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7 52 T{E4R &5/ Scientific Report

F9otIELR R B THTOB 2/ Weak Light Nonlinear Optics and Quantum Coherent Optics
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In this year, we mainly focused on the
onlinear photonic properties, optical field

manipulation and their applications of
graphene, the plasmonics in  metalic
micro-/nano-structure,  photonic lattices,
micro-resonators ~ and  optical  fibers,

super-resolution imaging and its applications.
The followings are the main chievements.
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Plasmon nanoresonators in graphene
have many applications in biosensing,
photodetectors and modulators. As a result,

~ an efficient and precise patterning technique

I

for graphene is required. Helium ion

li 'raphy (HIL) emerges as a promising

' "tgal"for'direct writing fabrication because it
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owns improved fabrication precision
compared to electron beam lithography and
conventional gallium focused ion beam
technique. In this paper, utilizing HIL, a set
of graphene triangles are patterned and
excellent plasmon response is detected.
Particularly, the evolution of breathing
mode in these structures is unveiled by
scattering-type scanning near-field optical
microscopy. Besides, the plasmon response
of graphene structures can be efficiently
tuned by adjusting the irradiated ion dose
during the etching process, which can be
explained by the phenomenal simulation
model. Our work demonstrates that HIL is a
feasible way for precise plasmonic
nanostructure fabrication, and can be
applied to graphene plasmon control at the
nanoscale as well.
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Fig. 1. Near-field imaging of graphene triangles patterned by
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helium ion beams.
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The fabrication ability of graphene
nanostructures is the cornerstone of
graphene-based devices, which are of
particular interest because of their broad
optical response and gate-tunable properties.
Here, via laser-induced redox reaction of
graphene and silica, we fabricate nano-scale
graphene structures by femtosecond laser
direct writing. The resolution of destructed
graphene lines is far beyond the diffraction
limit up to 100 nm with a precision as small as
+7 nm. Consequently, graphene nanostructures
are fabricated precisely and excellent plasmon
responses are detected. This novel fabrication
method of graphene nanostructures has the
advantages of low costs, high efficiency,
maskless and especially high precision, which
would pave the way for practical application
of graphene-based optical and electronic
devices
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Fig. 2. Plasmonic characteristics of graphene ribbons. The

incident wavelengths Ao is 9.588 pum. (a) SEM and near-field
images of graphene ribbons with widths of 480, 430, 370, and
330 nm. (b) SEM and near-field images of graphene ribbons with
widths of 150, 140, 80, and 70 nm. (c)-(f) Experimental (black
'curves) and simulated (red curves) near-filed profiles
rpendicular to graphene ribbons along the white dashed lines
' ﬁr;ﬁ to right in (a) and (b).
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Aluminum (Al) has prominent material
and plasmonic properties in the ultraviolet
(UV) spectral range. However, the large losses
of plasmon antennas with multicrystal Al is
the bottleneck for plasmonic applications.
Here, the plasmon properties of single-crystal

and multicrystal Al nanostructures are
compared. In the platform of bulk
single-crystal Al, spatially and spectrally
resolved cathodoluminescence (CL)
spectroscopy is used to excite and image the
plasmonic  modes of I-shaped and
cross-shaped  nanoridge antennas.  The

evolution and coupling of plasmon modes at
the nanoscale are clearly observed in these
antennas. Plasmon modes for I-shaped
antennas can be exactly understood from the
standing waves of the propagating plasmons in
Al nanoridge waveguides. Moreover, the
plasmon response of cross-shaped antennas is
determined by the two different standing wave
paths. The experimental results agree well
with full wave electromagnetic simulations.
Our results lay a foundation for the design of
more complex and efficient optical antennas
with single-crystal Al, which have great
potential applications in UV plasmonics, such
as fluorescence enhancement or biosensing.
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Fig. 3. Cathodoluminesence image of single aluminum
nano-cross antenna.
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The exact understanding of the plasmon
response of aluminum (Al) nanostructures in
deep subwavelength is critical for the design
of Al based plasmonic applications, such as
emission control of quantum dots and
surface-enhanced resonance Raman scattering
in the ultraviolet (UV) range. Here, the
plasmonic properties of open triangle cavities
patterned by focused ion beam in a
single-crystal bulk Al are explored using
cathodoluminescence. The resonant modes are
determined by experimental spectra and deep
subwavelength  real-space mode patterns
ranging from the visible to the UV, which
agree well with the full-wave electromagnetic
simulations. The dispersion relation of the
cavity modes is consistent with that at the
~interface between Al and vacuum, showing a
strong electromagnetic field confinement in
{tt:‘c;évities. Open Al triangle cavities provide
'ﬁ&oms for the 'interaction between optical
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emitters and confined electromagnetic fields,
paving the way for plasmonic devices for a
variety of applications, such as plasmonic
light-emitting devices or nanolasers in the UV

range.
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Fig. 4 Plasmon mode imaging in open triangle single-aluminum

0

cavities by cathodoluminescence.
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The Zak phase and topological plasmonic
Tamm states in plasmonic crystals based on
periodic metal-insulator-metal waveguides are
systematically investigated. We reveal that
robust topological interfacial states against
structural defects exist when the Zak phase
between two adjoining plasmonic lattices are
different in a common band gap. A kind of
efficient admittance-based transfer matrix
method is proposed to calculate and optimize
the configuration with inverse symmetry. The
topologically protected states are favorable for
the spatial confinement and enhancement of
electromagnetic fields, which open a new
avenue for topological photonic applications.
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Fig. 5. The topological protected Tamm state between plasmonic
crystals.
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Plasmonic Tamm states configuration is

proposed for field enhancement in an
insulator—metal—insulator (M) Bragg
reflector by periodic modulation of the
dielectrics surrounding the metal core.

Finite-difference time domain simulation is
carried out for the structure optimization and
the dispersion relation of plasmonic Tamm
states. In the metal-Bragg reflector interface,
2 orders of magnitude of electromagnetic field
intensity enhancement and 4 orders of
magnitude of decay rate enhancement are
obtained. Besides the field enhancement, there
are two plasmonic Tamm states that are
related to the even and odd modes in the IMI
waveguide. The two plasmonic Tamm states

: , \"'ighow large difference in the reflection spectra.

“The proposed structure would provide

S !5 sing pg;ential for electromagnetic
1 yfocusing and nanosensing.
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Fig. 6. Side view of the PTSs structure based on IMI waveguides.
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Free electrons can efficiently absorb or
emit plasmons excited in a thin conductor,
giving rise to multiple energy peaks in the
transmitted electron spectra separated by
multiples of the plasmon energy. When the
plasmons are chiral, this can also give rise to
transfer of orbital angular momentum
(OAM). Here, we show that large amounts
of OAM can be efficiently transferred
between chiral plasmons supported by a thin
film and free electrons traversing it. Our
work supports the use of chiral plasmons
sustained by externally illuminated thin
films as a way of generating high-vorticity
electrons, resulting in a remarkably large
fraction of kinetic energy associated with
motion along the azimuthal direction,
perpendicular to the incident beam.
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Fig. 7. General description of the interaction between free
electrons and chiral plasmons.

<& & BB LR R AL 52 & R Dt
Mt ER T H A5 B AR RRPE, BT CASEEIG 1 B
[7] £ i o BOEAR UL SE SRR T, 1% L= & R el
PRI 325 55 ¢ LB FT LA 2 5000, R A& 4
7 1) Y325 5 2 ik 39%.. L) G AR AR R
RIR T 5= & Jm e e e AR By 17 _E AT
S I B AN o RTH SRt BUR IR SR T
JRIIRAE B A LR A B0 T P AT R %
%R B O 4 1 B AR R A 3
100nm,  AJ FH AR A A R I 42 ' A A o

A single-layer metallic grating (SMG)
consisting of cambered resonators (CRs) is
proposed in this work. Unidirectional optical
transmission (UOT) is achieved for the
asymmetric structure. Numerical simulation
results show that the transmittance contrast
ratio of the SMG can reach about 5000 with a
high unidirectional transmittance of 39%.
UOT results from diffraction enhancement or
suppression
Diffraction is manipulated by the interference
of electromagnetic radiation from local
surface plasmons on CRs. Our single-layer

: structure has sub-100 nm thickness and can be
‘ “'viuqu, in ultracompact optical devices to
o manip-ulate light transmission.

in  transmission  direction.
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Fig. 8. a. Schematic diagram of the single-layer metallic grating
(SMG) consisting of cambered resonators (CRs); b. Distributions
of electric field intensity |E[? for upward incident and downward
incident conditions.
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An optical diode structure with two
dislocated parallel metallic gratings is
proposed and investigated numerically.
Dichroic optical diode transmission is realized
in this structure, i.e., optical diode effect is
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observed in two wavebands corresponding to
inverse transmission directions. In the
structure, two parallel metallic gratings with
different grating constants are separated by a
dielectric slab in between. The first
illuminated grating acts as a selector for
exciting surface plasmons at a proper
wavelength. The other grating acts as an
emitter to realize optical transmission. When
the incident direction is reversed, the roles of
two gratings exchange and surface plasmons
are excited at another wavelength. In dichroic
transmission wavebands, the optical diode
structure exhibits extraordinary transmission
and possesses high optical isolation up to 1.
Furthermore, the operating wavebands can be
modulated by changing structure parameters.
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Fig. 9. a. Schematic diagram of the unit cell. b. Overall view of
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the two dislocated parallel metallic gratings. c. Transmission
spectra and the isolation contrast ratio of the optical diode
structure with d=200nm, s=h=50nm, 4,=900nm, A,=600nm and
A=0nm.
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Screened  bonding  (SB),  screened
antibonding (SA) and charge transfer plasmon
(CTP) modes in the conductively connected
nanorod heterodimer are studied in detail by
simulation. All of the SB, SA and CTP modes
can be observed in the extinction spectra of the
conductively connected nanorod heterodimer.
Also, the amplitudes of the three modes can be
tuned by changing the radius of the cylinder
conductive connection. Even the amplitude of
the SA mode can be tuned to be higher than that
of the SB mode, which is difficult to achieve in
an  unconnected  nanorod  heterodimer.
Furthermore, the wavelengths of the three
plasmon modes can be adjusted with a high
degree of freedom, since the wavelength of the
SB mode mainly depends on the length of the
longer nanorod, the wavelength of the SA mode
mainly depends on the length of the shorter
nanorod and the wavelength of the CTP mode
mainly depends on the total length of the
nanorod heterodimer. Our study will be helpful
for the design of plasmon enhancement devices,
such as surface enhanced Raman scattering
(SERS), plasmon enhanced fluorescence,
plasmon rulers and so on.
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Fig. 10. The extinction spectra of unconnected (r = 0) and
conductively connected nanorod dimer with r increasing from 2
nmto5nm. Here, L1 = 80nmandL2 =
And the electric field intensity distributions of nanorod dimers.
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In this work, we demonstrate the strong
extrinsic chirality of the larger-area metal

nanocrescents by experiments and simulations.

Our results show that the metal nanocrescent
exhibits giant and tunable circular dichroism
(CD) effect, which is intensively dependent on
the incident angle of light. We attribute the
giant extrinsic chirality of the
nanocrescent to the excitation efficiencies
difference of localized surface plasmon
resonance (LSPR) modes for two kinds of
circularly polarized

metal

light at a non-zero

~ incident angle. In experiment, the largest CD

of 0.37 is obtained at the wavelength of 826

'{rﬂ‘ the incident angle of 60%

‘with
- Furthermore, the CD spectra can be tuned

120 nm are fixed.
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flexibly by changing the metal nanocrescent
diameter. Benefitting from the simple,
low-cost and mature fabrication process, the
proposed large-area metal nanocrescents are
propitious to application.
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Fig. 11. Schematic design of the experiment for measuring CD.
And the measured extinction and CD spectra of metal
nanocrescents with the increase of 6.

FE T8 BB M R T 99K D 7 70 RS o
Je o R R — R AR R A3 A T
i, SRIAE Ge o AR RS R, AT H T ian
e AR SR H M, ERRE
VBRI BT T — e R 32 SO A E HE
GBI R T« SEBL T R A A% i R
50:50 L il 73t 03X — 3 oA 0 i 9 700
nm, S JE SR T A K R AT BE B O A
2600 nmA11820 nm, & TAERANE T8 7 Hh
HEAT R BRI AN RN S5 i I FRD 328 55 25 22 )
PRIFLEL0%LAPY, FRTIEIE X 45440 2 K i
R R TAFR B . [, 8t
IR TUENSEALBE, 72PN ARALAR BE 7 )
AR — AT T B SE R ARAE, RETEXT 0t
EEBIEAT B . X — e e A/ N T
PR RO T 228 2 N

Beam splitters are essential components
in various optical and photonic applications,
while present beam splitters based on cubes or
plates are normally bulky, which have
difficulties to miniature and integrate into
compacted photonic devices. Based on various
transmission characters of lithium niobate
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nanoscale units in different sizes, the phases of
the transmitted light have been analyzed.
Therefore, a kind of metasurface, whose
transmission phase along the sample surface
has a constant gradient, has been designed.
According to the generalized Snell’s law, the
transmission direction of the light will be
determined by former designed phase gradient
value. Thus, the splitting of the incident light
into two directions with the ratio of 50:50 can
be realized by arranging the structure into
opposite gradient directions in each unit cell.
This beam splitter achieves a height of 700 nm,
and the length and width of a unit cell are
2600 nm and 820 nm, respectively, and can be
easily compacted into micro- or nano-photonic
circuits. By selectively increasing the losses of
part of the structure using the method such as
masked ion implantation, various split ratios
could also be achieved. This kind of beam
splitters can be applicated in fabricating
compact photonic devices, such as miniature
interferometers, and so on.

K12, gk eds B R Sl .
Fig. 12. Schematic illustration of a unit cell of the nanoscale

beam splitter.
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Ultra-dispersive anomalous diffraction
from Pancharatnam-Berry metasurfaces are
proposed. According to the phase matching
condition, the dispersion of the periodic
nanorods metasurface introduced with phase
gradient is mainly contributed by two parts:
the local vector induced by phase gradient and
the reciprocal vectors induced by the
metasurface subcell lattice. Compared with the
traditional grating which only resorts to the
transverse reciprocal vectors of the grating
lattice, the metasurface is easier to achieve
Ultra-dispersive anomalous diffraction. Under
normal LCP incidence, the electric field
distribution and the far field intensity profiles
were analyzed theoretically. The light
diffraction angle of more than 80< could be
achieved centered at 783 nm. The angular
dispersion of about 0.59nm can be achieved,
which is more than 4 times larger than the
conventional Littrow grating with the same
period of the metasurface subcell. At the same
time, the diffraction efficiency reached 27%,
which is significantly better than the
grating caused problems of
near-zero diffraction efficiency. In addition,
Their diffraction properties, including the
magnitudes and wavelengths, are easily
tunable by varying the geometric parameters
of constitutive nanorods. As the metasurface

conventional
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shows the properties of both the
ultra-dispersion and large deflected angle, it
would find applications not only in high
resolution  spectrometers but also

fabricating planar lens with high NA.
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Fig. 13. Schematic of Pancharatnam-Berry metasurfaces.
2. ETHALHRICHRE. HFEERME
RS K 36N

7 H B R L TN 1R D 7 5 d Ak
o, FATAERFI L5 ERIR T R AEAET
IR 2 35 (7] () B B o 3K P SR 3 UK B
— ATV I TR R, % BB IR AT
SR AT, AEARLIERIER N e TR 4
FE— 2 I 7] e 25 i A . 24T PR AR
& S5 PR R A BAR R, $T8 T
A = E R AR . BRIt 2 A, ATIE
FEZ) &7 A B3 T PO AH BAE A S 75 (8]
B 2040 5 iR R R B RR, IR T
o B 32 ek /N 1) 3 T PR 3R — 0K T
RIS T 53 — S TR R A0 3 3 A

We experimentally and theoretically

demonstrate a spatial diametric
acceleration of two mutually

drive
incoherent
optical beams in one dimensional optical
lattices under a self-defocusing nonlinearity.
The two beams, exciting the modes at the
tbp/bottom edges of the first Bloch band and

experiencing normal/ anomalous
mmon, can bound together and bend in the
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same direction during nonlinear propagation,
analogous to the interplay between two objects
with opposite signs of mass that breaks the
Newton’s third law. Their spatial spectrum
changes associated with the acceleration are
analyzed for different lattice modulations. We
find that the acceleration limit is determined
by the beam exciting the top bandedge that
reaches a saturated momentum change prior to
the other pairing beam.

 Normal
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Fig. 14. Simulations and experimental results of the spatial
diametric drive acceleration. (a) First Bloch band of the used
photonic lattice. (b,c) Numerical simulations of the diametric
drive acceleration for a propagation distance of 7 cm, where the
yellow dashed vertical lines mark the experimental sample length.
(d-g) Experimental results: linear (d,e) and nonlinear (f,g)
outputs for T'-beam or M-beam propagating independently (d,e)
or under the cross-phase modulation (f,g).
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We study free-space coupling of optical
fields to the  whispering-gallery-mode
resonators by employing self-accelerating
beams orbiting a semicircle. The best coupling
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condition is obtained through theoretical
analysis, in accord with the numerical results.
Comparing with the conventional
Gaussian-like  beams, much enhanced
coupling efficiency is achieved with such
self-accelerating beams, particularly when a
large numerical aperture of an optical system
is used or a higher-order angular mode is

considered.

(c)

K 15 BINESEIR (2) MEHe (b FEAFEALE AR
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Fig. 15. Analysis of coupling efficiency to the microcavity for
accelerating beams (a) and Gaussian-like beams (b) as a function
of different beam locations; (c) Optimized coupling efficiency as
a function of NA when exciting different cavity modes for
accelerating beams (dashed line) and Gaussian-like beams (solid
lines).
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Optical bottle beam is a special kind of
beam with a local hollow structure, which has

n widely used in particle trapping and
‘tru siborting. However, such bottle beams have

"

' " thus far been generated in the paraxial regime.
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As a result, they have an elongated profile not
favorable for single-particle manipulation.
Here we use catastrophe theory to design the
micro-scale  bottle beams under the

non-paraxial condition. These beams have a
micron-scale hollow structure where light
fields are absent, and the shape of their inner
walls are controllable. Figure 16 shows the
typical
spherical inner walls.

micro-scale bottle beams with

P 16. A BERS BRI A B RS T IR - (a-e) 206 IRAE (F)
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Fig. 16. Micro-scale bottle beam with a spherical inner wall. (a-e)
The transverse intensity distribution of the beam at locations
marked in (f), where the beam propagation in the longitudinal
section is presented.

T SR B A KL e HE OGS A
WG, AN~ IEFE RIS
AL AR KB R T 5. AT T
Tt BE 37 ) e 5 3 ' 1A s A R AT I
e (BOVMIFF RS 27 (LZT) IR . HiEH
HA BP0 7 8% F BOA R, 4k
2 30 ' AR B AT R BE 3 5 Ak R e 4
FRI7 1 e EBBURR o R, KRR A DR R O
¥ 3 BOL PR RIILZTRAF e 22
6] (R AHF-BO. TR AR R4 B 3537 7= AR JE X
FRETEUR AR B A LZT, LUK & HEA
VA BT AR i e AR . FRATTEY
ZERIR IR, K e R T IR 3
FEAE I H TR B AA N TIN T AR RS,
I HLLZT HME =R 2 5 2R T 1 i ks B
PRVERT o FATTAEE RATEE 1 & i A 2K
S S HEAE SN A SR IR B #537 T TT LR BN
B, XN TR RN S ARG T
A % R REAS IR B e BT A 2l A A 481




Annual Report 2018

Photonic graphene, optical anology of
graphene, provides a useful platform to study
intriguing Dirac physics in optics. We
demonstrate intervalley Bloch oscillation (BO)
and Landau-Zener tunneling (LZT) in an
optically induced honeycomb lattice with a
refractive-index gradient. Unlike previously
observed BO in a gapped square lattice, we
show nonadiabatic beam dynamics that are
highly sensitive to the direction of the index
gradient and the choice of the Dirac cones. In
particular, a symmetry-preserving potential
leads to nearly perfect LZT and coherent BO
between the inequivalent valleys, whereas a
symmetry-breaking potential generates
asymmetric scattering, imperfect LZT, and
valley-sensitive  generation of  vortices
mediated by a pseudospin imbalance. This
clearly indicates that, near the Dirac points,
the transverse gradient does not always act as
a simple scalar force, as commonly assumed,
and the LZT probability is strongly affected by
the sublattice symmetry as analyzed from an
effective Landau-Zener Hamiltonian. Our
results illustrate the anisotropic response of an
otherwise isotropic Dirac platform to
real-space potentials acting as strong driving
fields, which may be useful for manipulation
of pseudospin and valley degrees of freedom
in graphenelike systems.

117, 6T SR hoBR BE ) R AR AT IR R 5 1 SR 4 SR
Fig. 17. Experimental results of symmetric bloch oscillation in

photonic graphene.
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A femtosecond (fs) laser with peak power
in the range of gigawatts has been proven to
be an efficient tool for precise machining of a
wide range of materials, including metals,
semiconductors, polymers, and dielectrics.
When interacting with a substrate material, the
ultrashort pulses (~10 *° s) cause minimal
thermal diffusion and, therefore, produce more
precisely machined features with minimal
heat-affected zones. Nonlinear absorption of
ultrashort pulse laser energy enables precise
manufacturing of hard and brittle materials,
such as silica glass or LN crystals, which is a
challenging task for conventional mechanical
manufacturing  methods. LN
multifunctional optoelectronic material with
excellent optical and electrical properties, such
as the electro-optic effect, acousto-optic effect,
pyroelectric  effect, piezoelectric  effect,
photorefractive effect, and nonlinear effect.
Most devices used in photonic integrated
circuits (PICs) can be prepared with an LN
crystal, such as an optical waveguide, optical
electro-optical modulator, and

is a

switch,
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pyroelectric sensor. Achieving a consistent
periodic surface microstructure on LN is an
important manufacturing step. However, there
are still some problems when using a fs laser
to prepare micro/ nanostructures on the LN
crystal’s surface. Because of the coulomb
explosion, only craters with some stripes at
their edge or bottom and groove structures on
the LN crystal’s surface can be obtained,
which causes an unstable state of the material
surface. These problems will lead that periodic
micro/nanostructure on wide-bandgap
transparent crystals to not be processed, which
influences the process of micro/nano photonic
devices, including communication and
detecting, as well as biomedical microfluid
applications.

FATHE H 30 o o] R o A R
1l A0 I K E T 49 203 S KRB0 15 5
F PSSR o RIS BRAT T 9T T OB REIR
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Bt Em AR TR AN S5 A R Tt T *Am%‘T
DA L FH 21980 S 49 2K S A 0 n 1 DA & B
YK 2 K0 T AR FELRIN 25 (1) /N LA

In this paper, we report on the application
of a heater to control the temperature of LN
crystals, which is designed to inhibit the
coulomb explosion to obtain a uniform fs
laserinduced  periodic  surface  structure
(LIPSS). At the same time, we also studied the
effect of laser fluence on the sample
morphology. The absorption of a processed
sample is one order higher than that of pure
LN over the wavelength range 400-1000 nm.
This approach is beneficial for fabrication of
micro/nanostructures on wide-bandgap

\nigiyst ls which can be used for fabricating
nanogratlngs with antireflection coatings and

iaturized ~ pyroelectric  detectors  with
rqcturesﬁ'r f PICs.
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18. 7EAN AR FE WD N AR RR4E R T SEM & (a) 28°C,
(b) 100°C, (c) 200°C, (d) 300°C, (e) 400°C, (f) 500°C, (g) 600°C,
(h) 800°C.

Fig. 18. SEM images of a fs laser processed LN surface in N,
environment with sample temperature of (a) 28°C, (b) 100°C, (c)
200°C, (d) 300°C, (e) 400°C, (f) 500°C, (g) 600°C, (h) 800°C,

respectively.
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Fig. 19. Absorption spectra of fs laser processed LN.
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Rectangular subwavelength waveguides
are necessary for the development of
micro/nanophotonic devices and on-chip
platforms. Using a time-resolved imaging
system, we studied the transient properties and
the propagation modes of THz pulses in
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rectangular subwavelength dielectric wave-
guides. The dynamic process of THz pulses
was systematically recorded to a movie. In
addition, an anomalous group Vvelocity
dispersion was demonstrated in rectangular
subwavelength waveguides. By using the
effective index method, we theoretically
calculated the modes in rectangular
subwavelength waveguides, which agree well
with the experiments and simulations. This
work provides the opportunity to improve the
analysis and design of the integrated platforms
and photonic devices.
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AT AT 3 R A LR 1R
Fig. 20. (a) Experimental results. The dispersion curves of THz
waves in PSW and RSW. The blue curve indicates theoretical
PSW mode and the green curve indicates theoretical RSW mode
calculated by EIM analysis. (b) Theoretical plots of the effective
phase index of 50pm PSW and 50 pm X 200 pm RSW.
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{ Surface waves (SWs) have attracted a
| idespread attention due to the characteristic
l mdbwavelength confinement and convenient
"n#dnibulation in photonic integrated circuits,
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which can play a significant role in carrying
optical signals and energy transfer. Though
metasurface provides a powerful tool in
realizing the conversion between freely
propagating waves and surface modes in
recent years, a gulf between guided waves
(GWSs) and SWs in terahertz (THz) range still
exists, which is a bottleneck for on-chip
photonic integrated devices.
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We presented a novel THz integrated
platform which could be used for the
conversion from GWs to SWs via coupling of
a LN subwavelength waveguide and
metasurface antennas. The conversion process
and transmission of the THz electric field
(E-field) were directly observed using
time-resolved phase contrast imaging. Based
on the temporal evolution, the dispersion
relation was extracted and analyzed to
demonstrate the characteristics of SWs. We
demonstrated that the SWs were induced by
the collective oscillation of the antenna array.
This work would open a door for strong
light-matter interaction and THz surface
integrated devices.
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Fig. 21. (a) and (b) The space-time plots of the hybrid structure
with the image intensity showing THz E-field, which suggest the
results of SWs propagating in the gap (ly] < 15 pm) from
experiment and numerical simulations. (c) The space-time plot
of the bare LN subwavelength waveguide as a reference. These
plots are divided into three regions: incidence (Inci.) and
reflection region (Refl.), metasurface region (Meta. region) and
transmitted region (Tran.). (d)-(f) The dispersion curves of
excited modes are obtained from experiment and numerical

simulation by performing 2D Fourier transform.
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Fig. 22. (a-b) and (c-d) The E-field intensity maps are recorded in
the symmetrical plane (y = 0 plane) of the hybrid structure at f =
0.27 THz and 0.43 THz, respectively. Rectangular dashed frame
and two black dashed lines indicate the locations of the antenna
array and the LN subwavelength waveguide. The relative
intensity |E| is at the center of the gap (blue line) and the middle
line (y = 0, z = 0) in the LN waveguide (red line). (e) Simulated

coupling efficiency from the mode of stand-alone LN

';.sgbwavelength waveguide to the SWs. (f) The field confinement

in the SWs over the guided mode. The maximal field

eement of the upper panel is 5 times relative to the lower.
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Metamaterial is used to achieve the
controls of electromagnetic properties which
go beyond the limitations of natural materials,
where a large number of fascinating physical
phenomena can occur, such as negative-index
materials (NIMs) and zero-index materials
(ZIMs). Although NIMs and ZIMs have great
prospects for future applications, they also
cause some controversies in physics, one of
which is whether causality and the speed limit
¢ are broken. The reason why the controversy
appears is that previous researchers mainly
focused on the researches of steady state but
they ignored that some time is needed to
complete the establishment of negative
refraction. A reference takes a good step in
solving the controversy, where a specific
photonic crystal NIM was used to study the
transient establishment of negative refraction,
thus explaining the occurrence of negative
refraction without causality or speed limit
violation. It is noted that transient analysis is
necessary for handling the light propagation
problems in materials, especially in the case of
novel NIM and ZIM. However, so far, there
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are no previous study that has dealt with the
transient  process  for refraction.
Furthermore, no systematic investigation is

Zero

presented comparing the establishment
processes of negative, zero and positive
refraction.
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We quantitatively demonstrate transient
establishment of wavefronts for negative, zero,
and  positive  refraction  through a
wedge-shaped metamaterial consisting of
periodically arranged split-ring resonators and
metallic wires. The wavefronts for the three
types of refractions propagate through the
second interface of the wedge along positive
refraction angles at first, then reorganize, and
finally propagate along the effective refraction
angles after a period of establishment time
respectively. The establishment time of the
wavefronts prevents violating causality or
superluminal propagation for negative and
zero refraction. The establishment time for
negative or zero refraction is longer than that
for positive refraction. For all three refraction
processes, transient establishment processes

. precede  the establishment of steady
' propagation. = Moreover, some detailed
in our research,

"\
'{ cters are proven
’ Ni' .&jinjg infinite wavelength, uniform phase
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inside the zero-index material, and the phase
velocity being antiparallel to the group
velocity in the negative-index material.
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Fig. 23. Distribution of the electric field (In(|E[)) overlapped with

t=0.79ns. (e) t=1.25ns. (f) t=1.50ns.

the Poynting vector for the model. Effective refractive index of
the wedge-shaped structure is n = -1.04 at 10.6 GHz. (a) t = 0.15
ns. (b)t=0.43ns.(c)t=0.70 ns. (d) t =0.79 ns. (e) t = 1.25 ns.
(f) t = 1.50 ns. The wedge structure is emphasized by white solid
lines, and the white dashed line is the normal of the second
interface of the wedge. The yellow, red, and purple arrows
represent the positively, negatively and zero-refracted direction,
respectively.
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We successfully fabricate periodically
poled lithium niobate (PPLN) microdisk
cavities and chaotic lithium niobate microdisk
cavities on a chip by using microfabrication
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techniques. The quality factor of these
microresonators are on the order of one
million. Nonlinear effects including second
harmonic generation and optical parametric
oscillation were investigated these
resonators. Multiple-channel and
high-temperature threshold were observed in
optical parametric oscillation effect
monocrystalline lithium niobate microcavities.
The fabrication of PPLN microdisk paves the
way to utilize the largest nonlinear coefficient
of lithium niobate crystal.
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Fig. 24. (a) Optical image of a PPLN disk microcavity with a
40 um radius. (b) Second harmonic signal observed under a
pump in 1550-nm band.
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Photogalvanic  current and voltage
photoinduced by CW laser illumination of
Fe-doped LN reveals quasi-periodic pulsing
due to microplasmas discharges. This
transformation of constant external influence
into periodic response is interesting as
example of self-excited systems, resembling
pulsations of biological systems.
Microplasmas discharges are also interesting
for applications in various fields, such as
surface treatment, sterilization, water splitting.
We analyze self-pulsing of photogalvanic
current visualized by dynamic electrowetting
in a simple LC-cell, formed by a nematic LC
droplet placed on Fe-doped LN crystal. In
modeling contributions from both
photogalvanic  (bulk  photovoltaic) and
pyroelectric (charging by heating-cooling)
effect are included. The analysis of dynamic
regime reveals that a current pulse (in
microsecond range) has asymmetric shape
with extremely sharp rise with longer decay
time. Reflected interference patterned was
modulated by the dynamic electro-wetting
effect. For high light intensity power
conversion efficiency is enhanced due to
nonlinear photogalvanic effect and
microplasmas discharges.
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Fig. 25. Pulsating scattering from LC droplet on LN + green CW

laser illumination. Period of Pulsating ~ 5 sec.
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Wavelength tunability of
continuous-wave holmium doped
ZrF4-BaF,-LaFz-AlF;-NaF fiber lasers

operating in the 1.2 pm wavelength region
was investigated with a Littrow configuration.
A wavelength tuning range of 1184-1198 nm
was obtained from the fiber output port of the
laser. The spectral width was measured to be
around 0.02 nm over the entire tunable range
and a maximum output power of 81.6 mW at
1192 nm was obtained at a pump power of
1.97 W. The wavelength tunable range was
found to be limited by the transmission of the
fiber-optic wavelength division multiplexer
and coupler. A broader wavelength tuning
range of 1177-1201 nm was obtained with a
simpler fiber laser construction from the
zero-order diffraction output of the bulk
grating.
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Fig. 26. Optical spectra of the wavelength tunable Ho**-doped
‘Z‘BLAN fiber laser at typical wavelengths from 1184 nm to 1198

'n at the maximum available pump power of 1.97W.
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The gyroscope plays a great role in the
measurement of rotation, which has great
applications in the fields of navigation, phone
sensor, aircraft, satellite, and gravito-magnetic
effects. The features of compact size and high
sensitivity are expected for the future

gyroscope. In 2007, M. S. Shahriar etc.
demonstrated a resonator-based  optical
gyroscope whose sensitivity could be

enhanced via the fast light from anomalous
dispersion. There are various methods to
control the dispersion to realize group velocity
control in a fiber or photonic crystals. With the
help of an expensive radio-frequency (RF)
signal generator, the signal in the SBS
amplifier configuration could be set in the
abnormal dispersion window to generate fast
light. In this letter, self-pumped SBS-induced
fast light was demonstrated in a micro-sphere
cavity, in which no RF signal generator was
applied. The group delay from -91.0 to 2.6 ps
could be modified by changing the modulation
frequency of the pump light, and the optically
induced thermal effect in the cavity was found
to play an important role in the dispersion
modification.
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Fig. 27. (a). (b). (c) is the group delay examples at a
modulation of 2 kHz, 27 kHz and 50 kHz, respectively; (d)

showed the group delays and the phase delays accordingly.
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Fig. 28. (a) is the configuration of the experiment. A typical
fewmode-TF coupled microsphere was adopted; (b) and (c) is
relationship between the coupling efficiencies and the shift in x
and y direction, respectively.
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A quasicritical coupling state
demonstrated both in theory and experiment
with a few-mode tapered-fiber (TF) coupled

whispering-gallery-mode (WGM) cavity. In

was

such a configuration, the coupling mode to
activate the WGM and the drop mode are in
the same TF and of almost the same decay rate
with the variation of the gap between the TF
and WGM cavity. Consequently, when the gap
decreases to zero, the transmission of the
coupling mode decreases monotonously to
zero at the resonance wavelength, while the
transmission of the drop mode increases
monotonously to unit, which means that
neither the coupling efficiency in the coupling
mode nor the transmission of the drop mode
will decrease in the traditional overcoupling
region. Thus a steadily high coupling
efficiency can be achieved accordingly, which
we defined as quasicritical coupling. Such a
coupling state will be helpful to develop
WGM-cavity-based filters and benefit the
fabrication of ultranarrow-linewidth lasers.
With such technique, a tunable laser with a
line width less than 3 kHz covering the whole
C-band was demonatrated with the help of
FBGs.
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Cholesteric liquid crystal structures with
multiple isotropic defect layers exhibit
localized optical modes (defect modes).
Coupling effects between these modes were
simulated using the finite difference time
domain method. Analogous to the well-known
result of the tight-binding approximation in
solid state physics, splitting of the defect
modes takes place, as soon as the structure
contains more than one defect layer. The
dispersion relation of the mini-bands forming
within the photonic band gap of the structure
is calculated numerically. The structures might
have applications for
and low-threshold

promising
multiwavelength filters
lasers.
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Fig. 29. Transmission spectra (for RCP light) of composite
structures with varying number of structural units. The
thicknesses of the CLC and polymer layer are 4 um and 2 um,

respectively.
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We demonstrated experimentally a
correlation imaging scheme with its spatial
resolution  reaching  the  fundamental

Heisenberg limit by using a dynamically
phase-correlated lens screen. The dynamically
phase-correlated lens screen was realized
experimentally through a commercial spatial
light modulator by dynamically loading
computer generated phase patterns, and the
scanning-focused-beam illumination mode
was employed to the
Heisenberg-resolution imaging with classical

achieve

light such as laser and pseudo-thermal light.
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Fig. 30. (@) The point spread function of the
Heisenberg-resolution imaging scheme, and (b) the point spread
function of the traditional lens-assisted intensity imaging scheme.
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The erythrocyte cytoskeleton is a
textbook prototype for the submembrane
cytoskeleton of metazoan cells. While early
experiments suggest a triangular network of
actin-based junctional complexes connected
by ~200 nm-long spectrin tetramers, later
studies indicate much smaller
junction-to-junction distances in the vast range
of 25-60 nm. Through super-resolution
microscopy, we resolve the native
ultrastructure  of the cytoskeleton of
membrane-preserved erythrocytes. This allows
us to determine a ~80 nm junction-to-junction
distance, a length consistent with relaxed
spectrin tetramers and theories based on
spectrin abundance. Through two-color data,
we further show that that the cytoskeleton
meshwork often contains nanoscale voids
where the cell membrane remains intact, and
that actin filaments and capping proteins
localized to a subset of, but not all junctional
complexes. Together, our super-resolution
results thus call for both experimental and
theoretical reassessments of the structure and
function of the erythrocyte cytoskeleton, and
more generally, the spectrin-actin-based
cortical cytoskeleton of metazoan cells.

P 31, I o B 7 LU AN B SRS N A F .

Fig. 31. The native ultrastructure of the erythrocyte membrane

skeleton revealed by super resolution fluorescence microscopy.
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As the first line of immune defense in the
central nervous system, microglia could
rapidly congregate together and establish a
potential barrier between healthy and damaged
tissue after the brain injury. However, little is
known about how microglial cells
communicate with each other effectively
following  the injury.  Micropatterned
substrates offer a unique possibility to define
and control spatial organization of biological
cells at the microscale. Here, we developed a
simple micropatterning strategy to resolve
various  spatiotemporal characteristics  of
intercellular calcium wave (ICWs)
communication among isolated BV-2
microglial cells. we mainly observed that
additional transmitter was released from the
cells located at the intermediate rings. This
revealed that neighboring cells acted as
regenerative amplifiers for the ICWs
generated by the central cell. We believe that
our micropatterning strategy paves a way
towards specifically designed experimental
investigations on cellular assemblies and
consequently towards improved understanding
of ICWs-based cell-cell communications.
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Fig. 32. Our results directly provided the first experimental
evidence of a regenerative amplification process, which were

associated with the so-called relay station cells acting as
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regenerative amplifiers.
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In this field, we mainly focused on optical
properties  of  graphene,  plasmonics,
metamaterials, optical sensor, one dimensional
photon  crystal, and  sub-wavelength
microstructure. 24 papers have been published
in international academic journals, and 7
patents applicanted. The total researching
founds are 38.55 millions. This year, we
obtained some important results as following:
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Fig. 1. photoelectric response of black phosphorus junctions.
Van der Waals p-n heterostructures based
on p-type black phosphorus (BP) integrated
with other two-dimensional (2D) layered
materials have shown potential applications in
electronic and  optoelectronic  devices,
including logic rectifiers and polarization-
sensitive  photodetectors. However, the
engineering of carrier’s transport anisotropy,
which is related to the linear dichroism, have
yet investigated. Here,
demonstrate a novel van der Waals device of
orientation-perpendicular BP homojunction
based on the anisotropic band structures
between the armchair and zigzag directions.
The structure exhibits good gate-tunable
diode-like rectification characteristics caused

not been we

by the barrier between the two perpendicular
crystal orientations. Moreover,
demonstrate that the unique mechanisms of
the polarization-sensitivity properties of this
junction are involved with the linear dichroism
and the anisotropic transport
engineering. These results were verified by the
scanning photocurrent images experiments.
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This work paves the way for 2D anisotropic
layered materials  for  next-generation
electronic and optoelectronic devices.
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Fig. 2. Scheme diagram of the experimental setup used for the
photothermal detection.

Black (BP)
increasing attention due to its moderate
bandgap, high carrier mobility, and striking
in-plane  anisotropy. particular, its

phosphorus attracts

In

. 'high -extinction coefficient combined with

elevated photothermal conversion efficiency

' lnontoxmty in biological tissues would
BP promising in photothermal therapy.
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In this study, a new pump-probe technique for
photothermal measurement is developed based
on polarization-dependent absorption of BP
under total internal reflection. The
photothermal  anisotropy of BP s
experimentally observed for the first time. The
values of photothermal anisotropy reach 2.9,
which is stronger than thermal and electrical
conductivity anisotropic ratios. The difference
in crystal orientations of BP can accurately be
distinguished by analyzing the relationship
between the polarization of pump light and
photothermal signal. Also, it is found that the
BP not only exists as heat source yielding
changes in refractive index of the
photothermal media but also can detect minor
photothermal signals as sensing layer. Overall,
these findings that BP surface and the media
significantly impact the photothermal signal
provide not only an accurate way for
measuring crystal orientation but also can
expand the practical applications of
biosensors.
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Fig. 3. Photothermal detection of BP/ReSe; heterostructures.

Manipulating the polarization of an
incident beam using two dimensional
materials have become an important research
direction towards the development of
nano-optical devices. Black phosphorus (BP)
and rhenium diselenide (ReSe,) possess
excellent inplane optical anisotropy with
optical birefringence in the visible region,
which has led to novel applications in
polarizing optics and optoelectronics. Herein,
the polarization-dependent absorption of BP
and ReSe2 and a modulated pump beam is
utilized to obtain the photothermal signal from
them. The photothermal anisotropy of BP and
ReSe2 has been explored using photothermal

detection. Then we have defined the
photothermal contrast using the ratio of the
maximum to the minimum of the
photothermal  signal. The photothermal

contrast of BP and ReSe, can be obtained
accurately by the relationship between the
polarization angle of the pump light and the
photothermal signal. We demonstrate that a
layered BP with different thicknesses can
remarkably change the photothermal contrast.
In contrast, the photothermal contrast of
ReSe2 does not change with the different
Further, the
photothermal  anisotropies of BP/ReSe2
heterostructures were also explored. The

thicknesses of the samples.

. photothermal contrasts of samples were
4

observed to change with different stacking
indicating that the photothermal

A
IFRE
’ “a]}' "ropy of heterostructures is dependent on
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the stacking angle. Our findings provide new
prospects for designing novel optical devices
based on two-dimensional  anisotropic
materials, with potential applications in
electronics, photonics, and optoelectronics.
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Fig. 4. Different ways for phase manipulation of optical waves

with artificial nano structures.

Invited review of phase Manipulation of
Electromagnetic Waves with Metasurfaces and
Its Applications in Nanophotonics: Relative to
phase- modulation optical
elements, metasurfaces (i.e., 2D versions of

conventional
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metamaterials) have shown novel optical
phenomena and promising functionalities with
more  compact platforms and  more
straightforward fabrication processes. With the
ability to generate a spatial phase variation,
optical wavefront can be manipulated into
arbitrary shapes at will, enabling new
phenomena and integrated ultrathin optical
devices to be explored. This review is focused
on recent developments regarding phase
manipulation of electromagnetic waves with
metasurfaces. Starting from their underlying
physics for realizing full 2mx phase
manipulation, an overview of the applications
of such metasurfaces in nanophotonics is
discussed, concluding with a discussion of
future prospects in this field.
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Fig. 5. Metasurfaces for precisely manipulating the phase of
electromagnetic waves and its applications

Invited review of Geometric
Metasurfaces for Ultrathin Optical Devices:
metasurfaces, planar metamaterials consisting
of a single layer or several layers of artificial
structures, not only form the basis for
fundamental physics research but also have
considerable  technological  significance.
Metasurfaces can locally modify the optical
property within a subwavelength range, which
can facilitate device miniaturization and
system integration. Metasurfaces have shown
extraordinary capabilities in the local
manipulation of the light’s amplitude, phase,
and polarization, leading to a plethora of novel
applications such as generalized Snell’s law of
refraction and photonic spin Hall effect. This
progress report is focused on the recent
advancements in the fundamental research of
geometric metasurfaces and their applications
in ultrathin optical devices, including planar
metalenses, helicity multiplexed holograms,
functionality switchable devices, polarization
beam splitters, vector beam generation,
arbitrary polarization control, and so on. The
compactness, ease of fabrication, and unusual
functionalities of these devices render
geometric optical metasurface devices very
attractive for new applications such as

encryption, imaging, anti-counterfeiting,
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optical communications, quantum science, and
fundamental physics. This paper aims to bring
readers some new insights, and to broaden the
applications of geometric metasurfaces in
more research fields of and
technology.
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Fig. 6. Fourier lens based on artificial nanostructures and its
optical function.

Realizing of metasurface Enabled
Wide-Angle Fourier Lens: Fourier optics, the
principle of using Fourier transformation to
understand the functionalities of optical
elements, lies at the heart of modern optics,
and it has been widely applied to optical
information processing, imaging, holography,
etc. While a simple thin lens is capable of
resolving Fourier components of an arbitrary
optical wavefront, its operation is limited to
near normal light incidence, i.e., the paraxial
approximation, which puts a severe constraint
on the resolvable Fourier domain. As a result,
high-order Fourier components are lost,
resulting in extinction of high-resolution
information of an image. Other high numerical
aperture Fourier lenses usually suffer from the
bulky size and costly designs. In our research,
a dielectric metasurface consisting  of
high-aspect-ratio silicon waveguide array is
demonstrated experimentally, which is capable
of performing 1D Fourier transform for a large
incident angle range and a broad operating
bandwidth. Thus, the device significantly
expands the operational Fourier space,
benefitting from the large numerical aperture
and negligible angular dispersion at large
incident angles. The Fourier metasurface will
not only facilitate efficient manipulation of
spatial spectrum of free-space optical
wavefront, but also be readily integrated into
micro-optical platforms due to its compact
size.
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Fig. 7. A schematic of nonlinear metasurface.

Tripling the Capacity of Optical Vortices
by Nonlinear Metasurface: Optical vortices
have emerged as a potential approach to
enhance data capacity for its extra degree of
freedom of orbital angular momentum.
Although linear metasurfaces have been used
to generate optical vortices, their capacity can
be further increased by involving nonlinear
frequency  conversions, providing
channels for data storage. In our research, by
introducing second harmonic Pancharatnam-—
Berry phase, one linear and two second
~ “harmonic optical vortices with different
topological charges focused into different
ffﬁﬂ;lengths can be generated simultaneously

'uflb_m, the proposed metasurface, which can

new
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store threefold optical vortices compared with
the linear geometric
metasurfaces have been demonstrated. Besides,
the 2D multifocal metalens with same strength
for each focus emerged from the parabolic
phase factor has been experimentally observed.
This nonlinear optical vortex generation
process represents a new strategy for
enhancing the capacity of optical
communications and multi-channels integrated

conventional

optical communications.
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Fig. 8. A schematic of anisotropic structural color in dielectric

metasurfaces.
Realizing of  Polarization-Sensitive
Structural Colors with Hue-and-Saturation

Tuning Based on All-Dielectric Nanopixels:
Structural colors generated by the plasmonic
resonance of metallic  nano-structures,
particularly aluminum, have been intensively
studied in recent years. However, the inherent
Ohmic loss and interband transitions in metals
hinder the high efficiency and narrow
bandwidth required for pure colors. In our
research, arrays of asymmetric titanium oxide
elliptical nanopixels on a silica substrate are
utilized to realize polarization-sensitive
structural colors with high saturation, high
efficiency (more than 90%), and high
resolution. Owing to Fano resonance resulting
from the interference between the radiating
waves of dipole resonances and directly
reflected waves, perfect narrow reflected
spectra can be formed with nearly ideal
efficiency in the visible spectrum based on
this all-dielectric nanostructure. In particular,
hue- and saturation-tuned colors can be
simultaneously  obtained under  two
orthogonally polarized incident lights with
apparent color contrast. Based on the superior
properties of the titanium oxide metasurface,
the proposed design strategy is anticipated to
form a new paradigm for practical applications,

. such as high-density optical data storage,

nanoscale optical elements, sensing, security,
0.0N.
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Fig. 9. A schematic of dielectric metasurfaces for breaking the

diffraction limit.

Breaking the Diffraction Limit with
Radially Polarized Light Based on Dielectric
Metalenses: dielectric metalenses with high
efficiency and compact size have been widely
investigated recently, but still suffer from
Abbe diffraction limit. In our research, with

linear polarization incidence, a dielectric
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metalens is demonstrated to efficiently
generate and focus radially polarized light
simultaneously. Two novel methods are
proposed to achieve super-resolution. First, a
circular high-pass aperture is utilized to
enhance the longitudinal field component in
the vicinity of focus with the focal spot size of
0.1383%, much smaller than the theoretical
limit of 0.2122% The key parameters that
impact the focusing size are explored in detail,
such as radius of the circular aperture and
numerical aperture of the metalens. Second, an
extra phase distribution is added on the
metalens to filter the transversely polarized
component, which leads to a focal spot size of
0.144)2. The approach provides a wide
platform for sub-resolution focusing and
imaging, which offers the capability of
subdiffraction techniques for microscopy
systems and information processing with
extensive channels.
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R K FAE Appl. Phys. Lett. 113(5),
051901 (2018).
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Fig. 10. Time-resolved OHD-OKE results of MoS; film and the

quartz substrate.

Measuring  third-order  susceptibility
tensor elements of monolayer MoS; using the
optical Kerr effect method: We present a
femtosecond optical heterodyne detection of
optical Kerr effect study on Chemical Vapor
Deposition-grown monolayer MoS, film at
800 nm. The third-order nonlinear optical
susceptibility (i.e. 7% + x5 ) of monolayer
MoS; is determined to be 1.4x10°° esu, and the
ultrafast temporal response process indicates
that the susceptibility origins from the
nonresonant electronic polarization. Based on
the Kleinman symmetry, the susceptibility
tensor elements are determined, further, the
nonlinear refractive indexes of any elliptically
polarized light could be calculated for MoS..
These results will benefit for the application of
MoS; in nonlinear photonic devices.
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In this field, we mainly focused on the
multi-functional optical crystals,
low-dimensional functional materials, soft
matter, nano-crystalline glass ceramics, and
photonic microstructure. 20 papers were
published in international academic journals,
and 2 patents were applied and 2 authorized
patents were granted (including one
International patent). The total researching
founds are 9.458 million. This year, we
obtained some important results, they are
mainly shown as following:
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Fig. 1. The most stable model of LN:Mg (a), LN:Sc (b) and
LN:Zr (c). The dopants ions Mg?*, Sc**, and Zr*" are represented
by red balls in the figure respectively. Blue and purple balls are
lithium vacancies in INN and 2NN site of dopant ions. And the
blue arrow shows the direction of spontaneous polarization of
crystal, while green arrows and yellow arrows indicate the
direction of the dipole moment in (a), (b) and (c). (d) is the
amplification structure of dipole moment; the red green and blue
arrows represent the direction of a, b and ¢ axis in crystal, and
yellow arrow show the direction of dipole moment.

Through first-principles calculation and
analysis, the most stable structure of intrinsic
defects in the congruent lithium niobate (LN)
crystals is obtained. In both pure and doped
LN, four lithium vacancies are located in two
nearest neighbors and two second nearest
neighbors. Besides, the defect dipole moment
in this state has no direct contribution to the
crystal polarization. Fig. 1 shows the stable
defect morphology in Mg, Sc, Zr doped
crystals. This conclusion provides a new
understanding of the relationship between
defect clusters and crystal polarization.
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The photorefractive  properties  of
LN:Mo,Me (Me=Mg*, zn*, In*, zr*)
crystals were studied. The results show that
the valence of anti-photorefractive ions is not
the decisive factor affecting the properties of
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LN doped with molybdenum. The
individuality of doped ions, such as valence,
electronegativity and ion radius, is very
important to the photorefractive process.
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Fig. 2. (a) Magnetic hysteresis loops of sample A with a main

orientation of (111). Inset is the raw data. The M-T
measurement performed after magnetizing the sample at 300

K with H = 1 T and then cooling to 2K. (b) Magnetic

hysteresis loops of sample B with a main orientation of (110).

All the measurements were performed in-plain.
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Fig. 3. PFM out-of-plane amplitude (a) and phase (b) images
were recorded after writing with 240V using a conductive tip. c,
The phase and amplitude steps over the strip area shown in a, b.
d, Local PFM hysteresis loops of phase signal and amplitude
signal.

The La and Co co-doped BiFeOjz thin
films were successfully fabricated on the
Pt(111)/Ti/ SiO2/Si substrate buffered by Nb
(0.7%wt):STO via pulsed laser deposition
(PLD). The X-Ray Diffraction revealed that
the film grew at 0.2Pa was predominant
orientations of (111), and its surface
root-mean-square roughness (RMS) was 0.96
nm. The saturation magnetization of film (111)
reached 25.3 emu/cm3, which was 6 times
larger than that of the film (110) (as shown in
Figure 2). The enhanced saturation
magnetization can mainly ascribe to the
predominant orientation and the grain size of
La-Co co-doped BFO. Besides, this film has
good ferroelectric properties (Fig. 3). Our
work will promote the application of the films
as high-density information storage materials.
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Fig. 4. Qualitative comparison of piezoelectric ringing in
miniature LN, block LN and RTP, (a) Applied voltage pulse, (b)
Temporal behavior of the intensity transmitted through the RTP
PC, (c) Temporal behavior of the intensity transmitted through
the block LN PC, (d) Temporal behavior of the intensity

transmitted through the miniature LN PC.
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Fig. 5. The performances of CW and Q-switched pulsed lasers, (a)
Output power versus pump power of CW laser, (b) Output power
versus pump power of Q-switched pulsed laser, (c) Output
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With a LiNbO; crystal as the
electro-optic Q-switch, a compact Q-switched
laser with a high repetition rate and a narrow
pulse width was developed. Firstly, the
piezoelectric ringing effects in LiNbO;
crystals with different dimensions were
investigated. The crystal was sandwiched
between two crossed polarizers, then the
variation of the laser transmitted intensity with
the pulsed high voltage applied to the crystal
was measured. Additionally, the piezoelectric
ringing effects in LiNbOs; crystals were
compared with that of a RbTiOPO, crystal.
The results show that the block LiNbO;
crystal suffers enormously from piezoelectric
ringing, while the piezoelectric ringing in the
miniaturized LiNbOj3 crystal is similar to that
of the RbTiOPO, crystal and is negligible.
Combining with the piezoelectric effect theory,
it is derived that the acoustic ringing is
influenced by the applied voltage and the
piezoelectric  resonance  frequency, the
acoustic ringing decreases with the decreasing
of applied voltage and the increasing of
piezoelectric resonance frequency. Based on
these results, a miniaturized LN EO Q-switch
that can operate at a high repetition rate was
prepared, its dimensions is 1.2 mm>9 mm>9.4
mm (XXY>Z). The miniature LN crystal was
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successfully used for high repetition rate EO
Q-switching. A Nd:YVO, crystal possessing a
large emission cross-section and a short
fluorescence lifetime was used as the gain
medium. One side of the Nd:YVO, crystal
was high-reflection coated at 1064 nm, and
another side was cut along the Brewster angle,
then a reflecting mirror and a polarizer was
saved and the cavity length was shortened.
The pump source was a fiber-coupled laser
diode with a central wavelength of 808 nm.
Based on the above design, a compact cavity
with a length of only 20 mm was achieved. In
the pulse-off Q-switching operation, a stable
pulsed laser operating at a maximum
repetition rate of 15 kHz with a pulse width of
5.4 ns and a peak power of 2.94 kW was
obtained.
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The research is focus on the occupancy
of the doping ions in host, the influence of
different crystal field environment on
luminescent properties, and developing novel
phosphors with high thermal stability.
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Fig. 7. (a) Crystal structure of LiMgBOgs, and (b) the final

Rietveld refinement plot of the XRD pattern of LiMgBO3:Mn?".

Mn?* is attracting much attention due to
its potential application as an activated ion in
the phosphors. A rare-earth free phosphor
LiMgBOs;: Mn?* was synthesized by high
temperature solid-state reaction method.
Combined with X-ray diffraction and PL/PLE
as well as the first-principle theory calculation,
the coordination environment of Mn?* was
disclosed that Mn®* ions were inclined to
occupy two partially filled Li sites. Under the
427nm excitation, an abnormal deep red
emission band centered at 705nm was
observed, which was due to the strong crystal
field environment of Mn®* induced by the
extremely distorted five-coordinated sites and
proved by the electronic band structure
through density functional theory calculations.
In addition, the luminescence intensity and
thermal stability of LiMgBOs;Mn** was
significantly enhanced with Li* replaced by
Na* and K. This work disclosed the origin of
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the abnormal luminescent properties of Mn?*
LiMgBOs; and further enriched the
understanding of abnormal luminescence of
Mn?* special  crystal  structure
(five-coordinated configuration).
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Fig. 8. CIE chromaticity coordinates and the pictures of the

phosphors.

One of the methods to improve thermal
stability is 'self-reduction’. As we know, most
of the low valence ion activated phosphors
“should be synthesized in reducing atmosphere.

fter: long time working at high temperature,
N

|,Tj _will meet a problem of being oxidized
‘a :{1
1
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which will lead to chromaticity coordination
deviation, such as Eu** to Eu**, and Mn* to
Mn**. An ideal way to solve the problem is to
synthesize the low valence ion activated
phosphors in ambient atmosphere. Then we
can expect outstanding thermal stability at
high temperature. People have found that Eu*
can be stabilized in ambient atmosphere in
some special host structure. But as to the Mn?*,
most of them are prepared in reducing
atmosphere  except several Germanates.
Recently, we realized the self-reduction from
Mn** to Mn?* in phosphates. These phosphors
are synthesized in moderate temperature and
ambient atmosphere, which has outstanding
thermal stability and can avoid being oxidized
are high temperature.
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Fig. 9. The projection of the crystal structures of LiCa(PO3); (a)
and Li,Ca(POs3)4 (b) (Green tetrahedra represent PO4, and yellow

and white balls represent Li* and Ca?*, respectively).

To explore new deep-ultraviolet
nonlinear optical materials, the phosphate

system of lithium and calcium was
investigated, and a new metaphosphate
compound, Li,Ca(POs3);, was  found.

Li,Ca(P0Os3)s and LiCa(POs3); crystals were
prepared by the evaporation method of solvent,
their crystal structures were determined by
single crystal X-ray diffraction.

LiCa(POgz); was not only prepared by the
evaporation method of solvent (Li,COsg,
Ca,CO;3 and phosphoric acid as raw materials),
but also by the high-temperature solid state
reaction. However, Li,Ca(POs3)s can only be
prepared by the evaporation method of solvent,
and moreover, it’s not the only product.
LiCa(PO3); crystallizes in triclinic crystal
system, P-1 space group, and its cell
parameters are a = 6.6779(7) A, b = 6.9305(8)
A ¢ = 7.3417(10) A, « = 83.697(10)< S =
80.765(10)< y = 81.897(9)< Z = 2, and
. Li,Ca(POs), crystallizes in monoclinic crystal
's‘ystem, C2/c space group, and its cell

mﬁ eters are a = 16.2147(15) A b =

7.0231(4) Alc = 9264411) A p =

124.674(15)< Z = 4. The crystal structure of
Li,Ca(POs), is differ with those of any known
M,M"(PO,), compounds. The common
structural feature of both compounds is
infinite chain of [POs], formed by sharing
oxygen atoms of basic unit PO,4. The chain is
zigzag and the repetition period is [PO,
for LiCa(POs)s, and helical chain and
repetition period of [PO,], for Li,Ca(POs),.
Li* and Ca®* are among the chains of [PO3]..
to connect them by ion bonds and to balance
electronic charge. LiCa(POs3); and
Li,Ca(POs3)s were characterized by powder
X-ray diffraction, FTIR spectroscopy, Raman
spectroscopy, UV-visible powder diffuse
reflectance spectroscopy, and differential
scanning calorimetry and thermogravimetry,
respectively. Both of LiCa(PO3z); and
Li,Ca(PO3); cannot exhibit the effect of
powder second-harmonic generation due to
their centrosymmetric crystal structures.

R LGP IF B BA R RN
PR R A 2 A% TR M0 435K 11 7% 400 152 R 5 AT 3
Fho ABTFLHT HARE T T4 —Fh el LA AT sE
BUBB PR IN BRI N HRAEE, BRRTE 78 32 2 58
Oofe -t e B A RE AL IR B T R T
Xt E B - i O R BaF, di ik
FOCHAFER T BRI, 25 TR i
TR PR Sh WF ST BT AN AL S B B it e e S R & 1
HIBE TR AL, M L B T RIB IR T LA
AN BaF, IR AICH Y, [RIRIER L
TREE PRGN ST o TERTRT df A A K AR AE 1Y
s X5 AR G B S 18 o A R
REBAT TIRAWITL -

The scintillator
nanosecond) scintillation and high detection

with ultrafast (sub

efficiency is the frontier of radiation detection
research, which is also the main goals of our
group’s  research. At  present, our
investigations are focusing on the cole-valence
scintillation material and quantum dots. We

have cooperated with SICCAS and BGRI to
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suppress the slow scintillation component in
the BaF,.It is demonstrated the rare-earth
doping is an efficiency approach to suppress
the slow scintillation component in the BaF,

without losing the fast scintillation component.

At the same time, the issues in crystals growth
and relations between dopant concentration
and slow component suppression have also
been investigated.
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|
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B0, HUREZEAR IR Q2B (b) SEMEE )T
Fig. 11. Images of scattering centers observed by (a) an optical

microscopy and (b) a SEM/EDS spectroscopy. -

Fig. 10(a) shows ten BaF, samples cut
from a La doped ingot. Fig. 10(b) shows these
samples marked as P1 to P10 under a red LED
illumination, revealing scattering centers in all
samples with the most severe in the sample P6.
In Fig. 11, it shows consistent shape and
stoichiometric  ratios measured by the
SEM/EDS analysis for scattering centers
(Spectrum 1 and 2) and background (Spectrum
3). This consistency indicates that the
scattering centers are voids or bubbles, known
as negative crystals formed according to the
Roedder's liquid-inclusion formation
mechanism. While the shape and formation
mechanism  of negative crystal were
investigated for pure BaF, crystals, its
existence in La doped BaF; crystals indicates
a morphological instability of the solid-liquid
interface  during crystal growth. Such
instability is caused by an out of controlled
crystallization velocity, which occurs often at
a high thermal gradient zone such as the seed
end. To grow scattering center free crystals,
the crystal growth parameters need to be
further optimized.
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Fig. 12. Relative concentration of La as a function of

solidification fraction.

Fig. 12 shows relation between La
concentration and crystal solidification
fraction, where the effective segregation
coefficient for La in BaF, is determined to be
1.5340.09 for a crystal growth velocity of 2
mm/h. According to a few abnormal
concentration points at the beginning of
crystal growth, it is also demonstrated
crystallization velocity was out of control.
Therefore, the La concentration in these points
are lower than the theoretical concentration,
which also demonstrates the scattering centers
are negative crystals.
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Fig. 13. Relative concentration of La (top) and Ce (bottom) as a
function of solidification fraction in La/Ce co-doped BaF,
samples.

Fig. 13 shows fit results of 1.7740.09 and
1.7240.09 respectively for La and Ce with the
crystal growth velocity of 1.5 mm/h. The
consistent effective segregation coefficients of
La and Ce in BaF, are due to their similar ion
radius and valance.

K] 14 JE7R T 220 nm KGRI EWLT BLK
300 nm & JEHI EWLT 5 La F1 Ce 5 2 [1)
PR FR. WNEIHRRTLLIEE 220 nm &G
EWLT 5 La MR E 2 B4 & 355 I 1 2k
PEXR AR, 1M 300 nm KGR EWLT 5 Ce 1
WEZ HAEHEEFRREERR X—F
T La 945 44060 T 220 nm R EE R LA
Wi, T Ce H4B 28T 300 nm 125K Ot
AR, 31 B AT DS e P atods 1 e ik 0
PR La 5 Ce B AR .




22!

I

RR | BRI etk B La 5%

2018 EFLARLMNE T A HE W E A LR H R

100
100 PBaF,-LaiCe BGRI
' [
g ¥ \0\ ]
— 80
S Eg
9% sl ¢ 8¢ Q
S5 B0 1 28
5 s | 52 Q
He ol SEsof .
SW gt suw
w w p
_y=9220x * __y = 90-4516x
20 40
: L] s
5 o b T 1 s B _
_ggmﬂﬁ ] a % B?DU -Ej [u; A
2% 2= |
£2 W | E2 i
wwe . W o
co 80 L £ 0T 80 | m R
ck L c u]
o o
o= : S =
OW gl | ©Wgl —
< : LI =}
o™ o™ 4
40Ul i 40
0 1 2 0 0.005

La Concerntration (wt%) Ce Concerntration (wt%)
14. 220 nm &G EWLT BLK 300 nm &G EWLT 5 La
Fil Ce WRFEZ B[R R

Fig. 14. The values of EWLT for the fast (220 nm, top left) and
slow (300 nm, top right) scintillation component as well as their
ratio (bottom) are shown as a function of the La (left) and Ce
(right) concentrations.

Fig. 14 shows correlations between the
values of EWLT for the fast (220 nm, top left)
and slow (300 nm, top right) scintillation
component as well as their ratio (bottom) as a
function of the La (left) and Ce (right)
concentrations. The excellent linearity
observed in two top plots indicates that the
La/Ce concentration may be extracted from
the EWLT data. The ratio distributions
indicate that the optimized doping level for La
and Ce is 0.77 and 0.0029 wt% respectively
for slow component suppression in the La/Ce
co-doped BaF,. While the self-absorption
effect induced by La doping reduces the fast
component, the self-absorption effect induced
by Ce doping reduces the slow component
only, so improves the F/S ratio. The La and Ce
concentration can be extracted through
transmittance spectrum.
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Fig. 15. Light output in 50 (top) and 2,500 ns gate (bottom) is
shown as a function the EWLT loss for La/Ce co-doped BaF,.
Fig. 15 shows the light output losses in
ten La/Ce co-doped BaF, samples compared
to the pure sample in 50 (top) and 2,500
(bottom) ns gate as a function of the EWLT
loss. A good correlation is observed between
the losses of the light output in 50 ns gate and
the EWLT of the 220 nm emission, indicating
the loss of the fast scintillation component is
due to the absorption induced by La doping.
No correlation is observed between the losses
of the light output in 2,500 ns gate and the
EWLT for the entire emission, indicating an
additional quenching effect beyond absorption.
The reduction of the fast component is
attributed to a slightly reduced efficiency of
the cross-luminescence in La doped BaF,. The
reduction of the slow component is attributed
to the quenching centers introduced by the La
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doping, which leads to non-radiative decays of
self-trapped excitons (STE) of the slow
component. The trivalent rare earth ions (La>*)
replace Ba”" ions in the lattice, leading to a
charge imbalance. The overall charge is
balanced by defects, such as interstitial F—
complexes or O— centers due to oxygen
contamination. These defects may act as
guenching centers. The phenomenon has been
observed in serval trivalent rare earth (La, Ce
and Y) doped BaF; crystals.
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Disordered crystals are a type of
inorganic crystal, which have applications in
laser, guantum electronics,
optical communication and biological imaging,
due to their excellent optical, magnetic and

illumination,

electrical properties. The rare earth doped
NaREF, family compound is a disordered
structure crystal material with excellent
optical properties. Hexagonal NaGdF, and
NaEuF, crystal materials with different rare
earth doping concentrations were prepared by
high temperature solid method. Extended
X-ray Absorption Fine Structure (EXAFS)
and fluorescence spectroscopy were used to
clearly and systematically study the local
structure of the disordered structure crystal
B-NaGdF, and the intrinsic distortion existing
within the disordered crystal structure. A local
structure model of the disordered structure

crystal B-NaGdF, is proposed. In this
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structural model, Gd** ions and Na* ions are
arranged alternately along the c-direction of
the lattice in disordered 1f cation positions,
while Gd** and Na* ions tend to be disordered
in the a and b directions of the lattice. Due to
the mismatch of ion radii between the
disordered cations, lattice distortions occur
within the B-NaGdF, crystal lattice. This kind
of lattice distortion exists even in the perfect
B-NaGdF, crystal lattice. Due to the presence
of intrinsic distortion, the luminescent
properties of the rare earth ions in the crystal
lattice are greatly affected. Our work not only
defines the structure of the B-NaREF, family
of compounds and the effect of their structure
on the luminescent properties of rare earth
ions; it also provides insights into the structure
of other disordered crystals and explores the
effects of the disordered structure's
microstructure on its macroscopic physical
properties. It is of great significance to the
design, modification and application of
disordered crystal materials.

Up-conversion  fluorescence materials
that excitation by infrared laser is one of
candidates of biological fluorescence probe.
The infrared laser is safe for activated
bio-molecular. Both wavelength of excitation
laser and up-conversion fluorescence are in
the infrared. It implied this kind of materials
be signification for biological and
chemical research. An ultrapure near infrared
(NIR) emission entered at 800 nm upon 976
nm laser (NIR-to-NIR)  was
observed in B-PbF,:Yb*/Tm** glass ceramics
(GCs). The ultrapure NIR-to-NIR single band
emission originated from the *H, — °Hs

will

excitation

transition of Tm®" with the ratio of NIR
emission, and a blue band up to 9,633 was
obtained. Through detailed analysis of the

stal structure and the energy transfer
'men Tm® and Yb*, it is elucidated that

‘the 'host lattice with low phonon energy
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cooperative with the energy mismatch results
in a dramatic population of the *H, state as
well as ultrapure NIR-to-NIR single band
emission. Moreover, up-conversion (UC)
emission properties and the decay lifetimes of
B-PbF:Yb*/Tm®* in GCs were explored
thoroughly. The results illustrate that efficient
cross relaxation (CR) processes between Tm®*
generate the energy redistribution in UC
emission spectra, further concentrating energy
to NIR emission. These two issues can be
treated as crucial factors on ultrapure NIR-to-
NIR single band emission in
B-PbF:Yb**/Tm* in GCs. The ultrapure
NIR-to-NIR single band emission through 976
nm laser excitation is advantageous for
enhancing resolution and has
application in bio-imaging fields.
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In this field, we mainly focused on
computational and simulation studies of
typical soft matter. 3 papers were published in
international academic journal of
Macromolecules, 51, 3050-3058 (2018), Soft
Matter 14,1887--1896(2018) and Polymer,
140, 278-289 (2018). The total researching
founds are more than 3.33 million. The typical
result we obtained this year is shown as
following:
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We study the self-assembly and
formation process of wvesicles of giant
molecular shape amphiphiles in a selective
solvent using the Brownian dynamics
approach. Each amphiphile is composed of
one hydrophilic nanoparticle tethered with one
to five hydrophobic polymer tail(s), and the
number of coarse-grained beads in each
polymer tail is comparable to the number of
repeating units in shape amphiphile used in
the experiments. The effects of various
parameters, such as the number of polymer
tails, the length of each tail, the concentration
of amphiphile beads, the size of the
nanoparticle, and the temperature of the
system on the self-assembled aggregate
morphologies are investigated. Morphological
phase diagrams are constructed in different
parameter spaces, and multiple morphological
transitions are predicted and explained based
on packing parameter. The formation
pathways of vesicles are examined
“systematically and mechanism 1l is identified

&ns. Transition between mechanism | and

parameters, and principles controlling the
different pathways are elucidated. The
simulation results are compared with available
experimental and simulation results of related
systems.
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We reported the first systematic study

l‘ |,fgithe first time in such shape amphiphilic
S
i

L ! ) using lattice self-consistent field (LSCF)
mechanism Il can occur by varying several
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calculations of ring homopolymer brushes
grafted onto a flat and homogeneous surface
and immersed in an explicit and athermal
solvent, which are either uncompressed,
compressed by a flat and impenetrable surface,
or compressed by an identical brush. Our
results clearly show that ring brushes are
slightly less stretched than, thus nearly but not
completely identical to, the “equivalent” linear
brushes having half the chain length and
double the grafting density. Our LSCF results
are consistent with the molecular simulation
results reported in the literature (Reith et al.,
Europhys. Lett. 2011, 95, 28003; Erbas and
Paturej, Soft Matter 2015, 11, 3139), except
that Erbas and Paturej reported that the normal
pressure of two opposing ring brushes is only
half of the “equivalent” linear brushes at melt
density.
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_The effects of chain-grafting density,
chain. composition, and interactions between
nt. species on the self-assembled

)
‘structures and chain conformations of planar
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grafted ABA triblock copolymers in a solvent

selective for the middle B-block are
investigated systematically using
3-dimensional lattice self-consistent field

calculations. Structures with one A-rich layer
(S1Aa and S1Ab) and with two A-rich layers
(S2A) are predicted and the corresponding
formation conditions are identified. It is the
competition between the entropy and enthalpy
that results in the formation of different
structures. The copolymer chain composition
affects the balance between entropy and
enthalpy, and therefore has a significant
influence on the resulting structure and chain
conformations. In structures S1Aa and S1Ab,
the free A-blocks fold into the B-rich domain
and the grafted A-rich domain, respectively,
whereas in structures S2A the free A-blocks
do not fold. Our results are compared with
available experimental and simulation results
of related systems
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The band structure and photocatalytic
MoS,-modified  C3N4
photocatalysts ~ with  improved  visible
photocatalytic activity on the
photodegradation of HCHO.

mechanism of
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Fig. 17. TEM images of (a) g-CsNs4, (b) MoS, and (c)

g-CsN4/MoS, 3%; XRD patterns of MoS;, g¢-CsNs and
g-C3N4/MOSZX.
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Fig. 18. (a) Diffuse reflectance absorption spectra and (b) XPS
valence band spectra for MoS,, g-C3N,4 and g-C3N4/MoS,X.
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Fig. 19. Schematic diagram of the photocatalytic mechanism for
the g-CsN4/MoS,X.

A series of g-C3N4/MoS,X photocatalysts
were prepared by modifying g-C3Nywith
different concentration of MoS, via a water
exfoliation method. The crystal structure,
morphology, band structure of heterojunction,
behaviors of charge carries and the redox
ability were characterized by XRD, HR-TEM,
absorption  spectra, XPS, PL, cyclic
voltammetry curves and transient photocurrent
spectra. It is revealed that the introduction of
MoS, on the surface of g-C3N4 nanosheets to
form micro-heterojunction could enhance the
visible response and separate photogenerated
charge carriers effectively. Moreover, the
ability of the photocatalyst for generating
reactive oxygen species (ROS, such as O
and OH) was also investigated. Therefore,
g-C3N4/MoS,X  samples  exhibit  better
photocatalytic performance for the
photodegradation of HCHO than g-C3N, and
MoS, under visible irradiation.
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Synergetic effect of N*, In** and Sn** £\
ions in TiO, towards efficient Visible \
Photocatalysis
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Fig. 20. XRD patterns of TiO,, TiO,-N, TiO,-In, TiO,-Sn and s
doped S ions

TiO2-N-In-Sn.
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Fig. 24. Schematic diagram of photocatalytic mechanism for

Intensity(a.u.)

TiO2-N-Sn-In photocatalyst.

Nitrogen, tin and indium doped TiO,

photocatalyst (TiO,-N-Sn-In) was prepared by

N S‘-il‘ﬂzl_ TiOxN-1n-Sn fi:éhff) XPS i#: (a) N s (b) In 3d. a simple sol-gel method. It was revealed that
' © CI.2p. #1 (d) Sn 3d. tin was incorporated into TiO, crystal lattice in
l XPS spectr of N 15 (@), In 3d (b), CI 2p (c) and Sn 3d (d) substitutional mode, while nitrogen and
l % N-In-Sn sample indium were present as surface species (NOy
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and O-In-Cly). The introduction of nitrogen,
indium and tin into TiO, system could adjust
the band structure, enhancing the absorption in
visible light region and inhibiting the
recombination of photogenerated
carriers,  resulting in  an

charge
improved
photocatalytic activity, compared with pure
TiO,, TiO,-N, TiO,-In and TiO,-Sn for
degradation of 4-chlorophenol under both
visible and UV-light irradiation. The
adjustment of the band structure for TiO, by
doping and modification is a feasible way to
improve the photocatalytic activity of TiO,.

S FHEAL T AL IE JB CO, 2 i CH,,
TiO, % Zn F1 Pd BRI EMER

Synergetic effects of Zn and Pd ions in
TiO, towards efficient Photo-Reduction of
CO, into CH,.
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(D) of TiOy, TiO,-Zn, TiO,-Pd and TiO,-Pd-Zn.
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Fig. 28. (a). CH4 generation of TiO,, TiO,-Pd, TiO,-Zn and
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TiO,-PdX-ZnY; (b). Schematic band structure and the

photocatalytic mechanism of TiO,-PdX-ZnY.

The Zn and Pd co-modified TiO,
photocatalyst (TiO,-PdX-ZnY) exhibit
remarkably enhanced photocatalytic activity
on photo-reduction of CO, with H,O into CHj.
It is revealed that the introduced Zn and Pd
exist as unique O-Zn-Cl and O-Pd-O species
on the surface of TiO,, resulting in the
enhanced absorption in visible region and
efficient separated charge carriers. It can be
deduced from the theory -calculation and
experiment results that the energy level of
0-Zn-Cl and O-Pd-O match the redox
potential, leading to the improvement of
photocatalytic performance.
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Y37+ K i Fl/Manipulation of Optical Fields and Its Application
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In our direction, we mainly focused on
the generation of the new kind of vector
optical fields, the focusing engineering, the
design of the orbital angular momentum of
photons, the nonlinear  effect, the
micro-manipulation and fabrication by the
new optical fields. This year, we obtained
some respective results as following.

(—) ETMHERELRKCLEK/
Extending optical filaments with
phase-nested laser beams

N AR SERR M 2, AAIT— B
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A3 T 5 — A Ol SRR AT SR 2 B ot
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A IRAEGLL s AT KIPIRES 7 32 )
ISR, Fretye L B AR Bt RE R AN TE
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AR LA O SRS BOR RS e K 1
B, Ak, TATLEHRDT TIESH REEAD
FER I 22 JE A B EE B DL B T AT T
RSB K22 (KR e

Extending the length of femtosecond
laser filamentation has always been desired
for  practical applications. Here, we
‘demonstrate that significant extending of a
single filament in BK7 glass can be achieved

replenishment are assembled in a single
phase-nested beam. The central part of the
phase-nested beam is an apertured Gaussian
beam, which is focused into one focal spot to
produce a short filament. In contrast, the rest
of the annular part converges gradually
towards the central axis to continuously
replenish the energy for supporting the
regeneration of filaments. The common-path
generating system ensures the stability of
generated filaments and easily optimizes the
beam parameters to obtain the longest
high-quality filament due to its flexibility. In
addition, we discuss the significance of
continuous  replenishment for extending
filaments and the potential for generating
more extended filaments based on this
method.

M E] 1 TR I SE RS 25 R BRATA MK
W, TR SR, X iREEN
JEARAEASE Ik b RE I 0L T, HAE BKY
LI A 2L K SEBL T 40 7.6 5 HIIE K .
I A I T 5 R B ik 2 485 ) T A A b A ) 22
2=t . 1 TAE KRR T (Photon. Res. 6,
1130 (2018)) F

(a) Whole nested beam £=13 pJ

(b) Central part of nested beam £=2.7 pJ

(c) Annular part of nested beam £=10.3 pJ

(d) Gaussian beam £=13.0 pJ

"’bw Fonstructing phase-nested beams. The
“filamentation - and the following energy

K 1 AR IR ESS DU POt L SEgR 45 2R . () A
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Fig. 1. Experimental results of the filament extended by the
phasenested beam. (a) Filament produced by the phase-nested
beam. (b) Filament produced by the central part of only the
phase-nested beam. (c) No filament is formed by the annular part
of the phasenested beam. (d) Filament generated by the Gaussian
beam with same pulse energy and beam width as the whole
phase-nested beam. The corresponding input beams are shown in
the left side, while the corresponding far-field patterns are shown
in the right side.

From Fig. 1, it is obvious that the
filamentation was extended by 7.6 times for
the phase-nested optical beam, compared with
the traditional Gaussian beams in BK7 glass.
Additionally, this kind of phase-nested beam
can suppress the multi-filamentation. This
work was published in [Photon. Res. 6, 1130
(2018)].

sbAh, EETORIRE, B R IR A
i 3% 285 46 R 5 FR) D' 27 % 1) S5 M 1) 0 [ £
FHSEER T A4 0 R AD 22, SRAEZELLE % T
MEADRE R RSB T R e I B2 45 ] . AHOR T
YE% T (Opt. Express 26, 27726 (2018))
Es

Additionally, we put forward the idea to
combine the polarization manipulation and
optical birefringence to achieve stable
filamentation, and realized stable femtosecond
filamentation in birefringence media. This
work was published in [Opt. Express 26,
27726 (2018)].

(Z) Mt BmFmastR

Ground-state structure of sodium boride
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B HIFEAIERR B J5 T H B . 5 Imma-Na,Bso
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Communication) ] 77 2\ & & T+ 2018 4F 1]
(Phys. Rev. B, 97, 100102(R) (2018)).

-0.0755
| |

§0.024
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Fig. 2. (a) Crystal structure of 12,2;2,-Na,B3. (b) Crystal

structure of 12,2,2:-Bso. (C) Crystal structure of Imma-Na,Bso. (d)
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Nodal rings of Imma-Na,Bs3, in the Brillouin zone.

Boron-rich solids are an important class
of materials, combining high-temperature
superconductivity, superhardness,
ferromagnetism and quantum topological
properties, which attracted broad interest all
along owing to many interesting fundamental
issues and huge potential applications. Binary
borides had been a subject of extensive
research. However, it is inconceivable that the
exact compositions and crystal structures of
sodium borides remained controversial even
that sodium boride (NayBs) was first
synthesized about 50 years ago. Here our
work presented an instructive case of
controversy in this “simple” system, which
showed that very different structures can have
very similar XRD and TEM patterns, making
structure determination ambiguous, and in

62

such cases input from theory is invaluable. In
brief, we found unusual structure and novel
properties in sodium borides (NayBs, or
NayByg), that is,

1. Discovery of new ground state phase
12,2,2,-Na,B3o with unusual open-framework
boron structure, which may have potential
advanced applications.

2. Rediscovery of old experimental phase
Imma-Na2B30 with  novel topological
property, which possesses superior transport
properties.

This work was published in [Phys. Rev.
B, 97, 100102(R) (2018)] as Rapid
Communication.
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Our groups mainly focused on the
preparation and the spectral properties of the
luminescent materials, optical properties and
electrical properties of graphene, surface
enhanced Raman scattering, super resolution
imaging, optical monitoring of air and water,
etc. 13 papers have been published in
international academic journals, 17 patents
were applied for and 2 patents were authorized.
This year, we obtained some important results
as following:

(1) BRI NaLuF, 455 HIGOK T RLE
K #GERI %%, ATLLRIITE 365nm R T
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(TN (N i 3T YR ) S T =
980nm Wik ~, A O AT LLSEE . Bk
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MU NaLuF, 1 B33k e, T Bl DRk
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Fig. 1. (al), (a2) and (a3) The “NK” loaded on the PMMA using
solid state carbon dots/NaLuF, microcrystals under natural light,
a 980nm laser and 365nm UV light; (b1), (b2) and (b3) The logo
of Nankai loaded on a fluorescer-free paper using carbon
dots/NaLuF, microcrystals under natural light, a 980nm laser and

365nm UV light, respectively

The carbon-dots/NaLuF,; microcrystals
have been synthesized by the hydrothermal
method and bright blue emission from carbon
dots is observed in aqueous and solid state
under 365nm excitation. Self-quenching
property of the  carbon-dots/NaLuF,
microcrystals under solid state was deeply
investigated, by changing the ratio of citric
acid (CA) and ethylenediamine (DHE). The
results indicate that the carbon dots can be
effectively adsorbed and dispersed on the
surface of NaLuF, microcrystals, suppressing
the aggregation of carbon dots. Furthermore,
the upconversion luminescence can also be
realized under 980nm laser excitation. From
the above observations, the
carbon-dots/NaLuF, microcrystals not only
reveal emission property of carbon dots and
NaLuF,, respectively, but also optimize the
property of carbon dots. It provides a
promising new strategy to prevent the carbon
dots quenching in solid state and the
carbon-dots/NaLuF, microcrystals may have
potential multi-applications in different fields
including temperature sensing, solid-state
display lighting as well as security inks.
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Fig. 2. (a) Photoluminescence excitation (PLE) spectra of core—
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shell-structured microrods monitored at 544 nm from Tb*". (b)
Emission spectra of corresponding samples at 252 nm excitation

under the same condition.
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Fig. 3. Time-resolved emission spectra for NaYF,Yb/Er@
NaYF4:Ce/Thg 1/Eugos microrods at 252 nm excitation, and the

CIE coordinates of the sample at various delay times.

The dual-mode emission and multicolor
outputs in the time domain from core—shell
microcrystals are presented. The core—shell
microcrystals, with NaYF,:Yb/Er as the core
and NaYF,:Ce/Tb/Eu as the shell, were
successfully fabricated by employing the
hydrothermal method, which confines the
activator ions into a separate region and
minimizes the effect of surface quenching.

. The material is capable of both upconversion

and . downshifting emission, and their

I'!J:ticolor outputs in response to 980 nm
‘m.l -infrared (NIR) excitation laser and 252

.

64

nm, and 395 nm ultraviolet (UV) excitation
light have been investigated. Furthermore,
the tunable color emissions by controlling
the Th**—Eu®*ratio in shells and the energy
transfer of Ce**—Tb**—Eu*" were discussed
in details. In addition, color tuning of core—
shell-structured microrods from green to red
region in the time domain could be obtained

by setting suitable delay time. Due to
downshifting multicolor outputs
(time-resolved and  pump-wavelength-

induced downshifting) coupled with the
mode, the  core—shell
microrods can be potentially applied to
displays and high-level security.
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Fig. 4. (a) Output power, (b) peak power, (c) repetition rate and
(d) pluse width of Er-laser and Yb-laser as a function of pump

power.

We demonstrate a passively synchronized
erbium and ytterbium doped fiber laser
Q-switched by a common graphene saturable
absorber (GSA), which generates optical
pulses centered at 1530nm and 1060nm. In
this laser, 1530 nm laser pulses affect the
transmission of 1060 nm light through GSA,
and induce synchronization of the two pulsed
laser lights. In this passively synchronized
Q-switched laser, not only pulses duration and
pulses energy but also repetition rate can be
continuously tuned by adjust the pump power.
Based on the experimental data, we build a
simplified theoretical model of saturated
absorption characteristics in GSA during the
dual wavelength cross absorption modulation
(XAM) process and present the simulation

results of the impact on the output
performance of the signal light. The
theoretical model of intermodulation

characteristic between the dual wavelength
agrees well with the experimental results. This
laser has many potential applications such as
nonlinear frequency conversion, multi-color
pump probe spectroscopy and Raman
scattering spectroscopy.
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Fig. 5. Sodium borohydride reduction of silver nitrate.
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Fig. 6. Sodium citrate reduction of silver nitrate.
Preparation Ag

Recent experimental studies have shown that
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surface-enhanced Raman scattering, and the
Enhancement factor almost be 10 -10%,
greatly improving the intensity of Raman
scattering, and making Raman scattering more
in-depth  and  widely  used.  Since
surface-enhanced Raman is a necessary means
to achieve single-molecule Raman
spectroscopy, it is more important to prepare a
highly efficient surface-enhanced Raman
scattering substrate. Silver gum has been
widely used due to its simple and diverse
preparation method and  remarkable
enhancement effect. Its performance is closely
related to the aggregation state, size and shape
of the nano silver particles.
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MXexe
metal carbide and metal nitride material with

MXene material is a kind of

two-dimensional layer structure, which has
good electrical conductivity, hydrophilicity
and mechanical properties. The chemical
formula of MXene material is My.1AX,,
Where (n = 1-3), M represents an early
transition metal such as Sc, Ti, Zr, V, Nb, Cr

"’ 0; A usually represents the third main
g ‘ and the fourth main Family chemical
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element; X represents a C or N element. The
two-dimensional MXene phase nanosheet
structure is mainly synthesized by liquid phase
stripping method. The main principle is to
realize the layer A by the conditional
controllable etching process by using the
difference of the force between different
atomic layers in the precursor MAX material.
The extraction of the atoms further realizes the
stripping of the MX layer (ie MXene). MXene
is used in energy storage and conversion,
water purification, chemical sensing, photo or
electrocatalysis and electrostatic shielding due
to its rich physical and chemical properties,
and is expected to make breakthroughs in
nano biomedical fields.

ST R GRS 86, DL TisCoTy 8
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AWF: O HF Z|; @ LiF+HCI Z,
i RIZV A A, 331/ MXene 492K A
HBAF.

Raman
silver

For surface-enhanced
spectroscopy, TizCoTy with
nanoparticles were used as the reinforcing
substrate to obtain 10° enhancement effect;
TisN,Txwas directly used as the reinforcement
substrate to obtain 10*? enhancement effect.
However, due to the difficulty in synthesis and
poor stability of TizAIN,, current research has
focused on transition metal carbides. There are
two main types of etchants in the preparation
of TisC,T,: @ HF etching; @ LiF+HCI
etching. The etchants used are different, and
the resulting MXene nanosheets are also
different.
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Fig. 7. Amplitude versus stretch length curve in tensile
impedance test.

Tension impedance testing of graphite
materials A simple device for measuring
the tensile impedance of elastic materials is
designed. With this device, the tensile
impedance of carbon nanotube composite
elastic material was measured. At the same
frequency, the impedance of the sample
increases with the increase of the tensile range.
We measured a variety of stretching
conditions of 0%, 25%, 50%, 75%, 100% and
125% of the samples. We found that at the
same stretching degree, the amplitude does not
change with the change of frequency; at the
same frequency, the amplitude decreases with
the increase of the stretching degree, and the
impedance increases with the increase of the
stretching degree.
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Fig. 8. Agar gel microstructural substrates for SERS detection.
Preparation of agarose gel with
Pyramid type periodic structure for SERS
detection The gel has a porous structure,
which is beneficial to the aggregation of
nanoparticles and the aggregation and
adsorption of analytes, the
effectively increasing "hot spots”
improving sensitivity of sensing. We use a

silicon wafer with a regular inverted pyramid

structure
and

periodic structure ( period is 2um, the base
length of the pyramid is 1.5um) as a template,
and the flowing agarose is imprinted on the
silicon base, after it is cooled, turned over on
the agar. A periodic pyramid structure with
good morphology and large area can be
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obtained on the agarose surface. The length
and width of a single pyramid are 1.5um,
which is consistent with the length and width
of the inverted pyramid on the silicon wafer.
We obtained silver nanoparticles by

68

continuous 532nm laser exposure on the
surface of the structure, on which the Raman
signal of R6G at a concentration of 10° M
was detected.
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ERN. EPrLiIReE/Talks at Conferences

10

11

12

13

14

)
5

Il

Zhigang Chen, “Tunable nonlinearity in biological suspesnions”, Photonic Vitality -
Workshop on Nonlinear and Quantum Photonics, Canberra, Australia, Dec. 7-8, 2018.
(Keynote talk)

Zhigang Chen, “Valley phenomena in photonic lattices”, The 7th Conference on Advances in
Optoelectronics and Micro/nano-optics (AOM 2018), Xi’an, China, Oct 9-12, 2018.
(Keynote talk)

Zhigang Chen, “Valley-mediated Phenomena in Photonic Graphene”, International
Conference on Metamaterials and Nanophotonics (METANANO), Sochi, Russia, Sep. 17-21,
2018. (Keynote talk)

Zhigang Chen, “Photonic Graphene: Novel topological phenomena”, The Ist International
Conference on Optics, Photonics and Lasers (OPAL' 2018), Barcelona, Spain, May 9-11,
2018. (Keynote talk)

Feng Song, “Plasmonic core-shell nanostructures tuning the luminescence properties of
lanthanide Eu®* ions for fluorescence multiplexing applications”, 2018 China-Russia Series
Workshop on Laser and Photonics, Kazan, Russia, Oct. 11-15, 2018. (Plenary talk)

S. Chen, “Metasurface empowered wide-angle fourier transform”, The 8th International
Multidisciplinary Conference on Optofluidics (IMCO-2018), Shanghai, China, Aug. 5-8,
2018. (Invited talk)

Fang Bo*, Zhenzhong Hao, Li Zhang, Ang Gao, Guoquan Zhang and Jingjun Xu,
“Periodically poled lithium niobate whispering gallery mode microcavities on a chip”, The
8th International Multidisciplinary Conference on Optofluidics (IMCO 2018), Shanghai,
China, Aug. 5-8, 2018. (Invited talk)

Shugi Chen, “Metasurface enabled wide-angle Fourier lens” , The 7th Conference on
Advances in Optoelectronics and Micro/nano-optics (AOM 2018), Xi’an, China, Oct. 9-12,
2018. (Invited talk)

Xinzheng Zhang, Wei Cai, Xiaodan Xu, Bin Shi, Weiwei Luo, Zenghong Ma, Lei Wang,
Jingjun Xu, “Surface Plasmons in Various Graphene Structures”, Highlights in Functional
Materials Research, Vienna, Austria, Feb. 15-16 (2018). (Invited talk)

Mengxin Ren. “Functional Metasurfaces for Linear and Nonlinear Control of Light”,
METANANO2018, Sochi, Sep.17-21, 2018. (Invited talk)

Mengxin Ren. “Controlling Light in Nanoscales using Metasurfaces”, IMCO2018, Shanghai,
China, Aug. 5-8, 2018. (Invited talk)

Mengxin Ren. “Controlling Light by Metasurfaces in the Linear and Nonlinear Regimes”,
MEAT2018, Paris, France, Jun. 24-Jul. 1, 2018. (Invited talk)

Qiang Wu, Jianghong Yao, Chunling Zhang, Jiwei Qi, Chongpei Pan and Jingjun Xu,
“Femtosecond laser modification of crystal materials”, Ultrafast Laser Modifications of
Materials 2018 (ULMMZ2018), Colorado, USA, Jun. 13-16, 2018. (Invited talk)

Qiang Wu, Jianghong Yao, Chunling Zhang, Jiwei Qi, Chongpei Pan and Jingjun Xu,
“Femtosecond laser modification of crystal materials from semiconductor to dielectric”, The
10™ International Conference on Information Optics and Photonics (CIOP 2018), Beijing,
China, Jul. 8-11, 2018. (Invited talk)

Huitian Wang, “Structured light: manipulation and application”, The 7th Conference on
Advances in Optoelectronics and Micro/nano-optics (AOM 2018), Xi’an, China, Oct. 9-12,
-2018. (Invited talk)
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Yi Hu, Yumiao Pei, Ping Zhang, Chunmei Zhang, Cibo Lou, Christian E. Riter, Detlef Kip,
Demetrios Christodoulides, Zhigang Chen, Jingjun Xu, “Novel nonlinear dynamics mediated
by negative-mass fields”, The 7th Conference on Advances in Optoelectronics and
Micro/nano-optics (AOM 2018), Xi’an, China, Oct. 9-12, 2018. (Invited talk)

Daohong Song, Jingjun Xu and Zhigang Chen, “Pseudospin and topological phenomena in
photonic graphene”, The 7th Conference on Advances in Optoelectronics and
Micro/nano-optics (AOM 2018), Xi’an, China, Oct. 9-12, 2018. (Invited talk)

Fang Bo*, Li Zhang, Zhenzhong Hao, Feng Gao, Guoquan Zhang, and Jingjun Xu, “On-chip
periodically poled lithium niobate microdisk resonators”, The 7th Conference on Advances in
Optoelectronics and Micro/nano-optics (AOM 2018), Xi’an, China, Oct. 9-12, 2018. (Invited
talk)

Guoquan Zhang*, Xiaojie Wang, Yuejian Jiao, Fang Bo, Yongfa Kong, and Jingjun Xu,
“Engineering conductive nano-domain structures in lithum niobite crystals”, The 7th
Conference on Advances in Optoelectronics and Micro/nano-optics (AOM 2018), Xi’an,
China, Oct. 9-12, 2018. (Invited talk)

Yi Hu, “Negative-mass propulsion in an optical analog”, EMN Meeting on Photonics 2018,
Taiwan, China, Oct. 21-24, 2018. (Invited talk)

Zhigang Chen, “Valley-dependent vortex generation and Landau-Zener-Bloch oscillations in

photonic graphene”, Active Photonic Platforms X conference, SPIE Optics and Photonics
Congress, San Diego, CA, Aug. 19-23, 2018. (Invited talk)

Zhigang Chen, “Valley-mediated Phenomena in Photonic Lattices”, The International
Conference on "Nonlinear Localization in Lattices”, Spetses, Greece, Jun. 18-22, 2018.
(Invited talk)

Zhigang Chen, “Synthetic Optical Properties of Nonlinear Soft-Matter”, Collaborative
Conference on Nonlinear Optics 2018, Amsterdam, Netherlands, Apr. 16-20, 2018. (Invited
talk)

Zhigang Chen, “Synthetic optical nonlinearity in plasmonic nanosuspensions”, The 23rd
Australian Institute of Physics Congress, Perth, West Australia, Dec. 9-13, 2018. (Invited
talk)

Fang Bo,* Zhenzhong Hao, Li Zhang, Ang Gao, Guoquan Zhang and Jingjun Xu, Fabrication
and Nonlinear Optical Effects of On-chip Periodically Poled Lithium Niobate Microdisk
Resonators, The 2nd International Workshop on Asymmetric Microcavity and Wave Chaos,
Fuzhou, China, May 18-20, 2018 (Invited talk)

Fang Bo, Li Zhang, Zhenzhong Hao, Guoquan Zhang, and Jingjun Xu, “On-chip periodically
poled lithium niobate whispering gallery mode microcavities”, International workshop on 2D
materials and quantum effect devices, Islamabad, Pakistan, Nov. 12-14, 2018. (Invited talk)

Guoquan Zhang, “Optical signal processing via light pulse storage in electromagnetically
induced transparency media”, SPIE Photonics West, San Francisco, California, United States,
Jan. 27-Feb. 1, 2018. (Invited talk)

Qingxiao Li, Baohui Li “Self-assembly of Giant Amphiphiles Based on Polymer-Tethered
Nanoparticle in Selective Solvents: A Brownian Dynamics Study”, International Symposium
on Polymer Physics, Xi’an China, Jun 11-15, 2018. (Invited talk)

Li Wu, Huan Yi, Liwei Wu, Yuxing Bai, Yi Zhang, Yongfa Kong, Jingjun Xu, "New
strategies for improving the thermal stability of phosphors™, The 4th International Workshop
on Persistent and Photostimulable Phosphors, Beijing, China, Apr. 4-8, 2018. (Invited talk)

Feng Song, “Principle and applications of Laser cleaning”, The 8th International Conference
;Of Modern Problem on Laser Physics, Novosbirisk, Russia, Aug. 25-Sept.1, 2018. (Invited
talk)

a
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Feng Song, “Fabrication of Plasmonic core-shell nanostructures and its tuning of the
luminescence properties”, The International Symposium on 2D Material Fabrication and
Optical Performance, Islambad, Pakistan, Nov. 11-15, 2018. (Invited talk)

Shaohua Gao, Wenhua Li, Yanzi Zhai, Yujiao Zhang, Jiayi Wang, Xiao Song, Irena
Drevensek-Olenik, Xinzheng Zhang, and Jingjun Xu, “Compartmentalized Liquid crystal
alignment by out-of-plane surface relief gratings and its applications”, The 7" symposium on
liquid crystal photonics, Nanjing, China, Apr. 13-16 (2018). (Oral talk, Best Paper Award)

Zhi-Bo Liu, Xiaoguang Gao, “Photothermal Detection in Two-Dimensional Materials”, The
7th Conference on Advances in Optoelectronics and Micro/nano-optics (AOM2018), Xi’an,
China, Sep. 9-12, 2018. (Oral talk)

Leiting Pan, “Spatiotemporal Characteristics of Intercellular Calcium Wave Communication
in Micropatterned Assemblies of Single Cells”, The 12" International Symposium on
Calcium Signaling in China, Shenyang, China, Jul. 18-22, 2018 (Oral talk)

Feng Gao, Xiaofang Han, Caifen Li, Ligang Huang, Wending Zhang, Guoquan Zhang and
Jingjun Xu, “Configurable Two Wavelength Laser Based on In-fiber Acousto-optic
Mach-Zehnder Interferometer,” The 7th Conference on Advances in Optoelectronics and
Micro/nano-optics (AOM 2018), Xi’an, China, Oct. 9-12, 2018. (Oral talk)

Gao Xiaoguang, Chen Guoxing, Li Dekang, Zhi-Bo Liu*, “Modulation of photothermal
anisotropy using black phosphorus/rhenium diselenide heterostructures”, The 7th edition of
the largest European Conference & Exhibition in Graphene and 2D materials (Graphene
2018), Dresden, Germany, Jun. 26-29, 2018.

Xiuying Liu, Daohong Song, Shigi Xia, Zhixuan Dai, Ligin Tang, Jingjun Xu and Zhigang
Chen, “Demonstration of pseudospin-to-orbital angular momentum conversion in photonic
graphene”, Conference on Lasers and Electro-Optics, San Jose, California, United States,
May 13-18, 2018.

Shigi Xia, Ajith Ramachandran, Shigiang Xia, Denghui Li, Xiuying Liu, Ligin Tang,
Daohong Song, Sergej Flach, and Zhigang Chen “Observation of Unconventionally Extended
Flat-band States in Photonic Lieb Lattices”, Conference on Lasers and Electro-Optics, San
Jose, California, United States, May 13-18, 2018.

Daohong Song, Xiuying Liu, Shigi Xia, Zhixuan Dai, Ligin Tang, Jingjun Xu and Zhigang
Chen, “Demonstration of pseudospin dependent topological charge transformation in
photonic graphene”, CLEO Pacific Rim, Hong Kong , China, Jul. 29-Aug. 3, 2018

Fang Bo, Zhenzhong Hao, Li Zhang, Ang Gao, Wenbo Mao, Feng Gao, Guoquan Zhang,
Jingjun Xu, “On-chip periodically-poled lithium niobate microdisk resonators”, SPIE
Photonics Asia, Beijing, China, Oct. 11-13, 2018.

Shaohua Gao, Wenhua Li, Xinzheng Zhang and Andrey Iljin, “Random lasing in chiral
nematic liquid crystals”, The 7" International Symposium on Liquid Crystal Photonics,
Nanjing, China, Apr. 13-16 (2018). (Poster, Best Poster Award)

Wenbo Mao, Fang Bo*, Guoquan Zhang, Jingjun Xu, “Directional Emission in X-cut Calcite
Whispering Gallery Mode Microcavities”, The 2nd International Workshop on Asymmetric
Microcavity and Wave Chaos, Fuzhou, China, May 18-20, 2018. (Poster)

Fang Bo, Zhenzhong Hao, Li Zhang, Jie Wang, Feng Gao, Guoquan Zhang, and Jingjun Xu,
“Lithium niobate microdisk resonators on a chip”, the 8th International Symposium on
"Modern Problems of Laser Physics", Novosibirsk, Russia, Aug. 25- 31, 2018. (Poster)

Pengfa Chang, Xiaoting Li, Ligang Huang, Feng Gao*, Wending Zhang, Fang Bo, Guoquan
Zhang, and Jingjun Xu*, “Fast light in the generation configuration of stimulated Brillouin
scattering based on high-Q micro-cavites,” Photonics Asia 2018, Beijing, China, Oct. 11-13
2018. (Poster)

Lu Zhang, Yiping Lu, Liming Li and Guoquan Zhang*, “Superbunching Effect of Light with
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Digitally Designed Wavefront”, Frontiers in Optics / Laser Science, OSA Technical Digest
(Optical Society of America, 2018), Washington, District of Columbia, United States, Sep.
16-20, 2018. (Poster)

Dan Wang, Yue Pan, Jia-Qi Lv, Ping-Ping Li, Gui-Geng Liu, Meng-Qiang Cai, Yong-Nan Li,
Cheng-Hou Tu, and Hui-Tian Wang, “Collapsing dynamics of elliptic-symmetry vector
optical fields with hybrid states of polarization”, CLEO , San Jose, USA, May 13-19, 2018.
(Poster)

E2UT, R, “BEMELMRE AR R, B U BRSO
JREEARBT 2, PET (2018.7.25-28). (K&

g, SR IE, BRI, e, BT, RIE, FE4:E, 3= A, Irena Drevensek-Olenik,
Romano A. Rupp, ¥ &L%, “Hr X380 dh TH A0 58 [ AR e AR Y63l R R 7, 28
T um e EE RS FE AR 2, T (2018.7.25-28) (EiFHRE)

F, S, Bt AFA, KE, fLBK, %, “New strategies for improving the
thermal stability of phosphors”, Z 1+ /LB & RS FHERFEZRSW, BT
(2018.7.25-28) C(#iE#HE)

MR, ERRBE, s, )k, X228, BREAK, kB, JLBAR, UREE, “Biik
MM FRANNESEERERIMR”, B+LReEERESHEERFERSW, AT
(2018.7.25-28) (EEWRE)

FOIE, EbfE, BT, KEW, 3EM, Irena DrevenSek-Olenik, ¥iiZE, “#iA
X IR i T A8 IR BEAR e HAE G i S H 7, 28 Z JE U S H R B R IR IR,
AR (2018.11.2-4) GHFEHRE)

BEE, TR H AR NG E JE MR I 78, 2018 R [E A=W
TS RKEFERIE, K (2018.8.3-5) (G&iFEHRE)

HBEE, “E TR EMNREE AR NS 2SR, 3 Re g E£4
Y2 B TR R B 5 40 2R Rt 22, BFEe (2018.5.18-20) CGEiFHR4)

SoR. BT, RER. FAE. B, BEE. WRE, BB Gt
B SRR R, B S RAEEOLE AR 56 B TR S (LTO2018),
i (20018.3.11-14) (BiERE)

Roh. WL, TKER. FFHE. BEM. BEE. FRE, WBOLS SBAMEE
FH— M A48 2% 2844 2 R 25 48 Bt />, 2018 Yt B TREEZ s, ili#f(2018.3.17-19)
BIERE. RBREMELR)

SER. BT, RER. FAE. B, BEE. WRE, CKPEOLE SARBES
MEAER”, B o+=meEEEHARSW, T3 (2018.7.11-13) GEEFEHRE)

AL <R R SR FIEL S 2, o REEBOEFEARESN, TR
(2018.7.11-13) (EiEHRE)

T, AR AR B A RO G, A E Y 18 UORLEE B 19 MAERDLF Y
Rk, K#FH (2018.7.13-16) G&iFHRE)

HOT*, BKA, AR, EE, B, Eig, SKER, WRE, “ AR RRE ik
WELE”, 2018 SEMUIE N TS AR 2, KiE (2018.820-23) GEiFHRE)

T, “E HIR AL B e TR AR EOG s 7, R E A EE 2R S 2018 FERKE AR SN,
i (2018.09.12-16) GEBERE)

B, “WE FRGHARER L, ThEILEES 2018 £ R AL A ARIHE 2 b R
M2, (2018.11.09-11.11) GEiFWE)

FEE, CREMIEBARRLT B TR 1 H ARAT AR 7, 2018 )

‘_Eﬁﬂllﬁ%@f%iﬁbﬁ#ﬁ%% M (2018. .4-6) (BIERE).

63 EE, AR AR PRV [ AT 9 OB 2, 2 4 2018 440 R 38

90




2018 EFLARLMNE T A HE W E A LR H R

W, ERLSHE, i (2018.8.26-29) (BEiEHRE)

64 INE, “USARIRPIEA KBRS 3G SRR 7, B ) Us 4 B R4 K 5 E
AL, T2 (2018.7.22-27) GEIEWRE)

65 MW, FRREE, “HPNIEETRIUIRSHR R 7, H+/\UaeE S E4EK SRR
253, Pi4e (2018.7.22-27) CGEIEWRE)

66 FhZE, “Nd:YAG Sk KA KSR 7, 2018 i LR BURHEA 2 B2 RS 4,
JLE (2018.7.17-19) GEiERE)

67 ulFl, KWifh, BFE, KB AFEA WHE, “HRMAZAIET ZHEE TR
7, HEEEEBRGURMEISOCER ARSI, KiE (2018.7.21-24) GEIFRE)

68 AT, ®EifE, AFE, K, LBEK, UEE, “HREHHET MRS TIER
MR S H R, B+ = maE X-SHERAT I 22 AR K2 B BT 4 $dE + .0 (1ICDD)
Bt 2s, 220 (2018.7.28-8.1). CGEiERE)

69 S, BREAT, ZEMEEE, XIBUE*, C HEMEHROEHVE BRI & N L, 2018
“REEE” B E4AEY MR LA, dbatd B R R B R T
(2018.12.14-16) (L)

70 FmRESE, BHECESYIFAHEERERSI, Kb (2018.11.11-13) (Tk#HE)

71 B, R, T BRE, ZRE, TEW, “GEERMAR CS, TiZie A
B, thEYR 222 2018 SEKE AR, KiE (2018.09.12-16) (LIRS

72 EWGRH, HRET, EXNED, BRE, ZFE5, FEM, “RREYSKEE S TR,
oh [E A7) 3 2 2> 2018 FERKE AR, KiE (2018.09.12-16) (LIRS

73 FKTEM, “JEIRAD Julia SR ENY Y, TEWEHYS 2018 EKEFEARLSW, KiE
(2018.09.12-16) (AL %E)

74 faEES, ER, M, EEM, U AHALEMRSERTRN T, SRR S, RE
5 (2018.7.21) (AL

75 WEEE, “ET R0 M A B A0 B R A OB R ERT 7T 7, S S E B E B
S, RREE (2018.8.24-27) (HSLIRE)

76 EUE, AL LR B AE K AT EOR 88 7, 2018 L OB RIS IR s, Kk
(2018.10.20) (L%

77 ZFE%:, “Conformation transitions of a single polyelectrolyte chain in a poor solvent: a
replica-exchange lattice Monte-Carlo study”, 25 Ji 4= [E %Y 5 4 dr ) i ) B 22 R 2508
HK (2018.11.9-12) (k)

78 KRR, EARBE, #his, xIEE, X6, FRAK, K%, LEA, TRE, “BHE
BREBENSSERERTR, B+ ELEREEKSME 2RSS, B
(2018.7.22-27) (H3Lk#4)

79 E4kdE, B, FBRMR, XIZEME, skaLE, fLBER, “BRIEREEE N p BS
ORI 238 — MR R 7, BH/\EeESEERK SR 2ERSW, %
(2018.7.22-27) (EL#I4)

80 Bife &, SRWEMS, FBAMF, 23U, XIEE, fLBR, WRZ%E, “La-Co MBI
Hﬁﬂ‘]iﬁgﬁﬁgﬁﬁ‘éﬁﬁﬁ”, B/ EEEREERSHEZERSW, 1% (2018.7.22-27)
(AXHRE)

- 81 Shahzad Saeed, Hongde Liu, Dahuai Zheng, Liyun Xue, Shiguo Liu, Shaolin Chen, Yongfa

. Kong, Romano Rupp, Jingjun Xu, “Enhanced photorefractive properties of vanadium

A co-doped lithium niobate crystals in visible region”, 51 /\Jm 4= E &£ K 5B AR 2
f rx P54 (2018.7.22-27) (k4
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HEAEERSEHEE R E ARSI, 7 (2018.7.25-28) (HkiRE)

FAedE, BHH, AR, XEME, sk3E, FLBER, “BREREIGEH L p S
A HLE 28 — R R, B e eERBESHEERFERSW, AT
(2018.7.25-28) (L&)

Shahzad Saeed, Hongde Liu, Dahuai Zheng, Liyun Xue, Shiguo Liu, Shaolin Chen, Yongfa
Kong, Romano Rupp, Jingjun Xu, “Enhanced photorefractive properties of vanadium
co-doped lithium niobate crystals in visible region”, 5+ JuJm 4 EEERSEE MR E A S
W, PET* (2018.7.25-28) (KL

WWRE:, XNEME, BRI, 5k, xItHE, BEK, 0E, LBER, FRE, “AFHt
&M TR BREE EMR”, BT LReERRESEERERSW, AT
(2018.7.25-28) (H3k#4:)

i, £ EMREEARNAAHEIEE, % (2018.12.7-10)

XIFRFE, XUFER, RERL, “IET R NGE B SN A T s A (s B AL 37,
B4 ENSEEESEAR LIS, FE (2018.11.16-18) CGBKMEHRZ, MFBKMERELR)

XN, IED, Eh, R, 23R, 3KE, “HUH fZ (CHaNHsD 5 B 45t CCH3NHSPDbl )
MR R EIG SR 7, A E SRS S LR ARES, R (2018.9.25-28). (TR
&, B

UG, Bl ARG BB AL BAR N 7, 58/ Um e E R T4 TS EREE R R
¥, Jba (2018.10.19-20) CBEMEIRE)

WK, Wi, BALNL, mgr. SKOCE. M. SKRERL WRE, R AR R B
E%%ﬁgiﬂ*l%&%ﬁﬁi%%”, T E Y 2 2 2018 SEKFE AR, K% (2018.09.12-16)
ORI R 5

SR, Blhi—F, FKERC, “R TR AT B GBI AN 7, )\ g B R A
FHEAEAR MRS, HE (2018.8.27-30) (FRMHRE)

Lu Zhang, Dongxu Zhou, Yiping Lu, and Guoquan Zhang*, “Realization of superbunching
effect with classical light”, 251 /\JmaE& LRSI, KK (2018.10.26-29)
(TGRS

20, PRI, FKEARL “Experimental realization of Heisenberg-resolution imaging with
classical light”, 25+ /\Jm 4 E 8762 AR & 5k 55117 (2018.10.26-29) (KR &

Fang Liu, Xin Zhao, Xiao-Qing Yan, Xiufeng Xin, Zhi-Bo Liu, and Jian-Guo Tian, "Ultrafast
saturation absorption of CVD-grown ReS, and ReSe; films," 5+ )\ 4 E A2 50
YIEE 2, S (2018.8.27-8.30) (KM

Junfang Xie, Di zhang, Xiaoging Yan, Mengxin Ren, Zhibo Liu, Jianguo Tian "Effective
refractive index and extinction coefficient of chemical vapor deposition-grown PtSe;
characterized by Spectroscopic ellipsometry" H1[E#H 224> 2018 FERK T AR, KiE
(2018.09.12-16) (FMEHR )

Xiufeng Xin, Fang Liu, Xiao-Qing Yan, Wangwei Hui, Xin Zhao, Xiaoguang Gao, Zhi-Bo
Liu, and Jian-Guo Tian, "Two-photon absorption and non-resonant electronic nonlinearilities
of quai-two-dimensional layered semiconductor TIGaS,," ' [E ¥ 54> 2018 K21,
Ki%E (2018.9.12-16) (GG

HYLiE, 2R, FukH, EVEAR, “Anisotropic Microscopy for Low-Dimensional
Materials”, HEEL%:2x 2018 Bk RS, KiE (2018.9.12-16) (KR

Dan Wang, Lu-Lu Huang, Jia-Qi Lv, Ping-Ping Li, Meng-Dan Zhao, Guan-Lin Zhang ,
Yong-Nan Li, Cheng-Hou Tu, and Hui-Tian Wang, “Nonlinear helical collapsing behavior of
uniformly elliptically-polarized vector optical fields”, H [E 4 # 5= 2> 2018 FKTF=F AL,
DR (2018.09.12-16) (HREHRE)

AL, SRR, R, ESF, REUE, ZH 5, EEH, “The breaking and information
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109

110

111

112
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e

recovery of multifractal vector optical field”, 1 [E#y# %4 2018 FFKFEF AW, Kk
(2018.09.12-16) (kM)

HEV, BERE, ZE5, FEH, “RENGS5ESBEMRIEEERBT A A AR R
BT, rhE 22 2018 FEMK T AR L, KiE (2018.09.12-16) (BRIER )

RALT, fbedk, FREE, A 4ERMEMERR”, bEYEES 2018 FKE
RS, Ki%E (2018.09.12-16) (FRIEIR )

BRI, 2N, £, IRV, 2258 51, £ EH, “Phase-modulation nested structure optical
field for extending optical filament”, Z5-1/\Jm4: EXEA L2 S5 eBZ R0 e, B
(2018.8.27-30) (FKMEHR )

T, BEEE, BXRHE, TENE, BB, BREE, Z28E, TEH, “HAMRER
B AR TR AT NI 77, BB )R 4 EEADE 2 5B RS £,
FH i (2018.8.27-30) (FRMEHR )

BESY, SOk, E3, E5F, RKE, FHY, EEHE, “ZEPBREIH B
iﬁi%ﬁ”, Ft/\maEEME A 5B AR g, FE (2018.8.27-30) (5K
MR

Eon, FFEH, BRE, EEM, “ETEGPSESIN CPEOEsEML”, £+ /)\Us
4 IR 5 RS S, Y (2018.8.27-30) GBRIERE)

HIGMH, B, BEE, 285, TEH, “EREYKESEER”, B4
E M 5B EAR TS, HiE (2018.8.27-30) (FKMEHRKE)

A, XM, AW, sk, XILE, BREK, E, ILEKR, TRE, “AEE
WA REM FHRARREM SR, BH/EeEBEEKSHMEERSW, %
(2018.7.22-27) CBRMEH4S)

BNz, FLE A, X%, AR, M#E, Shahzad Saeed, ¥, xI+E, MRk, i
RE, “ENEBAMERE SRR, B/ E R EEK S B ARSW, %
(2018.7.22-27) (3RS

ZEChl, BEE, KW, B K, REEMS, x4, xil+E, 7K¥, Rumano Rupp, L
B, W%, “Fabrication of p-type conductivity Nitrogen-doped LiNbO;3 films”, %5+ /\
Je 4z [E @R AR K SR EAR 2, P (2018.7.22-27) (BRI

BhEA, Bk, FNAEIR, FLBA, KOLHT, WRZE, “ AEIREINEL R B -CsBay(POs)s
2R 2 AR I A K R O M R BRI T 7, A \UR & E ik A K SRR
2, Ti% (2018.7.22-27) (BKEMEIRE)

Liyun Xue, Dahuai Zheng, Hongde Liu, Shahzad Saeed, Shiguo Liu, Shaolin Chen, Ling
Zhang, Yongfa Kong, Romano Rupp, Jingjun Xu, “Fast photorefractive response of lithium
niobate crystals using nanosecond pulsed lasers”, 25 /L i 4= E R A 22 R F AR 20,
P9 (2018.7.25-28) (GG

SR, RERNG, MKV, ZE3CH, XUEAE, fLBA, WAE, “La-Co XS KRN
JEE R & A REAT T 7, BRI BRSO E R AR W, 75T (2018.7.25-28)
(FRMEHR D

ZEChl, BEE, KM, B K, RERMS, x4, x4, 5K¥, Rumano Rupp, L
B, W%, “Fabrication of p-type conductivity Nitrogen-doped LiNbO;3 films”, &+
Jia A BRI E AR 2, i (2018.7.25-28) (BRESHRE)

Sy
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FHEMA. EPFrSL/Conferences Sponsored by the Laboratory
RSB 251U fE USPEX E R4l 2018 (2018.6.24-6.26; Kidt)

2018 -6 H 24 H#%E 26 H, MEMZTFEH1DUJE USPEX E frsxiX (International
Symposium on Material Design & 14th USPEX Workshop) 7E RKHES T K 222547 . 21 g I
REVBRIEERE ETp, I RFEIDCIRR I P E I E s Fadb Tl K%,
% i Skoltech K27, SR [E A HEIE Kby M4 i 70 1Ak 75

A IR UL E P AMEER S VB AR R B U B A 2 B A X MFEAMR, SRR
FARBOVEMEARMERL, B EAEE E A SR T 515, PR SR RSG5 R TN R A+ USPEX
(R AR F S5 ARSI ANBMIT A, 5] I R AR AHE S B T K 2 Bk S S W B R AR SRR R
&, RN MBI .

EREWILE 100 RARWRES 2. 2UELEHET 18 MBER & 2.5 N B
BiE, EXUCIRET, 5oREm AL HTINE M USPEX IR SMH . Mk
FEBRF T BRI 2 AE T AR T 5 M TR 45 R S RS ARS8, B AUR
TR

International Symposium on Material Design & 14th USPEX Workshop

Nankai University, Tianjin, China 2018.06.24

ﬁ' 5 %M#EE%#F%@%??%&%%BE AS2I6%5/ The Key laboratory of Weak Light Nonlinear

l[ﬂmcs (N nkal University, Tianjin 300457), Ministry of Education, China
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2018 FRE YRR & (2018.9.28-9.29; KiH)

Pl e AR A Bl Zh 3toRe v DR R BRR —— 6 2R AR —— 5\ TSRO
g, IFEEAARUN TIARIRSERE R, HAARE T2 N AT

N TARBE G IR BAR SR I A ARSI, R HARR e, YR 2B il
TR T 2018 49 H 28 HE 9 A 29 HIEHLR 273 1 “2018 FERUl SR
T =7 AR VAR BIERTR S IHE LB, Mt MR,
FRERY. RERZE, WO, HTEBEERARRAFBAR 11 ALK, %
F U SRR IR 7 A R 5 05 T N AR TR AR, 50 RAELA A
JAEZ N, B Wil & HFREAT 1 AL AR i

Q:@ﬁf%ﬁ%’j‘ﬁl??ﬂ% M7 2F 20U B 45 5256 %5/ The Key laboratory of Weak Light Nonlinear

Photonics (Nankai University, Tianjin 300457), Ministry of Education, China

95




Annual Report 2018

ZAR4A 20 5 EATI4EER/Academic Service

B N M A 20 2R /Service to the Professional Societies

FPs | M4 {EERHLAL B £ 34
1 TRE RETCFF FIEEEER S 2010-
2 TRE RETTROCH AR F 2 FIEEEERS 2010-
3 HRE IS FH Ot 5 1 5 B A S FAF 2009-
4 HRE Hh ] R RS AR R BRI A2 FIEEERIS 2008-
5 HRE T EDG e HH 2006-
6 R ENI American Physical Society Fellow
7 Bk &N The Optical Soceity (OSA) Fellow Member
8 HH 4 [ KRBT CFF e W5
9 ik [EI A EEDLFF S SN 2013-
10 | FREM HEDC HH 2017-
o ERERR 2R o iR AR K S
11 | ILBEXR Ky HEH 2012-
12 | R g | EEPEAYEERE LS W 2010.4-
13 | R & RETTROCH AR F 2 FIEEEER S 2009-
14 | R RET Y2 A E AR K 2008.7-
5 | % s *E%%?%ﬁﬁﬁﬁ%wé &5
AN
WYYy, =
16 | &= i ¢Eu%2§;;$?%ﬁ* TSI 2007.6-
17 | = & H%ﬁ%ﬁﬁ%ﬁi%%#ﬁ £
EInES
18 | fh £ | AEHLRERRERXEZLS R 2013-2017
19 | #h # RET B THE i g
20 | v B | PEEEFSIBEEARZ IS Z 0 2006-
21 | KOIE RETCHF P WSS R 2015-2020
22 | KLk RIEBTBOCE AR 72 HH 2015-2020
23 | KR RET RS2 (i gL 2008-
FIEISTRIS
24 | % & RET Y4 (i g2 2017-
MR T
25 | B F ] Bmob AR AT S i 0 gl 2010.03-
26 | K H | PEMEIRSEFETERRS HE 2014.12-
21 | W F B bR R 2 71 2012.9—
28 | v #F | ANLBEEREAEARE RS Z 0 2012.9—
u S $al Vi LS
e T 3ﬁﬂlﬂkjzfijijégéjigiﬁf,kgl 5 -y
2L AVEE >
% i Ve *Eﬁl%ﬁigﬁﬁ%ﬂé 5 §. 18
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s 4 CERIRYIN A HRAL R
o E R RS 3R 56 A bR AE R
31 | W E . - i 2018.11-
N Tt L e T =
h E R RS R 56 BAR bR AE R R _
2 | W % " N A AE 7 Y 2018.12
o SNERFRS Aezish:
b E R RS R 56 BA bR AE R R
33 N FE | SEFMEAUER N T REAAEAR = 2018.8-
PRS2
QEMA =] s
- % [ AR fz:\ﬁﬂ'ﬁgﬁzk 5+t P e
By
35 FRMEE | REETITS G SImAA 2 BT T m 2018-
Hh E AR iR A
36 150 l 2013-2019
IRt Y AER A &
o AR AR 2= S E s A
37 150 o 2013-2019
RERFT PR &R0
HhE S S YR 2 T2
38 HEHE 5 bl 2015.12-2020.12
BHEE EERS HERD
o E A Ao 5 IR AEY)
39 BEE R . H 7l
BEE | wopmmmsss PRl
o E UG A 22 S G A 5 R
40 REE . H 2017.12-2021.12
el R R L=
41 17N IEEE 2= 2012-
42 B | PEMEI RS EE TR RS P 2017.10-
43 T ook | RETHYENIT &5 M2 B PR 2018-2019
E A 4 AFI4ERR/Service to the Journals
s 1B ATERAL HRAL £
1 VR % Chinese Physics Letters T 2009-
a A Journal of Optics Topic Editor
3 A M 2E R B 2008-
4 % ARNSE=S =251 Yz
5 T R% W EDE 2R 5 N A I 2008-
6 o Advances in Ph?/sms: X, Editor 2015-
(Taylor & Francis Group)
7 Rl Optics Letters Topical Editor 2014-
8 R N Science Bulletin EditofiiSoard 2014-
Member
9 R N Scientific Reports Ellgi g Board 2015-
Member
U Editorial Board
10 FH 4 5 Scientific Reports e
member
' : {fl FEH Chinese Optics Letters Topic Editor
A ”7 1';2 1 TEH Chinese Physics Letter Editorial Board
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FF5 4 FEERHLAL HRAE i
Member
13 5 R AL HotBoR RS 2006-
14 gk FE AL BOLE G Tt TR 2010-
15 EEE Europhysics Letters Co-Editor 2015-2018
16 FEE Scientific Reports EcitongliBoalc 2014-
Member
17 LFEK BotHoR RS 2015-2018
18 KU R FIE 2009.5-
19 KU TP A TR 2011-
20 RO HobkE RS
21 KO JGHEAR M Uz
22 K0 IE BotER TR 2015-2022
S Editorial Board
23 P Scientific Reports 2013-
Member
24 E o RO S EEEES 2017-
X - Editorial Board
25 M Scientific Reports 2018.5-
Member
26 VR American Journal _of Optics Editorial Board 2017-
and Photonics Member
27 B 2L Scientific reports EcilonEealc 2018-
Member
28 AR 21 MR Topic Editor 2017-
29 i B ik W 2019-2021
30 s EH RO A A HIERME T KENR 2017-
31 ih PARH TR D2 2017.7-
32 [ Institute of Physics Invited editor
HLEHR
FFa 44 P SRS HEFI A 35 B[]
1 PAKERN % 31 HRE 2014.6-2018.1
2 e 15 5 33 FH % [ 2015.11-2018.7
3 A H L'y 33 KO 2015.12-2018.4
4 HER 5 33 O 2016.10-2018.9
5 PRk 5% 3 TEH 2016.11-2018.12
6 IHE £’y 30 R 2017.7-
7 EMIEGE L'y 29 kO IE 2017.7-
8 RIRIE % 27 w7 2018.7-
.9 2 5k % 28 AR 2 2018.7-

-
X

ol

]
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FRIZ1E R /Awards & Honors

KRBT/ Award for excellent teachers

B X BRI 2 55X,
Tt H 48R TH A BeVR 40 5 A7 1 AE HLRI R4 KA R 7
R HM: 2018.12. 12
56 R N BRAME, THEIL, R, HEE, TR

o EDE 2R A — AR
TiH K. JeRERIN LM S R L 5 R i 3%
FEHM: 2018. 12
58 % N BREN], RIEZ, I, JEFHE, FRE
RET A AA T RITFERBEMBAA: 88 T 6 3%
BT K% 2018 4F “HATRT” IMAE AT 2 Witk & se et 4e S 20M: R

R 22k (Award for excellent students
S EYCER T E LIS IR A i

FHNUEERHDCAREREER: 2 EK

KM AE: =t
KM AETH: A%

BAEER LS Mk mRE ZF B JEl
Bbd B BTE K
MRS
BaELEs.  m
—mges.  E OB B oW A EAE ARR BT
SR MM E P HBE B
s o L
ST

ﬁt%‘?ﬁ@?’iéﬁé?ﬁé ik F
B AR 5 32542, Saeed Shahzad

2017-2018 4F-FE “FEH+AR” #r5: mbet

112017-2018 £EJE “FITT KA AEERAY)” - "kt

20072018 G ARSI . Nk S
HEMFBRETE: ABE Kk skdEm EHME O EME BIER

'[?&%ﬁn?ﬁ%\. BEBFE  BIBE

TN ok e R B =
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2437/ Dissertations

1. EEZArige Dissertation for Doctoral Degree

(1]
(2]
(3]

(4]
[5]
(6]

[7]
(8]
[9]
[10]
[11]
[12]
[13]

[14]

[15]

[16]
[17]

mBE, JUMEHRRE . tERENA; Sl EE5H

IR, B RN ORI S N M. ORI, B4k

whr%,  SEALEIAN AL BRI AL IR AR . PR SRR CO, A2 CHy fTE 1
e, S HIw

S IS, /N o 4 1 5 9 BB RVBIL 1 9 S 36 R BB DU 7 0 Kl I
LI K, mSSERMER AR T I e, S LBk

FHEE, REVEBARRT B0 TR B 4T MBI 7T, S0 25

aNs
pay

FHRG BRI RYERE S 2 AR, S HEE

HIfE, B IEYE AR [ AR R RE R S0 I B

XgkSE, FET RN MEE RS SRR, B0 PRER

RSCER, NS e B KB, i

MF5E, Jora ST IR AR SPIE MR, 20 PSR

I, fsR)ESE B BWOTIHER S, 2l RomanoA.Rupp. %1

ERSCHR, EBRIEAA I R &R I B ARAT AN BB 7T, . 2=
S

FI4ETT, TR R R R VERE LG IR Q PR RN IR ST UM K
8. IhE

FHE, HERPRL R AR RN e FV A8 FLRHT p-n S HUSARRPERIT ST, UM XUET. 9K
DIk

SR, A TR IEREMGRI T 228 Sl #05

I, BHAIRRE SN ARSI T, Sl fLBX

2. Wit24rig ¢ DissertationforMasterDegree

[1]
[2]
[3]

[4
[5]
[6]
[7
o

[

]

A ¥:{qo1f

WA, FET ZHEMRL R BT S SRR R AR RO B SN A s T X

AV, =AMt SR AR A K A S AVE

T8, R R A VAN 2 BRI ik B RV R B AT N I BLALLIR KA 9T 5 50

TR

HKaR, T 90 IR A AR IR BE R AR R FO L S LR 7 20 7R IE

FOIR, = BERRIR 5 R /N R R A0 BT B BAR AL T BIm: R E

HANTT, T LB LB, Sl sRER

#/DE, PbSbO,CI 1 CeO, Wil A HOGHEALE B IR 7L, Sl B %

[l PR I, B3 A L 234 T FE T TRVPA JETE A5 145 5 388 1 S 4 i R A8 Ak BB 92

T AR

YIRS, ToJT an )= FRAE H 1) dm AR RO AT S0 R

3}, e R B TR e RYE ) 2 B M R A AL ISR P O s S0 R
100
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[11]
[12]

[13]
[14]
[15]
[16]
[17]
(18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
(28]
[29]

i

WEER, HET MIM B G IR IR &Mt a: SIm. hE

AR, RSB RIRE R Y AR AR K AR R A BRI 7L S0l X1
+H

XN4F, HREILRYELIRZR T BHBEAT OB R, B X2
ZE, T KIES T SR H G R R S S s 2 RomanoA.Rupp
LikE, BRI O F RN A R W

ik, SREEXUS IR MRS BE R R S JLBAK

I 4:5¢, STED AN Hra b m LA RHE 73 HF UG 72 T IRIeET
RSNG00 A A5 K T ok v T e TR L VR P P ) 2 S LR R 9 20 ALK
T, KIRBOGE LRI A S RIg

FHIK, SBYPIKH HEMBETHIR: SI0: Rk, K46

HHE, HETRRE RGN L MR TEAERAE I 7T 2I0: BEHE

EIR, A P RIE R AR 5 AT O KOG RR I AL S
BiAR, FIAVETY AR OB A S ST R CIGS R BH it R R P s S0 T
W, S R PCEE RN S0 B

VMg, RTINS IAEY THz WA MR s, S0M. R
WL, KI5 RSEIEINESRBOGE A S R

MilsF, MEDEEA IR R E ST RS SIm. o

BeAR, = AmBERRER B AN /S MR DU AN EE AR I ) 25 . S ST RIW: PMELR
JEHE, BB ARSI SR S FhEIR
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