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Abstract 

     In this study, theoretical treatment is presented to study the electron transport for a system 

consists of two principle coupled parts, these are the key element of quantum computer which is 

represented by the qubit and the detector.  Model calculation that includes the derivatives of the 

time dependent equations of motion for the system under consideration is presented.  We find 

particular relations for the time variation of the occupation numbers of the qubit quantum dots and 

the single electron transistor dot as well as the current that flows from the left lead. Perfect quantum 

measurement can be obtained through the initialization and manipulation processes which are 

intended the system initialization and manipulation before the start measurement process and 

through the control of the parameters, the important parameters connected the electrical structure of 

sub device.  The most important use gate voltage to tunning the qubit energy levels.   
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1. Introduction          

    To construct a device for treating quantum 

information (quantum computer) we must 

firstly have physical system  that can store  

and  present information. The simplest system 

is a quantum system with two states that 

called "Two level system" or "qubit".  In the 

quantum computing,  the qubit is considered 

as quantum information unit it is quantum 

equivalent of classical bit[1].  In the classical 

system, the bit can be specific state or other 

state, but in the quantum mechanics it can be 

also superposition of states at the same 

time[2]. In other word, the qubit is quantum 

two level system and that can be obtained by 

many possible ways.  As the required case is 

two discrete quantum levels that can be 

controlled practically and in the same time 

they can be completely isolated from 

unfavorable reactions [3]. There are two main 

options for  qubit basis these are the spin 

freedom degree in the single quantum dot and 

the orbital (charge) degree of freedom in the 

double quantum dot.  The double quantum dot 

provides simple and factual system with two 

energy levels [4,5].  The charge qubit with the 

single electron can be defined as a state in 

which one of the quantum dots or the other is 

occupied by single electron [6].  There is two 

types of coupling between the quantum dots: 

the electrostatically coupling which prevents 

two electrons to occupy the same quantum dot 

and the other is the quantum tunneling which 

allows the electron to occupy two quantum 

dots [7]. The single electron tunneling has 

been discussed using conventional current 

measuring method [8]. The current 

measurement has very few sensitivity  

whereas millions of electrons are required to 

find current with scientific concept. And 

Conversely, the charge detection 

measurement in the qubit provides direct 

detection to electron occupation in quantum 

dots and provides sensible measurement to 

the single electron transport.  The single 

electron transistor in which the transport is 

influenced by the Coulomb interaction in the 

quantum dot is considered as a sensitive 

electrical measuring machine.  There is 

another tool for measurement that  is the 

quantum point contact, i. e. semiconductor 

point contact structure which is sensitive to 

the charge distribution on contacts[9].  This 

measurement machines provide detection for 

the charge in the quantum dots that coupled 

electrostatically with the measurement 

machines. The electrical measurement 

machine, the single electron transistor is more 

sensitivite than the quantum point contact 

which exhibits high variation in the 

transmission probability.  It is well known 

that many studies discuss the qubit problem 

theoretically and a lot of experimental studies 

are still required.  
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The aim of our work is to study the electron 

transport dynamic and properties in a system 

consisting of charge qubit coupled to single 

electron transistor (see fig. (1)).  In section 

two mathematical model is presented to 

derive the time dependent equations of 

motion for the system under consideration in 

order to find a special relations for the time 

dependence of the occupation numbers on the 

QDs of the qubit and the QD of the SET, also 

to find  formula for the current that flows 

from the left lead passing through the left 

tunnel barrier to the quantum dot of the single 

electron transistor. All the system parameters 

are taken into consideration in our treatment.  
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Fig. (1) represents the system used when a gate voltage is applied to 

the QDs of the qubit. 
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2. Model Calculation                                        

    The system which is studied in this paper 

can be described (see fig.(2)) by using the 

following time dependent Hamiltonian [10]:                           

 ( )        ( )         ( )    ( )     ( )  

The first term in eq. (1) represents the 

Hamiltonian that describes the SET,  

    ( ) ∑    
   

 ∑    
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       represents the occupation number of the 
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represent the tunnel barriers between the QD 
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Fig. (2): Schematic representation for the energy scheme that corresponding to the system 

(qubit + single electron transistor) in presence of bias voltage. 
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The second term in equation (1) represents the  

Hamiltonian that describes the qubit;  

      ( )      ( )       ( )    

                    (   ( )  
  ( )  ( )      )    (3) 

        are the occupation numbers of the 

qubit QDs that corresponding to the energy 

levels           , respectively. While     

describes the tunnel barrier between QDs of 

the qubit, h.c. represents the harmonic 

conjugate.   ( ) in eq. (1) corresponds to the 

interaction between qubit and the SET,  
                                                                                                              

  ( )      ( )   ( )                                   ( ) 

U represents the electrostatic coupling 

between these two subsystems, it is important 

term because it determines the current value 

that flowing between the leads in the SET 

because of electron oscillations between the 

qubit QDs.  In general, the occupation number 

of the energy levels  i  can be written as, [11] :  

  ( )    
 ( )                                              ( )   

Where as   
 ( )(  ( )) is the creation 

(annihilation) operators of electrons 

localized on the ith QD, i=1,2,3 and on 

the two leads when          . Our main 

goal is to derive the equations of motion 

for the system under consideration. For 

this purpose we use Heisenberg 

representation to write the time evolution 

of the occupation numbers [12]. By using 

atomic units we write the following 

relations: 
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By taking the quantum–mechanical average to both sides of equation (5), and 

differentiating it with respect to time, we get,  
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Eq. (8) can be simplify by finding 
    

(  )

  
   , as follows: 

    
 ( )

  
     [   

    
( )      

     ( )]                                                                                        ( )  

Then by solving eq. (9) analytically one can get, 
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    is the initial time.  Then by getting use of the following equation [11],   

  ( )    ∑     

  

    

   (       
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Whereas   ( ) represents the tunnel barrier between the QD of the SET and the lead  , by using 

the following definitions [13],  
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For simplicity we will not write the sign  ~ . The lead density of states is given by[11], 

   ( )  ∑|   
|
 

  

  (       
)                                                                                                   ( 3) 

We also use the so- called wide band approximation [11], then    ( ) will be  independent on 

energy, so  one can write the tunneling  rates and the lead density of states as follows, 

                                ( )      
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Where   is a factor related to the band width (=  ) . Eq. (7) becomes; 
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In order to find the occupation numbers   ( )   ( )       ( ) we must find the equations of 

motion for the correlation functions. The correlation functions are 

〈  
  

  
 (  )〉  〈  

  
  

 (  )〉       
 ( )  ( )  where   

 
 is one of    values. By getting use of eq. (4) 

we write; 

   

 (  ) 
  

 (  )     
(  ) 

    
                                                                                                   (  ) 

Accordingly, we find the following equation of motion for the correlation function 〈  
  

  
 (  )〉  
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(21)               

Where    
(  ) is Fermi distribution function of the lead  : 

   
(  )    (   

    )  
 

     (
   

   

     
)

                                                                           (  ) 

   represents the chemical potential for the lead    while T represents the lead temperature and  

    is Boltzmann constant, since the system is in thermal equilibrium .  Now in order to get the 

differential equation for the correlation function 〈  
 ( )  ( )  〉 we write, 
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For simplification we use the following: 
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We also get the corresponding equations to the right lead. 

To obtain the differential equation for the 〈  
 ( )  

 ( )  ( ) 
  

 (  )〉 we used the same steps to get,  
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In the same way we get relations for the right lead. 

Following the same procedure, we also obtain, 
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The correlation functions needed to find the occupation numbers on the three quantum dots are 
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)〉, with          . 

Notably the correlation functions number may increase depending on the procedure that followed in 

the treatment. Depending on the differential relations that we obtained, we can write formula for the 

current that tunnels from the left lead,  
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By using the definitions (11-14) we obtain, 

  ( )     [  ( )   
 

 
〈  ( )〉]                                                                                                    (3 )

  

3. The Results and Discussion 

To study electron transport dynamics in qubit coupled with single electron transistor we solve the 

related equations of motion numerically by using six order Rung-Kuta method where  the error is 

calculated in each step of time (           ) which is found to be equal to 10
-9 

- 10
-8

 , while the 

step in energy integration is equal to 0.024 eV. Where the language, that used for calculation, is 

Fortran. The program calculates the occupation numbers n1 (t) , n2(t) and n3(t) , as well as the 

current flows from the left lead as a function of time for all the over mentioned system parameters.   

The calculations are accomplished for the initial values    (  )       (  )         

    (  )    , whereas   (  ) represents the initial time. 

It is well known that the quantum dots energy levels can be tunned by applying gate voltage (see 

fig(1)), then the quantum dots (2 and 3) energy levels will be vary according to the following, 

                           (  )                  3                              

In order to investigate the effect of the gate voltage on the qubit, the value of eVg2 is fixed at a 

certain value then   ( ) and    ( ) are calculated as a function of      as shown in figs. (3-6) for 

                                 for        and eVbias=1.5eV. According to these figures, 

the behavior of   ( )   ( )   ( )       ( ) as a function of the gate voltage     , and for the 

different values of     , are nearly concide. The behaviour of    ( ) and   ( ) as a function of 

     is completely concide. But the value of (    )    which corresponds to the maximum value 

of the current    ( ) (that corresponds to the lowest value of    ( )and the maximum value of 

  ( )) will be different as      is varied as shown in table (1) which explains the importance of 

the initialization and manipulation processes. 

And according to these results we report the following: 



Journal of Basrah Researches ((Sciences)) Vol. (45). No. 1 (2019) 

7: 
 

1- The value of   ( ) is the same for different values of      at (    )    at which the 

currents is maximum, this is also to   ( )        ( )  The above mentioned that the 

ability of controlling and enhancing the charge accumulation on any quantum dot in the 

system by the gates voltage. 

2- According to our results we write  |     (    )   |       eV for all value of      as 

shown in figs (3-6), since the values of (    )    are lying at (         )   with 

(             )  

3- It is concluded that at certain values of     , the occupation numbers are equal especially 

    ( ) and   ( ). One can notice that the value of      at which   ( )    ( ) when 

          are                 and when             we have,            

    . When              the values of      are               and when 

           the range is                   . The above mentioned means that 

there is an obvious relationship between the gate voltage      and the gate voltage     . 

4- The maximum value of the SET current lies at      values at which    ( )    ( ).  

Notably, the above mentioned features are changed with strength of the coupling variation 

that used in our calculations. 
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(b)  

Fig. (3): (a) The occupation number 𝒏𝒊( ) as a function of eVg3 

With 𝒊  𝟏 𝟐 𝟑 . (b) The current  𝑰𝑳( ) as a function of eVg3 

for the parameters: 

   U= 0.5 eV    ,    eVbias =1.5 eV   ,    V23= 0.1 eV     

    eVg2 = 1 eV         ,     𝑽𝟏  𝟎 𝟑 𝒆𝑽                                                                  
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(b)  

Fig. (4): (a) The occupation number 𝒏𝒊( ) as a function of eVg3 

With 𝒊  𝟏 𝟐 𝟑 . (b) The current  𝑰𝑳( ) as a function of eVg3 

for the parameters: 

U= 0.5 eV    ,    eVbias =1.5 eV   ,    V23= 0.1 eV     

  eVg2 = 0.5 eV         ,     𝑽𝟏  𝟎 𝟑 𝒆𝑽                                                                  
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Fig. (5): (a) The occupation number 𝒏𝒊( ) as a function of eVg3 

With 𝒊  𝟏 𝟐 𝟑 . (b) The current  𝑰𝑳( ) as a function of eVg3 

for the parameters: 

   U= 0.5 eV    ,    eVbias =1.5 eV   ,    V23= 0.1 eV     

  eVg2 = - 0.5 eV         ,     𝑽𝟏  𝟎 𝟑 𝒆𝑽                                                                  
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(b)  

Fig. (6): (a) The occupation number 𝒏𝒊( ) as a function of eVg3 

With 𝒊  𝟏 𝟐 𝟑 . (b) The current  𝑰𝑳( ) as a function of eVg3 

for the parameters: 

U= 0.5 eV    ,    eVbias =1.5 eV   ,    V23= 0.1 eV     

 eVg2 = -1 eV         ,     𝑽𝟏  𝟎 𝟑 𝒆𝑽                                                                  
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Table (1): The values of (   )    and the corresponding occupation numbers for different      when 

                                   . 
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0.49203 0.50797 0.49028 1.25 1.0 

0.49203 0.50797 0.49028 0.75 5.0 

0.49203 0.50797 0.49028 -0.25 -0.5 

0.49203 0.50797 0.49028 -0.75 -1.0 
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 هقترى بترانزستور الالكتروى الوفرد: ضبط هستوياث طاقت الكيوبج خصائص نقل الالكتروى لكيوبج

 

 آياث طاهر أبراهين ,    جناى هجيذ الوخ 

                          

 العراق/ كليت التربيت للعلوم الصرفت / جاهعت البصرة

 

 

 الخلاصت

 عُصش يفخبح هًب يمخشٍٍَ أسبسٍٍٍ جضئٍٍ يٍ يكىٌ نُظبو الإنكخشوٌ َمم نذساست َظشٌت يعبنجت حمذٌى حى انبحث هزا فً         

 لٍذ نهُظبو انضيٍ عهى انًعخًذة انحشكت نًعبدلاث اشخمبق حضًٍ انحسببً الأًَىرج. وانكبشف ببنكٍىبج انًخًثم انكًٍت انحبسبت

 يع انًفشد الإنكخشوٌ نخشاَضسخىس انخببعت انكًٍت وانُمطت انكٍىبج نُمطخً الإشغبل اعذاد بخغٍش خبصت علالبث وجذَب.  انذساست

 انخً وانًعبنجت انخهٍئت عًهٍبث  خلال يضبىط كًً لٍبط عهى حصهُب. الاٌسش انمطب يٍ ٌسشي انزي انخٍبس انى ببلإضبفت انضيٍ

  الانكخشوًَ ببنخشكٍب حشحبظ انًهًت انًعبيلاث ببنًعبيلاث، انخحكى وخلال انمٍبط عًهٍت بذء لبم ويعبنجخه انُظبو حهٍئت بهب ٌمصذ

 . انكٍىبج طبلت يسخىٌبث خلال ٌُفك انزي انبىابت فىنخٍت َسخخذو اٌ انًهى يٍ. نهجهبص

 : انكٍىبج, حشاَضسخىس الانكخشوٌ انًفشد, َمم الانكخشوٌ, انحبسبت انكًٍت.الكلواث الوفتاحيت

 


