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Highly Flexible and Tunable Coherent Perfect Absorption in Graphene
Metasurface at Wide Angle of Incidence in Terahertz Regime

Roya Ebrahimi Meymand, Ali Soleymani, and Nosrat Granpayeh

Faculty of Electrical Engineering, K. N. Toosi University of Technology, Tehran, Iran

We exploit graphene square-ring to realize coherent perfect absorption (CPA) in the terahertz (THz) regime. The simulated results
show a 90% absorption coefficient over a wide range of angles of incidence for both TE and TM radiations. The coherent
absorptivity is tunable from nearly 0% to 100% by adjusting the relative phase of two low power counter-propagating coherent
beams. The central frequency of the absorption simply can be tuned by varying the chemical potential of graphene and by changing
the geometric parameters of metasurface. Thus, the proposed absorber is very promising for various optical applications as
modulators, detectors and electromagnetic switches. This article offers a novel path for perfect absorption in THz gap, it should be
noted that the thickness of proposed absorber is only about 4/20 .
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1 Introduction

In recent years electromagnetic (EM) wave absorbers
in the terahertz (THz) range have attracted great
attentions. Conventional EM absorbers were very
thick, and their structure were based on metals, which
due to restricted flexibility of permittivity and
permeability of metals, most of them operate at a
specific pre-designed frequency [1]. To achieve high
absorbance and simultaneously thin membrane, metals
should swap with patterned and doped graphene.

Graphene because of its exceptional optoelectronic and
photonics properties is a promising candidate for THz
absorption. Its interaction with light is normally weak,
there are several methods to enhance the light-matter
interaction in graphene. In THz regime, plasmonic
response of graphene is very strong [2], patterned and
doped graphene can support localized plasmonic
resonances which significantly enhance absorption of
graphene.

Controlling absorption of optical structures is highly
desirable for many applications, several ways to
achieve the perfect absorption have been reported [1,
3]. Coherent perfect absorption (CPA), a concept of
time-reversed lasing [4], has drawn considerable
attention in recent years. CPA systems relie on the
destructive interference of two counter propagating
incident beams. The transmitted waves from one
direction cancel the reflected waves of the other
direction and vice versa. Absorption can be controlled
by manipulating relative phase of two counter-
propagating beams.

In this paper, we demonstrate that CPA can be realized
in a novel ultrathin THz absorber that achieves greater
than 90% absorption over a wide range of angles of
incidence. The frequency response can be dynamically
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tuned by varying the graphene gate voltage and
geometric parameters. Hence, the proposed absorber is
very promising for tunable THz detections and signal
modulations.

The remaining of the paper is organized as follows: In
Section 2, the theory and simulation method is
introduced. In Section 3, tunability of the structure is
discussed. The paper is concluded in Section 4.

2  Theory and Simulation Method

The geometric parameters of the graphene metasurface
and corresponding excitation configuration with two
counter-propagating beams (1, and I_) is shown in

Figs. 1(a) and 1(b). We perform finite-difference time-
domain (FDTD) simulations of the metasurface with
normally incident plane waves on both sides, The
square rings are periodically arranged in x-y plane, and
are illuminated by s- and p-polarized (electric and
magnetic vectors E and H are parallel to the y axis,
respectively) optical waves, perfect matched layers
(PML) are applied in the z direction. The graphene
layer is considered as a sheet modelled by surface
impedance. Based on the random-phase-approximation
(RPA) [5], the complex conductivity of graphene
especially in a heavily doped region and low
frequencies (far below Fermi energy) can be described
by the Drude model as [6]:
ie’ s,
s 7h? (a)+ir’1) @)
where 4 depends on the concentration of charged

doping and =y [ev’, where v, is the Fermi
velocity and w, u, % and e are respectively the
electromagnetic wave angular frequency, the dc
mobility, reduced Planck’s constant, and the electron
charge.
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Fig. 1: (a) The schematic view of one cell of the proposed
absorber. (b) Coherent interaction of two counter-
propagating beams.

The chemical potential . =0.3eV and relaxation
time t=0.5 ps are initially considered. We consider the
patterned graphene on a flexible polyamide substrate
with a dielectric constant of &, =2.5 and thickness of
that is set to be 7.5um and the thickness of graphene is
assumed to be 0.5 nm. The working frequency of the
proposed absorber can be manipulated by varying the
gate-controlled Fermi energy of the graphene. Our
proposed structure has simple design and ability to
adapt to other structures. We used this structure for

simulation the same as the structure proposed in [7].

In CPA system, the forward and backward scattering
fields (O, ) can be obtained from the two input fields
(1) through a scattering matrix, S [8]:

o0 ) @

where t, and r, are the transmission and reflection

coefficients in forward and backward directions,
respectively. Since the proposed structure is a
reciprocal metamaterial with spatial symmetry, (the
two input beams (1. ) are set to be of equal amplitude)
the scattering matrix can be simplified with r, =r and

t, =t . So the scattering coefficients would be:
O.|=[o_|=|tle’> +rie' | ®)

When the phase difference ¢, —¢ =2nz(n is an
arbitrary integer), the CPA occurs. Coherent
modulation of the input beams performance is required
to suppress the scattering fields, that is tle'” =—rle'*,
from which we can get the necessary condition for
CPA performance: |r|=ft|. The reflectance can be
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achieved as a function of incidence angle, 6, for TE
and TM polarizations [9]:

. 1-188.68c(cos6) " (1+e )
r :el(p ] - (4)
1+188.680(cosd) (1+e'”)

where e’ is the complex reflection coefficient
of substrate, o is the optical graphene
conductivity, which can be calculated by Kubo
formula. The + and - signs are for TE and TM
modes, respectively. Figure 2 illustrates the

2
structure absorbance, A =1—|r|", versus wave
incidence angle.
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Fig. 2: The maximum coherent absorbance vs. oblique
incidence angle, 4, for TE and TM modes at 4.1THz.
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Fig. 3: Absorbance spectra at different azimuthal angle ¢.

The magnetic field component parallel to the surface
decreases with increased 6, hence, the incident
magnetic field can no longer efficiently support the
electromagnetic resonance in the metamaterial. For
TM polarization, the coherent absorptivity remains
higher than 91.70% for all incidence angles from 0° to
70°. It could be noted that the proposed absorber
exhibits good absorption performance for both TE and
TM modes when 6 changes from 0° to 70°. This effect
can be beneficial for broadband angular tunability.

Figure 3 gives the simulation results for different
polarizations of normal incident EM waves. Because
of the symmetry of the structure the absorption is
insensitive to the polarization states of the incident
waves.

3 Electrical and Geometrical Tunability

The frequency tunability of absorber is a significant
important characteristic in practical applications. The
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central frequency of the total absorption can be tuned
by varying, u . By increasing the driven voltage

applied to graphene, as shown in Fig. 4, a blue shift of
the quasi-CPA frequency occurs. Graphene will have a
higher Drude weight by increasing the charge carrier
concentration, and shifting the quasi-CPA point to
higher frequencies [7]. As depicted in Fig. 4, the quasi-
CPA frequency can be tuned from 2.6361 to 5.3527
THz when the doping level varies from 0.1 t0 0.6 eV.
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Fig. 4: Absorbance spectra at various chemical
potential.
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Fig. 5: The effect of substrate dielectric constant on the
absorbance spectra of THz metasurface.
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Fig. 6: Absorbance versus relative phase difference

between two coherent beams.
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In Fig. 5, we show the coherent absorptivity spectra of
the metasurface with different dielectric constant.
When the dielectric constant increases, the absorptivity
remains higher than 90% in all cases.

The coherent absorption varies continuously from
99.92% to less than 0.06% as the phase difference
changes from 0 to w at 2.6 THz and E_ =0.1eV, the
absorption becomes maximum if phase difference
equal to 2nz (n is an integer). As illustrated in Fig. 6
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proper phase modulation leads to perfect absorption
and perfect transmission.

4 Conclusion

We have demonstrated an ultrathin terahertz coherent
perfect absorber (CPA) based on two low intensity
counter-propagating coherent beams illuminating the
graphene. The absorption performance under different
angles of incidence was studied. The graphene-based
coherent perfect absorption is found to be appropriate
for broad angular selectivity. The proposed absorber
can operate well even in the case of oblique incidence.
Furthermore, the CPA can be tuned in an ultra-wide
frequency range via electrostatic doping instead of
changing its geometric parameters, which greatly
enhance the flexibility and controllability of proposed
absorber. The structure may provide an opportunity to
select the desirable absorption frequency band in the
THz regime. The output intensities can be modulated
by adjusting phase difference of the two low intensity
counter-propagating coherent beams. These results are
promising for potential applications in optical
modulators, electromagnetic switches, and detectors.

References

[1] M. Chen, W. Sun, J. Cai, L. Chang, and X. Xiao,
"Frequency-tunable terahertz absorbers based on
graphene metasurface," Opt. Commun. vol. 382, pp. 144-
150, 2017.

[2] R. Nair, P. Blake, A. N. Grigorenko, K. S. Novoselov, T.
J. Booth, T. Stauber and A. K. Geim, "Fine structure
constant defines visual transparency of graphene,”
Science, vol. 320, pp. 1308-1308, 2008.

[3] J.H. Hu, Y.Q. Huang, X.F. Duan, Q. Wang, X. Zhang, J.
Wang , and X. M. Ren, "Enhanced absorption of
graphene strips with a multilayer subwavelength grating
structure,” Appl. Phys. Lett. vol. 105, pp. 221113 (1-5),
2014.

[4] Y.D. Chong, L. Ge, H. Cao, and A.D. Stone, "Coherent
perfect absorbers: time-reversed lasers," Phys. Rev. Lett.
vol. 105, pp. 053901 (1-4), 2010.

[5] L.A. Falkovsky and S.S. Pershoguba, "Optical far-
infrared properties of a graphene monolayer and
multilayer,”" Phys. Rev. B, vol. 76, pp. 153410 (1-4),
2007.

[6] G.W. Hanson, "Dyadic Green’s functions and guided
surface waves for a surface conductivity model of
graphene," J. Appl. Phys. vol. 103, pp. 064302 (1-8),
2008.

[7]1 Y. Fan, F. Zhang, Q. Zhao, Z. Wei, and H. Li, "Tunable
terahertz coherent perfect absorption in a monolayer
graphene," Opt. Lett. vol. 39, pp. 6269-6272, 2014.

[B] W. Zhu, F. Xiao, M. Kang, and M. Premaratne,
"Coherent perfect absorption in an all-dielectric
metasurface," Appl. Phys. Lett. vol. 108, pp. 121901 (1-
5), 2016.

[9] F. Liu, Y.D. Chong, S. Adam, and M. Polini, "Gate-
tunable coherent perfect absorption of terahertz radiation
in graphene,"2D Mater. vol. 1, pp. 031001 (1-10), 2014.


https://www.opsi.ir/article-1-1448-en.html
http://www.tcpdf.org

