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Research Progress of Ultrafast Nonlinear Optics and Applications of

Abstract

Nanostructures with Localized Plasmon Resonance
'School of Materials Science & Engineering , Zhejiang University, Hangzhou, Zhejiang 310027, China ;

Guo Qiangbing', Liu Xiaofeng', Qiu Jianrong®

*State Key Laboratory of Modern Optical Instruments, School of Optical Science and Engineering ,
Zhejiang University, Hangzhou, Zhejiang 310027, China

Due to the ability of local control of light by breaking through the limit of light diffraction, nanostrucrures
applications, with an emphasis on saturable absorption effect of unconventional surface plasmon nanomaterials and
their applications in ultrafast lasers. Finally, a prospect for its potential developments is given.
ultrafast optics; saturable absorber

5l

with localized surface plasmon resonance (ILSPR) have gained plenty of attention from the photonic community since
Key words

its origin. LSPR has played important roles ranging from localized field enhancement effects to the realization of
=]

metamaterials. This paper briefly summarizes ultrafast nonlinear optics of nanostructures with LSPR and its
OCIS codes 160.4670; 190.4400; 190.7110; 140.7090
—> .

nonlinear optics; localized surface plasmon resonance; nanostructure; heavily doped semiconductor;
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Fig. 1 (a) Schematic illustration of collective oscillation of conduction electrons in response to an external electric

field for metal nanoparticles"” ; (b) extinction spectra recorded from aqueous suspensions
of Ag nanocubes (LSPR at 450 nm) and Au-Ag nanocubes™" ; (¢) absorption spectra and transmission

electron microscope images of Au, Ag nanoparticles with different sizes and shapes
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core-shell nanoparticles with shell of different thicknesses!?

22 EBEEETHESEHR

B AuAg Fit BN BB A2k IR RS — S H B0 R0 F B TR MR, IOk Z B R E W E
WL, AHH A 9 K OB AR T BE o 107 ~10%) , 4B 2% 2 SR 0 7 e BE AR (O 10 ~10%) , i
LSPR W = BEAELT AN B, IRl 3 iRt BB SR M R LSPR L4k 05 JL T AT DL 35 8 A 2000
BEALHR T 2T AR (NIR) (HP 20 4h (MIR) M LLAM (FIR) P BE . AT UL L H 48 2% 2 A Ry 21 71 36 T 25 8 1 R 8% L 1Y)
Jeim AR TR W EE A MR

doped semi- degenerately doped

5 conductors semiconductors metals
sz
8 6
()
2 s 2
z 10 : X
Q - N S <
; ~N 0N P SSSSS =
ultrapure Sl é 12 H.m/ 0 / L / / 17’/“’ ;Q\Na\? (P'n?l R
10% 104 10% 10 10" 108 10 10% 10% 10% 10%
Free carrier density /cm=
microwave THz FIR MIR NIR visible
1 1 L 1 L 1 n ol

l I]iOlZ - il()IB 1014
Localized surface plasmon frequency /Hz

100 1o
Bl 3 LSPR ARG A7 BEADRLER T e B 122 £

Fig. 3 LSPR resonance peak dependence on {ree carrier density

HIBACE AR R 2 A B EE A Cu BRI WK (Cu,, S, Cu,—, Ses Cu,, Te) VA

B LA SR, LGB I S L AR 9K (ITO L ZnO 55) . B 4 () AR TR 1 SC 00 = & i A R B T8

Z% Cuy -, S AUK S 1 WSO 1 L 38 55 A 7] 25 48 2 AT LAAE LSPR S i W iic 6 7 3 5 98 1 )6 15 3 9 (800 ~

1600 nm) A -, ] 4(b) 4 LSPR iz i 7 b 2R 0 7R B A B0 &R . MeAh AR B8 & il T 37 1

% W5 AR TTO 94K i, L LSPR 4R W2 05 AT 3 5 48 22 7K P GBIk B0 347 I/ 45 (1600 ~2300 nm) ,

0703005-3

[13]



H = # ot

TR 4 F(D R,
AL, 54 B0k A . BB 2422k SRR B LSPR 338 W% i 14 32 B2 78 21 41 % BE L 9 H 0647 0] L 38
I T A 48 2 S PR A F 98 B OGS Y LS R

L2F CuTeS 1500 (b
2 @) tunable$ —Cﬁsgs ®l
E10F - —Cu, 8 £ 1350r o
b ' r £
Sx=o0s8t = 1200}
= 2
E %O.G- £ 1050 ®
=)
Z 2 >
£0.4 S 900¢
n
202 750} Qo
600 900 1200 1500 1800 2100 2 4 6 8 10
Wavelength /nm Free carrier density /(10?' cm?)
12
012 L(© L @
g —In0, S
o 3 110 2.5 g 10} I
8 —% 0.8+ ITO-5 - 1
< | —ITO-10 = 1
E g —ITO-12 zz' 0.8
5.8 g
ZE04 2 .
-~ O L
% L § 0.6 1
500 1000 1500 2000 2500 © 0 3 6 9 12 15
Wavelength /nm Doping level /%

4 (OARFEBEFBEE Cu S YKL TE s (b) LSPR H R 04 {7 b 287 7 W B 1 A8 L e R 5
() RIFHB 2B TTO 9K 1 T 61 5 (d) B0+ e B Wi 45 % ok B 1 28 1L
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and their pulse widths are 35 fs; (b) modulation depth (AT/T) and recover time constant z at different pump

powers, inset shows the schematic of pump-probe;

(¢) modulation depth (AT/T) and recover time constant ¢

at different doping levels; (d) schematic diagram showing transient process of carrier at optical excitation,
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