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Fig. 1 Experimental results of topological charge conversion in

pseudospin-1/2 photonic grapheme.

Topological properties of materials are
typically presented in momentum space. Here,
we demonstrate a universal mapping of
topological singularities from momentum to
real space. By exciting Dirac-like cones in
photonic honeycomb (pseudospin-1/2) and
Lieb (pseudospin-1) lattices with vortex
beams of topological charge |, optimally
aligned with a given pseudospin state s, we
directly observe topological charge conversion
that follows the rule 1—I + 2s. Although the
mapping is observed in photonic lattices
where pseudospin-orbit interaction takes place,
we generalize the theory to show it is the
nontrivial Berry phase winding that accounts
for the conversion which persists even in
systems where angular momentum is not
conserved, unveiling its topological origin.
Our results have direct impact on other
branches of physics and material sciences
beyond the 2D photonic platform: equivalent
mapping occurs for 3D  topological
singularities such as Dirac-Weyl synthetic
monopoles, achievable in mechanical, acoustic,
or ultracold atomic systems, and even with
electron beams.
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Fig. 2 Observation of nonlinearity-induced coupling to edge
states in topological nontrivial(left) and trivial (right) SSH

photonic lattices.

The flourishing of topological photonics
in the last decade was achieved mainly due to
developments in linear topological photonic
structures. However, when nonlinearity is
introduced, many intriguing questions arise.
For example, are there universal fingerprints
of the underlying topology when modes are
coupled by nonlinearity, and what can happen
to topological invariants during nonlinear
propagation? To explore these questions, we
experimentally demonstrate
nonlinearity-induced coupling of light into
topologically protected edge states using a
photonic platform and develop a general
theoretical framework for interpreting the
mode-coupling  dynamics in  nonlinear
topological systems.
laser-written photonic  Su-Schrieffer-Heeger
lattices, our experiments show the nonlinear
coupling of light into a nontrivial edge or

Performed on

interface defect channel that is otherwise not
permissible due to topological protection. Our
theory ‘explains all the observations well.

ermore, we introduce the concepts of
nirfher;ited and emergent nonlinear topological
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phenomena as well as a protocol capable of
revealing the interplay of nonlinearity and
topology. These concepts are applicable to
other nonlinear topological systems, both in
higher dimensions and beyond our photonic
platform.
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Fig. 3 Direct Observation of unconventional flatband loop states

in Corbino-Kagome photonic lattices.

Flat band systems have been realized and
widely studied in a variety of physical systems,
ranging from photonic waveguide arrays to
synthetic  atomic lattices, and from
metamaterials to cavity polaritons. The
intersection of flat band physics and topology
may lead to new physical phenomena and
potential novel applications. Topological
properties of lattices are typically revealed in
momentum space using concepts such as the
Chern number. Here, we study unconventional
loop states, namely, the noncontractible loop
states (NLSs) and robust boundary modes,
mediated by nontrivial topology in real space.
While such states play a key role
understanding fundamental physics of flatband
systems, their experimental observation has
been hampered because of the challenge in
realizing desired boundary conditions. Using a
laser-writing technique, we optically establish
photonic kagome lattices with both an open
boundary by properly truncating the lattice,
and a periodic boundary by shaping the lattice
into a Corbino geometry. We thereby
demonstrate the robust boundary modes
winding around the entire edge of the open
lattice and, more directly, the NLSs winding in
a closed loop akin to that in a torus. We prove
that the NLSs due to real-space topology
persist in ideal Corbino-shaped kagome
Jattices of arbitrary size. Our results could be
*of gg‘eat importance for our understanding of
'the 'singular flatbands and the intriguing

in
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physics phenomenon applicable for strongly
interacting systems.
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Fig. 4 Experimental demonstration of photonic SHCL and a
flatband Zigzag line state.

Flatband systems, periodic
hosting at least one completely dispersionless
energy band, have attracted enormous interest
in different branches of physics ranging from

lattices

condensed matter to exciton polaritons,
ultracold atoms and optics. In optics, photonic
lattices provide a promising platform to
explore intriguing flatband phenomena
associated with the lattice models originally
proposed in solid state physics. In this work,
by employing a cw-laser writing technique,
we establish a finite-sized SHCL in the bulk of
a nonlinear crystal. More importantly, we
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experimentally observe two types of line states
(the “straight” and “zigzag” lines) in the sHCL
with tailored boundaries which cannot be
obtained by superposition of conventional
flatband CLSs because they arise from
real-space topological property of certain
flatband systems. In fact, the zigzag-line states,
unique to the sHCL, are in contradistinction
with those previously observed in the Kagome
and Lieb lattices. Our work not only reveals
these intriguing flatband states, but also brings
about new possibilities to explore both
flatband and Dirac physics in one platform, as
the sHCL represents an ideal system where
fermionic (spin-1/2) and bosonic (spin-1)
Dirac points coexist.
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Fig. 13 (a) Schematic diagram of a unit cell; (b) Schematic
diagram of the overall structure of the TGGM device.

Many plasmon-induced transparency
(PIT) metamaterials previously reported had
Their tunabilities were
realized by complex discrete structures, which
greatly increased the difficulty and cost of

limited functions.

device fabrication and adversely affected their

resonance characteristics. It is an open
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question to adjust the Fermi levels of many
graphene patterns with only a few in-plane
electrodes. We propose and numerically study
a novel electrically tunable and
multifunctional trigate graphene metamaterial
(TGGM) based on the concept of “Lakes of
Wada”. Benefiting from the trigate regulation,
our proposed TGGM turns out to exhibit
excellent characteristics, that can not only be
used for terahertz band-stop filter, terahertz
refractive index sensor, near-field optical
switch, slow-light device, but also for double
PIT window metamaterial with broad
transparency windows and large tunable
frequency range.
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Fig. 14 (a) Schematic demonstration of the coupled system. (b)
52<Tilted view of a SEM image of a circular MIM resonator
with D = 300 nm. Scale bar is 80 nm. (c) SEM image of the
cross-section of the MIM resonator. (d) CL spectrum of

CdZnS/ZnS QDs that are spin coated on bare Al film. (e) CL

o '--soectrum of an Al-CulnZnSe/ZnS QDs-Al disk resonator. (f) CL

spectrum of an AI-CdZnS/ZnS QDs-Al circular resonator.

' {1 Iumlnum (Al) processes excellent
Apﬁsmon response from the ultraviolet (UV) to
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visible spectrum. Understanding of the deep
sub-wavelength plasmon response of Al
nanostructures is essential for the Al-based
plasmon device design, such as UV
surface-enhanced resonance Raman scattering
and emission control of emitters. In this work,
by using cathodoluminescence, the plasmonic
properties of Al metal-insulator—metal (MIM)
disk nanocavities are investigated. The
resonant breathing modes rather than edge
modes are resolved by the CL spectra and real
space mode patterns, which are in good
agreement  with  the  electromagnetic
calculations.  Moreover, the dispersion
behavior of plasmon modes of the MIM cavity
can be traced back to the propagating plasmon
modes in an Al MIM slab, which shows that
the electromagnetic fields are strongly
confined in the cavities. Furthermore, a mode
volume as small as 1.1x105 nm? is obtained
for the 240 nm diameter cavity, demonstrating
these MIM resonators to be ideal candidates
for studies of
interactions.
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Fig. 15 (a) The schematic illustration of Al-Al,Os—Al cavity. The
cavity was excited by an electron beam and CL spectra are
obtained. (b) SEM image of the circular MIM resonator with
D=280nm in top view. Scale bar is 140 nm. (c) SEM image of
the cross section of MIM cavity shows that the middle layer
Al,O3 is sandwiched between two Al layers.

Strong  coupling originating  from
excitons of quantum dots and plasmons in
nanocavities can be realized at room
temperature due to the large electromagnetic
field enhancement of plasmons, offering
building blocks for quantum information
systems, ultralow-power switches and lasers.
However, most of the current strong coupling
effects were realized by the interaction
between excitons and far-field light excited
bright plasmon modes in the visible range.
Beyond that, there is still a lack of direct
imaging of polariton modes at the nanoscale.
In this work, by using cathodoluminescence,
ultrastrong coupling with Rabi splitting
exceeding 1 eV between bonding breathing
plasmons of aluminum (Al) metal-insulator—
metal (MIM) cavities and excited states of
CdznS/zZnS quantum dots was observed in the
near-ultraviolet (UV) spectrum. Further, the
hybridization of the QDs excitons and bonding
breathing plasmonic modes is verified by
deep-subwavelength images of polaritonic
_modes in real-space. Analytic analysis based
the coupled oscillator model and
-wave electromagnetic

e

simulations is
i'etent with our. experimental results. Our
"work not only indicates the great potential of
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electron excited plasmon modes for strong
coupling applications, but also extends the
polaritonic frequency to the UV range with Al
nanocavities.
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chiral metamaterial.

Phase transition is a kind of phenomenon
widely existing in nature. It provides an
important means for people to control the
properties of materials. In recent years,
metamaterials, as a new type of artificial
micro-nano structured materials, exhibit novel
properties such as force, heat, light, electricity,
and magnetism that many natural materials do
not have. It has quickly become a frontier
research hotspot and shown great application
This year, we developed a new
lattice-coupled  chiral  oscillator ~ model,
theoretically predicted and experimentally
verified the existence of the chiral phase
transition effect in artificial metamaterials.

value.
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The research results provide new ideas for the
design of new micro-nano polarization optical
elements and the research and development of
highly sensitive all-optical switches, and lay a
theoretical and experimental foundation for
the research on new artificial phase-change
metamaterials and their property control.
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Fig. 21 Schematic diagram of the optical isolator structure
composed of a MIM waveguide and a disc cavity.

Optical nonreciprocal devices are one of
the indispensable optical components in the
optical circuit. With the development of
integrated optics, small-scale non-reciprocal
devices integrated on-chip, including on-chip
integrated optical isolators, optical circulators,

(eIC., have Dbecome international research
'ﬂh;i&:ots. Here, a simple on-chip integrated
“optical | isolator composed of a MIM
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waveguide and a disc cavity filled with
magneto-optical material is designed. In this
optical isolator structure, the transverse
magneto-optical effect is enhanced effectively
by the transverse spin-orbit coupling. And the
enhancement is more significant for smaller
azimuthal mode number n. Based on the
enhanced transverse magneto-optical effect,
high-performance on-chip integrated optical
isolator is obtained, the maximum isolation
greater than 40 dB with insert loss about 2dB.
The transverse magneto-optical effect keeps
strong in a wide wavelength
Furthermore, it is certified that a smaller
cavity will have a stronger transverse
magneto-optical effect in the same wavelength
range. Our research provides a new
perspective for the realization of highly
integrated magneto-optical devices.
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Fig. 5. Experimental results (a-c) and numerical simulations (d-f)
of parabolic accelerating beams for different values of . (a) and
(b) Intensity profiles at  plane; (c) propagation of the beam in
(a); (d-f) correspond to (a-c). The white dashed lines depict the
caustics.

Since non-paraxial accelerating beams
(NABs) were conceived, they have been
extensively studied in photonics and many
other fields. At present, most of the research
focuses on their two-dimensional
configurations, which inevitably lead to a
loose focusing of light. fact, the
three-dimensional (3D) NABs faces lots of
difficulties in the experimental realization,
such as those associated with spherical
aberration and amplitude modulation. So far to
our knowledge, no one has been able to
successfully produce 3D NABs. Here, we
experimentally realize 3D non-paraxial
accelerating beams (Fig. 5). They are obtained
by Fourier transforming a phase-modulated

In

wave front in an aberration-compensated
system. The phase pattern is encoded to
include the phase and amplitude modulation
for the accelerating beams with additional
correction phase for the aberration
compensation. These beams propagate along a
circular trajectory, but they exhibit rather
complex intensity patterns corresponding to
the shape-invariant solutions in parabolic,
prolate spheroidal
coordinate systems.
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Fig. 6 Coherent relationship between two processes of Rabi
oscillations initiated from different energy levels. (a, b)
duplication of the phase difference between the two Rabi
processes at either upper or bottom level in the azimuthal angle
of a Bloch vector; (c, d) typical evolution of the phase difference.

Blue solid and red dashed lines correspond to the cases of

negative and positive detunings, respectively.

Rabi oscillation, originally proposed in
nuclear magnetic resonance, is a well-known
phenomenon associated with a
two-level system. Although magnetic fields
typically can bring about chirality into unusual
phenomena such as chiral edge states in the
guantum Hall effect, it is not clear if chirality
exists in Rabi oscillations. Here we unveil the
intrinsic chirality carried by the phase in a
Rabi problem. For opposite detuning of the
driving field, the phase evolution of the
probability amplitude exhibits
symmetry. Consequently,
destructive interference of two off-resonant
Rabi  processes under different initial

driven

a mirror

constructive or
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conditions is level dependent and symmetry
protected. Experimentally, we demonstrate
such features in a photonic setting with
adjustable detuning, yet our results may prove
pertinent to the study of similar phenomena in
other driven two-level systems beyond
photonics.
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Fig. 7. (a) Schematic spectrum evolution. (b) Phase pattern

(upper panel) for generating a Gaussian-like beam (bottom panel).

(c) Numerical beam propagation for a longer propagation
distance (the insets show the components in the normal and
anomalous diffraction regions at z = 0 and 1.4 cm). (d)
Numerically calculated shift 6 of the beam center for various
degrees of coherence (characterized by the visibility V)

; Recently, a new technique of direct
p{»g nonlinear responses was theoretically

’;sed and  further  experimentally

demonstrated. This approach, replying on
one-dimensional Airy beams, manifests some
drawbacks. The spreading of this optical field
in one direction not only causes a waste of
energy, but is also adverse for detecting small
samples. Here, we address these issues by
extending the mapping technique into
two-dimensional (2D) regime via
two-dimensional Airy beams. Thanks to the
accelerating property of a 2D Airy beam, the
nonlinear response of a medium can be
spatially mapped in various transverse
directions rather than merely along the beam
acceleration direction. The most efficient
mapping takes place along some particular
transverse directions, exhibiting a relevance to
the structure of the Airy beam and the type of
the nonlinear response.
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Fig. 8 (a-b) Measured nonlinear output patterns for a 2D Airy
beam under a weak (a) and strong (b) photorefractive
nonlinearity. The nonlinear response function (dashed red curves)
are used for fitting the right sides of the beam profiles taken
along the white dashed lines shown in the corresponding insets.
(c,d) The fitting degrees along horizontal (c) and radial (d)
directions of the Airy beam.

Recently, a new technique of direct
reading nonlinear responses was theoretically
proposed and  further  experimentally
demonstrated. This approach, replying on
one-dimensional Airy beams, manifests some
drawbacks. The spreading of this optical field
in one direction not only causes a waste of
energy, but is also adverse for detecting small
samples. Here, we address these issues by
extending the mapping technique into
two-dimensional (2D) regime via
two-dimensional Airy beams. Thanks to the
accelerating property of a 2D Airy beam, the
nonlinear response of a medium can be
spatially mapped in various transverse
directions rather than merely along the beam
acceleration direction. The most efficient
mapping takes place along some particular
transverse directions, exhibiting a relevance to
the structure of the Airy beam and the type of
the nonlinear response.
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Fig. 22 Experimental results for the two-photon super-bunched
focusing effect through slit-width (a) and greeting-period (b)
chirped random-phase greetings with a slit-nmuber N=50.

We desiged a kind chirped
random-phase  gratings  with  spacially
correlated phase in the transverse dimension to
modulate the wavefront of the incident laser
beams, and got super-bunched light fields with
a two-photon bunching peak of 15.38 and a
high visibility of 92.5%. The super-bunched
light fields were also found to be of
two-photon focusing effect and the full width
at half-maximum of the super-bunched spot
decreases significantly with an increase in the
greeting slit number. addition, by
employing the cavity-enhanced spontaneous
parametric down conversion and optimizing
the mode-matching among the interacting
beams, we produced an entangled photon-pair
source with a bandwidth of 265 kHz at 606
nm and a spectral brightness of 216
pairs/(s mW MHz) per longitudinal mode.
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Fig. 23 Map of the polarizations of the WGM and modes in the

(c) sE¥iFano

TF, with the corresponding experiment configuration. (a) and (b)

are the polarizations maps, and (c) shows the experiment setup.

By the coupling between the vector
modes in a tapered fiber and the whispering
gallery mode, a Fano-like spectra were
demonstrated. The spectra could be optimized
between a Lorentz notch, Fano-like spectra
and Lorentz peak by changing the angle
between the modes. The experimental results
were in agreement with the theory. The
structure is simple and of good tenability.
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Fig. 9 Study of intercellular bridge-mediates Ca?*
communications based on photolithography technology.
Intercellular ~ bridges are  plasma

continuities formed at the end of the
cytokinesis process that facilitate intercellular
mass transport between the two daughter cells.
However, it remains largely unknown how the
intercellular ~ bridge  mediates ~ Ca**
communication between post-mitotic cells. In
the present work, we utilize BV-2 microglial
cells planted on dumbbell-shaped
micropatterned  assemblies  to  resolve
spatiotemporal characteristics of Ca®" signal
transfer over the intercellular bridges. With
use of such micropatterns considerably longer
and more regular intercellular bridges can be
obtained than in conventional cell cultures.
The initial Ca®* signal is evoked by
mechanical stimulation of one of the daughter
cells. A considerable time delay is observed
between the arrivals of passive Ca?* diffusion
and endogenous Ca** response the
intercellular bridge-connected cell, indicating
two different pathways of the Ca®*
communication. The observations prove that
both, passive Ca?* diffusion and IP;-mediated

in

endogenous Ca®* response contribute to the
Ca?" increase in intercellular bridge-connected
cells. Moreover, a simulation model agreed
well with the experimental observations. Our
work brought a new understanding in Ca?*
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signaling mediated by the intercellular bridge
during mitosis, as well as proposed an insight
into the Ca?" transmission in narrow bounded
structures.
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Fig. 10 Deep-learning-based super-resolved images from twice

down-sampling STORM images of microtubule filaments in

Cos-7 cells.

Super-resolution microscopy techniques
provide unprecedented access to life science
research. However, these techniques often
require high cost of time and money. Herein,
we used the down-sampling images of
microtubule  filaments  obtained  from
stochastic optical reconstruction microscopy
~(STORM) by bilinear interpolation as input.
We aimed to transform the low-resolution
i i,'images into super-resolution ones based

-,‘oifl‘.,,(training ~with an enhanced deep

30

super-resolution (EDSR) neural network.
Results showed that the reconstructed
microtubule images utilizing deep learning
had higher quality than that of traditional
cubic spline interpolation method. Especially,
the super-resolution images reconstructed
from twice down-sampling ones by deep
learning exhibited both good subjective and

objective evaluation comparable to the
original  STORM  images.  Therefore,
super-resolution reconstruction of

cytoskeleton image via deep learning with
EDSR network is expected to provide a
concise, potent and cost-effective imaging
method, and will be extensively applied in the
fast prediction of the delicate cytoskeleton
ultrastructure.
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strain sensors under bending strain.

Flexible strain-sensitive-material-based
sensors are desired owing to their widespread
applications intelligent robots, health
monitoring, human motion detection, and
other fields. High electrical-mechanical
coupling behaviors of 2D materials make them

in

one of the most promising candidates for
miniaturized, integrated, and high-resolution
strain sensors, motivating to explore the
influence of strain-induced band-gap changes
on electrical properties of more materials and
assess their potential application in strain
Herein, a ternary SnSSe alloy
nanosheet-based strain sensor is reported
showing an enhanced gauge factor (GF) up to
69.7 and a good reproducibility and linearity
within strain of 0.9%. Such sensor holds
high-sensitive features under low strain, and
demonstrates an improved sensitivity with a
decrease in the membrane thickness. The high
sensitivity is attributed to widening band gap
and density of states reduction induced by
strain, as verified by theoretical model and
first-principles calculations. These findings
show that a sensor with adjustable strain
sensitivity might be realized by simply
changing the elemental constituents of 2D

Sensors.

alloying materials
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Fig. 12 Spectra (a)-(e) represent emission for different
disordered samples S1*, S2*, S3*, S4*, S5*, respectively. (f) The
dependence of the peak intensities of the random lasing on the

pump energy for different concentrations of the chiral agent.

Random lasing was experimentally
investigated pyrromethene 597-doped
strongly disordered chiral liquid crystals
(CLCs) composed of the nematic liquid crystal
SLC1717 and the chiral agent CB15. The
concentration of the chiral agent tuned the
bandgap, and disordered CLC microdomains
were achieved by fast quenching of the
mixture from the isotropic to the cholesteric
phase. Random lasing and band edge lasing

in




{

Annual Report 2020

were observed synchronously, and their
behavior changed with the spectral location of
the bandgap. The emission band for band edge
lasing shifted with the change of the bandgap,
while the emission band for random lasing
remained practically constant. The results
show that the threshold for random lasing
sharply decreases if the CLC selective
reflection band overlaps with the fluorescence
peak of the dye molecules and if the band
edge coincides at the same time with the
excitation wavelength.
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Fig. 18 Responsivities for a b-Si photodetector under different
reverse bias voltages and comparison with commercial silicon
and germanium photodetectors (PD). External quantum
efficiencies (EQEs) over 100% are achieved for a wide
waveband. The insets show the peak responsivity (left) and

infrared responsivity (right) against bias voltage from 0.1 to 20
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Table 1. Comparison of the key parameters of b-Si
photodetectors reported here and the typical photodetectors
reported earlier. waveband. The insets show the peak
responsivity (left) and infrared responsivity (right) against bias

voltage from 0.1 to 20 V.

o U T

_ 53X 102 (1330 nm) _ "
S-doped b-Si 120 (-0.5V) 3.5 10°2 (1550 nm) 6(-0.5V) 1,94 X 10°
Microstructured 5 9X10°2 (1310 nm) 1.3 (-1V)
CINEes W93V) oy grpssonm)  23(-3v)  MBX0¢
Ag-doped b-Si 8.56 (-1V) ~§X10-% (1510nm) 0.38 {-1V) 1.84% 1012
Nanosecond
Laser Madified 8(-5V) 0.26 (1310 nm) 34(-5V) 1.21% 1012
b-Si
52(-150V) —_ ~2X10°%  ~9.41X109
0.72(-10V) —_— ~0.1 ~3.49 X 1012
45751(-5V) 0.58(1310nm)  3.1(-1V) ~
109760 (-20V)  080(1550nm)  7.8(-5v) 220M(SV)
Silicon-based  photodetectors  show

attractive prospects due to their convenient
preparation, high detectivity, and CMOS
compatibility. However, they are currently
limited by low responsivity and sharp decay at
sub-bandgap wavelength.  Although the
aforementioned limitation can be partly solved
by femtosecond laser processing, the surface
defects and carrier activation rates result in a
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large dark current and narrow spectral
response, which are unsatisfactory. Herein,
rapid thermal annealing and hydrogenated
surface passivation were introduced to elevate
the broad-bandgap responsivity and signal to
noise ratio and to suppress the dark current. At
optimal conditions, a sub-bandgap
responsivity of 0.80 A W-1 for 1550 nm at 20
V at temperature was obtained,
comparable with commercial germanium
photodiodes and much higher than previously
reported silicon photodiodes. Moreover, the
prepared photodetector responded to spectral
range from 400 to 1600 nm, with responsivity
reaching 1097.60 A W-1 for 1080 nm at 20 V,
is the highest in reported silicon

room

which
photodetectors. Simultaneously, the device
showed competitive detectivity (1.22x10"
Jones at -5 V) due to the post-processing
procedures and suppressed dark current (7.8
pA at -5 V). The results show great prospects
for black silicon in infrared light detection,
night  vision and fiber-optic
communication.
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Fig. 19 (a) Dark current characteristics of the b-Si devices having
lateral heterojunction (red line) and two different photodetectors
containing vertical heterojunction, and (b) I-V characteristics in
the dark (red line) and under illumination (blue line) for the b-Si

photodetector having lateral heterojunction.

Femtosecond laser hyperdoped silicon,
known commonly as black silicon (b-Si), has
attracted substantial interest from various
fields due to its high absorptance and
responsivity ranging from visible to
near-infrared wavelengths. However, due to
the non-uniformity of b-Si layer and the lattice
defects present in it, the processing technique
used presently introduces high noise
devices manufactured using b-Si. In this study,
a lateral heterojunction is designed and

in

manufactured at the b-Si and silicon interface
to restrain the leakage current. Precisely, the
lateral structure could support the b-Si
photodetector in suppressing the dark current
to 783 nA at a bias of -5V, quite low in terms
of orders of magnitude compared to that for
the vertical Simultaneously, the
photo-to-dark current ratio of 155 is obtained
at the same bias voltage with a pertinent

ones.

external quantum efficiency (EQE) of 371%.
Riding on the advantages of low noise, high
signal-to-noise ratio, and high sensitivity, this
work shows promising prospects for the
application of b-Si-based photodetectors
toward large-scale integration in
optical-electronics or flip-chip interconnection
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Fig. 20 Overview cross-sectional TEM images of a single droplet
on the hyperdoped silicon surface with bubbles (blue dashed
round), high-resolution TEM images of a pothole on the droplet
boundary (red square), and the SAED pattern of the surface of
the Te-hyperdoped silicon at different substrate temperatures:
(a)-(c)300 K, (d)-(f)500 K, and (g)-(i)700 K.

Despite the excellent IR absorption, the
application of hyperdoped silicon in
silicon-based detections still faces some
problems. Inevitably, the crystal lattice is
extremely damaged by a high concentration of
undesirable defects and damages incorporated
into the silicon. These defects induce a high
density of recombination centers and the
resultant internal leakage, which greatly
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reduce the responsivity and increase the dark
current of the device. To date, several studies
were devoted to improving the crystallinity of
hyperdoped silicon. The approaches included
femtosecond laser irradiation followed by
thermal annealing, ion implantation followed
by proper annealing, and the co-doping of
supersaturated nitrogen and sulfur.
Nevertheless, defects and dislocations still
formed in the sample, thereby hindering the
industrialization.

BT 6(E BB B A RAR M AT,
T AT SE B R B A, RIS
BACFEFILE RS, SartHE U A A
EERBITHEPAREAR . HEIDETFEH
(1 BAT S5 2 B IR BT IR REE O R R B
T _ESEBOETAT AR, AT MR
RPN AT FREEIME, B
o T B AN A ) 2kt sk Bk AT 5E 44
. HH TR e Rm N T A
TRE, FENARHEA (W5 5EL0%.
RERVESE) T B X —1E55 . NEHZIA
W, AR T — 0 2 e iR —
£ 1 B H R (PolariSH), 288k T A£G A
PR, R T B8 TS vk B BR 4N K T
JIEE B Al 2 1 R 0% Tk B G ) SRR S R T
AT AR, NRERE MG AELR 70 B
E T BH AR, [Opt. Lett., 45, 145
(2020)]
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Since optical information processing has
a natural parallel advantage, photonic chips
can achieve faster, safer, and more efficient
information processing and transmission speed.
Optical computing is considered to be the
most promising future technology to replace
electrical computing. But the primary task of
realizing a photonic chip is to realize the
manipulation of photon behavior at the
nanometer scale like manipulating electrons,
which relies on the nonlinear optical effect of
the material. In order to find a suitable
material, a complete measurement of the
nonlinear tensor of micro-nano materials is
first required. However, since the optical path
in micro-nano materials is much smaller than
the nonlinear coherence length, it is difficult
for the existing technologies (such as the Mark
fringe method and the wedge method) to
accomplish this task. In order to solve this

problem, we invented a new type of
second-order nonlinear measurement
technology  for  micro-nano  materials

(PolariSH), which overcomes the limitations
of traditional technology and successfully
measured the tensor elements of the
second-order nonlinear coefficients of lithium
niobate nano-thin films in a wide spectral
range. The complete measurement of the real
and imaginary parts of lithium niobate lays a
parameter and technical foundation for the
researches for the lithium niobate micro/nano
devices in future.

BATRIE T —Fh{E LNOI Ll & =k 2
5 HBEGE R AR IR A AL T2, AT RASEEL
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PR AR RAE R R L ds 51 2K
W ¥ %R [Photonics Res. 8, 311-317
(2020)] 11 36 T~ X0 JE) HA B 14 4 R 2 o s 1T s
VOB N, o, RIS R
iy 51 %W™ [Opt. Lett. 45, 3353-3356
(2020)]. Ay B ) ) 2% FH ' 38 TR S B
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124, XU IR AL B R A Ul s v 70 A IR 1, W (A X0
A S e i o

Fig. 24 The piezoresponse force microscopy pictures of dual
PPLN microstructures, the blue areas represent the areas whose

polarization was reversed.

We developed a method to fabricate
high-precision and complicated domain patterns
on LNOI with the assistance of nano-probs,
which allows us to obtain a domain unit down to
the scale of 100 nm. Combining with UV light
photolithography and reactive ion etching, we
applied the aforementioned method to
periodically poled lithium niobate (PPLN)
micro-structures and fabricate single/dual-period
PPLN microdisk resonators. Quasi phase
matching conditions for multi frequency
conversion processes were achieved in PPLN
microdisk resonators simultaneously, benefiting
from the abundant wave vectors provided by the
micro-structures with dual spatial periods.
Second harmonic generation (SHG) using dss,
the largest nonlinear coefficient of LN, was
achieved in a PPLN micro-disk with a single
period for the first time [Photonics Res. 8,
311-317 (2020)]. High order harmonic

- generations were observed in PPLN microdisks
; \'i&&th J,Qual spatial periods, and the highest

conversion efficiency of SHG was measured to
. S 'IDEE/P \‘/\I'1 [O&t_.lLett. 45, 3353-3356 (2020)].
1 i

36




X

ol

2020 EFDLARLME T A HE W E A LR H IR

JeLk P 5% FEAR/ Nonlinear Physics and Photonics Techniques

TN HEE

RELERFW 18 F, ey H
B RORTT A EERAS T BN

18 papers have been published in
international academic journals. This year, we
obtained some important results as following:
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SRN SR 16 B 72 A o A A7 43 A7 8 JLART 0
FEARTAES, B RE AT i ek 8
THNRRGN, SEBL T BE 7 6] o 35 i
FEBL AR o et I Fa 4T 5 NS 6 R iR
DA K, BRSNS A i ik iet,
FE RSN B A TG . N AR 1
M BT R — SRR SR P AR TR IOG IR,
R NS BII R KGR TPMERME, A
i EARAL G TR IR EBEAT AL HE, 3X A7 3L
L T IR G A K. 2, FRATH A
IR BRI 5 J8 P AR A s A Y U 3 R 4
FE B 87 (8] ORI T — AR B R e vk 3
B, X AR 1 S5 2 i 3= ()
W EIRAR AL A, BONEERAN R AR R S
WRBETE PR I R TR, TR
R T oK IR e 22 7Y 55 R e Pl 4. it
WS RA BT R RAEBHT
() I 3 2 G v ok LR A B B R R
M. [Phys. Rev. Lett. 125, 093904 (2020)
(Editors' Suggestion)]
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Fig. 1 Schematic diagram of three-dimensional Weyl
metamaterials and the experimental results of the spiraling Fermi

arcs.

Scatterings and transport in  Weyl
semimetals have caught growing attention in
condensed matter physics, with observables
including chiral zero modes and the associated
magnetoresistance and chiral magnetic effects.
Measurement of electrical conductance is
usually performed in these studies, which,
however, cannot resolve the momentum of
electrons, preventing direct observation of the
phase singularities in scattering matrix
associated  with  Weyl point.  We
experimentally demonstrate a helical phase
distribution in the angle (momentum) resolved
scattering matrix of electromagnetic waves in
a photonic Weyl metamaterial. It further leads
to spiraling Fermi arcs in an air gap
sandwiched between a Weyl metamaterial and
a metal plate. Benefiting from the
alignment-free feature of angular vortical
reflection, our findings establish a new
platform in manipulating optical angular

momenta with photonic Weyl systems.
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FEor A BAS B IIARRE, B IRTEN T4
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(2020).]
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Fig. 2 (a) Schematic of the ideal metalens array. (b)
Determination of the characteristic parameters between
sub-images by using the cross-correlation function. (c, d)
Experimental results of the three-dimensional positioning.
Three-dimensional (3D) positioning with
“the correction of imaging aberrations in the

otonic platform remains challenging. We
C# ‘)‘ine techniques from nanophotonics and

"machiné vision to significantly improve the

38

imaging and positioning performance. We use
a titanium dioxide metalens array operating in
the visible region to realize multipole imaging
and introduce a cross-correlation-based
gradient descent algorithm to analyze the
intensity distribution in the image plane. This
corrects the monochromatic aberrations to
improve the imaging quality. Analysis of the
two-dimensional aberration-corrected
information in the image plane enables the 3D
coordinates of the object to be determined
with a measured relative accuracy of 0.60%—
1.31%. We also demonstrate the effectiveness
of the metalens array for arbitrary incident
polarization states. Our approach is single-shot,
compact, aberration-corrected, polarization
-insensitive, and paves the way for future
integrated photonic robotic vision systems and
intelligent sensing platforms that are feasible
on the submillimeter scale, such as face
recognition, autonomous vehicles,
microrobots, and wearable intelligent devices.
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32, 1907983 (2020)]
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Fig. 3 Schematic illustrating the realization of the
full-dimensional manipulation of circular-polarized waves based

on the designed chiral mirror.

Realizing arbitrary manipulation of
optical waves, which still remains a challenge,
plays a key role in the implementation of

optical devices with on-demand functionalities.

However, it is hard to independently
manipulate multiple dimensions of optical
waves because the optical dimensions are
basically associated with each other when
adjusting the optical response of the devices.
In our research, the concise design principle of
a chiral mirror is utilized to realize the
full-dimensional independent manipulation of
circular-polarized waves. By simply changing
three structural variables of the chiral mirror,
the proposed design principle can arbitrarily
and independently empower the spin-selective
manipulation of amplitude, phase, and
operation wavelength of circular-polarized
waves with a large modulation depth. This
approach provides a simple solution for the
realization of spin-selective full-dimensional
- manipulation of optical waves and shows
z;mple application possibilities in the areas of
' i ‘I encryption, imaging, and detection.
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4. Z S AT AR R T R
Fig. 4 Schematic of the multiplexed nondiffracting nonlinear

metasurfaces.

Metasurfaces and planar  photonic
nanostructures have drawn great interest from
the optical scientific community due to their
diverse abilities of manipulating
electromagnetic waves and high integration.
Most metasurfaces launch diffracting waves,
and thus suffer from divergence, short
working distance, and instability. Although
much effort has been devoted to researching
nondiffracting metasurfaces which can launch
electromagnetic with  constant
transverse intensity profiles in free-space
propagation, the number of working channels
is inherently limited as these meta-devices are
implemented in the linear optical regime. In
our research, the multiplexed nondiffracting
nonlinear metasurfaces are theoretically
proposed and experimentally realized, which
can generate the representative nondiffracting
Bessel beam and Airy beam. Three Bessel
beams with different numerical apertures and
topological charges and three Airy beams with
different propagation curves and focal lengths
can be generated by a combination of different
spins and wavelengths. The complex
properties of the nondiffracting beams can be
designed and detected in a more
comprehensive and concise way with Fourier

waves

"'éﬁalysis. This proof-of-concept represents a

_strategy  for realizing multiplexed
ﬁc‘iﬁr@cting,.metasurfaces with advantages
“o¥"ﬂﬂracompactness, high-pixelation, and easy
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integration and paves the way for
multi-channel optical communication and
manipulation.
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Fig. 5 laser writable multifunctional van der Waals
heterostructures

Waals
heterostructure electronic devices based on
two dimensional (2D) materials have great

application  potential the  future

Multifunctional van der

in
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nanoelectronics. We have utilized laser write
processing (LWP) technique to fabricate three
diodes and NPN (PNP) bipolar junction
transistor (BJT) simultaneously on a single
pre-fabricated black phosphorus/molybdenum
disulfide (BP/MoS;) heterostructure. Compare
with the complex device architectural designs
and chemical etching method, this LWP
technique holds the advantages of being fast,
flexible,  environmentally  friendly and
universal. The three diodes exhibited typical
electrical rectification performance and both
BJTs (NPN and PNP) rendered good current
amplification output with a common-emitter
current gain (8) of ~ 41 and 12, respectively.
Then, we have systematically analyzed the
performance difference between NPN and
PNP BJT from the viewpoints of structure and
LWP. Owing to the difference in carrier
concentration of BP and MoS,, the NPN BJT
shows better performance than the PNP BJT
under the same LWP width. Furthermore, the
current gain can be effectively modulated

through the tunable base width of laser writing.

Herein, the current gain decreased with the
increase of base width, which is consistent
with the theoretical results. The proposed
LWP  approach exhibits promise for
large-scale integrated circuits based on 2D
heterostructures.
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Fig. 6 Summary of two-dimensional material stacking

technology

2D (Two-dimensional) material stacking
technology is a nano-processing technology
that includes a series of operations such as
preparation, transfer, stacking, and cornering
of 2D materials. This type of technology
breaks through the performance limitations of
a single material and brings a new dimension
to the research of 2D materials. We
summarized the research progress of 2D
material stacking technology in recent years.
Including improved mechanical stripping
method, reactive etching thinning method,
chemical vapor deposition method, liquid
phase stripping method and other high-quality
2D material preparation technology, but also
introduced dry/wet transfer, micro-area
stacking, high-precision angle Control, ultra-
clean surface treatment, deep machine
learning and automatic assembly and other 2D
material stack structure processing technology.
In addition, the article also summarized the
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application of mixed-dimensional (2D-0D,
2D-1D, 2D-3D) stacked structure in different
fields. At the same time, our research points
out that the 2D material stacking technology
currently has disadvantages such as poor
repeatability, cumbersome operation, and
excessive reliance on manual experience. At
the same time, it faces challenges such as
nano-level fixed-point transfer, angle control
less than 0.01< and fully automated
production. In the future, how to achieve
high-quality, high-precision, and high-
efficiency sample preparation will be the focus
of stacking technology research.
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Fig. 7 Mechanism of photocurrent enhancement due to the difference in

Seebeck coefficient between pristine graphene and GWSL.

Applied strain introduces significant
changes in the carbon-carbon bond of
graphene and, thereby, forms electronic
superlattices. The electron/phonon coupling
and existence of pseudo-gauge fields within
these superlattices render unique electronic
and magnetism properties. However, the
interfacial interactions between strained and
pristine graphene have rarely been studied.
Herein, we report a prominent increase in
photocurrent at the interface between pristine
graphene and strain-induced superlattice, i.e.,
graphene  wrinkle.  The  photocurrent
distribution indicates a large increase in the
bending lattice of graphene. These results
demonstrate that the photocurrent
enhancement is due to the difference in
Seebeck coefficient between pristine graphene
and deformed superlattices, resulting in a
significant increase in photothermoelectric
effect at the interface.
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a) b)

Fig. 8 The structure of the P-mesh microfluidic capture device. a)
The PVDF membrane combined with P-mesh. b) The details of
the P-mesh microfluidic capture device. A, B: PVC microbore
tube; C, D: glass slide; E: P-mesh; F: PVDF membrane; G: top
PDMS microchannel layer; H: bottom layer; I: channel of G; J:

channel of H.
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Fig. 9 a) MFI percentage of 1uM Cy5-labeled ssDNA captured
by the P-mesh microfluidic capture device. b) MFI percentage of
1uM Cy5-labeled ssDNA captured by the P-mesh microfluidic
capture device after storage over 6 months. c) MFI percentage of
1pM Cy5-labeled ssDNA captured by the P-mesh microfluidic

capture device after storage over 6 months.

We assembled the microfluidic device
and DNA nanostructures with good stability to

achieve the specific capture of low
concentration DNA samples. The poor
stability and operability severely impede

further development of the application of
DNA nanomaterials. A thermally stable DNA
nanomesh structure was proposed in our
previous study. However, when capturing the
target biomolecules, the centrifugal tube filter
device still has some shortcomings
sensitivity and operability. Here, the DNA
nanomesh is integrated into the microfluidic
chip. The specificity of microfluidic DNA
specific capture device was improved to the
single base mismatch level while capturing the
ssSDNA sample. The microfluidic chip
> ”‘prov\ides a closed environment for DNA
nanomesh, make the device has excellent
{saz’p'e stability. After 6 months of storage at
Nrdm‘q témperéture, the device still has a

in
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specific capture function on ssDNA sample
with the concentration as low as 1pM. The
microfluidic DNA specific capture device can
apply to the enrichment of ctDNA in the future
and contribute to the early diagnosis of cancer.
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Fig. 10 (A) Schematic illustration of the optical device for
multichannel measurement of the Debye diffraction ring shift of
the 2D PCCH sensors. (B) The representative time-responsive

Debye diffraction ring shift of the PCCH films at different pH.
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Fig. 11 The Debye diffraction ring shift the

penicillinase-decorated PCCH sensor for detection of penicillin

G (solid line; red) and clavulanate potassium (dotted line; blue).

We real-time
multi-channel ~ measurement  of  Debye
diffraction ring shift of two-dimensional (2D)
photonic colloidal crystal hydrogel (PCCH)
sensors with a homebuilt portable and digital
optical device for the first time. The principle
is based on real-time measurement of the
positional movement of the Debye diffraction

demonstrate and
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ring with a linear charge coupled device
(CCD), which can be employed to determine
the diffraction shift of the 2D PCCH film upon
external environmental stimuli.  We
demonstrate excel-lent performance of the
optical device by employing detection of
penicillinase and its inhibitor clavulanate
potassium as an example. Compared to the
existing methods used in 2D PCCH sensors,
this method takes advantages of cost-effective
instrumentation, real-time  measurement,
digitized signal output, and multiplex
detection. Therefore, it has great potential in
practical applications of 2D PCCH sensors.
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In this field, we mainly focused on the
development of multi-functional optical
crystals, low dimensional functional materials,

soft materials, microcrystalline ceramics,
optical microstructures and other
optoelectronic materials, as well as 4D

ultra-fast electron microscopy technique. 19
papers have been published in international
academic journals, and 3 authorized patents
were published. The total researching founds
are 17.50 million. This year, we obtained some
important results as following:

VR T AR R4 (LiNDOs, LN) 7E
DA AR ALy AR SR T T AR AT TR
GEUER, JF K FAE Adavanced Materials [,
T A Sf R 2H R A8 I 45 A R 45 T DA AR
Hb 5 PR AL ot A2 1 R D S B S A 4 R {1 4
B 4~6 MRS, FER R T BA RO
P T RE R LN:Zr difA o 380 B8 — i SR B A
oL T R TR L o A A A N AR AIE B B 5 5 4
BT HIM EAE R AR . LR TG
)2 KR LNOI ARt e, BtE i
% EOE. ARk

The research group summarized the
recent work of Lithium Niobate (LiNbOs, LN)
in photorefractive and substrate integration,
and published it on Advanced Materials. In

- recent years, the research group found that the

visible optical damage threshold of LiNbO;
can be effectively increased by 4 ~ 6
of magnitude by doping control, and
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LN:Zr crystal with UV optical damage
resistance was found. The interaction and
influence of intrinsic and extrinsic defects
in  LiNbO3 crystal
simulated from first-principles calculations.
This article also reviews the recent
development of LNOI materials, including its
preparation, electro-optic and nonlinear.

AR SRR T EN S
FRPETREE AR BRI, HrR B R e R
[T 2 25 SR 2R B U5 T DA S A 1) i B T B
REHUAR DL T BB As i 11 b 4544, R
T 25 1 (R I 9 5 SR 3R BH U S A A THI
PER T H%REH, HEZEHREN p BT
A p TR S 7RER T AR TR
ft TUEYE . % TAERRE N PCCP Y 1

with doped ions are
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&l 1. (a) H] HSE06 i15% LN:N [ESH 45K . ISR EI M
TRAHTBE R I BE R 2> BN 4.74 eV F13.75 eV (b) LN:N 1R
FEE T4 (f3% 0 2p, Nb4d AN 2p) KINAHER.
Fig.1 (a) Band structure of LN:N calculated with HSE06. The
energies from the CBM to the VBM and the new energy levels
are 4.74 eV and 3.75 eV respectively. (b) PDOS of the main
single atomic states including O 2p, Nb 4d, and N 2p with an
amplified region of impurity states in the band gap of LN:N.
The defect structure of high valence
doped lithium niobate crystal was studied by
first principles. The research results of
nitrogen doped lithium niobate show that
nitrogen atom can replace oxygen ions with
the lowest defect and form the most stable
lattice structure. The research results of
electronic structure show that nitrogen forms
two energy levels near the top of valence band,
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which are mainly composed of p-electrons of
nitrogen and p-electrons of oxygen It provides
evidence for the transport of hole carriers.
This work is selected as the current front cover
of PCCP.

AR, eIl E v AR R 4 7 v
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PSR ERR R . T IX — 2 uEN, FRATE
T — AN Pauling's rules guided Monte
Carlo search (PAMCARS) [\, il
44 2 $1 montecarlo 3 R AWM L B 45t 4,
TR &5 52 B4 B RS A Fa 25 ML Sl ik 45
o LESZBRIRA, ZE R R T T R
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FL EUIRMEL . Ba,TiSi,Og 1K AE T A2 fi ik 45
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s'rules in a typical energy landscape of a crystal. The
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locations of the local minimums representing metastable
structures and the global minimum representing ground-state
structure are marked on the energy landscape. Random structures
satisfying Pauling’ s rules are distributed near the minimums. (b)

Four main steps in Pauling” s rules guided Monte Carlo search.
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Fig. 3. (a) Graphite layers with ideal stacking. (b) Graphite layers
with displaced stacking. (c) Cubic diamond. (d) 4H diamond. (e)
2H diamond. (f) H-8 Carbon. (g—i) Layers of Cs; sheets with
different stacking. (j) Cs: sheet polymer. (k) K4 crystal.

The rapid the
high-throughput calculations and materials
recent years has

development  of

genome approaches in
researchers’ ability to design
advanced  materials.  Crystal  structure
prediction techniques play an important role in

high-throughput calculations and materials

improved

genome approaches. In this article, a set of
easy-operation guidelines for constructing
crystal structures is extracted from Pauling’s
rules. Based on this set of guidelines, we have
designed an algorithm called Pauling’s rules
guided Monte Carlo search (PAMCARS),
which predict the ground-state and meta-stable
inorganic crystal structures of a given
composition by combining a classical Monte
Carlo search in the configuration space
constrained by Pauling’s rules with ab initio

structural relaxations. In the actual tests, the
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crystal structures of carbon allotropes, CaSQ,,
Ba,TiSi,Og and BaAIBOsF;, are successfully
predicted by this crystal structure prediction
algorithm. In addition, a number of unreported
high-symmetric metastable crystal structures
of carbon, CaSO, and Ba,TiSi,Og are also
predicted. The successful prediction of
graphite layers indicates that PAMCARS is
able to predict some layered materials
assembled by the Van der Waals forces. Two
of the predicted low-energy metastable crystal
structures of Ba,TiSi,Og may explain the
property anomaly of Ba,TiSi;Og around
160 °C. Pauling’s rules guided Monte Carlo
search exhibits high efficiency and energy
resolution in predicting the ground-state and
metastable crystal structures in the tests.
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Fig. 4 'ovql mechahnluminescent material KZn(POs3)3:Mn“".
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K 5. 8 B e R Na;MgGeO:Mn**,
Fig. 5 Novel mechanoluminescent material Na,MgGeO4:Mn?*.
The research is focus on the
"self-reduction™ system of manganese ions. It
is found that during the self-reduction process
of Mn* to Mn?" ions, lattice defects are
formed along with the ionic valence change.
The defects are similar to those caused by
substitution of different valent ions, and form
trap levels in the forbidden band which will
store some carriers. When the materials are
stimulated by external mechanical forces, the
carriers will detrap from the trap levels, and
recombine with the luminescent center to
the of
mechanoluminescence. A series of research
results show the importance of the defects in

show characteristics

materials on the optical properties. One can
multi-functional luminescent
by effective defect control.

Meanwhile, the proposal of the “self-reduction”

construct
materials

system also points out an effective way to
accelerate  the development of novel
mechanoluminescent materials.
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Fig. 6 Two-color photon induced near-field ultrafast electron

microscopy.
Due to the ultrahigh spatiotemporal
resolution, 4D ultrafast electron microscopy
- “has been widely used in the investigation of
ultrafast structural and carrier dynamics of
'ffl:‘:p'onal materials. However, the energy
'ndfﬁfe;enée of the electrons emitted by the
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photocathode and the strong space charge
effect during the free flight of the electron
pulse result in the limitation of the time
resolution to hundreds of femtoseconds (fs),
which is much larger than the time scale (tens
of fs) of the charge motion in the materials.
We proposed a scheme of “electron gate™
(two-color by photon-pump/PINEM-the probe,
PINEM is an optical field induced electron
microscope based on the interaction of the free
electron and the local light field), using two
perpendicular polarized fs laser pulses with
different wavelengths as pump light (P1 and
P2 as shown in Fig. 6a), including P1 pulse
(50 fs) that is timely synchronized with the
electron pulse at the sample to produce
PINEM electrons for imaging and detection,
and P2 pulse as a pump to tringle the
dynamical process in sample. The high space
and time resolution of PINEM electronic
imaging is realized by adjusting the time delay
between P1 and P2 and using the electronic
energy filtration  system. When the
polarization of P1 is parallel to the sample
edge and it reaches at the sample timely
oveloped with the electron pulse, the strongest
electron-photon interaction and the optimal
PINEM will be obtained, where the pulse
width of the PINEM electrons is determined
by the pulse width of P1 laser pulse. The
information of dielectric function of the
sample (directly related to the electronic state)
is directly encoded into the PINEM signal
through the near field generated by P1.
Therefore, the evolution of the dielectric
function over time can be monitored by
tracking the changes of the PINEM signal of
the sample after the pump of P2 laser pulse
(polarization of P2 is perpendicular to the
sample edge to exclude the creation of near
field), thus obtaining the ultrafast dynamic
process of the electronic state of the sample.
Using this technique, we reveal the ultrafast
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evolution dynamics of the electronic state in a
single 1D VO, during the
insulatpr-metal  phase transition at a
spatiotemporal scale of nanometer and tens of
fs. As the pulse width of the PINEM electrons
is only determined by the P1 laser pulse (~50
fs), independent of the original electron pulse
width, the time resolution of 4D ultrafast
electron microscopy is enhanced by an order
of magnitude, which paves a new route for
probing carrier dynamics nanometer
functional materials at fs and nanometer

nanowire

in

ultrahigh spatiotemporal resolution.
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Fig. 7 Laser-free ultrafast electron microscopy based on

RF-pulser.

Integrating femtosecond (fs) lasers with
electron microscopies has enabled direct
imaging of transient  structures and
morphologies of materials in real time and
space, namely, 4D ultrafast electron
microscopy (4D UEM). Laser-actuated
photoemission scheme is currently the primary
method for 4D UEM. However, several
barriers exist for achieving laser-actuated
photoemission: fs lasers can be bulky and
expensive, instrumental modifications are
intricate, and beam fluctuation is an intrinsic
problem due to the inevitable laser pointing
instabilities on the cathode. In this work, we
developed a laser-free 4D UEM offering the
same capability but without requiring fs lasers
and intricate instrumental modifications. We
create picosecond electron pulses for probing
dynamic events by chopping a continuous
beam with a radiofrequency (RF)-driven
pulser with the pulse repetition rate tunable
from 100 MHz to 12 GHz. As a first
application, we studied gigahertz
electromagnetic wave propagation dynamics
in an interdigitated comb structure. We reveal,
on nanometer space and picosecond time

scales, the transient oscillating
electromagnetic field around the tines of the
combs with time-resolved polarization,

amplitude, and local field enhancement. This
study demonstrates the feasibility of laser-free
4D UEM

in real-space visualization of
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dynamics for many research fields, especially
the electrodynamics in devices associated with
information processing technology.
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Doping concentration of rare earth ions in
fluoride crystals is higher and luminescent
guenching concentration is lower than others.
And phonon energy of fluoride is lower than
others. Fluoride doped with rare earth ions has
been a focus for science research. We have got
advanced in following topic.
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Phase transfer and growing mechanism
'Iti-phasi%‘fluoride material induced by
|
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temperature. The phase changing mechanism
of KGdF, with temperature is investigated by
through measurement on structure,
morphology, component and ab initio
calculation. The structure of KGdF, material
was decided both by structural phase transition
and chemical synthesis. Moreover, chemical
synthesis  processes dominate at low
temperatures and the phase transition
processes dominate at high temperatures
region. A model of structure phase transition
process of the KGdF, crystal was established
reasonably, as shown in Fig. 8. This work
provided a new idea for the preparation of
KGdF, material with controlled and specific
crystal phases. The results have been
published on J Mater Sci: Mater Electron
(2020) 31:18096-18104
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Fig. 9 The variation of up conversion luminescent color of the
oxyfluoride glass ceramics doped with Er¥*/Tm**/Yb®* as a

function of Ers, concentration.

Spectral
temperature sensor in oxyfluoride glass
ceramics doped with rare earth ions. The
luminescent materials of turning spectra are
one of best candidates for white and
three-based color luminescent materials,
which used in LED display of industry and
biology probe of medicine. The oxyfluoride
glass ceramics doped with Yb¥*/Tm*/Er*

modulating and fluorescent

have been fabricated, which have turning up
conversion spectra with violet, blue, green and
red emission, by modulating Er**
concentration based on the mode of excited
state energy transfer. The result is shown as
Fig. 9. The novel luminescent material with all
visible emission spectra in single host with
changing single element was obtained firstly.
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Fig. 10 The relative sensitivities of the couple energy levels with
temperature for up conversion luminescence excited by 976nm.
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Table 1 The relative sensitivities of up conversion luminescent
temperature sensing of optical materials doped with rare earth

ions. The result of this work is shown in the last line.

Activators  Hosts Transitions TR(K) S (%K™
Er* Siglass  2Hi12, 4832—=4T1s2» 303-573 111
Er* BaMgFs  2Hiin, 4S32—4T1s»  323-593 0.83
Er** YF: GC  2Hy12, *S3n—"1152 293-563 1.01
Tm** YF: 3Fa3, *Ha—~3Hs  300-750 0.10
Tm*  PbF2GCs  3Fas, *Hs—*Hs  300-700 0.03

Er**/Tm*  f-PbF2 3Fa3—=3Hs 288-498 2.70

GC 832152

Noncontact up-conversion luminescent
temperature sensing properties of oxyfluoride
glass ceramics doped with Yb¥*/Tm**/Er*
were studied systematically using novel
coupled energy levels of Tm** / Er** according
to the mechanism of excited state energy
transfer, which is shown as Fig. 10. The
relative  sensitivities ~ of  luminescent
temperature sensing are decided by the
coupled energy levels. The sensitivities of
temperature sensing of |Isp/lsqg  decreases
linearly and the sensitivities of lzgo/Inir
increases linearly with temperature. However,
the  sensitivity of  lyo/ls4s  decrease
dramatically and then increase smoothly. And
the maximum is 2.70, which is from the
energy levels of *F,3 (Tm®") /*Sa, (EF*Y). It is
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much higher than others in Table 1.

YAG:Yb g A—Fh B W H 3
IR [ PRI DR DA 0 i A e P T sy L A 4
DA o A 12 f A 7 A58 FH R AR TR R R i
JEE AR o P s R 5 2 1) 1) RSB VRN
B 012 il AR 1 TR R R ' L 1) R 2 R 403 40 T
FRAILA, AT A A e _E s i 4 ) A 1)
%, 811 B, YAG:Yb f{A&7E 300-600 nm
L /% 900-1100 nm [X [] &RA BH . 1 X 5 2381
RFHIR I (1% SR 1 R A E B B 1
WIS, SERET RS RAREE b
e E W, R 900-1100 nm UL 4h K E
W 5 FE 258 T 300-600 nm &K G. ME
12 AW 2| XEL [1)5aE R E R E A m A A
B R BRARG 100 A AR 1 R A7 A 2 R 1Y
TR KA . B 13 £ W g ARAE 330 nm &
JEHI LYK (A1 518, 1T 500 nm & Bk
I TR RC R o AR HE 28 — i R B 0+ B3R A5 1)
YAG:Yb difk B ae &l (B 14) AIEH, &
YRTE 400-600 nm 2 [8] [ &R AT I3 P 144
EAIHIR . M YAG:Yb ik EDS 45
(B 15) AJEH, SmEFAREAKEAS &
EHWALL], X —LERIIE T dfE e R
BRTMX B RIWBERERT
YAG:Yb 7£ 300-600 nm (1)K JCAEE R FIHL
#ilo R 400-600 nm 58 R G2 HEAS
LRI R, H AR TR . i T e
G R —BE I T X — 4L .

YAG:Yb crystal is applied in the
high-repetition imaging because of its
nanosecond decay time. However, the
YAG:Yb crystal shows low scintillation light
output and poor radiation hardness. Our
investigation on the scintillation mechanism
and radiation induced damage mechanism is
going to propose an approach to address these
issues. Fig. 11 shows the transmittance spectra
and X-ray excited luminescence (XEL) of

YAG:YDb with various Yb content. There are

two broad band emission ranging from

' 1300-600 nm and 900-1100 nm. The significant
l
i ngl._

bsorption effect is observed in the crystal,
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which will induce strong self-absorption of
scintillation light. And the self-absorption
effect of 900-1100 nm light is stronger. Figure
12 shows XEL of YAG:Yb crystal measured at
various temperature. The intensity of XEL
depends on the temperature, indicating the
significant temperature quenching effect of the
scintillation light. Fig. 13 shows decay curve
of YAG:Yb excited by X-rays. It demonstrates
the decay time of 330 nm scintillation light is
longer, while that of 5000 nm scintillation
light is shorter. Fig. 14 shows the energy
levels of oxygen vacancies in YAG:Yb crystal.
It illustrates the scintillation light between
400-600 nm of YAG:Yb crystal can be
attributed to the Iluminescence of oxygen
vacancies. Fig. 15 shows EDS result of
YAG:Yb crystal measured by TEM. It shows
the distribution of oxygen in the crystal is not
homogeneous, which demonstrates the model
that there are many oxygen vacancies in the
crystal. Our investigation illustrates there are
two kinds of luminescence mechanism for
300-600 nm scintillation light. The broad
emission band between 400-600 nm is
attributed to the emission of oxygen vacancies.
And its decay time is very short. The TEM
result demonstrates the conclusion.
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Fig. 11 Transmittance spectra and XEL of YAG:Yb with various

Yb content.

YAG:Yb 20at%
1

[ 12. YAG:YDb g & HI2R 3 XEL.

Fig. 12 XEL of YAG:Yb measured at various temperature.
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Fig. 13 The decay curve of YAG:Yb excited by X-rays. (left) 330
nm light; (right) 500 nm light.
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Z—o BIEHECALE, ANRMELERITTED
LR TBORKIARE, WgthaYT, FR,
WIrRDEEh J3iR YT . fERE, FATERL T —Fh
WA IR YT O, BILE 37 CARIRFI A
TiO,-Pd/ 7 88 J5 B & #4 KL 7 2E 3 11 4L (ROS)
RICREAML . TS RKY], BALB/C /M
(It AE 37 CHIR AR AT T EhH R, BEAE
IANER A, dnAmas. AP, T G AIAL
SRS o 12 TVENS TREAEIR T A SRR A
— AT

with PBS

Injected with

Eyo 2 2 = Day5 Day12
TiO,-Pd/Graphene “? < }iﬁ-ﬂ,
! ! ~ e

16. (A) {E37°CHI 16 /N 5&AF T, AB49 Al fiu 715 26 5 TiO,,
7 297 TiO A7 4%, TiO,-Pd F TiO,-Pd /47 SBIE BRI % 2R
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(D) YRITHI A /N IR AR AL R

Fig. 16 (A) Variation in surviving fraction of A549 cells with the
concentration of TiO,, graphene, TiOy/graphene, TiO,-Pd and
TiO,-Pd/graphene at 37 oC for 16 h. (B) Variation in surviving
fraction of A549 cells with the concentration of
TiO,-Pd/graphene at different temperatures for 4 h. (C) Tumor
volume growth curves on mice after treatment with different
samples. Error bars were based on s.d. of 3 mice per group. (D)
Representative photos of tumors on mice after various treatments

indicated.

Cancer therapy is one of the most
important challenges in clinical medicine. So
far diferent methods have been developed for
cancer therapy, such as radiation therapy,
surgery, chemotherapy and photodynamic
therapy. Here we propose a new concept for
cancer therapy, i.e., killing the cancer cells
simply via reactive oxygen species (ROS)
generated by TiO,-Pd/graphene composites.
Activated by animal heat of 37 <C, the
electrons in the valence band can be excited to
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the conduction band of TiO, via the energy
levels of Pd species and graphene, generating
ROS without light irradiation or electric
excitation. The tumors in BALB/c mice are
successfully regressed at animal heat without
any other external conditions, such as
radiation, UV, visible and IR irradiation. Our
results suggest that the design of animal heat
activated cancer therapy is a feasible concept
for practical applications of cancer treatments.
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Fig. 17 (a) Photocatalytic activities of commercial P25, a-MnS,
y-MnS, and y-MnS-PdX%. (b) Photocatalytic activities of
commercial P25, o-MnS, y-MnS, and y-MnS-PdX% at the eighth
hour.

a-MnS and y-MnS photocatalysts were
synthesized by the hydrothermal method and
their size, structure, and appearance were
determined by X-ray diffraction (XRD)
patterns and scanning (SEM) and transition
(TEM) electron microscopy images. a-MnS
behaved as a bipyramid exposed with {200}
facet, while y-MnS behaved as a hexagonal
prism exposed with {100}, {110}, and {102}
facets. In addition, palladium (Pd)-modified
y-MnS photocatalysts were prepared via a
photodeposition method, and their density of
states and energy band structure were studied
by theoretical calculations. The introduced Pd
ions, which existed on the photocatalysts
surface as —S—Pd-S— active species, expanded
the visible light absorption, promoted the
separation of electrons and holes, and
improved the photocatalytic activity for the
photoreduction of CO, to CHy,, indicating
surface modification as an effective method
for the development of MnS-based materials
with high CO, photoreduction activity.
Therefore, this study could set the basis for the
design and synthesis of novel visible light
photocatalysts with active surface and high
application potential in diverse fields.

KAKPIEERH T —RIIHT CO, b
WJEH Pd AR HER AL AL 7] (ZnS-PdX %
IN,S5-PdX%F1 CuS-PdX%). —S—Pd-S—% [
Yodp i 5l N3G T R AL A A TR T DO
ek, REK T AR TR, M T R
MFEA. A, EFIRAEES CO,
AME F AL E R . 5 ZnS.
In,Ss il CuS HIAHEL, ZnS- Pd1.5%. In,Ss-
Pd1.5%F1 CuS- Pd1.5%f# 1k 7 i 6 A Ak 16 1
AR
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Fig. 18 Photocatalytic activity of (a) ZnS and ZnS—PdX%, (b)
In,S3 and InpS3—PdX% and (c) CuS and CuS-PdX% for the
photoreduction of CO, to CH4 under UV light for 8 h.

A series of Pd-modifified sulphide
photocatalysts (ZnS—PdX%, 1n,S;—PdX% and
CuS-PdX%) for the photoreduction of CO,
were synthesised via a simple hydrothermal
method. Here, the introduction of the —S—Pd-
S— surface species onto the surface of the
sulphides extended the visible light absorption,
prolonged the lifetime of photogenerated
electrons and suppressed the recombination of
the photocarriers. Additionally, the match
between the band structure and the redox
potential for the photoreduction of CO, was
improved. As a result, the photocatalytic
activity of ZnS-Pd1.5%, In,S;—Pd1.5% and
CuS-Pd1.5% was enhanced when compared
with the results from ZnS, In,S; and CuS
photocatalysts.
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Fig. 19 Cyclic Voltammetry curve and fluorescence spectra of the
DCF of pure TiO; and TiO,-M1.5% (M: Cu, In, Pd and Pt) at

difference temperature.

Four metal ions (M: Pt, Pd, Cu and In)
modified TiO, (TiO,-M) thermal catalysts
were prepared. The metal ions exist on the
surface of TiO, as O-M-O and/or O-M-CI
species. TiO,—Pd and TiO,—Pt samples exhibit
much better thermal catalytic activity than
TiO,, TiO,—Cu and TiO,—In. Due to the
efficient thermal excited electrons transfer
from the valence band to the conduction band
through quasi-continuous energy levels of Pd
or Pt species, the TiO,-Pd and TiO,—Pt
catalysts  exhibited  significant  thermal
catalytic activity for degradation of HCHO.
Furthermore, the relationship between band
structure and redox ability of thermal charge
carriers for TiO,-M, as well as the generation
ability of ROS (reactive oxygen species, for
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instance, O, and-OH) in thermal catalysis
system are investigated systematically. This

work revealed that the quasi-continuous
energy level in the band gap of
semiconductors is one of the key factors to
achieve efficient thermal catalytic
performance over thermal-functional
materials.

BATRA T EBR SR T 2R
TP AT B ] 00 AS () ik 465 44 R 6T R AB-2Y
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WRAEH DA FAEHSH (Nas(x N
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BY5r T —%F A F1 B B BT B )
FEER T AN T B AR R AR /DRI T, HIH—
A FETH B8 BEA TR RN AR R 2 A . 3R
BERI, [P, 2B R GE)
HEE EH HEELL AT E R . B RO 3t
RV — MR BIEEIER A BI3E R, A R
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i 2 )R R — B AR L) A fEECR,
BRI 25 5 PR FF T L E 4540 o IX 28 R BLE
HH 2 ik B TR LL 28 T R A T R B L R
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We compare the lamellae formed by
symmetric linear AB diblock, symmetric ring
AB diblock, and symmetric star A;B,
copolymer melts confined between two
parallel and identical surfaces using LSCF. All
the systems have comparable D/Ry=5.0, where
D is the distance between the two surfaces and
Ry denotes the root-mean-square radius of
gyration of an ideal chain, and D equal to the

'W;Iamellar period Lo. We find that the
~don %in sizes of ring and star copolymers are
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smaller than that of the linear AB counterparts
with the same chain length N. The normalized
A-B interfacial width of perpendicular
lamellae for star copolymers have a modest
value, although its yNag is smaller than linear
and ring copolymers with y being the
Flory-Huggins parameter and Nag being the
number of segments on one pair of A- and
B-blocks.  Furthermore, the calculated
Helmholtz free energy per chain shows that
perpendicular lamellae are stable over parallel
lamellae when the two confining surfaces are
neutral. As the surface preference A (e.g., for
B-segments) increases, all systems exhibit a
first-order phase transition from perpendicular
to parallel lamellae. At the same degree of
segregation, the star copolymers have larger A
range to form perpendicular lamellae than
linear and ring copolymers. These findings
prove that star block copolymers are more
suitable for lithographic applications of
copolymers.

WATR M T BB HE TR T 2R
T PAT BR8] 0 Bk B2 T 3 3R ) AnBim (M=1,
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o F R AGEL BYE S H m Xtz PR E 45 R 4
KR I . THRAIREY], 3 N B
Nag AR, SZ2FRJE A IE— 40 5 52 ERE m
IR . SZRRBR PR, B )= 4
M R H AR ECPAT E 4/ BIE. 4 m A
EF, NEUNOERKRAEEBEZRFATER
— B AHAR T R A ERCR, 1R RIS 5 R
HMEEJZLEM . I H N BN, EAR G
No 24N B Npg ANZEHTF, m il KAk Rz 5
RREHZESEW. B2, BRLEMREK
. B, EEEREN A X[
K JEARGE M FEH B8 Pk o X e iR T]
DAFi 5 2 PR F O Ak R S e

We study the lamellar structures formed by
incompressible melts of symmetric star block
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copolymer (BCP) A..By, confined between two
identical, homogeneous and parallel surfaces
with D = L,, using LSCF calculations on a
simple cubic lattice. All the star BCPs have
the same yN,g value. The effects of N and the
number of A or B arms m in each A,By, chain
on the lamellar structures and the orientation
were investigated in details. We found that the
normalized A-B interfacial widths of the
confined lamellae increase with decreasing m
at fixed N or Npg = (N-1)/m. The calculated
Helmholtz free energy per chain shows that
perpendicular lamellae are stable over parallel
lamellae when the two confining surfaces are
neutral. At a fixed m value, the star BCPs with

i —
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smaller N have larger A range to form
perpendicular lamellae. At a fixed N (or Npg),
the star BCPs with larger m have larger A
range to form perpendicular lamellae. These
findings may provide useful information for
the lithographic applications of BCPs.
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63545 & 8 Fl/Manipulation of Optical Fields and Its Application

sz N: EEH
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In our direction, we mainly focused on
the generation of the new kind of vector
optical fields and their applications, the
nonlinear effect, quantum optics and Material
Calculation and Prediction. This year, we have
6 published papers and 3 authorized patents
this year. The research project was funded
with 4.27 million RMB. Xiao Dong received
“Tianjin Innovative Talent Promotion Plan”.
We obtained some respective results as
follows.

(1) JRFEETHIX4E T4/ Double-slit
interference of vortex photons
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Fig. 1 The average photon trajectories describe the particle
behavior and wave characteristics of vortex photons in
double-slit interference.

As a basic particle, photon has wave
particle duality. However, the quantum
properties of vortex photons with orbital
angular momentum in double slit interference
are still unclear. Based on average photon
trajectories (APTs), we theoretically describe
the interference behavior of single photons
carrying OAM in double-slit interference. The
simulation results show that the APT has an
obvious helical structure, which means that
the propagation speed of vortex photons is
lower than the established speed of light. The
probability of the end points of APTs becomes
a periodic curved stripe, which reflects the
wave characteristics of vortex photons. In the
experiment, the single-photon coincidence
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imaging device was used to observe the
double-slit interference of single-photon
orbital angular momentum, and the
experimental results showed the wave-particle
duality of vortex photons, as shown in fig.1.
This work provides an intuitive method for
understanding microscopic quantum behavior,
and the proposed method can also be used to
explore the microscopic behavior of other
guantum particles. With the help of more
advanced and sensitive quantum detection
technology, the helical-like nature of helical
particles can be applied to quantum precise
measurement. This research was published in
[Chinese Optics Letters 18,10 (2020)] and was
selected as editor's pick.

(2) i 4 2] 95 1 W i B )2 b
/Asymptotical Locking Tomography of
High-Dimensional Entanglement
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LL Express Letters & 3 & % 7 [Chinese
Physics Letters 37, 034204 (2020)]-
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Fig. 2 Experimental data and reconstructed density matrices for

the spin-OAM hyperentangled states.

Quantum entanglement is a vital resource
in quantum information processing, and it has
always been the focus of international
academic research. Polarization entanglement
manipulation of photons has been relatively
mature and applied into many quantum
protocols, such as quantum dense coding,
quantum key  distribution, guantum
teleportation and entanglement swapping. Due
to the limitation of dimension, the quantum
protocols based on the polarization-entangled
Bell states is limited to 2 bits for a single qubit.
High-dimensional (HD) entanglement is the
most promising way of transcending the
limitation, and it offers improved robustness
with respect to the two-dimensional one. To
capitalize on the HD entangled states, the
prerequisite is to quantify them explicitly
which can be realized by quantum state
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tomography. Hence, several quantum state
tomography methods have been presented,
such as full quantum state tomography
mutually unbiased bases quantum state
tomography, and symmetric informationally
complete positive operator-valued quantum
state tomography. For bipartite entangled state
with each particle having d-dimension, the
measurements required in the above methods
dramatically increase in d*, making them
impractical and without advantage for the HD
entanglement. This will strongly mitigate
possible advantages and practical applications
of HD entanglement. Therefore, finding an
efficient and practical strategy is the key
problem to be solved.

Here we present a very efficient and
practical ~ method—asymptotical  locking
tomography (ALT), which can acquire the
density matrix of bipartite entangled state with
each particle having d-dimension by
measurements less than 2d2. In the experiment,
we use a four-dimensional (4D) spin-OAM
hyperentangled state to verify the strategy (see
fig. 2). This provides a new and efficient
method for high-dimensional quantum state
tomography, and is expected to become one of
the standard methods for the characterization
of high-dimensional quantum states. It is valid
for not only the two-particle pure HD
entangled state but also the special mixed state
and multipartite HD entangled state. Our ALT
method should be a great advance to promote
the practical applications of HD entangled
states. The research was published in [Chinese
Physics Letters 37, 034204 (2020)] in the form
of Express Letters.
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Fig. 3 (a)The phase diagram of HF-He system; (b) The
conventional cell of Hey(HF) 4 in [001] orientation; (c)The
conventional cell of He(HF) in [100] orientation.

Helium is one of the most inert elements
in the periodic table, which is extremely
difficult to form compounds. Many scientists
have tried to find stable helium compounds
and made many active explorations. The most
successful example is HHe* , which is the
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most representative free radical of helium
compounds and the strongest acid ever known.
HHeF is considered to be the compound most
likely to contain HHe* , but it is almost
impossible to observe experimentally. The
exploration of HHe® is not only very
important in chemistry, but also in earth
science and planetary science. However, for
HHe* , people still do not know whether it can
exist in the giant mantle environment which
has extremely high pressure and what effect it
has on the physical and chemical behavior of
the planet's interior. Studies have shown that
stable compounds of helium can be formed
under high pressure, so we suspected whether
stable HF-He compounds can also be formed
under high pressure and whether HHe* will
exist. We used the structure prediction
software USPEX based on evolutionary
algorithm to search the structure of HF-He
system under high pressure. Through
systematic search, we proved that HHe*
cannot be formed in a pressure environment
below 1000 GPa. We also discovered two new
compounds, namely He,(HF), and He(HF),
where He,(HF), has a square HF ring structure,
and He(HF) has a chiral chain HF structure.
He,(HF), also has aromatic-like electronic
behavior (see fig. 3). The above results expand
our understanding of noble gases and also
have impact on our understanding of the
formation of chemical bonds and chemical
pressures inside giant planets.
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Our groups mainly focused on the
preparation of rare-earth luminescent materials
and the study of luminescent spectra and
temperature sensing properties of rare-earth
materials, optical properties and electrical
properties of two-dimensional materials,
imaging  spectroscopy, super
imaging, near-infrared spectroscopy algorithm,
optical monitoring of gas and water, etc. Six

resolution

papers have been published in international
academic journals, 1 patent were applied for,
and 7 patents were authorized. A First-Class
Prize of Tianjin Science and Technology
Progress Award was awarded. In 2020,
“spectral  characterization and  sensing
techniques” made progress in the
following aspects:
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Fig. 2 (a) Excitation and emission spectra of the
Ko.3Bio7F24:40%Eu" products, (b) Emission spectra of the

Ko.3Big7F24:x%EU®* products under various Eu®".
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Fig. 3 (a) Emission spectra of Ko.3Big 7F2.4:EU%" samples at




22!

2020 EFDLARLME T A HE W E A LR H IR

different temperature, (b) Temperature dependence of relative
intensity of Eu3+ ions °Dy-"F; transition in the Ko3Big 7F2.4: EU®*.

A series of orange red emitting
Ko3Bio-F2.4:Eu®* phosphors were synthesized
via a chemical precipitation reaction method at
room temperature, which is convenient,
economical and less time consuming. XRD
and Rietveld refinement results confirm the
pure phase of as-prepared materials. The
optimal doping concentrations are determined
to be 40%mmol, and both of the
corresponding  concentration  quenching
mechanism have been validated to be
dipole-dipole interactions. Additionally, the
Judd-Ofelt theory was selected to study the
local structure environment of the Eu®* ions in
the Ko 3Bio7F24 host lattices and the tendency
of J-O parameters (Q,>€Qy4) confirm the
asymmetric environment around Eu®* ions.
The thermogravimetric analysis and activation
energy results of Kg3BiosF24:EU®" materials

with high thermal stability exhibit promising

performances for  temperature  sensor
applications. Moreover, the
temperature-dependent  of  samples are

investigated in a large temperature range of
303-573 K to explore thermal quenching

performance.  Signifcantly, luminescent
temperature sensing has been accomplished by
specifcally utilizing thermal  quenching

performance and high temperature sensitivity
around 1.54 < 10* K™ is achieved, which
indicates that Ko,g,BioJFu:Eu?’+ fluorescent
nanoparticles can be exploited for promising
luminescent thermometer. Another important
results are the  Kg3Big7F24:40%Eu®*
nanoparticles exhibiting orange red emission
with the CIE coordinates (0.6226, 0.3747) and
the luminescence photographs of

* KosBig7F24:EU®" samples under UV lamp

(365 nm) irradiation revealing obvious orange
{r Saesides, the color purity of orange red

: NN’R’?’ i0,1F2,4:Eu‘3+ phosphor is demonstrated to
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be about 98.4%, which indicate that the
as-prepared K0_3Bi0_7F2_4:EU3+ phosphors may
be a candidate component applied in UV
w-LEDs.
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Fig. 4 Upconversion Emission Spectra of (a) CaZrO3:4.0%Yb%"/
02% Tm®, (b) CazZrO34.0%Yb*/ 02% Er*, (c)
CazrO3:4.0%Yb%/ 0.2% Er**/ 0.2% Tm®*under the excitation of
980 nm diode laser (laser working current 1.5 A (3000 mW)), (d)
represents the CIE chromaticity diagram for blue, green and

bluish green are shown respectively.
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B

Fig. 5. (a) Upconversion emission spectra of CaZrOz:4.0%Yb*"/
0.2% Er*/ 1.8% Tm>" under the excitation of 980 nm diode laser.
(b) Corresponding color chromaticity diagram under 980 nm
diode laser excitation indicated as point A (0.5 A), point B(1.0 A)
and point C (1.5 A). The inset is the white light corresponding to
1.5A(3.0W).

Using the high temperature solid state
reaction method CaZrOs:4.0%Yb*/ 0.2%
Er**/ x% Tm**(x =0.2, 0.3, 0.4, 0.5, 0.6, 1.0,
1.4, 1.8) mol% phosphors are successfully
fabricated. The XRD results were in
agreement with the standard JCPDS card #
35-0645 for CaZrO; and the introduction of
Yb*, Er** and Tm*" did not bring any obvious
change in the crystal structure of the host
matrix. The intensities of green and red
emission band of Er®" ions decreases with
increasing the dopage concentration of Tm®"
ions, which confirms energy transfer between
Er** and Tm®" ions. The increase in the
intensity of blue emission may be ascribed to
the increased population of ‘G, level of Tm**
contents less than 0.4 mol %. The IP plots
showed a direct relation between the laser
pump power and the upconversion emission
intensity, the value of n for the upconversion
green, red and blue emissions approaches two
and three suggesting that these emissions have
been accomplished by two-step and three-step
photons  sequential absorption  process,
respectively. Furthermore, by optimizing the
doping concentration of Tm3p ions and
employing a proper pump power, the emission
color is tuned to white light which is close to
the standard CIE coordinates x= 0.333,
y=0.333 on a standard CIE chromaticity
diagram, indicating the practical applications

- of the prepared phosphor in display devices

and laser fields.
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Fig. 6 Schematic for the preparation process for Kg3Bio7F24
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Fig. 7 (a) Temperature-dependent normalized green emission
spectra of Ko 3BiosF24:20%Yb% 2%Er®* nanoparticles under 980
nm excitation (laser power = 1.5 W). (b) Relationship between R
and the absolute temperature. (c) Monolog plots of Ln(R) as a
function of inverse absolute temperature. (d) The sensitivity of
Ko.3Bio7F24:20%Yb>* 2%Er®* nanoparticle as a function of
absolute temperature.

An ultrafast route at room temperature
has been developed for the first time to
synthesize lanthanide ion
(Yb**/Er*")-activated Ko3Big7F24 fluorescent
nanoparticles and hold the potential to be
applied in luminescent temperature sensors. In
addition, the crystal structure and morphology
of the Kg3Big7F24 nanoparticles prepared at
different reaction conditions were studied in
detail for the first time, including the reaction
time and different mole ratios of Bi source and
NH,F. Moreover, Yb*/Er*" doped in the
Ko3Bio7F2.4
thermometer based on the fluorescence
intensity  ratio  technology was also
investigated. Additionally,
KosBio7F24 YB*/Er®  revealed  excellent
up-conversion luminescence performance, and
the up-conversion mechanisms of samples are

matrix using a luminescent

affirmed according to the up-conversion
emission intensity as a function of the pump
power density. Simultaneously, the optical
thermometric performance of the samples was
investigated in the temperature range of
323-523 K to indagate the temperature sensor
performance. Significantly, the maximum
sensor sensitivity of the studied nanoparticles
were 0.0058 K * (Sa) at 523 K and 1.08 K *
(Sr) at 323 K, which indicates that
Ko:3Bio7F2 4 YO /Er fluorescent
nanoparticles can be exploited as a promising
luminescent thermometer.

. (4) MXene #4¥5¢ HLE 5T L2 LA
"PWtﬁelectric properties and applications of
“MXene
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MXene is a type of two-dimensional
nanomaterial similar to graphene. Such
materials usually have good mechanical
properties, electrical properties, magnetic
properties and optical properties, and most
importantly, they have excellent chemical
properties. Generally, MXene is prepared by
etching the MAX phase of its precursor with a
strong acid. Since this reaction occurs in a
solution, the surface of MXene will be bound
to a large number of surface terminals, making
it have good biocompatibility. In addition,
different macromolecules or ions can be
inserted between the layers of MXene material,
so that the layer spacing and properties can be
changed accordingly. This good adjustability
is not available in other materials such as
graphene. These excellent properties make
MXene materials widely use in various fields
such as supercapacitors, electrochemical
energy storage, electromagnetic interference
shielding, sensors, biomedicine, renewable
energy and protection.
Ti3C2Tx is a kind of material which widely
utilizes the MXene materials. We mainly

environmental
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studied the preparation process of Ti3C2
MXene, and applied Ti3C2 material to the
fields  of Raman
spectroscopy (SERS), exosome detection and

surface  enhanced

environmental protection.
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During the experiment, we chose two etching

& agents namely HF and HCI + LiF, and then
‘ conducted a comparative study on these

' les by Raman spectroscopy. The results
m that although the two etching processes

havé‘the same reaction principle, the material
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change process is slightly different. We also
found that during some specific time periods
in these two processes, the content of pure
Ti3C2Tx  nanosheets  without  surface
terminations is  extremely high. The
preparation of MXene flakes without surface
functional groups is still a major difficulty in
current research, and the products of these
specific time periods can be approximated as
pure, which is of great significance for the
corresponding experimental research.

BT Ti3C2Tx 4k i HA R I T1%
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MR FHEE R6G h 261 .

Because Ti3C2Tx nanosheets have good
electron transmission and plasma
characteristics, we  innovatively  used
Ti3C2Tx@Ag for SERS substrates to conduct
Raman enhancement experiments. Using R6G
molecules as indicators, comparing the SERS
effects of AgNPs, Ti3C2Tx and Ti3C2Tx@Ag
substrates, it is found that Ti3C2Tx@Ag
substrate has the best enhancement effect on
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R6G solution, and the detection limit of R6G
solution can be as low as 10-10 mol/L.
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Ti3C2Tx has good biocompatibility, so
we use it for exosome detection. For mouse
breast cancer source (4T1) exosomes and
human embryonic stem cell source (UC)
exosomes, Ti3C2Tx exhibits a good
fluorescence quenching effect, and a very
small amount of Ti3C2Tx can make the
intensity of its fluorescence signal greater
decline. In addition, using Ti3C2TxX@Ag as
the enhanced substrate can effectively enhance
the Raman signal of human embryonic stem
cell source (UC) exosomes.

4 Ti3C2Tx MR T-15 KA . FATTEA
41 S5 K AN K SR BLLE LIS B, b
Ti3C2Tx X} T AN A HLGRE 3 1 =
POS TR . 45 SRR, AT Al
AN G IR GURHE WL K AT A
1k, Ti3C2Tx BN, et A Rt =
JFZAREE, 1M Be % A 280 00 M 46 46 I S [
o, Ti3C2Tx M IIA R T 15 887K AR €
LA ST P AEAGAE T, e S TE) A R4 i 30%
PL Lk

=
|

R

f—
. % 8 & 11

. % 3 8 & 8 %

15, (QRITGMEAM A4 RKKIER RGB ZiLHhZk; (b)
RAT S HEA 53 i 15 B2 KKV R RGB A2 AL £k .

¥ & § §

Wo wen e e amo om0

[ 16. (a) 7K AT +MXene Yl b 43 Al 41 S5 K K 7 RGB 224K i




{

Annual Report 2020

2: ()R] +MXene SGHEAL 4 B 15 227K K 9K RGB A2 L 2k

o
& 8 e e 2we B0 om0 CTREET TR T T

Timeis Timo (s

S wer e mw e o0 T

o
v W we nw AW 5w 0w B0

B 17. (@)F1(b)7 A AN MXene 1ij J& 21 88 K 48 L FE v gir
Al b/r B ARG ZE s (C)FI(d) 4 AN MXene Rl 5 # 5
KR E I AR b/r 1 blg BRI 2R 2R o

Ti3C2Tx is used for sewage treatment.
We simulated organic pollutants with red ink
and blue ink, and analyzed the effect of
Ti3C2Tx on the reaction process of UV
photocatalytic organic decomposition. The
results show that the addition of Ti3C2Tx can
effectively increase the intensity of the
reaction and shorten the reaction time,
compared with the use of ultraviolet light to
irradiate the aqueous solution of dye organic
molecules. Among them, the addition of
Ti3C2Tx has a better catalytic effect on the
fading reaction of blue ink, and the reaction
time is effectively shortened by more than

30%.
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The MXene material has a catalytic
oxidation effect on organic matter. After the
optimal detection conditions are determined,
the modified electrodes are used to measure
the COD values of glucose solutions with
different concentrations under the optimal
detection conditions. The logarithm of the

glucose  concentration and the COD
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concentration can be obtained in a linear
relationship. The electrochemical method is
used to detect the COD concentration. In the
process, the electrical signal is directly
converted into COD value, which can reduce
secondary  pollution and realize the
requirement of rapid batch and convenient
detection. In this experiment, the MXene
modified titanium electrode is used for
measurement. Compared with the titanium
electrode, the modified electrode has better
electrochemical performance and catalytic
performance have been significantly improved,
and the electricity has been steadily improved
when measured by the constant potential
steady-state polarization method.

(5) 261 R S5 A A 388 3 o 1) S
Application  of  multispectral  imaging
technology in remote sensing
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Fig. 22 Imaging spectrometer structure diagram.

A kind of passive remote sensing
instrument is designed, which can capture the
visible near infrared image with high
frequency and track the target automatically.
There are three parts in this instrument, they
are image acquisition part, target tracking part
and data processing & transmission part. The
instrument adopts 6 > 6 unit array, each unit is
composed of lens + filter + CCD + Raspberry
pie. Among the 36 units, the minimum
wavelength is  360nm, the maximum
wavelength is 910nm. In order to improve the
signal-to-noise ratio (SNR) and indirectly
improve the spatial resolution, the multi lens
vertical image acquisition method is used to
solve the problem of mutual restriction
between temporal resolution and spectral
resolution in multispectral technology. The
image acquisition part of the instrument is
integrated into a two-dimensional PTZ, and
the steering of the PTZ is controlled by two
horizontal and vertical stepping motors. The
motor is controlled by the server through the
serial port. It can realize manual adjustment
and automatic adjustment, that is, preset the
track, start running with the established track,
and take images at the same time. After the
completion of the data acquisition part,
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through the RJ45 interface, the 36 channels
images are transferred to the server, at the
same time the server completes the image
processing, including RAW format data
conversion, image fusion and so on.

(6) FTHlds2: I EIL IR LA 6E
W% 4» M7 J7 15 WE 5T Research on near
infrared spectroscopy data analysis method
based on machine learning algorithm

BAGE T IT LA TEHdE A B A
A T LA 2 S A, RES A RO
E iiBuk oY bl E TS IS S| R7
ST LA e B, i e P e o R AR
S5 EE B B UR THRAESS . BA TR IZEL
5 AL BTV N T 26K b B R R
PRI G2 I R PO ) 5

PR A TN A |

K 23, JIEMEE R GORPRBBERERID.
Fig. 23 Fitting results of training set (the detection of total
phosphorus and nitrogen in fecal water).
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Fig. 24 Analysis results of predictive set (the detection of total

phosphorus and nitrogen in fecal water).
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We have compiled the near infrared
spectrum data processing software. Based on
machine learning algorithm, the software can
effectively establish the model, analyze the
NIR spectral data through convolution neural
network and support vector machine algorithm,
and then qualitatively complete the
classification task or quantitatively complete
the component calculation task. We applied
the data processing method to the detection of
total phosphorus and nitrogen in fecal water,
the classification of plastic waste, and the
rapid identification of marine fish species.
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Super resolution imaging and Raman

spectroscopy
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Fig. 28 Great Chiral Fluorescence from Optical Duality Silver

Nanostructures Enabled by 3D Laser Printing.

Featured by prominent flexibility and
fidelity producing sophisticated
stereoscopic  structures transdimensionally,
three-dimensional  (3D)  laser  printing
technique has vastly extended the toolkit for
delivering diverse functional devices. Yet
chiral heavily resorting to
artificial structures that manifest efficient
emission and tightly confined light-matter

in

nanoemitters

interactions simultaneously remains alluring
but dauntingly challenging for this technique
at this moment. In this work, we assert the
chiral implemented
from silver nanostructures of optical duality in
one go via a twofold three-dimensional laser
',p"*ng scheme. Such laser printing protocol
Nal’lows the hlghly desired duality by

photoluminescence is

71

simultaneously producing uniformly
distributed fluorescent silver nanoclusters and
aggregated plasmonic silver nanoparticles to
tightly confine chiral interactions at the
nanoscale. A helical emitter of 550
nm-helix-diameter as fabricated has seen a
record-high luminescence anisotropic factor
with the absolute value up to 0.58, which is
two orders of magnitude greater than
fluorescent chiral silver clusters. This method
holds great promise for future versatile
applications in chiroptical nanodevices.
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Fig. 29 Reversible data encryption-decryption using pH

stimuli-responsive hydrogel.

In this work, based on a ph-responsive
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hydrogel, we report on a reversible data
encryption-decryption technique where ph
channel is employed for data manipulation.
Upon alkali or acid stimulation, the hydrogel
exhibits a network expansion or shrinkage in
response to the ph variations. In particular,
pre-doping the hydrogel with silver ions, we
demonstrate that data input can be encoded in
the hydrogel platform through direct writing
and patterning of silver nanodots. By this
means, the scattering signals from the
patterned nanodot pixels are converted to the
binarized data. Meanwhile, we show the
threshold behaviour of the hydrogel system
that dynamic switch of the encoded plasmonic
pattern to optically resolvable/irresolvable
state is viable only at finite ph key values. By
delicately matching pixel spacings of the
encoded pattern and the diffraction limit of the
deciphering microscopic system, reversible
sub-diffraction limit data encryption is
achieved by selectively imposing acid and
alkali stimulations. The suggested strategy
offers a potential solution for optical storage,
multiplexed data manipulation, and optical
data security.
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Featured with a plethora of electric and

magnetic Mie resonances, high index
dielectric nanostructures offer a versatile
platform  to  concentrate  light-matter

interactions at the nanoscale. By integrating
unique features of far-field scattering control
and near-field concentration from radiationless
anapole states, here, we demonstrate a giant
photothermal nonlinearity in single
subwavelength-sized silicon nanodisks. The
nanoscale  energy  concentration  and
consequent near-field enhancements mediated
by the anapole mode vyield a reversible
nonlinear scattering with a large modulation
depth and a broad dynamic range, unveiling a
record-high nonlinear index change up to 0.5
at mild incident light intensities on the order
of MW/cm2. The observed photothermal
nonlinearity showcases three orders of
magnitude enhancement compared with that
of unstructured bulk silicon, as well as nearly
one order of magnitude higher than that
through the radiative electric dipolar mode.
Such nonlinear scattering can empower
distinctive point spread functions in confocal
reflectance imaging, offering the potential for
far-field localization of nanostructured Si with
an accuracy approaching 40 nm. Our findings
shed new light on active silicon photonics
based on optical anapoles.
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Fig. 30 Application of confocal microscope based on single mode

optical fiber in image measurement of small animal in vivo.

In this study, cylindrical vector beams

were implemented to investigate the

photothermal nonlinearity of Si nanostructures.

We observed efficient nonlinear scattering by
selectively exciting the out-of-plane magnetic
Mie resonances with an azimuthally polarized

vector beam. Switching to the radially
polarized beam resulted in negligible
scattering  nonlinearity owing to the

off-resonance excitation of activated electric
multipolar modes. The azimuthally polarized
beam with sufficiently high intensities could
induce strong scattering saturation of the Si
nanodisks on account of the MD-enhanced
I3 \.igbotothermal effect. In addition, the far-field
h " super- Tocallzatlon of densely packed Si

|sk arrays showed a record-high 50 nm
corre onding to A/11 precision.

73

(8) S ARJe2E A 5T Study on gas
optical monitoring
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Fig. 23 The instrument selected for the propane gas detection

device.
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Fig. 32 Flow chart of Goertzel algorithm.

We set up an instrument for the propane
gas detection device based on TDLAS
technology. In this instrument we choose
alaser with a center wavelength of 3370nm,
and a mid-infrared mercury cadmium telluride
detector. And we also complete the parameter
adjustment and pre-experiment work of the
propane gas detection device. We completed
the algorithm design of the NDIR gas
detection device, design the Goertzel
algorithm to simulate the output signal of the
detection device through the computer design,
and verify the accuracy of the algorithm
measurement.
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125, 123201 (2020).

L. Li, Y. Jiang, P. Jiang, X. Li, Y. Qiu, P. Jia, Z. Pi, Y. Hu, Z. Chen, J. Xu, Experimental
observation of three-dimensional non-paraxial accelerating beams, Opt. Express, 28, 17653
(2020).

Yumiao Pei, Zhaoyuan Wang, Yi Hu, Cibo Lou, Zhigang Chen, Jingjun Xu, Spontaneous
diametric-drive acceleration initiated by a single beam in a photonic lattice, Opt. Lett., 45,
3175 (2020).

Hua Cheng, Wenlong Gao*, Yangang Bi, Wenwei Liu, Zhancheng Li, Qinghua Guo, Yang
Yang, Oubo You, Jing Feng, Hongbo Sun, Jianguo Tian, Shugi Chen*, Shuang Zhang*,
Vortical reflection and spiraling Fermi arcs with Weyl metamaterials, Physical Review Letters,
125, 093904 (2020).

Wenwei Liu, Dina Ma, Zhancheng Li, Hua Cheng, Duk-Yong Choi, Jianguo Tian, Shugi
Chen*, Aberration-corrected three-dimensional positioning with single-shot metalens array,
Optica, 7, 1706 (2020).

Zhancheng Li, Wenwei Liu, Hua Cheng, Duk-Yong Choi, Shugi Chen*, Jianguo Tian,
Spin-selective full-dimensional manipulation of optical waves with chiral mirror, Advanced
Materials, 32, 1907983 (2020).

Shugi Chen*, Wenwei Liu, Zhancheng Li, Hua Cheng, Jianguo Tian, Metasurfaces
empowered optical multiplexing and multifunction, Advanced Materials, 32, 1805912
(2020).

Zhi Li, Wenwei Liu, Guangzhou Geng, Zhancheng Li, Junjie Li, Hua Cheng, Shugi Chen*,
Jianguo Tian, Multiplexed nondiffracting nonlinear metasurfaces, Advanced Functional
Materials, 30, 1910744 (2020).

Ruhao Pan, Zhancheng Li, Zhe Liu, Wei Zhu, Liang Zhu, Yunlong Li, Shugi Chen, Changzhi
‘Gu, Junjie Li, Rapid bending origami in micro/nanoscale toward a versatile 3D metasurface,
Laser Photonics Review, 14, 1900179 (2020).
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Jin Han, Yuttana Intaravanne, Aning Ma, Ruoxing Wang, Songtao Li, Zhancheng Li, Shugqi
Chen, Jensen Li, Xianzhong Chen, Optical metasurfaces for generation and superposition of
optical ring vortex beams, Laser Photonics Review, 14, 2000146 (2020).

Lin Chen, Tangxuan Ren, Yang Zhao, Qiang Yu, Zengli Huang, Kai Zhang, Jing Wen, Feng
Lin, Shugi Chen, Polarization - independent wavefront manipulation of surface plasmons
with plasmonic metasurfaces, Advanced Optical Materials, 8, 2000868 (2020).

Zhancheng Li, Wenwei Liu, Hua Cheng, Shuqgi Chen*, Few-layer metasurfaces with arbitrary
scattering properties, Science China-Physics Mechanics & Astronomy, 63, 284202 (2020).

Ye Wang, Wenwei Liu, Wei Xin*, Tingting Zou, Xin Zheng, Yanshuang Li, Xiuhua Xie,
Xiaojuan Sun, Weili Yu, zhibo Liu, Shugi Chen*, Jianjun Yang*, Chunlei Guo*,
Back-reflected performance-enhanced flexible perovskite photodetectors through substrate
texturing with femtosecond laser, ACS Applied Materials & Interfaces, 12, 26614 (2020).

Zhancheng Li, Wenwei Liu, Chengchun Tang, Hua Cheng, Zhi Li, Yuebian Zhang, Junjie Li,
Shugi Chen*, Jianguo Tian, Bilayer plasmonic metasurface for polarization-insensitive
bidirectional perfect absorption, Advanced Theory and Simulations, 3, 1900216 (2020).

Wenwei Liu, Hua Cheng, Shugi Chen*, Jianguo Tian, Diffractive metalens: from
fundamentals, practical applications to current trends, Advances in Physics-X, 5, 1742584
(2020).

Xiao-Guang Gao, Xiao-Kuan Li, Wei Xin, Xu-Dong Chen, Zhi-Bo Liu, Jian-Guo Tian,
Fabrication, optical properties, and applications of twisted two-dimensional materials.
Nanophotonics, 9 (7), 1717 (2020).

Zhen Hu, Zhibo Liu, Jianguo Tian, Stacking of exfoliated two-dimensional materials: a
review. Chinese Journal of Chemistry, 38 (9), 981 (2020).

Xiaogiang Jiang, Xiaokuan Li, Shaonan Chen, Baowang Su, Kaixuan Huang, Zhibo Liu,
Jianguo Tian, Tunneling devices based on graphene/black phosphorus van der Waals
heterostructures. Materials Research Express, 7 (1), 016310 (2020).

Xiaokuan Li, Ruoxuan Sun, Haowei Guo, Baowang Su, Dekang Li, Xiaoging Yan, Zhbo Liu,
Jianguo Tian, Controllable doping of transition-metal dichalcogenides by organic solvents.
Advanced Electronic Materials, 6 (3), 1901230 (2020).

Ruoxuan Sun, Qingin Guo, Haowei Guo, Xiaoging Yan, Zhibo Liu, Jianguo Tian,
Photoresponse in a strain-induced graphene wrinkle superlattice. Journal of Physical
Chemistry Letters, 11 (13), 5059, (2020).

Haowei Guo, Zhen Hu, Zhibo Liu, Jianguo Tian, Stacking of 2D materials, Advanced
Functional Materials, 30, 2007810 (2020).

Baowang Su, Xilin Zhang, Binwei Yao, Haowei Guo, Dekang Li, Xudong Chen, Zhibo Liu,
Jianguo Tian, Laser writable multifunctional van der waals heterostructures, Small, 16(50),
2003593 (2020).

Huimin Chen, Yuxing Bai, Lirong Zheng, Li Wu’, Liwei Wu, Yongfa Kong, Yi Zhang*,
Jingjun Xu, Interstitial oxygen defect induced mechanoluminescence in KCa(PO3)s:Mn?",
Journal of Materials Chemistry C, 8, 6587-6594 (2020).

Huimig Chen, Li Wu’", Tongging Sun, Rui Dong, Zhongzhong Zheng, Yongfa Kong, Yi
Zhang', Jingjun Xu, Intense green elastico-mechanoluminescence from KZn(POs)s:Th*,
Applied Physics Letters, 116 (5), 051904 (2020).

Jinjin Liu, Hua Yu, Li Zhang, Haotian Dong, Shikang Liu, Lijuan Zhao, Controlling the final
phase of multiphase KGdF, materials via chemical synthesis and structural phase transition,

' ; "’ ;Journal of Materials Science: Materials in Electronics, 31(20), 18096-18104 (2020).
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Yuting Fu, Lijuan Zhao, Yuao Guo, Hua Yu, A transparent and dual-functional oxyfluoride
glass ceramics with color-tunable up-conversion luminescence and high thermosensitivity,
Journal of Luminescence, 217, 116790 (2020).

YanlongYLﬁ, Pengchong Jiang, YabinYan, Hanbo Li, Lixin Zhang, Shan Jiang, WenshengYang,
Ya’an Cao , Animal heat activated cancer therapy by a traditional catalyst TiO,-Pd/graphene
composites, Scientific Reports, 10(1), 15823 (2020).

Hanbo Li, Lixin Zhang, Ya’an Cao’, Synthesis of palladium-modified MnS photocatalysts
with enhanced photocatalytic activity in the photoreduction of CO, to CH,, Applied Surface
Science, 541, 148519 (2020).

Hanbo Li, Tongging Sun, Lixin Zhang, Ya’an Cao’, Matching and adjusting energy band
structures of Pd-modified sulphides (ZnS, In,S; and CuS) and improving the photocatalytic
activity of CO, photoreduction, Nanoscale, 12 (35), 18180-18192 (2020).

Xuewen Fu’, Erdong Wang, Yubin Zhao, Ao Liu, Eric Montgomery, Vikrant J. Gokhale,
Jason J. Gorman, Chunguang Jing, June W. Lau, Yimei Zhu', Direct visualization of
electromagnetic wave dynamics by laser-free ultrafast electron microscopy, Science Advances,
6(40), eabc3456 (2020).

Xuewen Fu”, Francesco Barantani, Simone Gargiulo, lvan Madan, Gabriele Berruto, Thomas
LaGrange, Lei Jin, Jungiao Wu, Giovanni Maria Vanacore, Fabrizio Carbone”, Yimei Zhu’,
Nanoscale-femtosecond dielectric response of Mott insulators captured by two-color
near-field ultrafast electron microscopy, Nature Communications, 11(1), 5770 (2020).

Zhao Liu, Xuewen Fu, Dong-Bo Zhang’, Strain gradient induced spatially indirect excitons in
single crystalline ZnO nanowires, Nanoscale, 12(37), 19083-19087 (2020).

Yang Zhong, Zhenpeng Hu, Tongging Sun, Weiwei Wang, Yongfa Kong, Jingjun Xu,
Pauling’s rules guided Monte Carlo search (PAMCARS): A shortcut of predicting inorganic
crystal structures, Computer Physics Communications, 256, 107486 (2020).

Weiwei Wang, Yang Zhong, Dahuai Zheng, Hongde Liu”, Yongfa Kong’, Lixin Zhang,
Romano Rupp, Jingjun Xu®, p-Type conductivity mechanism and defect structure of
nitrogen-doped LiNbO; from first-principles calculations, Physical Chemistry Chemical
Physics, 22(1), 20 (2020).

Weiwei Wang, Hongde Liu®, Dahuai Zheng, Yongfa Kong®, Lixin Zhang, Jingjun Xu,
Interaction between Mo and intrinsic or extrinsic defects of Mo doped LiNbO3; from
first-principles calculations, Journal of Physics: Condensed Matter, 32, 255701 (2020).

Yongfa Kong*, Fang Bo, Weiwei Wang, Dahuai Zheng, Hongde Liu, Guoquan Zhang,
Romano Rupp, Jingjun Xu, Recent progress in lithium niobate: optical damage, defect
simulation, and on-chip devices, Advanced Materials, 32(3), 1806452 (2020).

Jihua Xu’, Yingi Chen, Yuhua Yin, Run Jiang, Zheng Wang, Baohui Li, Influence of grafting
point distribution on self-assembly morphology of aba triblock copolymer brush, Acta
Polymerica Sinica, 51(6), 632 (2020).

Jingxue Zhang, Jiaping Wu, Run Jiang, Zheng Wang, Yuhua Yin, Baohui Li", Qiang Wang’,
Lattice self-consistent field calculations of confined symmetric block copolymers of various
chain architectures, Soft Matter, 16(17), 4311-4323 (2020).

Yongbing Song, Run Jiang, Zheng Wang, Yuhua Yin", Baohui Li, Anchang Shi, Formation
and regulation of multicompartment vesicles from cyclic diblock copolymer solutions: a
simulation study, ACS Omega, 5(16), 9366-9376 (2020).

Wenrong Qi, Rui Liu, Lingjun Kong, Zhouxiang Wang, Shuangyin Huang, Chenghou Tu,
Yongnan Li, Huitian Wang, Pancharatnam-Berry geometric phase memory based on

( ;spontaneous parametric down-conversion, Opt. Lett., 45, 384363 (2020).
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Wenrong Qi, Rui Liu, Lingjun Kong, Zhouxiang Wang, Shuangyin Huang, Chenghou
Tu, Yongnan Li, Huitian Wang, Double-slit interference of single twisted photons, Chin. Opt.
Lett., 18, 10 (2020).

Yongnan Li, Shu-Wei Huang, Bowen Li, Hao Liu, Jinghui Yang, Abhinav Kumar Vinod, Ke
Wang, Mingbin Yu, Dimlee Kwong, Huitian Wang, Kenneth Kin Yip Wong, Chee Weli
Wong*, Real-time transition dynamics and stability of chip-scale dispersion-managed
frequency microcombs, Light: Science & Applications, 9, 52 (2020).

Lingjun Kong, Rui Liu, Wentong Qi, Zhouxiang Wang, Shuangyin Huang, Chenghou Tu,
Yongnan Li, Huitian Wang, Asymptotical locking tomography of high-dimensional
entanglement, Chin. Phys. Lett., 37, 034204 (2020).

Yanlong Wang, Yang Zhang, Baozhong Li, Kun Luo, Kaiyuan Shi, Li Zhang, Yi Li, Tianjun
Yu, Wentao Hu, Chenlong Xie, Yingju Wu, Lei Su, Xiao Dong, Zhisheng Zhao, Guogiang
Yang, Restacked melon as highly-efficient photocatalyst, Nano Energy, 77, 105124 (2020).

Tianyue Zhang, Yingche, Kaichen, Jian Xu, Yi Xu, Te Wen, Guowei Lu, Xiaowei Liu, Bin
Wang, Xiaoxuan Xu, Yi Shiou Duh, Yu Lung Tang, Jing Han, Yaoyu Cao, Bai Ou Guan, Shi
Wei Chu, Xiangping Li, Anapole mediated giant photothermal nonlinearity in nanostructured
silicon, Nature Communications, 11, 3027 (2020).

Hongjing Wen, Shichao Song, Fei Xie, Bin Wang, Jian Xu, Ziwei Feng, Shiyu Wu, Jing Han,
Bai-Ou Guan, Xiaoxuan Xu, Yaoyu Cao, Xiangping Li, Great chiral fluorescence from the
optical duality of silver nanostructures enabled by 3D laser printing, Materials Horizons,
7(12), 3201-3208 (2020).

Adnan Khan, Feng Song*, Aihua Zhou, Xiaoli Gao, Ming Feng, Muhammad Ikram, Huimin
Hu, Xu Sang, Lisa Liu, Tuning white light upconversion emission from Yb**/Er**/Tm®" triply
doped CaZrO; by altering Tm®* concentration and excitation power, Journal of Alloys and
Compounds, 835, 155286 (2020).

Xiaoli Gao, Feng Song*, Dandan Ju, Aihua Zhou, Adnan Khan, Ziyu Chen, Xu Sang, Ming
Feng Lisa Liu, Room-temperature ultrafast synthesis, morphology and upconversion
luminescence of K<)‘3Bi0,7F2,4:Yb3+/Er3+ nanoparticles for temperature-sensing application,
CrystEngComm, 22, 7066 (2020).

Xiaoli Gao, Feng Song*, Adnan Khan, Ziyu Chen, Dandan Ju, Xu Sang, Ming Feng, Lisa Liu,
Room temperature synthesis, Judd Ofelt analysis and photoluminescence properties of
down-conversion Kg 3Big7F, 2Eu®* orange red phosphors, Journal of Luminescence, 230,
117707 (2021)

Aihua Zhou*, Feng Song, Feifei Song, Chengguo Min, Xiaobin Ren, Liqun An, Fengying
Yuan, Yueting Qin, Xiaoli Gao, Tunable red-to-green emission ratio and temperature sensing
properties of NaLuF,:Ho**/Yb** microcrystals by doping with Ce** ions, CrystEngComm, 22,
6831 (2020).

Shuai Sun, Yiping Xu*, Liyong Ren, Jiayu Xu , Tianxu Jia, Lei Zhang, Jianting Xiao ,
Bingchuan Wang, Wenxing Yang, Shubo Cheng , Fang Chen , Chengju Ma, Feng Song,
Research on the gas refractive index sensing based on microfiber double-knot resonator with
a parallel structure”, Optik - International Journal for Light and Electron Optics, 204,164207
(2020).

Bingchuan Wang, Liyong Ren, Xudong Kong, Yiping Xu*, Kaili Ren, Wenxing Yang, Shubo
Cheng, Fang Chen, Feng Song, Study on fabrication, spectrum and torsion sensing
characteristics of microtapered long-period fiber gratings”, Optik - International Journal for
Light and Electron Optics, 207, 164445 (2020).

HIZE, WNEE, EEAIh, BIVEET, WEEE S, XVBKIR, VERUZE, TR S M4 i 4R

y%ﬁ%iﬂ}%ii%”, JE2E442 40, 2410001 (2020).
i, FERTE, E SR, DAk, MOCH, R, W, YRE, BRER, CEERT
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92.

93.
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95.

AR BRI R ISR IR B LS (Al FR 41, 2 PE 47K, 69(15),154207 (2020).

BEBRSE, SRR, Wk, WTE, REE, A, SR, RE, KRR S 4
OGRS Fe it 8, A58 #7540, 57(11), 111430 (2020).

Tes, FKERL “Hol e gk s T2 R N>, 225547, 40(8), 1005-4642 (2020).

TR, 2, R4k, BRAWEE*, <RI 2 4R LR TS F It AlZe
7, 65, 1824 (2020).

INE, FKE, W, VRE, BT, R RIS R A LA AR,
49(6), 947-964 (2020).
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% %1|/Patents

HiE L H/ Patents Applied

[1] US16/839,079; System and method for determining second order nonlinear susceptibility of
material; & H; Mengxin Ren, Junjun Ma, Jiaxin Chen, Wei Wu, Wei Cai, Jingjun Xu. FdJF
K (2020.4.6)

[2] CN202010945696.0; — LA A r) 4 1k 3 s BRI B 10 1) 46 vk RBH; SR8, ¥HHA,
BB, XBRRE, REE, B, kER, L%, WRZE. EFR% (2020.9.10)

[3] CN202010945697.5; — T & - T R 2 IR ML K S A1 Sk S M il 4% 0 i R
B SR, XUERER, Fare, B, ShLZ%, W%, BIFR% (2020.9.10)

[4] CN202011438154; HRMRH N FARGEM S LM% 57 KB skEARL, B, KR,
PR, BJTREE (2020.12.10)

[5] ONI20016206US; Microstructural Lens Array and Spatial Positioning Method Based on
Microstructural Lens Array; & B; FEBER, XIScH:, HHlE, fE4k, MEE. pEIF R
(2020.08.05)

[6] CN202010672030.2; ft4h#a) i 45 B 471 AV 2 T flu s e i B B A0 1 25 () e A 7 i s PR s
BRAEL, XscH:, Hhgs, 4k, HEgEE. RS (2020.08.05)

[7] CN201911362732.4; FHEZ ool e Jrids KH; R, 2205k, 21,
R, BT RS (2020.04.23)

[8] CN202010272147.1; TG ot TG A LT ot st ik KW
bR, BRRER, Rk, HEE. BITRY (2020.06.30)

[9] CN202010184540.5; & RALMIEREESEE e Mk J Foi & ik f & R FhEK,
e s, XFIE, xZm, tE, fLEK. MY (2020.3.16)

[10] CN202011357454.6; — T B3R & L1 A NAE =R s B s Bl o, TRIBE T o B9 I K% (2020.11.27)

[11] CN202010958399.X; — 12 5t 52 5 L A FLAEIBOGIB Y 5 g A I v (- S s W s
Rig, BRTFEH, T&, K, B, MAFKY¥ (2020.9.14)

[12] CN202011435998.X; — i i & SRR IR BHRBOGTE T 7% KW Rig, &
¥, xIpige, TIE, B, xImN. B R%Y (2020.12.11)

[13] CN202011610131.3; — Pk T 21 43 W4 = (B0 {8 40 W74 3L S V5 G A e S0 8 e R
W77 R R, mHA, XD, ISR, FF R (2020.12.31)

FAEF/ Patents Approved

| [1] ZL201810379613.9; —Fit Kyl 4HRIASTUMER B0 P R I i%R: RW: WRREE, 1
U . . PR (20206.2)
'FqFumn@mwwrﬁ%Hﬁﬁ%%%ﬁ%%MWMIﬁ%&ﬁ%%jw$%ﬁE,
N DWERE, A, RS, XU, BT, KT, R, (. MIFA% (20201127
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[3] ZL201710844768.0; — Fh%e s B db AR R I N S 2 775 K Rom, JEE
B, A0, SKEPS, PRI, AR, WRZE. B K% (2020.6.26)

[4] ZL201910230839.7; —MhRE NI ZE/RIGHAMIE: KW IRUE, E5], Eok, kit
®, ZHH, TEMH. EFK¥ (20205.22)

[5] ZL201910096306.4; —FiEEMA MR ENIHEREE: K XUT, L%, 53R, H
5, ZFF, WERE, TEH. EIFR%¥ (2020.7.28)

[6] ZL201910210865.3; —FhiE TIBIERMIEZ RS KM XHi, FXoR, fLAZE, TR,
B, BRE, TEH. EFK¥ (2020.7.28)

[7] ZL201810245862.9; — i Fh H RIS FH HR FECRILA) F 1) 21 B Sk IR ) £ VR RN s
s E, B, TR, RS . B RY (2020.8.4)

[8] ZL201810616911.5; —FhIhAEE A HiE Q FFK s KW INVE, PR,
iK¥%, m4kI7. BIITREE (2020.7.24)

[9] ZL201810046180.5; —Fh4AMEFEMLARE : K 4R, Tk, 325, Z80 1RIHM,
I 4:5¢, CHLE, ML, MEE. B (20205.15)

[10] ZL201810046446.6; —Fl/K iR RAEREE : K Tk, IRMEFF, M, 29,
R, GEHE, IRBHRH, SCITER, WE%, SWEE. MIT K%Y (2020.5.15)

[11] ZL201810046179.2; —FhPKIEENATREfb R B KB 1RIRAT, T, B&E, R,
TRBHFH, BF4:5%, SCHLEE, MIL¥E, MEE. M KR% (20205.19)

[12] ZL201810046108.2; —MHE NI E s KA 1RRAF, T, MILE, SCULEE, 1R
FHEH, ZE30 3%, W&%, K& MR (2020.7.14)

[13] ZL201810046128.X; —fhifindh 2 0iE(E S E: KW RRA, o, SCUIH,
B 45¢, 8, B8, R, ML . MIFKRY: (2020.7.28)

[14] ZL201810046199.X; —FrEMLYIKEENSEE; KH; R, T, BE, £H, %
FHBH, Bf4:%¢, SCULBE, ML, MEd. K% (2020.8.18)

[15] ZL201920986622.4; — il H A& KOG A AR My SEAUETAY: IRBEFF, Tk, #HiE,
TREHBE, FRHA B, RIS, WMIEGERRHE AR, EIFKY (2020.6.19)

[16] ZL201920986639.X; —FiA & FH AWM AT AN ERE AT SEHFTAL; IRIeET,
Tk, i, Sk B TR, B EME AR R A R AR, B K% (2020.4.14)

[17] ZL201920966327.2; — Ffialisk ity o PR e il A 20 70 23 A A SEFBT AL s 4R IRAT, Sk,
TR, B, KA, BB FHIELARREARAR, MAKY (2020.4.14)

[18] ZL201920966286.7; —FfiJt T oo H-ifh T A R R (A B 4L /a4 SERTRT Y &
W, TRERET, i, AP, WM, BE. EMNMERERREARAR, MK
(2020.4.14)

'{[%!',"'ZL201929949472.X; — PP NB-loT HlEfehmpeifi e SERHAL; Exk, FREEE,
o B }

Ch
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E, SCHLER, RUREE, . WNIERARREAERAR, M KY (2020.6.19)
[20] ZL201920952650.4; — FhFH T 2 fEE RASSAG FH L LLAMGIEA: SEAPHT AL ok, 4%
BT, B, ARPAFE, 250, 5K H Bl & ME B EREA R A F, BT K% (2020.4.14)
[21] ZL201920931850.1; —FhZi L 4L &R GG E, SEAR A, Tk, 1RI%ET, #Hi,
8, HKOCA, CULEE. WMNTERARRHE R AR, IR (2020.4.14)
[22] ZL201920917890.0; — A E WS4 AT WL LLAMIEE SO IR R S8 SCRUETAY: £,
RBEHT, EE, F80 ROV, UL B Ja e AR A R A |, B K%%(2020.4.14)
[23] ZL.201920916987.X; — i FH T~ MH FLAsr il i A2 7= 2 F B 20/ G4 S B2 s =k,
TRERET, TR, B9, SCUTEE, B30 FWME St BARHE A R A A, BT K% (2020.4.14)
[24] ZL201920892706.1; —FRiT£LAMIEACH I EIR L SCAH AL, 38, TR, 1R,
SCHTBE, R, ARBEFH. HMNESCAA R AR AR, BT R%: (2020.4.14)
[25] ZL201920881502.8; —Fhidi I T-Jo NE ~F I H IR HEIL LLAMGIEAL: SEAPHT AL, 358, £
W, RBEFT, RIREE, SO, 3K H B W MIE AR R A R A ], BT K 4:(2020.4.14)
[26] ZL201610321341.8; — Fh#fi AL T 15 TR Sh I BSR4 K RIGE, ZEXGHT
FIF R (20200424)

84




2020 4 5576 3F £ e smipamdmf

FR&1E 53257/ International Cooperation and Exchange

k5 N\ R 4 B Visitors List

FF 22 ] oK Bt [X ¥ FARHAFR e A H K17 1] kv B
N . f . | ) AR
1 AT A EHE Cbrite Inc. USA oz SRAE IR I 2 B i L B TP RO A ) A 2020.5.18 (% L
Renishaw Compan = X X . 2R 2T
2 | IR % T T S8 HEAEAE Al 052 T 202076 Ly
. Renishaw Company - o \ e 1 2o s e ot PRI
3 Wi 5 W - V654 $i 25 AFM B AR i 5 B9 T ] R 2020.10.7 (5 1)
Irena Magnetically tuable surface properties of PRI
N T = JIL
4 | Olenik-Drev | Wi <C/Btr | Bidssmisohn Ht gnetically THah'e 2020.11.11 !
magnetoactive elastomers ()

ensek
Andre . e S _ Nonlinear optical properties of hybrid liquid AR
5 donled G| SSRPERAEET | B Picet prop e 2020.11.18 D
ILJIN crystal cells (&)

85




Annual Report 2020

H15 A\ R 42 B /Personnel Exchange Researchers List

g 44 iﬂwﬁ ofy ﬂ;’ﬁf B |
1
2
3

W5 A A2 B . /Personnel Exchange Students List

Tl ows | Exeuex s BEEN ) mm | mEm
= WL A
1 YLBRTE E3Es| A K2 | A 2019.10- BEE %53
2 e i hRISEIERET A 2020.9- BEE B T7
2020.1.1-2020.
1.17
AL | i 2 b
3 | Soarks i Rk MR O BA
0.12.31
4| % e Rk Bk 2020'11';2020' A b

R L
?z.: : l

iy ¢




2020 55 HAELE M e T E HUE 0 A SIS AR

ERN. EPrLiIRE/Talks at Conferences

1

10

11

e

N :

Z. Chen, “Topological phenomena in Photonic Dirac lattices”, International Conference on
Metamaterials and Nanophotonics (MetaNano20), Sep. (2020). (Keynote talk, online)

Qiang Wu, Jianghong Yao, Chunling Zhang, Jiwei Qi, Chongpei Pan, Fuhua Yang, Jingjun
Xu, “Interaction of femtosecond laser with crystal materials-From THz chip to hyperdoped
photodetector”, The 14th Asia (Shenzhen) international Laser Application Manufacturing
Forum, Shenzhen, China, Oct. 12-15 (2020). (Invited talk)

Guoguan Zhang, Xiaojie Wang, Yuejian Jiao, Zhen Shao, Fang Bo, Jingjun Xu,
“Nano-domain structures fabricated in lithium niobite crystals”, The 2nd International
Conference on Optics and Photonics (NICE OPTICS 2020), Nice, France, Oct.12-14 (2020).
(Invited talk)

Qiang Wu, Jianghong Yao, Chunling Zhang, Jiwei Qi, Chongpei Pan, Fuhua Yang, Jingjun
Xu, “Interaction of femtosecond laser with crystal materials - from THz chip to hyperdoped
photodetector”, China-Poland Bilateral Seminar on Semiconductor Materials and Devices,
Beijing, China, Dec. 13-15 (2020). (Invited talk)

Jiaping Wu, Baohui Li", “Multicompartment aggregates from self-assembly of miktoarm star

quaterpolymers in a dilute solution: A simulation study”, 2020 International workshop on
Soft Matter and Biophysics Theories, Oct. 13 (2020). (Invited talk, Online)

Z. Chen, “Dirac-like photonic structures: from pseudospin to topology”, 19th International
Conference Laser Optics, “R8: Nonlinear Photonics: Fundamentals and Applications”., ICLO
2020, Nov. 2-6 (2020). (online)

Z. Chen, “Nonlinear self-guiding of light in biological suspensions”, 19th International
Conference Laser Optics, “R10: Nonlinear and Quantum Integrated Optics”, ICLO 2020,
Nov 2-6 (2020). (online)

Z. Chen, L. Tang, “Design and demonstration of photonic flat-band lattices for light
localization”, Photonics North, Canada, May (2020). (online)

Shigi Xia, Nan Wang, Daria Smirnova, Lev Smirnov, Ligin Tang, Daohong Song, Alexander
Szameit, Daniel Leykam, Zhigang Chen, “Demonstration of nonlinearity-induced coupling to
topological edge and interface states”, Conference on Lasers and Electro-Optics, San Jose,
US, May 10-15 (2020). (online)

Xiuying Liu, Zhixuan Dai, Daohong Song, Zhiming Zhang, Shigi Xia, Ligin Tang, Hrvoje
Buljan, Jingjun Xu, Zhigang Chen, “Two-dimensional Zitterbewegung analog in
symmetry-breaking photonic honeycomb lattices”, Conference on Lasers and Electro-Optics,
San Jose, US, May 10-15 (2020). (online)

Xiuying Liu, Shigi Xia, Ema Jajti¢, Daohong Song, Denghui Li, Ligin Tang, Daniel Leykam,
Jingjun Xu, Hrvoje Buljan, Zhigang Chen, “Universal conversion of topological singularities
;from momentum to real space”, Conference on Lasers and Electro-Optics, San Jose, US, May
110-15 (2020). (online)
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14
15
16

17
18

19

20

21

22

I

A J, A

Jina Ma, Jun-Won Rhim, Ligin Tang, Shigi Xia, Haiping Wang, Xiuyan Zheng, Shigiang Xia,
Daohong Song, Yi Hu, Yigang Li, Bohm-Jung Yang, Daniel Leykam, Zhigang Chen,
“Observation of non-contractible loop states in a photonic Kagome lattice of
Corbino-geometry”, Conference on Lasers and Electro-Optics, San Jose, US, May 10-15
(2020). (online)

Marouen Chemingui, Xiao Song, Xiaorong Li, Xinyuan Zhang, Qiang Wu, Xinzheng Zhang,
Irena Drevensek-Olenik, Jingjun Xu, “Fabrication of two-dimensional microstructure to
achieve topological liquid crystals patterns”, IEEE Photonics Conference 2020, Vancouver,
Canada Sep. 28 - Oct. 1 (2020). (online)

Pengbo Jia, Zhili Li, Yi Hu, Zhigang Chen, Jingjun Xu, “Mapping a nonlinear response to a
wave profile”, Conference on Lasers and Electro-Optics, San Jose, US, May 10-15 (2020).
(online)

Wenrong Qi, Jie Zhou, Lingjun Kong, Chenghou Tu, Yongnan Li, Adan Cabello, Jingling
Chen, Huitian Wang, “Stronger quantum contextuality”, Conference on Lasers and
Electro-Optics (CLEO) 2020, Washington, May 9-14 (2020). (Poster);

G. L. Zhang, C. Tu, Y. Li, and H. T. Wang, “Generation of arbitrary longitudinal polarized
optical field under tight focusing condition”, Conference on Lasers and Electro-Optics,
Washington, May 9-14 (2020). (Poster)

BEE, ‘Y REAREG S5EE7, SUESYEER KRR, T (2020.12.4-7)
GEBEWRE)

BT, “SBETEAPRA SN, 2020 F “HRiELE T BHR A SR, L
(2020.7.13-14) (EiEH %)

TEE, R, mA%E, R, EEZ, 2K, Marouen Chemingui, 5. iE*, ¥#F
A, “ DRI ST AN E AR KA R RS 7, B LA E DL 5
PIEEARHE 2, K#F (2020.12.18-21) GEIBERE)

R T, “ARLe ML REE MR 7, JCERIVEAEL, & bikilt (2020.09.25-27) (#ik
W

Song, TUFER, HERESE, Wia, GWIZE, BESR, WEE, CEEOLEmATE SRR
AR R ICIR IS . MG AR, B+ TR e AR S e H T
2R, B (2020.10.17-20) GEERE)

Rom, BITER, gEmESE, WA, I, MESE, UERE, “ WO WATS AR
RS TR B . MR g, AR, BT 4 E RO B A R B
PERFS 2, $EYT (2020.9.25-26) CGEiFIR4)

2w, PRTZE, GRER, UM, M, MEE FRE, CWHBEOLE RERBES
MEAEFH——Kffzees i 5B dotBiRrmgg”, B+tm < PEYYS” Eirk
P Zitts, R (2020.11.11-13) CEBERE)

if, RLZE, KBRS, ekt WA, MEte, WRTE, “HRRENS T B
AT RN 2 73 B B 7, 5 DY e R R O R I R e BRI R 2, B
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30
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35
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37
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(2020.12.17-19) CGEBiEWRE)

7, “FMANAL LNOI Bl A i AR 2o e e 22308 7, 25 110 Jm 4 [ ot AR 2 B+
FiJm e E AR SRS, Bl (2020.10.17-20) GEERS)

M, R IR B Bl AR O 2A U 7, 2020 SRS EEEFE S FREAR R,
P2z (2020.11.20-22) (EBiEWRE)

o, ML LNOI . & 547, B meE e rEARieE, M
(2020.11.27-30) CGEiBEHRE)

B, RV TEAE TR, Ha “UEE” HFHEREE, b (2020.12.18-20)
GEEHRE)

7, “FIIAMAL LNOI B s i) £ S AER e N 7, B0 RE R E T EHEAR
FHEZARIBEE, Jbit (2020.12.18-20) GEIBEWE)

SKRER, EREAS, MEKE, AR, M, WRZE, “HRRME SRR, SR
WL : TN T2 (2020) (FREBEOEAERST), 28 B4 (2020.9.25-26) (3
BIRE)

A, BES, AFE, “HERAERPHERES &K%, Bt 2 meEEEEEARS
17, ff5E (2020.11.7-9) (BEHRY)

{1253, Chunguang Jing, June Lau, Yimei Zhu, “J&F5I55 0k e 1 & A= 2 103974 4D
RERAETFRMELENE”, PEETFEMES 2020 F¥RES, RS
(2020.11.22-25) (Ei&HE)

f123C, Yimei Zhu, “4D P E T S8R 7, B2 AHT B U8 SRR R 2% 1) J S BT U R
RSN, db3 (2020.12.8-9) (EiEHRE)

BHER, 2R, O IET R B R 18 2 T R M e 43 ) 1) T R s R 42 fr A
WL, B EES TR S TREE BT S—%itm s T A2 AR EmSE, b
7 (2020.12.11-13) GEEWE)

BRE, “HETMIEREFCEREE SN, 8 e 4 EEOCFAR S W E S+ 1
fa 4 EEOCE AR 5 AR SW(LTO), B (2020.10.17-20) GEFERE)
ZEE, “FASKEAEENEY, BHEETS TYES BT S, G
(2020.10.16-18) GE&iEHRE)

REE, LMN 2020 A HOsHIE KB+ EFE GRYD Bot SRR & R
AfEE 2wl (2020.10.12-14) GBIBEHRE)

K, RS, EWTE, EIKE, A%, BREN, WRZE, “fEIREG TSN,
F+ meELFEEERIESI, FE (2020.11.6-8)

BIRE “ AL nE e R SR 7, S0 Eb S E R R KR IR, T (2020.12.4-7)

3 Yo

IRIEZL, “Universal momentum-to-real-space mapping of topological singularities”, 51—
Jii 4z [T AR R IR, fRE (2020.11.6-8)

)
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NS ETHA, BN ECEFFERER IR, T (2020.12.4-7)

EERG RISCER, WHEEE, FEE, BRWEL, EEE, “FrEN TSI Ry E L
HRNH”, 22 P YEY R A S KW it k) 2019 SRR =, AR
(2020.10.26-29)

XUSCHS, 2207, WHERH, Ak, R, mEE, “ BB AR R N7,
FHBEEER 7S FYE S HEEARM 2, B (2020.10.16-18)

EHRBR, HaiR, R, x4, fLBEKR, XLE, FR%E, e, S, B
IR BRI At ge L HHLHIRE 7L 7, 58 | N LM Rl E FEE RS, B
(2020.11.21-23) (LR FRAER )

AW, EHP (2020.11.20-23)

THi, B, B, “YAG:Yb SARINIRAR Y SHEREG BT 5L, 56 - m AL
AR EEAR S, H Y (2020.11.20-23)

Bk E, T, i, “HRIEEAP RN SR S AR K SYERERF AT, 2B m A L kAt
B EFARSW, B (2020.11.20-23)

BEHE, “FT STORM #8743 #E RiA% F A ) 20 O A2 /DM 28 57 [ A8t 1 R B W 2 ey
77, &)\ RS 5 IhEE RS S M <, &% (2020.10.29-11.2) (FREFR4S)

TiE, =M, MR, TSR, TEZ, £EHK, Marouen Chemingui, K/IE*, ¥
WE, “FHMESFHYOREM P RS ERMERETE 777, B HIUsEERMA¥S
e ARGHE S, KF (2020.12.18-21) (FEMGIRE)

BN, EER, TKOOE, B TKERL WERE, “—MSERI et R E BT IR
e, BUECEEER 2RI, T (2020.12.4-7) GRIGHRE)
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3 R B pjR=2=2E YT 2019-2021
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.5 A 2 AR NSl HEmWE 2020-
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Founding Editorial
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Editor
10 R & M1 Light Science & Applications Guest Editor 2019-2020
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12 BRI Scientific Reports e 2015-
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FRIZ1E R /Awards & Honors
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OSA (Optical Society) presentation fee grant, Conference on Lasers and Electro-Optics (CLEO
2020): j5EE
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2437/ Dissertations

1. EEZArige Dissertation for Doctoral Degree
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