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Fig. 1. (color online) Real part of the effective refrac-
tive index of a graphene plasmon mode at DGD waveg-
uide as a function of frequency for different Fermi en-
ergy, in (a) the refractive index of the dielectric is
n = 1, in (b) the refractive index of the dielectric is
n = 1.5, the insets are the contour profiles of the field
Hz in DGD waveguide at f = 30 THz.
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Fig. 2. (color online) (a) The transmission spectrum
of the comb-like DGD waveguide with different loss,
where the relaxation time 7 = oo, 10 ps, 2 ps, 1 ps
respectively. The contour profiles of the field |Hz| in
z-y plane of the proposed structure at different inci-
dent frequencies, f = 23.32 THz (b), f = 26.65 THz
(c), and f = 31.62 THz (d).
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Fig. 3. (color online) (a) Frequencies of the first and
second order transmission dips as a function of the
length of the comb branch, where the refractive index
of the dielectric are n = 1, 1.5, the solid line and dot-
ted line are the theoretical results; (b) frequencies of
the first and second order transmission dips as func-
tion of the refractive index of the dielectric and the

Fermi energy.
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Fig. 4. (color online) Transmission properties of the

comb-like DGD waveguide under different graphene layer
N’ =1,234 (a); (b) is the influence of the comb branches
on the transmission spectrum with N = 1, 2, 3, 4 and 5,
the inset is the field distribution at f = 31.6 THz.
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Abstract

We investigate theoretically the electromagnetic propagation properties of graphene plasmons in a comb-like
dielectric-graphene-dielectric (DGD) waveguide. The effective index of surface plasmon mode supported by the waveg-
uide is analysed numerically, and it is found that the effective refractive index increases with the refractive index of the
dielectric and decreases with Fermi energy of the graphene sheet. For a comb-like DGD waveguide with a finite branch
length, a subwavelength plasmon filter can be formed by Fabry-Perot resonance caused by the reflection of the guided
mode at the branch. The central frequencies of the gaps can be changed by varying the length of the branch, Fermi
energy, the refractive index of the dielectric and the layer number of graphene sheets. The analytic and simulated result
reveals that a novel nanometric plasmonic filter in such a comb-shaped waveguide can be realized with ultracompact size
in a length of a few hundred nanometers in the mid-infrared range. We find that the frequencies of the stopband increase
with Fermi energy and the layer number of graphene sheets, while will they decrease nonlinearly with the length of the
branch and the refractive index of the dielectric. In addition, the width of the gap can be increased with the number
of comb branches. Such electromagnetic properties could be utilized to develop ultracompact photonic filters for high

integration.
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