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A theoretical investigation has been carried out to find the reflection and transmission coefficient due to the interaction of 
electromagnetic waves with a chiral slab sandwiched between graphene layers. The reflection and transmission coefficients 
at graphene-chiral and chiral-graphene interfaces have been obtained analytically. Numerical results are presented to show 
the effect of the chirality, thickness of chiral slab and the normalized conductivity of graphene on the reflected and the 
transmitted powers.  
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1.  Introduction 
 

Considerable investigations is moving fast from many 

years with great pace on the microwave absorption 

materials due to the extended electromagnetic (EM) 

interference complications get up from the wide use of 

communication devices, such as telecommunications, local 

area network systems, and radar systems[1]. There are 

many types of metamaterial such as metallic magnetic, 

chiral, ferrites having specific optical properties which do 

not exist in natural material.  One of the frontiers at which 

major conquests are being made is that of new materials 

like graphene. This material is excellent absorbing 

materials with extra quality of light weight and small 

thickness. Graphene is  a single layer of carbon atoms 

display exceptional physical properties that make them 

superior candidates for microwave applications, namely 

high electrical conductivity, low density, and good 

stability.  

      In recent years, graphene have attained a lot of 

attention including electrodynamic properties [2-4].  Many 

researchers carried out research on frequency dependence 

conductivity and excitations of the graphene layer 

plasmons successfully [5-7]. These studies showed that 

both TE- and TM- polarized plasmons can exist in 

graphene [8].  It has also been noticed that the special 

spectrum of the charge carriers leads to a number of 

interesting transport properties such as high charge carrier 

mobility, electronic energy spectrum without a gap 

between the conduction and valence bands, and frequency 

dependent absorption of EM radiation. Graphene have 

potential applications in optoelectronics [9-11] and 

development of bioelectric sensory devices, to measure  

glucose levels, hemoglobin levels, cholesterol due to its 

lower resistivity and high conductivity [12, 13].  

In the electrical metamaterial´s engineering it is 

advisable to scheme some tools for adjusting their 

electromagnetic features, thus achieving the tuneability 

[13]. These tunable metamaterials permit for endless 

variation of their properties through different influences. 

Many researchers carried out the research on 

electromagnetic interaction with graphene[14, 15]. 

Recently, the possibility of control of the hybrid surface 

waves in graphene placed between two dielectrics by 

applying an external magnetic field [16] and the 

waveguide properties of the sandwich structure graphene-

dielectric graphene  have been studied[17].  Reflection and 

transmission of electromagnetic waves by the graphene 

layer and graphene super lattice have been investigated in 

details [16, 18]. 

However, as an outcome of very concentrated 

researches of graphene placed in between different 

medium it has been found that more complex properties of 

graphene-based structures can find many more probable 

applications with more complex materials. Interaction of 

electromagnetic waves through chiral slab sandwiched 

between graphene layer to be of great interest and practical 

importance because this consideration may be expected to 

play a role in the development of diagnostic tool for 

remote sensing, in the design of electromagnetic shield 

and in the prediction of structural deformation.  
In this paper we derived the reflection and 

transmission coefficients at graphene- chiral and graphene-

chiral interfaces. We will treat the interaction of 

electromagnetic wave to infinite chiral slab [19-21] 

sandwiched in between graphene layer. The numerical 

computation has been carried out to reflectance, 

transmittance and absorption for different values of 

chirality parameters, thickness of the slab and normalized 

conductivity of graphene. The time-harmonic (𝑖𝜔𝑡) 

dependence is adopted and suppressed in what follows. 
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Fig. 1. Geometry of chiral slab placed between  

graphene layers. 

 

 

2. Formulations 
 

Consider a chiral slab of uniform thickness  𝑑 

sandwiched between graphene layers on both sides as 

shown in Fig. 1. This geometry of chiral slab is 

sandwiched between two graphene layer at 𝑧 = 0 and 𝑧 =
𝑑, and lies between two dielectric medium of the similar 

constitutive parameters. Suppose a monochromatic 

electromagnetic wave polarized in the x-axis normally 

incident upon interface 𝑧 = 0  from the zone𝑧 ≤ 0 . The 

Constitutive relation for the EM-waves interaction with 

chiral medium the relations which involve the coupled 

nature of both electric and magnetic fields [20] 

 

𝑫 = 𝜖𝑬 − 𝑖𝛾√𝜖0𝜇0𝑯                               (1) 

 

𝑩 = 𝜇𝑯 + 𝑖𝛾√𝜖0𝜇0𝑬                             (2) 

 

These relations are related to time-harmonic varying 

fields when EM-waves propagated in chiral medium. 

Where, 𝛾  is the positive chirality factor and 𝜖 , 𝜇 are the 

permittivity and permeability of the chiral medium. Two 

distinct waves propagate in a chiral medium a left 

circularly polarized wave (LCP) and right circularly 

polarized wave (RCP) with a wave numbers 

 

     ℎ1 = 𝜔√𝜖0𝜇0(√𝜖𝑟𝜇𝑟 − 𝛾)                         (3) 

 

   ℎ2 = 𝜔√𝜖0𝜇0(√𝜖𝑟𝜇𝑟 + 𝛾)                          (4) 

The appropriate form to express the fields in zone 𝑧 ≤ 0 is 

represented by the following fields     

                                               

                   𝑬𝟎𝒊 = 𝐸𝑖 �̂�𝑥 exp(𝑗𝑘𝑖𝑧)                            (5) 

 

                  𝑯𝟎𝒊 = 𝜂1
−1𝐸𝑖�̂�𝑦 exp (𝑗𝑘𝑖𝑧)                     (6) 

 

where  𝜂1 = √𝜇1/𝜖1  and the reflected electric and 

magnetic fields are  

 

                     𝑬𝟎𝒓 = 𝐸𝑟 �̂�𝑥 exp (−𝑗𝑘𝑖𝑧)                             (7) 

 

         𝑯𝟎𝒓 = −𝜂1
−1𝐸𝑟 �̂�𝑦 exp (−𝑗𝑘𝑖𝑧)                    (8)   

 

There are four waves propagating into the chiral slab, 

two of them propagate towards the interface 𝑧 = 𝑑 and the 

other two propagates towards the interface  𝑧 = 0 . The 

amplitudes of the electric fields linked with the right and 

left circularly transmitted polarized wave are  𝐸1
+  and 𝐸2

+ 

respectively. The electric and magnetic fields of the two 

waves that propagating towards the interface 𝑧 = 𝑑 inside 

the chiral slab can be written as 

 

𝑯+ = −𝑗𝑍−1𝐸1
+(�̂�𝑥 + 𝑗�̂�𝑦) exp(𝑗ℎ1𝑧)+𝑗𝑍−1𝐸2

+(�̂�𝑥 −

𝑗�̂�𝑦) exp(𝑗ℎ2𝑧)                                                               (9) 

                       

𝑬+ = 𝐸1
+(�̂�𝑥 + 𝑗�̂�𝑦) exp(𝑗ℎ1𝑧) + 𝐸2

+(�̂�𝑥 − 𝑗�̂�𝑦) exp(𝑗ℎ2𝑧)                                            

(10)            

                                      

The electric and magnetic fields of the other two waves 

that propagating towards the interface 𝑧 = 0  inside the  

can be written as 

 

𝑯− = 𝑗𝑍−1 𝐸1
−(�̂�𝑥 − 𝑗�̂�𝑦) exp(−𝑗ℎ1𝑧)+𝑗𝑍−1𝐸2

−(−�̂�𝑥 −

𝑗�̂�𝑦) exp(−𝑗ℎ2𝑧)                                                          (11)  

     

𝑬1
− = 𝐸1

−(−�̂�𝑥 + 𝑗�̂�𝑦) exp(−𝑗ℎ1𝑧) + 𝐸2
−(−�̂�𝑥 −

𝑗�̂�𝑦) exp(−𝑗ℎ2𝑧)                                                           (12) 

                                              

where 𝑍 = √
𝜇1𝜖

𝜇𝜖1
+

𝜇1

𝜖1
𝛾2   is the wave impedance of the 

chiral slab. Let the polarization, amplitude of electric field, 

frequency and the direction of propagation of the incident 

wave are known. The electric and magnetic fields of the 

two waves that transmitting through the chiral slab 

at  𝑧 = 𝑑 , total transmitted field from graphene chiral 

interface can be written as 

                                        

      𝑬𝟎𝒕 = 𝐸𝑡�̂�𝑥 exp (𝑗𝑘𝑡𝑧)                                  (13) 

                                                        
𝑯𝟎𝒕 = 𝜂1

−1𝐸𝑡�̂�𝑦 exp(𝑗𝑘𝑡𝑧)                            (14) 

 
where    𝑘𝑡 = 𝑘𝑖 . By using the boundary conditions at 

𝑥 = 0 and 𝑧 = 0 

 
  (𝑬𝒊 + 𝑬𝒓) × �̂�𝑧 = (𝑬+ + 𝑬−) × �̂�𝑧                         (15) 

  

(𝑯𝒊 + 𝑯𝒓) × �̂�𝑧 = (𝑯+ + 𝑯−) × �̂�𝑧 +
4𝜋𝑱+

𝑐
+

4𝜋𝑱−

𝑐
       (16)                   

 

By using the boundary conditions at 𝑥 = 0 and 𝑧 = 𝑑 

 
          (𝑬+ + 𝑬−) × �̂�𝑧 = 𝑬𝒕 × �̂�𝑧                   (17) 

 

   (𝑯+ + 𝑯−) × �̂�𝑧 + 4𝜋𝑱+/𝑐 + 4𝜋𝑱−/𝑐 = 𝑯𝒕 × �̂�𝑧    (18) 
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Now the continuity equation is  reads as 

 

                           𝜌 = 𝑗𝑥(𝜔)𝑘𝑥/𝜔                           (19) 

 

and Ohm’s law is written a 

 

         𝑗±
𝑥

(𝜔) = 𝜎(𝜔)𝐸±
𝑥 = 𝜎𝑔(𝜔)𝐸±              (20) 

 

where 𝜎𝑔  is the graphene conductivity and is defined 

as[14]  

 

        𝜎𝑔 = 𝜎1
′ + 𝑗𝜎1

′′ +  𝜎𝐷                        (21) 

 

Where    

   

  𝜎1
′ = 𝜎0(1 +

1

𝜋
tan−1 ℏ𝜔−2𝐸𝐹

ℏΓ
−

1

𝜋
tan−1 ℏ𝜔+2𝐸𝐹

ℏΓ
−) 

 𝜎1
′′ = 𝜎0

1

𝜋
ln

(2𝐸𝐹+ℏ𝜔)2+ℏ2Γ2

(2𝐸𝐹−ℏ𝜔)2+ℏ2Γ2 

  𝜎𝐷 = 𝜎0
4𝐸𝐹

𝜋
ln

1

ℏΓ−𝑗ℏ𝜔
 

 

Where 𝜎0 = 𝜋𝑒2/2ℏ the universal conductivity of 

graphene is, Γ is the inverse of the momentum relaxation 

time and 𝐸𝐹 > 0 is the Fermi level position with respect to 

the Dirac point.  By using above boundary conditions we 

arrive at the following result, valid for normal incidence, 

for the reflectivity 

 

                                 

𝑅 =

|𝑐(−2+ⅇ2ⅈ𝑑+ⅇ2ⅈ𝑑h2+2g−2ⅇⅈ𝑑(ℎ1+ℎ2)g)−8(−1+ⅇⅈ𝑑(ℎ1+ℎ2))𝜋𝜂1𝜎𝑔|
2

|𝑐(ⅇ2ⅈ𝑑ℎ1+ⅇ2ⅈ𝑑ℎ2+2ⅇⅈ𝑑(ℎ1+ℎ2)g−2(1+g))+8(−1+ⅇⅈ𝑑(ℎ1+ℎ2))𝜋𝜂1𝜎𝑔|
2              

                                                                                (22)                    

The  transmitivity is also obtained for normal incidence as 

                                  

𝑇 =

|2ⅇⅈ𝑑ki(−ⅇⅈ𝑑ℎ1−ⅇⅈ𝑑ℎ2+ⅇⅈ𝑑(2ℎ1+ℎ2)+ⅇⅈ𝑑(ℎ1+2ℎ2))(𝑐g−4𝜋𝜂1𝜎𝑔)|
2

|𝑐(ⅇ2ⅈ𝑑ℎ1+ⅇ2ⅈ𝑑ℎ2+2ⅇⅈ𝑑(ℎ1+ℎ2)g−2(1+g))+8(−1+ⅇⅈ𝑑(ℎ1+ℎ2))𝜋𝜂1𝜎𝑔|
2             

                                                                              (23)   

                              

3. Numerical results and discussion 
 

In this section, the above procedure is applied in 

calculating properties of reflected and transmitted powers 

for the fields in the chiral slab of thickness  𝑑  sandwiched 

between graphene layers from both sides placed in 

dielectric medium.  It is assumed that 𝜇 = 𝜇1 = 𝜇0 . The 

Fig. 2(a) –(c) show the reflectance, transmittance and 

absorption as function of the frequency at 𝑑 = 100 𝜇𝑚 

(thick solid line)  𝑑 = 75 𝜇𝑚   (dashed line) 𝑑 = 50 𝜇𝑚  

(dotted line) and 𝑑 = 25 𝜇𝑚 (solid line) at  Γ = 2.3meV, 

𝐸𝐹 = 10𝑒𝑉 , 𝜖𝑟 = 1.5  and 𝛾 = 0.9  . It is found from 

calculation that the value of reflectance and absorption 

increases as frequency and thickness increases. It is also 

observed that with the increase in the thickness of chiral 

slab and frequency the value of the transmittance 
decreases.  

 

               

 
 

Fig. 2. The comparison of (a) reflectance (b) 

transmittance and (c) absorptance of chiral slab 

sandwiched  between  graphene  layers  versus frequency  

                       for different thickness of slab.   

 

The Fig. 3(a) –(c) show the reflectance, transmittance 

and absorption as function of the frequency at 𝛾 = 0.9 

(thick solid line)  𝛾 = 0.8   (dashed line) 𝛾 = 0.7 (dotted 

line) and 𝛾 = 0.6 solid line) at Γ = 2.3meV, 𝐸𝐹 = 10𝑒𝑉, 

𝜖𝑟 = 1.5 and 𝑑 = 100 𝜇𝑚.  It is observed from calculation 

that the value of reflectance and absorption increases as 

frequency and chirality parameter increases. It is also 

highly noticed that with the minor increase in value of the 

chirality parameter causes the transmittance power to 
decreases. The Fig. 4(a) –(c) show the reflectance, 

transmittance and absorption as function of the normalized 

conductivity of graphene  at different values of chirality 

parameter 𝛾 = 0.0100  (thick solid line)  𝛾 = 0.0101   

(dashed line) 𝛾 = 0.0103  (dotted line) and 𝛾 =
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0.0101 solid line) at Γ = 2.3meV , 𝐸𝐹 = 10𝑒𝑉 , 𝜖𝑟 = 1.5 

and 𝑑 = 100 𝜇𝑚. It is observed from calculation that the 

value of transmittance increases more sharply as compare 

reflectance whereas absorption decreases. It is also highly 

noticed that with the minor increase in value of the 

chirality parameter transmittance increases. The effect of 

graphene layers on the electromagnetic properties of the 

structure is more evident as the conductivity of graphene 

decreases that lead to increase in absorptance.  

 

 
 

 

 
 

Fig. 3. The comparison of (a) reflectance (b) 

transmittance and (c) absorptance of chiral slab 

sandwiched between graphene layers versus frequency  

           for different thickness of values of chirality. 

 

 

 

 

 
 

Fig. 4.  The comparison of reflection coefficient 

𝑅21 verses angle of incidence 𝜃2  at 𝛾 = 0.0001 (solid 

line), 𝛾 = 0.001(dot line),  𝛾 = 0.01(large dashed line)   
                            and 𝛾 = 0.1(thick line) . 

 

 

4. Conclusion 
 

In this research the properties of reflection and 

transmission coefficients of chiral slab sandwiched 

between graphene layers are obtained analytically using 

boundary conditions. Numerical results for the reflectivity, 

transmitivity and absorptivity are presented for various 

values of chirality parameters, slab thickness and effect of 

conductivity of graphene so that the behavior of wave 

propagation from graphene to chiral medium and chiral 

medium to graphene can be clarified. The effects of 

change in the chirality parameter slab thickness and effect 

of conductivity of graphene are numerically computed. 

From these results we have concluded that strength of the 

reflectivity, transmitivity and absorptivity may be control 

from chirality parameters and conductivity of graphene. 

Through the results presented here may be have potential 
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applications for the design of optical devices in the visible 

frequency range. 
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