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Abstract In this paper, a graphene-coated hybrid dielectric nano-parallel wire waveguide is designed. This waveguide
consists of two cylindrical and one elliptical cylindrical dielectric nano-parallel wires. The five lowest-order modes are
classified, the effects of working wavelength, Fermi energy of graphene, and structural parameters on the real part of
effective refractive index, propagation length, and quality factor of the five lowest-order modes are investigated by the
finite element method. The results show that the five lowest-order modes can be synthesized from the low-order modes of
cylindrical nanowires and elliptical cylindrical nanowires. The transmission characteristics of the five modes can be
effectively adjusted when the operating wavelength and Fermi energy of the graphene are adjusted. When the structural
parameters are changed, the transmission characteristics of the first two modes change significantly, while the transmission
characteristics of the other three modes do not change significantly. Compared with a waveguide composed of two elliptical
cylinders and a cylindrical dielectric nano-parallel wire, the waveguide structure designed in this paper has a longer
propagation length and a higher figure of merit. The theoretical research in this work is helpful to the design, fabrication,
and application of graphene coated hybrid dielectric nano-parallel wire waveguides.
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Fig. 1 Schematic diagram of cross-section of hybrid dielectric

nanowire waveguide coated with graphene
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Fig. 2 Synthesis, electric field z component, and electric field intensity distributions of five lowest-order modes. (a)-(e) Synthesis of

five lowest-order modes; (f)-(j) electric field = component; (k)-(0) electric field intensity distributions
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Fig. 3 Rart part of effective refractive index Re (n,.), propagation length, and figure of merit FOM of five lowest-order modes varying

with operating wavelength A, and electric field intensity distributions at wavelengths of 6.2, 7.0, and 7.8 pm. (a) Real part of

effective refractive index Re(n.); (b) propagation length; (c) figure of merit FOM; electric field intensity distributions at

wavelengths of (d) 6.2 pm, (e) 7.0 um, and (f) 7.8 pm
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Fig. 4 Real part of effective refractive index Re (n.), propagation length L, and figure of merit FOM of five lowest-order modes
varying with Fermi energy E(, and electric field intensity distributions at Fermi energies E; of 0.42, 0.50, and 0.58 eV.
(a) Real part of effective refractive index Re (7. ); (b) propagation length L,,,; (c) figure of merit FOM; electric field intensity
distributions at Fermi energies E; of (d) 0.42 eV, (e) 0.50 eV and (f) 0.58 eV
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Fig. 5 Real part of effective refractive index Re (7. ), propagation length L,,,,, and figure of merit FOM of five lowest-order modes
varying with radius p,, and electric field intensity distributions at radii o, of 84,100,116 nm. (a) Real part of effective refractive
index Re (n.); (b) propagation length L,,,; (c) figure of merit FOM; electric field intensity distributions at radii o, of (d) 84 nm,
(e) 100 nm, and (f) 116 nm
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Fig. 6 Real part of effective refractive index Re(n.), propagation length L, and figure of merit FOM of five lowest-order modes
varying with elliptic nanowire semi-major axis a, and electric field intensity distributions at elliptic nanowire semi-major axis of
74, 82, and 90 nm. (a) Real part of effective refractive index Re (n.); (b) propagation length L ,; (c) figure of merit FOM;

electric field intensity distributions at elliptic nanowire semi-major axis a of (d) 74 nm, (e) 82 nm, and (f) 90 nm
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Fig. 7 Real part of effective refractive index Re (7. ), propagation length L., and figure of merit FOM of five lowest-order modes
varying with elliptical nanowire semi-minor axis b, and electric field intensity distributions at semi-minor axis 6 of 62, 70, and
78nm. (a) Real part of effective refractive index Re (n.;); (b) propagation length L,,,; (c) figure of merit FOM; electric field

intensity distributions at semi-minor axis  of (d) 62 nm, (e) 70 nm, and (f) 78 nm
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Fig. 8 Real part of effective refractive index Re (n.), propagation length L, and figure of merit FOM of five lowest-order modes
varying with distance ¢, and electric field intensity distributions at distances ¢ of 210, 230, and 250 nm. (a) Real part of
effective refractive index Re (7. ); (b) propagation length L,,,; (¢) figure of merit FOM; electric field intensity distributions at

distances ¢ of (d) 210 nm, (e) 230 nm, and (f) 250 nm
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Fig. 9 Real part of effective refractive index Re (7. ), propagation length L., and figure of merit FOM of five lowest-order modes
varying with height A, and electric field intensity distributions at heights 2 of 0, 40, and 80 nm. (a) Real part of effective
refractive index Re (n.); (b) propagation length L, (c) figure of merit FOM; electric field intensity distributions at heights & of

(d) O0nm, (e) 40 nm, and (f) 80 nm
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Fig. 10 Comparison of real part of effective refractive index Re(n.;), propagation length L,,,, and figure of merit FOM of mode 1

supported by structl and struct2 varying with operating wavelength A, and electric field intensity distributions of mode 1

supported by structl and struct2 at wavelength of 7.8 um. (a) Real part of effective refractive index Re (n.4); (b) propagation

length L,,,; (c) figure of merit FOM; electric field intensity distributions of mode 1 supported by (d) structl and (e) struct2 at

wavelength of 7.8 um
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Fig. 11

Comparison of real part of effective refractive index Re(n.y), propagation lengthL ., and figure of merit FOM of mode 1

supported by structl and struct2 varying with Fermi energy E;, and electric field intensity distributions of mode 1 supported by

structl and struct2 at Fermi energy of 0.58 V. (a) Real part of effective refractive index Re (7.4); (b) propagation length L,,;

(c) figure of merit FOM; electric field intensity distributions of mode 1 supported by (d) structl and (e) struct2 at Fermi energy
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