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1. INTRODUCTION 

Microscopic and macroscopic models have been established to 

quantitatively calculate the charge transport in DNA[2]. The 

use of single molecules as functional devices is the ultimate end 

of the ongoing trend toward the miniaturization of electronic 

circuits[3].Three types of electron transfer mechanisms 

typically have been explored, incoherent hopping, coherent 

super exchange and partially coherent hopping transport. 

Since spin is not a conserved quantity in solids due to spin-orbit 

and hyperfine coupling spin decoherence mechanisms in 

metals and semiconductors, spin transport is different from 

charge transport. The spin-orbit interaction (SOI) had been 

extensively studied in order to build microstructures and 

crystals with the spin polarization needed in nonmagnetic 

environments. modest SOI is one of the difficulties that organic 

spintronics must overcome. Light-element atoms, like carbon 

and oxygen, which make up organic molecules, have modest 

SOI. Therefore, it was traditionally believed that organic 

compounds had a low efficiency for producing spin 

polarization. Contrary to such a preconception, a high 

efficiency of spin filtering, comparable to the highest efficiency 

in other systems, has been discovered in helical organic 

molecules such as double-stranded DNA. Spintronics in DNA 

may lead to nanoscale quantum computation. the spin transport 

properties of the DNA (as an organic molecule) make it 

applicable as a spintronics device. Rich physics behind the 

organic materials and specific functions ( such as switch ability 

with light and electrical or magnetic fields) are two important 

motivations for using the organic materials in spintronics 

applications [4]. 

Experimental advances include the demonstration of 

conductance, switching, rectification, negative differential 

conductance and other promising phenomena beyond simple 

electron transport, such as quantum interference, 

thermoelectricity and optoelectronics spintronics. Detailed 

measurements had been reached that a short DNA molecule is 

a one-dimensional conductor and can be used as molecular 

wires [5-9].  

By using a tight-binding model, it was predicted that spin 

transport could be observed in short DNA molecules 

sandwiched between ferromagnetic contacts[10]. It was 

showed that a DNA spin valve can be realized with 

magnetoresistance values of 26% for Ni and 16% for Fe 

contacts. By merging density-functional theory based 

calculations and model Hamiltonian approaches, DNA 

quantum transport (during the stretching-twisting process of 

poly(GC) DNA) had been studied [11]. The conflict between 

stretching and twisting during the stretching process results in 

local maxima in the charge transfer integral between two 

nearest-neighbor GC pairs. Most of the development in 

Abstract The spin transport  through  DNA system formed by a guanine-cytosine is studied extendedly 

in our work. Hence, theoretical treatment is accomplished  for one magnetized active region (includes base 

pairs and backbone) coupled to ferromagnetic leads in parallel configuration case, throughout magnetic 

quantum contacts (FM-(G/C)N-FM). Our treatment is  based on the tight binding model to derive obvious 

formula for the spin dependent transmission spectrum which is employed to investigate the spin transport 

through DNA junction. Our calculations are accomplished in the  presence of spin-orbit coupling for strong, 

weak and "without backbone" regimes. The role the system spin dependent factors of the transport of 
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(G/C)N molecule (with N=10,15,20,25. The transmission spectrum results confirm that the spin transport 

throughout (G/C)N is originated by a coherent tunneling process between neighboring bases through the 

overlapping of the LUMO orbitals of the bases. The physical mechanism is raise from quantum interference 
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showed that the spin-polarized transport can be effectively regulated by the molecular length of (G/C) which 
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spintronics is currently based on inorganic materials. The spin 

selectivity of organic based spintronics devices originated from 

an inorganic ferromagnetic electrode and was not determined 

by the organic molecules themselves. It  showed that 

conduction through double-stranded DNA is spin selective, 

demonstrating a true organic spin filter[12]. A Hall device was 

used to monitor the spin polarization of electrons that are either 

reorganized inside the molecules or transferred across the self-

assembled monolayers of DNA adsorbed on the device surface. 

[5]. It was able to see charge transport and spin-dependent 

charge polarization across double-stranded DNA with 

oxidative damage and at different lengths. The spin-dependent 

transport across oxidatively damaged DNA was seen to be 

enhanced. 

In this paper, an apparent physical model for spin-dependent 

phenomena is described providing a physical model to analyze 

spin transport across DNA system. Tight binding model is used 

to achieve our model calculations. The system under 

consideration consists of two ferromagnetic leads connected to 

the DNA bases guanine and cytosine (FM-(G/C)N-FM). The 

main purpose in our study is to investigate the electronic and 

the spin transport properties of (FM-(G/C)N-FM) taken into 

account the DNA molecular structure, the quantum connection 

of molecule with lead and the spin-orbit coupling interaction.   

 

2. THEORETICAL MODEL 

In our treatment, the tight binding model is used for the DNA 

stack which  can be constructed as a one dimensional model. 

There is a single central conduction channel in which 

individual sites represent the base-pair and backbone. Every 

link between sites implies the presence of a coupling 

interaction. The description of DNA base pair as a single site 

represents a simplification of the wire model. We describe the 

system under consideration by spin-dependent Hamiltonian 

(using Dirac’s notations). This electronic Hamiltonian takes 

into account all the spin dependent sub-systems interactions. 

The different indexes  D, A, a, L and R denote the donor , 

acceptor, the bridge (the active region DNA molecules bases 

with total number N) and the left and right leads. By using the 

tight binding model the spin dependent Hamiltonian model  for 

certain spin is written as follows:  

 

Ĥ = ∑ EkL

σ

kL

|kLσ⟩⟨kLσ| + ED
σ|Dσ⟩⟨Dσ| + ∑ Eka

σ

ka

|kaσ⟩⟨kaσ| + EA
σ|Aσ⟩⟨Aσ| + ∑ EkR

σ

kR

|kRσ⟩⟨kRσ|

+ ∑[VDkL

σ |Dσ⟩⟨kLσ| + VkLD
σ |kLσ⟩⟨Dσ|] + ∑[VDka

σ |Dσ⟩⟨kaσ| + VkaD
σ |kaσ⟩⟨Dσ|]

kakL

+ ∑[VAka

σ |Aσ⟩⟨kaσ| + VkaA
σ |kaσ⟩⟨Aσ|]

ka

+ ∑[VAkR

σ |Aσ⟩⟨kRσ| + VkRA
σ |kRσ⟩⟨Aσ|]

kR

                         (1) 

The index ki is the energy wave vector, with i represents the indexes D, A, a, L and R . Ei
σ represents the ith energy level position 

and spin. | iσ⟩ and  ⟨jσ| represent the ket and bra states, respectively. Vij represents the coupling interaction between the 

subsystems i and j with Vij= Vji. The system time dependent and spin dependent wave function can e written as, 

Ψσ(t) = CD
σ(t)|Dσ〉 + CA

σ(t)|Aσ〉 + ∑ Cka

σ

ka

(t)|kaσ〉 + ∑ CkL

σ

kL

(t)|kLσ〉 + ∑ CkR

σ

kR

(t)|kRσ〉                                (2) 

Where Cj
σ(t) represents the linear expansion coefficients, with 

j=D,A,a,L and R. The equations of motion for Cj
σ(t) can be 

obtained by using time dependent Schrodinger equation [13] 

(in atomic units):
dΨσ(t)

dt
= −iĤΨσ(t).  Accordingly, we get set 

of time dependent and spin dependent related equations. For 

steady state case Cj
σ(t)  is defined as   Cj

σ(t) =

C̅j
σ(Eσ) e−iEσt  with Eσrepresents the spin dependent system 

energy values. For steady state, we have 
dCj

σ

dt
= 0  and by using 

the following separation procedure:Vkjα
σ = υkj

σ Viα
σ    and  C̅kI

σ =

υkI
σ C̿I

σ Then, by using the following definition  of the self- 

energy [14] 

∑ (Eσ)
σ

ij
= |Vij

σ|
2

Γj
σ(Eσ)        (3) 

where, 

Γj
σ(Eσ) = −iπρj

σ(Eσ) + P ∫
ρj

σ(Eσ)dEσ́

Eσ − Eσ́
         (4) 

and the spin dependent density of states: 

ρj
σ(Eσ) = ∑ |υkj

σ |
2

δ (Ekj

σ − Eσ)           (5)

kj

 

The, the energy dependent relations are treated to to get :  

and, 

∴
C̅A

σ(Eσ)

C̅D
σ(Eσ)

=
∑ (Eσ)σ

AaD

Eσ − EA
σ − ∑ (Eσ)σ

AR − ∑ (Eσ)σ
Aa

          (6) 
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Now, the spin dependent transmission amplitude and 

transmission probability can be, respectively, defined by: 

tσ(Eσ) =
C̅A

σ(Eσ)

C̅D
σ (Eσ)

    (8); and τσ(Eσ) = |tσ(Eσ)|2. 

The eigen values of the active region, that contains base pairs 

with backbone (when the base pairs arranged in homogenous 

sequence) will be calculated by using tight binding model [13]. 

in the presence of magnetic field and spin dependent coupling 

interaction between subsystem

 Eσ
j = Ebasis − 2tσ

bp cos (
πj

N + 1
) ± √[tσ

bp cos (
πj

N + 1
)]

2

+ 2tbb 
2

+ σ∆s                                                                                             (7)    

Where j refers to a single base pair. Ebasis is the energy of the 

basis (i.e the energy of one base pair). N represents the number 

of the base pairs.( tbp) is the coupling interaction between 

nearest-neighbor base pairs. (the coupling interaction between 

base pairs and backbone). σ(= ±1) refers to for spin up and 

spin down, respectively. (∆s= 0.4eV) represents the energy 

splitting due to magnetic field effect.  

The enhancement of spin-orbit coupling due to chirality of 

DNA and Zeeman splitting of energy level spectrum in 

magnetic field parallel to the DNA axis are the main 

observations about the spin transport through DNA. In this 

work, the chiral feature will be considered taking into 

consideration small angle of chirality. In our calculation, the 

chirality will be considered by taken the spin-orbit coupling 

according to the following: Ej
σ → Ej

σ + λ∆so .Where, Ej
σ is 

given by eq.(7) and ∆so is the spin-orbit coupling with λ = ±1. 

In all our calculations, we demand the regime ∆s> ∆so. 

3. CALCULATIONS AND RESULTS 

Our calculations are accomplished for two regimes, the strong 

regime where tbb
σ > tbp

σ  and the weak regime where tbb
σ < tbp

σ  

. The basepaire–backbone coupling interactions for the upper 

and lower backbone sites (for certain spin) are considered  in 

all our treatment to be equal. 

The parameters  used in our calculations for the case of strong 

regime    are: tbp
σ = 0.5eV , tbp

−σ = 0.25eV , tbb
σ =

0.7eV and  tbb
−σ = 0.35eV, while for the case of weak regime 

tbp
σ = 0.7eV , tbp

−σ = 0.35eV , tbb
σ = 0.5eV and  tbb

−σ = 0.25eV. 

The coupling interactions between subsystems are VAR
σ =

1.5eV , VAR
−σ = 0.75eV , VAa

σ = 1.2eV , VAa
−σ = 0.6eV , VaD

σ =

0.5eV   and VaD
−σ = 0.25eV. The energy levels of the accepter 

quantum contact are EA
σ = −0.2eVand  EA

−σ = 0.2eV.  Zeeman 

energy ∆sequals to 0.4eV. To  accomplish our calculations the 

eigen values of the active region are  calculated for the 

sequence (G/C)N for both regimes by using Eq.(7)  Ebasis is the 

energy of the basis i.e. the energy of one base pair Ebasis equals 

to ( 
EG+EC

2
 ). EG(= −0.63eV)  and EC(= −3.75 eV) are the 

onsite energies of Guanine and Cytosine , which are calculated 

with respect to EF = −5.5 eV.  

All the electronic and transport properties will be calculated 

and studied for the case of leads in the parallel configuration. 

μα
σ represents the chemical potential of the lead α(= L, R) for 

certain spin σ with μL
σ = μR

σ = 0.1 eV and μL
−σ = μR

−σ =

−0.1 eV. EA
σ(ED

σ) represents the spin dependent energy levels 

of the accepter (donor). For the strong, weak and without 

backbone regimes, the eigen values energies are calculated in 

the presence of spin-orbit coupling with ∆so= 0.2eV. These 

results are considered as the access to calculate the electronic 

and transport properties. According to these results, many 

features can be reported; 

 1- In the presence of spin-orbit coupling, the number of energy 

levels of the (G/C)N active region will increase with N to be 

4N. 

2- Our results show that the eigen values are shifted to higher 

positive values of energy in the strong coupling regime for each 

N and for both spin. This  shift in energy increases with the 

number of base pairs. For the without backbone regime, the 

eigen values are  shifted to the positive higher energies and to 

the lower negative energies for both spin and each N. It is 

obvious that the eigenvalues concerned to the case of weak 

regimes are  lying in energy range  of the other regimes. These 

results are physically correct. 

The eigen energy values are employed to calculate the spin 

dependent transmission spectrum in the strong coupling 

regime, where the coupling interaction between base pairs and 

back bone is greater than the coupling interaction between base 

pairs. Figs. (1) exhibit the transmission spectrum in the 

presence of spin-orbit coupling for different values of base 

pairs number, N= 10, 15, 20 and 25. For N = 10, the higher 

values of transmission coefficient are lying in the range 

0.6eV ≤ eVb ≤ 2.1eV (0.935eV ≤ eVb ≤ 1.40eV  ) for spin 

up (spin down) channel. 

For N=15, the higher values of transmission coefficients lying 

in the bias voltage range at 0.7eV ≤ eVb ≤ 2.1eV for spin up 

channel. For spin down channel, there is clear reduction in the 

values of transmission coefficient, except two obvious Fano 

resonances. With increasing the number of base pairs, the 

number of resonances with high coefficient decreases 

remarkably for spin up channel. The same above mentioned  
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feature can be reported when N=20 and 25 for spin down 

channel. 

The spin dependent currents are also calculated and presented 

in fig. (2) for different values of N. These figures emphasizes 

that there is no certain role for the number of base pairs. The 

current shows three ranges of linear relationship in the spin up 

channel. While, wide spin blockade energy is shown in the spin 

down channel. This width is equal to 0.8eV. In general Iσ >>

I−σ, since I−σ is nearly vanished −0.43eV ≤ eVb ≤

0.43eV.The temperature conductance dependence,  for 

different values of N is  shown in Fig. (3). This Figures shows 

that Gσ >> G−σ, where Gσ(Gσ) decreases (increases) with T. 

These results show  that there is no role for the spin down 

channel. 

The transmission spectrum, in the weak regime for different 

values of N, is calculated and presented in fig. (4) In the 

presence of spin-orbit coupling, the number of resonances are 

nearly 2N for each spin.  Most of them are, Fano resonances, 

shifted towards higher energies especially for spin up channel. 

The values of spin up transmission resonances are higher than 

the spin down resonances But when the number of base pairs 

increases, the transmission values become obviously lower 

especially for spin down channel. These features will certainly 

determine the transport properties of the DNA active region. 

The spin currents dependence are presented in Figs. ((5)).   For 

N ≥ 10, we notice the same physical features, where Iσ_eVb 

show asymmetric feature with bias voltage polarity in the spin 

up channel. For the spin down channel, it is noticed that the 

width of spin down blockade voltage  is shifted to the positive 

values of bias voltage with width equals to 0.6eV. In this 

regime, no role for the number of base pairs is exhibited. 

According to our electronic properties calculations, the 

temperature-conductance dependence shows different spin 

dependent features. see Fig (6), where Gσ > G−σ. In the spin 

up channel, no role for the number of base pairs, is found in the 

conductance, for T > 240K. While, in the spin down 

channel, G−σ is vanished for T < 240K and For T > 240K, the 

conductance increases tardily with temperature. 

For case of  without backbone regime, our results can be 

sumurized by the following: 

1. Almost the higher transmission coefficient are Fano 

resonances for all N and both spin (see Figs (13-16). 

Nearly, These resonances are lying in system energy 

higher than 0.7eV. The lower values of of 

transmission coefficients  are noticed when N=25 in 

the spin down channel. 

2.  Figs (17) show the current-bias voltage linear relation 

of the spin up channel for different base pairs number. 

Notably, the current. equals zero at eVb = −0.1eV. 

While, for spin down channel, the lower values of 

current are lying in the range 0 < eVb < 0.2eV. The 

spin down current shows very narrow spin blockade 

width equals to  0.076eV for all N.  

3. The calculation of conductance-temperature  

dependence is shown in Fig.(18), where Gσ > G−σ. 

For N ≥ 20,  Gσis constant with temperature 

variation. For N< 20,  Gσ decreases with temperature. 

In the spin down channel, G−σ = 0 for all N and T ≤

160K, while for T > 160K , G−σ increases with T.  

4. CONCLUSIONS 

In our study, we investigate the effect of electron spin on the 

electron transport through a certain number of base pairs when 

exposed to the variations of the coupling between (FM-

(G/C)N-FM) subsystems, ie the spin dependent quantum 

contacts and leads and the effect of backbone. The spin 

transport properties through (G/C)N are evaluating 

numerically. The on-site energy in our study are fixed for all 

subsystems. In relation to the spin dependent feature 

applications, we dealt with several parameters associated with 

the experimental works. (G/C)N sequences have been 

employed to determine the spin transmission and Iσ_eVb 

characteristic in the absence and presence of spin-orbit 

coupling.  

Our results  that summarized by the following have described 

various features of the (G/C)N molecules; Strong regime: Iσhas 

linear relation with eVb, I−σ has not narrow spin blockade 

width both are symmetric about eV=0; Iσ > I−σ. Weak regime: 

Iσis linear with eVb, shifted to the negative eVb bias voltage.  

I−σshows spin blockade, shifted to the positive eVb; Iσ > I−σ. 

Without backbone: is linear with eVb, shifted to the negative 

eVb bias voltage.  I−σshows spin blockade, shifted to the 

positive eVb; Iσ > I−σ . 

Our calculations include the characteristics of the structures 

and their relevance to the spin transport properties. We found 

that the spin-polarized current could rapidly increase under it a 

small bias voltage by tuning the coupling interactions between 

the subsystems well as the (G/C)N molecule can be tuned to act 

as a semiconductor. Our results show that increasing the 

molecular length may enhance noticeably same of electric and 

transport properties. 

 We also focused our attention to the impact of temperature on 

the spin transport properties.  Increasing temperature may 

cause the destruction of the phase coherence and may lead to 

the reduction of conductance.  
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Fig (1): 𝜏𝜎 and 𝜏−𝜎 spectrum for the strong regime in the presence of spin – orbit coupling for different of N. 

 

Fig.(2): 𝐼𝜎  𝑎𝑛𝑑 𝐼−𝜎as a function of bias voltage for the strong regime in the presence of spin – orbit coupling for different values of N. 
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Fig.(3):  𝐺𝜎𝑎𝑛𝑑 𝐺−𝜎 as a function of temperature  for the strong regime in the presence of spin – orbit coupling  for different of N. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

Fig (1): 𝜏𝜎 and 𝜏−𝜎 spectrum for the strong regime in the presence of spin – orbit coupling for different of N. 
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Fig.(2): 𝐼𝜎  𝑎𝑛𝑑 𝐼−𝜎as a function of bias voltage for the strong regime in the presence of spin – orbit coupling for different values of N. 

 

Fig.(3):  𝐺𝜎𝑎𝑛𝑑 𝐺−𝜎 as a function of temperature  for the strong regime in the presence of spin – orbit coupling  for different of N. 
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Fig (4 ): 𝜏𝜎 and 𝜏−𝜎 spectrum for the weak regime in the presence of spin – orbit coupling for different values of N. 

 

Fig.(5): 𝐼𝜎  𝑎𝑛𝑑 𝐼−𝜎as a function of bias voltage for the weak regime in the presence of spin – orbit coupling for different values of N. 

 

Fig.(6):  𝐺𝜎𝑎𝑛𝑑 𝐺−𝜎 as a function of temperature  for the weak regime in the presence of spin – orbit coupling  for different values of N. 
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Fig (7 ): 𝜏𝜎 and 𝜏−𝜎 spectrum for the without backbone regime in the presence of spin – orbit coupling for different values of N. 
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Fig.(8): 𝐼𝜎  𝑎𝑛𝑑 𝐼−𝜎as a function of bias voltage for the without backbone  regime in the presence of spin – orbit coupling for different values 

of N. 

 

Fig.(9):  𝐺𝜎𝑎𝑛𝑑 𝐺−𝜎 as a function of temperature  for without backbone  in the presence of spin – orbit coupling  (G/C)N=10,15,20,25.
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