, 
momentum, etc.) and axial vector (angular
momentum, spin)

 �
	�
	��� �����

Spin degeneration removed
(in k-space)

Kramers Dubletts
not removed

(in contrast to Zeeman
Effect)

Non gyrotropic: Gyrotropic:
Important:

H = p²/2m H = p²/2m + HSO

HSO = � � lm� lkmlm

E

k
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jl = � Qlm Pcircemm

!�
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 ��	�	�������� "����� #!� "$

Phys. Rev. Lett. 86, 4358 (2001)

__

_ _2 � � LO2 � � LO

jx

1_

- jx

axial vector

polar vector
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Nature 417, 153 (2002)

jl = � QlmSm
axial vector

polar vector
m

jx

� k dependent
scattering
probability!
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k-linear terms in the Hamiltonian: HSO = � � lm � l km
lm

Spin-galvanic effect: jl = �  Qlm Sm
m

Circular photogalvanic effect: jl = �  Qlm Pcirc em
m

Magneto-gyrotropic photogalvanic effect: jk = �  Qklmn Bl { Em En }       Bl
(MPGE)                          lmn

*

^

Spin photocurrents and k-linear terms in the Hamiltonian described by
equivalent second rank pseudo-tensors

� Mapping of the magnitude of a spin current reflects the anisotropy
of the band spin splitting

Relevant to the talk effects:

Phenomenological level: 
PRL 92, 256601 (2004)

unpolarized light
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Microscopic picture: B-Field yields spin polarisation (Zeeman Effect)  
� Spin polarized electric current

with B-Field:

S = ½               = 

= gµBB / 4�
(average spin)

_

Nature Physics 2, 609 (2006)

(n� - n� )

(n� + n� )

j = e (i� + i� ) = 4eSJ

Scattering matrix element:
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Asymmetric QW, left-sided Si-doped

Geometrically symmetric Si-doped QW

Asymmetric QW, right-sided Si-doped

������������ �������%
#&&'$� ���(�� ���
���

QW width is constant;  (a + b) is constant

� = 
a - b
a + b
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Laser radiation:
- �  = 280 µm, �� = 4,4 meV, tp = 100ns
- linear polarised radiation
- unpolarised radiation
(with help of brass cone)

Settings:
- T = 300K
- no external bias
- normal incidence of radiation
- Rm = 50 	
- B in plane; |B| = 1T 

")��
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B > 0

j      
 (� )      ns J = j / (nsP)
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Laser radiation:
- �  = 280 µm, �� = 4,4 meV, tp = 100ns
- linear polarised radiation
- unpolarised radiation
(with help of brass cone)

Settings:
- T = 300K
- no external bias
- normal incidence of radiation
- Rm = 50 	
- B in plane; |B| = 1T 
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B < 0

j      
 (� )      ns J = j / (nsP)
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Unpolarised THz radiation:

jy || [010]

jx || [100]

Bx

j � B

j || B

J 
[a

rb
. U

ni
ts

]
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Bulk Inversion Asymmetry (BIA)  � Dresselhaus term in Hamiltonian
Origin: there is no inversion center in the host material, like in zink-
blende structure based QWs

Structure Inversion Asymmetry (SIA)  � Rashba term in Hamiltonian
Origin: an additional asymmetry introduced by the preparation process

Rashba effect is of particular importance for spintronics because it
allows one to manipulate spins by an external electric field

+��
(
���

Electric field
normal to QW

d)
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Zinc-blende structure based heterostructures
(like GaAs QWs) are gyrotropic which results in 
removal of spin degeneracy

HSO = � � lm � l km
lm

� l km = {� l , km} + [� l , km]

{� l , km} = ½ (� l km + � m kl) [� l , km] = ½ (� l km - � m kl)

s a  
� HSO = � (� lm {� l , km} + � lm [� l , km])

lm

Dresselhaus Rashba
(BIA) (SIA)

E

k
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Phenomenological equation:C2v

jk = �  Qklmn Bl { Em En }
lmn

*

for unpolarized radiation: jk Bl

kx � 
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SIA � 0 at � = 0 

But SIA = 0 at � � 0,2
� symmetrical QW!

Reason:
Short distance 
„diffusion“ of charge
carriers during growth 
process = 
Segregation

j
� B SIA j||B BIAjy || [010]

jx || [100]

Bx

J 
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Current perpendicular to the in-plane magnetic field increases with
rising degree of asymmetry (SIA)

T = 300K
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Phys. Rev. Lett. 100, 176806 (2008)

Spin splitting in k-space described by effective magnetic field: Beff
(No real B-Field � Kramers Dubletts still exist!)

HSO = � (� xky - � ykx) + � � z‘kx = � * Beff (k)

BIA
Dresselhaus coupling (�  = 0): Beff = �  (0, 0, kx)   � in symmetric QWs

SIA
Rashba coupling (�  = 0): Beff = �  (ky, -kx, 0)   � adds in asymmetric QWs

E

k
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Symmetric QW has the longest spin relaxation time

Time resolved Kerr rotation (p-MOKE):

T = 40K
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MPGE effective tool to conclude on symmetry
SIA = 0  �   really symmetrical QW;  � = 0 geometrical symmetrical QW

Delta-doping position responsible for strength of SIA 

BIA = SIA interesting in (001)-grown QWs because of very long spin
relaxation time along crystallographic axis [110]

Symmetrically doped (001)-QWs not really symmetric
� Segregation  = „diffusion“ of charge carrier during growth process

Symmetrically doped (110)-QWs really symmetric
� lower growth temperature � less segregation

!	������	��

Thank you for your attention!
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