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Fig. 1 Geometry of the waveguide

(a): The two-dimensional profile of the waveguide; (b): Three-dimensional geometry of the waveguide
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Fig. 2 Normalized electric field distribution
(a) ; Normalized electric field distribution of the fundamental hybrid plasmonic mode of the proposed waveguide (d =30 nm, r=80 nm, =2
m); (b): Normalized electric field distribution of the fundamental hybrid plasmonic mode of the previous waveguide (=80 nm, t=2 nm); (c¢)

and (d) show normalized electric field distribution along the horizontal and vertical dashed lines in figure 2(a)
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Fig.3 The SF, D and FOM of the proposed waveguide with different r and d
(a): The normalized mode scaling factor SF; (b): Distance D; (¢): The figure of merit FOM
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(a) 3D simulation diagram of nanolaser

IR ERICIR: §oa & i e e E: W D)
Q = 2nfrx =2‘rrf(% 7

Ho fORIEN IR e S IR I I B 8] W B 0 R E
ARG, Lo die i i I B R 2% 0 i i B T 40 G . 28 %
TR T ARG o IR P A L B AR R R L

& COMSOL Multiphysics 8 {F = 4 {iy BT, i F 48
B, PR 3% S A o 0T SR T RO i B 0 AT 0
Ho R FRAFBREN - BN BRI . RO i R
FE R P AS BT TR AL — T Eon A e U 1 By e SO H
BB 73— TBCE B AR 7R 4Oy o e 5k
BEH) =45 B 1B 4(b) S0 d oe BT Y37 38 20 A 18] .
HEEN . ZEEEERT . SEZEET AR T, 5
SRR T IR A R T A B T OC . RN, ZnO A5 3 5 4
J3E 52 VTR FAE T OB BRDIRZS o 4 TR B T ) o T 45 B T AR AR
AEWEN RPN AKREBAEBIFEE ., MPRLA SR —
A RAREIEHRE . RIS THOTHEA ZnO GIRE. WM
KER B 5 1) Pt DA A% 5 o A R AR RO R A A K 2R Y
TP T SRR o e A8 I e T 9O 4 988 R A R 1) E 0 A AR

i TAE I YA 550 A ) AT g — 2

=2.86

XL0YCHHp s m, AIE 2R A BRI 5 250 A8 TAE RO . ih %
BERGBE e i BOBR WL i fe . B s B b
TALEER , LT IR,

(b) The field intensity distribution of xz cross section
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Fig. 4 The simulation of the nanolaser

(a): 3D simulation diagram of nanolaser; (b): The field intensity distribution of xz cross section
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A Hybrid Plasmonic Waveguide for Nanolaser Applications

LI Wen-chao' , WANG Ya-juan’, HE Jia-huan’, FENG Dan-dan®, LI Zhi-quan®** , TONG Kai*, GU Er-dan’
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Abstract In this paper, a novel hybrid plasmonic waveguide with a metal ridge and a dielectric layer of low refractive index was
demonstrated. We numerically simulated the waveguide by using finite-element method. The COMSOL Multiphysics Software is
a superior numerical simulation software to simulate the real physical phenomena based on finite element method. On the basic of
the COMSOL Multiphysics Software, a three-dimensional model was built. Using the modal analysis module and the frequency
domain analysis module, we analyzed the normalized mode scaling factor, distance, lasing threshold and quality factor. The re-
sults indicated that the waveguide structure can reach good deep-subwavelength mode confinement while maintaining long dis-
tance at the 370 nm working wavelength. Compared to the previously reported structure with a metal plate, it has better
waveguide performance. When this structure applied to nanolasers, the electric field distribution in nanolasers is stable and con-
centrated on a tiny area. In the case of good waveguide characteristic, the nanolasers can keep low gain threshold and high quali-
ty factor of the resonant cavity at the 370 nm working wavelength. By comprehensive consideration, the optimal size can be
choosed as =80 nm, d=45 nm. In this case, the effective mode area was , the distance was 1 668 nm, the lasing threshold was
1. 68, and the quality factor was 74. 5. Finally, the emission spectrum was obtained by simulation at the optimal size. The emis-
sion wavelength was 360 nm, and the output power was increased 3 100 times than the input power. This structure affords tech-
nical support to miniaturization and integration of lasers which have broad application prospects in the field of the biomedical and

optical communications.
Keywords Surface plasmons; Finite-element method; Waveguides; Nanolasers; Ultraviolet
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