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Abstract In this paper, the influences of different structural parameters on the radiation enhancement of metal
nanometer surface plasmons are studied to increase the coupling efficiency of the incident electromagnetic wave and
the free electron of metal surface. The numerical simulation of Au and Ag nanoparticles is carried out, the local field
enhancement of metal nanoparticles with different shapes are compared, the spherical metal nanoparticles have more
prominent local field enhancement effect compared to other structures. Therefore, Purcell analysis is carried out by
the change of the parameters of spherical metal nanoparticles. The results show that the size of long axis along the
polarization direction, the size of short axis perpendicular to polarization direction, refractive index of environment
materials as well as the distance of nanoparticles apart from the light source can greatly change the effect of metal
nanometer surface plasmons resonance radiation enhancement, and they have great influence on the location of the
resonance wavelength. Finally, the metal nanoparticles with ellipsoid shell structure are simulated. It is found that
as the change of refractive index of the filling medium and the nuclear shell thickness, the radiation intensities are
increased in different degrees.
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Fig. 1 (a) Localized surface plasmon oscillation; (b) spreading surface plasmon
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Fig. 2 Fitted curves of dielectric constant of nanoparticles in Palik experiment.

(a) Au nanoparticles; (b) Ag nanoparticles
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Fig. 3 Optical field distributions of (a) sphere, (b) cubic, (c¢) cylindrical and

(d) pyramid prism-shaped Au nanoparticles
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Fig. 4 Purcell factors of single nanoparticles with different shapes. (a) Single Au nanoparticle;

(b) single Ag nanoparticle
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Fig. 5 Simulation model of single and bimetallic nanoparticles
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Fig. 6 Resonance electric field distributions of metal nanoparticle. (a) Single Au nanoparticle;

(b) double Au nanoparticles
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Fig. 7 Purcell factors corresponding to single and double metal nanoparticles with different length of long axis.

(a) Single Au nanoparticle; (b) single Ag nanoparticle; (¢) double Au nanoparticles; (d) double Ag nanoparticles
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Fig. 8 Purcell factors corresponding to single and double metal nanoparticles with different length of short axis.

(a) Single Au nanoparticle; (b) single Ag nanoparticle; (c¢) double Au nanoparticles; (d) double Ag nanoparticles

3.2.2 424h R M43 E G Y

K 8 K L=50 nm.d=>5nm 514 F.R X8,
X4 & W ERIE 40 K JURE Purcell TR 820

HH [ 8 A1, BB AR AR R 3G, B 4 e
YRR Purcell PR-F Y28 W0 /) o L3 58 06 7 26
AUV AR 28 . X BROE g oK Ok B T — A
B, A BTAL TR A k. A SN R, B A

N 3 — A5 Y IR L S0 A O B 1o 2 B AL
TE HL A BT T80 A 2% 77 AE R 48 HL A L X — 2 T A
23 5 YR BURLAR AR I S BILE 40 K JBURE P9 36 ) 3 el
Y i T R S8 T 0B AL T 1) 3 L PO B T
Ethbs . Ik ROBOR 254 Ak i 37 00 ik R B
B VR IR Sl A ) DRI A RN R
WA AL T 18] 5 35 iR 2 B A A 7 1) AN — SRt A

042601-5



55, 042601(2018)

NSRBI ZiH

www.opticsjournal.net

%Ll&c T2 o3l B 2 7 A A R S 3ROk A
3.2.3  FBEMHITHF 0 4G R G H A
K9 kHL=50nm.R=25nm.d =5 nm 5k
o XFHL W4 JE R ER Purcell I F 1 5200,

H L9 RTN, Bl G PR BB S 5% 0 B0, 62 )8
YK FORE 1 Fe R i K AR 20 RS L 3R TR Ry B R A R
MRS | S T 3R T A S R R A A A AR A

material.

(@)

— R=25nm, d=50 nm,
d=5nm, n=1.0 nm
— R=25 nm, d=50 nm,
d=5nm, n=1.5 nm
— R=25nm, d=50 nm,
d=5nm, n=2.0 nm
— R=25 nm, d=50 nm,
d=5 nm, n=2.5 nm
— R=25nm, d=50 nm,
d=5nm, n=3.0 nm

400 500 600 700

800
Wavelength /nm
6000 ©
¢ — R=25nm, d=50 nm,
5 4800 d=5nm, n=1.0 nm
° — R=25 nm, d=50 nm,
< 3600+ d=5nm, n=1.5 nm
= — R=25nm, d=50 nm,
224001 d=5nm, n=2.0 nm
E ~— R=25 nm, d=50 nm,
1200 d=5nm, n=2.5 nm
— R=25nm, d=50 nm,
0= : A . . d=5nm, n=3.0 nm
400 500 600 700 800

Wavelength /nm

6000

Purcell factor

Purcell factor

[ o TR B ) 5 T 45 8 1 YT T LA R oy
T AL B9 v JR R % 37 B B L AT )R e 3R T 4 R
TWOTC A GG U™ SR G . I T 3 8 A
S o DRI AR B8R e A L i 6 AR 4 R 3R T A
BT O R SR IG5 70 9 WM S RO R A

JEHRAR A [ E S, T 3 T 45 B 7 I i PR A AR 2
2 JE LAY BTS2 0 1 78 51 A 53 2o F o S IR
X J Bl A T B 5 3 kel A7 4 5 T
1400 (b) — R=25nm, d=50 nm,
1200¢ d=5nm, n=1.0 nm
1000} — R=25 nm, d=50 nm,
800 d=5nm, n=1.5 nm
— R=25nm, d=50 nm,
600¢ d=5nm, n=2.0 nm
400 — R=25 nm, d=50 nm,
200 N d=5 nm, n=2.5 nm
— R=25 nm, d=50 nm,
0 . . . . d=5nm, n=3.0 nm
400 500 600 700 800
Wavelength /nm
40007 (@ — R=251nm, d=50 nm,
d=5nm, n=1.0 nm
30007 — R=25nm, d=50 nm,
d=5nm, n=1.5 nm
2000 — R=25 nm, d=50 nm,
d=5nm, n=2.0 nm
— R=25nm, d=50 nm,
1000 d=5nm, n=2.5 nm
— R=25 nm, d=50 nm,
0 . d=5nm, n=3.0 nm
400 500 600 700 800

Wavelength /nm

9 AN n T E X4 98 K ORI BB Purcell BT
(a) B Au G BORL ; (b) B Ag AR UKL 5 (o) X Au GKRIBURE 5 (D) 3L Ag 44K BTk

(@)

5000 F
“ 4000 r
= 3000 r
= 2000 r
1000}

d=5nm
d=8 nm
d=11 nm
d=14 nm
d=17 nm

0= " " " —1 — L=50 nm, R=25 nm,
400 500 600 700 800 d=20 nm
Wavelength /nm
— L=50 nm, R=25 nm,
30001 () d=5nm
8 2500 — L=50 nm, R=25 nm,
g d=8 nm
£ 2000 — L=50 nm, R=25 nm,
T:S 1500} d=11 nm
5 L — L=50 nm, R=25 nm,
n? 1000 d=14 nm
500 — L=50 nm, R=25 nm,
0 d=17nm

400 500 600 700 800

d=20 nm

Wavelength /nm

(a) Single Au nanoparticle;

— L=50 nm, R=25 nm,
— L=50 nm, R=25 nm,
— L=50 nm, R=25 nm,
— L=50 nm, R=25 nm,
— L=50 nm, R=25 nm,

— L=50 nm, R=25 nm,

Fig. 9 Purcell factors corresponding to single and double metal nanoparticles at different refractive indices of environmental

(a) Single Au nanoparticle; (b) single Ag nanoparticle; (¢) double Au nanoparticles; (d) double Ag nanoparticles
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Fig. 10 Purcell factors corresponding to single and double metal nanoparticles at different distances.
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Fig. 12 Effect of filling material of bimetallic nanometer ellipsoidal shell on Purcell factor.

(a) Double Au nanometer ellipsoid shell; (b) double Ag nanometer ellipsoid shell
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Fig. 13 Effect of ellipsoidal shell thickness on Purcell factor of double metal

nanometer ellipsoidal shell.

(a) Double Au nanometer ellipsoid shell; (b) double Ag nanometer ellipsoid shell
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