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Abstract

In this paper, the finite-difference time-domain method is used to simulate the near-field (electric
field) characteristics of a single gold nanoparticle on the surface of a metal (gold), semiconductor
(silicon), and dielectric (silicon dioxide) substrate excited by a femtosecond laser. The simulation
results show that the electric field on the substrate surface is enhanced under three substrate
conditions, but the strength, spatial distribution, and size of the electric field all depend on the
substrate material. Under the conditions of metal substrates and semiconductor substrates, the
electric field is confined around the contact points between the particles and the substrate. Due to
the difference of the base material, the resonance wavelength that can produce the maximum en-
hancement factor is shifted. This study is of great significance for regulating enhancement factors
and achieving fine processing of ultra-diffraction-limited nanostructures.
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Takada H.Z5 A [4]R A I A IR 22 43 77 15 (FDTD) 43 A BASH T 9K 800 nm [ KM BOGIR B
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I 52 R DAY 0 P PR 56 B B A 0 K 7 BLAR R i 36 K S. M. Huang %5 A [5] [6][FIB 3z FH 15 LA 0L A i
U6 W RN T VERIE A T AT S A B gl KoRL 1 (SR TR N KR 1) 1 4 35 i 2R T 11 300 3 B4 B R0 52 563 e
B RAD IO ik IR 4 2R T ) AR REGRORL T, Rl I A e R AOBR AN R ) R 4 A
JE R R S AT RAE . ZEAH [B] B BK P il & 26 A T, iU LA AR FE B o R KR ELAR 384
MR MHORRF EAAER, BEEANFBOCEERF &, Rl B2 3K, StiR sk
RV EAEAY -, HAF RS ST AR GRRL T, N6 T DL R 1 P A — SR
A P fh X 3= AR W5 i 137y . Afanasiev AT Bityurin [7] [8]45 AT BB 5T T A A K 9 K AP #0OE(400 nm
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LIS R P A R 22 20 D7 VAT D B S, 107 V62 B B E T R B B vz —, @iy i)
DA B2 3R AT 5 SR TH FEL3% 1) 25 R A DA SO B MR, T8 I P 3 e P S L 0 A7 3t mT AT L5 m T rp 3R 7
PkethEsn, xS HAHRSE L.

B 5 X5 KL I 37 388 SO (R T, G KR T F T 75 1 3 3 184 5 e P R 35 L 1) R 1 15 B gk
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DOI: 10.12677/app.2020.102018 148 S A B


https://doi.org/10.12677/app.2020.102018
http://creativecommons.org/licenses/by/4.0/

TS, e

KRLT-I 788 58 BE ISR RA AT 7. PRI, ASCRA] FDTD BUETH 7%, W 7 ANFED
K CRHRO GO ELAR Y 200 nm (IS G40 KR 178 R iR, RESEJER DA K — S AU ek B e R 1 (i sk
(FBI 3 AT G SR A7), 9 H R B SRS i TR 26 S o (17 045 AR WL IR ) AR 8 AR b 1 i £
I S A 7 IR R A T A%, DRI A [R5 eI 36 A A AN SR B0 BB R 2 i T 7 48 58 A R
&M RE .

2. (hEER

AICKF FDTD Solutions 244t KR EOGIEUR 1) G 40 KK+ I3 Iy 3G s 8 N g AT 1 05 9, i
RN 1 FroR . BARN 200 nm e @KRL 19 B TR, 40K+ B S 5T . 7 B X
PIRLF-0 oty JUSE2A 300 x 300 x 400 nm?, B HEE N 1 x 1 x 1 nm®. BT NS 605 43 U ) (total
field scattered-field, TFSF) &I, ¥% z 4607 [ BN ST 9ekoh AR, Wik 715 x 747 .
JAFE N SE R IGA S, WAL T y = 0 1 xz P A z = 0 (1 xy “Fri. 7507 ik FE o B I RERL e ) 2
1000fs(PrRiFEA /2 Wi (A5 25 R0 8h), W B AE 7 FLAEW /2 auto shut off level (RN E 2 10-6))5 H3I4E
W, XAEORIE T 07 EURS FE AN S B T S

LIEEHANIR (TFSF)
THEXE
sEREYGAR (PML)

Figure 1. Schematic diagram of FDTD simulation. A single gold particle with a diameter of 200 nm is placed on the surface
of the substrate. Total field scattered-field light source incident in reverse along the z-axis, the polarization direction is pa-
rallel to the x-axis, and the incident electric field intensity is 1 V/m. The surrounding is a complete absorption boundary
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Figure 2. Electric field distribution of a single gold particle placed on the surface of different substrates (a) Gold, (b) Silicon,
(c) Silica in the x-z plane. The plane passes through the contact point between the particle and the substrate
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Figure 3. Electric field distribution of gold particle on the surface of different substrates (a) gold, (b) silicon, (c) silicon (x-y
plane with z = 0)
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Figure 4. Curve of substrate surface enhancement factor as a function of incident laser wavelength
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