

  
    
            
        
      
      
        
          
        

        
          
            
          
        
        
          
            
              
                
              
            

            
              
                
                  Recently Searched
                

              

                
                  
                      
                      
                        
                      
                  

                
              
                No results found
              

            

          

          
            
              

                
              
            

            
              
                Tags
              

              
                
                  
                      
                  
                
              

              
                

              

              
                No results found
              

            

          

          
            
              
                
              
            

            
              
                Document
              

              
                
                  
                      
                  
                
              

              
                

              

              
                No results found
              

            

          

        

      

    

    
      
        
          
        
      
              

                        
  
  

                
            
            
        
        English
                        
          
            
            
              
                Home
                
                  
                
              
              
                Schools
                
                  
                
              
              
                Topics
                
                  
                
              
            

          

        


        
          Log in
        
        
        
        
        
          

  





  
    
      
      	
            
              
              
            
            Delete
          
	
            
              
              
            
          
	
            
              
                
              
              
            
          
	
          

        
	No results found


      
        
          
        
      
    

  







  
      
  
    
    	
                                    
              Home
            
            




	
                          
                
              
                        
              Other
            
            


      
                  Dielectric constant of graphene-on-polarized substrate: A tight-binding model study
      

      
        
          
            
              
                
              
            
            
            
              
                Share "Dielectric constant of graphene-on-polarized substrate: A tight-binding model study"

                
                  
                    
                  
                  
                    
                  
                  
                    
                  
                  
                    
                  
                

                
                  

                  
                    COPY
                  
                

              

            

          

          
            
              

                
              
            
          

        

      

    

    
      
        
          
            
              
            
                          
                N/A
              
                      


          
            
              
            
                          
                N/A
              
                      

        

        
                      
              
                
              
                               Protected
                          

                    
            
              
            
            
              Academic year: 
                2022
              
            

          

        

        
          
            
            
                
                    
                
                Info
                
                

            
            

            

                        
  

                
        Download
          
              

          
            
              
                
                Protected

              

              
                
                
                  Academic year: 2022
                

              

            

            
              
                
                  
                
                
                
                  
                    Share "Dielectric constant of graphene-on-polarized substrate: A tight-binding model study"

                    
                      
                        
                      
                      
                        
                      
                      
                        
                      
                      
                        
                      
                    

                    
                      

                      
                        
                      
                    

                    Copied!

                  

                

              

              
                
                  
                
              

            

            
              
                
                5
              

              
                
                0
              

              
                
                0
              

            

          

        

      

      
        
                              
            
            5
          

          
            
            0
          

          
            
            0
          

        

      

    

  



  
        
                    
  
    
    
      
        Loading....
        (view fulltext now)
      

      
        
      

      
      

    

  




  
      

                    Show more (   Page )
        
  


  
      

                    Download now ( 5 Page )
      



      
            
  
    Full text

    
      (1)
Dielectric constant of graphene-on-polarized substrate:



A tight-binding model study


SIVABRATA SAHU1, S K S PARASHAR1and G C ROUT2,∗


1School of Applied Sciences (Physics), Campus-3, KIIT University, Bhubaneswar 751 024, India


2Condensed Matter Physics Group, Physics Enclave, Plot No. 664/4825, Lane-4A, Shree Vihar, Chandrasekharpur,
 Po-Patia, Bhubaneswar 751 031, India


∗Corresponding author. E-mail: gcr@iopb.res.in


Published online 24 June 2017


Abstract. We report here a microscopic tight-binding theoretical study of the dynamic dielectric response of
 graphene-on-polarizable substrate with impurity. The Hamiltonian consists of ﬁrst, second and third nearest-
 neighbour electron hopping interactions besides doping and substrate-induced effects on graphene. We have
 introduced electron–electron correlation effect at A and B sublattices of graphene which is considered within
 Hartree–Fock mean-ﬁeld approximation. The electron occupancies at both sublattices are calculated and solved
 self-consistently and numerically for both up- and down-spin orientations. The polarization function appearing in
 the dielectric function is a two-particle Green’s function which is calculated by using Zubarev’s Green’s function
 technique. The temperature and optical frequency-dependent dielectric function is evaluated and compared with
 experimental data by varying Coulomb correlation energy, substrate-induced gap and impurity concentrations.


Keywords. Graphene; optical properties of graphene; dielectric constant.
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1. Introduction


The synthesis of pristine graphene by Novoselovet al
 [1] has stimulated intense experimental and theoreti-
 cal studies of graphene. The interaction between two
 intralayer carbon atoms in graphene is much larger and
 arises due to sigma bonds. The π electrons play the
 role of itinerant electrons. The optical spectrum stud-
 ies are helpful for investigating the excitation properties
 of graphene [2]. This study shows that theπ plasmon
 frequency in graphene is in the range of 7–12 eV. It
 is, therefore, convenient for theoretical studies of q-
 dependent plasmon. The optical frequency response of
 graphene leads to a dielectric function which incorpo-
 rates all the information about the effects of impurity,
 defects, ad-atoms, different substrates, Coulomb corre-
 lation etc. [3]. There are a few theoretical studies on fre-
 quency and temperature-dependent dielectric function
 taking into account the electron dispersion throughout
 the Brillouin zone [4,5]. Recently, Hwang and Sarma [6]


have reported a theoretical study of dielectric function
 and plasmon dispersion in two dimensions. We report
 here a tight-binding model calculation of dielectric func-
 tion of graphene-on-substrate and compare the results
 with the experimental data.


2. Model Hamiltonian


The model Hamiltonian for monolayer graphene con-
 sisting of site energy, impurity effects and the substrate
 effects is given by


H1=


k,σ


(aak†,σak,σ +bb†k,σbk,σ), (1)


H2= 


k,σ


V(xaak†,σak,σ −xbb†k,σbk,σ), (2)


H3= 


k,σ


(ak,σ† ak,σ −bk,σ† bk,σ). (3)


Here H1 represents the on-site hopping of electrons
 with site energiesaandbat A and B sites respectively.


The Hamiltonian H2 represents the external doping
effect with doping concentrationsxaandxbrespectively
at A and B sublattices with the same impurity potential
V. The Hamiltonian H3 represents the substrate effect
on graphene which raises the A site energy by and
lowers the B site energy by−, thereby introducing a
substrate-induced gap 2. Based on our earlier publi-
cations [7,8], the tight-binding Hamiltonian consisting



(2)of electron hoppings up to third nearest-neighbours is
 written as


H4


= − 


β=1,3





k,σ


tβ(γβ(k)ak†,σ bk,σ−γβ∗(k)b†k,σak,σ).


(4)
 The Hamiltonian H4 represents the electron hop-
 ping between the nearest-neighbours, second nearest-
 neighbours and the third nearest-neighbours represented
 by β = 1,2,3. The corresponding electron disper-
 sions are: 1(k) = −t1γ1(k), 2(k) = −t2γ2(k) and
 3(k) = −t3γ3(k) respectively. Here tβ and γβ(k)
 represent the hopping integrals and band dispersions.


The electron–electron correlation effect is described by
 Hubbard model [9] at A and B sites of the carbon
 atoms, i.e.


HU =U


i


nai,↑nai,↓+U


j


nbj,↑nbj,↓, (5)


where nai,σ = ai†,σai,σ and nbj,σ = b†j,σbj,σ are the
 electron occupation numbers at A and B sublattices
 respectively. In the present work, we have considered
 electron hoppings up to third nearest-neighbours in hon-
 eycomb lattice of graphene. The computational work is
 carried out for electron momentum throughout the Bril-
 louin zone. To make the calculation simpler, we have
 considered here the above Coulomb correlation effect
 within Hartree–Fock mean-ﬁeld approximation.


3. Calculation of dynamic dielectric function
 The Fourier transferred dynamic dielectric function for
 wave vectorqand frequencyωfor graphene is written
 as


(q, ω)=1+ (q, ω), (6)
 where the frequency and wave vector-dependent polar-
 ization function is deﬁned as


 (q, ω)= ρ(q,t);ρ(−q,t)ω, (7)
 where charge function due to A and B site electrons is
 given by


ρ(q,t)=


k,σ


(ak†+q,σak,σ +bk†+q,σbk,σ). (8)


The polarization function (q, ω)describes the charge–


charge correlation which is a two-particle Green’s


function. (q, ω)deﬁned in eq. (7) is rewritten as
  (q, ω)=


k,σ





k,q,σ


[ 1+ 2+ 3+ 4]. (9)


The two-particle Green’s functions are deﬁned as 1=
 α1;β1ω, 2 = α2;β1ω, 3 = α1;β2ω
 and 4 = α2;β2ω, where α1 = ak†+q,σak,σ,
 α2 = bk†+q,σbk,σ, β1 = ak†−q,σak,σ and β2 =
 b†k−q,σbk,σ. The above two-particle Green’s functions


i (i = 1–4) are calculated by using Zubarev’s tech-
 nique [10]. Finally, the frequency-dependent polariza-
 tion function is calculated in terms of the Fermi–Dirac
 distribution functions.


4. Results and discussions


The frequency-dependent dynamic polarization func-
 tion given in eq. (9) is computed numerically by taking
 100×100 grid points for the electron momentum. In
 order to investigate the effect of Coulomb interaction in
  (q, ω), we evaluate numerically and self-consistently
 the electron occupancies at A and B sublattices. Finally,
 dynamic dielectric function given in eq. (6) is computed
 taking different physical parameters of the systems, as
 shown in ﬁgures1–6. The physical parameters involved
 in the calculation are made dimensionless with respect to
 nearest-neighbour hopping integral (t1). The parameters
 aret˜1 = −1,t˜2 = t2/t1,t˜3 = t3/t1, impurity potential
 v = V/t1, Coulomb potentialu = U/t1, temperature
 t =kBT/t1, applied external frequencyc1 =ω/t1 and
 substrate-induced gap d1 = /t1, plasmon momen-
 tum transfer energyq x =vFq/t1, wherevF andq are
 respectively the velocity of electrons at Fermi level and
 plasmon wave vector.


In the present work, the real part of the dielectric
 constant of graphene associated with the absorption
 of optical wave is investigated at lower energies. The
 frequency-dependent real part of the dielectric con-
 stant is shown in ﬁgure 1. For different values of
 plasmon momentum transfer energy (q x = q y =
 vFq/t1=0.01 to 0.04), the dielectric constant exhibits
 a sharp peak p1 at energyq x and another high-energy
 step function p2 at substrate-induced gap (d1). The
 low-energy peakp1is a plasmon resonance peak associ-
 ated with plasmon momentum transfer energy. This peak
 p1shifts to higher energies with increase ofq x accom-
 panied by the enhancement of resonance peak height.


On the other hand, the step function atp2remains unal-
tered with the increase of q x. However, the dielectric
constant is suppressed with the increase ofq x at higher
energies.
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Figure 1. The plot of the real part of dielectric constant ()
 vs. energy (c1) for different values of plasmon wave vector
 q xon substrate-induced gapd1 =0.04 for Coulomb poten-
 tialu=2.2 and damping factore1 = 0.001 at temperature
 t =0.025.
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Figure 2. The plot of the real part of dielectric con-
 stant () vs. energy (c1) for different substrate-induced gap
 d1 = 0.02,0.03,0.04,0.05, ﬁxed Coulomb potential u =
 2.2, damping factore1 =0.001 and temperaturet = 0.025
 for plasmon wave vectorq x=0.03.


When graphene is placed on polarized substrates
 like SiC [11], gold-on-ruthenium [12] etc., the gapless
 semiconducting graphene system develops substrate-
 induced gap (d1). Figure2shows the plot of frequency-
 dependent dielectric constant for different values of
 substrate-induced gap d1 = 0.02, 0.03, 0.04, 0.05. It
 is observed that the substrate-induced gap does not alter
 the position of the resonance peak p1, but enhances
 the peak height considerably indicating that the dielec-
 tric constant is enhanced substantially at energy q x.
 With increase in substrate-induced gap, the step func-
 tion atp2shifts to higher energies. This indicates that the
 enhancement of substrate-induced gap can be detected
 experimentally from the frequency-dependent dielectric
 constant.
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Figure 3. The plot of the real part of dielectric con-
 stant () vs. energy (c1) for different Coulomb potentials
 u = 1.7,2.0,2.2,2.5 and ﬁxed substrate-induced gap
 d1=0.04 at temperaturet =0.025 for plasmon wave vector
 q x=0.03.
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Figure 4. The plot of the real part of dielectric con-
 stant () vs. energy (c1) for different electron hopping
 t1= −1,t1=1,t2=0.043 andt1=1,t2=0.043,t3=0.024,
 Coulomb potentialu=2.2, ﬁxed temperaturet=0.025 and
 substrate-induced gap d1 = 0.04 for plasmon wave vector
 q x=0.03.


The Coulomb correlation of electrons is found to
 be absent in pristine graphene. However, Coulomb
 correlation plays an important role in doped graphene-
 on-polarized substrate. Therefore, we present here
 the tight-binding model calculation taking electron–


electron interaction into account. Figure 3 shows the
effect of Coulomb energy u = 1.7,2.0,2.2,2.5 on
frequency-dependent dielectric constant. With increase
of Coulomb energy, the peak p1shifts to higher energy
with its peak height suppressed. On the other hand, the
step function atp2shifts to lower energies with decrease
of peak height (see inset of ﬁgure3). This indicates that
Coulomb interaction suppresses the charge-polarization
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Figure 5. The plot of the real part of dielectric constant
 () vs. energy (c1) for different doping concentrations at A
 site xa = 0.02,0.04,0.06 for impurity potential v = 1,
 Coulomb potentialu =2.2, damping factore1 =0.001 and
 substrate-induced gapd1 =0.04 for plasmon wave vector
 q x=0.03.
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Figure 6. The plot of the real part of dielectric constant ()
 vs. energy (c1) for different doping concentrations at B site
 xb = 0.02,0.04,0.06,0.08 for impurity potentialv = 1,
 Coulomb potentialu =2.2, temperaturet =0.025, damping
 factore1 = 0.001 and substrate-induced gapd1 =0.04 for
 plasmon wave vectorq x=0.03.


effect in graphene and this results in the reduction of
 substrate-induced gap.


Figure4shows the effects of nearest-neighbour hop-
 ping integral (t1), second nearest-neighbour hopping
 integral (t2) and third nearest-neighbour hopping inte-
 gral (t3) on frequency-dependent dielectric constant
 . For only t1 the dielectric constant is very large at
 energy (c1 = ω/t1 = 0). The dielectric constant ()
 rapidly decreases with increase of frequency (c1) and
 remains nearly constant. When t1 and t2 are consid-
 ered for calculation, the dielectric constant exhibits a
 peak of ﬁnite height at low energy corresponding to the


plasmon momentum transfer energyq x. However, the
 third nearest-neighbour contribution to is negligible.


It is observed that the different hopping integrals have
 very little effect on the step function atp2.


The pristine graphene can be modulated by introduc-
 ing electron or hole doping in it. The doping effect
 on the real part of dielectric constant of graphene is
 studied as shown in ﬁgure5. With increase of A site dop-
 ing, peak p1 in the dielectric constant does not change
 its position. However, the step function at p2 shifts to
 higher energy with increase of A site electron dop-
 ing from xa = 0.02 to 0.06. This indicates that the
 A site doping can enhance the substrate-induced gap
 from c1 = 0.05 to 0.08, when doping changes from
 xa = 0.02 to 0.06.


Figure6 shows the effect of B site electron doping
 on dielectric constant. With increase of B-site doping,
 the height of resonance peak p1 in  is suppressed
 considerably and ﬁnally vanishes for higher doping con-
 centrations. Further, the step function inshifts to lower
 energies with increase of B-site doping and its peak is
 suppressed considerably. Hence, we conclude that the B-
 site doping destroys the gap in graphene arising due to
 substrate. In other words, the B-site doping suppresses
 the charge polarization in graphene developed due to
 substrate effects.


5. Conclusions


We present here a tight-binding model calculation in
 the presence of electron doping and substrate-induced
 gap and calculate the frequency-dependent real part of
 the dielectric constant. We observe a plasmon resonance
 peak at plasmon momentum transfer energy and a step
 function at higher energies arising due to substrate-
 induced gap in graphene. This step function in dielec-
 tric constant shifts to higher energy with increase of
 substrate-induced gap as observed experimentally. The
 Coulomb correlation energy suppresses the substrate-
 induced gap. The ﬁrst and second nearest-neighbour
 hoppings are sufﬁcient for tight-binding model calcu-
 lation of dielectric constant of graphene. The A-site
 electron doping enhances the substrate-induced gap,
 whereas the B-site electron doping suppresses substrate-
 induced gap. This indicates that electron doping intro-
 duces charge asymmetry at two sublattices.


Acknowledgements


The authors gracefully acknowledge the research facil-
ities offered by the Institute of Physics, Bhubaneswar,
India.



(5)References


[1] K S Novoselovet al,Science306, 666 (2004)


[2] E A Taft and H R Philipp, Phys. Rev. A 138, 197
 (1965)


[3] A H Castroet al,Rev. Mod. Phys.81, 109 (2009)
 [4] J-L Liet al,Phys. Rev. B71, 235412 (2005)
 [5] R Ahujaet al,Phys. Rev. B55, 4999 (1997)


[6] E H Hwang and S Das Sarma,Phys. Rev. B75, 205418
 (2007).


[7] S Sahu and G C Rout,Adv. Sci. Lett.20, 834 (2014)
 [8] S Sahu and G C Rout,Physica B461, 49 (2015)
 [9] J Hubbard,J. Proc. R. Soc. A276, 237 (1963)
 [10] D N Zubarev,Sov. Phys. Usp.3, 320 (1960)
 [11] S Y Zhouet al,Nat. Mater.6, 770 (2007)


[12] G Giovannettiet al,Phys. Rev. B76, 073103 (2007)





    
  




      
      
        
      


            
    
        References

        
            	
                        
                    



            
                View            
        

    


      
        
          

                    Download now ( PDF - 5 Page - 519.94 KB )
            

      


      
      
        
  Related documents

  
    
      
          
        
            a step-by-step guide for beginners
        
      

        Keywords:      data,  data  display,  data  processing,  empiricism,  hypotheses,  interview schedule,  non-probability  sample,  primary  data,  probability  sample, 

    
      
          
        
            Food for Survival 
        
      

        Achieving development and sustainability goals would entail  increased funds and more diverse funding mechanisms for  agricultural research and development and associated knowledge

    
      
          
        
            Covalent labelling at 5'-end of synthetic oligonucleotides by one step generation of alkylamino group
        
      

        The  present  method  is  a  simple  one  step procedure  for  generating  alkylamino  function  at  5'-OH  of  synthetic  oligonucleotides  in  solid  phase.. This  was  carried  out

    
      
          
        
            Chemical vapour deposited graphene: substrate pre-treatment, growth and demonstration as a simple graphene-based SERS substrate
        
      

        I 2D / I G values obtained from spectra recorded from 25 spots on transferred graphene films were imaged using a numerical computation software (Scilab) for getting a visual effect

    
      
          
        
            Graphene-nanoparticle incorporated responsivity tuning of p-CuO/n-Si-based heterojunction photodetectors
        
      

        C 1s spectra of all the graphene-nanoparticle incorporated CuO ﬁlms show a sharp peak at ∼284.8 eV corresponding to the C–C (C in graphene) group along with other small peaks as

    
      
          
        
            Studies on electrical properties of SrBi4Ti4−3xFe4xO15
        
      

        Figures 2–4 present the variation of dielectric constant   (a) and loss tangent (b) as a function of temperature at  three different frequencies. The dielectric constant and  tan  δ

    
      
          
        
            XRD and SEM studies of reactively deposited tin oxide thin films
        
      

        To  study  the  influence of substrate  surface  on  the  deposited film  structure,  SnO 2  films were also deposited on a polycrystalline alumina surface at a  substrate tempera-

    
      
          
        
            Synthesis & Characterization of PCT (76/24) Thin Films
        
      

        A typical spin process consists of a dispense step in which the solution fluid is deposited  onto the substrate surface, application of vacuum to hold the substrate tightly,  a

      



      

    

    
            
            
      
  Related documents

  
          
        
    
        
    
    
        
            Colorimetric detection of Cu2+ and Pb2+ ions using calix[4]arene functionalized gold nanoparticles
        
        
            
                
                    
                    9
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            AIM analysis, synthetic, kinetic and mechanistic investigations of the reaction between triphenylphosphine and dialkyl acetylenedicarboxylate in the presence of 3-methoxythiophenol
        
        
            
                
                    
                    13
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Plasmon excitation in MoS2/graphene van der waals heterostructures
        
        
            
                
                    
                    9
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Effect of ferromagnetic exchange field on band gap and spin polarisation of graphene on a TMD substrate
        
        
            
                
                    
                    13
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            A comparative study of graphene and graphite-based field effect transistor on flexible substrate
        
        
            
                
                    
                    6
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Electron transport through SWNT/trans-PA/ SWNT structure (the role of solitons): A t-matrix technique
        
        
            
                
                    
                    8
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            A package for gamma-ray spectrum analysis and routine neutron activation analysis
        
        
            
                
                    
                    14
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Three pillar just transition policy framework 
        
        
            
                
                    
                    27
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

      


              
          
            
          

        

          

  




  
  
  
    
      
        Company

        	
             About us
          
	
            Sitemap

          


      

      
        Contact  &  Help

        	
             Contact us
          
	
             Feedback
          


      

      
        Legal

        	
             Terms of use
          
	
             Policy
          


      

      
        Social

        	
            
              
                
              
              Linkedin
            

          
	
            
              
                
              
              Facebook
            

          
	
            
              
                
              
              Twitter
            

          
	
            
              
                
              
              Pinterest
            

          


      

      
        Get our free apps

        	
              
                
              
            


      

    

    
      
        
          Schools
          
            
          
          Topics
                  

        
          
                        Language:
            
              English
              
                
              
            
          

          Copyright azpdf.net © 2024

        

      

    

  




    



  
        
        
        
          


        
    
  
  
  




    
    

    
        
            
                

            

            
                                
            

        

    




    
        
            
                
                    
                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                    

                    
                        

                        

                        

                        
                            
                                
                                
                                    
                                

                            

                        
                    

                    
                        
                            
                                
  

                                
                        

                        
                            
                                
  

                                
                        

                    

                

                                    
                        
                    

                            

        

    


