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i3 T{E3R &5/ Scientific Report

MM E 5 % FHR/ 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. 18 papers have been published
in international academic journals, and 6
patents applicanted. The total researching
founds are 16.715 millions. This year, we
obtained some important results as following:

(1) A sRJa e AR R AE A N R S5

with high resolution of 1.7 x 10° and
sensitivity of 4.3 <10’ mV/RIU, as well as an
extensive dynamic range. This highly sensitive
graphene optical sensor enables label-free,
live-cell, and highly accurate detection of a
small quantity of cancer cells among normal
cells at the single-cell level and the
simultaneous detection and distinction of two
cell lines without separation. It provides an
accurate statistical distribution of normal and
cancer cells with fewer cells. This facile and
highly sensitive sensing refractive index may
expand the practical applications of the
biosensor.

PDMS
micro-fluidic
chip

Cell

Voltage (V)
IS

HLA 5 ) i PR AR R R A S i o K SR $ @& / ‘ ‘
BTHREIRE, EENRNEHT, WT s 4 Y T
1 D ORI E =E R F R SH4TK, T 1 () FETf sl i R BUR AR SR sl 2 R & (b)
BB s R E RO 0] ;iz;fﬁﬂﬂ@*u%ﬁﬁ@fﬂﬂ@mmﬁ%ﬁy Hrh R RE SR
FIFH AN SR A S8 A TS 2 3% Fig. 1 The schematic of the graphene-based optical single-cell sensor,
BURMEF LG, w0 R A

FREEH, ARAF T AE S R ) R

AT R PR 1.7 x10°, REUE 4.3 <10

MV/RIU). Z5ERMRERA, LT MR
FAL i SERTR AR IR A SR X — R
FH AT DA Je 240 0 75 HL R AR TR A 2 T
R R, e BB PR A 1 — 2%
WAt

which is a PDMS micro fluidic chip/ h -rGO/quartz sandwich
structure on the prism. (b) Discrete time-dependent changes in
voltage that correspond to mixed lymphocytes and Jurkat cells as

they roll across the h-rGO detection window

(2) M fai I AR 3 A - R B
i3 22 5015 5 X R Ot IR AR R OB ST
B A SR M T G HOR BT AE RE Y 45 A
AR . EBORES L, EBOR R T
S A I HIAR 70T 2 & 15 SR 0, BEE 2K
T ISt IR, X0 [ 7k A IR PR AR
FrFEVE. fEZBECS RS b, i
THEENETA S PGS MR . A

R e WON the basis of the
o .
polarization-dependent absorption of graphene

A
' u" f total internal refl ection, we designed a
. ,‘g@p ene-based optical refractive index sensor
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(b1) (b2)

P
(Polarization: changed)
=800 or 400 nm

Multilayered
graphene

(Polarization: §)

n=1.5168

2. (@) "KRDIR I) 43 H SV - PR B v A Y A B A R, PR AR
BT L1 P E W E S PR <=7 i o T w8 i 17 S AN R == 7 i)l o
(b)JEIOR BRI T AIEAL » b1, BRI T M B 2 S35 I I 46 23 o
b2, i BAL I 12 R B TR 0 A, 2 B A R4S B 7R 400nm Al
800nm SXf A7 SR 47 RE A X = i R i 25440

Fig. 2. (a) Experimental configuration. the probe beam was coming from
the nontotal internal reflection at the interface between the graphene layer
and a prism, and the pump beam was obliquely incident into the graphene
sample. (b) Schematic illustration of the photoexcited carrier distribution
evolution in the graphene electronic band structure. (b1) The anisotropic
distribution of carriers generated by a linearly polarized beam and potential
scattering pathway for carriers. (b2) Isotropic carrier distribution. Upper left
inset: Electronic band curvature for excitation of 400-nm and 800-nm

pulses.

Femtosecond degenerate and
nondegenerate pump-probe spectroscopy in
graphene reveals the evolution ofphotoexcited
carrier distribution in the energy band during
relaxation: the i nitial occupation of
photoexcited carriers centered at the excitation
state is anisotropic in momentum space; this
anisotropic ~ distribution  rapidly  relaxes
through an intermediate state argued to be
fully isotropic in the energy band due to
phonon-involved  cascade scattering. In
addition, the experiment suggests that
graphene optical absorbances for in-plane and
out-of-plane optical fields are identical.

& (3) AT IR H T IS A R

N L ARSI RE Y
L W RR AR KR

' "

U BT AR R, 3 21 A B ST

TR ERARIRIC I T8 M BB o BT HRATTHY
SRS, WL TEMES S B
PR BB T SEBARXARIEST, AR FRIE S
s RRTHR M TS . B A F AR
ThRESS AL &, 1S 45H R 52 KA AL
BT AR FRIE S A SEIIE A B 0,
AR K I FEAR 1 X T3 in T T2 25K
5T XU B T A AL AR 1 B8 i 58 A
AEXSFRIBHT TSI, A 2 A X AR

BT AR SR 1R R AT RELE
@

X Forward Backward

AT\

B3 (a) XA EHENFRE LR Z B (b) L RRE
SEM ZEfR i ;(c) RUHEYIK KL SEM S5t Ko

Fig. 3 (a) Schematics of the proposed two-layer hybrid
metamaterial for x-polarized propagation in the forward and
backward directions. (b) Scanning electron microscopy (SEM)
image of the L-shaped metallic particle and (c) the double nano

antenna.

We present the underlying theory, the
design specifications, and the experimental
demonstration of the broadband diodelike
asymmetric transmission of linearly polarized
light in the near-infrared regime. This result is
achieved through the use of a two-layer hybrid
metamaterial, composed of an L-shaped
metallic particle and a double nano antenna.
The experimental results are shown to agree
well with the theoretical predictions and the
simulated  transmission  spectra.  The
realization of the diodelike asymmetric
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attributed to the
combination of two independently functioning
metallic structures, which are shown to
perform their respective function even when
shifted away from perfect alignment. This

transmission can be

work offers a further step in developing
broadband diodelike asymmetric transmission
for use in electromagnetic devices.
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We present a method of fully controlling

anomalous refraction efficiency by

introducing an interferometric

cross-modulation for two circularly polarized

incident lights based on  plasmonic
metasurfaces.  Theoretical analyses and
numerical simulations indicate that the

anomalous and ordinary refracted beams
generated from two opposite-helicity incident
beams will have a superposition for certain
_incident angles, and the anomalous refraction

Ny

efficiency can be dynamically controlled by

'{wmg the relatlve phase of the incident
sgurdes As the incident wavelength nears the

resonant wavelength of the plasmonic
metasurfaces, two equal-amplitude incident
beams with opposite-helicity can be used to
change the anomalous refraction efficiency.
Otherwise, two unequal-amplitude incident
beams with opposite-helicity can be used to
fully control the anomalous refraction
efficiency. This work may offer a further step
in the development of tunable anomalous

refraction.
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Fig.4 (a) Schematic illustration of a representative plasmonic
metasurface used as a model in our theory and simulation. (b)
Schematic illustration of the anomalous and ordinary refracted lights
for both LCP and RCP incident beams, which are superposable at all
eigenstates. (c) Calculated DOM T with varying the conversion
efficiencyﬂ. The red marker shows the values of =038 ang

7=094 2t the resonant wavelength of 1.3 um. (d) Calculated

(dashed gray line and solid red line) and simulated (blue circles)
‘2

intensity ‘ER of the RCP transmitted light for varying relative

phase & when £=038 ang £=05
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Fig.5 (a) Unit cell of the designed MPA showing the geometry
parameters: P =500 nm, L1 =220 nm, L2 = 100 nm, W1 = 50 nm,
and W2 = 50 nm. The coordinate of the two cut-out slots are
C1(65, 110) nm and C2(155, 110) nm. Simulated absorption

spectra for the different (b) dielectric constants € of the

dielectric spacer and (c) incident intensities of a single continuous
beam.

We present the design and analysis of a

polarization-insensitive ~ and  wide-angle
broadband nearly perfect absorber by planar
metamaterial in the visible regime. The
bandwidth of absorption spectrum can be
effectively expanded by combining multiple
resonant elements. The forming mechanisms
of the broadband metamaterial perfect
absorber (MPA) are also demonstrated by the

hybridization of the plasmonic system. The

\.A,;;mso'nance of the broadband MPA can be

namically tuned by varying the intensity of

B Lot i his kind of all-optically
A

tunable perfect absorber will help to overcome
some of the limitations of customary designs

developed so far.
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Fig.6 (a) Experimental layout of the SHMOF based laser system. See text
for explanation. (b) Lasing image of stimulated transverse SHMOF through
an added long pass filter. (c) Typical spectrum of SHMOF laser with
background of a filtered lasing on a plane screen. (d) The filtered output of

the lasing ring on a conical screen on the lateral side of the SHMOF.
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We scale down conventional microfiber
based resonator setups into an integrated MOF
platform, to address stability and overcome
the fragility issues. The realization of a
microcavity dye laser within a simplified
fiber
(SHMOF) is demonstrated. Specifically, the

hollow-core  microstructural optical
SHMOF comprises a large hexagonal core
with six surrounding crown-like air holes. The
fiber core which is filled with a microfluidic
gain medium (Rhodamine 6G) plug is lateral
pumped by a nanosecond pulse laser. The
silica microring surrounding the hollow core
of the SHMOF plays the role of an unusual
resonator.

microring With sub-wavelength

designs, this structure exhibits not only
obvious features of large evanescent field but
also strong ability in optical confinement. By
transversely pump light to the internal cavity
composed of microfluidic gain medium, which
is surrounded by the silica microring in the
fiber, both strong radial emission and low

threshold laser (185 nJ/pulse) are achieved.

“Furthermore, a tunable laser emission is

r ized by changing the size of microring of a
A : V\S;F With the overlap area increases and

the mode number decreases, low transmission

losses and stable lasers are obtained.

Compared with other recent reported
optofluidic ring resonators, this microring
resonator embedded in the SHMOF provides a
competitive structure of tight, solid and easy

to microflow control.
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Fig.6 (a) Reflectivity and phase as the function of graphene

ribbon width. (b) Focusing by designed graphene metasurface.
Considering graphene and metasurface

together, we designed a simple graphene
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metasurface made of graphene ribbons. The

phase and amplitude of the reflective light can

be tuned by the graphene ribbon width. If we .-

use a reflection pattern by adding a metal
mirror under the substrate, the phase change
can be modulated from 0 to 2. At a certain
substrate thickness, we can get 2m phase
change as well as the higher reflectivity. By
using the relation of graphene ribbon width
and phase, we designed a flat lens and

achieved focusing effect.
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Fig.8 Structure diagram of scanning focused refractive-index

microscopy.

Refractive index imaging is widely used

in optical communication, assessment of
optical waveguides, and biomedical fields.
The detailed information of refractive index
distribution with high spatial resolution and
accuracy is essential in related researches and
application fields. Most traditional refractive
index imaging strategies tends to collect the
transmission light that passes though the
sample. Therefore the techniques cannot be
applied to  non-transparent ~ samples.
Bio-tissues should be cut into slices when the
transmission-type techniques are used in the
field of biomedical research. Here we propose
a refractive index distribution measurement
method. This total internal reflection-based
method combines projection magnification,
microscopy and

scanning technique to

guantitatively  obtain  refractive  index

distribution with high spatial resolution and
accuracy. This method can be applied to
because of its

non-transparent  samples

1A _:g_‘ 3
x’.a
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detection of its reflected light. The target
samples are free from being cut into slices,
labeled or dyed in quantitatively refractive
index distribution measurement with our
method. A quantitatively optical fiber
detection method is proposed on this basis.
The scanning focused refractive index
microscopy can be applied to step-index fibers,
and graded-index optical fibers with symmetry
and asymmetry refractive index distribution.
The refractive index imaging of optical fibers
with this technigque has the advantages of high
spatial resolution, high accuracy, and can be
applied to a wide range of optical fibers. The
spatial resolution of the technique is 1um; and

the Rl accuracy is 0.002.

]
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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. 22 papers were published in
international academic journals, and 2 patents
issued. The total researching founds are 15.57
million. This year, we obtained some
important results, they are mainly shown as
following:

AREFERANTHRREAEK T — 255

WIS A, FEIRFFBI 0545 2k tL
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mn R4E ] T IERETT 9]

We have designed and grown a series
LiNbO; crystals co-doped with Bi,Oz and

' “MgO (LN:Bi,Mg), the doping concentrations

of MgO were 3.0 mol%, 5.0 mol% and 6.0
{nuf%) while kept the doping concentration of
"B‘%ZOQ as 1.0 mol%, labeled as LN:Biy o Mgz,

LN:Bi10,Mgs, and LN:Biy0,Mgs.0,
respectively. As shown in Fig. 1, the optical
damage resistance of LN:Biy ¢:Mgso can reach
to 7.26x10° W/cm?, just as high as that of
LN:Zr and higher than mono-doped LN:Mg.
In the meantime, Fig. 2 shows that the

photorefractive  diffraction efficiency of
LN:Biy0:Mgso reaches 18% while the
response speed is only 170 ms. The
experimental results indicate that

LN:Bi19:Mgso has both high resistance to
optical damage and high photorefraction,
which proves that optical damage doesn’t
equal photorefraction.

5 i >”i
. WOEREK 532 nm,

P 1 AR USRS A TR s
JHRBERE: 7.26%10° Wiem?,

Fig.1 Distortion of transmitted laser beam spots after 5 min of

irradiation. The laser wavelength is 532 nm with light intensity of

7.2610° W/cm?,
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Fig2 The time dependence of photorefractive diffraction efficiency of
LN:Bi10,Mgeo crystals. Incident light is at 488 nm with light
intensity of a single beam approximately 400 mW/cm? The writing

time is as short as 170 ms.
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Fig.3 (Left) The [POs], helical chain along the b axis in
CsLa(POs),4 (The red arrows indicate the approximate direction
and magnitude of the dipole moments) and (Right) the VUV
transmission spectrum of CsLa(POs)s (The inset is the as-grown
single crystal).

To explore new deep-ultraviolet (deep-UV)
nonlinear optical crystals, CsLa(POs), crystal
with  noncentrosymmetric  crystallographic
structure was grown by spontaneous
using the flux method and
slow-cooling technique. A single crystal with a
size of 28 mm x14 mm x5 mm was easily

nucleation

obtained. Two perfect cleavage behaviours of
CsLa(PO3), crystal were found and the reason
was discussed from the point of view of bond
length and symmetry. The thermal stability
and specific heat capacity of CsLa(POz3), were
investigated. CsLa(POs), crystal remarkably
exhibits a deep-UV cutoff edge of 167nm,
which is one of the shortest values among

~ phosphates to date. Polycrystalline powder of

CsLa(POg)s

' onic generation (SHG) response, which is
- "about one half of that of KH,PO, (KDP). The

presents a moderate second

analysis of the dipole moments for the
polyhedra and the theoretical calculation by
the density functional theory (DFT) were
performed for understanding the
structure-function relationships in CsLa(PO3),
crystal.
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Fig.4 (Left) The coordination of rare earth ion in Nd:KGdP4O1,

crystal and (Right) the absorption spectrum of Nd:KGdP4Oi,
crystal at room temperatu re.

A single crystal of Nd*"-doped KGdP4O1,
was successfully grown with the top-seeded
solution growth and slow cooling (TSSG-SC)
technique. It crystallizes in space group C2/c
with cell parameters a = 7.812(2) A b =
12.307(3) A, ¢ = 10.474(2) A, B = 110.84(3)°
and Z = 4. The IR and Raman spectra also
indicated that the phosphoric polyhedra of
Nd:KGdP401; has a cyclic symmetry. The
chemical composition of the crystal was
analyzed and the distribution coefficient of
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Nd** was calculated. The crystal morphology
of KGdP,4O;, was identified using X-ray
diffraction. The compound has good thermal
stability to 920 °C. Its specific heat and
thermal conductivity were determined for
potential applications. The spectral properties
of Nd:KGdP,0;, indicates that it exhibits
broad absorption and emission bands, which

*
CTS of Mn™-0"

Intensity (a.u.)

200 300 400 500 600 700 800

are attributed to low symmetry of the crystal.
The broad absorption band around 798 nm has
a full-width at half-maximum (FWHM) of

‘Wavelength (nm)
P& 6 KMgBO3:0.09Mn* fiJ i A i Al A S idh o 4 19 351nm
WOR N RERORBERR

14.8 nm and is suitable for AlGaAs laser diode
pumping. Moreover, 5 at% Nd**-doped
KGdP404, crystal has a long luminescence
lifetime of 300 us and a high quantum

Fig.6 Typical excitation spectra monitored at 636 nm and emission
spectra excited at different wavelengths of KMgBO3:0.09Mn?"
phosphor. Inset is the corresponding luminescence photograph for

the sample excited at 351 nm in the dark with bright red color as

eﬁiCienCy of 96%. seen by the naked eye.
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Fig.7 () The XRD patterns of KSr4(BOs)s:xSm®* (x = 0.003, 0.02,

0.05) phosphors. (b) SEM morphology of KSr(BOs)3:0.02Sm**

phosphor. (c) Final Rietveld refinement plots of the

KSry(B03)3:0.02Sm*.  Small circles (o) correspond to

Intensity (a.u.)

experimental values, and the continuous lines, the calculated

pattern; vertical bars (]) indicate the position of Bragg peaks. The

T T T T T T bottom trace depicts the difference between the experimental and
e 20 40 60 80 100 120
R \.'i-&/ 2-theta (deg.)

g,
ﬂ "4 5 KMgBO=:0.09Mn™ [ S5 H £ 141, 371519 MgOs 2 T .

i I?ietveld refinement result of KMgBO3:0.09Mn%, and the
: tlis the structuﬁ-’éf [MgOg] octahedron.
L] |

the calculated intensity values. Inset is the coordination
environments of Sr?* with O%. The large white balls are Sr** ions,
the small black balls are O% ions. (d) the dependence of cell

volume of KSr,(BO3)3:Sm®* to the Sm*®* concentration.
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Fig.8 (a) Rietveld refinement plot on the XRD pattern of
BaZZnBZOG:O.OSEu3+. (b) Crystal structure projection of
Ba,ZnB,0g along c axis. (c) The coordination environments of two

different Zn*"/Eu®" ions.

An abnormal photoluminescence s
observed in  Mn?* activated KMgBO;
phosphors. It is indicated by
photoluminescence  properties that the
abnormal strong emission is because of the
strong relaxation of spin and parity forbidden
d-d transitions of Mn?. A series of
KSry(BO3)s:Sm*" orange reddish phosphors
are synthesized by tranditional solid state
reaction process. Rietveld on step XRD

indicates that the doped Sm*" ions occupy

. §r2(8c) and Sr3(4a) sites in KSr,(BO3); host.

"The nonradiative concentration quenching

z% two n,e‘zarest Sm centers occurs via

ic multlpolar interactions. As for the site

occupancy of Eu® in Ba,ZnB,0g, Which
contains both Zn*" cation and Ba** cation, it is
disclosed by Rietveld refinement that Eu®* is
preferred to occupy Znl and Zn2 sites though
the radius of Zn®" is smaller than that of Eu®*,
When the large Eu®* ion occupy Zn site, the
volume of the crystal structure will be
expanded and the polyhedron will be distorted,
which will result in the increase the crystal
field strength. As a consequence, a red shift
will be observed in Zn-based phosphors.
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Fig.9 The relationship between energy transfer of Th*'/Yb®

process and crystal field structure.
Three-center  energy  transfer  for

upconversion and NIR quantum cutting has
been investigated systematically in Yb**-Th*
co-doped tetragonal PbYb,Thy.Fs
nanocrystals. Firstly we studied the structure
effect on  cooperative  upconversion
luminescence of Yb**-Yb®* couples in singly
Yb*" doped samples and it is found that the
sensitization between Yb* ions can be
modulated by the nanocrystal structures. Then
based on the distributions of three centers in
PbYb,Tby4Fs nanocrystals, the
cooperative and accretive energy transfer
mechanisms are proposed. In terms of energy
distribution between one Th*" ion and two
non-interacting Yb** ions, the double-photon
excitation and  second-order  nonlinear

processes are observed in CET pathway for

tetragonal

upconversion and NIR quantum cutting
respectively.  While it is
AET pathway, both the
upconversion and NIR quantum cutting
.emission intensities increase linearly with the

luminescence,
different in

excitation power because of the energy
between one Tb* ion and an

"t fer
couple. The AET process is

observed and verified in this work for the first
time. Applying rate equations in these models,
it explained both the upconversion and
guantum cutting experiment phenomena
perfectly. Our work clarifies the previous
controversies in excitation power dependence
of NIR quantum cutting luminescence
intensities. And the results that the calculated
luminescence quantum efficiency in AET
guantum cutting process is much higher than
that in CET process (134% and 104%,
respectively), can be applied to the study of
conversion efficiency in c-Si solar cells.
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Fig.10 The energy transfer processes in Er*"/Yb* co-doped glass

ceramics under the excitation of 980 nm laser.

The competitive process of UC and DC
emission can be modulated by Er**
concentration in the oxyfluoride glass
ceramics co-doped with Er**/Yb®*. It is found
that the energy transfer processes of the UC
and DC emission are different in samples with
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different Er3+ concentration, which clarifies
the previous disagreements about the UC and
DC energy transfer processes in Er**/Yb®*
co-doped materials. The blue and green UC
emissions belong to three-photon and
two-photon  absorption,  respectively. In
addition, the red UC emission results from the
three-photon  absorption for lower Er**
concentration, but it is a difference process for
the higher Er** concentration. The two-photon

absorption  dominates  gradually  with
increasing the Er** concentration. Meanwhile,
the cross relaxation and multi-phonon

relaxation of RE ions could emerge, which
enhances the DC emission at 1540 nm.
Consequently, the intensities of UC and DC
emissions can be modulated by changing Er3+
doping concentration, which benefits for UC
or DC materials selection.
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Fig.11 Raman spectra of OFGs with different CdF, contents. Inset
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is Raman spectra in the 200-400 cm™ region.
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Fig.12 Scattering efficiency per particle in a periodic unit with
different distances and radius between two particles and the TEM
figure of fluoride nanocrystals in glass ceramic. (a)Different
scattering efficiencies with different particles’ distributions and
separated particle;(b) Different scattering efficiencies per particle
in a periodic unit with different distances between two particles;(c)
Different scattering efficiencies with different radius;(d)TEM
figures of fluoride nanocrystals in glass ceramic with doped Er**.
DTA results reveal that the glass ceramics
based on B-PbF, crystalline can be obtained

when CdF, content is less than 16 mol%. The

in fluence of Pb®* and Cd*" on the glass
network structure is analyzed by FTIR and
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Raman spectra. As classical network modifiers,
Pb** breaks the Si-O-Si bond, while Cd**
mainly breaks the Si—-O-Al bond. Moreover,
Pb?* has intense attraction to F~, which leads
to Pb®* bonding with F. After the phase
separation, Cd®** remains in oxide matrix
because it is surrounded by O®. Proper
amount of CdF, has the advantage in
improving the stability of the glasses and its
crystallization,  which is  significantly
important to control the crystallization in
fabricating transparent OFGCs. Based on the
research results, we can control and modify
the formation process of fluoride nanocrystals

through the introduction of other metal cations.

It is significant for designing glass network
structure and studying luminescent properties
of fluoride nanocrystals in fabricating
transparent OFGCs.

Three methods have been introduced to
calculate the scattering efficiency: Rayleigh,
Mie and discrete dipole approximation. First
of all, we make a comparison between these
three models and ascertain the discrete dipole
approximation the best way to deal with the
scattering in oxyfluoride vitroceramics. Then,
we measured the scattering efficiency from
experiments and compared it with the
simulated results to ensure that the theory is
suitable for our samples. Later on, based on
the theoretical calculation in discrete dipole
explain the
ultra-transparency in oxyfluoride
vitroceramics and get a satisfied result. In the
end, we make some exploration of the relation
between scattering efficiency and factors of
vitroceramics to find the condition for lowest

approximation, we try to

scattering efficiency.
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Fig.13 Typical morphologies formed with the self-assembly of

linear ABC triblock copolymers confined in spherical nanopores.

The self-assembly of linear ABC triblock
copolymers confined in spherical nanopores is
studied using a simulated annealing technique.
A variety of patchy nanoparticles and multiple
morphological transitions are identified. The
size of each patch increases periodically. The
number of patches also increases with
increasing the wall selectivity. The distribution
of the patches on the surface of a given
particle is highly symmetric. A series of
entropy-driven morphological transitions is
predicted. Furthermore, it is found that the
patchy morphology is largely
controlled by the volume fraction of the
middle B-block, while the internal structure is
largely controlled by the volume fraction ratio
of the two terminal blocks. Our study

demonstrates that the size of nanopores, the

overall

pore-wall selectivity, and the copolymer
composition could be utilized as effective
means to tune the structure and properties of
the anisotropic nanoparticles.
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Fig.14 Efficient SiOxTb MOSLED prepared by ALD and

standanrd MOS technology.
Based on the comprehensive study of the

optical and electrical properties of different

.oxide films, such as SiO,.Zn0O.AlLL,O3.TiO, .

Gd,0s . Th,03 and Er,0O3 prepared by atomic

l "I!!deeposition technology in the past years.
- Cor

posite functional nanolaminate films,

such as ZnO:Al,O3 transparant conductive
layers, TiO,:Al,O3 dielectric buffering layers
and the rare-earth doped SiO, luminescent
layers were prepared by precisely adjusting
the atomic layer ratio in the multiple layer
films. Highly efficient green
electroluminescence  (EL) devices were
prepared on silicon substrate with a multiple
layered MOS structure of
ZnO:Al/TiO2:Al,O5/Si0,:Th/Si, the threshold
current for EL emission is only 1 nA with the
external quantum efficiency above 15%. In
addition, silicon based MOSLEDs with a
ITO/SiO,: Th/SiON/Si structure were prepared
by standard CMOS techonology in
collaboration with Helmholtz-Zentrum
Dresden-Rossendorf, in which the SiO,:Th
layer were grown by our ALD technology. The
external quantum efficiency reaches the
highest level reported from the rare-earth
doped MOSLED prepared by ion implantation.
Recently the EL efficiency was strongly
increased by neighboring co-doping Al,O4
oxide layer beside the rare-earth doping
layers.

KA B E AN BB IR TIO MR
WEE, & 7 — M S &R
(N-TiO,/InBO3) . XRD, HR-TEM, XPS,
UV-vis DRS, PL and time-resolved PL7 R %
fESS RAER, BT RBRAEMBIRENEN,
FECTN-TiO/INBOz H AT B =i I £ AM s Al
A CHEAGIE 1 o %25 RE B IS T A
BHOZEEE, 54 Re i VLRG3 St
TR E SR R . A TN SRR FL D e
MBI B AT 5 3R (7 B AR

A new type of composite photocatalysts
(N-TiO,/InBO3 heterostructure)
synthesized by coupling nitrogen doped TiO,
(N-TiOy) with indium borate (InBO3) via a
one-step sol-gel method. Characterized by
XRD, HR-TEM, XPS, UV-vis DRS, PL and
time-resolved PL techniques, it is revealed that
N-TiO,/InBO;  exhibited an

were

excellent
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photocatalytic performance compared with
TiO,, N-TiO, and InBO; under both visible
and UV light irradiation, due to the formation
of a heterojunction at interface and
introduction of doping states. This means that
the selection of materials and doped ions,
matching of energy bands at heterojunction
are very important factors for fabrication of
photocatalysis. The results offer a paradigm
for design and fabrication the optoelectronic
functional materials, such as solar cells and
photocatalysis.
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Fig.15 XRD patterns and Schematic diagram for the band structure

of N-TiO2/InBO3 heterostructure and the

mechanism.
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B

he models of nanoparticle, nanotube and
heet are  designed and their

photocatalytic

corresponding band structure and density of
states (DOS) are calculated theoretically. The
calculation results imply the photocatalytic
activity of different nanostructure may rank in
the order of nanosheet > nanotube >
nanoparticle. The desired TiO, nanostructures
were synthesized and the experiment results
confirmed theoretical forecast about the band
structure and photocatalytic activity. The
detailed band structure and the behaviors of
photogenerated charge carriers as well as the
photocatalytic ~ mechanism  for  TiO,
nanoparticles, nanotubes and nanosheets are
studied and analyzed.
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[ 16 TiO AKHKL T+ TiOp AR TiO, 4K F1 HIRE 45 H Al
BEE. TEM RO
Fig.16 Band structure and density of states, TEM image and

UV-visible spectra for TiO,, TiO, nanotube and TiO, nanosheet.
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Fig.17 Band structure plots and density of states for the ZrO, and
ZrO,xNy (A), and XRD patterns of TiO,-N, TiO-N/ZrO,.xNx and
Zr0,,Ny(B).

We theoretically predicted the narrowness
of band gap for the nitrogen doped ZrO, and a
possible transition at interface between TiO,
and ZrO,. According to the theoretical
calculation,  TiO»-N/ZrO,4Ny  composite
photocatalyst was prepared by sol-gel method.
It was revealed that the nitrogen ions were
doped into ZrO, lattice in substitutional mode

’a:x e corresponding band gap was narrowed
Leffectively. The TiO,-N/ZrO,,N, composite

exhibited an excellent

performance, due to the

photocatalyst
photocatalytic
electrons’ transition at interface as well as the
introduction of doping states. The results may
offer a paradigm for develop the advanced
optoelectronic functional materials which may
be used in many fields, such as solar cell,
photocatalysis and photosynthesis.
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Fig.18 XRD patterns of TiO, TiOx-N, TiO,-10%Zr and

TiO2-N-X%Zr.

In this work, we modified TiO, with
nitrogen and zirconium by a simple sol-gel
method. Our findings suggest that, nitrogen is
present as surface species (NOy) whose energy
levels locate at 0.3eV above the valence band.
Zirconium is incorporated into the TiO,
crystal lattice in substitutional mode and
surplus zirconium formed ZrTiO, surface
species on TiO,. There for, the electronic
excitations from energy level of NOy species
to the conduction band of TiO, and from
valance band of ZrTiO, to the conduction
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band of TiO, lead to significant absorption in
the visible-light region. Moreover, the surface
nitrogen  specials  together  with  the
substitutional Zr** irons lead to an efficient
separation of charge carriers. Accordingly, the
photocatalytic activity of nitrogen and
zirconium co-doped TiO, can be enhanced up
to about four times of TiO,-N
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Fig.19 (a) Schematic images of the first step of two-step method.
(b) Schematic images of the second step of two-step method.
tchlng results of domain size in HF acid in 10 minutes in
the seeond step after applying external electric fields of 1, 2, 3, and

m, respewy in the first step. Those domains were

e by one from Ieft to right and from bottom to top.
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So far, visible light-induced domain
reversal in LiNbO; has only been observed to
occur under assistance of an external electric
field. Here a two-step technique named as
directly green-light-induced domain reversal
was achieved for the first time. In the first
step, an external electric field as well as the
green laser of 532 nm wavelength is applied
on the LiNbO; crystal. In the second step,
direct writing of domain structures in LiNbO;
is realized by another 532 nm laser without
assistance of external electric field.
Green-light-induced domain reversal results
from a light-induced space-charge field
generated by the prior application on an
external electric field in the first step. Due to
the unique two-step method, our further
experiments  show  that light-induced
space-charge field in light-induced domain
reversal enhances with increasing the applied
external  electric  field.  Therefore, a
carrier-drift model about this phenomenon
was proposed.
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9t K B F ATt %/ Weak Light Nonlinear Optics and Quantum Coherent Optics
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Our research topics are focused on the
fabrication of nano/micro-structures, optical
properties of metal plasmonics and
metamaterials, light propagation in coupled
waveguide arrays, development of detection
technology using fs laser pulses, and
biophotonics. We published 35 peer-reviewed
journal papers, 2 book chapters (Chinese and
English version, each), and applied for 3
patents in 2014. The main research progresses
in 2014 are as follows.

(1) IR & 5RAE

Fabrication and characterization of
nano/micro-structures
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We experimentally show that the
generation and erasure of femtosecond

laser-induced periodic surface structures on
nanoparticle-covered silicon induced by
irradiation with a single laser pulse (800 nm,
0 fs, linear polarization) depend on the
ulse fluence. We propose that this is due to

ﬂqtmon between periodic  surface

uring originating from the interference of

incident light with surface plasmon polaritons
and surface smoothing associated with surface
melting. Experimental results are supported by
theoretical analysis of transient surface
modifications based on combining the
two-temperature model and the Drude model.
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Figl. (a) SEM image of the nanoparticle-covered silicon surface
irradiated (in vacuum) by a single femtosecond laser pulse where
laser fluence F=1.6 J/cm?. (b) Details of fs-LIPSS formed on the
sample surface. (c) 2D-FFT spectrum of (b). The arrows represent

laser polarization direction..
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Fig2. (a) SEM image of the nanoparticle-covered silicon surface
irradiated (in vacuum) by a single femtosecond laser pulse where
laser fluence F = 6.7 Vem?. 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 Jem® (c) and (d) are the AFM images of the craters
corresponding to (a) and (b), respectively. The arrows represent

laser polarization direction..
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Fig3. SEM image of the nanoparticle-covered silicon surface
irradiated by five pulses (in vacuum). (a) Damage spot with F =
6.7 Vem?. (b) and (c) Central region and periphery of (a). (d)
Damage spot with F = 1.6 Vem? The arrows represent laser

polarization direction.
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Fig4. Evolution of carrier density Nc (green dash dot curve),
carrier temperature Tc (blue solid curve), and lattice temperature
Tl (red dash curve) calculated for laser fluence F = 1.6 Jem? The
purple dot curve shows the laser pulse whose duration is 120 fs.
The insert shows a relationship between Nc and the real part of
dielectric constant Re(g), where Ncr is critical carrier density and

Npeak is the peak value of the Nc.
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Fig5. Schematic drawing of the operation principle of
POLICRYPS gratings fabricated by a two-step process. Rods
indicate orientation of the nematic director in the channels
between the polymer slices. (a) A voltage-induced transition from
weak to strong diffraction regime takes places for an s-polarised
beam (extraordinary polarisation). (b) Diffraction properties for a
p-polarised beam are practically independent of the applied

voltage.

We describe optical diffraction properties
of polymer liquid-crystal polymer slices
(POLICRYPS) assembled through a two-step
procedure. At first, a scaffold of periodic
polymer slices is fabricated by a direct laser
writing method based on two-photon
polymerisation. Then the channels between
the slices are filled with liquid crystal, and the
assembly is incorporated between two
ITO-coated glass plates. In contrast to the
‘classical’ POLICRYPS that are fabricated on
the basis of a phase separation process and
that exhibit spontaneous liquid crystal
alignment in the direction perpendicular to the
polymer slices (homeotropic alignment), the
structures fabricated by the two-step method
exhibit spontaneous liquid crystal alignment in
a direction parallel to the polymer slices
(planar alignment). Consequently, their optical
diffraction properties as a function of the
polarisation direction of the optical radiation
exhibit orthogonal behaviour with respect to
the classical structures. The threshold external
field for electro-optic switching is in the range
of 0.5 V/um. The associated electro-optic
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switching times are in the

milliseconds.
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Metal-transparent-metallic-oxide (MTMO)
grayscale photomasks fabricated by direct
laser writing have been proposed in recent

range of

_years. The fabrication mechanism is attributed

The
poral-spatial distribution of temperature
& of indium film-glass samples under a

‘to light-induced melt oxidization.

!
v

laser. pulse have been calculated by the

Finite-Difference Time-Domain method. The
laser action area of the indium film is studied
based on the oxidation theories and the
absorbed laser power density distribution in
molten indium films. The calculated average
sub-wavelength fabrication diameter of 302
nm is consistent with the experimental
fabrication size under a laser power of 6.0 -
8.0 mW.
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Fig6. Temperature fields of the sample after (a) 1 ps the heating
time and (b) after another 1 ps self-cooling time with a laser
power of 5.0 mW. For visibility, the indium film (upper pictures)
and the substrate (lower pictures) are drawn separately with
different scales at z direction.
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Fig7. SEM and optical micrographs and typical light intensity
distribution of the inverted-wedge resonators (a-c, e-g) and the

wedge resonators (d, h).
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Fig8. Output spectra indicating the mechanical stability of the
taper—resonator system. The inset shows the measured normalized
transmission as a function of time. Black and red curves are the
results when the taper is in contact and out of contact with the top

surface of the inverted-wedge-shaped resonator, respectively.

Silica microresonators with an

inverted-wedge shape as shown in Figs. 7 (a-c)
fabricated

h’v!! . using
. ,‘sc_‘.‘lonductor'

fabrication

conventional
methods.

Controllable coupling from undercoupling to
the overcoupling regime through the critical
coupling point was demonstrated by
horizontally moving a fiber taper while in
touch with the top surface of the resonator.
The measured quality factors of the resonators
with 150-um diameter and 2-um thickness
were greater than 10° in 1550-nm band. By
controlling the second round HF etching time,
we can fabricate inverted-wedge resonator
with a thin outer ring as shown in Figs. 7 (a,b).
As shown in Fig. 7 (f), there is no high-Q
mode supported in the thin outer ring. The thin
outer ring of the resonator provided a support
for the fiber taper leading to robust stable
coupling (see Fig. 8). Therefore, these
resonators can be used without worrying about
perturbations that can affect the coupling
conditions for in-field applications outside the
laboratory setting. Additionally, the silica
surface is well-protected during the fabrication
process, and microstructures could be created
on top of the silica wafer in advance.
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Indium nanofilms composed of ultrafine
grains have many applications in photovoltaic
technology, microelectronics industry,
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grayscale lithography and so on. It is
unquestionable that ultrafine grains have an
important influence on physical properties of
the films. For investigating the role of grain
size in optical and electric properties of the
films, we took In as an example to deeply
study the relationship between grain sizes and
the optical density (OD) spectra as well as the
square resistance in the In, In,O3 and ITO
nanofilms with ultrafine grains, which were
prepared by multiple-oxidation fabrication
technique for stopping nucleation-growth. The
experimental results show that In films with
ultrafine grains have a high OD value in the
range from 350 to 700 nm, In,O5; films,
nevertheless, have a smaller OD in the visible
and NUV region; while the grain size can
greatly improve the conductivity of In,O3; and
ITO film but has less effect on that of the
indium films. These results demonstrate that
the grain size of the film is closely related to
its optical and electric properties, and indicate
ultrafine-grained In nanofilm, meanwhile, can
be used in fabrication of grayscale masks and
transparent conductive films due to its good
optical and electric properties. Moreover, the
morphology as well as composition and
chemical bonding states of In nanofilms are
analyzed, and the controllability of ultrafine
grains is deeply investigated theoretically.
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Fig8. In film (20 nm) deposited for four times. (a) SAED pattern

) "":.Jb) HRTEM image; EELS maps of the indium film (20 nm)

deposited for one time: (c) the zero loss map (d) oxygen map (e)

is oxygen) -
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Figl0. SEM images, Raman spectra of In/InOy core-shell

() 120K TR

structured nanoparticles deposited for different times, showing
films deposited (a) one time (1000 s), (b) twice (500 sX2), (c)
four times (250 sX4), (d) eight times (125 sX8), (e) twelve
times (83 sX12) respectively, (oxygen was introduced into the
deposition chamber during all the sputtering intervals), and (f)
Raman spectra.

The properties of Raman phonons are
very important due to the fact that they can
availably reflect some important physical
information. An abnormal Raman peak is
observed at about 558 cm™ in In film
composed of In/InOy core-shell structured
nanoparticles, and the phonon mode stays very
stable when the temperature changes. Our
results indicate that this Raman scattering is
attributed to the existence of incomplete
indium oxide in the oxide shell.
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Optical properties of metal plasmonics

and metamaterials
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It was understood that a 2D planar chiral
structure reverses its handedness when
observed from opposite side. This results in a
novel phenomenon that does not happen in
conventional 3D chiral systems called
asymmetric  transmission  (AT),  which
manifests itself as a difference in the total
transmission of a circularly polarized wave
between forward and backward propagations
(Fig.11a). Such effect arises from differences
of left-to-right and right-to-left circular
polarization conversion efficiencies of the
structure.  Since its first experimental
demonstration in 2006, AT effects have been
studied from various metamaterial structures.
Recent efforts have been devoted to increase
the magnitude of the effect. On the other hand,

. real applications of AT effects may demand

. \‘ \

broad. spectral response. Despite some works

been dong to broaden the spectral range
f‘; gffect in. microwave. We numerically

demonstrate a method to achieve broadband
AT in the visible to near-infrared (NIR) part of
the spectrum on the basis of a 2D planar spiral
metamaterial design (Fig.11b). We found that
by increasing the number of turns of the spiral
meta-atom, the bandwidth of the AT effect is
broadened dramatically from 60 nm for 1-turn
structure to more than 940 nm ranging from
965 nm to 1905 nm is realized for multi-turn
structure (Fig.11c).
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Figll. (a) [MHlustration of transmission and polarization
conversion of circularly polarized light. Incident circularly
polarized light partially directly transmit remaining the same
handedness and partially convert to the opposite handed
component. (b)Design of the gold G-shaped chiral metamaterial
suspended in air. (c)The total transmission and transmission
asymmetry for RCP light with increasing number of circles in
one unit cell. Grey (Red online) and black (black online) curves
correspond, respectively, to propagating directions along -z and

+Z.
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Figl2. (a) Sketch of the optically bistable device. (b)
Transmission (initially decreasing curve, blue) and reflection
(initially increasing, red) calculated using the FDTD (dots) and
the TMM (full lines). (c) Distribution of |Ey| calculated using
the FDTD at 1550 nm and Comparison between |E,| calculated
by the TMM and FDTD along x. (d) Bistability loops calculated
by the FDTD (blue open circles) and E=0:862Ey (blue line) for
L1=240 nm.
Traditional all-optical devices have two
main drawbacks: large scale and relatively

' {H! operational light intensity, which prevent
- pr p&cal applications. We present a bistable

device consisting of a Bragg grating resonator
with a Kerr medium sandwiched between two
dielectric slab waveguides. The resonator is
situated in a nanometer-scaled metal-
insulator—metal plasmonic waveguide. Due to
the dimensional confinement from the
dielectric waveguide to the nanoscaled
plasmonic waveguide, electric fields are
enhanced greatly, which will further reduce
the threshold value. Moreover, a semi-analytic
method, based on the impedance theory and
the transfer matrix method, is developed to
study the transmission and reflection spectra
as well as the bistability loop of such a switch.
Our method is fast and accurate, as confirmed
by the finite-difference  time-domain
simulation.
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We propose a novel type of nano-scaled
Tamm states for light enhancement by
introducing a Bragg reflector (BR) in a
(MIM)
waveguide, which we call plasmonic Tamm
states (PTSs). Due to PTS effects, fields can
be enhanced for a second time at the terminal
side of the MIM BR on the basis of the
dimension confinement. The enhancement of
IE[? is up to 1050-fold for light of 1550 nm, as
shown in our 2D focusing configuration.
Structural design and optimizations are
performed by an impedance-based transfer
matrix method and are further confirmed by a

nanoscaled  metal-insulator-metal
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Figl3. (a) 2D coupling configuration. (b) Comparison of
reflection spectra calculated by TMM [N = 4 (dash-dot line), 6
(dashed line), and 8 (solid line)] and by FEM [N = 4 (open
circle), 6 (open diamond), and 8 (open rectangle)]. The
reflection reaches a minimum of 1.4% for N =6 at 1550 nm. (c)
Distribution of the Sx along the central axis. Maximum
enhancement factor is 110. (d) Distribution of [Ef along the
central axis. Maximum enhancement factor is 1050. It should be
noted that the Ohmic loss is considered in the simulation, which

is not obvious, especially in the logarithmic co-ordinate.
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We bring a design of nanostructure
composed of a metallic nanosphere pair and a
rectangle nanoaperture, which can
dramatically enhance the localized optical
itggar {leld up to 2100 times larger than the

“incident optical field. When the composite

' ructure are periodically arranged, the
n;:e pe “can be varied from 560 nm to

760 nm and the electric field enhancement is
about 37 percent larger than that of single
composite nanostructure. We attribute these
phenomena to two-step confinement of the
optical electric field and the coupling effect of
the  composite nanostructures. Both
enhancement factors of single and periodic
composite nanostructures are sufficient for
single molecule detection.

14, B b
Fig14. A sketch of periodic NSNAs from different perspectives.

iR .

The width of the nanoaperture is w2, the diameter of nanosphere
is 50 nm, the height of nanoaperture is h. (a) The front view, wl
=400 nm, w2 is tunable, h = 160 nm. (b) The side view, I1 =
650 nm, 12 = 292 nm.
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for non-periodic nanosphere pair and NSNA. The geometrical
parameters of non-periodic NSNA are same as periodic NSNAs,
and the diameter of each nanosphere is still 50 nm. (b)
Calculated /E/ spectra in the center point of the gap for periodic

nanosphere pairs and NSNAs.
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Fig16. (a) Calculated /E/ spectra in the center point of the gap
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Figl7. (a)The transmission spectra of the plasmonic structure
with L =220 nm, H = 760 nm, D = 50 nm and AH = 0 (black
line); AH = 10 nm (red line); AH = 20 nm (blue line). (b)The
normalized z-direction magnetic field (H)z in the structure with
L =220 nm, H= 760 nm, D =50 nm and AH =20 nm: (i) FR 1
at 735 nm, (ii) FR 2 at 783 nm. (c)-(e) The distribution of the
normalized z-direction magnetic field (H)z of the eigenmodes
TM1,0 mode at 735 nm,TM0,3 mode at 783 nm and TMo_,
mode at 1082 nm respectively in the rectangular cavity with L =

220 nm, H =760 nm.
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Figl8. The dependence of tansmission on the structure
parameters. (a) Different L with fixed H = 760 nm, AH = 20 nm
and D = 50 nm; (b) different H with fixed L = 760 nm, AH = 20
nm and D = 50 nm. (c) and (d) The change curves of FOM of
FR 1 (black line) and FR 2 (red line) with the change of the

structure parameters, L and H respectively.

We reported an asymmetric plasmonic
structure composed of a MIM
(metal-insulator-metal) waveguide and a
rectangular cavity, which can support double
Fano resonances originating from two
different mechanisms. One of Fano resonance
originates from the interference between a
horizontal and a vertical resonance in the
rectangular cavity. And the other is induced by
the asymmetry of the plasmonic structure. Just
because the double Fano resonances originate
from two different mechanisms, each Fano
resonance can be well tuned independently by
changing the parameters of the rectangular
cavity. And during the tuning process, the
FOMs (figure of merit) of both the Fano
resonances can keep unchanged almost with
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large values, both larger than 650. Such, the
transmission spectra of the plasmonic
structure can be well modulated to form
transmission window with the position and the
full width at half maximum (FWHM) can be
tuned freely, which is wuseful for the
applications in sensors, nonlinear and
slow-light devices.
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Fig19. The transmission spectra of the split-ring resonator with

different split angles.

A nanoscale resonator composed of two
metal-insulator-metal (MIM) waveguides and
a split ring is investigated numerically. The
multipolar plasmonic resonance modes can be
excited, weakened, or even cut off by
adjusting. the split angle. These novel

' " omena are due to the electric polarization
'S

split area., Odd modes exhibit when the

electric field is polarized perpendicular to the
split. The resonator acts as a LC circuit for the
electric field polarized parallel to the split, in
which even modes are excited. The
capacitance diminished when the split depth is
increased, and the resonance wavelengths of
even modes exhibit blue shift. Our results
imply an extensive potential for tunable
multichannel filters and biosensor devices in
integrated nano-optics.

Split at 60° Split at 90°
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Fig20. The normalized field distributions of |Hy | at different
split angels with mode number M: (a) - (e)M =1,(f) - () M =2,
(k) - (0) M= 3 and (p) - (t) M= 4, respectively.
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We find the effect of hybrid plasmon
modes reversion in  metal multilayer
nanoshells. The plasmon hybridization theory
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Fig21. (a) Mid-sectional view of the Au-silica-Au multilayer
nanoshells. (b) Schematic of energy diagram of the inner Au
core and outer Au shell, representing plasmon hybridization.
The dashed line indicates the coupling modes under enhanced
interaction between the Au core and Au shell. (c) Schematic of
the charge distribution of the coupling modes in the
Au-silica-Au multilayer nanoshells according to the plasmon
hybridization. (d), (¢) and (f) Schematic of the charge

interaction between the Au core and the Au shell in the

oz) - Jor)

Au -silica-Au multilayer nanoshells.
/

‘coj) plasmon modes of

is W|dely used to study the plasmon response
nostructures We study the
ridization picture of the

Gold-Silica-Gold multilayer nanoshells from
the viewpoint of the optical extinction
spectrum and the charge density distribution.
We find that reducing the distance between the
Au core and Au shell causes the conversion
from ‘wj> to ‘a):_> modes of the high energy
extinction peak. According to our opinion, it is
because the increased plasmon interaction
between the Au core and the Au shell induces
the energy reversion of the ‘a)j> and ‘a);>
plasmon modes. The interesting contrary shift
effect of the high energy extinction peaks with
different dielectric constant of the middle
silica shell and outer surrounding is well
explained by the ‘a):_> modes. The energy
reversion of hybrid plasmon modes we
reported would give new insight into the
plasmon hybridization theory. Moreover, our
study could offer a modified way basing on
the charge interaction analysis, which is
necessary supplement to the plasmon
hybridization theory, for studying plasmon
responses in optical
nanostructures.
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We studied the optical properties of the

spectrum of metal

gold-silica-gold multilayer nanoshells with
dual symmetry breaking. In this study, the
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optical properties induced by dual symmetry
breaking including both shell cutting and core
offsetting in the gold-silica-gold multilayer
nanoshells have been studied by the discrete
dipole approximation simulations and the
plasmon hybridization theory. The influences
of the incident polarization and geometrical
parameters on the plasmon resonances of this
dual-symmetry-breaking Au-silica-Au
multilayer ~ nanoshells  (DSMNS)  are
investigated. Under the combined effect of the
two types of symmetry breaking, it is found
that the polarization dependent multiple
plasmon resonances can be induced in the
DSMNS. By changing the polarization of 90°,
the switching of the two transparency
windows can be flexibly adjusted in the
DSMNS with different types of Au core
offsetting.  This  polarization  controlled
transparency is likely to generate a wide range
of photonic applications such as filters and
color displays. Furthermore, the local
refractive index sensitivity of the DSMNS is
also investigated, and the triple extinction
peaks simultaneous shift is found as the
surrounding medium changed, which suggests
the potential
Sensors.

applications for biological
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Fig23. (a) Extinction spectra of the RTSRI cavity with L=180
nm. The black and red lines are the spectra when the
polarization is along the x and y axes, respectively. (b)—(g) The
electric field enhancement and current density vector
distribution. The maximum field enhancement is indicated

above each plot.
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Fig24. Evolution of the extinction spectra of the RTSR-I cavity
versus the side length L of the RT for the incident polarization

along the (a) x axis and (b) y axis.

The extinction properties of a plasmonic
nanocavity consisting of a regular triangle
embedded in a split ring (RTSR) plasmonic
nanostructure have been investigated. Due to
symmetry breaking of the RTSR cavity, we
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Fig25. Extinction spectra (a) and the electric field enhancement
(IEl) and current density vector distribution (b)-(g) of the
RTSRII with L=180 nm. The details of the figures are listed in

the text.
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Fig26. Evolution of the extinction spectra of the RTSR-II cavity

versus the side length L of the RT for the incident polarization

along the (a) x axis and (b) y axis.
find that the extinction properties of the RTSR
cavity are highly sensitive to the polarization
of the incident light, resulting in strong Fano
resonances. The Fano resonances originate
from strong coupling between the regular
triangle and the split ring. It is found that the
size and relative orientation of the regular
triangle are crucial parameters for the Fano
resonance since these parameters finely
control the strength of the electromagnetic
coupling and the effective capacitance of the
metallic gap region. By using combinations of
different symmetrical nanostructures we can
actively modulate the Fano resonance spectra
in a

polarization  dependent  manner.

Calculation results show that bulk refractive

~index sensitivities exceeding 800 nm/RIU,

‘with a figure of merit exceeding 6.8 in the
;infrared,,‘are obtained with the RTSR
ig/. These properties give the RTSR cavity

potential applications
switches and sensing.
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Fig27. Structural geometry and simulated optical properties of
the metamaterial. (a) The schematic illustration of the planar
metamaterial cell and the incident light polarization. R (=100
nm) denotes the radius, H (=30 nm) is the thickness, W is the
width and L is the side length. (b) The transmission spectra of
the RT array (green line) with L = 160 nm and the ring array
(blue line) with W= 30 nm. The insets show the charge density
distributions at the dips. (c) The transmission spectra of our
metamaterial array (L = 160 nm and W= 30 nm) under
polarization angle 6=0< (d)-(g) The corresponding charge
density distributions of the transmission peak and dips at 605,

665, 730 and 1275 nm in figure 23(c).

We  demonstrate  plasmonic-induced
optical transparency (PIT) in a planar
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remain stable with respect to the incident
polarization, showing polarization
insensitivity to the incident wave. The
transmission efficiency of the PIT peak for
different polarizations can be maintained at
greater than 95.77% with a fluctuation range
of 0.01% in our calculation accuracy.
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Fig28. The transmission spectra for (a) the planar metamaterial

and (b) the RT array at a different polarization angle 6. The

inset shows the transmission spectra around 669 nm.
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a different length L at polarization angle 6 = 0° and (b) with a
different polarization angle 0 at length L = 150 nm. The inset

shows the transmission spectra around 661 nm.
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Fig30. Transmission spectra of the planar metamaterial (a) with
a different width W at polarization angle 6 = 0° and (b) with
different polarization angle 0 at width W= 40 nm.
metamaterial consisting of a metallic regular
triangle (RT) embedded in a ring
nanostructure. The interference between the
bright dipole mode of the RT and the dark
quadrupole mode of the ring leads to the
q;nergence of a transparent window in the
visible regime. By combining nanostructures

! i |fferen egrees of symmetry, the PIT
|55|on

ropertles of our metamaterial

Fig31. The transmission spectra for the RT array with L = 180
nm (a) and the SR array (b). The transmission spectra for the
RTSR metamaterials (c) with L = 180 nm. (d) The charge
density distributions of the transmission peak or dip with
wavelength less than 850 nm in the Figure 2(c). The black line

and red line correspond to 6 = 0° and 90°, respectively.

K32, (a) BMEHEARRIRMAM0 B 90° R HIZEH HiZk.
(b) IE=MIBAEARFIL KT A 5

Fig32. (a) The transmission spectra for the RTSR metamaterials

with L = 180 nm at different polarization angle 6 from 0° to 90°.
(b) The transmission spectra for the RT array with the incident

polarization angle 6 = 0° and L range from 130 to 180 nm.
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Fig33. The transmission spectra of the RTSR metamaterials at

different L excited by incident light with the polarization angle

0 = 0° (left column) and 90° (right column).
We have investigated an analog of

electromagnetically induced transparency
(EIT) in planar metamaterials by a metallic
regular triangle (RT) embedded in split ring
(SR) nanostructure. It is demonstrated that,
depending on the different coupling ways
between the RT and the SR, the EIT-like
spectral response can be actively modulated
by simply adjusting the incident light
polarization angle. Based on this observation,
an on-to-off active modulation of the EIT-like
transparency window can be realized, and it
can serve as the base for an optical switching
with the switching efficiency exceeding 95%.
The size of the RT finely controls the coupling
strength between the RT and the SR. It is
shown that the EIT-like transparency window
can be enhanced or suppressed by adjusting
the size of the RT, which shows the big
"’ C lation to the EIT-like spectral response.
,.Fuﬁ lermore, the transmission spectra show

potential applications in sensing due to high
sensitivity of about 600 nm/RIU with figure of
merit exceeding 36 to the surrounding
environment.
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Fig34. Splitting dynamics of a light beam with different wavelengths
in the same setting of the tri-core photonic lattices.

We report on theoretical investigations of
beam control in one-dimensional tri-core
photonic lattices (PLs). Linear splitting is
illustrated in tri-core PLs; the effect of defect
strength on the splitting is discussed in depth
for single-wavelength light. We reveal that
splitting disappears when the defect strength
trends to zero, while reoccurring under
nonlinearity. Multi-color splitting and active
control are also proposed in such photonic
structures.
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Fig35. Experimental results showing the transverse intensity
patterns captured at different propagation distances for 2D Airy

beams with different initial angles between the two wings.

We study both numerically and
experimentally ~ the  acceleration  and
propagation dynamics of 2D Airy beams with
arbitrary initial angles between their “two
wings.” Our results show that the acceleration
of these generalized 2D Airy beams strongly
depends on the initial angles and cannot be
simply described by the vector superposition
principle (except for the normal case of a 90°
angle). However, as a result of the
“Hyperbolic umbilic” catastrophe (a two-layer
caustic), the main lobes of these 2D Airy
beams still propagate along parabolic
trajectories even though they become highly
deformed. Under such conditions, the peak
intensity (leading energy flow) of the 2D Airy
beams cannot be confined along the main lobe,
in contrast to the normal 90 “case. Instead, it is
found that there are two parabolic trajectories
describing the beam propagation: one for the
main lobe, and the other for the peak intensity.
! ’Bt]h trajectories can be readily controlled by
var‘y ng the initial wing angle. Due to their

self-healing property, these beams tend to
evolve into the well-known 1D or 2D Airy
patterns after a certain propagation distance.
The theoretical analysis corroborates our
experimental observations, and explains
clearly why the acceleration of deformed Airy
beams increases with the opening of the initial
wing angle.
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Fig36. Transverse positions of the output beam at different input
tilts. (a) is the case for a uniform periodic waveguide array, and
(b) is the case for a width-disordered waveguide array,
respectively.

We have studied the anomalous light
refraction behavior at the entrance surface of
the disordered one-dimensional waveguide
arrays. By introducing the lattice disorder into
the uniform periodic waveguide arrays,
anomalous refractive behaviors can be
observed (as shown in Fig. 32). The results
show that the light will always be confined
tightly around and propagate along the
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initially exciting waveguides when the
transverse wave vector components of the
incident light are within the first Brillouin
zone of the waveguide array. This is due to the
fact that the transverse propagation velocities
of the eigenmodes in the first band are
dramatically suppressed. This also provides an
effective way to couple and collimate a
diverging light beam into a disordered
waveguide array.
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Fig37. (a) is the experimental setup for lensless imaging based

on coherent backscattering from random medium. (b) is the
direct normalized image profile for an object 2", and (c) is the
image formed by performing the 8th-order intensity correlation
measurement on the image plane, respectively.
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We studied the lensless imaging technique
{b‘& on coherent backscattering in random
. ,,m!ed m both theoretically and experimentally

(as shown in Fig. 33(a)). The corresponding
point spread function of such imaging system
has been derived. By optimizing various
parameters, such as the volume fraction of the
scatterer in the random scattering medium, the
diameter of the scatterer, the distance between
the object to be imaged and the surface of the
random scattering medium, the image contrast
and resolution can be improved. Moreover, for
complicated objects, high contrast and quality
images can be achieved through the high-order
intensity correlation measurement on the
image plane (as shown in Fig. 33(c)), and we
theoretically and experimentally demonstrated
that the imaging system is linear with the
high-order intensity correlation measurement
for complicated objects.
(4) EREREABA

Detection technology using fs laser

pulses
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A wavelength swapping nondegenerate

pump-probe technique to measure the
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magnitudes of the nonlinear optical dynamics
as well as the relaxation time of electrons in
high energy levels is presented using a ZnS
single crystal wafer as an example. By
pumping the sample with 800 nm femtosecond
pulses and probing at 400 nm, nondegenerate
two-photon absorption (N-2PA) happens
exclusively, and the measured curves only
show instantaneous features without relaxation
tails. The N-2PA coefficient was derived
explicitly as 7.52 cm/GW. Additionally, when
the wavelengths of the pump and probe beams
are swapped, extra information about the
relaxation time of the hot electrons excited in
the conduction band is obtained. The
combined results above are helpful for
evaluating the characteristics of an optical
switches based on ZnS or other materials with
respect to its nonlinear optical dynamic aspect.
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Fig38. (a) The N-2PA process involved in the configuration of pumping at
800 nm and probing at 400 nm. (b) Differential transmittance change of the
probe (400 nm) in ZnS. Blue dashed curve is the fit of experimental data. The

inset shows autocorrelation trace of the fundamental 800 nm pulses.
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Fig39. (a) Schematic representation of the transitions involved in N-2PA,

D-2PA, in addition the free-carrier absorption from subband 1 to subband 2
unger 800_n1n light is shown. (b) Relative nonlinear transmission to the linear
tlra\]smittance (ATIT) versus time delay under excitation at 400 nm and
probin’ wr m. The blue dashed line is a mono-exponential fit of the
relaxatloItau:’ :ginset gives the details near the zero delay time.
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Fig40. (a) WLC reference spectrum generated in water and Kerr
lens gated WLC spectra by IR pump with polarization parallel or
perpendicular to the WLC probe for FS plate at Z- or Z +
respectively. (b) Normalized transmission spectra of (a). (c) Closed
aperture Z-scan signal of the IR pump at 800nm and the probe at
480nm.
A convenient polarization independent,

broadband  femtosecond optical  gating

technique utilizing transient Kerr lens effect is
demonstrated by measuring the chirp structure
of linearly polarized or non-polarized white
light continuum generated in water and a
photonic  crystal  fiber,  respectively.
Comparing with previous time-resolved
spectroscopic techniques, this Kerr lens gating
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method is not limited by the requirement of
specific nonlinear media with broadband
response, critical phase-matching conditions,
and especially the pump-probe polarization
relationship. By replacing the white light
continuum with other broadband light signals
of interest, this method can be exploited in
other femtosecond time-resolved spectroscopy;,
e.g., femtosecond photoluminescence.

B RERMDG IR p il i — AR
JGHE FE/RA T P 35 3 e R BB I, IR
WAL IR T H) 2= K AEBES Im AT, SEUE
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AN 5 B -G R R I R R S5 A
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AN AT £ o o 45 31 1 ik — 2P 4 R
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Fig4l. Direct imaging of the transient beam deflection of the
single color probe. (a) Initial profile of the probe; (b) distorted
beam profile of the probe due to beam deflection for an average
pump power at 0.8 mW; (c) illustration of the deflection
mechanism using side view picture of the pump (red) and probe
(yellow); (d) intensity profile of the probe in (c) with (blue
dashed line) and without (black solid line) deflection effect.
A simple but robust ultra-broadband
femtosecond optical gating method utilizing
' "t?.‘ jent. beam  deflection effect s
; ,‘de;istrated with direct CCD imaging of the

distorted single-color probe and the
measurement of the chirp structure of a white
light continuum generated from a CaF2 plate.
The non-collinear configured beam deflection
gating technique not only preserves all the
advantages of the previous optical Kerr lens
based gating methods, such as having no
phase matching conditions, little dependence
on probe intensity or special nonlinear media,
and no requirements on the pump-probe
polarization relationship, but it also extends
the measurable probe bandwidth. Meanwhile,
it is also proved that the current gating
technique is easy-aligned, free from the
influence of the pump-probe pulse-front
mismatch and the probe beam profile, which is
much convenient for the characterization of
ultra-broadband  light pulses in the
applications of ultrafast spectroscopy.
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Fig42. Fluorescence data for osteoblast cells stained at different
loading and de-esterification temperatures. Representative
fluorescence images of Fluo-3 and NAD(P)H. Osteoblast cells
were loaded for 20 min at 4°C, 20°C and 37°C, respectively.
Then they were de-esterified at for 30 min at 20°C or 37°C,
respectively. The images of NADPH (blue) always exhibited dark

nuclear area.

Fluo-3, a potent calcium indicator, has
been extensively used to study intracellular
calcium in various cell types in vitro. There
are two conventional methods for staining: (1)
direct injection and (2) Fluo-3 acetoxymethyl
ester (AM) loading. AM-loaded cells usually
show a darker fluorescence in nucleus than in
cytoplasm, while direct injection always
results in a brighter nucleus which is more
responsive to nuclear calcium. Considering the
disadvantages of direct injection, like cell
damage, time waste, and operation complexity,
it is necessary to develop a new method of
"FW‘U)FS AM staining to acquire a brighter
.‘nuf:lzeus without such problem as encountered

in the direct injection. In the present work, we
mainly focused on the staining effects of
loading and de-esterification temperatures on
the fluorescence intensity of Fluo-3 in
response to [Ca’'], and [Ca*']. in adherent
cells, including osteoblast, HeLa and BV2
cells. Fortunately, we found that cold loading
(4°C) and room temperature de-esterification
(20 'C ) definitely induced a brighter
fluorescence in nucleus than in cytoplasm in
osteoblast cells. Brighter nuclei were also
obtained HelLa and BV2 cells with the same
experimental condition. Besides, loading time
had effect on fluorescence intensity.
Furthermore, we found that the method was
suitable for strongly adherent cells but not for
weekly adherent cells, indicating dependence
on cell adhesion quality. Finally, the results
can be explained in the framework of a
qualitative model considering a competition
between diffusion, de-esterification and
organic anion-driven transport processes.
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Fig43. Menthol decreased the survival of synoviocytes.

72 h B8

Synoviocytes were stimulated by menthol (100, 500, 1000 M)
for 24, 48 and 72 h, respectively.

Rheumatoid  arthritis  (RA) is an
autoimmune and chronic disease characterized
by inflammatory synovitis, leading eventually
to cartilage and bone destruction. Transient
receptor potential melastatin (TRPM) channels,
the largest subfamily of TRP class, perform
diverse functions ranging from detection of
cold, osmolarity, redox state and cell
proliferation or death. In the present study, it
was observed that menthol, the specific
agonist of transient receptor potential
melastatin subtype 8 (TRPM8), could induce
sustained increases of cytosolic calcium
concentration  ([Ca®*]) in  synoviocytes
isolated from collagen-induced arthritis rats in

% dose-dependent manner, which was evidently
. blocked by applying an extracellular Ca**-free
"'\ buffer. Besides, RT-PCR indeed demonstrated

- ' ce of &I’ RPM8 in the synoviocytes.
™ e,
d while, it was found that menthol evoked

intracellular reactive oxygen species (ROS)
production. Further experiments showed that
menthol reduced the cell numbers and survival
of synoviocytes. This reduction was associated
with apoptosis as suggested by mitochondrial
membrane depolarization, nuclear
condensation and a caspase 3/7 apoptotic
assay. Taken together, our data indicated that
menthol resulted in synoviocyte death
associated with apoptosis via calcium entry
and ROS production depending on TRPM8
activation. Our findings in this work could
provide some cellular basis for the
anti-inflammatory utility of menthol, and may
facilitate the development of new therapeutic
drugs against RA targeting TRPMS receptors.
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In bone microenvironment, the resorption
of osteoclasts results in a local accumulation
of extracellular calcium concentration ([Ca®'],)
which can stimulate osteoblastic proliferation
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and promote bone formation. However, the
intracellular signaling activated by
extracellular Ca®* in osteoblasts is not clear. In
many cell types, the store operated calcium
entry (SOCE) plays critical roles in regulating
cell proliferation through inducing sustained
increases in cytosolic Ca*" concentration
([Ca®*]). Thus, in the present work, we
examined whether elevating [Ca®], can
induce [Ca*"]. increase in osteoblasts, then
investigated the mechanisms underlying this
[Ca®']. increase, and finally tested the
contribution of [Ca®']-induced SOCE in
osteoblastic proliferation. The significances of
this study are that we found that elevation of
[Ca*], triggered SOCE in osteoblasts, the
SOCE was dependent on the activation of
calcium-sensing  receptors (CaSR) and
phospholipase @~ C  (PLC), and the
CaSR/PLC-related SOCE activation
contributed to  high  [Ca®*].-induced
osteoblastic proliferation. These findings
described in this manuscript could lead to new
insights in the mechanisms of osteoblastic
proliferation, and provide some cellular basis
for physiological regulation of bone
remodeling.
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Fig44. Elevated [Ca®], resulted in [Ca®']. increases in rat
calvarial osteoblasts. (A) Representative tracings of [Ca®'].
responses induced by [Ca*'], at 0, 1, 2, 3, 5, 10 and 20 mM,
respectively. (B) The statistic peak values of increase in
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In this field, we mainly focused on the
preparation of rare earth luminescent materials,
the research of their mechanisms of
luminescence and their applications, applied
spectroscopy and spectral instrument. Some
representative results are as follows:
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Figl. The absorption spectra of (a) Mn®/Sm** co-doped samples

and (b) energy level diagrams of Sm** and Mn*".
Transparent Mn?, sm*, Mn*/Sm**

co-doped phosphate glasses for greenhouses
have been feasibly prepared through high
temperature melting method. The absorption
and excitation spectra have been investigated.
Based on the above spectra, the energy
transfer from Mn®* to Sm*" have been
~“assumed. By monitored at 597 nm, the
excitation range for the co-doped samples is
br bened from 300 nm to 560 nm in the case
“o*'c@mblnmg Sm** and Mn®* together. The

broad excitation range for the Mn®*/Sm**
co-doped phosphate glasses can significantly
help to turn more useless photons which are
useless for plant photosynthesis in solar
spectra to red—orange scope.
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Fig2. The excitation spectra of Mn2+ single doped, Sm3+
single doped and MS4 (marked as Ex597Mn, Ex597Sm and
Ex597MS4, respectively) monitored at 597 nm.
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Fig2. (a) The emission spectra of Mn*" single doped (excited
by 408 nm) and MS4 (excited by 400 nm) phosphate glass; the
inset is real photos of MS4: the MS4-1 is taken inside the room
without direct sunrays and the MS4-2 is taken under sunlight.
(b) Emission peak intensity dependence on the concentration
of Sm%. (c) Absorption spectra of chlorophyll a and
chlorophyll b. (d) Schematic diagram of solar conversion with
Mn2+/Sm3+ co-doped glass in greenhouses.
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SREEAIRRM IR R, MR a fiaER
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In comparison to emission spectra of
Mn®*, Mn*/Sm®", we can clearly observe that
the intensity has been greatly enhanced. More
significantly, the emission range of Mn?*/Sm**
codoped sample, namely, 590nm-680nm,
matches well with the absorption spectra of
chlorophyll a and chlorophyll b. This higher
luminescent efficiency will be helpful to
promote the utilization of sunlight in
greenhouses.
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Fig4. The orange to red ratio dependence on the concentration of
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From the emission spectra of all
Mn?*/Sm** co-doped samples, the orange/red
emission ratio change regulation with the
Sm*®* concentration has been calculated to
investigate light quality variation for different
plants. All of the results are shown in Fig. 4.
We can observe that orange/red
decreases with Sm*" concentration increasing
and the result of MS1, MS2, MS3, MS4, MS5
is  0.7374: 0.7219: 0.7199: 0.6891:0.6747.
This result commendably acts in cooperation

ifthe energy transfer efficiency. Another

‘ m ation is that the absolute value of total

ratio

orange or red emission shows the same
regulation with peak intensity. So we can draw
a conclusion that we can easily adjust total
emission amount and the light quality
(orange/red) by changing doping amount and
ratio of Sm**/Mn?*.
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Fig5. Upconversion fluorescence spectra of 700 ‘C and 800 'C

annealed samples under 975nm excitation.

Er¥*-Yb®* rare earth ions co-doped
Y,Ti,O; luminescent materials have been
prepared by sol-gel method and investigated
the influences of luminescence in various
annealing temperature. Fig. 5 depicts the
upconversion emissions spectra of the samples
annealed at 700 ‘C and 800 °C under 975 nm
LD excitation. The green and the red
fluorescence emissions originate from the
inner 4f-4f electronic transitions of the Er’*
ions. The green UC emission band at 525-546
nm corresponds to the transitions of Er®":
Hy1/*S132—" 11512, and the red UC emission
band corresponding to the transition of
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*Foo—"l15» ranges from 620 nm to 720 nm.
As Fig. 5 shows, it is obvious that the red UC

emission band of the sample annealed at 800 ‘C

splits into two main bands which peaked at
659 nm and 677 nm on account of the
presence of nanocrystalline. Similarly, the
green UC emission corresponding to
*S130—"l15, also splits in contrast to the
amorphous sample. The intensity of red
fluorescence emission is much stronger than
that of the two green emissions.Furthermore,
the intensity of red UC emission of the 800 C
annealed sample is about 25 times as strong as
that of the 700 °C annealed amorphous
sample.
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Fig6. Near-infrared emission spectra of 700°C and 800°C

annealed samples under 975nm excitation.

As pictured in Fig. 6, the broad
near-infrared band peaks at 1528 nm in the
range of 1450 nm-1650 nm which originates
from the transition of “S;3p—*li5, of Er*
ions. Similar as the UC emissions, the
intensity of NIR emission of the sample
annealed at 800 C is about 20 times stronger
than that of the sample annealed at 700°C.
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Fig7. (Left)Log-log plots of the upconversion emission intensity vs. the
excitation power for the ErttYp® co-doped Y,Ti,O7 nanocrystals under
975nm LD excitation; (Right) The pump power dependence of the NIR
emission intensity of the nanocrystals samples annealed at 800°C under

975 nm LD excitation.

Left of Fig. 7 shows the double
logarithmic graph of the sample annealed at
800°C for the dependence of green and red UC
emissions integrated intensity on pump power
with 975 nm LD excitation. According to the
formula: 1y, o< P, where I, is the UC
emission intensity, P is the pump laser power,
and m denotes the number of laser photons
absorbed when emitting an UC photon, and
the above analysis, the green and red UC
emissions should be two-photon processes,
therefore, the m values should be close to 2.
However, in left of Fig. 7, the slopes of green
and red emissions are 1.68 and 1.17 at low
pump power; but under relatively higher pump
power, they abnormally drop to 0.99 and 0.90,
respectively, which means that the green
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emissions vary from two-photon processes to
one-photon process, and the *Fopp level is also
undergoing change. Right picture of Fig. 7
indicates the “li, energy level has reached
saturation when the pump power is about
180mW.

We developed a theoretical model of
Er¥*/Yb®* co-doped system to have a deep
understanding of the power dependence
behavior of UC and NIR luminescence and the
saturation of the *l;3, level, which match well
with our experimental results.
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AT 9.4-16nm Z [A]. KH MEMS 555
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ML &L A At 7K A 38 3 40 70 3 5 SCHRAH 75

Long  Wavelength  Near Infrared
spectrometer  has  wide  applications.
Miniaturization and low-cost are two major
goals of the development of LW-NIR
spectrometer in the industrial or research
community. Under the background that having
a trend of spectrometer miniaturization and
integration, method and main problems
~involved in miniaturization of LW-NIR
spectrometer through MEMS scanning mirror,
'{STj as the design strategy of the
: ,‘ligz:l.iisplitting - optical  system, selection

considerations of the MEMS scanning mirror,
design method of the preamplifier circuit, etc,
have been presented in detail. A prototype of
miniaturized LW-NIR spectrometer, with the
spectrum range of detection of 900 t02055nm,
is designed and implemented using MEMS
scanning mirror, InGaAs single detector unit
with high sensitivity. Littrow optical layout is
used for its light-splitting optical system, and
the spectral resolution is between 9.4 to 16nm
at 1000 to 1965nm detection wavelength range.
The prototype is successfully applied in
LW-NIR spectrum measurement on pure
water and ethanol aqueous solution, and a
forecast analysis on ethanol aqueous solution
concentration is also demonstrated. Through
adopting MEMS scanning mirror into the
spectrometer system, the complexity of the
mechanical scanning fixtures and its
controlling mechanism is greatly reduced
therefore the size of the spectrometer is
reduced. Furthermore, due to MEMS scanning
mirror technology, LW-NIR spectrometer
with single InGaAs detector is achieved, thus
the cost reduction of the NIR spectrometer
system is also realized because the expensive
InGaAs arrays are avoided.

8. MALE AN SCR LSRR 2 SOLR I R .

Fig8.  Optical layout schematic of the spectrometer (including

fiber 1, focusing mirror 2, MEMS scanning mirror 3, grating

4, reflector 5, slit 6, detector 7).
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In order to solve the problem that CCDs
cannot measure the full spectral range in a
single measurement, we propose a new
wavelength-fitting algorithm that combines
the polynomial algorithm applied to the fixed
grating with grating equation without CCD or
spectrum assembling. Both the grating rotating
angle and pixel coordinate of the CCD are
» written in our wavelength-fitting function.
~ With the calibration of the 576.96 and 579.07
R nm ‘rhércury spectral line, we can determine

e !I\M/avelengg; error of 576.96 nm is between
! | ] b e
" '

0.002 and 0.1 nm and wavelength error of
579.07 nm is between 0.006 and 0.06 nm. The
calculation results show that the new
algorithm can gain more precise wavelength
accuracy without a complex assembling
operation.

-
grating 7
Incident light ‘ control Feny '
B
El11. WX RGOS .
Figl1. Optical system for data acquisition, 1. mercury lamb,
2 and 8. tunable slit, 3 and 7. planar mirror, 4 and 6. concave

mirror, 5. grating, 9. CCD.
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He3% % K B F /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.
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4.

As a series of applications of vector
optical fields are presented, it is still necessary
to enrich the family of vector fields. We
continued to design and generate new kinds of
vector optical fields without cylindrical
symmetry, and we want to find properties and
applications of them as well. These new vector
optical fields include parabolic-symmetry
vector optical fields, elliptic-symmetry vector
optical fields and so on.

Input
laser

SLM L1 SF+A/A L2

K 1. RERER ARG REE.

- Figl. Schematic for generating the vector optical fields.
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With the method for the generation of
vector fields presented in Fig. 1, we design
and generate the parabolic-symmetry vector
optical fields, as shown in Fig. 2. The intensity
of this kind of vector optical fields reminds the
same along certain parabolas. Fig. 3 shows an
intensity pattern of the tight focusing fields of
parabolic-symmetry vector optical fields, and
the total intensity pattern exhibits a flattop
sharp line with high figure of merit.
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Fig2. Parabolic-symmetry vector optical fields.
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Fig3. Intensity distributions of the tightly focused

parabolic-symmetry vector optical fields.
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Meanwhile, we design and generate a
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kind of vector optical fields with elliptical
symmetry of linear polarization, which breaks
the cylindrical symmetry of most vector
optical fields, as shown in Fig. 4. There is
more flexibility for this kind of vector fields,
and new tight focusing properties are found
with the help of new degree of freedom to
control the vector fields

Measured Simulated Total
x-component x-component Intensity

Simulated
y-component

Measured
y-component

K 4. MR IR RO .

Fig4. Elliptic-symmetry vector optical fields.
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Jingjun Xu, “Growth, structure, thermal properties and spectroscopic characteristics of
Nd**-doped KGdP40; crystal”, PLOS ONE 9(6), €100922 (2014). (IF=3.534)

L. Wu, M.Y. Ji, H. R. Wang, Y.F. Kong and Y. Zhang, “Site occupancy and
photoluminescence of Sm®*" in KSrs(BOs)s:Sm** phosphors”, Opt. Mater. Express 4(8),
1535-1544 (2014). (IF=2.923)

Shoujun Zheng, Yongfa Kong, Rong Zhang, Hongde Liu, Shaolin Chen, Ling Zhang, Shiguo
Liu, Romano Rupp and Jingjun Xu, “Green light direct writing of ferroelectric domains in
Mg-doped LiNbO3”, Opt. Mater. Express 4, 272-279 (2014). (IF=2.923)

Shuyan Zhu, Yuxiang Wang, Leiting Pan*, Shuang Yang, Yonglin Sun, Xinyu Wang and Fen
Hu, “Involvement of transient receptor potential melastatin-8 (TRPM8) in menthol-induced
calcium entry, ROS production and cell death in rheumatoid arthritis rat synovial
fibroblasts”, European Journal of Pharmacology 725, 1-9 (2014)

Guixian Meng, Leiting Pan*, Cunbo Li, Fen Hu, Xuechen Shi, Imshik Lee, Irena
Drevensek-Olenik, Xinzheng Zhang and Jingjun Xu, “Temperature-induced Labelling of
Fluo-3 AM Selectively Yields Brighter Nucleus in Adherent Cells”, Biochem. Biophys. Res.
Commun. 443, 888-893 (2014)

Yu-E Wu, Mengxin Ren*, Zhenhua Wang, Wenhua Li, Qiang Wu, Sanming Yi, Xinzheng
Zhang*, and Jingjun Xu, “Optical nonlinear dynamics in ZnS from femtosecond laser
pulses”, AIP Adv. 4, 057107 (2014)

Meng Wang, Chuang Wang, Ye Tian, Jianming Zhang, Chuanfei Guo, Xinzheng Zhang¥*,
Qian Liu*, "Study on optical and electric properties of ultrafine-grained indium films", Appl.
Surf. Sci. 296, 209-213, (2014)

Meng Wang, Ye Tian, Jianming Zhang, Chuanfei Guo, Xinzheng Zhang*, and Qian Liu*,
“Raman scattering in In/InOx core-shell structured nanoparticles”, Chin. Phys. B 23(8)
087803-4 (2014)

Wei Li, Wei Cui, Wenjie Zhang, Andreja Kastelic, Irena Drevensek-Olenik*, and Xinzheng
Zhang, "Characterisation of POLICRYPS structures assembled through a two-step process",
Liquid Crystals 41(9) 1315-1322 (2014)

Si-Min Li, Sheng-Xia Qian, Ling-Jun Kong, Zhi-Cheng Ren, Yongnan Li, Chenghou Tu and
Hui -Tian Wang, “An efficient and robust scheme for controlling the states of polarization in
a Sagnac interferometric configuration”, Europhysics Letters 105, 0295-5075 (2014).

Yue Pan, Yongnan Li, Zhi-Cheng Ren, Yu Si, Chenghou Tu and Hui-Tian Wang,
“Parabolic-symmetry vector optical fields and their tightly focusing properties”, Phys. Rev. A
89, 035801 (2014).

Ye Zhuo-Yi, Xia Shi-Qiang, Song Dao-Hong, TangLi Qin, and Lou Ci Bo, ”Beam control in
the tri-core photonic lattices,” Chinese Phyiscs B, 23(2): 024211 (2014)

Yuanmei Gao, Daohong Song , Shanshan Chu and Zhigang Chen, “Artificial graphene and
related photonic lattices generated with a simple method” , IEEE Photonics
Journal,6,2201806 (2014)

Jing Chen, Yudong Li, Zonggiang Chen, Jingyang Peng, Jun Qian, Jingjun Xu and Qian Sun.
“Tunable Resonances in the Plasmonic Split-Ring Resonator”, IEEE Photonics Journal, 6(3),
4800706 (2014).
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61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Jun Qian, Yudong Li, Jing Chen, Jingjun Xu, and Qian Sun, “Localized Hybrid Plasmon
Modes Reversion in Gold—Silica—Gold Multilayer Nanoshells” J. Phys. Chem. C, 118,
8581—8587 (2014).

Jun Qian, Zonggiang Chen, Wudeng Wang, Yudong Li, Jingjun Xu, Qian Sun, “Dual
Symmetry Breaking in Gold-Silica-Gold Multilayer Nanoshells” Plasmonics, 9,1361-1369
(2014).

Yiling Dou, Lei Xu, Bin Han, Fang Bo, Jingjun Xu, and Guoquan Zhang, “Quantum
correlation of path-entangled two-photon states in waveguide arrays with defects”, AIP
Advances 4, 047117 (2014)..

Lei Xu, Hao Yang, Peilong Hong, Fang Bo, Jingjun Xu, and Guoquan Zhang, "Lensless
imaging based on coherent backscattering in random media", AIP Advances 4, 087124 (2014)

D. Bin, W. Peng, L. Zhi-Bo, C. Xu-Dong, J. Wen-Shuai, X. Wei, X. Fei, and T. Jian-Guo,
"Large tunable optical absorption of CVD graphene under total internal reflection by strain
engineering,” Nanotechnology 25, 455707 (2014).

Wei-Guo Yan, Ji-Wei Qi, Zu-Bin Li,* Jian-Guo Tian,* "Fabrication and Optical Properties of
Au-Coated Polystyrene Nanosphere Arrays with Controlled Gaps,” Plasmonics, 9(3):
565-571 (2014).

Wei-Guo Yan,* Chun-Li Luo, Jian Zhao, Mei-Li Guo, Qing Ye, Zu-Bin Li, Jian-Guo Tian,*
Fabrication of Au nanoparticle composite TiO2 shell arrays by controlled decomposition of
polymer particles, Superlattices and Microstructures, 7, 371-377 (2014).

Huanhuan Zeng, Jin Wang, Qing Ye, Zhichao Deng, Jianchun Mei, Wenyuan Zhou,
Chunping Zhang, Jianguo Tian, “Study on the refractive index matching effect of ultrasound
on optical clearing of bio-tissues based on the derivative total reflection method”, Biomed.
Opt. Exp. 5(10), 3482-3493 (2014) .

Jin Wang, Qing Ye, Zhichao Deng, Wenyuan Zhou, Chunping Zhang, and Jianguo Tian,
“Refractive index as an indicator for non-homogeneous solid identification”, Rev. sci. intrum.
85, 016102(2014)

Zhi-Li Li, Wen-Yuan Zhou, Yan-Ge Liu, Min Yan, Jian-Guo Tian, “Simplified hollow-core
microstructural optical fiber laser with intense output and polarized radial emission,” Proc.
SPIE 8960, Laser Resonators, Microresonators, and Beam Control XVI, 89600K (4 March
2014);

Blaz Tasi¢, Ale§ Mrze, Miro Huski¢, Xinzheng Zhang, and Irena Drevensek-Olenik*,
“Alignment of MoS2 Nanotubes in a Photopolymerizable Liquid—Crystalline Material”, J.
Phys. Chem. C 118, 26396-26401, (2014). (5 H.547)

Peng Zhang, Yanlong Yu, Enjun Wang, Jingsheng Wang, Jianghong Yao and Yaan Cao*,
“Structure of nitrogen and zirconium co-doped titania with enhanced visible-light
photocatalytic activity”, ACS Appl. Mater. Interfaces 6, 4622-4629 (2014) (IF=5.900)

Yanlong Yu, Yue Tang, Jixiang Yuan, Qiang Wu, Wenjun Zheng and Yaan Cao¥*,
“ Fabrication of N-TiO,/InBOs heterostructures with enhanced isible photocatalytic
performance”, J. Phys. Chem. C 118, 13545-13551 (2014) (IF=4.835)

Yanlong Yu, Peng Zhang, Limei Guo, Zhandong Chen, Qiang Wu, Yihong Ding, Wenjun
Zheng and Yaan Cao*, “The design of TiO, nanostructures (nanoparticle, nanotube, and
nanosheet) and their photocatalytic activity”, J. Phys. Chem. C 118, 12727-12733 (2014)
(IF=4.835)

Yanlong Yu, Peng Zhang, Yuanjiang Kuang, Yihong Ding, Jianghong Yao, Jingjun Xu and

' ' " ;Yaan Cao*, “Adjustment and Control of Energy Levels for TiO,—N/ZrO,_4 Ny with Enhanced
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76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Visible Light Photocatalytic Activity”, J. Phys. Chem. C 118, 20982-20988 (2014)
(IF=4.835)

Bin Yu, Jianhua Deng, Bachui Li and An-Chang Shi, “Patchy nanoparticles self-assembled
from linear triblock copolymers under spherical confinement: a simulated annealing study”,
Soft Matter, 10(35), 6831-6843 (2014) (IF=4.151)

Dandan Zhao, Yanlong Yu, Huijin Long and Yaan Cao*, “Improved photocatalytic activity of
self-assemble TiO, nanobelts with Au nanoparticles”, Appl. Surf. Sci. 315, 247-251 (2014)
(IF=2.538)

Hui Guo, Hua Yu, Aiging Lao, Lifen Chang, Shaohua Gao, Haoxiong Zhang, Taojie Zhou
and Lijuan Zhao, “Investigation of sensitizer ions tunable-distribution in fluoride
nanoparticles for efficient accretive three-center energy transfer”, J. Appl. Phys. 116, 103503
(2014) (IF=2.185)

Wei Li, Di Wu, Yanlong Yu, Peng Zhang, Jing Yuan, Yonggiang Cao, Yaan Cao* and Jingjun
Xu, “Investigation on a novel ZnO/TiO,—B photocatalyst with enhanced visible
photocatalytic activity”, Physica E 58, 118-123 (2014) (IF=1.856)

L. Rebohle, Y. Berencén, M. Braun, B. Garrido, D. Hiller, B. Liu, J. M. RamTez, J. M. Sun,
R. Wutzler, M. Helm and W. Skorupa, ‘“Rare earth doped metal-oxide-semiconductor
structures: a promising material system or a dead end of optoelectronic evolution?”, ECS
Trans. 61(5), 175-185 (2014).

Tingting Wu, Lijuan Zhao, Zijian Lan, Lifen Chang, Yiming Li and Hua Yu, “modulation of
up- and down-conversion emission by Er** concentration in Er**/Yb*" co-doped oxyfluoride
glass ceramics”, Chin. J. Lumin. 2(35), 131-136 (2014)

R, EHEE* K@, WEE, KOIE, WREZE, “Z@EN T 00/ 5 4H i 555 5% %
i, AR S EBERE 41, 179-184 (2014)

WA, 1T, =ZEE, XIEM, &P, FEL KOIE*, “%iHSEgRERN o Ak
&S THEoTER”, #ERF 41(12) 1202011-5 (2014).

SRR, EPH, BRoRTR, 26, FRE, IV, “IMINEGA N B SR i
SRR AR R, N LA 4k,  43(8), 1895-1900(2014).

Mo, M7, HERE, A8 B im N /MR E RAE RS S0, 62205 % TR 22(4),
815-821(2014)

HHE, BERVRE, PUCER, 2R, BREM, &5, =RE, B, “ET MEMS
WK IR A Bt 5S2EL”, DB 5561808 34 (10), 2858-2862
(2014),

THE, TRE, T2, HUE, Hliw* “=4e6F4H1 In 52 Tio2 #ER I
FEAEATEPERIRE T 7, P34k 2% 4R, 30, 513-519 (2014) (1F=0.886)

WIb¥e, BAENME, =T%, W, K%, @AY BEEEUN RCRT T, R
SFEEAR 26(4), 1-5 (2014)

e, FAEH, INE, 1RIBE, KR, VPR, “HefRAE S AR S pR I = AT,
N LR 2AAR 43(4), 738-742 (2014 ).

MR

I

1." Guoquan Zhang, Dachong Song, Zhibo Liu, Mengxin Ren, Zhigang Chen, Jlanguo Tian,
"ﬁngjun Xu, Chapterl, English Version: “Recent progresses on weak-light nonlinear optics” in
fun

dvances'in'Nonlinear Optics, De Gruyter 978-3-11-030430-5 (2014).



http://pubs.rsc.org/en/content/articlelanding/2014/sm/c4sm00967c
http://pubs.rsc.org/en/content/articlelanding/2014/sm/c4sm00967c
http://epub.cnki.net/kns/popup/knetsearchNew.aspx?sdb=CJFQ&sfield=%e4%bd%9c%e8%80%85&skey=%e6%9e%97%e5%a6%99%e7%8e%b2&scode=
http://epub.cnki.net/kns/popup/knetsearchNew.aspx?sdb=CJFQ&sfield=%e4%bd%9c%e8%80%85&skey=%e8%b5%b5%e4%b8%bd%e5%a8%9f&scode=
http://epub.cnki.net/kns/popup/knetsearchNew.aspx?sdb=CJFQ&sfield=%e4%bd%9c%e8%80%85&skey=%e5%85%b0%e5%ad%90%e9%89%b4&scode=
http://epub.cnki.net/kns/popup/knetsearchNew.aspx?sdb=CJFQ&sfield=%e4%bd%9c%e8%80%85&skey=%e5%b8%b8%e4%b8%bd%e8%8a%ac&scode=
http://epub.cnki.net/kns/popup/knetsearchNew.aspx?sdb=CJFQ&sfield=%e4%bd%9c%e8%80%85&skey=%e4%bd%99%e5%8d%8e&scode=

;P

2014 fE G AR MOL T A A F H L A KR R

2. FKRERL RIBLL, XUEB, B, PRENL HEE, FRE,  “StdRRmt s T
Bt (F9, hIOR, B4 RRELEMAATE D, ERSOE K R
978-7-313-11548-5/0 (2014).

3. Hui Guo, Hua Yu, Lijuan Zhao, and Yiming Li, “Structure investigations of rare earth doped
nanoparticles: extracted from oxyfluoride glass ceramics by thermal induction and corrosion
treatment” in Developments in Corrosion Protection, InTech. 978-953-51-1223-5 (2014)
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+£%|/Patents

355/ Patents Applied

(1]

2]

[3]

[4]

5]

[6]

[7]
[8]

201410012447.0; —Fhis 3 2 v WM £T A MeE R PRI 28 S HC il 2677025 K R,

BN, SR, B, BREAR, BB, SEE, kT, skOiE, FRE. (2014.1.2)
201410108057.3; — Ak T-HOCES MR X BB & € M TVE LR GE: KL sk
1E, VP54, 22, Irena Drevensek-Olenik, B4, A #, FHR4E, Z5R, L5 K . (2014.3.19)
PCT/ CN2014/075876; A method and system for liquid crystal alignment in micro/nano region
based on laser direct writing; B PCT; 5k 1E, V7%, 254, Irena Drevensek-Olenik,

B, i, Tk, R, fLBEA. (20144.22)

201410578885.3; — Ak T A A @A IR e YN T 0% s i, BALRI, TRERL,

VPR %, (2014.12.1)

201410289213.0; i M FIIE M2 B0 MG A G &7 KW XL BRIER,

FHEE; (2014.6.23)

201410160833.4; H: TR LG RIGRNBOtA: KU MGz, FEH), X
kg, =8, HERE. (20144.18)

201310712517.9; PO OR ), KW RRE, FhAME, £t (2014.1.15)

201410012214.0; KiAEZOCYIBINERE K. T, IR0, RBF, F2F, 9
A, REZE, FEER. (2014.2.11)

FREF/ Patents Approved

(1]

[2]

3]

[4]

5]

Z1.20120196836.4; —Fhhk T~ S0 Ml 280 1) 4T B SR SE P T ik AN B s R X
B, MWK, wE, BEE, HEE. (2014.8.13)

Z1201210322007.6; — = T W BRI b () R0 L R 70 R IR, BRIBLR,
HIE. (2014.7.9)

712012100621421; AN RENEMEVRITHE M0 KW 5, INEE, T,
XE, KET, HEE. (2014.3.26)

ZL2012100424743; H9E & o A AME VS DUPR S e B R HC & R o W
oI, HEE. (2014.11.5)

Z1201010207689.7; SR difac: K I: x| L, #EDEE, fLEKR, KL, R4,
VP E . (2014.35)

ZL201110022624.x; —FHlE 65k Ml & s K8 AT, M, =g,
HKE%. (2014.7.9)
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K5\ R 48 B Visitors List
FF 4 [ oK Bl X AL FOARHRFR i i H K Vj st 1] Ky HE
Irena
1. Drevensek | & B Wk Bt 7 i HE e 2014.2.11-18 EEMAR
Olenik
5 Rgr&wsgo 0 i Y gl 2 e 2014.2.11-18 CRIRTM
Sergey N. e Institute of Laser Physics - Ultra-precise optical clock of new ) TAEV i)
. Bagayev 2 i SB RAS n generation — leap into future QUSRS L, 2RI
. Terahertz probing of local electron NS
4, Dmitry 5% Moscow State University HIR states in doped lead telluride-based 2014.4.29-5.4 IVEEM
Khokhlov - 2RI
semiconductors
Boris Institute of Laser Physics - Hybrid highly-nonlinear fiber for TAEV; 7]
s o . -
2 Nyushkov L SB RAS A spectral supercontinuum AU 2RI
. I . New methods and approaches in ——
6. Tai?rigﬁzf:lhev wmpyy | st gé ';Zesr Physics | wypzye high-resolution spectroscopy of 2014.4.29-5.4 E;Ezli
ultracold atoms and ion |- NI
7 o B B Ssé?sgsgutqztritg;e :ifcs Head of | Laser and microwave spectroscopy of 2014.4.29-5.4 TAEV; A
' gorry @ SB RAS Y Laboratory cold Rydberg atoms o ' HARALTR
Andrey T Institute ~ of  applied Joining Bose and Fermi physics in ] ARG A
£ Turlapov L physics, RAS et experiments with  ultracold atoms A e 2R
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Vladimir State Laser-induced nanostructured cluster
Kucherik X v materials:  progress in fabrication of TAEV; A
1 University prog g
= Alexey % i Les photonics elements associate with UL R
macroscopic quantum states
Vladimir State Laser formation of the colloidal systems e
Stella . e \ and controlled deposition of the TAEV A
1 Universit p )
40 Kutrovskaya B2 Y Bt bimetallic complex on the solid AL 254 2RI
substrate
Moscow State University Quantum Optics of quantum emitters TR
11. Victor Zadkov 555 7 (atoms, molecules, quantum dots) in the 2014.4.29-5.4 P
vicinity of a plasmonic nanoparticle FAI
12. Blaz Tasic | #ii&CJB Ky vt 72 B | RE 2014.5.2-6.1 HEA
oi ot Novel, Efficient, and Accurate T
iang = olorado State 51 3 4 . . i Jjla
13. (David) Wang EH Univeeit] B 2804% Met_hods for Calculatlrnlg Pres_sure in 2014.6.12-24 e
Lattice Monte Carlo Simulations
Exploration for biosynthesis and
S - processing of new bio-inspired i N
14. wEE K ML] s polymer materials with multifunctional AR e L2 i
applications
. The Institute of Optics - Laser-Matter interactions at high s
L Chunlei Guo | =& University of Rochester At Intensities AL U058 At
Tailoring Surface Plasmon Polaritons
. Using Linear and Nonlinear methods .
ES - o .
16. £ 5 E[H %J:Q';fgrsi';); o iBEEAE F1 Utilizing Orbital Angular 2014.8.12-14 E;EEZE“
Momentum of Photons for Secure ARt
Quantum Communication
17. A”'Schr}a”g Mi%ER | McMaster University | %% 2014.9.11-14 Iiﬁg'ﬂ
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18. Jianzhong Wu At g 2014.9.11-14 .
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4 [ 22 z - RV
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2 Schreine e 2 Az research in Microsystems Technology AU SIS AR
22. | Andrii ILYIN e SRl | AR Speeding up "slow" liquid crystals 2014.10.9-11.17 EEWTR
. Recent explorations in s
BN b A i I L .
23. W= = = i%jffﬁ*@f@ s HIZ#% | whispering-gallery microresonators for 2014.10.12-14 Iﬁz 9
= functional devices AP
Sahin Kaya 2 [E X% &) W A ps i I Controlling light with whispering TAEV i)
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20
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HES HE ALy 2% _ A 2=
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2" Chen == Laboratory i Metamaterials AL AEREI
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ERN. EPrLiIReE/Talks at Conferences

10

11
12
13
14
15

b

Zhigang. Chen, “Deep penetration of light needles through scattering nanosuspensions",
Dynamics Days, South America, Vina del Mar, Chile, November 3-7 (2014). (Invited talk)

Zhigang. Chen, “Nonlinear optics in nanosuspensions”, Active Photonic Materials VI, SPIE
Optics and Photonics Congress, San Diego, August 17-21 (2014). (Invited talk)

Zhigang. Chen and Daohong. Song “Edge states and pseudospins in photonic graphene”,
The 35th Progress in Electromagnetics Research Symposium (PIERS),Guangzhou, China,
August 25-28(2014).( Invited talk)

BEE, BOHW, LHFE, KOE, WEE, “KBEERIMEEHE R N 40 Amg otk
R A BRI RE R, TP EMIER e BT B R RS S AR KRS, FM,
2014.6.27-29. i)

RS0, VR, “HAEHR AR ERE 58 o e miREE,  BH-Cmotkl #mit &,
KJE, 2014.10.20-23. (RKE&W4E)

S, “FT A SR ISR SOV AT, “Plasmonics and Quantum Nanophotonics™
FEEEWIT 2, b (2014.11.30-12.1).  (EiEHRE)

FRENI, “Amazing optical spatial solitons", 4= [E YA 22 AR ibf <=, M (2014.11.7-11).
€5 ciiss D)

TRERL “HEEM SIS R RRE TR, 17N E e E IR 5 e AR
w2, bt (2014.12.11-14)., GEERS)

ZERE, BRE, TEH, SCHASIENR?, TEYE S 2014 KEY P RS,
M RVE (2014.9.12-14), GeHIsy LB )

KRG, e RIEHIFR”, 2014 FEHHREEF LW, KiE (2014.4.30-5.3) (GEEHRL)

IV, “E BRI H LE AR B 2 R MOS S5 My B R e de >, a4
(45 22 9K MR % 61 R 2 AR 231 (NMLP2014), M/RVE (2014.8.11-15) GEiERS)

RS, T8, “DiRiBIC RGBT 3 A2 et 7, S EL 2 2014
ERDTHRRBR .. IS HEITS, K (2014.6.17-20) (EEHRT)

T4, FES, “RBILEMIERBEEE R A HE T AR, LR ERY)
iS4 AR 2, RN (2014.11.7-9) (EERE)

LEBER, XEE, HE, HEAK, kB, FRE, “BHEERESA, F1+-tEaeEk
B2, W (2014.7.19-22) GBS

Kok, MW, BRERAR, BN, WA, SRS R B RN, BN
& H MO 5 AT 4, dba (2014.12.12-13). GEERE)

Fang Bo,Sahin Kaya Ozdemir, Faraz Monifi, Jing Zhang, Guoguan Zhang, Jingjun Xu, and
!Lan Yang, “Oscillatory Coupling between a Microdisk Resonator and a Tapered Fiber”, 4th

‘Advances in Optoelectronics and Micro/nano-optics (AOM), Xi'an, China, Sep 17-20
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18
19
20

21

22

23

24
25

26

27

e

28

(2014) .(oral)

Daohong Song, Ligin Tang, Yi Zhu, Mark Ablowitz, Vassilis Paltoglou, Nikolaos K.
Efremidis, Jingjun Xu, and Zhigang Chen,” Direct observation of “pseudospin”-mediated
vortex generation in photonic graphene,” CLEO conference, San Jose, California ,June
8-13( 2014). (Oral)

Shigiang. Xia, Yuanyuan. Zong, Dachong. Song, L. Tang, and Z. Chen, "Observation of
self-trapping and rotation of higher-gap quadruple-like lattice solitons," in Frontiers in
Optics,. San Jose, California, United States, October 19-23 (2014). (Oral)

Yi Hu, Amirhossein Tehranchi, Stefan Wabnitz, Zhigang Chen, Raman Kashyap, and Roberto
Morandotti, “Tunable Raman Soliton Self-Frequency Shift via an Asymmetric Airy Pulse,”
CLEO: QELS, San Jose, California, United States, June 8-13 (2014). (Oral)

Yi Hu, Amirhossein Tehranchi, Stefan Wabnitz, Zhigang Chen, Raman Kashyap, and Roberto
Morandotti, “Intra-Pulse Raman Scattering Controlled via Asymmetric Airy Pulses,”
Advanced Photonics, Barcelona, Spain, July 27-31(2014). (Oral)

Leiting Pan, Cunbo Li, Xuechen Shi, Pengchong Jiang, Xinzheng Zhang, Jingjun Xu,
“Immuno-suppressive effects of non-lethal UVA (365 nm) irradiation in human neutrophils in
vitro”, 12th International Conference on Photonics and Imaging in Biology and Medicine,
Wuhan, China, June 14-17 (2014). (Oral)

Fang Bo, Steven He Huang, S ghin Kaya Ozdemir, Guoquan Zhang, Jingjun Xu, and Lan
Yang, “Inverted-wedge silica resonators for controlled and stable coupling”, CLEO:2014,
San Jose, USA , Jun 8-13 (2014). (poster)

Bin Zhang, Qiang Wu, Shibiao Wang, Ming Yang, Yiping Zuo, and Jingjun Xu,
“Time-resolved Imaging of Propagation of THz Wave in SRR Metamaterials”, CLEO: 2014,
The Optical Society, San Jose, United States, June 7-15 (2014). (poster).

Zhibo Liu, Xiao-Qing Yan, Jianguo Tian, “The novel graphene-based optical sensor”, The 3rd
International conference on Frontiers of Optical Coatings, Shanghai, Oct 20-24 (2014).
(invited talk)

Xiao-Qing Yan, Zhi-Bo Liu, Jun Yao, Xin Zhao, Xu-Dong Chen, Xiang-Tian Kong, Fei Xing,
Yongsheng Chen, and Jian-Guo Tian. “polarization-dependent ultrafast optical response in
graphene,” Graphene 2014, Toulouse, France, May 06-09, 2014 (Poster).

Xudong Chen, Zhibo Liu, Wenshuai Jiang, Wei xin, Fei Xing, Peng Wang, Bin Dong,
Xiaoqing Yan, Yongsheng Chen, Jianguo Tian. “The Design and Fabrication of Twisted
Multilayer Graphene with Fine Tunable Rotated Angle,” Graphene 2014, Toulouse, France,
May 06-09, 2014 (Poster).

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

“2013)

'Qing Ye, Tenggian Sun, Jin Wang, Xiaowan Wang, Zhichao Deng, Wenyuan Zhou, Chunping
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M

Zhang, Jianguo Tian, “Measurement of refractive index distribution of biotissue by scanning
focused refractive index microscopy”, Denver, USA, March 3-7(2014)

Jiaming Sun, Ben Liu, Na Li, “Rare earth doped silicon based MOS light emitting devices
fabricated by atomic layer deposition technology”, The 2nd International Conference on ALD
Applications & 3rd China ALD Conference, Shanghai, China, Oct 15-17(2014). (Invited talk)

Zheng Wang, Baohui Li, “Self-assembly of amphiphilic diblock copolymers in selective
solvents: a simulation study”, Nanjing, China, Jun 8-12(2014). (Invited talk)

Ben Liu, Chunyan Jin, Jiaming Sun, “Structure and photoluminescence of the titanium
dioxide films grown by atomic layer deposition using etrakis-dimethylamino titanium and
ozone”, The 2nd International Conference on ALD Applications & 3rd China ALD
Conference, Shanghai, China, Oct 15-17(2014). (Poster)

Zheng Wang, Baohui Li, “A simulation study of self-assembly of amphiphilic diblock in
selective solvents”, The 10th Korea-China Bilateral Symposium on Polymer Materials,
Busan, Korea, Aug 17-21(2014). (Poster)

Ay, R, EREr, BiE, sKOIE, WRE, “FETBRS T RIEE RN K
TSR] 3 HEGIE AR, 851 Jm 4 [ B RS 22 M i R i) < (OPCM2014), H [H 18
i (2014.7.19-22). (kiR

BodE, D, IR, BER)T, KO, WRE, O R4 B B
JTCHF R, B L4 B EER SO M 22 R T & (OPCM2014), + [F I8 I,
(2014.7.19-22), (1L

2, 5K IE, T2, XIS, V5T ZE*, “Surface Plasmons in Various Graphene Structures”,
25U 4 E BRSO A R 2R £ (OPCM2014), H[EEIT (2014.7.19-22), ([
LAk

A, #7, #4, Sahin K.Ozdemir, fLFE &, KEAL, Lan Yang, %, “Z Mm%
FR A AN — AL A ) AR AL, REYH AL 2014 FERKFHEAR L, HBIR
% (2014.9.11-14), (I13L3RED

A, IRE, TRERL <FRUAEH]—4EAE R D T A OB IR AR R, SN R
G 5B AR TS S, b (2014.12.11-14). CHKHRED

R, AL E LR SN, B ESEE O TS ER R RE,
WP RJR, (2014.10.11-12). (K37 4%)

EBEA, 7, BRAM, FLBEA, WHRZE, KER, “RIDCHE B EIEIRME SRR
LSRN (R 7T, 2L e 2 BRSO R AR 2 W IEIL (2014.7.19-22)
CE kAR

TR, EEI, #HT, WRE, KER, SOGT B ESE NS ET
ARG, BHANEEERETOLERW, EK, B (2014.8.4-6). (HkAR#)

B, s, BRE, H, WERZE, KEBL “TFEANA B RE T AT BN TS
B RURHETE”, T EYH 2 2014 TR W, BRI, IB/RIE (2014.9.11-14),

e

' A 4. ?
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FUkR, FEEM B, BXES, WRE, E, <BIIEAER AN FEES R R T
5 B B HUN RN AT AL, U w4 R 1 7O B E R R R IE, KA
(2014.10.11-12).

g, FHERY, 7, mg, sKERG VFREE, U SO 3 3 s 3R T A B T
JeE AR, T EY RSS2 2014 FERKTEZEAR S, IR /RIE (2014.9.11-14) . (5RIGHR

)

#J7, EA, #W, Sahin K.Ozdemir, fLHE %, 5KEFL, Lan Yang, VFiti4“feliRd —
SRR SRR . RIEADGIHF RN, 0 a4 E R 70 T £ 12K
Wwix, KJF (2014.10.11-12). CikMEHRED

Z5FIH, </ SERURELGYE I Hanbury Brown-Twiss U208, S5+ 75 @4 H &7
RS, W (2014.8.3-6). CHRMGHR )

ZERI, e, sKRERG <o L ANRELGYER Hanbury Brown-Twiss #0808, 251
NaEERE L EARRE S, i (2014.8.3-6). (GRS

R, FRER, "R RLE BN 5 R R G S A RO S R, 5N e e E T
HFEARM A 2, R (2014.8.3-6). (BRI

FALN, 2ite, midx, 7, SKERL VERE, <R A un IR ML LT
MM O A, P EME Y 2014 KFEHAR W, BB IRE,
(2014.9.11-14).

FALNI, BROCRE, WEE, migT, w7, TRER, WRZE, KNS ETE S I s
FeRT S BE R A8 TR E Y 2 2014 AKTE2EAR SN, BIRTIG /R, (2014.9.11-14).

XUEHE, BN, HERE, “f8e2a i mIRHE L 2N, B1+tmaeEBE
B2 ARSI, BT (2014.7.19-22),

BIE, 5P, A%, BAE, TEH, “RIRESEPILIIKESIEI, HE
VB 2E S 2014 FKEEY) LR &1L, WE/RIE (2014.9.12-14). GEELSr 2 13k E)

Tk, BT, BRE, B, TEH, “ETHBREICITHIELG&E ML
¥, PEYHEES 2014 KEYEEARSW, BIRE (2014.9.12-14), Gt 540
SR

&, 2R, BAE, 55, RAUE, TEH, “Uniform elliptically polarized vector
optical fields”, HEHE2E2 2014 FKEYFFEARSW, W/RTEE (2014.9.12-14), (t#)
e QT S D)

BEE, &E, ZHE, 88, BRE, TEH, “KECHESHBEEEKE,
o E Y 2 2014 K F AR 2, R /RIE (2014.9.12-14) . Ge¥pEE 4 25k k5D

MW, BRTTE, BRE, 8%, TEH, “BEERAE AT R B S S5
Rl g%, HEYHEYS 2014 KEVHEZARSI, BIRE (2014.9.12-14). OtW#E S

2 TRER D

; R
! ffnﬁ

ﬁ%rﬁa, i, =R, HmBEr, Tk, “—FhIE T P AL BN R AR ) I R R A
WENENE?, 2014 2EFHEBARE RG2S, ML (2014.10.25-27)
1 !
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XEE, ERE, KR, BT, MR, LBEK, WRE, “RRESETHES%
B RIFEAT 7L, BT LmaE BRSO AR, i (2014.7.19-22)

AR, FLBEK, skOH8, XLE, 5K, TFRE, SIS BAA K &b
AR, B EeEEBRESEEERSN, B (2014.7.19-22)

kO, FLBER, XHE, BREK, KL, WRE, GBI SR A K &
eI ERET A, B CRAEREBERES ARSI, #IT (2014.7.19-22)

keEd, B, FLBER, “BKFEOETIRBYALE Si#tE EAEK o SIS EE, &
+hmeEERES AR, BIT (2014.7.19-22)

TR, fLBEA, KL, SHRIL, VPRLEE, “HREREE S B FE A BE T 45 A I 5 — PR R
HIFE, FrtmaeEBERESEFEER SN, @il (2014.7.19-22)

R, FLBER, XNEE, K%, WRE, WIS TR MR P05 16 58 & AH
VLECEEE RS, 7N maeE R 5% AR e s, b (2014.12.11-13)

TEk, HL%, “N-TiO2/InBO3 & &AL & A et ERE”, 26 3 fmtThrg
MBS AL AT 2, KF (2014.8.9-11)

Ry, ZEGR, PhFER*, U Re-EE R A A m R Si02:Th SRtk R OE#t R, B
4 E B 229K AR R e 2R 21 (NMLP2014), FA/RVE (2014.8.11-15) (5K

=0,




Annual Report 2014

AR 20 5 HATI4EER /Academic Service

B N AP 2 AR 4H 2R 4FER/Service to the Professional Societies

F5 44 ERYIN | HRAL 1F3#H
] 25 S AR BT 9T B
1 ViR *.m&%ﬂ PR 5T | P 2008-
pay
2 U RE hEYEEES piik:-2 2006-
FRE RETNEES BIFHEK 2010-
4 % KBTI AR TS BIFHEK 2010-
- WFRE N FH 27 [ 5 E A S FAE 2009-
=
. H E AR R e
6 2011-2014
LB K TEER L FHE
7 x I RET S WS MM TR 2008.7-
8 x g RETEOLE AR Y2 FEEE RS 2009-2014
9 FH 2 [ KBTS ST
10 N KRBT HH TS ST
g A2 22 2L AN >
o o *Eﬁ%ffﬁ%ﬁ* &R i
RAL
o #E HEH LK EBRER Zm 2013-2017
12 "
RAL
13 KR KA IR 2= & S TR 2008-
S NE N E = I
14 & : W4T 2007.6-
A wnRLRsRs e e
. R Eh 2 2 R AR AR
15 2012-2015
e K S A i
16 FINFF BH hEVMEYS RIS DAl 2010—2014
17 FINFF B EEBIRGK RIS TN 2010—2014
FREBTIERESES
18 i 5 2014.10—
LR BHRB RS RS :
e N N =S IR AN
1 4R N 5l —
9 IRt SIS 4 LS 2013—2016
E F b AR e
20 I\ N LR bruEb BAR 2 =l 2012.9—
A&
i G IR 22 S U
21 i #
BEE | CimertuEas nE
E A S H H
2 | EEE | WEWFLSELERY | HEER
S
' Hh Y B R 2
23 140 5 2013—2016
oz AR o LAbZ S
24 AR REFE AL SRR | 2010.10-2015.12
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AR Y/biike v S gl
% | % i R PR | ananes
KO T HFEABOEOR L 2007.8-
26 I By B s SR = R
e
o7 xKoE 2 [ R A Y B AR i 2010.4-
A
28 i % WA i . 272 B FHUR AR 2014-2015
29 | IKEK 0SA it G 2013-
Member)
E A #h EAT4EER/Service to the Journals

FFa 44 FEHRALAY HRAL 114
1 THRE journal of Optics topic editor
2 HEE Frontiers of Physics in China S 2008-2011
3 RO Applied Optics 2z 2009-2012
4 R0 Scientific Reports Topic Editor
5 ZEE {Scientific Reports) Editorial Board 2014-2015

Member

6 WHEE Ot ] = 2 2008-
7 *xoOIE CREYED ] = 2 2009.5-
8 % (LLoh 5 = KB AR Gz
9 TERE (CEEY) TS 2007-2011
10 HHE (B2t e ) TS 2009-2012
11 FRE Chinese Physics Letters Y 2009-
12 FRE (R DG5S B ) UTES 2008-
13 LEKR CROGHAR) TS 2010-2013
14 LER (PN Y RS 2012-2016
15 5K [EIAX CHOEEOAR) TR 2006-2018
16 gk FEIAL (HotS T2t R) Yz 2010-
17 KW A5 CIES 2011-
18 K0 IE CBOLEARD iz 2015-2018
19 N CHOGEAR) IES 2012-2016
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$x221%E % /Awards & Honors

IR Fi/Award for excellent teachers

T “HETA”
Nt BB

RETT “1317 QUFHEAA IR TR =R IRNiE
ANig¥: ® F R 98

MR “E BT R AS R

NiE#: B %%
P H A IRFE T EAAR M RN
Nk 5T

R& 2 A= [Award for excellent students

o IR 2 2014 BRMIE R LR TGl i FEALAI
o PR 2014 B S AR 2 BRI 30K: T IE
“EFFTAT P I

PR RIHEAL AR “: B

MRERRRYE: @L4: 8IE T2k
mitAE. 3O ERR

FATF KRS IT FUE S Rbnie: AEEK
PRGN E: F R
TR =052 & &

T RFRLEE:

FreEie e BIHER
—EREE: RER
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Z{ii$ 32 /Dissertations

1. EH+2Are Dissertation for Doctoral Degree

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

RS, RIS E THOTHBOCHARTIEWT T FIW: Romano Rupp

)W, 2R 55 B T AT RGBT R A DI RE 5oL A RN L M VR
KIMSEE, A SR A M R T S5 B A AR VR 9T U VPR

B%%, FIOtARLRMEALIR RN IR T 2 VPR

B, WRBOLHE SEERIMAEMITTT: S0 FRE, R

WREOR, WRPBOGHOEREA RO B R A BT /e S0 EIE R, RoR
B, T ZEABIMEDCERN TR, I 5KER

TR, EFMEARRTROERT KENAH; 2. 5KER

FHI, A YER GBI P E TARIT N SHRRE: . TkER

[10] AR K, AP &OT ARt AE R LN, 2. HEE
[11] Z=8 &, Stz 5IREME AN 3. EEH
[12] /%, 3 bm H AN B QI Er3+-ZBLAN AT B0t 4k LA KB 7% 2R3 7= A I AL 5

N

[13] AXLLHa, 4B AR IURLNS P 245 HLB S i R Z R E B8 7 (EU®") R B W ORI A

I R

[14] XUINAS, @ RANAKRL TG ARFIE SO 7RG IR M. R0
[15] 2=, BOGLTHILHEIRIIALFIT AR B &I A B RIE
[16] FKoR4E, KIEBERZHIIRYITE R o T RARRESEW S8 %, 3h. %

=
E=

[17] 53775, B4 SRS AS R KT; SIW: Hx
(18] FRWAHE, TiO, ke HEALTHIAMHIR A AL 77 (1 2 5 L HEALIE I CO, & Rl CHy IHF T 5

TR PR

[19] XU, B2 ALY B ANGA  BE L S B s 30 BSR4
[20] 3852, &7 RS SR AR ZnO KIAUERIIBT T, Fi: & K&

2. HWiLZAI Dissertation for Master Degree

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

XU, ST REHAE M RO L T 5 5 T B R A, 0. VB

BRI, AR e I S R B 5, ST R

BRpds, TR OTTE AR R G P b P A R (SR s 0, e

R, BN TS T 5 ST O TE

B, ROV SR & R TT T ST: TKOIE

SR, BT I ORISR 5t T2 3k, ST 7%

S, R AR A 5 A TR O 2 B AR T A B
il

152 o B SR BEERIE Y R S BRI ROBE S, . A g

S, BT R T B A BRSO SRIOFE L ST XV
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[10] FM9, 4= SATEE M N A S0 e A PR PR AR AR E T 7 0 IR 3¢

[11] #2300, AR SR SRR BRI A H SR fE TR T Ul XA

[12] i, 2T E4ERAIRDERE R E SR MM AT, S 30T

[13] FR5FH, REJCIAHI R RERE LB RN, SIm: RIE

[14] HBREK, FThFRELEROCRT A PR S BMRAGR T B 7 K BN TT s 30

ORI
[15] FSZiE , LD ZE3H Nd: YAG [E KOG 8% H OS2 H7 K a7 1A% AR 15 B 18 B B 5
. A

[16] IS, <EJRANKESEH SERS BLR M & L HEERT 7T, i ARiesT

[17] FKiERE, PREREE AL T A Es ) LT 7T, 00 LB K

[18] fHEG, R SITE IS B IR S A A AR SO A e 7T Il FLBK

[19] R, MBSERYERR D A ARESHIBLR KD, Bhh. X2

[20] SBE3T, HIBREVIRIA RIS R R L BAAIEA R Monte Carlo BUUAT7T; 3l
FER

[21] 5KZ%, HeRRH S AOCBUR R SALIIRT 7T UM FL B RS

[22] Ritit, ZnSn(OH)6 Al PbBIO,CI 7K Hvikdil 2 & FOCHEALIE B W 7T, 0. B %2

[23] 2295, FLRMBALES AB/BIXE o — AR AR (O PERERE 7T, I B L%

[24] 3, —FABARREE R S AT CHEN — ARG P T, M. B4

[25] VKT, #TeE T R R A SRR KRB Tl Al R L 0. PHTR

[26] K&, FLBREAEIOCERMBIIT; FI0: PR

[27] 21545, Er/Yb* LB HEA MBI % L MR OR AT ST I

[28] ik, FRAEMAIIEPR R S5 AN 2% SR M SR W 7T . BTN

[29] fRifgERE, PRMRE ML TR, FI0: 5K

[30] Eorf, BHTERRE A, I Xt

[31] Z=/Iif, MO-K;0-B;0; (M=Ca, Ba, Sr) 1K RAHK R L AOCIERERTTT: FIM: XA

[32] Ak, BB SN E . S LIhBEERIBTTL; M. FMFIR

[33] =2 ¥%, BT B 2-REERIAE O NIR S RBR ER R R M. DR

R
[34] B0KE, HALYIGIA T I T LIRS S A AR BE AR R BT 7T, Sl

R
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