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asymmetric parallel dielectric nanowires.
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Fig. 3. E, field distribution evolution diagrams of (a)—(c) mode 1 and (d)—(f) mode 3 when the values of
p2 are 120, 150 and 200 nm, respectively. p; = 100 nm, d = 10 nm, ¢; = 3.0, e2 = 1.0, f = 30 THz, and

Er =0.5eV.
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Fig. 4. Dependence of (a) the effective index and (b) the propagation length on frequency with p1 = 100 nm,
p2 =300 nm, d = 10 nm, €1 = 3.0, e2 = 1.0, and Er = 0.5 eV. The solid lines are the results of the multipole
method, and the data points are the results of FEM.
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Fig. 5. The dependence of (a) the effective refractive index and (b) the propagation length on the spacing
d when p1 = 100 nm, p2 = 300 nm, €1 = 3.0, e2 = 1.0, f = 30 THz and Er = 0.5 eV.
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Fig. 6. (a) The effective refractive index and (b) the propagation length versus the radius p2 when p1 =
100 nm, d = 10 nm, &1 = 3.0, e2 = 1.0, f = 30 THz, Er = 0.5 eV.
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Fig. 7. The values of (a) effective refractive index and (b) the propagation length as functions of Fermi
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Abstract

In this paper, the mode properties of graphene-coated asymmetric parallel dielectric nanowire waveguides are
analyzed by the multipole expansion method. First, the surface plasmon modes supported by the waveguides are
classified. Then, the influences of frequency, geometry parameters and graphene Fermi energy on the effective refractive
index and propagation length of the seven low order modes are studied in detail. The seven low order modes can be
divided into two categories: cos mode and sin mode. The cos mode includes modes 0, 2, 4 and 6, while sin mode
includes modes 1, 3 and 5. The results show that the characteristics of the modes can be adjusted in a wide range by
changing the frequency, geometrical parameters and the Fermi energy of graphene. When the frequency increases from
10 THz to 50 THz, the number of graphene surface plasmon modes increases and the effective refractive index of each
mode increases monotonically. Moreover, with the increase of frequency, the propagation length of cos mode decreases
monotonically, and the propagation length of sin mode shows the trend of first increasing and then decreasing. As
the distance between the two dielectric nanowires increases, the mode properties of modes 0 and 1 change drastically,
while the effective refractive indexes and propagation lengths of other modes vary very little. As the radius of one of
the dielectric nanowires increases, the number of modes increases in the calculated range, while the effective refractive
index and propagation length of each mode are less affected. In the process of increasing the Fermi energy of graphene
from 0.3 eV to 0.7 eV, the effective refractive index and propagation length of each mode vary greatly. Moreover, the
effective refractive index of each mode decreases monotonically, while the propagation length increases. It is also found
that the compositions of the low order modes vary with the size of the two nanowires for this asymmetric structure.
The comparison with the finite element method shows that the semi-analytical results based on multipole method are in
good agreement with the numerical results from the finite element method. The present work may provide a theoretical

basis for designing and fabricating the asymmetric parallel dielectric nanowires coated with graphene.
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