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a b s t r a c t

This paper theoretically shows that nearly perfect absorption can be achieved by adjusting
the period numbers of the two graphene based photonic crystals surrounding a lithium
niobate (LiNbO3) layer. Since LiNbO3 is an electro-optical (EO) material with voltage
dependent refractive index and high EO coefficient, peak wavelength tunability of ab-
sorption has been revealed. Our investigations show that the relation between the peak
wavelength and applied external voltage is linear, so that the peak wavelength moves
toward shorter wavelengths by increasing the applied external voltage. Moreover, it is
possible to achieve multi-peak by varying the thickness of LiNbO3 defect layer. Finally, we
discuss the possibility of control of the absorption via controllable parameter (chemical
potential) of the graphene. The results indicate that for a given structure, i.e, definite
period numbers surrounding the LNO layer, the enhanced absorption can be achieved, by
adjusting the chemical potential.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Graphene, a flat monolayer of graphite with carbon atoms arranged in a two-dimensional (2D) honey-comb lattice, has
dramatically changed the electronic and photonic worlds due to a number of unique and extraordinary properties, such as
high charge carrier mobility, flexibility, robustness, stability, and the most importantly, the ability of controlling its electronic
and optical properties by applying an external gate voltage [1e6]. A suspended atomically thin layer of intrinsic graphene is
poorly absorbing in the infrared (IR) to visible frequency ranges (about 2.3% absorption) [7]. Although this property of gra-
phene is used for designing of transparent electrodes and optical display materials [8], its photoresponsivity is limited for
graphene-based photodetectors [9]. Here, we focus on the latter applications, where increasing light absorption in graphene
is preferable.

So far, several studies have been performed on enhancement of the absorption of graphene, e.g., putting graphene in a
one-dimensional (1D) periodic structures [10e15], 2D photonic crystal (PC) cavities [16,17], using resonant metal back
reflector [18], and exploiting the attenuated total reflectance [19e21].

In this work, by integrating an electro-optical (EO) tuning material LiNbO3 (LNO) as a defect layer, we prepare a graphene
based 1D photonic crystal (GB1DPC). First we show that by certain choice of this structure, almost complete absorption is

* Corresponding author.
E-mail address: a.rashidi@tabrizu.ac.ir (A. Rashidi).

Contents lists available at ScienceDirect

Superlattices and Microstructures

journal homepage: www.elsevier .com/locate/superlat t ices

http://dx.doi.org/10.1016/j.spmi.2017.03.023
0749-6036/© 2017 Elsevier Ltd. All rights reserved.

Superlattices and Microstructures 105 (2017) 74e80

mailto:a.rashidi@tabrizu.ac.ir
http://crossmark.crossref.org/dialog/?doi=10.1016/j.spmi.2017.03.023&domain=pdf
www.sciencedirect.com/science/journal/07496036
www.elsevier.com/locate/superlattices
http://dx.doi.org/10.1016/j.spmi.2017.03.023
http://dx.doi.org/10.1016/j.spmi.2017.03.023
http://dx.doi.org/10.1016/j.spmi.2017.03.023


obtained in the near-IR wavelength range. Then, we discuss the behavior of absorption by applying external electric field on
the LNO layer. Finally, the effect of chemical potential of graphene sheets on the optical absorption is investigated.

2. Structural model and calculation method

Fig. 1 shows our considered structures i.e. Air/ðLGHGÞm D ðGLGHÞn/Sub and Air/ðLGHGÞm D ðGHGLÞn/Sub, that are labeled as
A and B, respectively. As this figure shows, the graphene monolayers are embedded between adjacent dielectric layers, where
H and L stand for the high and low-index layers, respectively and D represents an EO defect material, i.e. LNO. In our numerical
calculations, we used TiO2 as a layer H and SiO2 as a layer L with refractive indices, 2.17 and 1.45, respectively. Also, both layers
have quarter wavelength optical thicknesses, that is,

nTiO2 dTiO2 ¼ nSiO2 dSiO2 ¼ l0
4
; (1)

where l0 (designwavelength) is chosen to be 1.35 mm. Furthermore, the substrate is assumed to be usual glass with ns ¼ 1:52.
We suppose the optical wave travels in the x direction and is polarized in the z direction. When an external voltage is applied
on x-cut LNO along the z-axis (c-axis) (as in Fig. 1), it will produce an electric field (E) in the same direction and the relevant
optical index is the extraordinary index ne, so that it can be evaluated by the Pockel's equation [22]:

n0e ¼ ne � 0:5n3eg33E; (2)

where g33 ¼ 30.9 pm/v is the EO coefficient and E ¼ V/t (t ¼ 0.4 mm is the distance between the electrodes). Also, ne is
wavelength dependent extraordinary refractive index in the absence of voltage which can be calculated by the following
Sellmeier equation [23,24]:

ne ¼
�
4:5820� 0:099169

0:044432� l2
� 0:021950l2

�1=2

; (3)

where l is thewavelength in mm. In the case of graphene, whichwe denotedwith G, the following surface conductivity is used
[4]:
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Here, U ¼ wþ it�1, e is the charge of an electron, Z ¼ h=2p is the reduced Planck's constant, kB is the Boltzmann constant,
T is the temperature in K, t is the electron relaxation time (inverse of scattering rate), u is the angular frequency of the
incident wave and mc is the chemical potential. Finally, to calculate the absorption spectra in the proposed structures, we use
the transfer-matrix-method [25]. According to this method, absorption is determined by

A ¼ 1�
����M21

M11

���2 � ns

���� 1
M11

���2; (5)

where M11 and M21 are the elements of the total transfer matrix of the structure that is given by

M ¼
�
M11 M12
M21 M22

�
¼ DAir;1P1D0;1P1…PNDN;Sub: (6)

Here, Di;j is dynamical matrix expressed as

Fig. 1. Schematic drawing of A: Air/ðLGHGÞm D ðGLGHÞn/Sub and B: Air/ðLGHGÞm D ðGHGLÞn/Sub structures. The external voltage is applied along the z direction (c-
axis).
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