
Rashba effect (requires inversion symmetry breaking) 

The Rashba effect, or Rashba-Dresselhaus effect, is a momentum-dependent splitting of spin 
bands in two-dimensional condensed matter systems (heterostructures and surface states) 

The Rashba spin-orbit interaction Hamiltonian is 

Spintronics - Electronic devices are based on the ability to 
manipulate the electrons position by means of electric 
fields. Similarly, devices can be based on the manipulation 
of the spin degree of freedom. The Rashba effect allows to 
manipulate the spin without the aid of a magnetic field.  

Applications 

Topological quantum computation - Rashba effect can help to realize a p-wave 
superconductor. Such a superconductor has very special edge-states known 
as  Majorana bound states. The non-locality immunizes them to local scattering and 
henceforth they are predicted to have long coherence times. Decoherence is one of 
the largest barriers on the way to realize a full scale quantum computer and these 
immune states are therefore considered good candidates for a quantum bit. 
Discovery of giant Rashba effect in bulk crystals such as BiTe and ferroelectric GeTe. 
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Estimation of Rashba coupling in a realistic system 

where Spin-orbit interaction in atoms 



Dresselhaus spin-orbit coupling  

Dresselhaus was the first to notice that in zinc-blende III–V semiconductor compounds 

lacking a centre of inversion, such as GaAs or InSb, the spin-orbit (SO) coupling close 

to the Γ point adopts the form  

ĤD3 = (γ/ħ) ((py
2 – pz

2)pxσx + c.p.)  ,    (1) 
where c.p. denotes circular permutations of indices. Of course, additional symmetry 

considerations in the band structure result in additional odd-in-p SO coupling terms. 

In the presence of strain along the (001) direction, the cubic Dresselhaus SO coupling 

given in equation 1 reduces to the linear Dresselhaus SO coupling 

ĤD1 = (β/ħ) (pxσx – pyσy) ,  (2)    where β = γpz
2. 

Spin texture due to Rashba (a) and 
linear (b) Dresselhaus SO coupling 
when strain is applied along [001].  


