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Fig. 1 Cross-section of the waveguide based on two elliptical

and a cylindrical dielectric nanowire coated with graphene
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Tab. 1 Under the conditions of A = 7 um, Er=0.5eV,a; =ay=110nm, by=b, = 80 nm, pyp = 80 nm, ¢ = 250 nm and

h = 20 nm, the composite, electric field z component and electric field intensity distribution of the five lowest-order modes
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Fig. 2 Under the conditions of Ey = 0.5 eV, a; = a; = 110 nm, by = by = 80 nm, pp = 80 nm, ¢ = 250 nm and & = 20 nm, the

relationship between (a) Re(nef) (b) Lyrop and (c) FOM of the five lowest-order modes with the working wavelength A; At the

wavelength of (d) 6.6 um (e) 7.0 um and (f) 7.4 um, electric field intensity distribution of Model
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Fig. 3 Under the conditions of A =7 um, a; = ap = 110 nm, by = by = 80 nm, py = 80 nm, ¢ = 250 nm and 4 = 20 nm, the

relationship between (a) Re(ner) (b) Lprop and (¢) FOM with the Fermi energy E of the five lowest-order modes; The electric
field intensity distribution of Model when the Fermi energy is (d) 0.47 eV (e) 0.51 eV and (f) 0.55 eV
BK3A=7um, aj=a,=110nm, by =by =80nm, py=80nm, c=250nm Fl 2 =20nm k4T, 5wk
MR (2) G RATIHRIEM Re(ner) () HEIEKIE Lmop B () SWRHEL FOM BESKAE B, MO R
B 1 EFKAEN (D) 0.47eV (e) 0.51eV Al (f) 0.55 eV N 1 HLIZ 58 51

2.4 SRS HIHEWMFFERFMm

WL S S HOE R R R . @ i 1R 7 [
FEGUKRE AR MBI GIRZ K, PR R
F) E DA R [BIAE oK 2R i B, T AR A 3B IE 5 3
Z PR A R R, P R AR R
2.4.1 FA% po RHARHRE M 1) 520

AN 1 o ][R T R OK 28 1 2 45 ) i
R ER R o OSO[B4 K e 1 A A AT LA S e [
FETE AN K 2 SRR T 9 oK 2k 2 A1 (R BE RS, 2> 52
B FHAE R B4 RAEA =T pm, Ef=0.5eV,
a; =ap, =110nm, b; =by, =80 nm, c¢=250 nm fl
h=20nm %MFT, 5 DA Re(net) s Lprop
1 FOM Bl [FIAE 91K 22 A2 A2 A e 35 B DL R s X
1 fEBAE 4200 45 nm. 65 nm Al 85 nm 1F L A H
Yo oA e B 4(a)— B 4(c) HRTELE HY, B
B K L 42 45 nm 39 K] 85 nm, BRI
3 A PY AN AR A T S e SR R R O, T A
X3 MJLPRFFAZ, A1 SHEA 2 MEFK
5 BE AR I BG nm FEsg o, AR 3 LR IREEA
A, 4 5EAS AR R E RN, B 1 A
2 2 1R it o R B0 AR 1 H DR T B R O, B 3
PJLTRFEAAS, B 4 FIBEX 5 53 i) .
XL R AT DL 7 0 A ok fife e . DI 1 ot

A(d)- B 4, BEE BRI, IR EAE
3, oy 83 TARE 2 M E, B
AR M VE AR SS, AR AR, AR
AR,
2.4.2 PRBMOOAE SR P R 2 e

AN T T A T R 40 0K 2R K Bl xR KA
AR R O RS MR . R TR T 9 K 2Rk K ) 2
23 BL W 4N oK 28 1R) I B ) BE B, REma gl ok 2R 4y
EERNE Nk R N A R S G|
5 & A =7 um, E;=05¢eV, by =by, =280 nm,
po=80nm, ¢=250nm Al h=20nm %, 54
BARM AR Re(nesr) s Lprop F1 FOM BN E 94K
LR KEA R RE, LA 1 KRS
100 nm+ 108 nm F1 116 nm &% N B B35 58 & 0 A7
Kl fEI 5(a)-5(c) H, FEZE P KA 100 nm 15K
F 116 nm A2, 5 MBI 2T 5 2 S
K, BT 2 BB R R, A 3 R
4 PRGBS, S MRS
VRN o B 1A 4 1 o TR A [ 4 K 2
A A 1) 38 KRR RO, S B o R R L
Feige/e AT L@ 3% 0 A R AR R IX SE LR . DA
1 A6 A 5(d)-5(0) BeE i, EMREFE RS
F K AN 100 nm. 108 nm. 116 nm (2614 F, H



T AT SR S ST R & RGN AT BT AR A 163-

MR P T REIZHT VR LI T MR, X R/, B3R RN, Eamtkaediit.
R 50 S0 AR AR A T skes, S8 i

37.0 ~ 1.16 74
(2 (b) = Model (©
. o * Mode2
36.2 e 112 Mode3 71
- v Mode4
’?5 Model g_ Mode5 §
<354 Mode2 T2 1.08 i S 68
2 Mode3 ,qa . = e
—+— Mode4 v e R e
34.6 Modes v 104} e 65 v v
v M M 4
3380 1.00 62,
45 55 65 75 85 45 55 65 75 85 45 55 65 75 85
p/nm py/nm po/nm

Fig. 4 Under the conditions of A =7 um, Ey = 0.5 eV, a; = ap = 110 nm, by = by = 80 nm, ¢ = 250 nm and & = 20 nm, the
relationship between (a) Re(nefr) (b) Lyrop and (c) FOM of the five lowest-order mdoes with the radius py; The electric field
intensity distribution of Model when the radius of the middle cylinder is (d) 45 nm (e) 65 nm and (f) 85 nm
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Fig. 5 Under the conditions of A =7 um, Er=0.5¢€V, by = by =80 nm, pyg = 80 nm, ¢ =250 nm and & = 20 nm, the relationship
between (a) Re(refr) (b) Lprop and (¢) FOM with the semi-major axis of the elliptical nanowire a for the five lowest-order modes;
Distribution of electric field intensity of Model when the semi-major axis is (d) 100 nm (e) 108 nm and (f) 116 nm
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Fig. 6 Under the conditions of A =7 um, Er=0.5eV,a; =ay =100 nm, pp = 80 nm, ¢ = 250 nm and / = 20 nm, the

relationship between (a) Re(ner) (b) Lorop and (c) FOM with the semi-minor axis b of the elliptical nanowire for the five

lowest-order modes; The electric field intensity distribution of Model when the short axis is (d) 74 nm (e) 80 nm and (f) 88 nm
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Fig. 7 Under the conditions of A =7 um, Ef=0.5¢eV,a; =ay=110nm, by = b = 80 nm, py = 80 nm, and & = 20 nm, the
relationship between (a) Re(nefr) (b) Lorop and (¢) FOM with the distance ¢ of the five lowest-order modes; The electric field
intensity distribution of Model when the distance is (d) 250 nm (e) 262 nm and (f) 274 nm
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Mode Analysis of Hybrid Nanoparallel Wire Waveguides
Based on Graphene Surface Plasmons

LINing!, XUE Wen-rui'", DONG Hui-ying!, LI Hui-hui!, LI Chang-yong?>?
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Abstract: A graphene surface plasmon-based nano-parallel wire waveguide composed of two elliptical cylindrical and one cylin-
drical dielectric nanowires coated with graphene is designed. Using the finite element method, the transmission characteristics
of the five lowest-order modes supported by the waveguide are analyzed. The results show that these modes supported by the
waveguide can be synthesized from the fundamental mode and the first-order mode of the graphene-coated elliptical cylindrical and
cylindrical dielectric nanowires. When the working wavelength or the Fermi energy of graphene changes, the changing trend of the
transmission characteristics of these modes remains the same. The transmission characteristics of mode 1 and mode 2 are relatively
greatly affected by the semi-major axis of the elliptical cylindrical nanowire, the center distance, and the height of the cylindrical
nanowire. The transmission characteristics of Mode 3 are relatively less affected by structural parameters. The transmission char-
acteristics of mode 4 and mode 5 are relatively greatly affected by the semi-major axis of the elliptical cylindrical nanowire, the
center distance, and the radius of the cylindrical nanowire. The waveguide designed in this paper adopts an elliptical cylindrical
structure and increases adjustable parameters. Its transmission performance is better than that of a waveguide composed of three
cylindrical dielectric nanowires coated with graphene. The waveguide designed in this paper has certain application prospects in

the field of micro-nano optical device integration and sensors.
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