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Abstract: In recent years, one-dimensional (1D) nanomaterials have raised researcher's interest because of their unique structur-
al characteristic to generate and confine the optical signal and their promising prospects in photonic applications. In this re-
view, we summarized the recent research advances on the spectroscopy and carrier dynamics of 1D nanostructures. First, the
condensation and propagation of exciton—polaritons in nanowires (NWs) are introduced. Second, we discussed the properties
of 1D photonic crystal (PC) and applications in photonic—plasmonic structures. Third, the observation of topological edge
states in 1D topological structures is introduced. Finally, the perspective on the potential opportunities and remaining chal-
lenges of 1D nanomaterials is proposed.
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1. Introduction

Nanostructured materials are defined as having at least
1D in the range of 1-100 nm in the three-dimensional spa-
tial range. When the size of a material is reduced to the nano-
scale, the number of surface atoms is limited to a specific ra-
tio, and exhibit striking changes in their physical and chemic-
al properties. The properties of nanoscale materials include
quantum tunneling effects, quantum size effects and Cou-
lomb blocking, and thus make them behave differently from
their bulk counterparts.

Nanomaterials can be classified as zero-dimensional (0D),
one-dimensional (1D), two-dimensional (2D) and three-dimen-
sional (3D) by dimensionality. 0D nanomaterials are also
called quantum dots. Their size is reduced to the nanometer
scale in all three dimensions, the restricted electron motion
leads to a discrete atom-like electronic structure and size-de-
pendent energy levelsl', This enables the design of nanomater-
ials with widely tunable light absorption, narrow linewidth(?!
and significant nonlinear optical effect® leading to its poten-
tial advantages in microelectronics and optoelectronic
devices!l, 2D nanomaterials represent sheet-like nanostruc-
tures with the lateral size larger than 100 nm but the thick-
ness is only a few nanometers or few-atoms thick.
Graphene, hexagonal boron nitride (h-BN)® 71 and transition
metal dichalcogenides (TMDs)#-19 are typical 2D nanomateri-
als that exhibit versatile properties including ultrahigh specif-
ic surface area and high carrier mobility!''l. 3D nanomaterials
refer to materials with nanoscale features in three dimen-
sions, and are spatial organizations constructed using 0D, 1D
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and 2D nanostructures. 3D nanostructures can exhibit novel
electronic and optical properties as a result of interactions
and coupling between the excitons, magnetic moments
which could differ from those properties of the individual
nanoscale unitst'2 131, Various 3D nanostructures have been re-
ported for sustainable energy conversion and optical applica-
tions', Among these, 1D nanomaterial, such as ZnO NWs,
lI-V NWs, and so on, can range in diameter from a few nano-
meters to a few hundred nanometers, while the length is not
limited to tens of microns. 1D nanomaterials have stimulated
intense interest in recent years due to their importance in fun-
damental physical research and in potential technological ap-
plications, such as the underlying physics of light—matter inter-
actions in 1D nanomateriall'> ¢, the physical mechanism of
light emission and the carrier dynamics from NW heterostruc-
tures!'”. 181, photodetectors!'¥, lasers and field-effect transist-
orsl20-221

1D semiconductor nanomaterials have unique advant-
ages over traditional semiconductor materials. As wire-like nan-
omaterials, 1D semiconductor nanomaterials can propagate
electrons, photons, excitons, and so on(23-26], In their axes,
they can be used not only as the "building blocks" of function-
al semiconductor devices, but also as optical or electrical
leads in integrated devices?7-29, In 2020, Shang et al. pre-
pared single crystal NWs by chemical vapor deposition (CVD)
and investigate the light propagation behavior at room tem-
perature by spatially resolved photoluminescence spectro-
scopyB9. They demonstrated that the light propagates as ex-
citon—polariton and exhibits significant spatial dispersion at
room temperature. The reduction of dimension increases ex-
citon—photon coupling and the exciton fraction, increasing
the light absorption coefficient and group index 5- and 3-
fold, respectively, relative to those of bulk films and slowing
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the light group velocity by ~74%. Besides, the chemical com-
position and structure of semiconductor nanomaterials can
be very complex. By varying the preparation process, 1D semi-
conductor nanomaterials of various compositions can be ob-
tained, and they can also be prepared as axial heterojunc-
tions or radial heterostructures in the form of core-shells and
heterostructures with gradients in chemical composition in
the axial directionB"., Jacopin et al. reported the diffusion of
carriers in graded InGaN/GaN quantum wells in a NW by the
time-resolved cathodo-luminescencel32, They concluded that
this diffusion process was thermally activated by probing the
local dynamics at the nanoscale between 4 and 250 K, and
the carrier motion was isotropic and does not follow the
indium gradient. Ho et al. prepared the CsPbBr;/MoO;
core-shell NWs in 202083], and they demonstrated that a
highly increase in the field-effect hole mobility from 1.5 to
23.3 cm?/(V-s) was accomplished after depositing the 10 nm
thick MoOj; shell because of the efficient interfacial charge
transfer and reduced impurity scattering. In addition, the
MoOj; shell can provide excellent surface passivation to the
CsPbBr; NW core and improve the air stability of CsPbBrs/
MoOQj; core-shell NW devices.

Most information technologies are based on the fast re-
sponse of small size and high-speed microelectronic devices.
The fundamental study of carrier dynamics occurring on the
picosecond or even femtosecond time scale provides guid-
ance for the design and preparation of high-speed devices. In
this review, we focus on the latest research progress on the
spectroscopy and carrier dynamics of 1D structures. In Sec-
tion 2, we review the condensation and propagation of ex-
citon—polariton in NWs. In Section 3, we discuss the basic prop-
erties of 1D PC and applications in photonic-plasmonic struc-
tures. In Section 4, the edge-state observation of 1D topologic-
al structures is briefly introduced. Finally, we will finish with a
summary and an outlook on how we believe the field will de-
velop further in the coming years.

2. Spectroscopy and carrier dynamics of
nanowires

NWs fabricated from many material systems have been
studied, such as zinc oxide (ZnO), llI-V. Recently hybrid per-
ovskites have gained widespread attention with the refine-
ment of NW synthesis methods34-36l, In particular, NW
growth methods, available substrates and source materials
are more diverse than those for crystalline epitaxial
growth[37-39, Inexpensive and simple vapor-liquid-solid (VLS)
methods have led to a dramatic increase in NW research over
the past 20 years0-43],

Exciton-polaritons are quasi-particles of half-light and
half-matter formed by quantum superposition of electron-
hole pairs (excitons) and confined cavity photons; therefore,
exciton-polaritons have both the strong nonlinear effects of
the exciton part and the low effective mass of the photon
parti4. Besides, exciton-polaritons show large overlap and
strong lateral confinement between photon modes and ex-
citons in 1D cavities, resulting in large Rabi-splitting[*5]. Ex-
citon—polaritons promote the realization of slow light, low
threshold polaritons laser and other applications!“6-511, In addi-
tion, its quantum fluid properties provide the possibility for
the occurrence of special phenomena such as Bose-Einstein

condensation52-56], super-fluid>7-6% and vortex!61-64],

In 2012, Bloch et al. investigated the dynamics of
propagating polariton condensates in 1D microcavities
through time resolved experiments?¥, GaAs wire cavities
with a high-quality factor (Q ~ 36 000) were fabricated using
electron beam lithography and reactive ion etching. As
shown in Fig. 1(a), the authors placed the excitation spot
35 um away from one of the edges of the wire. Above
threshold (5Py,), the condensate is formed after the arrival of
the excitation pulse. Two condensates are ejected from the ex-
citation region, one departing to the left [labeled (i)] and an-
other one to the right [labeled (i')]. When condensate i’
reaches the edge of the wire, it is reflected and propagates
back and a strong increase of the emission signal is ob-
served when it gets back to the pumped area. Enhancement
of the emission signal takes place five times in the observa-
tion window. Considering polariton condensates propagat-
ing and interacting with the excitonic reservoir, the simula-
tion is shown in Fig. 1(b). The authors measured amplifica-
tion gain at each of the successive repopulations of the con-
densate, showing a gain of more than 4, and a time decay of
the gain on the order of 300 ps. The two key factors in achiev-
ing the propagation of exciton-polaritons condensates over
macroscopic distances are propagation with controlled velo-
city and polariton amplification through the nonresonantly ex-
cited area. The presence of an uncondensed excitonic reser-
voir in the excitation region induces exciton—polariton repuls-
ive interactions. The reservoir induces an interaction energy
that can be transformed into kinetic energy when the condens-
ate exits the excitation region, resulting in the acceleration
and propagation of the polariton condensate on both sides
of this region. Once the condensate exits the excitation spot,
the propagation velocity remains constant and can be dir-
ectly measured from the slope of the polariton trajectory in
the real space-time resolved images. The group velocity is in-
versely proportional to the square root of the polariton mass,
which is fixed by the curvature of the polariton dispersion. By
varying the degree of detuning and thus the curvature, they
can control the group velocity of the expelled polariton pack-
et. This polariton amplification opens new avenues for applica-
tion of the cascaded polariton function and accelerates re-
searches in optical transistor under non-resonant pumping.

Halide perovskites are expected to be the basic materials
for a new generation of optoelectronic devices due to their
high defect tolerance and long photocarrier lifetimel3> 651, Ow-
ing to a unique ease of fabrication and richness of tunability,
halide perovskites have become an excellent system for
room-temperature polaritonsi> 66-681 |n 2018, Zhang et al.
presented the strong exciton-photon coupling in hybrid inor-
ganic-organic MAPbBr; micro/nanowire cavities at room tem-
peraturel’>l. A schematic of experimental setup is shown in
Fig. 1(c). Continuous wave (CW) 405 nm laser is focused to ex-
cite edge of perovskite wire. Then PL is generated and propag-
ates along the wire and the emission from the other end is col-
lected in the reflective configuration. Energy (E) versus
wavevector (k) dispersion is investigated to detect the ex-
citon—polariton effects in MAPbBr; micro/nanowire with differ-
ent effective mode volumes (V,g). Experimental and theoretic-
al results showed larger Rabi splitting energy in smaller diamet-
er wire and the Rabi splitting energy increases from 268 meV

Y T Zhang et al.: Spectroscopy and carrier dynamics of one-dimensional nanostructures



Journal of Semiconductors doi: 10.1088/1674-4926/43/12/121201 3

a e
(@), (e)
Detect J
; 2.40
« i3
250 -
@ . C
£ 3235
2
100 =
2.30
-60 -40 -20 40 -30 -20 =10 0 10 20 30
(b) ¥ (i (f) Angle (°)
4 2
Eof ™ A
= I — A
—_ -2
=15 =12 -9 -6 -3 0 3 6 9 12 15
:éSD- X (um)
(11} e M_ax
S g
= = Vi
2529 6 3 0 3 6 9 12 15Min
100+ 3
- M-ax
é
> -
1 4 1 1 -2 Min
40 20 0 20 40 1.8E7 1.8E7 22E7 24E7 REAWE LSRR
Y (um) Kz /m-

Fig. 1. (Color online) (a) Time-resolved spatial distribution of the polariton emission at 5Py, in a wire with § = -3 meV[24., (b) Simulation consider-
ing polariton condensates propagating and interacting with the excitonic reservoir. The excitation spot is located 35 um from the right edge of

the wire (inset)24, (c) Schematic of experimental setup. One laser excites at one facet of wire and wave-guide emission collected at another fa-
cet of the same wirel'3], (d) Dispersion curves of MAPbBr; wires with width x length dimensions of 0.32 x 3.66 um?2['5. 45, () Polariton dispersion
at 1.3P,,, showing symmetric dominant emission at around +20°7%, (f) Schematic of pumping spot and collection spot on the microwire microcav-

ity and measured and simulated real-space images of the microwire microcavity above the polariton condensation threshold, respectively79l,

(for bulk polariton) to 390 meV with the decrease of the Vi
of the nanowires (Fig. 1(d)). Besides, they demonstrated that
the photonic lasing is generated instead of the polariton las-
ing due to the decrease of the oscillator strength and the
weakening of the exciton—photon coupling strength owing
to the carrier screening effect with increasing pump fluence.
The carrier screening effect with increasing pump fluence
weakens the interaction between electrons and holes, and few-
er and fewer free states are available to build the two-particle
wavefunction of the exciton. The carrier screening effect even-
tually gives rise to a decrease in the oscillator strength and
thus a decrease in Rabi-splitting energy (2hQ): at high pump-
ing powers there is a gradual loss of coupling strength
between the exciton and photons. Eventually, when the carri-
er shielding effect is strong enough, no excitons can exist in
the system anymore, and so no polaritons as well®, The
room temperature exciton-polaritons makes MAPbBr;
micro/nanowire an excellent polariton material and broadens
the application of perovskite materials in polariton-based
devices filed. Su et al. demonstrated that the first experiment-
al realization of coherent polariton condensate flow at room
temperature in a 1D all-inorganic CsPbBr; perovskite
quantum wire microcavity by a nonresonant excitationl7%,
The polariton behavior of CsPbBr; microcavity at room temper-
ature was studied by angle-resolved photoluminescence spec-
troscopy. With the pump power density reaches to 1.3P, po-
lariton condensates at around +20° of emission angle as
shown in Fig. 1(e). With the pumping of the system, the polari-
ton condensate acquires a nonzero in-plane wave vector be-
cause of polariton-exciton repulsive interactions. Thus, polari-
ton condensates can propagate along the micro/nanowire.

Since the propagating polariton condensate is not in the
ground state of the system, it can be considered as a non-equi-
librium coherent condensate, which still carries coherence
from the condensation point. Experimental and theoretical res-
ults revealed that the polariton condensate exhibits high-
speed propagation over macroscopic distances of 60 mm
while still preserving the spontaneous spatial coherence
(Fig. 1(f)). Their findings pave the way for the application of
coherent polariton condensate flow in all-optical integrated
logic circuits and polarized devices operating at room temper-
ature.

3. Spectroscopy and carrier dynamics of 1D
photonic crystals

Photonic crystals (PC) were first introduced in 1987 as an
artificial periodic structure formed by the periodic arrange-
ment of materials with different refractive indices in spacel”'l.
1D PCs are multi-layer structures formed by stacking materi-
als or media with different refractive indices in a certain or-
der, and their refractive indices show fixed periodic fluctu-
ations in one direction. According to the electromagnetic
field theory, the electromagnetic field in a medium with spa-
tially periodic dielectric coefficient distribution follows the Max-
well equation:

7+ 2 (e () - V- [E(R) =0 M

where ¢, is the average relative dielectric constant. £ (r) is the
modulating part of the relative permittivity, which varies peri-
odically with the spatial position. c is the speed of light in vacu-
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Fig. 2. (Color online) (a) Geometric representation of 1D multi-layered GaAs/AlAs based photonic crystal having Fibonacci sequence!”3. (b) Trans-
mission spectra of GaAs/AlAs based one dimensional multilayered quasiperiodic photonic crystal having variation in layer thickness of GaAs
(dg)73L (c) Transmission spectra of GaAs/AlAs based one dimensional multilayered quasiperiodic photonic crystal having variation in layer thick-
ness of AlAs (d,)73. (d) Schematic diagram of the femtosecond laser micromachining set-up used for the fabrication of 1D PC channel wave-
guides!’4. (e) Optical microscope images (top view) of the propagating streak at 632.8 nm and semi-log plots showing the exponentially decay-
ing intensity along the propagation direction for waveguides of different widths for vertical and horizontal input polarizations(74..

um. w is the frequency and E(7, t) is the electric field vector of
the electromagnetic wave. By solving the equation, it can be
found that the equation has a solution only at some specific
frequencies, while the equation has no solution at some fre-
quency ranges. In other words, some frequencies of electro-
magnetic waves in a dielectric structure with periodic dielec-
tric constant distribution are forbidden. The special periodic
structure of photonic crystals enables them to block the trans-
mission of photons of specific wavelengths!”'. 721, By design-
ing the structure of PC, the photonic band can be artificially
adjusted to achieve on-demand regulation of the light field
distribution in PC devices.

In 2021, Biswal et al. investigated the optical behavior of
GaAs/AlAs based 1D multi-layered quasi-periodic photonic
crystal by employing the transfer matrix method and ana-
lyzed the transmission spectra of the crystal at the long-wave
limit (Fig. 2(a))73l. Various quasi-sequences (Fibonacci, Octon-
acci and Dodecanacci) along with the periodic structure are
considered to get a clear bandgap for different generation

number as shown in Figs. 2(b) and 2(c). In addition, they ob-
served that there is a reduction in both the bandgap and optic-
al transmission peaks with a mirrored symmetry of transmit-
tance within a frequency range, for both the quasi-periodic
and periodic arrangement of multilayers while varying the
thickness of the layer. The features of a multilayered quasi-sys-
tem are very useful for designing new optical or electrical
devices based on PC structures. In 2022, Lis et al. discussed
1D PC channel waveguides of different widths and waveguid-
ing characteristics were studied in the end-fire coupling geo-
metryl74, The micrograph in Fig. 2(d) shows the formation of
multi-layered structure comprising of uniform SiO, and TiO,
layers. Polarization dependent studies showed that the
modes supported by 1D PC planar waveguide and channel
waveguide maintain the input polarization state during
propagation. The propagation losses of planar waveguide
and channel waveguide are compared. The typical images
are showed in Fig. 2(e) for 1D PC planar waveguide, 17.8 +
0.5 um wide and 15.3 + 0.5 um wide channel waveguides. As
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Fig. 3. (Color online) (a) Hybrid device configuration (on the top). The insets highlight the metal slotted structuref83l, (b) Q-factor and (c) mode
volume as a function of the gap G and the slot width s3. (d) Layout of the experiment and the PC/OLED structure with two metal nanolayers(84.
(e) Electroluminescence spectrum from the 1D PC with the super yellow (SY) light-emitting layer, which is sandwiched between two metal nano-

layers. The standard SY emission spectrum is presented as a cyan curve for comparison!®4l. (f) Superimposed experimental spectra (as smoothed

contour lines) and the integral of the optical electric field in the SY light-emitting layer(84.

the width of the channel waveguide decreases, the propaga-
tion loss decreases due to better plane constraints of the
mode. The design of 1D PC planar and channels is attractive
for the development of integrated optical applications while
maintaining polarization.

Surface plasmon polaritons (SPP) is an electron sparse
wave propagating along the metal surface generated by the
interaction of freely vibrating electrons present on the metal
surface and incident photons, and is a special electromagnet-
ic mode that confines the electromagnetic field to a small
area of the metal surface and resonantly enhances itl7>l. Thus,
SPP is widely used in nonlinear optics, such as Raman scatter-
ing, second harmonic generation (SHG) and plasmonic
laser76-781, However, the generation of SPP on precious
metals is usually accompanied by severe ohmic losses result-
ing in the propagation of SPP suffering from large attenu-
ation at the metal-dielectric interfacel’® 8%, In the following,
we discuss that periodic PC structure with high Q mass factor
on metal surface can enhance the light-material interaction
and reduce the propagation loss of SPP at the metal-PC inter-
facel8. 82,

In 2016, Conteduca et al. proposed a hybrid microcavity
with a 1D PC dielectric cavity vertically coupled to a plasmon-
ic slot!®l, The hybrid device configuration and the metal slot-
ted structures are shown in Fig. 3(a). Through designing the
PC cavity and the metal slot, the hybrid structures have
achieved an ultra-high Q/V ratio of 10% (A\/n)-3 and a remark-
able resonance transmission (T = 47%) under coupling
between the dielectric cavity and surface plasmon reson-
ances. For the sake of increasing the resonance transmission
T and preserving an ultra-high Q/V ratio, the authors ana-
lyzed influences of gap G and slot width S on these paramet-
ers as shown in Figs. 3(b) and 3(c). Their results indicated that
the photonic-plasmonic cavity is suitable for biosensing and
optical trapping of living matter at the nanoscale, such as pro-

teins and DNA sections. Recently, Konopsky et al. reported
long-range surface plasmons (LRSPs) on a duplex metal nano-
layer(®4, In this work, a current injection-driven organic light-
emitting diode (OLED) is sandwiched between two thin met-
al layers (Au and Al electrodes) and deposited on a 1D photon-
ic crystal (PC) as shown in Fig. 3(d). The electroluminescence
spectrum from the 1D PC shows that the LRSP resonance is
seen at Agsp = 575 nm, while two local maxima at 527 and
630 nm correspond to the bandgap edges of the structure un-
der study (Fig. 3(e)). In addition, the stack of 29 experimental
spectra of electroluminescence taken at different angular
parameters and the calculated integral of the optical electric
field in the light-emitting layer are shown in Fig. 3(f), with a
good agreement between these two figures. The multilayer
structure containing an OLED on top of a 1D PC is hoped to
lay foundation for future electric pumping of surface plas-
mon amplification by stimulated emission of radiation
(SPASERs).

4, Spectroscopy and carrier dynamics of 1D
topological structures

In recent years, topological structures have been widely
used in cold atoms®>, condensed matter!®], and acoustics!®7l.
The combination of topological and photonic systems is mutu-
ally beneficial. Photonic systems provide a platform for topolo-
gical physics observation of new phenomena and topologic-
al structures provide a new physical concept for the develop-
ment of efficient optoelectronic devices. Up to now, topologic-
al phenomena have been proposed and applied in different
photonic  systems, including microcavity polaritonic
systemsl88-90, coupled resonator optical waveguides®'-93],
PCs?4-951 and plasmonic systems!®¢], The topological phase reg-
ulation of 1D ordered structures is inseparable from the sym-
metry regulation, of which the most important or widely dis-
cussed is the chiral symmetry. The most representative mod-

Y T Zhang et al.: Spectroscopy and carrier dynamics of one-dimensional nanostructures



6 Journal of Semiconductors doi: 10.1088/1674-4926/43/12/121201

Fig. 4. (Color online) Schematic of the one-dimensional SSH model.

el is the Su-Schrieffer-Heeger (SSH) model proposed by Su et
al.in 1979. This model was originally introduced in an electron-
ic context to describe fractionalized charges in polyacetylene,
which appear in the presence of a dimerization defect®7),

This model has a simplified structure, but it is highly rep-
resentative of the properties of topological quantum systems,
and some other models can be mapped to the SSH model. In
the SSH model (Fig. 4), the unit cell is composed of two sites,
multiple unit cells form a 1D dimer lattice chain with lattice
constant a. The intracell (v) and intercell (w) hopping amp-
litudes of the 1D dimer lattice chain can be adjusted®?. In
the momentum space, such a model is captured by a Hamilto-
nian:

0 v+we™ | 2)

H(k) =
(k) v+ we™ 0

Two energy bands with energy gaps with a gap width of
2|v — w| are obtained by solving the equation. The Hamiltoni-
an exhibits two topologically distinct phases associated with
the two possible dimerizations v > w and v < w. The differ-
ent topology of these two phases is revealed by considering
the winding w of phase ¢(k) across the Brillouin zone:

1 [op(k)
-5 / 2 k. (3)

Although the value of w associated with either dimeriza-
tion depends on the definition of the unit cell, in finite-size
chains the choice is unambiguous because v is defined by
the hopping amplitude between the first and second sites of
the chain. Under this definition, the v> wand v < w dimeriza-
tion exhibits respectively strong and weak coupling between
the edge sites and the rest of the chain and correspond to
the trivial (w = 0) and non-trivial (w = 1) topological phases.
The main characteristic of topological non-trivial is that a topo-
logical phase transition occurs at the boundary between the
chain and the vacuum, resulting in an edge state, which is
manifested in the energy band by the appearance of an edge
state in the energy gap!®l.

In 2017, St-Jean et al. reported lasing in topological edge
states of a 1D SSH lattice of coupled semiconductor micropil-
lars that contained multiple GaAs quantum wells sand-
wiched between two GaAlAs Bragg mirrors89, Under non-res-
onant optical pumping, they demonstrated that gain oc-
curred in the topological states localized at the edges of the
SSH lattice. Recently, Su et al. demonstrated an exciton—polari-
ton topological insulator with polarization-dependent phases
in a 1D perovskite lattice at room temperature, which is
based on the SSH model by coupling the s-orbital type polari-
ton modes with a zigzag chain of nanopillars (Fig. 5(a))8l,
They observed that the perovskite lattice exhibited a typical
dispersion in Y polarization with edge states under low excita-
tion power of 0.5P,, (Fig. 5(c)), while polaritons tended to con-
dense into selected states with maximum gain under strong
excitation power of 2.0Py, (Fig. 5(d)). In addition, they demon-
strated that the topological robustness was protected by the

topological gap in the presence of certain structural deforma-
tions and topological modes always appear in the middle of
the topological gap and localize in the edges.

In addition to the 1D micropillars array, the topological
structure composed of micro-rings or PC nanocavities can
also achieve robust single-mode topological laser!®!. 92, 951,
Intracellular coupling strength t and intercellular coupling
strength t'are achieved by interleaved separation between ad-
jacent rings. In 2018, Zhao et al. presented a topologically ro-
bust single-mode hybrid silicon micro-laser (Fig. 5(b))3!. Intra-
cellular coupling strength t and intercellular coupling
strength t'are achieved by interleaved separation between ad-
jacent rings as shown in Fig. 5(f). The zero-mode lasing in the
topological array is highly reliable, despite the mode competi-
tion in each ring and between the rings. The lasing action of
the topological zero mode is further validated by the measure-
ment of the spatial lasing mode profile. Because the zero
mode is topologically protected by the applied symmetries,
the available data suggested that the demonstrated laser ac-
tion is stable and immune to moderate perturbations and de-
fects. Ota et al. reported a one-dimensional topological
single-mode PC nanocavity and its applications in lasing®>!,
They demonstrated that the 0D interface state can be formed
between PC nanoparticles with different Zak phases. The
single-mode topological laser with a high spontaneous emis-
sion coupling factor (B) of 0.03 and threshold of 46 uW is real-
ized with a small mode volume and a quality factor of 59 700.
The design schematic of the topological PC nanobeam cavity
is shown in Fig. 5(e) and two airbridge PC nanobeams respect-
ively colored in red and blue are interfaced at the cavity cen-
ter. Different electric field distributions, mode volumes, and Q
factors can be obtained by etching air holes in nanobeams
with different widths and thicknesses. Fig. 5(g) shows the nor-
malized peak intensities of the interface modes taken along
the x direction. The three curves are of the nanocavities with
different d, and clearly exhibit the mode sizes being depend-
ent on d,;. The case of d; = 0a and d; = 0.23a respectively
show the smallest and largest mode distribution, as expec-
ted from the simulations. The authors studied the pump
power dependence of the topological edge state formed in
nanocavities. For the low pump power PL spectrum, a sharp
peak of the localized cavity mode is observed with broad back-
ground emission stemming. When the pump power in-
creases to the threshold value of 46 uW, the cavity mode emis-
sion grows sharply and dominates the spectrum. The light-in-
light-out curve exhibits an intensity jump as an s-like shape,
which is typical for lasers. Their results show that nanoscale to-
pological photonic crystals have a very important develop-
ment prospect for miniaturization of topological lasers. The
most important benefit of topological design using photonic
crystals is that the Q value and mode volume can be con-
trolled systematically by changing the parameters of photon-
ic crystals, while maintaining single-mode operation.

5. Summary and outlook

Over the past three decades, there has been substantial
progress in the synthesis, processing and characterization of
1D semiconductor nanostructures (e.g., llI-V elements and per-
ovskites). Numerous findings have been made to show how
structures and chemical compositions affect the properties of

Y T Zhang et al.: Spectroscopy and carrier dynamics of one-dimensional nanostructures
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Fig. 5. (Color online) (a) Scanning electron microscopy image of the zigzag chain on perovskite layer before the deposition of top DBR. The white
dashed circles are added for visibility. tand t'represent the intracell and intercell hopping strengths. Scale bar, 1 um®8l, (b) Schematic of a topolo-
gical laser array made of nine micro-ring resonators with alternating weak (t;) and strong (t,) couplings, emulating an SSH model. A layer of
10-nm Cr (shown in yellow) is deposited on top of every second element to introduce distributed gain and loss. The red halos represent the intens-
ity profile of the oscillating zero mode that resides at the central site and decays exponentially away from the center, with zero intensity in every
second element!®3], (c) Energy-resolved momentum-space polariton dispersion at 0.5Py, in Y polarization. The white dashed lines highlight the to-
pological gap with topological polariton edge states inside the s band!®8l, (d) Energy-resolved momentum-space polariton dispersion at 2.0Py, in
Y polarization. Real-space images of higher energy state and the topological edge states at 2.0P, (inset)88, (e) Schematic of the nanocavity
formed by interfacing two photonic crystals (PCs) with a common bandgap and distinct Zak phases3. (f) Single-super mode lasing from the topo-
logical micro-laser under the pumping condition. Lasing mode profile of the topological micro laser (inset)3l, (g) Position-dependent PL intensit-
ies measured for the topological nanocavities with different d, values®3.,

nanostructures to design nanostructures with new and en-
hanced properties and applications. 1D semiconductor nano-
structures provide an ideal platform for novel technological ap-
plications, such as integrated optoelectronic and photonic
devices, biosensors, and energy conversion and storage
devices. However, beyond these achievements, many chal-
lenges still remain in 1D semiconductor nanostructures.

For semiconductor NWs, experimental studies on NWs
have focused on static state measurements and the highest
time resolution is on the order of picoseconds. The explora-
tion of underlying dynamics of the related polariton condensa-
tion process is not sufficient owing to the short lifetime of po-
laritons at room temperature, which require experimental res-
olution on sub-picosecond or femtosecond timescales. Hetero-
structures are an important mean of regulating the electron-
ic structure and properties of materials, and even the direction-
al selection of material properties can be achieved. The explor-
ation and design of more high-performance 1D heterostruc-
ture devices have been research hotspots. In addition, fur-
ther studies are needed to control the size and growth of
high-quality crystals of 1D nanomaterials. In practical applica-
tions, precise control of growth and enhancement of synthet-
ic yield are also problems to be solved. For perovskite NWs,
the most significant challenges are their instability and how
to improve the quality of the microcavities so as to have nar-
rower linewidths and longer polariton lifetimes, which are es-
sential for fundamental polariton research and the develop-

ment of polariton devices. The toxicity of perovskite has been
widely debated. Although a large number of low-dimension-
al lead-free perovskites and their derivatives have been
shown to solve the toxicity problem, the performance of
lead-free optoelectronic devices fall far behind that of lead-
based optoelectronic devices. If the poor performance of
low-dimensional lead-free perovskites is addressed, then the
pace of their application as promising candidates for environ-
mentally friendly optoelectronic devices will be accelerated.
For 1D topological and PC structures, optical devices
based on them are still in the research and development
stage, and a large number of active and passive devices are
yet to be developed by virtue of their excellent conduction
performance on theoretical models. The further develop-
ment of 1D photonic crystals as sensors or optical switches re-
quires their large tunable spectral range, fast response times,
and practical and scalable manufacturing of large-area photon-
ic crystal processes. Besides, new methods must be innov-
ated to overcome the drawbacks of high mechanical position-
ing accuracy of hybrid structure self-assembly on PC microcav-
ity to ensure the good coupling of the hybrid structures. Fur-
thermore, it would also be interesting to explore how nonlin-
earities affect 1D topological phenomena that rely intrinsic-
ally on non-Hermiticity. The use of electrical, optical or other
means to tune photonic topological insulators will also be an-
other important direction of future research. In addition, tak-
ing non-Hermitian topological photonic systems as an oppor-
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tunity, researchers have turned their attention to a variety of
new optical effects that can be combined with topological
structures to achieve optical devices with better transmis-
sion effects and diverse regulation methods.

Acknowledgements

This work is supported by the Strategic Priority Research
Program of Chinese Academy of Sciences (XDB36000000), Na-
tional Natural Science Foundation of China (22073022,
11874130, 12074086, 22173025), the Support by the DNL Co-
operation Fund, CAS (DNL202016), China Postdoctoral Sci-
ence Foundation (2022M710925), Beijing Municipal Natural
Science Foundation (1222030), and the CAS Instrument Devel-
opment Project (No. Y950291).

References

[1] Garcia de Arquer F P, Talapin D V, Klimov V |, et al. Semiconduct-
or quantum dots: Technological progress and future challenges.
Science, 2021, 373, eaaz8541

[2] Weidman M C, Beck M E, Hoffman R S, et al. Monodisperse, air-
stable PbS nanocrystals via precursor stoichiometry control. ACS
Nano, 2014, 8, 6363

[3]1 Park Y'S, Roh J, Diroll B, et al. Colloidal quantum dot lasers. Nat
Rev Mater, 2021, 6, 382

[4] Gurl,FromerNA, Geier ML, et al. Air-stable all-inorganic nanocrys-
tal solar cells processed from solution. Science, 2005, 310, 462

[5] TanCL,Cao XH, WuXJ,etal. Recent advances in ultrathin two-di-
mensional nanomaterials. Chem Rev, 2017, 117, 6225

[6] LiLH, Chen Y. Atomically thin boron nitride: Unique properties
and applications. Adv Funct Mater, 2016, 26, 2594

[71 Weng Q H, Wang X B, Wang X, et al. Functionalized hexagonal
boron nitride nanomaterials: Emerging properties and applica-
tions. Chem Soc Rev, 2016, 45, 3989

[8] Huang X, Zeng Z Y, Zhang H. Metal dichalcogenide nanosheets:
Preparation, properties and applications. Chem Soc Rev, 2013,
42,1934

[9]1 Zhang P, Zhang Y W, Wei Y, et al. Contact engineering for two-di-

mensional semiconductors. J Semicond, 2020, 41, 071901

Huo N J, Yang Y J, Li J B. Optoelectronics based on 2D TMDs and

heterostructures. J Semicond, 2017, 38, 031002

Balandin A A, Ghosh S, Bao W Z, et al. Superior thermal conductiv-

ity of single-layer graphene. Nano Lett, 2008, 8, 902

Wang K, Ma Q, Qu C X, et al. Review on 3D fabrication at nano-

scale. Autex Res J, 2022, in press

Zhao H, Lei Y. 3D nanostructures for the next generation of high-

performance nanodevices for electrochemical energy conver-

sion and storage. Adv Energy Mater, 2020, 10, 2001460

Tan H, Liu Z H, Chao D L, et al. Partial nitridation-induced electro-

chemistry enhancement of ternary oxide nanosheets for fiber en-

ergy storage device. Adv Energy Mater, 2018, 8, 1800685

Zhang S, Shang Q Y, Du W N, et al. Strong exciton-photon coup-

ling in hybrid inorganic-organic perovskite micro/nanowires. Adv

Opt Mater, 2018, 6, 1701032

Shang Q Y, Zhang S, Liu Z, et al. Surface plasmon enhanced

strong exciton-photon coupling in hybrid inorganic-organic per-

ovskite nanowires. Nano Lett, 2018, 18, 3335

Boubanga-Tombet S, Wright J B, Lu P, et al. Ultrafast carrier cap-

ture and auger recombination in single GaN/InGaN multiple

quantum well nanowires. ACS Photonics, 2016, 3, 2237

Shojaei | A, Linser S, Jnawali G, et al. Strong hot carrier effects in

single nanowire heterostructures. Nano Lett, 2019, 19, 5062

Kind H, Yan H, Messer B, et al. Nanowire ultraviolet photodetect-

ors and optical switches. Adv Mater, 2002, 14, 158

(10l

(1l

[12]

[13]

[14]

[15]

[1el

(171

[18]

[19]

[20] Cui Y, Zhong Z H, Wang D L, et al. High performance silicon
nanowire field effect transistors. Nano Lett, 2003, 3, 149

Huang M H, Mao S, Feick H, et al. Room-temperature ultraviolet
nanowire nanolasers. Science, 2001, 292, 1897

Zhu H M, FuY P, Meng F, et al. Lead halide perovskite nanowire
lasers with low lasing thresholds and high quality factors. Nat Ma-
ter, 2015, 14, 636

Oulton RF, Sorger V J, Genov D A, et al. A hybrid plasmonic wave-
guide for subwavelength confinement and long-range propaga-
tion. Nat Photonics, 2008, 2, 496

Wertz E, Amo A, Solnyshkov D D, et al. Propagation and amplifica-
tion dynamics of 1D polariton condensates. Phys Rev Lett, 2012,
109, 216404

Wertz E, Ferrier L, Solnyshkov D D, et al. Spontaneous formation
and optical manipulation of extended polariton condensates.
Nat Phys, 2010, 6, 860

Manni F, Lagoudakis K G, Pietka B, et al. Polariton condensation
in a one-dimensional disordered potential. Phys Rev Lett, 2011,
106, 176401

Gudiksen M S, Lauhon L J, Wang J F, et al. Growth of nanowire su-
perlattice structures for nanoscale photonics and electronics.
Nature, 2002, 415, 617

DuW N, Wu X X, Zhang S, et al. All optical switching through anis-
tropic gain of CsPbBr; single crystal microplatelet. Nano Lett,
2022, 22,4049

Wang Z Y, LiuJ Y, Xu Z Q, et al. Wavelength-tunable waveguides
based on polycrystalline organic-inorganic perovskite mi-
crowires. Nanoscale, 2016, 8, 6258

Shang QY, Li C, Zhang S, et al. Enhanced optical absorption and
slowed light of reduced-dimensional CsPbBr; nanowire crystal by
exciton-polariton. Nano Lett, 2020, 20, 1023

Lauhon L J, Gudiksen M S, Wang D L, et al. Epitaxial core-shell
and core -multishell nanowire heterostructures. Nature, 2002,
420,57

Shahmohammadi M, Ganiére J D, Zhang H, et al. Excitonic diffu-
sion in INnGaN/GaN core-shell nanowires. Nano Lett, 2016, 16, 243

Meng, Lai Z X, LiF Z, et al. Perovskite core-shell nanowire transist-
ors: Interfacial transfer doping and surface passivation. ACS
Nano, 2020, 14, 12749

Ray S K, Katiyar A K, Raychaudhuri A K. One-dimensional Si/Ge
nanowires and their heterostructures for multifunctional applica-
tions-a review. Nanotechnology, 2017, 28, 092001

Kumar G S, Sumukam R R, Rajaboina R K, et al. Perovskite
nanowires for next-generation optoelectronic devices: Lab to
fab. ACS Appl Energy Mater, 2022, 5, 1342

Barrigdén E, Heurlin M, Bi Z X, et al. Synthesis and applications of
lI-V nanowires. Chem Rev, 2019, 119, 9170

Yan R X, Gargas D, Yang P D. Nanowire photonics. Nat Photonics,
2009, 3, 569

Yuan XM, Pan D, Zhou Y J, et al. Selective area epitaxy of llI-V nano-
structure arrays and networks: Growth, applications, and future
directions. Appl Phys Rev, 2021, 8, 021302

Handoko A D, Goh G K L. One-dimensional perovskite nanostruc-
tures. Sci Adv Mater, 2010, 2, 16

Yang P, Yan H, Mao S, et al. Controlled growth of ZnO nanowires
and their optical properties. Adv Funct Mater, 2002, 12, 323

Ganji S. Nanowire growths, and mechanisms of these growths for
developing novel nanomaterials. J Nanosci Nanotechnol, 2019,
19,1849

Ye C H. Recent progress in understanding the growth mechan-
ism of one-dimensional nanostructures by vapor phase pro-
cesses. Sci Adv Mat, 2010, 2, 365

Fortuna S A, Li X L. Metal-catalyzed semiconductor nanowires: A re-
view on the control of growth directions. Semicond Sci Technol,
2010, 25, 024005

[44] Zhang J. Perovskite exciton-polaritons. J Semicond, 2019, 40,

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

32]

[33]

[34]

[35]

[36]

371

[38]

[39]

(401

[41]

[42]

[43]

Y T Zhang et al.: Spectroscopy and carrier dynamics of one-dimensional nanostructures


https://doi.org/10.1126/science.aaz8541
https://doi.org/10.1021/nn5018654
https://doi.org/10.1021/nn5018654
https://doi.org/10.1038/s41578-020-00274-9
https://doi.org/10.1038/s41578-020-00274-9
https://doi.org/10.1126/science.1117908
https://doi.org/10.1021/acs.chemrev.6b00558
https://doi.org/10.1002/adfm.201504606
https://doi.org/10.1039/C5CS00869G
https://doi.org/10.1039/c2cs35387c
https://doi.org/10.1039/c2cs35387c
https://doi.org/10.1088/1674-4926/41/7/071901
https://doi.org/10.1088/1674-4926/38/3/031002
https://doi.org/10.1021/nl0731872
https://doi.org/10.2478/aut-2022-0014
https://doi.org/10.1002/aenm.202001460
https://doi.org/10.1002/aenm.201800685
https://doi.org/10.1002/adom.201701032
https://doi.org/10.1002/adom.201701032
https://doi.org/10.1021/acs.nanolett.7b04847
https://doi.org/10.1021/acsphotonics.6b00622
https://doi.org/10.1021/acs.nanolett.9b01345
https://doi.org/10.1002/1521-4095(20020116)14:2&lt;158::AID-ADMA158&gt;3.0.CO;2-W
https://doi.org/10.1021/nl025875l
https://doi.org/10.1126/science.1060367
https://doi.org/10.1038/nmat4271
https://doi.org/10.1038/nmat4271
https://doi.org/10.1038/nmat4271
https://doi.org/10.1038/nphoton.2008.131
https://doi.org/10.1103/PhysRevLett.109.216404
https://doi.org/10.1103/PhysRevLett.109.216404
https://doi.org/10.1038/nphys1750
https://doi.org/10.1103/PhysRevLett.106.176401
https://doi.org/10.1103/PhysRevLett.106.176401
https://doi.org/10.1038/415617a
https://doi.org/10.1021/acs.nanolett.2c00712
https://doi.org/10.1021/acs.nanolett.2c00712
https://doi.org/10.1039/C5NR06262D
https://doi.org/10.1021/acs.nanolett.9b04175
https://doi.org/10.1038/nature01141
https://doi.org/10.1038/nature01141
https://doi.org/10.1021/acs.nanolett.5b03611
https://doi.org/10.1021/acsnano.0c03101
https://doi.org/10.1021/acsnano.0c03101
https://doi.org/10.1088/1361-6528/aa565c
https://doi.org/10.1021/acsaem.1c03284
https://doi.org/10.1021/acs.chemrev.9b00075
https://doi.org/10.1038/nphoton.2009.184
https://doi.org/10.1038/nphoton.2009.184
https://doi.org/10.1063/5.0044706
https://doi.org/10.1166/sam.2010.1079
https://doi.org/10.1002/1616-3028(20020517)12:5&lt;323::AID-ADFM323&gt;3.0.CO;2-G
https://doi.org/10.1166/jnn.2019.16016
https://doi.org/10.1166/jnn.2019.16016
https://doi.org/10.1166/sam.2010.1102
https://doi.org/10.1088/0268-1242/25/2/024005
https://doi.org/10.1088/0268-1242/25/2/024005
https://doi.org/10.1088/1674-4926/40/2/020201
https://doi.org/10.1126/science.aaz8541
https://doi.org/10.1021/nn5018654
https://doi.org/10.1021/nn5018654
https://doi.org/10.1038/s41578-020-00274-9
https://doi.org/10.1038/s41578-020-00274-9
https://doi.org/10.1126/science.1117908
https://doi.org/10.1021/acs.chemrev.6b00558
https://doi.org/10.1002/adfm.201504606
https://doi.org/10.1039/C5CS00869G
https://doi.org/10.1039/c2cs35387c
https://doi.org/10.1039/c2cs35387c
https://doi.org/10.1088/1674-4926/41/7/071901
https://doi.org/10.1088/1674-4926/38/3/031002
https://doi.org/10.1021/nl0731872
https://doi.org/10.2478/aut-2022-0014
https://doi.org/10.1002/aenm.202001460
https://doi.org/10.1002/aenm.201800685
https://doi.org/10.1002/adom.201701032
https://doi.org/10.1002/adom.201701032
https://doi.org/10.1021/acs.nanolett.7b04847
https://doi.org/10.1021/acsphotonics.6b00622
https://doi.org/10.1021/acs.nanolett.9b01345
https://doi.org/10.1002/1521-4095(20020116)14:2&lt;158::AID-ADMA158&gt;3.0.CO;2-W
https://doi.org/10.1021/nl025875l
https://doi.org/10.1126/science.1060367
https://doi.org/10.1038/nmat4271
https://doi.org/10.1038/nmat4271
https://doi.org/10.1038/nmat4271
https://doi.org/10.1038/nphoton.2008.131
https://doi.org/10.1103/PhysRevLett.109.216404
https://doi.org/10.1103/PhysRevLett.109.216404
https://doi.org/10.1038/nphys1750
https://doi.org/10.1103/PhysRevLett.106.176401
https://doi.org/10.1103/PhysRevLett.106.176401
https://doi.org/10.1038/415617a
https://doi.org/10.1021/acs.nanolett.2c00712
https://doi.org/10.1021/acs.nanolett.2c00712
https://doi.org/10.1039/C5NR06262D
https://doi.org/10.1021/acs.nanolett.9b04175
https://doi.org/10.1038/nature01141
https://doi.org/10.1038/nature01141
https://doi.org/10.1021/acs.nanolett.5b03611
https://doi.org/10.1021/acsnano.0c03101
https://doi.org/10.1021/acsnano.0c03101
https://doi.org/10.1088/1361-6528/aa565c
https://doi.org/10.1021/acsaem.1c03284
https://doi.org/10.1021/acs.chemrev.9b00075
https://doi.org/10.1038/nphoton.2009.184
https://doi.org/10.1038/nphoton.2009.184
https://doi.org/10.1063/5.0044706
https://doi.org/10.1166/sam.2010.1079
https://doi.org/10.1002/1616-3028(20020517)12:5&lt;323::AID-ADFM323&gt;3.0.CO;2-G
https://doi.org/10.1166/jnn.2019.16016
https://doi.org/10.1166/jnn.2019.16016
https://doi.org/10.1166/sam.2010.1102
https://doi.org/10.1088/0268-1242/25/2/024005
https://doi.org/10.1088/0268-1242/25/2/024005
https://doi.org/10.1088/1674-4926/40/2/020201

[45]

[46]

(471

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

020201

Du W N, Zhang S, Zhang Q, et al. Recent progress of strong ex-
citon-photon coupling in lead halide perovskites. Adv Mater,
2019, 31, 1804894

Zhang S, Zhong Y G, Yang F, et al. Cavity engineering of two-di-
mensional perovskites and inherent light-matter interaction.
Photonics Res, 2020, 8, 72

Zhang Q, Shang Q Y, Su R, et al. Halide perovskite semiconductor
lasers: Materials, cavity design, and low threshold. Nano Lett,
2021, 21,1903

Chen J, Du W N, Shi M L, et al. Perovskite quantum dot lasers. In-
fomat, 2020, 2, 170

Zhang Q, Su R, Du W N, et al. Advances in small perovskite-based
lasers. Small Methods, 2017, 1, 1700163

Zhao CY, Qin CJ. Quasi-2D lead halide perovskite gain materials
toward electrical pumping laser. Nanophotonics, 2021, 10, 2167
Liu H N, Zhang H, Xu X L, et al. The opto-electronic functional
devices based on three-dimensional lead halide perovskites. Ap-
pl Sci, 2021, 11, 1453

KasprzakJ, Richard M, Kundermann S, et al. Bose-Einstein condens-
ation of exciton polaritons. Nature, 2006, 443, 409

Kavokin A, Liew T C H, Schneider C, et al. Polariton condensates
for classical and quantum computing. Nat Rev Phys, 2022, 4, 435
Su R, Fieramosca A, Zhang Q, et al. Perovskite semiconductors for
room-temperature exciton-polaritonics. Nat Mater, 2021, 20,
1315

Su R, Ghosh S, Wang J, et al. Observation of exciton polariton con-
densation in a perovskite lattice at room temperature. Nat Phys,
2020, 16, 301

Ardizzone V, De Marco L, De Giorgi M, et al. Emerging 2D materi-
als for room-temperature polaritonics. Nanophotonics, 2019, 8,
1547

Amo A, Lefrere J, Pigeon S, et al. Superfluidity of polaritons in semi-
conductor microcavities. Nat Phys, 2009, 5, 805

Chen QJ, StajicJ, Tan S N, et al. BCS-BEC crossover: From high tem-
perature superconductors to ultracold superfluids. Phys Rep,
2005, 412, 1

Yang H, Kim NY. Microcavity exciton-polariton quantum spin flu-
ids. Adv Quantum Technol, 2022, 12,2100137

Amo A, Sanvitto D, Laussy F P, et al. Collective fluid dynamics of a
polariton condensate in a semiconductor microcavity. Nature,
2009, 457,291

Lagoudakis K G, Wouters M, Richard M, et al. Quantized vortices
in an exciton—polariton condensate. Nat Phys, 2008, 4, 706
Lagoudakis K G, Ostatnicky T, Kavokin A V, et al. Observation of
half-quantum vortices in an exciton-polariton condensate. Sci-
ence, 2009, 326, 974

Gao X H, Hu W, Stefan S, et al. Unidirectional vortex waveguides
and multistable vortex pairs in polariton condensates. Opt Lett,
2022,47,3235

Ardizzone V, Riminucci F, Zanotti S, et al. Polariton Bose-Einstein
condensate from a bound state in the continuum. Nature, 2022,
605, 447

YangF,Wang AC, YueS§, et al. Lead-free perovskites: Growth, prop-
erties, and applications. Sci China Mater, 2021, 64, 2889

Xie W, Dong H X, Zhang S F, et al. Room-temperature polariton
parametric scattering driven by a one-dimensional polariton con-
densate. Phys Rev Lett, 2012, 108, 166401

Zhao J X, Su R, Fieramosca A, et al. Ultralow threshold polariton
condensate in a monolayer semiconductor microcavity at room
temperature. Nano Lett, 2021, 21, 3331

Su R, Diederichs C, Wang J, et al. Room-temperature polariton las-
ing in all-inorganic perovskite nanoplatelets. Nano Lett, 2017, 17,
3982

Bajoni D. Polariton lasers. Hybrid light-matter lasers without inver-
sion. J Phys D, 2012, 45,313001

Journal of Semiconductors doi: 10.1088/1674-4926/43/12/121201 9

[70]

[71]

[72]

(731

[74]

[75]

[7el

(771

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

(871

[88]

[89]

[90]

[91]

[92]

[93]

[94]

Su R, Wang J, Zhao J X, et al. Room temperature long-range coher-
ent exciton polariton condensate flow in lead halide perovskites.
Sci Adv, 2018, 4, eaau0244

Joannopoulos J D, Villeneuve P R, Fan S H. Photonic crystals: Put-
ting a new twist on light. Nature, 1997, 386, 143

Birner A, Wehrspohn R B, Gosele U M, et al. Silicon-based photon-
ic crystals. Adv Mater, 2001, 13, 377

Biswal A, Kumar R, Nayak C, et al. Photonic bandgap characterist-
ics of GaAs/AlAs-based one-dimensional quasi-periodic photonic
crystal. Optik, 2021, 234, 166597

Sudha Maria LIS S, Rajasimha K, Debnath K, et al. Femtosecond
laser micromachined one-dimensional photonic crystal channel
waveguides. Opt Mater, 2022, 126, 112114

Zayats A 'V, Smolyaninov | |, Maradudin A A. Nano-optics of sur-
face plasmon polaritons. Phys Rep, 2005, 408, 131

ShiJW, Zhu J R, Wu X X, et al. Enhanced trion emission and carri-
er dynamics in monolayer WS, coupled with plasmonic nanocav-
ity. Adv Optical Mater, 2020, 8, 2001147

Wu XX, Jiang WY, Wang XF, et al. Inch-scale ball-in-bowl plasmon-
ic nanostructure arrays for polarization-independent second-har-
monic generation. ACS Nano, 2021, 15, 1291

Ma HY, Wu X X, DuW, et al. Edge Raman enhancement at layered
Pbl, platelets induced by laser waveguide effect. Nanotechno-
logy, 2022, 33,035203

Kuttge M, Garcia de Abajo F J, Polman A. Ultrasmall mode
volume plasmonic nanodisk resonators. Nano Lett, 2010, 10,
1537

Chikkaraddy R, de Nijs B, BenzF, et al. Single-molecule strong coup-
ling at room temperature in plasmonic nanocavities. Nature,
2016, 535, 127

Barth M, Schietinger S, Fischer S, et al. Nanoassembled plasmon-
ic-photonic hybrid cavity for tailored light-matter coupling. Nano
Lett, 2010, 10, 891

Conteduca D, Reardon C, Scullion M G, et al. Ultra-high Q/V hy-
brid cavity for strong light-matter interaction. APL Photonics,
2017,2,086101

Conteduca D, Dell’Olio F, Innone F, et al. Rigorous design of an ul-
tra-high Q/V photonic/plasmonic cavity to be used in biosensing
applications. Opt Laser Technol, 2016, 77, 151

Konopsky V, Prokhorov V, Lypenko D, et al. Electrical excitation of
long-range surface plasmons in PC/OLED structure with two met-
al nanolayers. Nanomicro Lett, 2020, 12, 35

Wu Z, Zhang L, Sun W, et al. Realization of two-dimensional spin-
orbit coupling for Bose-Einstein condensates. Science, 2016, 354,
83

Neto A H C, Guinea F, Peres N M R, et al. The electronic properties
of graphene. Rev Mod Phys, 2009, 81, 109

Phani A S, Woodhouse J, Fleck N A. Wave propagation in two-di-
mensional periodic lattices. J Acoust Soc Am, 2006, 119, 1995

Su R, Ghosh S, Liew T C H, et al. Optical switching of topological
phase in a perovskite polariton lattice. Sci Adv, 2021, 7, eabf8049
St-Jean P, Goblot V, Galopin E, et al. Lasing in topological edge
states of a one-dimensional lattice. Nat Photonics, 2017, 11, 651
Pernet N, St-Jean P, Solnyshkov D D, et al. Gap solitons in a one-di-
mensional driven-dissipative topological lattice. Nat Phys, 2022,
18,678

Parto M, Wittek S, Hodaei H, et al. Edge-mode lasing in 1D topolo-
gical active arrays. Phys Rev Lett, 2018, 120, 113901

Zhu X, Wang H, Gupta S K, et al. Photonic non-Hermitian skin ef-
fect and non-Bloch bulk-boundary correspondence. Phys Rev
Res, 2020, 2,013280

Zhao H, Miao P, Teimourpour M H, et al. Topological hybrid silic-
on microlasers. Nat Commun, 2018, 9, 981

Xiao M, Zhang Z Q, Chan C T. Surface impedance and bulk band
geometric phases in one-dimensional systems. Phys Rev X, 2014,
4,021017

Y T Zhang et al.: Spectroscopy and carrier dynamics of one-dimensional nanostructures


https://doi.org/10.1088/1674-4926/40/2/020201
https://doi.org/10.1002/adma.201804894
https://doi.org/10.1002/adma.201804894
https://doi.org/10.1364/PRJ.400259
https://doi.org/10.1021/acs.nanolett.0c03593
https://doi.org/10.1021/acs.nanolett.0c03593
https://doi.org/10.1002/inf2.12051
https://doi.org/10.1002/inf2.12051
https://doi.org/10.1002/smtd.201700163
https://doi.org/10.1515/nanoph-2020-0630
https://doi.org/10.3390/app11041453
https://doi.org/10.3390/app11041453
https://doi.org/10.1038/nature05131
https://doi.org/10.1038/s42254-022-00447-1
https://doi.org/10.1038/s41563-021-01035-x
https://doi.org/10.1038/s41563-021-01035-x
https://doi.org/10.1038/s41567-019-0764-5
https://doi.org/10.1038/s41567-019-0764-5
https://doi.org/10.1515/nanoph-2019-0114
https://doi.org/10.1515/nanoph-2019-0114
https://doi.org/10.1038/nphys1364
https://doi.org/10.1016/j.physrep.2005.02.005
https://doi.org/10.1016/j.physrep.2005.02.005
https://doi.org/10.1002/qute.202100137
https://doi.org/10.1038/nature07640
https://doi.org/10.1038/nature07640
https://doi.org/10.1038/nphys1051
https://doi.org/10.1126/science.1177980
https://doi.org/10.1126/science.1177980
https://doi.org/10.1364/OL.457724
https://doi.org/10.1364/OL.457724
https://doi.org/10.1038/s41586-022-04583-7
https://doi.org/10.1038/s41586-022-04583-7
https://doi.org/10.1007/s40843-021-1755-4
https://doi.org/10.1103/PhysRevLett.108.166401
https://doi.org/10.1021/acs.nanolett.1c01162
https://doi.org/10.1021/acs.nanolett.7b01956
https://doi.org/10.1021/acs.nanolett.7b01956
https://doi.org/10.1088/0022-3727/45/31/313001
https://doi.org/10.1126/sciadv.aau0244
https://doi.org/10.1038/386143a0
https://doi.org/10.1002/1521-4095(200103)13:6&lt;377::AID-ADMA377&gt;3.0.CO;2-X
https://doi.org/10.1016/j.ijleo.2021.166597
https://doi.org/10.1016/j.optmat.2022.112114
https://doi.org/10.1016/j.physrep.2004.11.001
https://doi.org/10.1002/adom.202001147
https://doi.org/10.1021/acsnano.0c08498
https://doi.org/10.1088/1361-6528/ac2e5a/meta
https://doi.org/10.1088/1361-6528/ac2e5a/meta
https://doi.org/10.1021/nl902546r
https://doi.org/10.1021/nl902546r
https://doi.org/10.1038/nature17974
https://doi.org/10.1038/nature17974
https://doi.org/10.1021/nl903555u
https://doi.org/10.1021/nl903555u
https://doi.org/10.1063/1.4994056
https://doi.org/10.1063/1.4994056
https://doi.org/10.1016/j.optlastec.2015.08.016
https://doi.org/10.1007/s40820-020-0369-7
https://doi.org/10.1126/science.aaf6689
https://doi.org/10.1126/science.aaf6689
https://doi.org/10.1103/RevModPhys.81.109
https://doi.org/10.1121/1.2179748
https://doi.org/10.1126/sciadv.abf8049
https://doi.org/10.1038/s41566-017-0006-2
https://doi.org/10.1038/s41567-022-01599-8
https://doi.org/10.1038/s41567-022-01599-8
https://doi.org/10.1103/PhysRevLett.120.113901
https://doi.org/10.1103/PhysRevResearch.2.013280
https://doi.org/10.1103/PhysRevResearch.2.013280
https://doi.org/10.1038/s41467-018-03434-2
https://doi.org/10.1103/PhysRevX.4.021017
https://doi.org/10.1103/PhysRevX.4.021017
https://doi.org/10.1088/1674-4926/40/2/020201
https://doi.org/10.1002/adma.201804894
https://doi.org/10.1002/adma.201804894
https://doi.org/10.1364/PRJ.400259
https://doi.org/10.1021/acs.nanolett.0c03593
https://doi.org/10.1021/acs.nanolett.0c03593
https://doi.org/10.1002/inf2.12051
https://doi.org/10.1002/inf2.12051
https://doi.org/10.1002/smtd.201700163
https://doi.org/10.1515/nanoph-2020-0630
https://doi.org/10.3390/app11041453
https://doi.org/10.3390/app11041453
https://doi.org/10.1038/nature05131
https://doi.org/10.1038/s42254-022-00447-1
https://doi.org/10.1038/s41563-021-01035-x
https://doi.org/10.1038/s41563-021-01035-x
https://doi.org/10.1038/s41567-019-0764-5
https://doi.org/10.1038/s41567-019-0764-5
https://doi.org/10.1515/nanoph-2019-0114
https://doi.org/10.1515/nanoph-2019-0114
https://doi.org/10.1038/nphys1364
https://doi.org/10.1016/j.physrep.2005.02.005
https://doi.org/10.1016/j.physrep.2005.02.005
https://doi.org/10.1002/qute.202100137
https://doi.org/10.1038/nature07640
https://doi.org/10.1038/nature07640
https://doi.org/10.1038/nphys1051
https://doi.org/10.1126/science.1177980
https://doi.org/10.1126/science.1177980
https://doi.org/10.1364/OL.457724
https://doi.org/10.1364/OL.457724
https://doi.org/10.1038/s41586-022-04583-7
https://doi.org/10.1038/s41586-022-04583-7
https://doi.org/10.1007/s40843-021-1755-4
https://doi.org/10.1103/PhysRevLett.108.166401
https://doi.org/10.1021/acs.nanolett.1c01162
https://doi.org/10.1021/acs.nanolett.7b01956
https://doi.org/10.1021/acs.nanolett.7b01956
https://doi.org/10.1088/0022-3727/45/31/313001
https://doi.org/10.1126/sciadv.aau0244
https://doi.org/10.1038/386143a0
https://doi.org/10.1002/1521-4095(200103)13:6&lt;377::AID-ADMA377&gt;3.0.CO;2-X
https://doi.org/10.1016/j.ijleo.2021.166597
https://doi.org/10.1016/j.optmat.2022.112114
https://doi.org/10.1016/j.physrep.2004.11.001
https://doi.org/10.1002/adom.202001147
https://doi.org/10.1021/acsnano.0c08498
https://doi.org/10.1088/1361-6528/ac2e5a/meta
https://doi.org/10.1088/1361-6528/ac2e5a/meta
https://doi.org/10.1021/nl902546r
https://doi.org/10.1021/nl902546r
https://doi.org/10.1038/nature17974
https://doi.org/10.1038/nature17974
https://doi.org/10.1021/nl903555u
https://doi.org/10.1021/nl903555u
https://doi.org/10.1063/1.4994056
https://doi.org/10.1063/1.4994056
https://doi.org/10.1016/j.optlastec.2015.08.016
https://doi.org/10.1007/s40820-020-0369-7
https://doi.org/10.1126/science.aaf6689
https://doi.org/10.1126/science.aaf6689
https://doi.org/10.1103/RevModPhys.81.109
https://doi.org/10.1121/1.2179748
https://doi.org/10.1126/sciadv.abf8049
https://doi.org/10.1038/s41566-017-0006-2
https://doi.org/10.1038/s41567-022-01599-8
https://doi.org/10.1038/s41567-022-01599-8
https://doi.org/10.1103/PhysRevLett.120.113901
https://doi.org/10.1103/PhysRevResearch.2.013280
https://doi.org/10.1103/PhysRevResearch.2.013280
https://doi.org/10.1038/s41467-018-03434-2
https://doi.org/10.1103/PhysRevX.4.021017
https://doi.org/10.1103/PhysRevX.4.021017

10

Journal of Semiconductors doi: 10.1088/1674-4926/43/12/121201

[95]

[9€6]

[97]

Ota Y, Katsumi R, Watanabe K, et al. Topological photonic crystal
nanocavity laser. Commun Phys, 2018, 1, 86

Jin D F, Christensen T, Soljaci¢ M, et al. Infrared topological plas-
mons in graphene. Phys Rev Lett, 2017, 118, 245301

Fang K J, Yu Z F, Fan S H. Realizing effective magnetic field for
photons by controlling the phase of dynamic modulation. Nat
Photonics, 2012, 6, 782

Yutong Zhang got his BS from Nankai Uni-
versity in 2021. Now he is a MS student at
the National Center for Nanoscience and Tech-
nology (NCNST) under the supervision of
Prof. Xinfeng Liu. His research focuses on
the carrier dynamics of one-dimensional nano-
structures.

Wenna Du is an associate professor at the Na-
tional Center for Nanoscience and Techno-
logy (NCNST), China. She received her Ph.D.
degree in materials physics and chemistry
from Institute of Semiconductors, Chinese
Academy of Sciences in 2016. After that, she
joined the NCNST as a research assistant pro-
fessor and became an associate professor in
2019. Her research focuses on light-matter in-
teractions of perovskites by optical spectro-
scopy approaches.

Xinfeng Liu is a full professor at the Nation-
al Center for Nanoscience and Technology
(NCNST), Beijing, China. He received his
Ph.D. degree from NCNST, Chinese Academy
of Sciences (CAS) in 2011. After that, he
joined School of Physical and Mathematical
Sciences of Nanyang Technological Uni-
versity (NTU) as a postdoctoral research fel-
low. In 2015, he joined CAS as Outstanding
Overseas Talents and became a Project Lead-
er at NCNST. His current research interests
mainlyfocuson nano-photonics, nonlinearop-
tics and ultrafast spectroscopy. He has over
210 peer-reviewed publications, including Sci-
ence, Nat. Mater, Nat. Commun. Adv.
Mater., Nano Lett. etc, with citations more
than 15300 and hindex 62.

Y T Zhang et al.: Spectroscopy and carrier dynamics of one-dimensional nanostructures


https://doi.org/10.1038/s42005-018-0083-7
https://doi.org/10.1103/PhysRevLett.118.245301
https://doi.org/10.1038/nphoton.2012.236
https://doi.org/10.1038/nphoton.2012.236
https://doi.org/10.1038/s42005-018-0083-7
https://doi.org/10.1103/PhysRevLett.118.245301
https://doi.org/10.1038/nphoton.2012.236
https://doi.org/10.1038/nphoton.2012.236

	1 Introduction
	2 Spectroscopy and carrier dynamics of nanowires
	3 Spectroscopy and carrier dynamics of 1D photonic crystals
	4 Spectroscopy and carrier dynamics of 1D topological structures
	5 Summary and outlook
	Acknowledgements
	References

