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Abstract 

In this paper, a physical model is introduced for studying the Spin polarized electron 

current in the presence of Rashba spin-orbit effect (RSO) through a serially (one 

level) coupled double quantum dots made of different semiconductor material that 

give different Zeeman splitting for the two dots under the influence of an external 

magnetic field. 

The transport properties and the factors effecting it such as the energies (     for the 

two dots, Rashba spin-orbit interaction energy, tunneling energy, the tunneling spin 

polarized current and polarization are all calculated as a function of the detuning 

energy (𝜖). Finally, we explain and give some analyzation to the effect of Rashba 

spin-orbit interaction in a double quantum dots system. 

 

Keywords: DQD, Rashba Spin Orbit Effect, Spin Polarized Current  

1- Introduction 

Control and discover of spin polarized current though nanostructures has attracted a 

lot of attention theoretically
 
[1, 2] and experimentally [3] over the past and recent few 

years, because it worth in our understanding of fundamental quantum physics and has 

several applications, such as Nano-electronics, the field of spintronic and quantum 

computation scheme, etc.…
 
[4-6].                                 

In information devices there are two types of flow carried by electrons (charges and 

spin) since an electron carry both charge and spin then the existence of a charge 

current naturally implies the existence of passing of spin current.  

Efforts to improve computational power and speed have led researchers to explore the 

possibility to use electron spin, rather than its charge as the basis of new electronic 

devices called- a "spintronics". 

One interesting way to create a spin polarized current is through a system of double 

quantum dots connecting to two ferromagnetic metals or magnetic semiconductors
 

[7]. 

In semiconductor devices the most important interaction which causes spin relaxation 

is the spin-orbit (SO) interaction. The spin-orbit interaction couples the spin degree of 

freedom to the spatial motion of the electron, which significantly influences the 

transport properties of solids
 
[8-10]. 
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Recently, many experiments have been carried out to study the properties of another 

effect called Rashba-spin orbit in different material double quantum dots and in the 

presence of magnetic fields
 
[11-13].  

In this work, the spin- polarized current which related to the tunneling through a 

double quantum-dot system attached to leads in the presence of the Rashba spin-orbit 

interaction and Zeeman splitting is explored. For different Zeeman splitting we use 

different dots materials (different g -factors). 

The spin –polarized current with the presence of Rashba spin-orbit interaction (RSO) 

are obtained by solving the master equation in the Born-Markov approximation. 

In the next section and by following the work of Li Zhen-Shan et al.
 
[14], we will 

present the theoretical treatment to formulate an expression for realizing spin-related 

currents and polarization in DQD-system. 

2-Model and Hamiltonian 

With the existing of the Rashba spin-orbit interaction (   ) and the  different Zeeman 

splitting for each dot (        , We use a system consist of two tunnel- coupled 

quantum dots (each with different material) sandwiched between two leads       

with their chemical potentials          , connected with DQD by the rates    and     

(see Fig.(1)), while  we neglected the interactions between the left lead and right 

leads. 

By including the interaction term between the two dots      , then the Hamiltonian of  

the quantum  junction is described by the sum of the Hamiltonian for isolated system  

(      
  ,        ) and the dots –leads coupling (   .  

 

Fig.1: Schematic diagram described the system under consideration 

 

The total Hamiltonian of the system is described by Anderson Hamiltonian;  
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Assuming that DQD occupied by one electron, then four basis states are available for 

this electron;   |   ⟩ |   ⟩ |   ⟩ |   ⟩  and by including all the interaction that exist 

between the two dots then, the Hamiltonian matrix elements of       
  in eq. (1) will 

be[14]. 
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   is the detuning energy and could be taken to adjust the energies at the two dots.  

In the physical model that we pended on, many points are taken into consideration: 

1-  The effect of the regular magnetic field (B) is to remove the degeneracy of 

quantum dots level and existing four energy levels (   ) (i=1,2) 

2-  The tunneling coupling        couples the energy levels of electrons in  the two 

dots with the same spin. 

3-  Rashba Spin –orbit coupling     couples the energy levels of electrons in the two 

dots with the opposite spin. 

4-  To ensure that the spin current flows in one direction we assume that the 

chemical potential for leads          . 

5-  Assuming that        where    ,     are the Zeeman splitting fordots1 and 2 

respectively. 

6-  We take the broadening in dots energy levels due to the coupling with the leads  

            |    |
 
and we assume that       is the density of states and it will 

be taken as a Lorentzian shape  and tunneling couplings        are energy 

independent, then   

                                                                                                                       (4)   
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3- Calculation of DQD Energies (   ) 

In order to calculate the energy levels of the two dots, we use the eigen value equation  

[        ]                                                                                                           (5)      

Where I is the unitary matrix, so we get 

     (         (     
  
 

 
 
  
 

 
            

      
 )

  (
    

 

 
 
    

 

 
          

     
       

        
       

  

    
       

   )

 (
  
   

 

 
  

    
 

 
   

  
 

 
    

 
    

 
    

 
    

 
    

        
    

    
     

      
    

 )    

                           (6) 

Equation (6) can be calculated numerically. 

The results are presented as a function of the detuning energy (  ) in figs.(2) for   

         ,            ,           ,              and for     

             for different Rashba spin-orbit interaction  

 

Fig.2:     for the two dots as a function of the detuning energy 

We noticed here, that  the behavior of the four energies spectrum are the same for 

different     .And it's clearly seen in figs.(2) that    (    ,     (    ),    (     and 

   (   ) first decreases and then increased in the range  of   (             

and the effect of large       is a small gap between    (    ) and    (    )  these 

energy spectra at   (          . 
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In order to represent the effect of Rashba spin-orbit interaction on the energy levels 

we choose     as shown in fig. (3).  

 

Fig.3:     spectrum as a function of detuning energy for different values of     
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Fig. (4) shows the energy difference for electrons have the same spin      (    - 

     and      (          as a function of (  ), we can see a minimum value for 

(   ) difference at          , at this point the levels with the same spin  become 

very close to each other and open a channel for electrons at     in QD1 to passed  into 

     at the QD2 and a spin- up current is tunnel from left QD to right QD. In the same 

way a polarized spin–down current also appears at          for (     minimum 

value 

 

  

 

 

Fig.4: Energy level difference between electrons have the same spin in 

the two dots (a) For 𝒕𝒔𝒐  𝟎 𝟎𝟎𝟓 (b) for 𝒕𝒔𝒐  𝟎 𝟎𝟏 
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4-The spin polarized current calculation 

To study the tunneling current through the double quantum dots, it is very convenient 

to characterize this dynamic using the equation of motion for the time evolution of 

density matrix  (   of the quantum system. 

Within the Born-Markov approximation
 
[15], the dynamics equation of motion can be 

written as follow
 
[16]; 

 ̇  (   

   ⟨ |[     
   ]| ⟩  ∑ (                     

                                                                          (                                                (7)  

    describe the transition rate from the state 〈 |  to the state |   and the non-

adiabatic parameter whose real part is responsible for the time decay of the off-

diagonal matrix elements (coherence); 

    
 

 
∑ (                                                                                   (8) 

one can calculate the transition rates using the Fermi Golden rule approximation; 

    ∑   { (                  [   (                 ]}                                                                            

(9) 

            

   is the number of electrons in the system when it is in state 〈 |  . 

with  (          is the Fermi distribution function at       lead and       
  

is the delta function.  

The four basic states of the DQD are defined bellow;  

| ⟩ | ⟩ | ⟩ | ⟩ 

|   ⟩ |   ⟩ |   ⟩ |   ⟩ 

 

The available transitions that take place between the stats           and the states 

          reduced the solution of equation (7) at the steady states  ̇  (     to; 
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Where, 
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The total current that tunnels through the system      is considered as the summation 

of the spin- up current    and the spin- down current    as [17], 

                   [  |   ⟩     |   ⟩]                                                               (14) 

by represented that    |   ⟩           and       |   ⟩        ,so the total current in eq. 

(14) is taken the form; 

       (                                                                                                         (15) 

In order to calculate       it is convenient to reduced     ,      in terms of      such 

that, 

    [
(          

         
]                                                                                       (16) 
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Where; 

   x1=(                                    x4=(               

              x2=(                                   x5=(                                           (18) 

   x3=(                                   x6=(             

 

By substituting the values of      and     defined in eq. (16), (17) and get 

 use of the definitions in eq. (18), then an expression for      will be,  

  

      {[
(             

         
] [

(            (            (          

(          
 

              
(              

(            
]   }                                         (19) 

In order to study the effect of Rashba spin-orbit interaction on the spin current   in the 

DQD system  ,    (    is calculated numerically from eq.(16) and eq. (17) as a 
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function of the detuning energy ( ) for different     and  at fixed values  for other 

system parameters , these results are presented in fig. (5). 

From fig. (5), we clearly seen that the spin polarized current increased as     

increased and the current maximum is shifted towards the     . 

the spin-up polarized currents fig.(5a) for all values of      first increased and then 

increased between  𝜖  (        and spin- down polarized currents, fig.(5b)  have 

the same behavior at  𝜖  (       and the polarization stopped at   𝜖    where no 

spin-up or spin –down  polarized currents exist. 

 

And      that define in equation (14) are show in fig. (6) for different     

 

Fig.6: Spin –polarized currents for different     and at fixed other 

        

 

Fig.5: Spin –polarized currents, 𝑰  (𝑰    for different 𝒕𝒔𝒐 and at fixed other 

parameters  𝟐 𝟎 𝟏𝐦𝐞𝐕,  𝟏 𝟎 𝟎𝟐𝐦𝐞𝐕 , 𝚪  𝟎 𝟎𝟎𝟏𝐦𝐞𝐕 𝒕𝟏𝟐  𝟎 𝟎𝟎𝟓𝐦𝐞𝐕  
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parameters          ,            ,                         

 

 

5-the polarization calculation 

The electron polarization in DQD system is always define as [18]; 

  
     

     
                                                                                                                      

(20) 

Our numerical results for P are shows in fig. (7), we see here a peak at 𝜖  

       where the spin-up current is totally polarized (   ) and the spin-down 

current equal zero. But at 𝜖         the spin-up current equal zero and the spin-

down current is totally polarized (    ). Also, the two polarization peaks are 

symmetric around 𝜖    

 

Fig.7: the polarization at fixed parameters          ,            ,                

         

 

6- The magnetic field effect 

The spin-polarized current also calculated at different values of applied magnetic field 

(B), where different B introduced different Zeeman splitting (     (     ) for the 

two dots. 

Fig. (8) shows that the spin-up (down) polarized current are decrease with increasing 

B, this behavior is attributed to the large different between levels (large   ) have the 
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opposite spin and no probability for these levels to be in resonance to each other and 

no spin current is passed as a result. 

 

Fig.8: the magnetic effect on the DQD 
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تيار انبرو انمستقطب خلال نقطتين كميتين بشكم سهسهة مع تأثير تفاعم انبرو 

 وانمدار نراشبا

 

 جاسى عبذ انُبًء هٍفا    سهًاٌ  عبذ انُبًطانب      يشوة حًٍذ حُظم 

 انبصشة، انعشاق جايعت انبصشة، انعهىو، كهٍت لسى انفٍضٌاء،

 

 انمستخهص

ىرج فٍضٌائً نذساست حٍاس الانكخشوَاث يسخمطبت انبشو بىجىد حأثٍش الخشاٌ انبشو فً هزا انًُشىس، حى وضع اًَ

ويصُىعخٍٍ وانًذاس نشاشبا وانًاس خلال َمطخٍٍ كًٍخٍٍ )راث يسخىي طالت واحذ( يشبىطخٍٍ عهى شكم سهسهت 

 اطٍسً ثابج.حىفش فاصهت صًٌاٌ يخخهفت عُذ وضعها ححج حأثٍش يجال يغُ ًيٍ يادحٍٍ شبه يىصهت يخخهفخٍٍ نك

نهُمطخٍٍ انكًٍخٍٍ، طالت حفاعم انبشو وانًذاس      )كم خصائص انُمم وانعىايم انًؤثشة عهٍه يثم انطالت 

واخٍشاً  εانزي حى حسابه كذانت نطالت انًىائًت وحٍاس الانكخشوَاث يسخمطبت انبشو      طالت انُفك،      نشاشبا

 فاعم انبشو وانًذاس نشاشبا فً َظاو انُمطخٍٍ.حًج يُالشت وححهٍم حأثٍش ح


