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Fig. 2. Schematic illustrating the collective oscillations of
conduction electrons in response to an external electric field

for nanoparticles!*!l.
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difference time-domain simulation results of the absorption cross section of one, two, three, and four GNRs concatenated; (d) experi-
ment schematic of a tunable passively Q-switched Er®":ZBLAN fiber laser using GNRs as the saturable absorber; (e) output spec-
trum of tunable passively Q-switched Er3*:ZBLAN fiber laser(®2.
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Fig. 7. Experimental preparation and characterization of @-switched mode-locked pulses at 1064 nm: (a) Schematic diagram of the
experimental process; (b) cross-sectional transmission electron microscope image of the Ag:SiO, with Ag* fluence of 1.0 x 10'7 ions
per cm?, the selected area electron diffraction image and element mapping image are shown as the left and right insets; (c) schematic
diagram of @-switched mode-locking operation; (d) the single pulse profile (left image) and the radio-frequency spectrum (right

image) (6.
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Fig. 8. Schematic representation of the common doping
mechanisms in metal oxides relative to a basic lattice con-
taining metal cations (orange spheres) and oxygen anions

(red spheres)!5l.

M TR AsR TR MEE, &R AP rETM T £
ORI TEE. A ME T, ESNaET
— ARG FEREYL, 51 AP AMNR T3] T
4 I A v AR 6 1P B R R T ) A
J12EYeE, AT LAE A R R G0 i R ok i g
7 A S e s e ] LAGE 3 Bl S ok RS E . WO,
Fl MoOs HETIB I “ A 48447 I LUK f Tk FE 3
F| W] WAL AMY LSPR EE. SR T B0
T 6l BA 4 E SRR S B RS
A LY, 4435 1TO, FTO, AZO, ATO, ICO 4.
FEXFPB A, s TR — A S AN SR A 1
TR, TERE 450 b & 5] ATRIZH T 828 U,
4 A ALY X R R n B p BB R
RERBNRERHE 7, B 48 Ay b r Ty
FEOR A& EHE TN SHEE, BT AR R A
B2 A B 1T DL 7= AR v A it = RE SR, IR <8
MR PN 8

321 A THARNASGFFHRGFH ALY
IS

PRI R AT E O B AR A A S
eI LLDR KD 53 43 I8 S5 A% B 3R 1 45 B OT A RHP)
AR =51, SRR B R T LAGE i B 4k
FESEAT IR, X RE L AT LA 45 5 s ¥ LSPR
WERALE. o5 —J7 I, 2 SRR R 1 R
SERE), BTSSR B AFAE T LA RUEARAT R HRE, 2
SURE AR R Z I e Bt v AR AECHT PN TRE. AR
K, AR BFIE & L Cuy,S VI K e T2
A1k B R I 2 Y A B O I IR, I LWL
WA, B W] S A A B 2k BE EA TR i — 2D i
FHAL Z FAG BRI R W, 7607 T AR Wy 3
Bt, Cuy S AUK AR 3 i HE 2t vl 1 A
W (1 9(b)). TH5 2 B LR e M R e R B 4k 1
WSO 8 S ER , -t sl U e M I i A D B A ek
Wt B 2, I HLARLR R B B 4 T
L 400 nm (& 9(a)). FETFHhzE-HRME AR BEAS
WS B, 204 E ELAT R e R (7 B2
Fhe), A5t 4 JE A5 B oo A Rk b 9 2R T 7
BORA Y, (HE I BT SR 2 AR
HF Cuy S 44K iy H AT 88 R FF 2k g 1, Hf
Cuy_, S HK 55 PMMA R4 BB S R T 7] 4 A1
WeCER A, AR LT AL B Fp 2T AN B ok bk
SR A IEET Yh:LuYAG BRSO #S LA K

189101-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 18 (2020) 189101
(a) (®) ¢ ()
B} ey © . =20.
2 NIR mid-IR E ;| o CusS 0 o0 Cup,S s =20.72%
= 3 R & Cus_.S 1 — Fitting
= E 4 BT — Fitting X
el 7 >
E g g 607
~ S g 7
=] el
2 S 24 £ 40
5 3 a
3 £
2 >400 THz 5 1% 204 wpa@E"
=0l
v T T r T r 0 + T T T T T 1 T T
500 1500 2500 3500 -9 -6 -3 0 3 6 9 10! 102 108
Wavelength/nm Z/mm Input intensity/GW-.cm—2
d f
@50 © 10 0
f=7.28 MHz —40 4
2 2
Z 08 = 0.8 g
S 3 4
o & < —60-
3 0.6 5 0.6 <
< < Z f=7.28 MH
> > ] B :r . z
& 0.4 & 0.4 205 fs 5 —801 >50 dB
S g 9
< 0.2 g 0.2 4 —_
g v g
= = —100 4
0 0 v v v
—1.0 —0.5 0 0.5 1.0 —1 0 1 7.0 7.5
Time/ms Time/ps Frequency/MHz

B9 Cuy S BEEAK Fh B AR LM M BRI Rk OGS B9 PERE (a) Cuy S BK B BIIBO LT ; (b) Cuy S Fl CuyS 44K
UKL E 1300 nm b 19 Z LR s (c) Cuy_ S 49K iy TR MR 1) 35 3 SR A BOL T % A SC R (d) 1550 nm B4 ik o i 11 5 31
(e) Bk mirity FAF DG s (f) O bk b 78 SE A A S5 41 33 167

Fig. 9. Nonlinear properties of Cuy ,S nanocrystals and its ultrafast pulse generation: (a) Absorption spectrum of the synthesized
nanocrystals; (b) typical Z-scan curves of Cu, ,S and CuyS nanocrystals recorded at 1300 nm; (c) corresponding input power-
dependent transmission; (d) mode-locking pulse train; (e) autocorrelation trace; (f) the radio-frequency optical spectrum at the

fundamental frequency!®7.
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Fig. 10. Nonlinear optical response and ultrafast transient optical response of the ITO nanocrystals in ENZ region: (a) Typical
transmission electron microscope images of ITO nanocrystals, with an average diameter of about 9 nm, the inset shows a photo-
graph of the colloidal solution of ITO nanocrystals and a high resolution transmission electron microscope image of a single ITO nano-
crystals; (b) normalized optical extinction spectra of the ITO nanocrystals with different doping levels; (c¢) wavelength dependent
real part of the permittivity of the spin-coated ITO nanocrystals thin films; (d) Z-scan trace of a PVA film containing ITO nano-
crystals recorded at 1.3 pm, ITO-12 shows notable saturable absorption, as compared to the undoped In,O3; (e) transient bleaching

dynamics of ITO-10 nanocrystals film (spin-coated on quartz slid) under different pump fluence. Solid line shows the fitting with a

single exponential decay function(™.
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Fig. 11. The @Q-switching at mid-infrared region band based on IZO nanoparticles: (a) Schematic illustration of laser setup; (b) typical
@-switched pulse train; (c) optical spectrum; the inset is the radio frequency spectrum, indicating a signal-to-noise ratio of ~30 dB;

(d) single pulse profilel™!.
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Fig. 12. Characterizations of 2D MoO3 nanosheets: (a) Atomic force microscope image; (b) VIS-NIR absorption spectra for the
colloidal dispersions of pristine MoO; nanosheets and plasmonic (photoactivated) MoOs nanosheets; the inset is the corresponding
photographs; (c) dependence of transmission as a function of input power for plasmonic 2D MoOs; (d) optical spectrum; (e) pulse

train; (f) pulse duration!™.
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Fig. 13. Ultrafast pulse laser generation and @-switched laser based on TiN: (a) Nonlinear transmittance curve of the TiN/PVA
sample versus the input pulse fluence at 1550 nm; (b) optical spectrum; (c) pulse trains; (d) autocorrelation trace; (e) laser spec-

trum from the @-switched laser at the maximum pumping power; (f) average output powers versus pumping power for lasing opera-

tion at 1064 nm!™.
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Table 1.
switch and pulse lasers (ML, mode-locking; QS: @

Different plasmonic materials for optical

switch).
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SPECIAL TOPIC—Nonlinear optics and devices of low-dimensional materials

Ultrafast optical switches and pulse lasers based on strong
nonlinear optical response of plasmon nanostructures”
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Abstract

Nonlinear optical (NLO) effects are ubiquitous in the interaction of light with different materials. However,
the NLO responses of most materials are inherently weak due to the small NLO susceptibility and the limited
interaction length with the incident light. In plasmonic nanostructures the optical field is confined near the
surface of the structures, so that the electromagnetic field is greatly enhanced in a localized fashion by spectral
resonance. This effect results in the enhancement of light-matter interaction and NLO response of the material.
Ultrafast pulse lasers have been widely used in optical communication, precise measurement, biomedicine,
military laser weapons and other important fields due to their excellent performances. Although commercial
lasers become very matured, they can achieve ultra-high peak power and ultra-short pulse width and ultra-high
repetition rate, but the ultra-fast pulses in the mid-to-far infrared band are seldom studied, so finding a
saturable absorber material with excellent performance is of great significance for developing the pulsed lasers.
In this paper, we review the recent research progress of the applications of exiton nanostructure in ultrafast
optical switches and pulse lasers based on noble metal and non-noble metals. The metallic system mainly refers
to gold and silver nanoparticles. For non-noble metals, we mainly introduce our researches of chalcogenide
semiconductor, heavily doped oxide and titanium nitride. A variety of wide bandgap semiconductors can exhibit
metal-like properties through doping. Since doping can form free carriers, when their size is reduced to a
nanometer scale, they will show the characteristics of local surface plasmon resonance, thus realizing ultra-fast
nonlinear optical response, and the concentration of doped carriers cannot reach the level of metal carriers, thus
being able to effectively reduce the inter-band loss caused by excessively high carriers. Through pump probe
detection and Z-scan testing, we found that these plasmonic nanostructures exhibit ultrafast NLO response in
tunable resonance bandwidth, which has been utilized as a working material for developing the optical switch to
generate the pulsed laser with duration down to a femtosecond range. These results take on their potential
applications in ultrafast photonics. Finally, we make a comparison of the pros and cons among different
plasmonic materials and present a perspective of the future development.
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