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B] =/Preface

In 2013, the research mainstream at our lab was a more bit transferred to optical
nonlinearities of optical microstructure systems and their applications in nonlinear optical
manipulation of light. Especially this year we continue to achieve fruitful results in the novel
nonlinear optical effects and their applications of the micro-structure optical systems. In
addition, the national key project led by Prof. Huitian Wang has started this year, and the
combinations of the optical field manipulation and the interaction between light and matter
specifically optical microstructure materials has pushed a lot on our research in new nonlinear
optics. And also some new members, such as Dr. Xiangfeng Zhou, Dr. Yi Hu et al, joined our
lab. They surely will bring more fresh air into the lab. In this report, we present a short summary
of our annual research progress in each line of activity.

All the activities summarized here have been done in the frame of international projects,
cooperation agreements, and contracts with NSFC, MOE, MOST and Tianjin Municipal
government. We also benefit a lot from our colleagues from other units all over world, who
provide us advices and supports. Many thanks for their kind supports. In addition, our staff and
students worked hard in order to make our research better and faster. Thanks a lot for their
contributions and congratulations on their research achievements.

Hereby | would also like to stress that our lab is a happy family for all of us. We should
keep our own excellent tradition and develop our research well in the horse year.

Prof. Dr. Jingjun Xu %g

Director,

The Key laboratory of Weak-Light Nonlinear Photonics
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e 5% T AR/ Nonlinear Physics and Photonics Techniques
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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. 29 papers have been published
in international academic journals, and 17
patents applicanted. The total researching
founds are 15.415 millions. This year, we
obtained some important results as following:
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':;- - E‘que forme transfer of graphene patterns
S raphene devices onto chosen targets
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using a bilayer-polymer structure and
femtosecond laser microfabrication. In the
bilayer-polymer structure, the first layer is
used to separate the target graphene from the
other flakes, and the second layer transfers the
patterned graphene to the chosen targets. This
selective transfer technique, which exactly
transfers the patterned graphene onto a chosen
target, leaving the other flakes on the original
substrate, provides an efficient route for the
fabrication of MG for microdevices and
flexible electronics and the optimization of
graphene’s performance. This method will
facilitate the preparation of van der Waals
heterostructures and enable the optimization
of the performance of graphene hybrid
devices.

1A B IHER I E SR A . () R KMo BTG AL
JE R RN S A 88 (b)) KA SBdiE B % % 3 Sio2 il
Jis by (o) BB JEIRE I HALA SR (D BBEASMEN
R SEM K.

Fig. 1 Results of the selective transfer and precise location.(a-c),
Optical images of (a) a monolayer MG patterned by femtosecond
laser on a SiO2/Si wafer, (b) the patterned graphene located on a
chosen microcavity obtained by selective transfer, and (c) the
graphene/graphite flakes remaining on the original substrate. (d),
The morphological images of the patterned graphene above the

microcavity analyzed by SEM.
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Graphene Data Regrging Layer
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Fig. 2. (a) Data-reading schematic illustration of the graphene-based

multi-layer-film ODS medium..(b) The reading results for each layer of the

three-layer-film ODS medium.

X

Based on the
absorption of graphene under condition s of
total internal reflection, we demonstrate the
fabrication and reading of transp arent and
flexible multi-layer-film optical data s torage
media based on gr aphene recording layers.
We report a realization of the process of data
writing-transferring-reading by repeatedly
transferr ing record ed graphene and its strong
polarizati on effect. The reading resu Its show
a high signal-to- noise ratio and stability and

polarization-sensitive

3 - low crosstalk interference between the layers.
% )

" addition,  the

l’.—layer—film optical data storage medium
high transparency and flexibility.

|

In graphene-based
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Fig. 3 (a) Schematic model of asymmetric graphene nanocrosses
on a substrate. (b) Unit cell structure of our design: L1=70 nm,
W1=63 nm, L2=80 nm, W2=16 nm, and the periodicity is 90 nm.
(c) The calculated amplitude ratio and (d) phase difference as a
function of the Fermi energy and wavelength. Inset images show
the transmitted polarization state for different Fermi energies at

the wavelength of 7.92 pm.

We present a mid-infrared highly tunable
optical polarization converter composed of
asymmetric graphene nanocrosses. It can
convert linearly polarized light to circularly
and elliptically polarized light, or exhibit a
giant optical activity at different wavelengths.
The transmitted wavelength and polarization
states can also be dynamically tuned by
varying the Fermi energy of graphene, without
re-optimizing  and  re-fabricating  the
nanostructures. This offers a further step in
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developing a controllable  polarization

converter.
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Fig. 4. (a) Perspective view of a unit cell of the tunable PIT
planar MM. The pink arrows indicate the near-field coupling

between meta-atoms. (b) Simulated transmission spectra

" achieved by FEM (blue-circled curves) and four-level plasmonic

model (color-solid lines) for different temperature. (c) Coupled

fol Ii/el plasmonig system for the tunable PIT planar MM.

"~ We design and analyze numerically a
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dynamically tunable plasmonically induced
transparency (PIT) planar hybrid metamaterial
(MM) in near-infrared regime, which
combines the near-field coupling effect into
active MM. The embedded position of tunable
material in active MM is optimized.
Thermal-tunable VO2 stripes are filled in the
cut-out slots as components of plasmonic
system, which dramatically improve the
dynamic modulation depth of the PIT. We also
use a four-level plasmonic system to
guantitatively analyze the dynamically tunable
PIT device. This work may offer a further step
in the design of tunable PIT effect.
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We present a linear nano-polarizer
composed of asymmetric nanoaperture and
bowtie nanoantenna, which provides a new
way to freely control the polarization azimuth
of the translated optical field in the near-field.
It can not only generate large localized field
and  outstanding  spatial
but also maintain the
polarization azimuth of linearly polarized
optical field excited by arbitrary linearly,
circularly or elliptically polarized lights. The

response of the linear

enhancement
confinement,

wavelength
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nano-polarizer can be easily tuned in a wide
range by adjusting the geometrical parameters
of asymmetric nanoaperture. This offers a
further step in developing integrated optical
devices for polarization manipulation.

Normalized Intensity ((EJE, ')

0 40 6 SO 100 120 140 160 180

=2
e

Polarizaton angle 0 degree)
K5 (a) fRGRIME 2R EME; (b)) BOtRIZ 9K ik
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Fig. 5 (a) A Glan-Taylor polarizer reflects s-polarized light at an
internal air-gap, transmitting only the p-polarized component. (b)
The designed linear nano-polarizer, generating linearly polarized
optical field with a fixing polarization azimuth excited by
arbitrary linearly, circularly polarized lights. (c) Normalized
intensity of bowtie nanoantenna and linear nano-polarizer under
different incident excitation light polarizations at the resonant
wavelengths. (d) Distribution of the degree of polarization C
with the polarization azimuth of incident light along x direction,
for which C=1 or C=-1 present a perfect linear polarization along

the y or x axis, respectively.
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e fabricated inclined Au nanocup arrays
ll ing the nanosphere lithography method
L |
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combined with dichloromethane etching and
investigated their optical properties. The size
and the orientation of the nanocups can be
controlled by the reaction time. The
transmittance and absorption spectra of these
Au nanocup arrays under different
polarizations and incident angles were
detected. And their properties are strongly
related to the polarization and the incident
direction of the light.
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Fig. 6 SEM images of samples for different reaction time. (a)

20, (b) 405, (c) 60s, (d) 90 s.
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In order to facilitate multifunctional
manipulations of light in  plasmonic
metal-dielectric-metal waveguides, we design
mode converters in the waveguides that can
convert the asymmetric mode to the
symmetric mode. Efficient  conversion
between the two modes can be achieved by

reshaping both phase and power density
distributions of the guided mode, which are
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designed with the assistance of transformation
opticc. We  propose two  practical
configurations of mode converter in plasmonic
waveguides. The functionalities of the
converters are demonstrated by numerical
simulations.  Without  consideration  of
transmission loss, conversion efficiency of as
high as 95% can be realized. When ohm loss
is considered, the conversion efficiency is
more than 80%.
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Fig. 7 Mode conversion by reshaping both phase and power
density. (a) and (d) show two divisions of the physical and
virtual spaces. (b) and (e) show the power flows of transmission
as well as the reflected power, as functions of (I' - 1). (c) and (f)
show the snapshots of Ez fields at the maximum conversion

efficiencies of (a) and (d) respectively.
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Fig. 8 (a) Schematic experimental setup of lasing excitation. The
profile of the refractive index in DCG emulsion is shown. The
sample emits cone-shaped lasing with angles of 6, 6,, and 6,
which are marked as 1-, 2-, and 3-cone laser, respectively. (b) A
photo of the backward cone laser pattern displayed on the
screen. The photo was taken using a Cannon EOS 600D with
exposure time 0.25s and aperture value f/1.8. The inset is the

fluorescence spectrum for 0-cone laser pumped at 8.3 pJ

We demonstrate miniband lasing in a 1D
dual-periodic photonic crystal (PC). The
lasing efficiency is dramatically enhanced by
about eight times and meanwhile the threshold
is decreased to about 1/6 of that of the
band-edge lasing in a single-periodic PC.
Moreover, fluorescence emission enhanced by
a factor of up to 660 was observed as
compared with that in dye-doped film. This
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high optical conversion efficiency can be
attributed to the extremely flat dispersion and
large mode volume of the miniband induced
by dual-periodicity. We also observed multiple
and colorful cone-shaped lasing from
dual-periodic photonic crystal, indicating that
coupling occurs between the photonic bands in
a photonic crystal laser system. We propose a
band-coupling model to estimate lasing
wavelengths and emission-cone angles, which
match  well those from experimental
observations from cone-shaped lasing.
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In this field, we mainly focused on the
multi-functional optical crystals,
low-dimensional functional materials, soft
matter, silicon based light emitting materials,
nano-crystalline glass ceramics, and photonic
microstructure. 19 papers were published in
international academic journals, 1 invention
patents applied, and 4 patent issued. The total
researching founds are 18.83 millions. We
obtained Tianjin Science and Technology
Progress Award. This year, we obtained some
important results, they are mainly shown as
following:
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A series of LN:Mo,Zr and LN:Mo,Mg

'fc&{éls with different Zr and Mg doping
"‘V\ye'ré! grbwn and characterized. As shown in
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Fig. 1, holographic storage from UV to the
visible is realized in all of the doubly doped
crystals. It is interesting that ZrO, cannot
improve the response speed of LN:Mo even
when its concentration is above the threshold.
However, when the concentration of MgO
exceeds the threshold, a very short
photorefractive response time of 0.22 s, 0.33 s,
0.37 sand 1.2 s for 351, 488, 532 and 671 nm
was obtained, respectively. Our experimental
results indicate that Mg?* ions are a preferable
choice to improve the photorefractive
response of LN:Mo crystal. LN:Mo,Mg can be
an excellent candidate for all-color
holographic data storage with fast response.
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Fig. 1 The photorefractive (a) diffraction efficiency, (b) response
time, (c) refractive index change and (d) sensitivity of LN:Mo
crystals codoped with different concentration of Zr (solid
symbols) and Mg (open symbols) from UV to the visible. The
light intensity per beam is 238, 400, 400, and 1500 mW/cm? for

351, 488, 532, and 671 nm laser, respectively.
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Fig. 2. (Left) CsLa(POs); crystal grown by spontaneous
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nucleation. (Right) Stimulated facets marked by Miller indices
(hkl).

Besides the former research interest on
functional materials of phosphates, we
gradually engaged in synthesis, structure and
properties of functional compounds based on
the second order John-Teller effect. This year,
we made a typical progress on the growth of
(;sLa(PO3)4 single crystal with P2; space
“group and its structure-properties relationship.

y of the as-grown crystal was

' orphol
gﬂ up of th crystalllne forms {001}, {011},
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{-101}, {110}, etc. The cleavage habit along
(001) and (100) faces was analyzed from the
point of view of chemical bond and stereo
structure. The local dipole moments for the
PO4, CsOj;p and LaOg polyhedra were
calculated by using a bond-valence approach
for understanding their  distortions.
CsLa(POs),4 presents a good thermal stability
till 926°C. Its pyroelectric coefficient near
room temperature is about 9.7uC/m*K. The
SHG intensity of CsLa(PO3), powder is only
one half of that of KDP. However, no SHG
signal was observed on the as-grown crystal,
which may be attributed to phase mismatch.
The results of theoretical calculation showed
that CsLa(POs), is a kind of indirect band gap
material. Its conducting band was mainly
occupied by the 2p orbits of O atoms and the
5p orbits of Cs atoms, and the valence band by
the 3p orbit of P atoms and the 5d orbits of La
atoms. The simulation of optical property

reflected that the crystal has a low
birefringence and a big  dispersion.
CsLa(POs3),; crystal shows a good

transmittance in the range of 0.17~4.0um and
a short UV cutoff edge of 167nm.
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The subsolidus phase relations of four
systems MgO/SrO-Zn0O-B,03 and
BaO/Zn0-Bi,03- B,03; were studied by solid




2013 SEFDLARLME T A HE W E A LR R

state reactions. The photoluminescence of
Ba,ZnB,0s:EU** and ZnBi,B,0;:Eu®" were
studied, which exhibit red color with high

color purity and brightness under the

excitation of both near UV light and blue light,

and the structure changes of doping samples
were studied. Two new compounds were
synthesized, and the pure phases were
prepared for structure determination. They
will be good hosts for new phosphors, and the
structure determination is under going. A
phase transition of the host was confirmed
during the investigation of the
photoluminescence of NaSrBOs:Eu*", and the
new structure was solved by ab initio method.
It was believed that the luminescence
properties were exhibited on the new phase
structure.
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Fig.3. Photoluminescence spectroscopy employing Eu3+ as the structural
probe unambiguously revealed a doping concentration induced phase
transition from lowly doped cubic Pb3EuF9 to highly doped tetragonal

PbEuFs
By using Eu®* as a fluorescence probe in

Lanthanide-doped B-PbF, nano-particles, Ln®"
ions are substituted for Pb®* sites and the
doping concentration induces a site symmetry
distortion from O, to D4 By
photoluminescence and XRD study, we
conclude that the structure of lowly doped
nano-particles is cubic PbsEuFy (O (m-3m),
Pm-3m (No. 221)). With the increase of
doping concentration, the cubic PbsEuFg
transforms to tetragonal PbEuUFs (D4, (4/mmm),
P4/mmm (No. 123)). Particularly, the
coexistence of both structures in moderately
doped nano-particles is proposed and
confirmed for the first time. The binding
energy of the C and T structures differs with
about 2.327 eV, which means that the T
structure is more stable and easier to form in
highly doped materials. Our work represents a
significant advance towards a more
comprehensive understanding of the site

CRTE, LS R B TR eSS, symmetry  of  Ln®*  ions in  fluoride

BEEENRTE L. nano-particles, which would benefit the
' f fE LA E TAER S fl il &% 7 — & %A further research on the optical properties, such
: ,4%%?%% IR e %, it # b B3R as fluorescence regulation and control of Ln®*
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ions, and have great importance in the
applications of this material in optical fields.
A series of rare earth (RE) doped
oxyfluoride glasses with the composition of
(45-x)  SiO,-5Al,03-40PbF,-10CdF,-XRE; O3
(x =1, 5, 10, 15) (mol%) were prepared by a
traditional melt-quenching method. Glass
ceramics (GCs) were obtained after thermal
treatment and characterized by X-ray
diffraction (XRD) to investigate the
nanocrystal structure and distortion. Based on
the RE-doping mechanism of Pb*-RE*
substitution with interstitial F  charge
compensation, different phases can form via
adjusting the dopant concentration. The cubic
PbsREFg phase with Pm3m space group plays
a dominant part in low dopant concentration.
The unit cell parameters decrease from 5.92 A
to 5.80 A from Pr to Yb. Tetragonal PbREFs
phases with P4/mmm(No. 123) space group
appear with increasing dopant concentration,
and RE® has a typical Da,(4/mmm) point
symmetry. The “peak splitting” in the XRD
spectra was found in GC doped with RE®,
and the splitting distance gets smaller and
smaller as the RE®*" ionic radius increases
from Yb** to Dy*". This phenomenon was well
explained by the structural distortion due to
the difference in ionic radius between the host
ion and the guest ion. Our work provides a
comprehensive understanding towards
nanocrystal structure at the atomic level and
the RE** environment in oxyfluoride glass
ceramics, which would benefit further optical
investigations and practical applications.
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SiO,. Al,O3+ TiO5. Th,05 and Er,O3 thin
films were prepared by atomic layer
deposition technology. The optical and
electrical properties of the films were studied,
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transparant conductive ZnO/Al,Og3, dielectric
buffer and electron injection TiO,/Al,O3, and
rare earth doped SiO, luminescent multiple
layers were prepared by fine tuning of the
atomic layers using ALD technology. Efficient
rare earth doped SiO, MOS
electroluminescence devices were prepared by
full ALD technology.
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Processing of the Si MOS LED
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The thermodynamic behavior, especially
the coil-globule transition and scaling
behavior, of a strongly-charged polyelectrolyte
chain in a solution system with explicit
neutralizing  counterions and  solvent
molecules are studied. The coil-globule
transition is identified as a first-order
transition at both at finite and infinite chain
lengths. Phase transition temperatures at
various ion concentrations are obtained. It is
found that the exponent v of the radius of
gyration, <Rg*>~N%, can be slightly larger
than 1 under some conditions.
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In our review paper,
relationship between confining conditions of
block copolymers and the resulting structures,
focusing on principles governing structural

we discuss the

formation of diblock copolymers under
two-dimensional ~ and  three-dimensional
the effects of
commensurability condition, surface—polymer
interactions, and confining geometries on the
self-assembled morphologies are discussed.

confinement. In particular,
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Fig.18. Schematic diagram for the band structure of TiO,-N—
x%Ni and the photocatalytic mechanism.

A series of nitrogen and nickel-chlorine
co-modified TiO, photocatalysts (TiO,-N—
x%Ni) with visible-light response have been
synthesized by a sol-gel method. The results
of photocatalytic degradation of
4-chlorophenol (4-CP) suggest that TiO,-N—
x%Ni photocatalyst shows a higher activity
than both pure TiO; and nitrogen doped TiO,
(TiO2-N) under visible-light irradiation. The
structure and properties of the photocatalysts
have been investigated by XRD, XPS, UV-vis
diffuse reflectance spectra (DRS), and
photoluminescence (PL) spectra. It was found
that unique chemical species, such as N-Ox
and O-Ni-Cl, existed on the surface of
TiO,-N—x%Ni. The energy levels of N-Ox
and O—Ni—Cl surface states locate above the
valence band and below the conduction band
of TiO,, respectively. This could lead to
strong visible-light absorption and an
enhanced charge carrier separation compared
with both pure and TiO,-N. Our results offer a
paradigm for preparation of photocatalyst with
a high visible-light activity by simultaneously
doping TiO, with two or more different
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The reduction of carbon dioxide to
methane in the presence of water was used to
evaluate the photocatalytic activity of a
prepared strontium metaborate (SrB,0,)
catalyst. The strontium metaborate was
prepared by a simple sol-gel method, and was
shown to exhibit better photocatalytic
performance than TiO, (P25) under UV-light
irradiation. The structure, morphology, and
energy levels of the photocatalysts were
studied by X-ray diffraction (XRD), Fourier
transform infrared (FTIR) spectroscopy, X-ray
photoelectron spectroscopy (XPS),
transmission electron microscopy (TEM),
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photoluminescence (PL) spectroscopy, and
UV-Vis diffuse reflectance absorption
spectroscopy. It was revealed that the SrB,04
valence band (VB) was located at 2.07V (vs
normal hydrogen electrode, NHE), which is
more positive than Eo redox (H,O/H") (0.82V
(vs NHE)); the conduction band was estimated
to be -1.47V (vs NHE), which is more
negative than Eo redox (CO,/CHy,) (-0.24V (vs
NHE)). Therefore, it is clear that strontium
metaborate is capable of transforming CO,
into CH4. Moreover, the potential at the
bottom of the conduction band for SrB,0, is
more negative than that for TiO, (P25),
leading to a higher deoxidization capacity,
which also favors CH, formation. Thus,
SrB,04 exhibits a higher photocatalytic
activity than TiO, (P25).
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Fig20. Schematic diagram for the band structure of TiO,-B-In
and the photocatalytic mechanism.
Indium and boron co-doped TiO,
photocatalysts were prepared by a sol-gel
method. The structure and properties of
I"g}matalysts were characterized by XRD,
H .‘ XPS, UV-vis DRS and PL techniques.
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It is found that boron is mainly doped into the
lattice of TiO, in interstitial mode, while
indium is present as unique chemical species
of O-In-CIx (x = 1 or 2) on the surface.
Compared with pure TiO,, the narrowness of
band gap of TiO, doped with indium and
boron is due to the mixed valence band
formed by B 2p of interstitial doped B ions
hybridized with lattice O 2p. And the surface
state energy levels of O-In-Clx (x = 1 or 2)
and B,0O3 species were located at about 0.4
and 0.3 eV below the conduction band
respectively, which could lead to significant
absorption in the visible-light region and
facilitated the effectually separation of
photogenerated carriers. Therefore, indium
and boron co-doped TiO, showed the much
higher photocatalytic activities than pure TiO,,
boron doped TiO, (TiO,-B) and indium doped
TiO, (TiO,—In) under visible and UV light
irradiation.
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An SrB,04/SrCO3; composite catalyst is
synthesized by the simple sol-gel method.
Reduction of carbon dioxide into methane in
the presence of water is used to evaluate the
photocatalytic activity of the composite
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catalyst.  SrB,O4/SrCO; exhibits  better
photocatalytic performance than TiO, (P25)
and SrB,0, under irradiation with UV light.
The crystalline structure, crystallite size, and
the BET surface areas of the resultant
photocatalysts are studied via the techniques
of X-ray diffraction (XRD), transmission
electron microscopy (TEM), and nitrogen
adsorption-desorption isotherms. The energy
levels of the SrB,0,/SrCO3; photocatalyst are
determined from characterization with UV-Vis
diffuse reflectance absorption spectra, X-ray
photoelectron  spectroscopy (XPS), and
photoluminescence (PL) measurements. The
heterojunction formed at the SrB,04/SrCO;
interface efficiently promotes photogenerated
carrier separation and increases the use of
photogenerated carriers in photocatalytic
reactions at the solid/liquid interface, resulting
in high photocatalytic activity under UV light.
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Fig22. SPS spectra and transient photovoltage spectra for TiO, (a),

TiO,-Sn5% (b), and TiO,-Sn50% (c).

Pure TiO, and Sn*™* doped TiO,
(TiO2-Snx%) photocatalysts were prepared by
a sol-gel method, where x% represents the
nominal molar fraction of Sn*" ions in the
TiO, structure. The crystal structure and
energy band structure of the resultant catalysts
were characterized by X-ray diffraction
(XRD), X-ray photoelectron spectroscopy
(XPS), and surface photovoltage spectroscopy
(SPS). The results show that for a low content
of Sn** ions, the Sn** ions are doped into the
TiO, lattice and replace lattice Ti** ions in a
substitute mode (Ti;xSny0,). The energy
levels of these Sn*" ions are located 0.38eV
below the conduction band. Moreover, the
rutile SnO, crystal structure evolves with
increasing content of Sn* ions, ie., a
TiO,/SnO,  structure is formed. The
conduction band of SnO, is located 0.33eV
lower than that of TiO,. The separation and
recombination mechanism of the
photo-generated carriers was characterized by
photoluminescence and transient photovoltage
techniques. The results showed that the
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formation of the energy levels of Sn** ions and
the conduction band of rutile SnO, can
enhance the separation of the photogenerated
carriers, and suppress the recombination of
photo-generated carriers. However, the energy
levels of Sn** can lead to a much longer life
time and higher separation efficiency of the
photo-generated carriers. For different content
of Sn** in Sn** ion doped TiO, (TiO,-Snx%),
the above mentioned aspects improve the
photocatalytic activity.

SR FH 5 e - Wk Jg 12 1 4% HH STV B T 4B 4
ITIO AT WOGHEAL T (TiO2-xSi), ZMEALH
] WG HEAVE P& T 4ETiO. FIFXRD.
XPS. FT-IRFIUV-Vis DRSZFEH A, HF
F T TiO-xSi MEALT ) S A L5 14 . BeT 451
IR . FRRI: BASITE FETIO,
FLF- R EZ Y RKTi-O-Sivnfh, HAENH b
0.2-0.6 eV XK M SI™ B T8 4« K I
REJL, AR REH HIAFAESE TiO-XSifiEAL
A AEAT G N, SEBLAT WAL AR A
JEBR: HRE— B8 T TiO-xSifi A5 v K,
TG AR SR T AT B

(d) TiO,-25Si
(¢) TiO, -188i
(b) TiO, -11Si
(a) TiO,

Intensity
o
®
%>>

Intensity

20
123, TiO M TiO-xSitt fh M XRD B B, 4 1 2y % ¥ i 7
20=25.3° BT AT 4 e o
Fig23. XRD patterns of TiO, and TiO,-xSi samples, the inset
shows the enlarged version of the peak near 25.3<

TiO, photocatalysts (TiO,-xSi) doped by
different contents of silicon were prepared by

a sol-gel method. The catalysts exhibited a

better photocatalytic ability than the pure TiO,.

~The samples were characterized by XRD, XPS,

FT-IR and UV-Vis diffuse reflectance
'faT{ption spectra. It was revealed that the
A ql " : .
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doped silicon ions formed Si-O-Ti bonds on
the surface of TiO; particles. And thus, surface
state energy attributed to the silicon dopant
was located at 0.2-0.6eV below the conduction
band of TiO,, which enhanced the response to
the visible light and photocatalytic ability. It
was also discussed the TiO,-xSi samples’
mechanism of photocatalytic degradation of
4-chlorophenol.
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9otIELR R B F %2/ Weak Light Nonlinear Optics and Quantum Coherent Optics
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N SE T TR 7 . 2013 4 ATy )3t
RFEWI 46 5, TEBAFUTBERE:

The main research topics in this group
are fabrication and optic properties of
nano/micro-structure, nonlinear  optical
manipulation and its applications, quantum
nonlinear optics, ultrafast detection and
analysis by using fs technology and
photorefractive materials and nonlinear optics.
We published 46 papers in various academic
journals. The main research progresses in
2013 are as follows.
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The spatial switching of mid-infrared
light near-fields is proposed in coupled
graphene heterogeneous ribbon pairs. By
‘using the coupled plasmon modes in graphene

ribbon * ‘pairs, the electric near-field

r . ! .
',eﬁ’a’_wcement can be spatially controlled in

Ngl‘aphene ribbons as the tuning of the external
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bias voltage difference. More specifically, due
to symmetry breaking, the anti-symmetrically
coupled dipolar plasmons exist except for the
symmetrically coupled modes in
homogeneous graphene pairs. Moreover, the
gap distance is one of the key parameters for
switching of electric near-fields, strong
coupling means the efficient control of

near-fields.
30
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Figl. The electrical near-field distribution for graphene ribbon
pairs with different Fermi energy differences..
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Surface plasmon
terahertz-infrared waveband in subwavelength

modes at

graphene wedge and groove waveguides are
investigated, which can be categorized into
perfect electric conductor and perfect
magnetic conductor symmetric modes with
different propagation characteristics. The
electromagnetic near-fields are localized
strongly in different regions for these two
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kinds of modes. Moreover, these modes can be
interpreted by the folded graphene ribbon
modes. The brim width of the waveguides and
the Fermi energy of the graphene strongly
influence the dispersion and propagation
distances of the plasmon modes, which can be
used for tuning the plasmon modes in
graphene wedge and groove waveguides

efficiently.

air

graphene

S

K2, A SIEEIY S SEH 5638 SR SRS AR B
Fig2. The first-order PEC and PMC symmetric plasmon modes in

graphene wedge waveguides.
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An optically bistable device based on a
Bragg grating resonator with a nonlinear
medium in metal-insulator-metal waveguides
is proposed. Its properties are numerically
investigated by a finite-difference

~ time-domain method and further qualitatively

analyzed by adopting Airy equation. Cavities

h gdifferent Q factors are compared with
| respect to bi-stability. Cavities with a small Q
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factor lead to a high transmission and a narrow
hysteresis loop. The response time of such
cavities is found to be in the sub-picosecond
region. Our nano-scale switching structure is
comparatively easy to fabricate and integrate
in plasmonic circuits and promises to be
useful for future all-optical computing and

communication technology.
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Fig3. Input-output light intensity in optical bistable cavities with
N=2, 3, 4, respectively.
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Fig4. Schematic diagram of the symmetric plasmonic structure.

A novel symmetric plasmonic structure

consisting of a  metal-insulator-metal
waveguide and a rectangular cavity is
proposed to investigate Fano resonance

performance by adjusting the size of the
structure. The Fano resonance originates from




{

AR
“nanoparticles induced by subtle variations in

* ' try, esgéecially by the rounding of the
iy (. 14
d and corners, have generated great

Annual Report 2013

the interference between a local quadrupolar
and a broad spectral line in the rectangular
cavity. The tuning of the Fano profile is
realized by changing the size of the
rectangular cavity. The nanostructure is
expected to work as an excellent plasmonic
sensor with a high sensitivity of about 530
nm/RIU and a figure of merit (FOM)of about
650.
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E5. kbl TR E .. a Ry=R=0 nm (A=658 nm); b

R,=0 nm and R=6 nm (A=640 nm);

¢ R,=6 nm and R;=0 nm
(A=629 nm); and d R,=R=6 nm(A=614 nm).

Fig5. The electric field distribution of nanobox with a R,=R;=0
nm (A=658 nm), b R,=0 nm and Ri=6 nm (A=640 nm), ¢ R,=6 nm

and Ri=0 nm (A=629 nm), and d R,=Rj=6 nm(A=614 nm)

optical  responses of metal
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interest at present due to the requirement of
fabricating refined structures of metal
nanoparticles and theoretical simulations of
the real particles. We study the effect of both
inner and outer edge rounding on the optical
properties of gold nanobox and gold nanobox
dimer with small inter particle distances by
using the discrete dipole approximation
method. The shift of extinction peaks, the
electric field distribution, and the variation of
refractive index sensitivities by changing the
curvature of the inner and outer edges of gold
nanobox are investigated. We demonstrate that
the optical properties of nanobox are more
sensitive to the outer edge rounding than the
inner edge rounding. By edge rounding of two
very close gold nanoboxes, the blue shift of
the dipolar and the quadrupolar plasmonic
resonances of nanobox dimer are shown.
Comparing with the inner edge rounding of
nanobox dimer, we find that rounding of the
outer edges causes the larger shift of the
guadrupolar mode and approximate shift of
the dipole mode.
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Fig6. (a) Isotropic spiral plasmonic metamaterial. (b) The

£00

transmission and reflection spectra of the metamaterial. (c)The
spectral shift of the metamaterial induced by surrounding
refractive index increase from 1.0 to 1.5. (d)The spectral

interrogation and intensity interrogation sensing modes of the

In recent years, the interdisciplinary field
between metamaterials and refractive index
sensing technology has become a fertile and
active area. Two of the most commonly used

~plasmonic sensing techniques include spectral

(wavelength) interrogation and intensity

'{l” ogation technique. In the former case, the

ive index change of the surrounding
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medium is derived through measuring the
spectral shift. In such a configuration,
broadband light sources and spectra analyzers
are needed. In the latter situation, people
derive the environmental refractive index by
measuring the intensity variations from
transmitted/reflected monochromatic beams.
This has the benefit of a more compact
detection scheme, which removes the need for
Generally speaking, the
dynamic ranges for the wavelength
interrogation sensors are mostly limited by the
spectral ranges of the spectrometers adopted in
the detection scheme. However, for intensity
interrogation sensors, the dynamic range is
dependent on the interval between the
operating wavelength and its neighboring
spectral peak/valley position. The most of the
present plasmonic sensors work in the spectral

a spectrometer.

interrogation configuration. And in order to
improve sensing performance, most of the
sensors are based on non-centrosymmetric
structure designs to obtain sharper resonances,
in which the induced birefringence puts strict
requirement on the alignment of the
polarization direction of incident light with the
sensor orientation. Here we demonstrate
isotropic  spiral G-shaped
plasmonic metamaterial (shown in Fig.
6(a)),in which both an arrow transmission
resonating mode with a high-quality factor (Q
factor) (indicated by A in Fig. 6(b)) and a
broad resonance with a long linear slope (dash
line Fig. 6(b)) can be achieved
simultaneously. Both spectral shift sensing and
single wavelength operating abilities are
demonstrated by this planar metamaterial (see

numerically a

in

Fig. 6(c)). By utilizing the high-Q resonance,
our plasmonic device gives a spectral shift
sensitivity as large as 410 nm/RIU (Fig. 6(d)).
By detecting transmittance change AT at
833nm, sensing with the sensitivity of
153%/RIU (Fig. 6(d)) is achieved, and the
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dynamic range remains about 0.5 RIU, which
is sufficient to identify most of the chemical
liquids.

FATBEAT 7 R HIAR B 42 <5 Tl A 1
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For I B S5 1, AHL TR 2 W45 E L K
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AR5 BB IEE , T R OK T AR ) 1 e
SERS JLJiK. @it Au FEHTRR F b 3 () 5
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SERS i 5 /N T 10 442K 8] (5 1 3545 ) st 1
fhr SR T (EF ) KT 2% 10%. FIH
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Noble metal nanogap structure supports
strong surface-enhanced Raman scattering
(SERS) which can be used to detect single
molecules. However, the lack of reproducible
fabrication techniques with nanometer-level
control over the gap size has limited practical
applications. In this letter, by depositing the
Au film onto the cicada wing, we engineer the
ordered array of nanopillar structures on the
wing to form large-area high-performance
SERS substrates. Through the control of the
thickness of the Au film deposited onto the
cicada wing, the gap sizes between
neighboring nanopillars are fine defined.
SERS substrates with sub-10-nm gap sizes are
obtained, which have the highest average
Raman enhancement factor (EF) larger than 2
x 108, about 40 times as large as that of
commercial Klarite® substrates. The cicada
wings used as templates are natural and
environment-friendly. The depositing method

18 low cost and high throughput so that our

large-area high-performance SERS substrates
igreat advantage for chemical/biological
sing applications.
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Fig7. Comparison of substrates and neat benzene thiol, average EFs and
gap sizes, spatial mapping, and COMSOL simulations. (a) Comparison of
the SERS of substrates CW300 (red), Klarite® (green), and neat Raman
spectra (black) of benzene thiol collected at 785-nm incident. The number
of molecules of benzene thiol that each measurement is probing is
denoted in the figure. Inset: zoomed-in region of the spectra showing the
three primary modes located near 1,000/cm, with the 998/cm used for
calculation of the SERS enhancement factor. Note that the SERS of the
Klarite® substrate and the neat spectra have been multiplied by a factor
of 100 for easier direct comparison. (b) Average EFs (black open
squares) and gap sizes between neighboring nanopillars (red open
rhombuses) as function of gold film thickness deposited on the cicada
wing. (c) Spatial mapping of the SERS intensity at 998/cm of SERS
substrate CW300 over an area larger than 20 pum>20 pum. The background
is the optical reflection image of substrate CW300 photographed through
a microscope with a <50 objective. (d) COMSOL simulations of SERS
enhancement (black dash) and the mean of experimental average EFs (red
squares) as function of gap size between neighboring nanopillars. All date
points are normalized to the corresponding value of SERS enhancement
of CW50
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Fig8. Left: Surface morphology of femtosecond laser
microstructured silicon; Right: the typical absorptance curve

When femtosecond laser pulses irradiate
silicon samples, a new kind of material called
femtosecond laser microstructured silicon
(FLMS) or black silicon can be produced
under some conditions. Some micro/nano
structures are produced in the silicon surface
as shown in Fig. 8L. FLMS has some
interesting  extraordinary  properties, for
example, the absorptance is very high, more
than 90%, from UV to IR, as shown in Fig.
8R.
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Fig9. Left: Emission spectra of a plasma with different fluences
(2)100-kPa air, (b) 70-kPa N,, (c) 70-kPa SFg, and in (d) vacuum (<1 Pa).
Right: The fluence dependence of emission intensity of the 413.1 nm Si Il
line for different ambient gases. The inset shows the fluence dependence of
the integral intensity of the whole spectrum. The straight lines represent

linear fits

The process of FLMS is ultrafast and
complicated. On the one hand, a large mount
of electrons, silicon ions, atoms, nanoparticles,
and clusters are ejected from the silicon
surface to form plasma plum; on the other
hand, there are a series of ultrafast processes
in the silicon surface. The two factors lead to
the microstructures formation and the changes
of surface properties. We studied the process
of FLMS separately for the plasma plum and
that on the silicon surface.

By the steady state spectroscopy, we can
determine the plasma composition and
investigate the relationship among the laser
fluence, ambient gases, gas pressure and so on.
As shown in Fig. 9L, the plasma plume
mainly contains silicon atoms and monovalent
ions. Furthermore, signals of N and O are
observed for air, N for nitrogen and S and F
for SFg atmosphere. This suggests that
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ambient gas molecules are dissociated during
laser ablation, which leads to the potential
chemical reaction between silicon and ambient
gas. In SF¢, the SFg molecules are dissociated
in the hot plasma, easily causing the chemical
reaction: F+Si—SiF,1.Moreover, due to the
destroying and rebuilding of the silicon lattice,
it is more possible for the sulfur atoms to enter
the silicon surface and realize the highly
doping. During the expansion of the plasma
plume, the ambient gas can suppress it. This
kind of confinement effect enhances the
optical emission of the plume. As seen in Fig.
9R, the integral intensity of the whole
spectrum and the intensity of the 413.1 nm
line both represent the similar dependence
with the laser fluences and with the ambient
gases. The results suggest that the
confinement of the different ambient gases
exhibit a relationship: SFe>Air>N,>V.
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Fig10. Left: Time-resolved spectra of the plasma measured in SFs under
different laser fluences: (a) 3.5 kI/m?, (b) 10 kd/m?, (c) 20 kI/m?, and (d)
40 kJ/m?. Right: The dependence of the lifetime of the 505.6 nm Si Il
line on laser fluence for different ambient gases. (a) lifetime t; of the

fast process; (b) lifetime t, of the slow process

By time-resolved spectroscopy, we can
study the ultrafast dynamic processes of the
plasma. Figure 10L shows the time-resolved
spectra of the plasma plume in SFs We
observe that the decay of the spectral intensity
consists of two processes: a fast decay and a
slow decay, which correspond to the
bremsstrahlung radiation and the
recombination radiation respectively. The
decay profile can be well fitted with a
bi-exponential function so that we obtain two
decay time constants. They are both affected
by the laser fluence and the ambient gases, as
shown in Fig. 10R. The different confinements
cause the different lifetimes of the optical
emission of the plume in various ambient
gases. The lifetimes of the two decay
processes for different ambient gases exhibit a
relationship: SFg>Air>N,>V. Besides, the
confinement can cause the redeposition of the
ejected materials. In various ambient gases,
the different confinements lead to the different
redeposition intensity and the different sizes of
the redeposited materials. As a result, the
surface morphologies are different for every
successive pulse, leading to the different
ablating processes in various ambient gases.
Finally, the distinct microstructures are formed
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by this kind of feedback mechanism. Although
the confinement of the SFg is the strongest, the
formation of the volatile SiF, significantly
weakens the redeposition effect, leading to the
sharper and smoother micro-cones.
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Figll. Left: Evolution of carrier density Nc(green dash dot curve), carrier
temperature T, (blue solid curve) and lattice temperature T, (red dash curve)
calculated for laser fluence F = 1.6 J/cm® The purple dot curve shows the
laser pulse whose duration is 120 fs. The insert shows a relationship between
N and the real part of dielectric constant, where Ny, is critical carrier density
and Npeax is the peak value of the Nc. Right: The SEM image of the
nanoparticle-covered silicon surface irradiated (in vacuum) by a single
femtosecond laser pulse where laser flunce F = 1.6 J/cm®.(b) Details of

fs-LIPSS formed on the sample surface.(c) 2D-FFT spectrum of Fig. 11(b).
) "y

‘The arrows represent laser polarization direction

tion of the plasma plume make us to
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clarify the ambient effect and the mechanism
of the formation of the different
microstructures. Meanwhile, we studied the
physical processes occurring in the silicon
surface during the interaction between
femtosecond laser and silicon. When silicon is
irradiated by a fs-laser pulse, the response
time of carriers and lattice are different. After
fs-laser pulse irradiation, electrons and lattices
are in an extremely nonequilibrium state on
the timescale of subpicosecond. Hence, it can
be treated as a two-temperature model. As
shown in Fig. 11L, the surface carrier density
is very high, which changes surface optical
properties from semiconductor to metallic-like.
Therefore, the Drude model should be
introduced to modify TTM, aiming to explain
the mechanisms of the laser-induced periodic
surface structures (LIPSS). A finite difference
method (FDM) is employed to numerically
solve the TTM-Drude equations. The
theoretical computation derives the period of
the LIPSS is 755 nm that is close to the
experimental result of 746434 nm. The
excellent consistency proves our model is
available.
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Figl12. (a) The SEM image of the nanoparticle-covered silicon surface
irradiated (in vacuum) by a single femtosecond laser pulse where laser
flunce F = 6.7 J/cm? Inside the dashed circle, only some bubble-like
pits are formed; out of the dashed circle, fs-LIPSS appear. (b)
Bubble-like pits with similar size are observed in the central region of
a damage spot irradiated by a single pulse with F = 6.0 J/cm?.(c) and
(d)are the AFM images of the craters corresponding to Fig. 12(a) and

(b) respectively. The arrows represent laser polarization direction.

[&13. Tk RS R RISEMIE. (a) Mk fEFH 4 5 &,
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Figl3. The SEM image of the nanoparticle-covered silicon surface

F =67

irradiated by five pulses (in vacuum). (a) a damage spot with F = 6.7
Jlem?, (b)-(c) the central region and periphery of Fig. 13(a). (d) a

dan’atﬁgpotf\nthF 1.6 Jicm?.
' Based on our research, we propose that

oductlo of LIPss is due to the spatial
Iatjon " carriers produced by the
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interaction of incident laser and the SPPs. It
leads to a spatial periodic distribution of the
absorptance. Hence, in the area with higher
electron density, the escape of the electrons,
silicon atoms, and silicon ions is more
possible to take place, causing a stronger
ablation. However, if the incident intensity is
too high, LIPSS will be suppressed by the
ultrafast melting. Our experiments approved
this competition compress, as shown in Fig.
12. In the center of the gaussian laser spot,
instead of the periodic ripple, there are some
volcano-like structures. We believe that it is
caused by the shockwave generated when the
bubbles burst during the ultrafast melting. As
shown in Fig. 11L, the temperature of the
lattice can exceed the melting point within
several picoseconds, which supports our
viewpoint. After irradiation with multi-pulses,
the situation is similar, as shown in Fig. 13.
Under the high laser fluence, there is still no
ripple in the center of the laser spot where can
receive more energy, while the ripples appear
in the periphery region. When the laser
fluence decreases, the LIPSS are formed in the
center of the spot. The results indicate that the
ultrafast melting, which depends on the laser
fluence, plays a critical role in this competing

mechanism.
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Based on the original ripples and the
redeposition of the ejected materials, the
surface morphology is various for every
successive pulse, leading to the different
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ablation processes in different ambient gases.
After ablated by multi-pulses, different
microstructures are formed by this feedback
mechanism. A Dbetter understand of the
interaction mechanisms can helps us to
controllably process the material and obtain
the desired microstructures. This greatly
expands the application area of FLMS. So we
try to do some researches on the
photoluminescence and the SERS based on
FLMS.
FEZSAIE Tl H FLMS A =R
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RsE. W& 14 ZEEIFR, FLMS B3
RAUENL T 530nm, H AR EAEAL, SAT
RO FE R IR T T B . FLMS B0
RO RS e R T ) 2 T A AR e
YK, AL E A i AT ) AR A R
R A N T HE— B TR RO
RGBTSR, B-Al
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The FLMS made in air has exhibited a
good PL property at room temperature. To
further improve its performance, we
systematacially study the emission mechanism
and introduce a new model to describe the
carrier transport and explain the decay
property of PL. As shown in Fig. 14L, the
peak wavelength of PL, which is at 530 nm,
does not vary with temperature. However, the
PL intensity decreases with temperature. This
emission band origins from the silicon
nanocrystals (NCs) which are formed during
laser ablation and are covered with oxide
- layers. By time-resolved spectroscopy, we can
study the PL mechanism, the carrier transport

'pn material, and the defect properties. As

- shown in Fig. 14R, the decay profiles of PL

.
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are various at different temperature and at
different wavelength.

FLMS ¥ PL 3% 1) 22 3k th S AR I 75 &
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Figl4. Left: The integral PL spectra of annealed and unannealed FLMS
at different temperatures. (a) The temperature dependence of the PL
intensity of the annealed sample at peak wavelength. (b) The SEM
image of the annealed sample. Right: Time-resolved PL spectra of the
annealed sample measured at (a) 300 K and (c) 90 K. The decay
profiles at different wavelengths are obtained at (b) 300 K and (d) 90

K. The solid lines are the fits with the stretched exponential function.
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Fig15. Left: Dependences of the time constant T and the stretching index
B on temperature for the wavelength of 530 nm. Right: The decay profiles
of the PL (annealed sample) at 530 nm under 300 K and 90 K
respectively. The points represent the experimental data and the solid

lines denote the fits with our model.

The decay profiles of PL can be well
fitted with a stretched exponential function
instead of a mono-exponential function. The
stretched exponential function is described as:
I=lg*exp[-(t/t)"]. The dependence of the decay
time constant t and of the stretching index B
on the temperature is investigated, as shown in
Fig. 15L. It is obvious that t decreases with
the temperature. The stretched exponent is
good. However, it does not describe the
physical mechanism. So, we introduce a
carrier transport model to explain this kind of
PL decay. In brief, the carriers, which are
excited by incident light in the silicon cores,
can quickly transport to the Si/SiO interface
and be localized by the oxygen-related defects.
These localized carriers will experience a
complex process: radiative recombination or
to be re-excited. The re-excited carriers may
be re-localized or diffuse away, and then
non-radiative recombination. This complex
process determines the PL properties.
According to this theory, we establish a
“mathematic model to fit the experimental
results, as shown Fig. 15R. The

'fewe{imental results are perfectly consistent
Wi 'h.‘ this model. Comparing the annealed

in
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sample and the unannealed sample, we find
that the non-radiative recombination rate
decrease greatly due to the decrease of the trap
site density. This model helps us to understand
the carrier transport and the defect effect in
FLMS, and helps us to improve the
performance of FLMS.
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Figl6. Left: Fabrication of a microstructured polydimethylsiloxane
(PDMS) substrate. Right: Raman spectra of rhodamine 6G on different
substrates: (a) flat silicon wafer (black) 10- 1M rhodamine 6G (R6G),
50mW laser power; (b) gold film-coated flat polydimethylsiloxane
(PDMS) substrate (red), 10- 3M R6G, 1mW laser power; (c) gold
film-coated microstructured silicon substrate (blue), 10- 6M R6G, 0.1mW
laser power; and (d) gold film-coated microstructured PDMS substrate
(purple), 10- 6M R6G, 0.1mW laser power. The integration time is 10 s

for all cases.

By using a FLMS as the template, we
make a microstructured PDMS substrate for
the SERS application. The methods, which are

1m0
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described in Fig. 16L, have some advantages:
simple, low-cost, large area, reusable of the
FLMS template. The microstructured PDMS
substrate shows a high Raman enhancement,
as shown Fig. 16R. The Raman
enhancement factor reaches up to 1.98x10’.
This can be attributed to two factors. One is
the high optical absorptance caused by the
microstructures. Another is the nano-structures
on the micro-cones which lead to the
formation of the gold nanostructures during
coating. The gold nano-structures increase the
density of the hot spots.
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Figl7. Left: Raman map of microstructured polydimethylsiloxane

substrate with an area of 20 umx30pm. Right: Raman spectra of

rhodamine 6G measured on three different polydimethylsiloxane-based

surface-enhanced Raman scattering substrates prepared from the same

silicon master copy. Replicates 1-3 were fabricated one by one.
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The microstructured PDMS substrate
performs a high Raman enhancement.

f mly ma{'p‘) a 30>20um large area, as

n“
'{ over, it has an excellent uniformity. We
|} dg
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shown in Fig. 17L. The standard deviations of
the enhancement factor of microstructured
PDMS substrates are 0~0.13. Besides, we
check the reproducibility of the substrates.
The results is shown in Fig. 17R. We observe
that the Raman intensitis of the three
replicates vary less than 15%. The
microstructured PDMS substrate is promising
to be used as SERS substrate in the industry ,
due to its many advantages.
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Fig18. The responsivity of FLMS detector, measured by Institute

of Semiconductors, Chinese Academy of Sciences.

We made a photoelectrionic diode
detector using FLMS, which has very special
characters. Its responsivity is more than 300
A/W, which is some hundred times than the
commercial silicon detector.
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index change and the polymerization threshold. The lateral size is normalized

by the light wavelength in a vacuum.
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The relationship between the profile of
the structures obtained by multiphoton
polymerization and the optical parameters of
nanofabrication systems has been studied
theoretically for a multipulse scheme. We find
that the profile of sub-wavelength structures is
greatly affected by the evanescent waves
affect. Not only is the photocured polymer
voxel affected by the beam profile, but the
beam propagation behavior is influenced by
the photocured polymer voxel. This gives us a
new view of matter—light interactions in
multipulse polymerization process, which is
useful to the accurate control of the
nanofabrication profile and the selection of
new nanofabrication materials.
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Sub-diffraction-limit  fabrication  of
6H-SiC is investigated with femtosecond laser
direct-write setup. Micro/nano-fabrication on
6H-SIC is studied with a home-made

micro/nano-fabrication platform, which is
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Fig20. SEM of a 240 nm line on SiC with 1 um period.
integrated with a fluorescence microscope and
a Ti:sapphire laser with a central wavelength
of 800 nm and pulse duration of 130 fs.
Micro/nano-structures are characterized with
scanning electron microscope. It is found that

the spatial resolution is improved with the
decrease of laser power and the increase of
scanning velocity. The smallest resolution
achieved is 125 nm and line array with a line
width of 240 nm and a period of 1 um is
fabricated. This work paves the new way for
integrated micro electro-mechanical systems
devices.
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Fig21. (a)Experimental setup with a four-layer system,

Layer 0: a K9 glass prism;Layer 1: an Ag film; Layer 2: an air layer;
Layer 3: an LN:Fe crystal.

(b)Rocking curve of the photorefractive holographic grating. The or
igin of the A® is at the Bragg angle.

We constructed a four-layer system
composed of a prism, a silver film, an air layer
and a lithium niobate crystal. Initially we used
two coherent light beams to excite surface
plasmons. The surface plasmons were then
decoupled into light in the photorefractive
crystal where a holographic grating was
recorded. The two beams remained coherent
through light to surface plasmons to light
transformation. Studying the characteristics of
the holographic grating we found out that the
thickness of the grating was to the order of
hundreds of microns. The thick holographic
grating suggests that the holographic
recording in the photorefractive materials was
induced by the leaky waves rather than by
surface plasmon polaritons directly.
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Fig22. (Numerical simulation ) The (al)-(cl) input, (a2)-(c2)
output intensity patterns of the three-Airy beam transmitting
through 1 cm SBN when (a) no nonlinearity, (b) self-focusing
nonlinearity, or (c)self-defocusing nonlinearity is present.
(a3)-(c3) k-space spectrum corresponding to the second column.
(a4)-(c4) Side view of 4 cm propagation through the SBN crystal.
We report the first experimental
demonstration of the so-called three-Airy
beam. Such beams represent a
two-dimensional field that is a product (rather
than superposition) of three Airy beams. Our
experiments show that, contrast  to
conventional Airy beams, this new family of

in

Airy beams can be realized even without the
use of truncation by finite apertures. We study
linear and nonlinear propagation of the
three-Airy beam in a photorefractive medium.
It is found that a three-Airy beam linearly
diffracts into a super-Gaussian-like beam,
while under nonlinear propagation it either
breaks up with a self-defocusing nonlinearity
or evolves into a self-trapped channel with a
self-focusing nonlinearity. Our results may
find applications in beam shaping and related
optical design.
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Fig23. Experimental results of self-accelerating beams obtained
with a cubic (top panels) and a sinusoidal (bottom panels) phase .
Spectral phase distribution: (b), (e) single and triple trajectories of
the accelerating beams resulting from (a) and (d), respectively; (c)
theresidual spectrum of the filtered main hump in (b); (f) different

spectral ranges responsible for different trajectories in (e).

We introduce the concept of spatial
spectral phase gradient, and demonstrate, both
theoretically and experimentally, how this
concept could be employed for generating
single- and multipath self-accelerating beams.
In particular, we show that the trajectories of
the accelerating beams are determined a priori
by different key spatial frequencies through

spectrum-to-distance mapping. In the

i
no g;raxial our results clearly

regime,

44

illustrate the breakup of Airy beams from a
different perspective, and demonstrate how
circular, elliptic, or hyperbolic accelerating
beams can be created by judiciously
engineering the spectral phase. Furthermore,
we found that the accelerating beams still
follow the predicted trajectory also for
vectorial wave fronts. Our approach not only
generalizes the idea of Fourier-space beam
engineering along arbitrary convex trajectories,
but also offers possibilities for beam or pulse
manipulation not achievable through standard
direct real-space approachesor by way of
time-domain phase modulation.
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Fig24. Generation of periodic accelerating beams along a

parabolic curve by employing (a), (b) one spectral well and (c),
(d) an array of spectral wells. (a), (c) k-space amplitude
modulation relative to the results in (b) and (d), where the upper
and bottom panels correspond to numerical and experimental

results, respectively.
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We propose and demonstrate the
generation of periodic self-accelerating beams
through both phase and amplitude modulation
in the Fourier space. For small amplitude
variations, an accelerating beam still follows a
smooth convex trajectory, which can be traced
by acting on the spectral phase only. However,
large modulations such as those generated
from the Heaviside function with a zero
amplitude distribution partially modify the
convex trajectory due to the appearance of
straight-line paths. Furthermore, periodic
self-accelerating beams along  convex
trajectories are realized by employing an array
of “spectral wells” in both the paraxial and
nonparaX|aI regimes.
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Fig25. Linear and nonlinear propagation of Airy pulses. (a)
Evolution of the main hump in the linear case, (b) and (c) spectral
components of the pulse depicted in panel for anomalous (b) and
normal (c) dispersion, (d) and (e) spectral distribution for
anomalous (d) and normal (e) dispersion, (f) and (g) nonlinear
temporal evolution corresponding to (d) and (e), respectively.

Here, the dashed lines show the linear trajectories.
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We theoretically and experimentally study
the phenomena related to self-phase
modulation of Airy pulses in fibers. During
nonlinear evolution, most spectral components
of the Airy pulses concentrate into one or two
peaks for normal and anomalous dispersion,
respectively. The resulting peaks self-shift
along the propagation, effectively mapping the
longitudinal coordinate into the frequency
domain. The frequency shift can be precisely
controlled by simply acting on the spectral
cubic phase structure without the need to alter
the fiber length.
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Higher-band self-trapping and oscillation
(rotation) of nonlinear quadruple beams in
two-dimensional (2D) square photonic lattices
demonstrated.  Under
nonlinearity,

are  numerically

appropriate  conditions  of
aquadruple-like beam can self-trap into
localized modes that reside in the second
Bragg reflection gap through single-site
excitation. By changing the initial orientation
of the incident quadruple beam related to the
lattices, periodic oscillations of the localized
guadruple mode may be obtained. The
localized quadruple state becomes a rotating

doubly charged optical vortex (DCV) during
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rotation and should undergo charge-flipping
when the rotating direction is reversed.
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Fig26. Numerical results of the generation of doubly charged
vortices during the propagation of a nonlinear quadruple-like

beam in high band of 2D square photonic lattices.
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Fig27. Experimental demonstration of an edge state at the zigzag
edge of an optically induced honeycomb lattice. (a),
Lattice-inducing beam (bright spots) and corresponding lattice
sites (blue spots) induced under self-defocusing photorefractive
nonlinearity. (b), Transverse pattern of an input probe beam
launched along the bottom edge in (a). (c)Localized output when
the input beam is tilted at ky=-z/a. (d), Diffracted output when the
input beam is not tilted (k.=0). (e), Diffracted output when the
input beam is launched straight into the bulk. f, Fourier spectrum
of the input beam corresponding to c, g, h, Interferograms of
output (c, d) with a tilted broad beam showing the staggered phase
(9) and the uniform phase (h) of the output field along the edge.

Graphene, a two-dimensional honeycomb

lattice of carbon atoms, has been attracting

much interest in recent years. Electrons
therein behave as massless relativistic
particles, giving rise to  strikingly

unconventional phenomena. Graphene edge
states are essential for understanding the
electronic properties of this material. However,
the coarse or impure nature of the graphene
edges hampers the ability to directly probe the
edge states. Perhaps the best example is given
by the edge states on the bearded edge that
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have never been observed—because such an
edge is unstable in graphene. Here, we use the
optical equivalent of graphene—a photonic
honeycomb lattice—to study the edge states
and their properties. We directly image the
edge states on both the zigzag and bearded
edges of this photonic graphene, measure their
dispersion properties, and most importantly,
find a new type of edge state: one residing on
the bearded edge that has never been predicted
or observed. This edge state lies near the Van
Hove singularity in the edge band structure
and can be classified as a Tamm-like state
lacking any surface defect. The mechanism
underlying its formation may counter
intuitively appear in other crystalline systems.
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Fig28. (a) Schematic diagram for the designed random-phase
grating with N slits. The inset shows the random phases encoded
on the light waves transmitting through the respective slits of the
grating, in which the elementary phase ¢ changes with time
randomly. (b) Schematic diagram for detecting the two-photon
interference of the light wave transmitting through the N-slit
random-phase grating in the Fraunhofer zone, where f is the focal
length of the lens.
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independent classical sources, in which
superposition of two indistinguishable
two-photon paths plays a key role, is of
limited visibility with a maximum value of
50%. By using a random-phase grating to
modulate the wavefront of a coherent light, we
introduce superposition of multiple
indistinguishable two-photon paths, which
enhances the two-photon interference
effect with a signature of visibility
exceeding 50%. The result shows the
importance of phase control in the control of
high-order coherence of classical light.

SLM

Beam splitter
50:50

:-—5%0 Cm—-i

F=80cm

Collimated
coherent light
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Fig29. Diagram of the experimental setup. The inset on the left
side shows the spatial configuration of the random-phase pairs on
the slits of the mask.
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We propose a two-photon subwavelength
interference scheme for classical light in
which  multiple quantum-like entangled
two-photon paths play an essential role. These
entangled two-photon paths are introduced
through a specially designed source composed

of many point sources j with j’s complex
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amplitude being a superposition of modes with
certain  relationship their  phases.
Interference between the entangled
two-photon paths could lead to second-order
subwavelength interference of an object put in
the source plane. In a
proof-of-principle experiment, by using a
spatial light modulator to modulate the wave
front of a coherent light, we have generated
such a source and observed subwavelength
interference of a double-slit mask via
two-photon measurement.
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Fig30. Summation of optical topological charges through optical

in

front  of

pulse storage-retrieval process on the basis of EIT effect in
Pr3+:YzSiO5 crystal. Here the first and the second rows are the
transverse intensity profiles and the fork-type interference fringes
of interacting beams. (a) and (b) are the transverse intensity
profiles of two input beams, while (d) and (e) are the
corresponding fork-type interference fringes. (c) and (f) are the
transverse intensity profile and the fork-type interference fringes

of the output targeted beam.
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charges are conserved in a two-step light-pulse
storage and retrieval process based on the
electromagnetically-induced-transparency
(EIT) effect in a Pr¥*:Y,SiOs crystal. Based on
this conservation law, one could transfer
topological charges from the interacting
beams, which may not be overlapped in space
and time domains, to the targeted output signal
beam, and algebraic operations such as
summation and subtraction of topological
charges carried by the interacting beams were
demonstrated via the EIT-assisted two-step
light-pulse storage-retrieval process. The
results may be useful for classical and
guantum information processing based on
optical topological charge buffer memory in
EIT media.
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Fig31. The configuration of the acousto-optic add/drop tunable
coupler with uniform insertion loss.

Based on the evanescent-field coupling
between the cladding modes of two adjacent
and parallel all-fiber acousto-optic tunable
filters, tunable broadband light coupling with
relatively uniform insertion loss of trapping
spectrum was achieved. In the experiments, a
wide spectral tuning range from 1490 nm to
1610 nm, covering the whole C- and L-band
and parts of S-bands, was demonstrated with a
wavelength tunability slope of — 0.72 nm/kHz.
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The insertion loss of the trapping spectrum
was uniform (around — 5.0 dB, which can be

improved with a longer evanescent-field
coupling  length)  within  the  whole
tuning spectral range. Such a light

coupling structure would be useful in tunable

broadband light coupler and broadband
optical fiber add/drop multiplexer for
applications in coarse wavelength division

multiplexing systems.
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A theoretical approach
differential radiative transport is proposed to
quantitatively analyze the self-absorption and
reemission effects on the emission spectrum
for right angle excitation—detection
photoluminescence measurements, and the
wavelength dependence of the reemission

based on

effect is taken into account. Simulations and
experiments are performed using rhodamine
- 66 solutions in ethanol as model samples. It is
shown that the self-absorption effect is the
' inant effect on the detected spectrum by

,‘%Eing pseudo red-shift and reducing total

.
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intensity; whereas the reemission effect partly
compensates for signal decrease and also
results in an apparent signal gain at the
wavelengths without absorption. Both effects
decrease with the decrease in the sample
concentration and the propagation distance of
the emission light inside the sample. We
therefore suggest that diluted solutions are
required for accurate photoluminescence
spectrum measurements and
photoluminescence-based measurements.
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Fig32. (a) Simulation of the influence of sample concentration on
emission spectrum considering reemission effect in Rh6G
solution. (b) Artificial spectral red-shifts of Rh6G solution with

different concentrations.
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Fig33. Fast imaging of Ca®" oscillations in a single BV-2
microglial cell. A Ca?* wave was triggered in region 1 for the first
spike (C), in region 4 for the second spike (D) and region 2 for
the third spike (D), respectively. A synchronous global Ca®*

elevation was observed for the fourth spike (E).

As the first and main form of active
immune defense in the central nervous system,
microglial cells usually show complicated
intracellular calcium (Ca®") activity that can
mediate the downstream components of
signaling cascades. It was suggested that
microglial cells could rapidly congregate
together and establish a potential barrier
between the healthy and damaged tissue after
the brain injury. BV-2 microglial cells were
widely used as a microglial model because
they can mimic various microglial responses.
In this study, we observed spontaneous
oscillations of the cytosolic calcium
concentration  ([Ca®"]) in  multi-BV-2
microglial cells. These cells exhibited random
spikes of Ca?* oscillations. Cross-correlation
analysis of the temporal dependence of the
‘ oscillations proposed the existence of cell-cell
communication mediated by extracellular

l " engers. Numerical simulations based on a
sl ‘J!'ee mathematical model suggested that
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these communications could induce random
spikes of spontaneous Ca?* oscillations in the
multi-cell system. Fast fluorescence imaging
analysis of random spikes in different regions
of a single cell found that spontaneous Ca?*
oscillations resulted from Ca?* wave generated
by other cells as well as from calcium
elevation inside the cell (Fig. 33). Taken
together, we clearly observed that spontaneous
Ca?" oscillations in the form of random spikes
took place in the multi-BV-2 microglial cell
system in vitro. We demonstrated that cell-cell
communication existed between the cells,
which then induced random spikes of
spontaneous Ca®* oscillations.
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Inflammation-mediated osteoporosis is
the result of an inflammation-induced
imbalance of bone formation and resorption
orchestrated by osteoblasts. The high-level
production of nitric oxide (NO) induced by
inflammatory cytokines has been shown to
play a key role in the pathogenesis of
inflammation-mediated osteoporosis. The aim
of this study was to investigate the role of the
signaling transduction of NO donor sodium
nitroprusside  (SNP) in modulating the
cytosolic calcium concentration ([Ca®']c) of
osteoblasts. In this work, we found that 1 mM
SNP caused an increase of the cytosolic
calcium concentration ([Ca®*].) in osteoblasts,
which was completely inhibited by applying
Ca?'-free buffer (Fig. 34). Furthermore, it
showed that the SNP-induced [Ca®']. increase
was obviously inhibited by useful antagonists
of the transient receptor potential vanilloid
subtype 1 (TRPV1) channel: capsazepine,
ruthenium red, and La** in Ca®*-containing
buffer, respectively. However, nifedipine, an
L-type voltage sensitive Ca®*-channel blocker,
failed to suppress this [Ca’"]. change.
Additionally, 1 mM SNP induced osteoblast
apoptosis, which could be largely abolished by
the blockers of TRPV1, capsazepine and
ruthenium red. Interestingly, we found that the
SNP-induced [Ca®']. increase was evidently
inhibited by N-ethylmaleimide, the blocker of
S-nitrosylation  modification, instead of
inhibitors of the NO-cGMP-PKG pathway. In
conclusion, our data clearly indicated that the
NO donor SNP resulted in apoptosis
associated with TRPV1 channel-mediated
Ca’* entry via S-nitrosylation in osteoblasts.
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Fig34. SNP triggered Ca®* entry through TRPV1 channel in
osteoblasts. (A) A representative trace of the [Ca®']. response to a
1mM SNP stimulus. The inhibitory effects of Ca*" free-HBSS
(B), 20 uM nifedipine (C), 10 uM RuR (D),100 uM La*>" (E), and
10 uM CZP (F) on[Ca®']. increase induced by SNP(1mM).
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In this field, we mainly focused on the
preparation of rare earth luminescent materials,
the research of their of
luminescence and their applications, applied

mechanisms

spectroscopy and spectral instrument. Besides,
we also investigate the shaper
super-diffraction spot which can improve
dramatically resolution of microscope. Some
representative results are as follows:
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Figl. NIR photoluminescence spectra of Er**/Yb*" co-doped Y, Ti,O; films

0
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spin coated with Ag nanospheres (0.2 mm/l) (green dash dot line), Ag
nanoprisms (0.2 mm/I) (blue solid line), Au nanospheres (0.2 mm/l) (red

short dot line) solution, upon 975 nm LD excitation.

The enhanced luminescence of Er**/Yb®"

g co-doped Y,Ti,O; films were demonstrated
w\ "'f“‘when silver/gold (Ag/Au) nanoparticles (NPs)
were doped in the films. With the precipitation

IS '[ Fe Ag nanoprisms, more intense green
1 (525 nm, 546 nm), red (659 nm) upconversion
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(UC) emission bands and strong enhanced
near infrared (NIR) emission were observed
and the enhanced factors were up to 16.7, 15.6,
17.7 and 5.6 folds, respectively.

A F 7 HEFFAS LT, 18] F1AH W &t
LT I BRIE <5 40 K DR (1432 3 AN 3G 37 5
Mo BT S RAAKRZIIARL . [3 SR
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W FRJ R o AR NS IR 75 1), A2
SMEBRFER MRS 1 158 .

2. BAEA M FUARR S S R AUKER, B4R r I R A EL RS
A R=rp- 1y MBI SR ZE L ANSGAW Z AR X 75 R .
Fig2. A NLC-coated nanosphere of total radius r, consists of a metal core of
radius r; and a NLC shell of thickness R = rp-r; and the incident light is

along the Z -direction, and is X-polarized.
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Fig3. Contour plots of the electric field enhancement |E/Eq| in the X-Y
plane for the BYL4012 NLC-coated Ag nanosphere, A ¢=19.8, R =5
nm. Other parameters are (A) A resonance= 517 nm, (B) A =476 nm, (C) A

=413 nm, (D) A =688 nm.
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The far-field and near-field properties of
a spherical nematic liquid crystal (NLC)
coated metal nanoparticle (NPs) have been
investigated in an external field, basing on the
quasistatic theory. The resonant wavelength is
tunable by varying metallic material of core,
anisotropy extent and thickness of liquid
crystals (LCs). The field enhancement is along
the incident polarization near the outer surface
of the shell.

B E R AR A 4 S MY 5
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Sb¥*/Mn** co-doped phosphate glasses
were prepared by high temperature melting
method. The absorption, excitation, and
emission spectra of the glasses were
investigated. The glasses are transparent in the
visible light region and can emit strong red
light under 275, 360, 415, or 520nm excitation.
The materials will be helpful in developing
glass greenhouse for the green plants.
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. v;f;94 Emission spectra of the MS1, MS2, MS3, MS4, and MS5

glass samples under 275 nm excitation; the inset is the dependence

' Ellrmssmn |ntenS|ty and wavelength of the MS3 sample on
ion concentratlon under 520nm excitation.
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Fig5. Decay curves of the 415nm emission of the glass samples

under 275 nm excitation; the inset is the energy level diagram of
the Sb>" and Mn®*ions, as well as the proposed energy transition.
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The influence of 12 nm spherical silver
nanoparticles (AgNPs) and 20 nm spherical
gold nanoparticles  (AuNPs) on the
luminescence  of  europium  complex
Eu(TTFA); were studied. When 350 nm is
chosen as the incident light, the maximum
enhancement factor of the complexes mixed
with AgNPs is about 2.5 at the wavelength of
612 nm. By means of the quasi-static
approximation theory, the distribution of the
electric field around a single spherical metallic
nanopaticle illuminated by plane wave was

calculated.
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Fig6. The TEM images of AgNPs with a radius of about 12 nm (a)

and AuNPs with a radius of about 20 nm (b).
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Fig7. (@) and (b), simulation results of the electric field
distribution  for spherical silver and gold nanoparticles
respectively. (c) and (d), the average enhancement factor varies
with the wavelength of the incident light for spherical silver and

gold nanoparticles respectively.
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Fig8. Emission spectra of the Eu0.05, Eu0.07, Eu0.10, and

Eu0.20 glass samples under 365 nm excitation.

Tm* / Tb* / Eu®" tri-doped phosphate

- glasses are synthesized to explore new

Whifeilight-emitting materials. Under 365 nm

tion, thg? CIE coordinates (x=0.339,
-0.341) of the Eu0.07 glass sample are close
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to the standard equal energy white-light
illumination (x=0.333, y=0.333). The quantum
efficiency is very high (~72.27%). The energy
transition from Th** to Eu®* is reasonably
interpreted based on the analysis of the
luminescence lifetimes. To enhance the
white-light emission, Tm** / Tb** / Eu*
tri-doped phosphate glass ceramics are
prepared.

| — Eu0.07-glass
F - . Glass
| —— Eu0.07-glass ceramic
Glass
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Fig9. Emission spectra of the Tm** / Th®" / Eu*" tri-doped phosphate glass
and glass ceramic under 365 nm excitation. The inset shows the photos of
the glass and glass ceramic.
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Fig10. Calculated intensity distributions of the (a) axial component, (b) the
radial component, and (c) and the total in r—z plane under single-lens tight

focusing with NA= 1 for the higher-order LG RP (R-TEMy;”) beam.
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Figll. Calculated intensity distributions of (a) the axial component, (b) the
radial component, and (c) the total in the r—z plane under the 4 = tight

focusing with NA =1 for the higher order LG RP (R-TEMy;") beam.
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Figl2. Calculated intensity profiles in (a) the focal plane and (b) along the

optical axis for the R-TEMo," (dotted curve), R-TEMy" (dashed-dotted
curve), R-TEMg;" (dashed curve),and R-TEMs, " (solid curve) beams under
the 4 tight focusing with NA =1. The peak intensity for each mode is
normalized to 1.

The focal electric fields for a 4 = high
numerical aperture (NA) focusing system with
both the doughnut and higher order Laguerre—
Gaussian (LG) radially polarized (RP) beams
are investigated in the case of NA= 1, and the
full width at half-maximum values of the focal
spots are calculated. Compared with the
single-lens high NA focusing configuration, a
sharper spot, whose size is reduced efficiently
in the transverse as well as the axial direction,

l{cﬁ!gfoe formed. Such size reduction is
attri ('uted to not only the destruction
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interference of the longitudinal component
caused by the = phase shift between any two
adjacent rings of the incident higher-order LG
RP beam coming from one particular direction
but also the perfect destruction interference of
the radial component formed by the two
counter-propagating incident beams.
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By using Eu** as a fluorescence probe in
Lanthanide-doped B-PbF, nano-particles, Ln®*
ions are substituted for Pb®* sites and the
doping concentration induces a site symmetry
distortion  from O, to Dap. By
photoluminescence and XRD study, we
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conclude that the structure of lowly doped
nano-particles is cubic PbzEuFg (O (m-3m),
Pm-3m (NO. 221)). With the increase of
doping concentration, the cubic PhbzEuFg

transforms to tetragonal PbEUFs (Dgp, (4/mmm),

P4/mmm (NO. 123)). Particularly, the
coexistence of both structures in moderately
doped nano-particles is proposed and

confirmed for the first time. The binding
energy of the C and T structures differs with
about 2.327 eV, which means that the T
structure is more stable and easier to form in
highly doped materials. Our work represents a
significant advance towards a more
comprehensive understanding of the site
symmetry of Ln** ions fluoride
nano-particles, which would benefit the
further research on the optical properties, such
as fluorescence regulation and control of Ln**
ions, and have great importance in the
applications of this material in optical fields.
A series of rare earth (RE) doped

in

oxyfluoride glasses with the composition of
(45-x)  Si0,-5Al,03-40PbF,-10CdF,-XRE; 05
(x =1, 5, 10, 15) (mol%) were prepared by a
traditional melt-quenching method. Glass
ceramics (GCs) were obtained after thermal
treatment and characterized by X-ray
diffraction (XRD) to investigate the
nanocrystal structure and distortion. Based on
the RE-doping mechanism of Pb*-RE*
substitution  with interstitial F charge
compensation, different phases can form via
adjusting the dopant concentration. The cubic
PbsREFy phase with Pm3m space group plays
a dominant part in low dopant concentration.
The unit cell parameters decrease from 5.92 A
to 5.80 A from Pr to Yb. Tetragonal PbREF;
phases with P4/mmm(No. 123) space group

~appear with increasing dopant concentration,

and RE® has a typical Du,(4/mmm) point

"s? netry. The “peak splitting” in the XRD
sp pga was found in GC doped with RE™",
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and the splitting distance gets smaller and
smaller as the RE**
from Yb* to Dy**. This phenomenon was
well explained by the structural distortion due
to the difference in ionic radius between the
host ion and the guest ion. Our work provides
understanding  towards

ionic radius increases

a comprehensive
nanocrystal structure at the atomic level and
the RE*" environment in oxyfluoride glass
ceramics, which would benefit further optical
investigations and practical applications.
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Fig13. Photoluminescence spectroscopy employing Eu®* as the structural

A

probe unambiguously revealed a doping concentration induced phase
transition from lowly doped cubic PbsEuFg to highly doped tetragonal
PbEUFs.
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Our invention is Micro-turbo Fourier
Transform Spectrometer (MTFTS), a kind of
Fourier  transform  spectrometer  which
achieves the changing of optical path
difference by rotary scanning. The schematic
is Fig 1. Component 1 is an aperture to control
the diameter of incident light, which can be set
according to the actual situation; Component 2
is a lens to generate parallel light; Component
3 is a beamsplitter which can separate a beam
into two; Component 4 is the rotating device,
driven by servo motor, which achieves the
changing of optical path difference by rotary
scanning. The material of component 4 can be
chosen as  for NIR. Component 5 and 7 are
mirrors. If the angle between the beamsplitter
and the incident beam is 45 degree, the
incident beam will be on the way back to the
original. Component 6 is the compensation
device of optical path to compensate the
optical path difference when the rotation angle
of rotating device is zero. Its material is the
same with rotating device. Component 8 is a
lens and component is the detector. MTFTS
has the advantage of small size, good stability
and wide spectral range. With appropriate
devices, it can be made as small as the palm of
your hand. Optical path difference can
increase from micrometer to millimeter with
the rotation angle increasing and per 0.1
degree changing of rotation angle can cause
the micrometer-order changing of optical path
" ence. For the rotating device, optical
pa ‘ difference will not be affected even
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though it shifts along the direction
perpendicular or parallel to the normal and is
the same as compensation device.

This a method of CCD
wavelength  calibration. The data
collected by CCD is a series of
coordinates which one coordinate is
spectral signal intensity and the other
one is pixel coordinate. When incident
light is incident on the grating, the
diffraction light is detected by CCD so
wavelength is a function of pixel
coordinate. According to the infinite
series expansion, the function can be
written as:

is

AX)=a, +a,x+A +ax* +A

It should be truncated as
polynomial in practical applications and
its coefficients can be determined
according to the principle of least
squares:

Ax)=a, +a,x+A +a_x""

Suppose n sets of data of standard

wavelength 4, and  pixel
coordinate is given:

(%, 4)

(%, 4,)
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Our method is to provide a way to
find a reasonable truncated number of
polynomial with known data in a given
error. Specific methods are as follows:
Suppose the given error is A (for

example, A=0.5nm ), the number of

fitting parameters is N (N <n), X is
the maximum of pixel coordinate.
(DMake N =2 and itis linear fit.
(2)In case of the number of parameters is
N , we can get the fit coefficients

a,, A A ,a,_,, so the fit function is:

-1

A(x)=a, +a,x+A A +a,_x"

(3)Put the coordinates Xx,,X,,A ,X, into

the fit function in (2) and we can get the

fit wavelength A, 4;,A , 4, . Calculate

the deviation with the standard

wavelength.
(4)Consider the following two aspects:
O -4

<A Vi=12,A,n

@ A(x), derivative of A"(x),is greater
than zero in [0,X].It is to maintain

monotonically of A"(x).

If two aspects above are true, N
is the number of fit parameters which
meet the requirement of the given error.
So the wavelength fit function is:

Ax)=a, +a,x+A A +a,_x"*

If @ is true but @ is false, if
N <n,make N=N-+1 and repeat the
step (2) , (), 4 ;
If N=n, we consider the best fit

‘fURGtion is:
!

Ax)=a, +a,x+A A +a, ,x""

As long as @ is false, we consider
that there is no appropriate fit function
under this given error, so we make:

Ax)=a, +a,x+A A +ay_x"7?

Flow chart is shown below:

i
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37+ & i Fl/Manipulation of Optical Fields and Its Application
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In this field, we mainly focused on the
generation of the new optical fields such as
vector fields and optical vortex by continuous
wave and femtosecond pulse; the focusing
engineering, the nonlinear effect, the micro
manipulation and fabrication by the new
optical fields. This year, we obtained some
respective results as following.

W& R EDGI o A SH BO3R B n
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As a series of applications of vector
fields are presented, it is necessary to enrich
fields.
successfully designed and generated several
kinds of vector fields with several polarization

the family of vector We have

singularities and without cylindrical symmetry.

These vector fields include vector fields with
polarization distributions similar to electric
and magnetic field lines, vector fields with
bipolar symmetry of linear polarization and so
on.

FATHH 52 R E T %
W IFA R T B BT i ) 2w AR
AT R IR R B, LR
MARTH TR E G INE B, ¥
(537 S HAH SRR R A T k. 252
R Wil 3y A A 41 73 A1 B4 Je) 388 2k O A1 2% 206 3
LR R IR AR R O A s B A
: ' With the method for the generation of

' |v,el§r fields presented before, we design and
"‘g%ne’r_ate vector fields with polarization
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distributions similar to electric and magnetic
field lines, as shown in Fig. 1. With the help
of new degree of freedom to control the vector
fields, new kinds of tight focusing fields and
their features are found. Fig. 2 shows the
intensity patterns of tight focusing fields of
vector fields with polarization distributions
similar to magnetic field lines.

(P1. P2)=(+2. -1) (P1. P2)=(+3. 1) (P1. P2)=(+4. -1) (P1 +5,-1)
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Elex
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Figl. Vector optical fields with polarization distributions similar

to electric field lines of two electric charges.
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Fig2. Intensity distributions of the tightly focused vector optical

fields with polarization distributions similar to magnetic field lines.
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Meanwhile, we design and generate a
kind of vector optical fields with bipolar
symmetry of linear polarization, which breaks
the cylindrical and elliptic cylindrical
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symmetry of most vector fields, as shown in
Fig. 3. There is more flexibility for this kind
of vector fields, and new tight focusing
properties are found. We have also got a tight
focusing pattern of a sharp line with high
figure of merit through adjusting the
distribution of polarization, and the intensity
patterns of the focusing fields in x and y
directions are shown in Fig. 4.
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x-component x-component

Measured
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Fig3. Vector optical fields with bipolar symmetry of linear
polarization
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Fig4. Intensity profiles of a sharp line formed by a kind of tightly
focused vector field with the bipolar symmetry of linear

polarization.
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wBE, BhLE, B, DYEdE, Kok, RBINI FKOIE, “6H-SIC K WAEOLE TS N

Uk e 62(6), 06101 (2013).

105,

(B2, WAL, “RIEE T RMo g smIE A n R B R S, SOt St T2t
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50, 080002 (2013).

106. SRR, [EJCIL, MM, TEK, L%, SWZ, iR Es A 55) o Ak R
CO, & CH,”, ¥k %44k, 29, 397-402 (2013). (IF=0.869)

107. 5K, BXERFS, BT, IR, “REKE Sn"BE B Tio, MEH. MR
TRIE ", YpEAk AR, 29, 1305-1312 (2013). (IF=0.869)

108. FXWNAE, EJUIT, Mbeft, FER, ST, HD, “ImilRReE/mmEREE A L7
JEHEAGIE R CO, &1 CH, ", WIERAL 544k, 29, 1558-1565 (2013). (IF=0.869)

109. tr4d4e, ¥iE, FEE, TH, FFES, “HEdEiR ABA ZikBILRMTEEFENE
A B HRAT AERGR KR, Tk, 10, 1277-1284 (2013). (IF=0.677)

110. FE &=, G, AVE, ST 5k, A%, WRZE, AN DR HEEE Q JFk
Kt 7e”, NILE R, 42(7), 1315-1318 (2013).

111 5KM8, T2, EJCIL, B2, “Si54% Tio, ALK 45/ ATa] WG AL 1S PERE 77,
HAGRE 5%, 31, 295-304 (2013).

AL 2 -

1. Hui-Tian Wang, Chapter2: \ector Optical Fields and Their Novel Effects, World Scientific
Publishing company 9814449881 (2013).

2. XM, ASsiE—— PR RGOk AR CEIUED, Bl&:H ikt 9787030375384 (2013).
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% %/Patents

HiE L H/ Patents Applied

[1] 201310005489.7; — Mt T A Sl IR LR 2 R EOCAEMTE: KB XU, K,
Mg E. (2013.1.7)

[2] 201310001215.0; J& T H A FUGE ML B eksills K H; FSCE, 22EF, Xl
¥, MR, (2013.1.22)

[3] 201310007951.7; —Fh KFWOL H B HISMILMESIN R G 572 KW ZHS, £,
BIHE, BEJE, TEH. (2013.03)

[4] 201310061246.5; —Fh i | 1] ) il & KA B0 2 IR ARTRERBE S 1) J7 i KB s ZRAHEK,
ETE, HEE. (20134)

[5] 201310201407.6; —Fh £ &R A4 R4 € BT RGBT %, KW ME, B8l%E,
HIZE[E . (2013.5.24)

[6] 201310201408.0; A& &EA4CE BT H IS E R 7% KW w5, B81E,
M E. (2013524 )

[7] 201310201409.5; % i K E4HNE HIK RN IEE s KH; 75, M85, HEE . (2013.5.24)

[8] 201310201410.8; XU UEHE B A G EATIAARAL I 23 47 7532 R M, 18I,
H#E. (2013524 )

[9] 201320295194.3; MUY MR B G5 Sy EATIRARAT M A AT 3 B . SERB AL W, 8l
%, MEHE. (20135.24)

[10] 201310244383.2; EFEMEIHAET ML Tk K R, FEFR, Xl#Hig, 5
Bk, M, HEE. (2013.7.15)

[11] 2013101904827; — P RER T SR b S HUN EHUMHIE T, K B o 5% 4k £ .

(2013.7.22)

[12] 201310244381.3; ZF[EFRAY Ay KW FooE, (D, EBEM, oF, HEHE.
(2013.8.20)

[13] 201310366961.X;: —Fify s ik Beth e s Re 7708 KB X, BREAR, HEE.
(2013.8.21)

[14] 201310444659.1; —Ff' CCD M KARHERI 71k K W: 4RBREF, 22552, Tk, (2013.09.27)
[15] 201310511543.5; —FiiZ B L h oA SBG BRI E v, K X8, T, HgHE.
(2013.10.24)
[16] 201310511626.4; —FhJk T f1 4% A SR AN ML ALK vk R ik, ARk, HEE.
~ L (2013.10.24)
201310524507.2; HABURI VO RERMEEE . KW mHE, MEBE, F&E, HMEH, kK
!;il%? FEIEE . (2013.10.28)
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[18]

[19]

[20]
[21]

[22]

201310524601.8; T4y RENEM S G IEE R R GBI o= E, &KW 1,
WML, TH, IMEE, kEF, HER. (2013.10.28)

201310528913.6; 1AL ¥ a4t b AR HOBIEAL, KW RIREF, FRFE, ER.
(2013.11.01)

201310297706.4; — 7 AZO 41K 73 #A M1 AZO I G5 (A il 46 7325 W & 7K % - (2013.11.12)
201210543892; — P B A EGUR UL H) & 73 KB RoR, B, £—F, BREK
R, WKL, FLEK, ML WRZE. (2013.3.20)

201210543908; —Fh K THI AR R T 1Y s by 2 WIUR B 1 & 0 KB RoR, B, 5%
G, DEE, BREAK, KOE, 7vE, FRE. (2013410

BAEF|/ Patents Approved

(1]

2]

[3]
[4]

]

[6]

[7]

ZL201110064158.1; 54HAERRAE 2 FLAA R J7 ik R = & ikl R sk IE, AL,
LBR, WRE, BAK, ALK, K&, . (201319

ZL.201010615872.0; — Fft i ML RR A 2 & BB 2k —EUL BB KB B L%,
R4 . (2013.6.19)

71201010219274.1; —Fhm R RMNMADCHEA A KW EL%, BKEft. (2013.7.17)
ZL201210203315.7; — Al fb it LUAH R A AR AR I il 46 7 vk s R INE, PR,
=, &R, k1B, fLEK, ke, (2013121

Z1201210203084.X; — Fhilfb 27 v & LR RR R S AR I 1) 2 07 R PNE, PR,
L, Tk, kB, fLEK, HER. (2013.121D

ZL 201320295195.8; J64F R /MAFA G A7 Fu s EHTIRACR AL SERTRIAL: nh, 81,
H#E. (2013.10.9)

ZL 201320295193.0; LI KBME HIKTOGHORE: SR, g, ok, HEE.
(2013.11.27)
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FR&1E 53257/ International Cooperation and Exchange

5 A R 42 B/ Visitors List
FF5 G2 ] 5 i X B BORERFR A H KNt (8] k7 H )
Alfons van SIS " = Manipulating Complex Colloids with IS
1. Blaaderen faf =% Utrecht University HPZ Electric Fields 2013.1.3 2R
Irena

2. Drevensek | #m& B 1 Hrkr Wt FU A ElIE2 €3 2013.1.19-2013.2.13 HEMA

Olenik

Romano - 3 i, - A .
3. Rupp B HEMGAKZF HIx 2013.1.19-2013.2.13 | #{EWFT
; Michael B3 98 th o K2 Wit 2013.1.18-2013.1.31 HYEI

' Meingassner o L N 1. 1. 2
_ Assorted Lectures on Physics; o
5 Peter Hertel 1k Univ. of Osnabrueck HI% J ) 2013.4.25-6.5 =
Lectures on Fundamental Optics
By B ) R A 2 N . SR

P 2y N =t 20 7 ﬁ é K /b%‘ JH: é/‘ @;L‘b‘/\/\ I v

o | des | EE | AeMNIRAE | s | 000 CHIRR R 201353 P
BHEAR RO ”
An-Chang - 1 = ] TAED; 1)
7. Shi JIIEDN McMaster University Iz 2013.5.16-20 O
Self-organization of lipoguanosine
8. Lucija Coga | #ri& i HiRs BRI 78 B A e derivatives on water surface and after 2013.5.19-6.1 EVERT R
transfer to solid substrates
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204.2.

Qiang Colorado State il _ TAEV Ia)
g (David) Wang University Al R 2RI
10. Liqun Gu FEHE K FIEE S 2013.7.3-25 7 1)
11. L&) P ORE oz 2013.7.11-13 Eﬁzﬂﬂ
AR
Juliane Improvement of the experimental
12. Andrea BN & 5 KA fifi 4= conditions of the z-scan- experiment 2013.9.3-9.30 EIERER
Tschentscher with 100fs-laser pulses - |
Improvement of the experimental
13. Pia Baeune B AT & T K fifi 4= conditions of the z-scan- experiment 2013.9.3-9.30 HAEW T
with 100fs-laser pulses - 1
Nonlinear dynamics of grating
14. | Andrii ILYIN G =R EET | WA R recording in dye-doped chiral nematic 2013.10.10-11.9 HAEW T
liquid crystals
Daniel R. THz Photonics: The Synergy of SR
15. | Grischkowsk Okl'ji:ic\’/?ras iftate H47 Ultrafast Optics, Electronics, 2013.10.21 E;E?f'i
y y Micro-Microwaves, and Quasi-Optics TN
16. e FIR= TR L H T 2B €53 2013.11.14 FARZE
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H15 A\ R 42 B /Personnel exchange Researchers List

. 42, FAAT HRAR Bl B A7 HH 5 s [A] H5 H
5 Hh [X
1| MEE | EE N FlIE2 € 2011.4-2013.4 | VA%
L T F B K% i
=n’ ) o[ 22 4-2013. N o
2. % T CUDOSHI 5t 2 €S 2012.4-2013.3 | &1EHIA
3| ki | wib gg | OB
By % SR 3 . 2013.4.1-2013.4. | IPT2013
=t 4 i 5
S I O B = 7 o
%14 @
E =1 i
5 el ENEEJE %%E?gi&; e 2013.5.4-2013.5. | W
' - gy | T = 13 ;NN
[ 23
SR
TR R 2T 5
6. | Zmza & (University o 2013.6.26 e
Riverside)
44 g
3 = 2013.7.7-2013.7. | E x4
7| kg PN ;
R FH& FIEHE T K2 B 16 ST 2
TR
X EASMANIF YN L 2013.7.24-2013. | IYPT 5%
ISeqIse P =
8. R G 2 HI% 731 P
R X HY I LY . .
9. | ER/ANE | EEE @;'%H?é;g iale P 2013.8.24-12.10 | & {EASi
4 R Wkl A B L 2018 20" 20130, .
10. R : 2 Rp s
R e S E R B 91 2RI
11. | KOIE | B2 | YIURIE4ER R % 2013.9.17-9.22 | EPrexiL
R Northeastern L I3 2013.9- SN
i E =] Y N,
12. | Z=tHAR £ diivesity FIE e N i ) 223
B FE AR RS L IE I /Personnel exchange Students List
52 EEE 3 4y . b
ag i 7B A i {
o 4 MK <R iy2 ik HH s [ Hi B
T2 % Rice University A 2013;,'1102'%11'201 H1ERER
HEIR n. 7.15-
B e | grp | 20137152018 | g
s [ . Je v 8.15
1 IHLN a . 3,
| xIB % Rutgers, The State A 2012.9 AN
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University of New

Jersey
4. R FKH R S K -4 | 2011.7-2013.7 | BE&EE3:
5|33 N A 4 B/New Staff
F5 44 P51 HAESEH HRRR 5277 1A
1 [EE= 5 1983.6 il A% L2
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ERN. EPrLiIRE/Talks at Conferences

10

11
7

)
2 5

Guoquang Zhang " Manipulation of optical topological charges via atomic coherence
gratings in Pr3+:YSO crystal based on electromagnetically induced transparency effect”, The
14th conference on photorefractive effects, materials and devices, Winchester, UK, 2013 Sep
3-6 (invited talk).

Zhigang. Chen, “Optimal Control of Self-Accelerating Beams”,15th  Photonic North
Conference, Ottawa, June 3-5, 2013. (invited talk)

LR}

Zhigang. Chen, “Nonlinear spatial beam dynamics in optical systems” workshop on
“Nonlinear Schrélinger equation: theory and applications”, Heraklion, Crete, May 20 — 24,

2013 (invited talk)

Yongfa Kong, Shiguo Liu, Shaolin Chen, Jingjun Xu, The effects of high-valent dopants on
lithium niobate crystals, International Workshop on Stoichiometric Lithium Niobate, Goslar,
Germany, September, 18-20 (2013). P 25-27 (invited talk)

Ligin Tang, Yan Xu, Xinzheng Zhang, Sanming Yi, Yinxiao Xiang, Daohong Song, Jingjun
Xu*, “Balanced extended-modes in quasi-periodic photonic lattices”, the 11th International
Conference on Correlation Optics, Chernivtsi, Ukraine, Sep. 18-21 (2013) (invited talk)

Baohui Li, “A simulation study of the coil-globule transition of a strongly-charged
polyelectrolyte chain in a salt-free solvent”, The 9th China-Korea Bilateral Symposium on
Polymer Materials, Changsha, China, July 14-18(2013). (invited talk)

Baohui Li, “A simulation study of the coil-globule transition of a polyelectrolyte chain in
solution”, Emergent and Adaptive Behaviors in Soft Matter and Living Systems, Xiamen,
China, September 15-18, 2013. (invited talk)

Shugi Chen, Xiaoyang Duan, Haifang yang, Hua Cheng, Junjie Li, Wenwei Liu, Changzhi
Gu, and Jianguo Tian, “Polaizration insensitive and wide-angle plasmonically induced
transparency by planar metamaterial,” TechConnect World, Maryland, U.S.A., May 13-16
(2013).

Feng Gao, Ligang Huang, Guoquan Zhang and Jingjun Xu, "Locating High sensitivity
window in Brillouin mutually modulated cross gain modulation sensing”, The
14th conference on photorefractive effects, materials and devices, Winchester, UK, 2013 Sep
3-6.

Feng Gao, Ravi Pant, Enbang Li, Christopher G. Poulton, Duk-Yong Choi, Stephen J.
Madden,Barry Luther-Davies,and Benjamin J. Eggleton, "On-chip high sensitivity laser
frequency sensing with Brillouin mutually-modulated cross-gain modulation,”, CLEO, San
Jose CA USA, 2013 Jun 9-14.

Zonggiang Chen, Jing Chen, Yudong Li, Jingjun Xu, and Qian Sun, ‘“Narrow-band filter
ased on cascaded nanodisks embedded in an Metal-insulator-metal waveguide 7,

,"International Conference on Nonlinear Optics, Bellevue, WA, USA, July 14-18(2013).
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12

13
14
15
16
17

18
19
20
21

22

1]

Baohui Li, “Coil-globule transition of a strongly-charged polyelectrolyte chain in a salt-free
solvent: A Replica Exchange Monte Carlo Study”, The 87th Colloid and Surface Science
Symposium, Riverside, California, USA, June 23-26, 2013.

Honde Liu, Rong Zhang, Shoujun Zheng, Xiaoyao Zhang, Shiguo Liu, Shaolin Chen, Yongfa
Kong, Jingjun Xu, “The study of light assisted poling in Mg-doped LiNbO3”, International
Conference on Photorefractive effects, materials and devices (PR’13), Winchester, United
Kingdom, September, 4-6(2013).

Yongfa Kong, Tian Tian, Shiguo Liu, Shaolin Chen, Jingjun Xu, The photorefractive
properties of high-valent ions doped lithium niobate crystals, International conference on
photorefreactive effects, materials and devices (PR’13), Winchester, England, Sep. 4-6 (2013).
P34.

Xinyu Ge, Yongfa Kong, Feifei Xin, Guoquan Zhang, Wei Li, Jingjun Xu, The ultraviolet
photorefraction in Sn-doped lithium niobate crystals, International conference on
photorefreactive effects, materials and devices (PR’13), Winchester, England, September, 4-6
(2013). P32.

Dahuai Zheng, Yongfa Kong, Shiguo Liu, Shaolin Chen, Liwei Wang, and Jingjun Xu, The
photorefractive characteristics of bismuth-oxide doped lithium niobate crystalsm,
International conference on photorefreactive effects, materials and devices (PR’13),
Winchester, England, September, 4-6 (2013). P82

Tongqing Sun, Yu Zhang, Shaolin Chen, Yongfa Kong, Jingjun Xu, “Growth, morphology,
thermal characteristic and spectroscopic properties of Nd** doped KGdP,O1, crystal, a new
promising laser material”, The 17th International Conference on Crystal Growth and Epitaxy,
Warsaw, Poland, August 11-16, 2013.

Peilong Hong and Guoquan Zhang, “Subwavelength interference with classical light,” in
CLEO/Europe-IQEC 2013 Conference, 1A-P.29, May 12-16, 2013, Munich, Germany.
(Poster)

Yi Liang, Dachong. Song, Cibo. Lou, Xinzheng. Zhang, Jingjun. Xu, and Zhigang. Chen,
"Generation and propagation of partially spatially incoherent Airy beams," in Conference on
Lasers and Electro-Optics( CLEO), San Jose, USA ,June 9-14, 2013 (oral talk)

Zhandong Chen, QiangWu, Ming Yang, and Jingjun Xu, “Time-resolved study of
femtosecond laser-induced plasma on silicon,” Frontiers in Optics/Laser Science 2013
(FIO/LS 2013), Orlando, USA, Oct. 6-10, (2013) (Oral).

Ming Yang, Qiang Wu, Jiwei Qi, Zhandong Chen, and Jingjun Xu, "A large area
polymer-based substrate with broadband absorption for surface enhanced Raman scattering",
San Jose, CA, USA, June 9-14 (2013) (Poster)

Leiting Pan, Cunbo Li, Pengchong Jiang, Xinzheng Zhang, Jingjun Xu, “Ultraviolet
Irradiation Induces Membrane Rigidification in Human Erythrocytes”, 11th International
;Conference on Photonics and Imaging in Biology and Medicine, Wuhan, China, May 26-29
(2013) (Poster)

:

a
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23 Wei Cai, Penghong Liu, Lei Wang, Xinzheng Zhang, Jingjun Xu, “Surface plasmons in
graphene wedge and groove waveguides,” The 6th International Conference on Surface
Plasmon Photonics, Ottawa, Canada (2013.5.26-31) (Poster)

24 Lei Wang, Wei Cai, Xinzheng Zhang, Jingjun Xu, “Terahertz optical near-field switching in
heterogeneous graphene ribbon pairs,” The 6th International Conference on Surface Plasmon
Photonics, Ottawa, Canada (2013.5.26-31) (Poster)

25 Yinxiao Xiang, Xinzheng Zhang, Wei Cai, Jingjun Xu, “Optical bistability based on Bragg
grating resonators in metal-insulator-metal plasmonic waveguides,” The 6th International
Conference on Surface Plasmon Photonics, Ottawa, Canada (2013.5.26-31) (Poster)

26 RiIE, “FtBiRICFRICBOCRFRE”, 3 3 P iEosy . Fals N s 72
IR, WP (2013.8.24-9.1). (K& &)

27 VFIRE, B2, 2 T, 5k 02 1E, “Novel nonlinear optical effects in plasmonic metamaterials”,
B\ maEBOCHAR SR TR LW, B, 2013.03  GEIEHRE)

28 XU BE/ANE RCC R A g N SRS S AL T s 0 0 S 1 B R e 4R ORI
P aE s 2013 SERKFEEAR S, JE T (2013.9.12-9.15). (BIER )

29 T, T2, MM, 50 1E, A%, “Surface Plasmons in Various Graphene Structures”,
R ARBIE— M R 8, TPEBFR (2013.11.14-16) (BEHRS)

30 ZEE4Sy, “iRBOLREYZIR E 41357, Symposium on Soft Matter, i (2013.11.30-12.1).
(BiEHRE)

31 SNV, “GUKEARGEMREEE R OL B R T E R E R A O R R,
13 B E R NFFARSI, Ba (2013.4.20-23) . CGEERES)

32 ZEH, “RENIGEMELHENHAFR, 2013 EHENEESYERKRS, KW
(2013.8.16-18). (EiEHRE)

33 ZFES, “RHMFAEMNREDRELTIR?, 2013 £2EES TERRTRE S,
b (2013.10.12-16). (4r2i&igHss)

34 R, REZE, “SEFEBMERRAERE R FERN, RETYHSSFES, RiE,
2013.05 (3R E)

35 WEHE, @ik, BT, skOIE, WEREZE, “Hr Fluo-3 AM Bty vk oot I BE 41 f A%
g, B+ EAEYYHEAARARS, BME (2013.10.28-11.1)  (Hk#HkE)

36 EHEE, MTE, KOIE, WEZE, “532 nm EOGK IR M BEE/E e, H
=W EAYBE AR KL, ME (2013.10.28-11.1)  (HSkRE

37 Zrdk, TR, REMHR, R, sKOIE, “ZnS KPS IR HE R H RO TR
Wtk ge, FEEESKEFEARSW, JEIT (2013.9.12-15) (kA

BB, FRK, BONE, nHR, BREZR, HERE, <6 BImIEL RN T e
' ,‘ {Eﬁ&ﬁmﬁﬁ”, B JREENFHFEYEARLIE, KFE (2013.7.31-8.4). 3Lk
I

14
.
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39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

. “nu

56

RER, ERE, B0, R, KOIE, “FIHRB-HRITETF ZnS SRR,
HEYE KRR, E] (2013.9.12-15)  C(HELHRED

ZHEE, L%, (EEK, B, )R, £EH, “Orbital angular momentum and its
conservation in second-harmonic generation”, H[EJHE 2% 2 2013 FKEYFLHEAR SN, E
] (2013.9.12-15). CtZE4r4x ki)

BiE, &hom, 88, BAE, TEH, “REAGERENHRER T SN, &+
E VP2t 2 2013 KB E AR, JETT (2013.9.12-15). (OE2Esra kR E)

TRIBEHT, 25—t m e EDECEAE 5 o I ARR &, T E AR, (2013.10).

FME, R, W, & AERERLETFBRRNMMSERNTR. 8 13 BeEK
AR, FH(2013.4.20-23)

W Fe, BANNME, =F%, WWZF, RE FENDHREBIEHNREWHT, £+t
Je 4z EDGHC AR 2, BRIIPE % (2013.10.20-22)

sKER, BAEKE, FEm, ¥RZE, “JBFHETIOMEARNA”, BHEEERFEEN¥S
SeFEEE AR (CIOP2013) (20134F 11 H 26 H-30 H) , &1 7.

JEFIE), fRAE, FKOIE, B=8, WRECRFLT R Y RS W, Rl
RBIE— M R S8R, Bigiked, TEF S (2012.10.26-28)

BEE, FRZE, “EWHG RS2 0ERHE, RENTYHYSES,
R, 2013.05 C(I3k3REH

A0, YR, “SEEoTEME AR N, B EEEEEEEZEARRIE,
KJE, 2013.08

20T, WR%E, “JEESEEBOTEME”, REN 2RSSR KRS, Kb, 2013.08
EA50, W%, XIZEE, Kok, BRER, ZRIK, U, “HAMEHXUZE B
il % S 2, B BRSO S Y B BAE R N R 2, J5J1, 2013.10
BEE, BEE, ZHF, kOIE, WRE, “FET2000m THEA R 4 8 18 540
A A1 B 2H 2B S 3 I 707, SR+ = kR E A B A AR K 4, B (2013.10.28-11.1)
BEE, RIR, KO0IE, FE%E, “BV-2 /NS RALIBRERF R, H+=
WA EAEYBE2E AR K2, M E (2013.10.28-11.1)

FE, HilE%, “N-TiO/InBO; & &7 HIH] & M H OGRS, 55 2 mLThREM
B2 AR &, i (2013.11.12-15).

ZRANHEE, B2, “Ni-NiO/Nis(BOs), B S HALFEHEALIEJH CO, A2k CH, R 7L, 26
2 JEeThEe ikl 5 Ak AR 4, BRI (2013.11.12-15).

FNF R, BB, X, RMEAR, “RESE L EUR G A I IR 7 2 RO R e o RE R 7L,
56 8 Jm 4 EREE G MR B R &, B (2013.6.19-22)

R, FRBRAS, XBEI7, FAEH, <FALEHBR NIRRT ARK K HERER T, 56 8

V"]EéEi%y“tlﬁﬁ?ﬁ*ﬂr&%%#ﬁﬁﬁ%, UM (2013.6.19-22) .
b THIEE
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57

58

59

60

61

62

WS, BN, Z=T%, B, KRB S AR IEFHUN BCR 7,58 17 &
A EHHET ARSI, P87 (2013.10.20-22) .

M, RIE, HUNFE, “ARREHRTLEFBROMBEWITFR", % 13 JaeEk
HeF AR, R (2013.4.20-23)

X#%E, BEIRER, B4, XUBET5, FVEB, “F 7 Z2UARH &R+ Th 4% Si0, MOS #%
R R SR IR, 2 13 e E A ARSI, M (2013.4.20-23) .

T4, X%, FEEE, XIBST, FNVEEH, “Tb,0Os LN E 724 & K H %
HetERERE T, 3B 13 MR A EFEAS W, MA (2013.4.20-23) .

WEon, WRE, ZH%, TEH, “REXEHFERE LA T, HEY
F2E2= 2013 KEWH A2, BT (2013.9.12-15), OG22k MR &)

EER, ZRE, 85, BRJE, £EMH, “Pancharatnam-Berry phase related to vector
beams bearing helical phase”, H E /) F 224> 2013 FKEMFL A A S, [H171(2013.9.12-15).
ObZE 5 2ok MR D

"EE, B

79




Annual Report 2013

FRE 40 5 HATI/{FER /Academic Service

H % AR HZUEER/Service to the Domestic Professional Societies

F5 44 AFER ML HAAT £
I ] P AR AR AT 7 _
1 YR qj.m&%iz PR Rl K 2008-
pAy
2 V% I EYEEES FiE 2006-
3 T RF KEMNEFS PR 2010-
4 VF 2 KBTI CHEARFS B EK 2010-
= A N FH 27 [ 5 E A S F1F 2009-
=
AR T 2
6 L& & e 2011—2014
ABR THERS o
7 x g KBTS WA HEIMM K 2008.7-
8 x g KETEEARES B HEK 2009-2014
9 FH 228 [ REMNEES WEHEH
10 i #E RETHE ¥ (S 2006-
11 KRy FEETT R 2 WS H 2008-2012
SN E N E =2 IN
12 ZN : HE 2007.6-
o R R R 2 T
o RE R £h 22 2 i A A
13 LB & 2012-201
fLE K KPR A ik 012-2015
14 PHEHA HEYE S RS e 2010—2014
15 N BH EEBRIKEIF 2 i 2010—2014
N7 2 AN N
16 | e %%fzﬁ i | e 2006-
é)’i‘x
e N E =S AN
iz 1521 i =
FRIGEEF BRI 4 2 AT 5 2013—2016
E b E R RS
18 S N SRR UEAL BR 2 Al 2012.9—
ne
: B REMERE
19 Rl o} i ‘ 1 2010.10-2015.12
- Frtiins P R R
BHBETREEE
20 R = BRI E A4- )
TR 15 BRI EER [EUNI 2011.4-2014.4
R “ZE F A EOEE R A 2007.8-
21 ] B 7 05 SR I6 = 2R T
2E
. N A E Y T AR W& 2010.4-
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R Hh E S R
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E A #MNEAFI4ERR/Service to the Journals

FFe 4 FEERBLAL JiAY VA {3
1 VAR journal of Optics topic editor
2 TR Frontiers of Physics in China Y 2008-2011
3 KoIg Applied Optics iz 2009-2012
4 e Scientific Reports Topic Editor
5 HHRE Otz 740 Il = 2 2008-
6 *UE CRZFY3) e 2009.5-
7 WEE AR ISP ST T2 TR
8 TFRE Py ETES 2007-2011
9 WRE (E =it R ) WE 2009-2012
10 A Chinese Physics Letters Yz 2009-
11 HEE (R E DG A 5 M 6D Iz 2008-
12 LBEK (HOEEOR) EIES 2010-2013
13 LEK CN T A A 4R RS 2012-2016
14 7K [E AL CHOEEAR) RS 2011-2014
15 7K [EI AL CHOL 56 TR ) TR 2010-2013
16 KO G Bt A TR 2011-
\;,:J‘-'u
W
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FRIZ1E R /Awards & Honors

T AR ARSI R 4% nEWER
—— R A R R AR AR ORHER L
O AR — T
FR¥E:. FEH Fih, HEA L ¥4
WEH

FRA S H vl BE RS E M F G Q UG RIS M
REMRERD R —FHR
R IE

FE TR BoUE A R B AR Bt RN ‘ [ ==
HEEOG A EA 2012 hEGEEERE” xamHERARpE | -
RAG#E: AL Wr  Eric Plum ¥ 5{% Nikolay Zheludev E B ‘

IRE#H/Award for excellent teachers

%12 M REFER K
NikEH: X8 A &

R 22k (Award for excellent students

2012 FFE LR ERHT R A AR AT

F)URRB R AR A R K 2T

T E Y2 2013 KM AAR WAL IR T &Kdom
FIT KA L F e FHA

MIARAEEFEEE: A W T« KRS ZEa
LA ¥ O X B R

BT KRR FEHIFUES RAbrie: 2B &

REW =424 FEa

BT R A BREIR 5KOCE

FIT R =g A
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2013 SEFDLARLME T A HE W E A LR R

2437/ Dissertations

1. EEZArige Dissertation for Doctoral Degree

(1]
(2]
(3]
(4]
[5]
(6]
[7]
(8]
[9]

SRICE, Jesh i T AELE R e AE LN S0 5K ER

AR, SRS ET T REUERLE W Rk 54 FIm: SKER
MRosom, RIS SHOUTHE TARe T8 SIf: 0%

ML, WHEKeRAWTETROSEHOTRICRE; S IF

e, RO S RS B R R A D REA AR AT, SIW: PN
RIR, HETESRE RS I 22 A A A/ DR BRI RS S @ IR BT 7T M. VPRUE
PR, AREE R e T d R B T, . A

HRHE, SRR & Ot ER T, 2i. HEE

fLFER, WATH RSSO PR FIh. HEE

[10] Xk, SAALA SR 0 S AT U PO 2 R ER IR 7T 2T

[11] £, ET FUENRANALR I RN E LN BT 2. HEE

[12] MR, CRDEAH K F/NER N3 S 3R, Il e

[13] %%, SRR INT MU AR KL AT AT SIW: SRR

[14] XHEFS, SR AKBENIRURZE #0368 T8 20 MR SO TE B ORE ;. M. R
[15] T3, HOt LED MM L& 7B e B % AOCTETERERT 7T, 0. RIE
[16] BXLLHG, 4B APKBURIN Hh 25 HLR A K T R AR B T (BU®) BB 5

7T I ORI

[17] H &, SHERE AT BAERAR KGR R TT; S fLBX
[18] 2& 745, HREREERBI T IHIZM pn &5; &Il fLBA
[19] fRZi4E, ABA R =ik BOLRYIRIEIEFEIE T T B 44T VAR ILR K IT; 30

2
FEEE

[20] 5K3FT A, T URAAR B AR TR SR TE L B A T T XN
[21] 5K 1S, B R RCE S AOC AR R SO EAHLERRT 7T, M. BRTR
[22] %381, W REC AR LA THRNA; Sl £5H

2. FikZArw 3¢ Dissertation for Master Degree

[1]
[2]
(3]
(4]
[5]
(6]

Sl

I

R

AOKET, BRGSO B R e, ST AKER

R, ToFF 4B TR R B ST T A ST SR

IV, Airy EIRIOGE RIS Bk

DK, BEDGE ST SR & R B I TATIL: ST B2k

DR, HTRREDCE SR, S R

S=H, WOGHES MTMO HERIMLERR 5, S B0 iF

FE, COBOLES AT, S O EI T, AT
I S Y B e

R AR € B SN e S R

TER, T MOF {5 M4 HH e SO R Ge: S0: gk
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[10] =), ARLMERENL RS S LR SHENHIRIBT R, S0 KR

[11] Z2RKH, SCIFRREBEK: S KR

[12] EAKBH, ETERDLRABE=Z4EHMERS; S KR

[13] 7kFH, A BREREBEHICTHIFA: S0 KRG

[14] 5KMR, ETLAMKWARKHEN; . Rig

[15] Firia, HAE4rtsy B RESORRINGETY 5 A M REGF SR, SIm. Rig

[16] JA=e, Inid EAL KA S TR H M, I ARGRET

[17] HHE, a5 A sk RIRSMER: 0. IRBEAT

[18] A8~y HRRRHLER WM W ) &% KL ERERT AL, I LK

[19] & HH; PSRRI I FLEK

[20] Fribe e, HRBOLRYISZIRAEGRERN I B ABAT AT, Sl FES

[21] WHESR, 6-fHFE-BIPS &R Hil 2% SO A ARt 7T, S HiL%

[22] BiZ%E, BRI 5B _SARE G HRKDS TR R 7T, . B

[23] x| #, FEJE N B R EA N IS SR R A SR AN KOG B AL 2
Jifi: XA

[24] GE3R3R, JEFEUURIT R %5 L Gd B4 S0, M EUROGA M FIM: FhFTEH

[25] £ HHT, #EZASAHTRERKR Zn  MgO MR KT SIM: $)FH

[26] #rvAR, B & M 45 A% Si0, KIGH BT ; 2IM: F1 B

[27] FFHB%, ZnO HK G544 AT $2 ML) 2 SR L ERAIE 58 0l BRI

[28] 7k &, KA. & E iAEE 4S5 M) & S RN IR A 30
A

[29] x| 7, HARIEH]SGK ALO AT T S &k

[30] BiZ2/K, BeRlBULERIBIR. TS AR R b R BRI 78 FI: B2)%

[31] 5k %, [Py Bt se: . 5K

[32] %R, )i S A 2E v B LU R R AR &S B AT FIm: BEAEH

[33]1 Z&= 5, HREFUNAERBEWRIRER K TL: I 2

[34] 5K, BB ELAR R SRR LtEr . Im: XA
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