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ABSTRACT: - In this paper, a theoretical study on the optical and electrical properties of 

bilayer graphene is presented. Graphene with a single atomic layer of carbon and outstanding 

optical properties is an ideal nominee on sensor application because of high surface-to-

volume ratio. In this report optical properties of bilayer graphene nanoribbon (BGN) in the 

presence of applied bias for different incident wavelength are explored. (BGN) dielectric 

constant and refractive index based on its conductance are modeled theoretically and obtained 

results are simulated numerically. Based on the presented model applied bias effect on BGN 

optical parameters are discussed.   

      These results are relevant for applications of recently developed graphene based devices 

in advanced optoelectronics such as surface plasmon resonance sensors. 
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1. INTRODUCTION  
          Two dimensional (2D) honeycomb lattice of graphene [1] has exclusive optoelectronic 

properties with enormous application potential on future nanoscale devices[2-4]. Its band 

energy is a major factor which plays a significant role on carrier transport has been explored 

widely [5-8]. In contrast with graphene nanoribbon, bilayer graphene nanoribbon (BGN) 

consists of two Bernal AB stacked layers which is shown in figure (1). 

         Bilayer graphene nanoribbon (BGN) with unique optical and electrical properties has 

been studied in different nanoscale fields such as field effect transistors (FETs) and schottky 

diodes [9-11].However increasing industrial and clinical demand on graphene based optical 

devices such as surface plasmon resonance (SPR) sensors requires its optical properties to be 

explored [12-16]. In this paper optical properties of bilayer graphene nanoribbon (BGN) in 

the presence of applied voltage for different incident wavelength are explored. (BGN) 

dielectric constant and refractive index based on its conductance are modeled theoretically 

and obtained results are simulated numerically. Applied bias effect on BGN optical 

parameters are discussed based on the presented model. Moreover these results are applicable 
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in advanced graphene based optoelectronic devices such as surface plasmon resonance 

sensors. 
 

2. MODEL  
          Conductance is one of the main parameters which need to be discovered then the 

optical properties of BNG can be derived from conductance in specific condition. First step to 

analyze conductance is started with parabolic band energy approximation. For the proposed 

BGN, the tight-binding technique is adopted in order to calculate the energy band structure of 

BGN with AB stacking [17]: 
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Where V is the applied voltage, t  is the interlayer hopping energy, 2

k  is derived from the 

below equation which is clear that it is depends on applied voltage and interlayer hopping 

energy. 
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Energy equation (Eq. (1)) can be exposed as: 
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Where 
c ca 

is the lattice spacing which is equal to1.4 A . In addition based on conductance 

definition (G=I/V), the Boltzmann transport equation can be written as the Landauer formula 

which illustrates conductance with Ohmic behavior, parabolic band energy directs to number 

of mode calculation. However in the smaller length the interface resistance and width effect 

in the form of number of modes are considered as: 
22
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       Where q is the electron charge, T is transmission probability which is equal to one in 

ballistic limit, h is the Planck’s constant, M is the number of modes and f is the Fermi–Dirac 

distribution function. Furthermore one dimensional quantum confinement effect demonstrates 

temperature-dependent conductance with minimum value near the Dirac point that proves 

Fermi-Dirac integral based method on conductance expression. The general mathematical 

model of conductance for BGN, which can be solved numerically is written here [17]. 
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Where V is the biased voltage, vg is the gate voltage, kB is the boltzmann constant, T is 

temperature and x = (E − Δ)/kBT. Furthermore, Fermi-Dirac general integral forms 

conductance needs to be recognized by role of degeneracy. An acceptable agreement with 

previous experimental result achieved by comparing with common form of conductance 

based on the presented model in the ballistic limit which is shown in figure 2. 
 

3. RESULT AND DISCUSSION  
         The conductivity equation is applied to explore the BGN optical parameters such as 
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complex refractive index. Electrical conductance is almost equal to optical conductance by 

applied weak electromagnetic field[18]. By applying the conductance equation, the current 

density per cross section area is modified as: 
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Where thickness of BGN is  and 0' ' i tE E e   is the electric field vector. Together with 

Ampere's current law, conductance is employed to calculate the dielectric function of BGN.

 
                               (7) 

 

         Where ε0 is the vacuum permittivity,   is the frequency and  g   is the bilayer graphene 

dielectric constant. From which we can extract the relative dielectric constant that presents 

conductance resembling trends in dielectric constant expression.  
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           By considering the wide application of degenerate regime in nanoscale devices, 

equation (5) was analytically solved [17]. In degenerate limit, number of carriers increases 

rapidly and probability of occupied energy levels is equal to one, therefore the dielectric 

function as a function of BGN geometry is: 
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          In non-equilibrium conditions, conductance as a function of applied voltage has been 

reported [19-21]. Analytical model illustrates same performance on dielectric function as 

shown in figure 3. In other word dielectric function is changed by applied voltage together 

with wavelength variation.  

           By increasing the applied voltage the imaginary part of dielectric constant of BGN 

decreases (absorption increased as absolute value increased) but the real part remains 

constant. The conductance per atomic layer in mass less Dirac fermium band structure is a 

universal constant that directs to atomic layer dependent refractive index, in agreement with 

the theoretical anticipation on atomic density as[22, 23]. The degenerate condition plays 

dominant rule as the BGN shrinks to the nanoscale regime and universal conductance can be 

used in calculation of BGN optical properties. 
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          The normalization will affect the universal conductance therefore it will be independent 

of unit system consequently the refractive index is simplified as: 
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https://en.wikipedia.org/wiki/Vacuum_permittivity
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         Subsequently the effect of applied bias on refractive index illustrated in figure 4. 

Additionally refractive index as a function of wavelength is explored:  
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          The real part of refractive index accounts for refraction while the imaginary part leads 

to absorption. The real part of n is increased by increasing the applied voltage and wave 

length but for the imaginary part of n it is vice versa [22]. Additionally it is confirmed that, 

real part of modeled refractive index is increased while the imaginary part of it, is decreased 

by increasing wave length for different voltages as shown in figure (5). 

         Consequently refractive index is increased by growth of applied bias on BGN. It can be 

concluded that real and imaginary parts of refractive index can be engineered by controlled 

applied voltage. Possibility of BGN application under controlled bias as a gold replacement 

on optical sensors needs to be explored in future work.  

4. CONCLUSION  

         Graphene based materials demonstrate outstanding mechanical, electrical and optical 

features which make them hopeful materials for future optoelectronic devices. Moreover 

determination of optical and electrical properties of bilayer graphene is necessary for graphene 

based optical sensors investigations such as graphene based surface plasmon resonance 

sensors. Furthermore tunable optical properties can lead to better sensor performances. In the 

presented research optical conductance of bilayer graphene in the calculation of dielectric 

constant and refractive index is employed. The controllable BGN dielectric constant by 

incident wave length and applied voltage is rendered. Consequently applied voltage and wave 

length dependent tunable refractive index is reported in the degenerate condition based on the 

conductance model. Thus the possibility of BGN application as a gold replacement in surface 

plasmon resonance based sensors under controlled bias is suggested. 
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Figure(1): The schematic of bilayer graphene nanoribbon (AB-stacked configuration) 

 

Figure (2): BGN conductance model in comparison with experimental data [24] 

 

Figure (3): The effect of non-equilibrium condition on the dielectric function with different 

wavelengths that shows bias dependence optical parameters on BNG. 
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Figure (4): a) Applied bias effect on real part of refractive index   b) Applied bias effect on 

imaginary part of refractive index both for different wave lengths 
 

 

Figure (5): a) The wave length increment effect on real part of refractive index   b) The wave 

length decrement effect on imaginary part of refractive index in degenerate condition with 

applied bias 
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 التحقيق في الخصائص البصرية للطبقة ثنائية الجرافين
 

 احمدي *، آنتونی سنتنو، محمد تقي خضير جميل د طلوع،  بهار مشکين قلم، احمد يحم
 

 :الخلاصة
في هذا البحث ، قدمت الدراسة النظرية على الخصائص البصرية والكهربائية للطبقة ثنائية الجرافين. الجرافين مع 
طبقة واحدة ذرية من الكربون والخصائص البصرية المعلقة هو المرشح المثالي على تطبيق الاستشعار بسبب نسبة عالية 

في  (BGN) طبقة ثنائية الجرافين  nanoribbonالحجم. في هذا التقرير يتم استكشاف الخصائص البصرية لالسطح إلى 
مؤشر المستمر والانكسار عازلة  (BGN) وجود تحيز بطلب للحصول على مختلف الطول الموجي الحادث. وعلى غرار

إلى النموذج المقدم تطبيق تأثير التحيز على  على أساس تصرف لها نظريا والحصول على محاكاة النتائج عدديا. استنادا
التي يتم مناقشتها. هذه النتائج ذات الصلة للتطبيقات وضعت مؤخرا أجهزة الجرافين مقرها في    BGN   اجزاء البصرية

 .الإلكترونيات الضوئية المتطورة مثل أجهزة الاستشعار الرنين لتأكل السطح
 

 


