
Electromagnetic approach 

We studied the normal incidence of electromagnetic wave on the graphene structure (Fig. S1). 
The metal strips of the grating gate and graphene sheets were assumed being of zero 
thickness. 

 

Fig.S1. Schematic view of one unit cell of periodic structure. 

The electric field of the incident wave is polarized along the x-axis. All elements of the 
graphene structure are isotropic along the y-axis. The incident wave has only two components 

inc
xE  and inc

yH  which are the electric  and   magnetic fields, respectively. The incident wave 
excites scattered TM-polarized evanescent fields, which in Fourier representation can be 
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of the wave vector of p-th Fourier harmonics, and ω  is the angular frequency.  

The dependence of electric (and magnetic) fields on the z-coordinate could be represented as: 
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where ( )
,
n

x pe  are Fourier amplitudes in different dielectric media, and ( )
,
n

z pq   are the z-
components of wave vectors in different media. We used the standard boundary conditions at 
the boundaries of dielectric media 
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where , ( )x pj z are the Fourier harmonics of the current densities in the planes z d= , 0z = , 
and z h= − . 

The Fourier harmonics of the electric fields and current densities in spatially homogeneous 
graphene are connected by the Fourier-transformed Ohm’s law as 
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is the conductivity of pumped graphene [1] and 
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Fε is the quasi-Fermi energy 0Fε > for electrons and 0Fε < for holes), e is the elementary 
charge, τ is the intraband carrier relaxation time, Bk  is the Boltzmann constant, and T is the 
temperature. The solution of Maxwell equations together with boundary condition in Fourier 
representation allows for writing the equations 
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Using equations (1) and (2) we create the system of six integral equations with respect to the 
unknown currents at the planes of metallic gates and at the plane of inhomogeneous graphene 
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where indexes 1,2α =   are used as designations for currents, which oscillate in the different 
conductive areas of the unit cell, for example, 1( ) ( ,0)s

xj x  is the current density in plane 0z =  
at a part of graphene under the narrow slit, that denoted by 1s . We introduce the designations 

wα
σ for conductivity of metal gate fingers in THz frequencies and ,( )g sα

σ  and ,( )g wα
σ  are 

conductivities of homogeneous parts of inhomogeneous graphene layer (z = 0) in the unit cell. 
The conductivity of electrically biased parts of inhomogeneous graphene ,( )g sα

σ  and ,( )g wα
σ  

was taken from [2] 
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FE is the Fermi energy. We solved the system of integral equations by Galerkin method [3] 
with expansion of the current densities in the conductive parts of the unit cell of graphene 
structure into series of orthogonal Legendre polynomials 
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( )wa α
β  and ( ,0)wa α

β  are the expansion coefficients, ( )Pβ ρ  are Legendre polynomials. 
Substitution of expansions into the system of integral equations transforms it into an infinite 
system of linear algebraic equations for coefficients aβ . Based on the convergence of this 
numerical procedure, we truncated the system of the algebraic equations and solved it 
numerically. Finally, upon finding the current densities by solving Eq. (1-3) and using 
Maxwell equations in each media, we calculated the induced electric and magnetic fields at an 
arbitrary point of the structure. The power fluxes of the incident, reflected, transmitted and 

plasma waves were calculated via the following formula *1 [ ]
2

=S EH . 

The power fluxes in the considered graphene structure can be divided into electromagnetic 
wave power fluxes and plasma wave power fluxes. The power of an electromagnetic wave can 

be calculated as the projection of the vector S  onto the z-axis: 
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incident power flux, 
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= is the reflected power flux, and 



2(4)4 0
,0

0

1
2

T
xS eε ε

µ
= −  is the transmitted power flux. The plasma wave power flux can be 

calculated as the projection of the vector S  onto the x-axis – xS ,  this flow consists of power 
flows along the x-axis xS +  and against the x-axis xS − . 
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