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ABSTRACT  

In this paper, we propose a description of the Rashba and Dresselhaus effects in hybrid organic-inorganic perovskites 
(HOP). We recall how the loss of the inversion symmetry together with spin-orbit coupling leads to the loss of the spin 
degeneracy, effect known as the Rashba and/or Dresselhaus effect depending on the resulting symmetry. This 
phenomenon is exemplified with formamidinium tin iodide CH(NH2)2SnI3 where both Rashba and Dresselhaus effects 
are present. We show that this effect can be controlled by temperature, as observed for the 2-dimensional HOP Bz2PbCl4 
(Bz = benzylammonium). On the other hand, an applied external electric field can also tune the amplitude of the spin-
splitting as shown on the 3-dimensional HOP CH3NH3PbBr3. 
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1. INTRODUCTION  
Since 2009, 3-dimensional (3D) hybrid organic-inorganic perovskites (HOP) have emerged as an attractive candidate for 
solar cell devices due to their high performance, and their easy processability1–5. Although 3D materials are very 
promising, the focus has been on 2-dimensional (2D) HOP for 20 years for applications as field-effect transistor (FET)6 
and light-emitting diode (LED)7.  Recent calculations based on density functional theory (DFT) have highlighted the 
presence of a giant spin-orbit coupling (SOC) in lead-based HOP8–10. Furthermore, Rashba and/or Dresselhaus spin 
splittings have been predicted for the HOP systems CH3NH3MX3

10–14 (X = I, Br, Cl) and CH(NH2)2SnI3
14,15. Rashba16 

and Dresselhaus17 effects initially refer to the spin splitting present in zinc-blende and würtzite structures, respectively. 
Control over spin-dependent band structures is attractive and mandatory to provide potential applications in 
spintronics18–21. In this report, DFT and symmetry analysis have been used to describe these effects in HOP structures. 
After an overview of the effect of SOC together with the loss of inversion symmetry, we illustrate both Rashba and 
Dresselhaus effects on the 3D HOP CH(NH2)2SnI3. Then, a first example shows temperature-control of the spin splitting 
in a 2D HOP Bz2PbCl4 (Bz = benzylammonium). Finally, control of the spin splitting by an external electric field is 
shown for the 3D HOP CH3NH3PbBr3. 
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2. RASHBA AND DRESSELHAUS EFFECTS 

The SOC is usually treated as a perturbation of the zero-order Hamiltonian 0Η . The solutions are the spinors 0
↓kn
!φ  and 

0
↑kn
!φ  with the corresponding eigenvalues )(0 kn

!
↑ε and )(0 kn

!
↓ε . The time reversal symmetry leads to conditions for the 

eigenvalues: )()()()( 0000 kkandkk nnnn

!!!!
−=−= ↑↓↓↑ εεεε  and the inversion symmetry to additional conditions: 

)()()()( 0000 kkandkk nnnn

!!!!
−=−= ↓↓↑↑ εεεε . Combining both yields to double spin degeneracy: 

)()( 00 kk nn

!!
↓↑ = εε . When the inversion symmetry is lost, the spin degeneracy condition is no longer valid except for 

high symmetry point leading to a band splitting away from this point that characterized Rahsba and Dresselhaus 
effects10,22. 

 

 
Figure 1. Band structure and spin structures of the conduction band maximum of CH(NH2)2SnI3. Blue and red lines are 
respectively the occupied and unoccupied bands for a calculation including SOC. Black dashed lines are the bands for a 
calculation without SOC. 

 

Recently, the Rashba effect has been predicted in formamidinium tin iodide CH(NH2)2SnI3
15. The high temperature 

phase of CH(NH2)2SnI3 is the Amm2 phase15,23. This space group corresponds to the translation of the ions of the cubic 
phase along the x and y directions. The resulting point group is C2v with the C2 axis in the [011] direction. In a quasi-2D 
system in C2v symmetry, the Rashba-Dresselhaus Hamiltonian14 reads: 

)()()( // yyxxDxyyxRRD kkkkkH σσλσσλ −+−=
!

 

where Rλ  and Dλ  refer to the Rashba and Dresselhaus parameters, respectively. Figure 1 represents the band structure 
computed for CH(NH2)2SnI3. The blue and the red lines are the occupied and unoccupied bands for a calculation with 
SOC to be compared with the black dashed line that are calculated without including SOC. SOC has several 
consequences. Firstly, it leads to the reduction of the band gap energy. Then, one can observe a splitting of both valence 
and conduction bands away from the R point. The spin splitting is stronger in the conduction band than in the valence 
band. As stated above a structure with a C2v symmetry can exhibit both Rashba and Dresselhaus effects. From our 
calculations, we can extract the following contributions: λD

CBM = 2.59 eV / Å and Å/50.0 eVCBM
R

=λ . 
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3. TEMPERATURE-CONTROLLED RASHBA EFFECT 
In this section temperature control of the Rashba spin splitting is illustrated with the 2D HOP Bz2PbCl4 
(Bz=benzylammonium)24. This 2D HOP (Fig. 2.a) shows a phase transition between 423K and 453 K. From 93 K up to 
423 K, the Bz2PbCl4 belongs to the Cmc21 non-centrosymmetric space group, whereas at 453 K it belongs to the Cmca 
(n°64) centrosymmetric space group25. Therefore, the high temperature phase cannot exhibit Rashba nor Dresselhaus 
effect14. On the other hand, the Cmc21 phase corresponds to a C2v point group for which a spin splitting can be observed. 
For the non-centrosymmetric phase, the C2 quantization axis is along the [001] direction. Moreover, the direction [100] 
corresponds to the stacking direction. Consequently the spin-splitting can be observed only in the [010] direction. 

Therefore, the Rashba-Dresselaus Hamiltonian becomes yyDxyRyRD kkkH σλσλ −−=)(
!

.  

 
Figure 2. (a) Structure of the 2D HOP Bz2PbCl4 (Bz = benzylammonium), (b) band structure of Bz2PbCl4 calculated 
including SOC on the 93 K-structure in the Cmc21 phase. The blue and the red lines correspond to the occupied and 
unoccupied bands, respectively. (c) Evolution of the Rashba parameter for the conduction and valence bands with the 
temperature. 

 

Figure 2.b shows the band structure obtained using the crystal structure recorded at 93 K.  A strong spin-splitting is 
observed in the conduction band (CB) along the ΓàY direction. No splitting is observed in the ΓàZ direction as it 
corresponds to the quantization axis. The spin splitting is much stronger in the CB than in the valence band (VB) as 
illustrated by the Rashba parameters Å/14.2 eVCBM =λ  and Å/41.0 eVVBM =λ . The electronic structure is 
computed for each structure resolved experimentally at various temperatures. Figure 2.c shows the Rashba parameters 
for the CB and VB with respect to the temperature. The splitting in the CB strongly depends on the temperature with a 
decrease from 2.14 eV/Å to 0.90 eV/Å between 93 and 423 K. The variation is quasi linear from 100 to 300 K and then 
fall drastically until the phase transition to the Cmca space group where no splitting is observed. This variation can be 
related with the motion of lead atoms along the [010] direction14. The VB is also affected, although to a minor extent, by 
the structural changes with a variation from 0.41 eV/Å to 0.32 eV/Å.  

 

 

4. RASHBA SPLITTING DRIVEN BY ELECTRIC FIELD 
As stated previously, the loss of inversion symmetry is a required condition to obtain a spin-splitting. When the crystal 
structure presents inversion symmetry, a perturbation such as an external electric field can enforce the loss of this 
symmetry and reveal the Rashba effect. We analyze here Rashba splitting driven by an applied electric field with the 3D 
HOP CH3NH3PbBr3. This effect has been previously scrutinized on the 3D HOP CH3NH3PbI3

14. The low temperature 
phase of CH3NH3PbBr3 is the Pnma phase26 which corresponds to a D2h point symmetry (Fig.3.a). Accordingly no spin 
splitting is observed. 
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Figure 3. (a) Structure of the 3D HOP CH3NH3PbBr3. (b) Evolution of the Rashba parameter of the valence band with the 
external electric field. (c) Band structure without an external electric field , (c) band structure with an external electric field 
Eext=0.025 V/Å, and (e) band structure with an external electric field Eext=0.075 V/Å. 

 

We apply a transverse electric field to a slab of CH3NH3PbBr3 constructed along the [010] direction and containing three 
octahedra PbBr6 (Fig. 3.a). Let us notice that when going from the Pnma bulk structure to the slab, the symmetry 
changes to the centrosymmetric P21/c (n°14) space group corresponding to a C2h point group. The band structure for a 
zero electrical field is shown in Figure 3.c. No spin-splitting is observed because the phase is centrosymmetric. 
However, when a transverse electric field Eext = 0.025 eV/Å is applied, a spin-splitting appears in the valence band (Fig. 
3.d). The splitting is more pronounced for a higher electric field Eext=0.075 eV/Å (Fig 3.e). The evolution of the valence 
band Rashba parameter in function of the electric field is shown in Figure 3.b. The Rashba parameter increases linearly 
for low electric field value. 

 

 

5. CONCLUSION 
In summary, Rashba and Dresselhaus effects are described for HOP. We first recall how the combination of time 
reversal symmetry and inversion symmetry leads to spin degeneracy that is lost when the inversion symmetry breaks. 
The spin-splitting is illustrated with the formamidinium tin iodide CH(NH2)2SnI3 where Rashba and Dresselhaus effects 
are observed owing to a non-centrosymmetric space group. For structure initially centrosymmetrical, spin-splitting can 
be induced by an external perturbation. Here we show control of the spin-splitting by the temperature or an external 
electric field is proposed. A strong variation of the Rashba parameter in the conduction band with the temperature is 
evidenced for the 2D HOP Bz2PbCl4 (Bz = benzylammonium). Finally, the electric-field control of the Rashba effect is 
treated with the 3D HOP CH3NH3PbBr3. The external electric field reveals a possible monitoring of the spin-splitting in 
the valence band. Such a control of spin precession in HOP materials can lead to spintronics applications. 
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