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Absorption of electromagnetic waves by graphenemagnetic semiconductor multilayered structure has been
investigated for the Voight geometry with taking into account the dissipation processes. The possibility of control of electrodynamic properties of the structure by an external magnetic eld, changing in number of periods
of the structure, chemical potential of the graphene layers and temperature has been shown. Electrodynamics of
the structure is also sensitive to polarization of the incident wave. The structure shows to be especially controllable
at terahertz frequencies.
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along an external magnetic eld direction. The magnetic

1. Introduction

semiconductors have a number of specic features: they
Graphene was rstly produced about ten years ago [1].

may have a large magnetoresistance [9], magnetooptical

Since then and to nowadays graphene continues to sur-

properties [10], the mutual interaction of the spin and

prise researchers by its unusual physical properties. High

plasma subsystems [11], etc. Due to peculiarities of elec-

mobility of charge carriers makes it a promising material

tromagnetic waves propagation along the external mag-

for use in various applications, in particular, as a basis

netic eld in the structure graphenemagnetic semicon-

for wide range of nanoelectronic devices [2].

Graphene

ductor, it is interesting to study the propagation of elec-

layer can support highly localized surface electromag-

tromagnetic waves for other directions of the magnetic

netic waves  surface plasmon polaritons [3, 4], that

eld. This work is devoted to investigation of electrody-

caused the possibility to use it for various plasmonic ap-

namic characteristics of graphenemagnetic semiconduc-

plications. Recently, hyperbolic metamaterial on basis of

tor multilayered structure for the Voight geometry, i.e.

graphenedielectric superlattice has been proposed and

when an external magnetic eld is directed perpendicu-

studied [5, 6].

lar to the periodic axis of the structure.

Replacement of dielectric in graphene-

based superlattices by materials with a more complex
electrodynamic properties can lead to greater controllability of electrodynamics of the structure.

2. Geometry of the problem

So, for ex-

ample, metamaterial composed of periodic stacking of
grapheneliquid crystal layers has been recently proposed
for far-infrared frequencies [7]. The optical parameters of
such a structure can be controlled by tuning of permeability of the liquid crystal and the surface conductivity
of the graphene sheets. The metamaterial is able to show
both the elliptic and hyperbolic dispersion. Some aspects
of tuning of electromagnetic waves absorption, reection
and transmission of graphenemagnetic semiconductor
multilayered structure by external magnetic eld directed
perpendicular to the periodicity axis of the structure
(the Faraday geometry) have been investigated in [8].
Frequency dispersion of the permittivity is one of the
signicant dierences of semiconductor from dielectrics;
the plasma waves can be excited in the semiconductor
structures; the helicons can propagate in the material

Geometry of the problem is represented in Fig. 1.
The structure is a periodic stacking of graphene monolayers and magnetic semiconductor slabs. Suppose that
linearly polarized plane electromagnetic wave is normally
incident in the surface of the structure and that an external magnetic eld

H0 is directed perpendicular to the pe-

riodicity axis of the structure (i.e. the Voight geometry).
The coordinate axes are chosen so that the

z

axis co-

incides with the direction of the external magnetic eld,

y

axis coincides with the periodicity axis of the struc-

ture.

The thickness of the magnetic semiconductor is

the

denoted

d; D

is the thickness of the whole structure.

The symmetry of the problem is broken by external magnetic eld, so, electrodynamic properties of the structure
will depend on the polarization of the incident electromagnetic wave.

The angle between the

z

axis and the

polarization of the electric component of the electromagnetic wave will be denoted

θ.

For solving this problem, one has to know the charac-
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teristics of each component of the structure. For the magnetic semiconductor such characteristics are the tensors
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Here, µch is a chemical potential of graphene, Γ/~ is
σ intra (ω) =

the scattering rate. In chosen geometry, conductivity of
graphene not depends on the magnetic eld value.
For solving the problem one has to use the system of

Fig. 1. Geometry of the structure with the thickness
D composed of a periodic structure of graphene layers separated by magnetic semiconductor slabs with the
thickness d placed in external magnetic eld H0 .
of the permeability

µ̂

and the permittivity

ε̂.

Maxwell's equations

rotE = −c−1 ∂B/∂t;

of the tensors are characteristic of an isotropic, magne-

(E2 −E1 ) × n12 =0;
second medium,




µ⊥ i µa 0


µ̂ =  −i µa µ⊥ 0  ;
0
0 µk

2
ωH

µk = 1 −

j

εa = ε0

dene the absorptance

For the numerical simulation we will use the charac-

TC = 130 K [15, 16]:
M0 = 350 G, α = 0.1, g = 1.75 × 107 Oe−1 s−1 ,

with the Curie temperature

2

ω (ω + i ν) − ωc2


i ;

ε0 = 20, m∗ = 0.15me , ns = 1018 cm−3 ,
ν = 1015 s−1 .

i;

(2)

Graphene can be represented as a conductive surfrequency

σ(ω) = σ intra (ω) + σ inter (ω),
in [14]:

Γ = 2 × 10−15 erg, value
µch depends on temperature
T and carrier density in graphene n0 . How it has been
shown in [14], for temperatures T ≈ 10 K and carrier
11
−2
density n0 ≈ 10
cm
value of chemical potential is
−14
µch ≈ 1 × 10
erg. The carrier density can be changed
vF = 108

cm/s,

of the chemical potential

ωH = gH0 , ωM = 4πgM0 , g is the gyromagM0 is the saturation magnetization, α is the
damping parameter,
the
pε0 is the lattice caused part of
permittivity, ωp =
4πns e2 /m∗ and ωc = eH0 /m∗ c are
the plasma and the cyclotron frequencies, consequently, e
∗
and m are the charge and the eective mass of carriers,
ns is the carriers density, ν is the eective collision rate.
the

(8)

For simulation of the graphene properties we will use
parameters

Here,

with

Obtaining their values we

A = 1 − R − T.

teristic parameters of magnetic semiconductor CdCr2 Se4

netic ratio,

[3]

and transmitted waves, consequently, index 0 denotes
amplitude of incident wave.

ω (ω + i ν) − ωc2
!
ωp2
.
εk = ε0 1 −
ω (ω + i ν)

face

is the density of the surface current in graphene layer.

R and
T can be found
2
2
2
2
|ExR | + |EzR |
|ExT | + |EzT |
;
T
=
(7)
R=
2
2
2
2 ,
|Ex0 | + |Ez0 |
|Ex0 | + |Ez0 |
where indexes R and T denote amplitudes of reected
(1)

ωp2 (ω + i ν)

2

is the normal vector to the partition

ected and transmitted waves. Then reectance


ε⊥ i εa 0


ε̂ =  −i εa ε⊥ 0  ;
0
0 εk

h

n12

transmittance



ωp2 ωc

(6)

Solving the system of Eqs. (4)(6) for each layer of

i αωM
.
ω + i αωH

h

(H2 −H1 ) × n12 =4πj/c,

magnetic semiconductor we obtain the amplitudes of re-

−ωM ω
;
− (1 + α2 ) ω 2 − 2 i αωωH

ε⊥ = ε0  1 −

(5)

surface directed from the rst medium to the second one,

ωM (ωH − i αω)
2 − (1 + α2 ) ω 2 − 2 iαωω ;
ωH
H



j = σ̂E

where indexes 1 and 2 mean the elds in the rst and the

component plasma in a semiconductor [12, 13]:

µa =

B = µ̂H;

and the boundary conditions

tized ferromagnet and an isotropic, magnetized, single-

µ⊥ = 1 +

(4)

with the material equations

D = ε̂E;
The forms

rotH = c−1 ∂D∂t

either by doping or with the help of a constant electric
eld.
3. Results and discussion

Due to resonant dependences of components of permittivity, permeability tensors of magnetic semiconductor (1), (2) and conductivity of graphene (3), it is clear

conductivity

that reectance, transmittance and absorptance will have

which has been obtained

some features near the resonant. The calculations show

dependent

(see Fig. 2) that electrodynamic characteristics of the
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has a logarithmic singularity at the interband absorption
threshold

ω = 2µch /~.

This leads to corresponding in-

crease in absorptance at frequencies more than

2µch /~.

The chemical potential can be changed, for example, by
applying of external electric eld. So, increase in chemical potential value leads to shift of the interband absorption threshold to higher frequencies. It is possible to get
more strong absorption of electromagnetic waves by tuning the chemical potential, especially at ferromagnetic,
cyclotron or size resonances.
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Fig. 2. Frequency dependences of electromagnetic
waves transmittance T , and absorptance A for dierent
parameters of the structure. N is a number of periods,
f = ω/2π .
structure depend on the polarization of an incident wave.
For electromagnetic wave polarized along magnetic eld
direction (θ

= 0),

there is no resonance in absorptance

associated with the ferromagnetic resonance of the magnetic semiconductor, and a cyclotron associated resonance has a maximum. Otherwise, when electromagnetic
wave is polarized perpendicular to the magnetic eld direction (θ

= π/2),

there is no a cyclotron associated res-

onance, and a ferromagnetic associated resonance has a
maximum. Electrodynamic characteristics of the structure also depend on external magnetic eld value.

In-

crease in magnetic eld leads to increase in ferromagnetic
and cyclotron associated resonant frequencies.

Change

in temperature of the structure leads to change in transmittance and decrease in absorptance of electromagnetic
waves in frequency range of 0.11 THz. Increase in number of the graphene layers leads to increase in absorptance (see Fig. 3).

It is well known [14] that graphene
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Fig. 3. Frequency dependencies of electromagnetic
waves transmittance T , and absorptance A for dierent
number of periods N and chemical potential, f = ω/2π .

