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Dynamical Spin-Orbit-Based Spin Transistor
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Methods 
Floquet Scattering Theory 
• An electron can absorb or emit an energy quantum          ,             

during the interaction with a dynamical scatterer.  

• Periodic time dependence. 

• The scattering matrix which depends on two different energies is  
referred to as the Floquet scattering matrix [4].

Introduction 
• Early work: Inhomogenous Rashba coupling can be used to 

relate the spin conductance to magnetoconductance. An Onsager 
reciprocity relation then provides a mechanism for a spin-based 
transistor [1]. 

• Goal : Generation of spin currents by means of a time-dependent 
Rashba coupling instead. Is an Onsager-based spin transistor 
possible in this time-dependent scenario? 

• The system : 2-Dimensional Electron Gas (2DEG) with time    
dependent Rashba spin-orbit interaction (SOI) engineered via an  
AC top gate.   

• The method: Floquet scattering theory to calculate currents in 
non-stationary conditions.

• The dc and ac spin currents 
are calculated for a chaotic 
ballistic cavity connected to 
two leads.  

• Linear in frequency    
                                                                                                                                                       
• Numerical calculations are 

performed using the Python 
software package Kwant [4].                                                                              

Theory 
• The Hamiltonian with Rashba spin-orbit interaction is     
                                                         
                                                                                                                                              
                                            
                          
    After an appropriate              gauge transformation, the   
    Hamiltonian becomes   

   to linear order in the SOI constant         [1].  
    
• Weak inhomogenous Rashba SOI then produces a pseudo-

magnetic field, 

                                                 
   and the spin conductance between i and j leads can be written as                                      

  

   Using Onsager relations and current conservation,        
                              
                              in the presence of the time reversal symmetry,  

                              in the absence of the time reversal symmetry.   

• Homogenous but dynamical Rashba SOI instead generates a 
spin dependent voltage [2].  

   
    
    Similarly, the spin conductance can be written as 

    The total spin current in       direction is 

G"#
ij = Gij(B)�Gij(�B)

H =

✓
h(a) 0
0 h(�a)

◆
+O(k2

so

) h(a) =
[p+ ik

so

a]2

2m

SU(2)

k
so

H
so

= �↵(p̂
x

�y � p̂
y

�x)

↵(x) = k
so

a(x)

G"# = 0

G"# 6= 0

↵(t) = k
so

a(t)

Adiabatic approximation to the Floquet 
scattering matrix:   

•                      where         is the time of flight.            

• Frozen scattering matrix    

• In the adiabatic limit , zeroth order approximation   

    
    where               is the Fourier coefficient of the frozen scattering         
    matrix  

   
          

S(t, E) = S(t+ T , E)

n~!

E ! En, En = E + n~! and n = 0,±1, ..

Conclusion and Future Work  
• AC spin current in the presence of time dependent Rashba SOI 

matches the spin current due to the spin dependent voltage within 
the adiabatic approximation.   

• DC spin current vanishes by the time reversal  symmetry within 
the adiabatic approximation.  

• Beyond the adiabatic approximation, larger frequency results in 
larger spin current.   

• Future work : The spin current for non-adiabatic systems with 
time dependent Rashba SOI will be calculated using the TQT 
code [6]  and ref. [7]. 

!⌧T ⌧ 1 ⌧T ! = 0.001(⇠ 1GHz)

Fig 1: Chaotic cavity with size L= 100, 
W=100 and width of the leads 20 units.
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Pumping Spin Current  

• Pumping current : A dc current generated by the dynamical 
mesoscopic scatterer even in the absence of the bias.  

• AC spin current [3] 
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• AC spin current due to the spin dependent electric field in y 

direction    

  
• AC spin current due to the time dependent Rashba SOI  

                                                                                                         

                                                                        
• DC spin current vanishes in the presence of time reversal 

symmetry: 

                                          when  

• Vanishing of the dc current is also checked by numerical 
calculations.  
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Numerical Calculations

  
Current calculations in the adiabatic limit 

• Rashba SOI                                                                                        
    
    where                              and    

• Spin voltage  

    where the spin dependent electric field                                                                                                  
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• In the absence of the bias and at zero temperature, the ac spin 
current to linear order in the frequency becomes 

• DC spin current is obtained by setting          . The dc spin current 
to linear order in the frequency is 

   
   where        is the Fermi energy. 
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Current calculations beyond the adiabatic limit 

• The charge conductance with spatially homogenous time 
dependent potential can be calculated using ref. [5] both for 
adiabatic and non-adiabatic systems. 

• Using the relation between charge and spin conductances, the 
spin conductance can be obtained for larger frequencies in Fig 3.           
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Fig 3: The difference in the charge conductance for opposite scalar 
fields at different frequencies for the system in Fig.1.   

Fig 2:  AC spin currents due to the time dependent Rashba spin orbit interaction in 
the absence of the bias, and due to the spin dependent voltage. 
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