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English Title: Interplay between Ultrafast Shift Current and Ultrafast Photon Drag Current in
Tellurium Nanotubes

Xuegin Cao

Northwest University, Xi’ an 710069, China
Abstract: Photocurrent induced by nonlinear optical effects has innovated fundamental optic
physics in optoelectronic devices, including nonlinear photodetectors, nonlinear optical
absorbers, and solar cells. The cooperative interaction between different kinds of nonlinear
photocurrents would be a complex yet interesting issue. The THz wave of tellurium (Te) nanotube
films is generated from the interplay between the ultrafast shift current and ultrafast photon
drag current, which are ascribed to the photogalvanic effect (PGE) and photon drag effect (PDE)
respectively. According to the THz emission spectroscopy excited from opposite incident planes
the contribution ratio of the PDE and PGE is calculated as 1.2:1 for the THz parallel ETHz—p
component and 1:1 for the perpendicular ETHz-s component under the p—polarized excitation. The
different ratios between these two components are related to the different nonlinear
susceptibility tensor elements. These results highlight the THz emission spectroscopy as an
effective tool to clarify the interplay mechanism between different nonlinear photocurrents
Key Words: tellurium (Te) nanotubes, terahertz (THz) emission, photogalvanic effect (PGE),
photon drag effect (PDE), shift current
Text:

Photocurrent induced by nonlinear optical effects have sparked interests for improving the
performance of optoelectronic and photonic devices."™ This so—called nonlinear photocurrent
breaks is beneficial to minimize the energy loss,[“thereby taking a crucial step towards high-
efficiency photovoltaic devices. Previously, the nonlinear photocurrent response is measured
via a dc electrical technique with external electrodes. ™" However, the electrode contact would
cause parasitic interface effects to the photocurrent response


mailto:by@nwu.edu.cn

(1]
(2]
(3]

(4]

In this work, combined with the THz emission dependences on the pump fluence andthe
incident wave vector, the THz radiation mechanism of Te nanotube films is ascribed to the
concurrent photogalvanic effect (PGE) and photon drag effect (PDE). This study could lay a
foundation for the applications of the Te nanostructures in the next—generation optoelectronic
devices.

With the pump fluence increasing from 0.7 to 4.2 uJ/cm’, the THz amplitude increases
linearly with the pump fluence, which are well fitted by the linear function as shown in Figure
1(a-b). This result validates the dominant mechanism based on the second-order nonlinear
optical effects. ™ In Figure 1(c-d), changing the illumination direction from the Te side or
from the mica side is equivalent to reversing the wave vector of the incident light. We can
separate the THz emission signals generated from the PGE and PDE as shown in Figure 1(c—d)
The results suggest that the contribution of the PDE to the THz radiation is 1.2 times larger
than that of the PGE for the F£THz—p component, while the contribution ratio between the PDE
and PGE is approximate 1:1 for the ETHz—s component

In conclusion, the physical mechanisms the Te nanotubes are ascribed to the cooperative
interaction of the ultrafast shift current and the ultrafast photon drag current. Besides,
according to the incident wave vector dependence of the THz radiation, the contribution radio
of the PDE and PGE to the THz radiation is calculated as 1.2: 1 to the THz £THz—p component
and 1:1 for FETHz-s component.

This slight difference is caused by the different nonlinear susceptibility tensor elements
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This work deepens the understanding of the different photocurrent response between Te and its
1D nanostructures

Figure 1. Pump fluence dependence of the THz amplitude for (a) the ETHz—p component and (b)
ETHz—s component. The time—domain signals of (c) the ETHz—p component and (d) ATHz-s component
excited from the Te side (red line) and from the mica side (blue line). The purple and yellow
dashed lines represent the THz radiation from the single PGE and PDE, respectively.
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Control of excitation light coupled to a single fluoride crystal with waveguide structure to
enhance upconversion luminescence

WQingyan Han* Shixing Fan, Wei Gao, Yunxiang Li, Hao Zhang, Zihan Liu, Chengyun Zhang, and Jun
Dong*
School of Electronic Engineering, Xi’ an University of Posts and Telecommunications, Xi’ an
710121 China
* E-mail: qyhan@xupt. edu. cn; dongjun@xupt. edu. cn

Abstract: Lanthanide (Ln)-doped upconversion luminescence (UCL) materials have aroused
extensive scientific attention due to their remarkable and unique optical properties, such as
excellent photostability, large anti—Stokes shift, deep excitation penetration, narrow emission
bandwidth, and long lifetimes". However, how to effectively improve their UCL efficiency has
always been an important scientific issue. Here, we design and fabricate B -NaYF4 microtubes
(MTs) with a natural hexagonal shape in the cross section and wedge shape on both top vertexes,
which can be regarded as an optical waveguide™. The UCL property of a single B-
NaYF4:Yb”/Er”/Tm” (or Tm™) MT is systematically investigated based on waveguide— excitation
modes. It 1is found that the excitation light can be efficiently coupled in the B-
NaYF4:Yb” /Er” (or Tm’) MT by modulating the angle between the wedge-shape end plane of MT and
the microscope slide. In addition, it is clearly observed that the excitation light can be
confined and propagate in the MT by introducing a 633 nm laser, which is mainly due to the
natural waveguide structure with a stronger confinement and propagation effect of light
thereby enhancing light-to-MT interactions. The current work provides a powerful solution to
build high-efficiency Ln—-doped UCL materials, which may have potential applications in the
optical communication and biomedical fields
Keywords:near—-infrared light; enhancement; nanocrystals; patterns; films
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Thickness—dependent terahertz emission from Bi2S3 films under excitation below and above the
band gap
Yayan Xi
School of Physics, Northwest University, Xi’ an 710069, China
Abstract: Two—dimensional (2D) materials demonstrate fascinating thickness—dependent optical
properties due to their van der Waals interaction and quantum confinement in the linear optical
regime. However, the thickness—dependent nonlinear optical response is more complicated as
virtual carriers (dipoles) and real carriers can be generated by below— and above—band-gap
excitation, which calls for a more comprehensive understanding of these carriers in 2D materials

Herein, a direct band gap Bi2S3 is utilized to investigate the thickness—dependent nonlinear
optical response by a terahertz (THz) emission spectroscopy. The results suggest that the THz
emission intensity decreases with the increase of band gap energy under an 800-nm femtosecond
laser excitation, which can be described by an empirical exponential equation. Under below—
band-gap excitation, the optical rectification effect induced by instantaneous polarization
(virtual carriers) dominates the THz emission mechanism in thin Bi2S3 films. In contrast, under

above-band-gap excitation, real carriers are controlled by both resonant optical rectification
and surface depletion electric field effects, resulting in shift and drift currents in thick
Bi2S3 films. The contribution ratio of the shift and drift currents is ~1 : 1 at 45¢ oblique
incidence. This competition between shift and drift currents results in the elliptically
polarized THz wave generation, and the major axis orientation and ellipticity of the ellipse
could be manipulated by changing the polarization of the pump light. In this paper, we imply
the potential for designing tunable on—chip THz sources and nonlinear optoelectronic devices
based on thickness—dependent 2D materials

Key words: thickness—dependent Bi2S3 film, optical rectification, shift current, drift current
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FIG. 1. (a) Time—domain signals of the Bi2S3 films with different thicknesses under p
polarization light excitation. (b) Thickness—dependent band gap energies of Bi2S3 films. (c)
EQ-Eg—dependent THz peak-to—valley amplitude. The band gap energies of the representative

thick and thin Bi2S3 films are 1.38 and 1.86 eV, respectively.



Thickness is crucial for the fundamental investigation of intrinsic photon responses and
optoelectronic properties of two—dimensional (2D) materials [1,2] in the linear optical regime.
Nonetheless, the evolution of photocarriers in thickness—dependent nonlinear optical processes
is relatively less explored but significant for deepening the understanding of fundamental
physics and boosting the development of compact optoelectronic devices based on 2D materials.
Herein, we investigate the THz emission properties of band-gap—tunable Bi2S3 films
prepared by chemical vapor deposition (CVD) on sapphire substrates. The THz radiation from the
thin Bi2S3 film only results from the optical rectification effect. The THz radiation from the
thick Bi2S3 film is induced by shift currents attributing to the resonant optical rectification
effect and drift currents originating from the surface electric field (SEF) effect

With the Bi2S3 film thickness increasing from 16 to 66 nm, its band gap energy decreases
from 1.86 to 1.38 eV, presenting a thickness—dependent nonlinear optical response. Under below—
band-gap excitation, the optical rectification effect induced by instantaneous polarization
(virtual carriers) significantly dominates THz emission from the thin Bi2S3 film. Under above-
band—gap excitation, the EX component of THz radiation from the thick Bi2S3 film is demonstrated
to result from the shift current driven by the resonant optical rectification effect with a
contribution of 44% and the drift current resulting from the surface depletion electric field
effect. In comparison, the EY component mainly originates from the shift current motivated by

the resonant optical rectification, which has ~88% contribution to the THz radiation.
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Q-switched mode—locked fiber laser based on the pump modulation technique

Yani Chen, Boyuan Zhang, Ruotong Guo and Dongdong Han*
School of Electronic Engineering, Xi’ an University of Posts and Telecommunications, Xi’ an
710121, China
Abstract: We demonstrated a stable Q-switched mode—locked (QML) erbium fiber laser using pump
modulation techniques. Continuous wave mode locked (CML) operation was realized at DC pumping
driver current. While the stable QML pulses were generated when a modulation signal was injected
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into the pump driver. As the parameters of the modulation signal (duty cycle or amplitude)
were varied, the temporal width and repetition rate of the Q-switched pulse envelope could be
adjusted. The formation mechanism could be attributed to the change of the intensity of gain
saturation and saturable absorption in the cavity caused by the pump modulation. These
alterations affect the duration needed to accumulate sufficient cavity energy thus influencing
the temporal parameter of the pulse. This work provided an effective way to generate QML pulses.
Keywords: Ultrafast laser technology, Q-switched mode—locked fiber laser, Pump modulation
technique, Saturable absorbers
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1. 6-bm Single-Frequency Erbium—doped Fiber laser based on a FP-FBG Filter and two cascaded
Sub—Rings

Yaqgi Zhai

Northwest University, Xi’ an 710127 zhaiyaq@163. com
Abstract: We proposed and demonstrated a single—frequency erbium—doped fiber laser (EDFL) based
on a Fabry-Perot Fiber Bragg Grating (FP-FBG) and two cascaded sub-rings (TCSR). A narrower
bandwidth fiber Bragg grating was used to determine the operating wavelength of the laser at
1600. 06 nm, which was combined with a FP-FBG as well as TCSR device to achieve stable single
longitudinal mode operation. In addition, the design and fabrication methods of TCSR filters
were described in detail, and the selection principles of SLM were analyzed. The experimental
results showed that the optical signal-to—noise ratio (OSNR) of the output laser was greater
than 73 dB, and the linewidth was measured of 435 Hz by using the short—delayed self—heterodyne
measurement method. Within an hour of continuous monitoring, the maximum variation of center
wavelength and optical power were 0.09 nm and 0. 169 dB, respectively. The single longitudinal
mode state of the laser was verified using the
self-homodyne method, and no mode—hopping phenomenon was found within 60 min of observation,
indicating that the laser has good stability.
Key Words: erbium—doped fiber laser (EDFL). Fabry-Pérot filter. two cascaded sub—rings (TCSR)

Al11-PM Yb—doped mode—locked fiber laser with high single pulse energy and high repetition
frequency

Chaohui Fu, Baole Lu, Jintao Bai
Northwest University, Xi’ an 710127
Abstract:We demonstrate an all-polarization-maintaining (PM) ytterbium (Yb)-doped fiber
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laser with a figure—of-9 structure to generate mode-locked pulses with high single pulse
energy and high repetition frequency. By exploiting the saturable absorption effect of the
nonlinear amplifying loop mirror (NALM),
a stably self-started mode—locking operation is achieved with a spectrum bandwidth of 13 nm and
a pulse duration of 4.53 ps. The fundamental frequency is 97.966 MHz at the maximum output
power of 143 mW in single pulse mode—locked operation, corresponding to the single pulse energy
is 1.46 nJ. The output pulses maintain both high repetition frequency and high single—pulse
energy. To the best of our knowledge, this is the highest single—pulse energy achieved in the
short cavity. Moreover, the superior stability of the mode—locked operation was measured in 45
minutes. This laser oscillator can be an ideal seed source for applications such as high—energy
amplifiers.

Key Words: fiber laser, mode—locked laser, all-PM laser, high single pulse energy, high
repetition frequency
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Adaptive genetic algorithm—based automatic mode—locked fiber laser
Ruotong Guo, Yani Chen, Boyuan Zhang, Dongdong Han*
School of Electronic Engineering, Xi’ an University of Posts and Telecommunications, Xi’ an
710121, China

Abstract: A modified adaptive genetic algorithm (GA) is proposed and implemented in a nonlinear
polarization rotation based mode—locked erbium—doped fiber laser (EDFL). The algorithm combines
a GA with adaptive crossover rate and mutation rate. With the increase of iterations in the
process of solving operation, the crossover rate and mutation rate are dynamically adjusted
with the change of the fitness function value. A stretched pulse was automatically generated
when the modified adaptive GA was continuously optimized to converge the intracavity
polarization state to the target state. The average generations required to adjust from other
states to stretched pulse locking is 2 generations, which is superior to the general GA. The
evolution curves of mode—locked EDFL with different crossover and mutation rates were also
investigated, demonstrating the effectiveness of the proposed modified adaptive GA. This work
provides a new scheme for fast polarization searching in an automatic mode—locked fiber laser.
Keywords: Adaptive genetic algorithm, stretched pulse, passively mode—locked fiber
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Self-sweeping regimes control in a bi-directional Yb-doped ring fiber laser
Xianming Huang, "° Chengcheng Lu, "’ Zhenzhong Zuo,"” Haowei Chen, "’ Baole Lu,"* and Jintao Bai"’

Istatel Key Laboratory of Energy Photon—-Technology in Western China, International
Collaborative Center on Photoelectric Technology and Nano Functional materials, Institute of
Photonics &

Photon—technology, Northwest University, Xi’ an 710127, China

2Shaanxi Engineering Technology Research Center for Solid State Lasers and Application,
Shaanxi Provincial Key Laboratory of Photo—electronic Technology, Northwest University, Xi’ an
710127, China
*Corresponding author: lubaolell23@163. com

Abstract: We report three self-sweeping regimes in a single-mode bi-directional Yb-doped ring
fiber laser with increasing pump power: normal self-sweeping operation, wavelength stationary
state, and reverse self-sweeping operation. The intensity dynamics of both normal and
reverse self-sweeping are a dual-longitudinal-mode quasi—continuous wave formed by alternating
the flat and burst regions. In addition, the wavelength stationary state can be achieved at
an arbitrary value between 1067.5 nm and 1072.3 nm, depending on the historical process
of wavelength self-sweeping, whose intensity dynamics consist of chaotic pulses and periodic
bursts. In short, switching wavelength self-sweeping regimes can be achieved simply by changing
the pump power. These research results are potentially valuable for developing and applying
self-sweeping fiber lasers

Keywords: self-sweeping fiber laser: tunable laser; dual-longitudinal-mode; quasi-continuous wave

Ti02 spatially confined growth of Sb2(S, Se)3@Ti02 NTs heterojunction photoanodes and their
photoelectrochemical properties
Wei Jin, Xiaoyun Hu, Hui Miao
School of Physics, Northwest University, Xi’ an, Shaanxi 710127, PR China
*E-mail: huim@nwu. wdu. cn

Abstract: Titanium dioxide (TiO 2), a conventional n-type semiconductor, was widely
used in photocatalysis, electrocatalysis and photoelectrocatalysis due to its good UV
absorption and stable physical and chemical properties. However, its wide band gap
and low oxygen reaction (OER) activity limited its application in photoelectrochemical
(PEC) water splitting. Antimony selenide sulfide (Sb2 (S,Se)3 ), as a quasi-one—
dimensional photo-absorbing material with adjustable band gap (1.171.8 eV) and the
advantages of both antimony sulfide (Sb2 S3) and antimony selenide (Sb2 Se3 ), can
better broaden the light absorption range of Ti02 . In this work, we successfully
constructed type—II Sb2(S,Se)3 @Ti02 core—shell heterojunction, which broadened the
Ti02 1light absorption range and effectively promoted the photogenerated carriers
separation, transportation and utilization. Of particular note, mnovel Sbh2 (S, Se) 3
nanospheres (NSPs) (ca. 69 nm) were in-situ grown inside the tubes attributed to the
unique space-confinement effect of Ti02 nanotubes (NTs). The IPCE value for Sb2 (S, Se)3
@Ti02 at 734 nm was 6.53% compared to 0.03% for Ti02. The onset potential was moved
negatively by 60 mV, and the maximum photocurrent density of 1.53 mA cm’ at 1.23 V vs.
RHE was 13.9 times higher than that of Ti02 (0.11 mA cm®). This work provided a new
idea for the application of TiO 2 in the field of PEC water splitting.

In this work, Ti02/Sb2(S,Se)3 core-shell heterojunction photoanodes were successfully
prepared and used in the field of photoelectrochemical water splitting. Based on the
space—confinement effect of Ti02 NTs, smaller nano-sized Sb2(S, Se)3 NPSs (69 nm) were
grown in—situ on Ti0O2 NTs by hydrothermal method, which was used to broaden the range
of light absorption of Ti02 . In addition, this small-sized and dense
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nanostructure of Sb2 (S,Se)3 NPSs were used as a light +trap structure, which
can significantly improve the absorption of light and increase the electrochemical
surface active sites of Ti02 NTs. At the same time, Ti02 NTs also acted as an electron
transport layer and reduced the photogenerated carrier recombination rate on the Sb2
(S,Se)3 surface. As a result, the significant improvement in the PEC performance can
be attributed to the space—confinement effect of Ti02 NTs leading to the formation

of Sb2 (S,Se)3 NPSs photo—trap structures and the efficient separation,
transport, and utilization of photogenerated carriers.
Keywords: TiO 2, Sb2 (S,Se)3, space-confinement, photoelectrochemical properties

The mechanism of noise—like pulse in all-normal dispersion all-fiber laser based on nonlinear
polarization rotation
Jiajing Lang
Northwest University 710127 18131996718@163. com

Abstract: Noise—like pulse (NLP) is an interesting phenomenon in lasers, we investigate in detail
the mechanism of changing the intracavity polarization state to generate NLP in the all-normal
dispersion (ANDi) all-fiber laser based on nonlinear polarization rotation (NPR). Through
numerical simulations, we find that changing the intracavity polarization state alters the
intracavity transmission state, which in turn affects the positive and negative feedback states
in the cavity, enabling the evolution of dissipative soliton (DS) to NLP. To verify the
feasibility of the experiment, we built an ANDi all-fiber laser based on NPR, in which filter
is a birefringent fiber filter consisting of polarization maintaining fiber with polarization
devices, which simplifies the experimental setup and enables wavelength switching. In the
experiment, wavelength switching and DS and NLP switching are achieved by rotating the
polarization controller to change the polarization state in the cavity. The experimental results
are in good agreement with the numerical predictions. This study deepens the understanding of
the mechanism of NLP generation by changing the intracavity polarization state in ANDi all-
fiber lasers based on NPR, contributes to the design of lasers generating different types of
pulses, and is promising for a wide range of applications in the field of supercontinuum spectrum
generation.

Key Words: Noise-like pulses, dissipative solitons, wavelength switching, fiber lasers
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Topological states switching and group velocity control in two dimensional non-reciprocal
Hermitian photonic lattice

Yu Lin, Yuandan Wang, Junhao Yang, VYixuan Fu, Xinyuan Qi *
School of Physics, Northwest University, 710127, Xi’ an, China

Abstract:We constructed a two—dimensional photonic lattice with non—reciprocal complex
number coupling coefficients. Theoretically and numerically, we studied the system’ s
topological states and group velocity control. The results show that the movement and breaking
of Dirac points exist in the energy band of the system. By changing the coupling coefficients,
the conversion between Topological states of different Chern numbers, and even topological
trivial states can be realized. Topological edge states exist in both Topological states of
different Chern numbers systems. Besides, it is also found that both the coupling coefficient
and the wave vector can cause the oscillation of the pulse group velocity. At the same time,
the topological state can suppress the amplitude of the group velocity profiles. Our findings
enrich the theory of light wave manipulation in high—dimensional photonic lattices and provide
a novel view for realizing linear localization and group velocity regulation of light waves,
which has potential application in high—speed optical communication and quantum information
fields.

Keywords: Dirac point, imaginary coupling, Chern number, group velocity References
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Epitaxial growth strategy for construction of Tm3+ doped and [hkl] oriented Sb2S3 nanorods S—
scheme heterojunction with enhanced photoelectrochemical performance

Xinyang Liu, Xiaoyun Hu, Hui Miao
School of Physics, Northwest University, Xi’ an, Shaanxi 710127, PR China
huim@nwu. edu. cn (H. Miao)
Abstract: Sb2S3 as a light-harvesting material has gradually attracted the attention of
researchers in the field of photoelectrocatalysis. The Sb2S3 crystal is composed of parallel
one-dimensional (1D) (Sb4S6)n nanoribbons held together resulting in a preferred anisotropic
growth. However, The presence of detrimental deep—level defects and low carrier transport
efficiency limit further improvements in the PEC performance of Sb2S3-based photoelectrodes.
Current research work on Sb2S3 has focused on the construction of 1D nanostructures and the
passivation of deep—level defects to improve its photoelectrochemical properties. In this work,
we have successfully constructed SnSe2/Sb2S3: Tm™ composite photocathode by chemical vapor
deposition (CVD) and hydrothermal method. The surface [hkl] orientation properties of 2D SnSe2
nanosheets can induce the epitaxial growth of Sbh2S3: Tm™ nanorods along the (Sb4S6)n nanoribbons
and the resulting one—dimensional nanorod structure can act as a fast transport channel to
facilitate carrier spatial transportation. This is a novel method to optimize the structure of
Sb2S3. The resulting SnSe2/Sb2S3: Tm’ S—scheme heterojunction suppressed carrier recombination,
providing a stronger driving force in the reaction dynamics to optimize carriers interfacial
transportation. Moreover, a novel Tm’ doped hydrothermal strategy provided an effective way
to weaken the Fermi level pinning effect. The injection efficiency of the optimized SnSe2/Sb2S3:
Tm" photocathode is increased to 81.7% and the photocurrent density increased to —0.91 mA cm
* which is
18.2 times higher than that of pristine Sb2S3 photocathode. Our work provides a construction
of Tm" doped Sb2S3-based composite photocathode with dominant growth orientation by a novel
epitaxial growth method, which is expected to accelerate the development of Sb2S3 in the field
of PEC hydrogen production.
KEYWORDS: S-scheme heterojunction; Fermi level pinning; doping strategy; epitaxial growth;
photoelectrochemical performance

Process development and monitoring in stripping of a C45E4 steel plate surface corrosion with
200 ns pulsed fiber laser

XueChen Lid' , Yang Bai” Zzﬁkmgﬂ@j Zha
1. Institute of Photonics & Photon-Technology, Northwest University, Xi’an 710127, China
2. Shaanxi Engineering Technology Research Center for Solid State Lasers and Application, Xi’ an
710127, China
Abstract: The effects of average laser power, spot overlap rate and cleaning time on cleaning
quality and efficiency were investigated. A laser cleaning online monitoring system was
established, and the cleaning degree of the cleaned metal surface was calculated using image
recognition technology. By analyzing the change rule of cleanliness under different parameters
a suitable combination of process parameters was optimized. Through the laser—induced plasma
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spectroscopy to monitor the small area cleaning process, dynamically adjust the cleaning time
of different thicknesses of corrosion layer. High—quality automatic laser cleaning was realized,
with the cleaning degree reaching 99. 1%, the roughness reaching 1.45 um, and the surface oxygen
content reaching the oxygen content of the substrate surface

Keywords: Laser cleaning; Rust layer; On—line monitoring technology

In this work, image processing technology was used to study the change rule of cleaning times
and cleaning degree of C45E4 mild steel plate with larger area of 30 mm X 30 mm under different
spot overlapping rate, and the optimal spot overlapping rate of 50% was obtained. LIPS analysis
was used to study the Pearson correlation coefficient of 0.47 mmX0.47 mm micro—area C45E4 mild
steel plate with the change of cleaning times, and the optimal number of times of cleaning was
obtained under different thicknesses of corrosion layer. On this basis, the image processing
method is used in conjunction with the LIPS analysis method, and the LIPS analysis method can
dynamically correct the minimum number of cleaning times according to the thickness of the
corrosion layer of the micro—area, making up for the defects of the image processing method
that can not accurately control the laser cleaning process, and 99.1% of the degree of
cleanliness shows that the two methods of the two methods work together on the large—area

laser cleaning of C45E4 low—carbon steel plate process for effective monitoring
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Passively Q-switched mode-locking Er—doped fiber laser with tunable wavelength and pulsating
soliton
Chenxu Ren, Yu Fang, Baole Lu, Mei @i, Jintao Barl
No. 1 Xuefu Street, Guodu Education Technology Industrial Zone, Chang’ an District, Xi’ an
710127
Abstract:A passively Q-switched mode—locking erbium—doped fiber laser with tunable wavelength
and pulsating soliton is demonstrated. The polarization—maintaining erbium—doped fiber, working
as the gain medium, combines with nonlinear polarization rotation to form a Lyot filter in the
cavity. A tapered fiber is placed between two polarization controllers to cause a significant
insertion loss in the optical path, which makes it easy to generate Q-switched mode—locking
(QML) pulses. The wavelength tunable QML laser is implemented simply and easily, and the tunable
wavelength ranged from 1528.05 nm to 1569.55 nm, as large as 41.5 nm. In addition, a new type
of QML pulse involving pulsating soliton has been discovered in the laser, which was called
Q-switched harmonic mode-locking pulsating soliton (QHML-PS). We find that the harmonic order
and repetition frequency increases with the rising of the pump power. Our work has tremendous
significance for expanding the research and application of emerging QML fiber lasers
Key Words:Er-doped fiber, Q-switched mode—locking, Pulsating—soliton
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A high stability and low noise passively Q-switched yellow—green laser at 561 nm with a
Ti3C2Tx-PVA saturable absorber

Guozhen Wangl , Yang Bail, 2, Ben Lil
1. Institute of Photonics & Photon-Technology, Northwest University, Xi’an 710127, China
2. Shaanxi Engineering Technology Research Center for Solid State Lasers and Application, Xi’ an
710127, China
Abstract: Using a Ti3C2Tx—polyvinyl alcohol (PVA) film SA, a Brewster polarizer (BP), a
birefringent crystal (BC), and a type-I critical phase-matched crystal LBO, a 561 nm passively
Q-switched yellow—green (PQYG) laser with high power stability and low noise was faultlessly
realized based on an 808 nm LD end-pumped Nd: YAG ceramic and intracavity frequency doubling
BP and BC effectively suppressed the oscillation of the 1112 nm and 1116 nm spectral lights in
the cavity and reduced the number of longitudinal modes of the 1123 nm fundamental frequency
light. At 5.11 W of LD pump power, the 561 nm PQYG laser with a 75.5 mW average output power,
609. 8 kHz repetition rate, and 41 ns pulse width were obtained, corresponding to a low power
instability of #£0.21% and a low laser noise of 0.49%. The results demonstrate that the
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"Ti3C2Tx-PVA film passive Q-switching + BP-frequency selection + BC-filtering” technology path
provides a valuable reference for developing pulsed laser with

high stability and low noise.

Keywords: Passively Q-switched; Ti3C2Tx-PVA film; 561 nm yellow—green laser; High stability;
Low noise

This work investigates a 561 nm passively Q-switched yellow—green (PQYG) laser based on
808 nm LD end-pumped Nd: YAG ceramic, Ti3C2Tx—PVA film passive Q-switching, and LBO crystal
intracavity frequency doubling. In the cavity, a Ti3C2Tx—PVA film with a thickness of 14.1 um,
a saturation light intensity of 2.08 MW/cm’, and a modulation depth of 5.18% was used as a
saturable absorber for generating pulse lasers. The frequency selection function of a Brewster
polarizer (BP) effectively suppressed the intracavity oscillation of spectral light at 1112
nm and 1116 nm, ensuring that only 1123 nm fundamental frequency light oscillated in the
cavity. The filtering function of a birefringent crystal (BC) further compressed the number
of longitudinal modes at 1123 nm. All these were beneficial to improve the power stability of
the 561 nm PQYG laser and reduce its laser noise. Using a type-l critical phase—matched
frequency doubling crystal LBO in the cavity, the 561 nm PQYG laser with a 75.5 mW average
output power, 609.8 kHz repetition rate, and 41 ns pulse width were obtained at 5.11 W of LD
pump power, corresponding to a +0.21% low power instability and a 0.49% low laser noise. The
results demonstrate that the ” Ti3C2Tx—PVA film passive Q-switching + BP-frequency selection
+ BC—filtering” technology path provides a valuable reference for the development of pulsed
561 nm yellow—green laserwith high power stability and low noise
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The construction of Bi202S/ZnIn2S4 2D heterojunction by cascade electric field with enhanced

photoelectrochemical properties

Xueling Wei, Xiaoyun Hu, Hui Miao'

School of Physics, Northwest University, Xi’ an, Shaanxi 710127, PR China
*E-mail: huim@nwu. edu. cn

Abstract: Photoelectrocatalytic water splitting technology is an effective way to convert
solar energy into hydrogen energy to obtain clean energy. Bi202S has promising photoelectric
properties, such as narrow bandgap (1.13-1.5 eV), strong light absorption, excellent electrical
transmission performance, and non-toxicity [1]. Because of that, it is widely used in
optoelectronic devices as an n—type semiconductor. In this work, ultra—thin Bi202S nanosheets
were synthesized on FTO glass substrate using a simple one-step hydrothermal method. Firstly,
in order to solve the problems of weak connection interfaces and poor charge transfer efficiency
in traditional heterojunction composites, this work adopts an in—situ growth method to construct
a Bi202S/7ZnTn2S4 nanosheet heterojunction with super strong inter plane interactions and high
internal electric field, which allows photogenerated holes to quickly migrate to the surface
of Bi202S and participate in oxygen evolution reactions , further suppressing the recombination
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of photogenerated electron hole pairs. Secondly, 7ZnIn2S4 with [S-In]-[S-In-S]-[Zn-S]
asymmetric layered structural units have asymmetric polarization of the crystal, which is
beneficial to overcome the problem of slow hole transport in the oxidation reaction [2]. The
prepared samples were characterized by X-ray diffraction (XRD), scanning electron microscopy

(SEM), UV-vis—NIR diffuse reflectance spectra, and photoelectrochemical testing. Compared

with pure Bi202S photoelectrode, the Bi202S/7ZnIn2S4 photoelectrode exhibits superior
photoelectrochemical properties. Under the conditions of 1.23 V vs. RHE, the photocurrent
density of the composite material reached 4.821 mA/cm’, which is eight times that of Bi202S.
Electrochemical impedance spectroscopy (EIS) testing shows that ZnIn2S4 can effectively enhance
the interfacial charge transfer kinetics of Bi202S, enabling faster migration of photogenerated

electrons at the interface. According to SEM, the introduction of ZIS nanosheets makes Bi202S
nanosheets rougher, which increases the active sites on the surface of Bi202S and further
enhances its oxygen evolution reaction (OER) activity. This study provides new insights for the
design of Bi202S based photoelectrodes.

KeyWords: Bi202S, Cascade electric fields, Charge separation, Nanosheet, Photoelectrochemical
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Stable single longitudinal mode ytterbium—doped fiber laser with ultra—narrow linewidth and
high OSNR using a double-ring passive subcavity
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Abstract: A continuous wave (CW) ultra—narrow linewidth single-longitudinal mode (SLM)
ytterbium—doped fiber laser (YDFL) based on narrowband fiber Bragg grating (NB-FBG) and
double-ring passive subcavity (DR-PS) was studied. The filtering characteristics of the double-
ring passive subcavity are analyzed theoretically, and it is used as a high-precision mode filter
to eliminate the dense longitudinal mode and mode hopping of YDFL and ensure that the laser
operates in the SLM state. Experimental results show that the laser has a central wavelength
of 1030.052 nm at room temperature, an optical signal-to—noise ratio of up to 73 dB, and an
ultra—narrow linewidth of 355 Hz. In addition, we measured the short—term and long—term
stability of the laser, with wavelength and power fluctuations of less than 0.008 nm and 0. 19
dB, respectively, over 120 min. As a result, we obtain SLM YDFL with high stability, ultra-—
narrow linewidth, and a high optical signal-to—noise ratio.

BOCSEOT A MR B BOGR B HIRE R
RN
VORI T S5 TRORI ST, 78% 710127
2895068186@qq. com

B N T AMERN AR, RAMBSMEENBOLE S5 8 TA6EE (LIPS) 315 T4,
BN A KR AR B E D% . EMEERL b, B8 AR B BRI LT 2 Bz i s O
W, R EGAFERAR, W5 7 EoGESE 10mnX 10mm ¥ 2 0 AR TS VAL B ATE VR AR L
P AT T RO ES M RERBEN . 55, FHBEGAHETTZRNEOGEBE A B R R E
HEGERCR AT TV 93%LL BTG RERH, THARAMEE . LIPS VEAIEG AL B B BRI f8 A T DA 2


mailto:chenhaowei0320@163.com
mailto:2895068186@qq.com

I A ER R E BB =R .
KB WOBTEVE;, A KEH,; ST, RO, LIPS ik, KGE

T I T I AR AR (I A R FE A R et AR G Rl iz 2 (K0 L e B T AR BE O ThER AR AL
BTAL. A BIEMKE LIPS Jeik e (E R oL ThR i Ak s I 70 AN L 1 UG 1A R R T AR o5 L
BESOCIHR AT FE, € T 100 kHz, 200 ns [E@EOESH PN A LR e 0. HROPFIIE 2K i
FEEEThZ N 40 W; FIFHEULERFFLT 20 mm X 20 mm [XIRP 40, AR 0 PRI R 0I5 e B b Ye B4 1
KA, S5ERNETEER, e TR EREREER AN 10%F0 30%, X R HRDIEUIRE 7N 5
U 4 IR 1E[E S SBMBAESE KT, S TIETEREE T IAE] 95. 93%F1193. 89%FH YL 1 T 3 1] 4 iR |
R H AR 1) R R R

10kW 5563t 25 Rl HEAE TR RAs it
EIER
PaIb RS TS FHARB ST, P4 710127
675762087@qq. com

o AR AR P EATHES 18 HOGA Mt 972 nm P SARBOLH, @ e i BRI A HEA TS
W, T EBEERCREHMER 10 kW HEREOE. RSO BRI MARCH S &R
BRI 2 AR U A 36 A b, R Y68 T A 37 T B TR 25 AR R SR H 5 RO Y B
REE /AT, SERK 10 kW 2% 18 X1 MR IEBIEOEA Rl 75 200 mm & RKE NI T HA R —
FEIOCBEES. BoORA I 10.249 kW, AEBFRSE 31 mm X 11 mm. Ho0UEK 972,34 nm. iR TEE 2. 27
nm A FEOCHE . B AR TR A W, R, R ERBEE DK RO R A%
FISERfL, e AR S H IR G A IR T A 5 SRR T R B g A e —ite . Hod, ot
& JEM BRI A B AR N & B MR R T A S i A R F Bz —, o T E N AMIF AN . J64F
PR R T (IO G SRAMY AT DA 50 O A B R, 1T ELREBE TE /N 223 2 P S0 st S 1k
BOLHAEEE . FEFEOCAEA T2 0 & R R B 45 A i i 5, B —3K0EH: 18 & 972 nm JB4F
A SARBOLER I 18X 1 PO T AR ES, SLIRIRA T/E 200 mm A HRKENEA H—
FETEOCBLAFIE . 10. 249 kW FKEHRINZE. 98.5% A RACK 2 AEF T ARG A A OE i A O
KN 972.34 nm . WELEEN 2.27 o ERHR TN 31 mmX 11 mm. IR NT 1. 2%,

Influence of laser parameters on corrosion resistance of laser melting layer on C45E4 steel
surface
Jingyan Péng‘ﬂ Yéng‘ﬁbjLZ&4, Tianxuan Bian L{ Jhiwei Xu ***
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Abstract: C45E4 steel is one of the medium carbon steels widely used in mechanical engineering.
However, every year, industries pour huge human and financial resources into repairing or
replacing the functionally C45E4 steel parts that are exposed to corrosion environment. In
this paper, a single factor laser melting experiment on C45E4 steel surface by using a pulsed
laser beam at a wavelength of 1064 nm and electrochemical analysis found the optimal laser
parameter combination : single—pulse energy density of 3.82 J- cm’, spot overlap rate of 80 %
and 4 number of laser scans. The thickness of the optimal laser melting layer prepared with
the optimal laser parameters was only 10.85 Bm, and it had a maximum self-corrosion potential
of 1.031 V, a minimum corrosion current of 3.451 X 10°A- cm—2and a maximum charge transfer
resistance of 1541.2 Q- cm” The optimal laser melting layer had a stable Fe304-FeO corrosion
resistance structure, effectively reduced the surface roughness, microcrack density and
oxidation leakage point, and prevented the C45E4 steel surface from being over—-oxidized.
KeyWords: Laser melting, C45E4  steel, Optimal laser parameters, Corrosion
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resistance, Electrochemistry

In summary, a series of laser melting layers with corrosion resistance are prepared on the
medium carbon steel C45E4 by using a pulsed laser. Through EIS, SEM, surface roughness, EDS and
XRD analysis, the influence of laser parameters including the single-pulse energy density, spot
overlap rate and laser scanning times on the corrosion resistance of the laser melting layers
are studied. It was found that single pulse energy density, spot overlap rate, and laser
scanning have significant effects on the distribution of microcracks, self-corrosion potential,
and unit corrosion current of the laser melting layer. The optimal laser parameters is determined
and the optimal laser melting layer with high corrosion resistance is prepared. The 10 wm—thick
optimal laser melting layer is prepared on 2.5 mm—thick C45E4 steel plate at the optimal laser
parameters. Specifically, the optimal single—pulse energy density is 3.82 Jecm’, the optimal
spot overlap rate is 80 % and the optimal number of laser scans is 4. The corrosion resistance
of the optimal laser melting layer is increased by 3 times, compared with that of the hot
alkaline blackening layer with the same thickness prepared by the traditional process
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Defects regulation of Sb2(S, Se)3 by construction of Sb2(S, Se)3/CdSe direct S—scheme
heterojunction with enhanced photoelectrochemical performance
Yuanhao Yanga, Xiaoyun Hua, Hui Miac™
School of Physics, Northwest University, Xi’ an, Shaanxi 710127, PR China
*E-mail: huim@nwu. wdu. cn
Abstract: Photoelectrochemical (PEC) water splitting technology is expected to promote
the reform of global energy distribution and accelerate the realization of the “two—
carbon goal” [1]. Of particular note, as a novel photoelectrochemical material, Sb2

(S,Se)3 is identified as a promising light-harvesting material due to its excellent
light-harvesting capability, abundant elemental storage. However, Sb2 (S,Se)3 has a
large number of defective energy levels, which limits its application in the PEC field.

Cadmium selenide (CdSe) film is one promising II -VI semiconductor compound with a
direct optical band gap. CdSe is an attractive compound due to its small size and its
large absorbance in the visible light spectrum, originating from quantum confinement
effect and large surface to volume ratio [2]. Most of the existing methods for preparing
CdSe include reducing Se powder with toxic substances such as hydrazine hydrate, acetone,
and ammonia. In this work, we successfully prepared CdSe thin films and constructed
Sb2 (S, Se)3/CdSe S—type heterojunctions using a cheap, environmentally, friendly, and
non-toxic Se precursor solution to effectively eliminate the adverse effects of Sh2
(S,Se)3 defect levels. Sb2(S,Se)3 thin films and Sb2 (S,Se) 3/CdSe S-scheme

heterojunctions were prepared on ITO substrates by hydrothermal methods. The S—scheme
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heterojunction formed by Sb2(S,Se)3 and CdSe provided a stronger driving force to
optimize carrier interface transportation. The CdSe nanoparticles grown in situ on
Sb2 (S,Se)3 thin films significantly reduce the recombination loss of photogenerated
electron hole pairs, significantly increase the carriers lifetime, and enhance the
oxidation ability of the photoelectrode. The photocurrent density was 1.71 mA/cm’ at
1.23 V vs. RHE, which was 14.2 times higher than pure Sb2(S,Se)3 (0.12 mA/cm ).
The Sb2(S,Se)3/CdSe  S—type heterojunction reduces electron transfer resistance,
enhances light absorption ability, and increases surface active sites, thus greatly
improving the PEC ability. This work opens up a new way for the design of Sh2 (S, Se)3
photoelectrodes.

Keywords: Sb2 (S,Se)3 , CdSe, direct S-scheme heterojunction, defects regulation,
photoelectrochemical performance
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Predicting evolutions of pulse characteristics along cavity position in passively mode-
locked fiber laser via SSA-LSTM approach
Boyuan Zhang, Kuotong Guo, Yani Chen and Dongdong Han*
School of Electronic Engineering, Xi’ an University of Posts and Telecommunications, Xi’ an
710121, China

Abstract: Ultrashort pulse evolution along the cavity position is an extremely complicated
computational process in passively mode—locked fiber laser systems. Herein, we present a data—
driven model to predict the complex intracavity evolution of pulse characteristics along the
cavity position using an integrated sparrow search algorithm (SSA) and long short-term memory
(LSTM) approach instead of numerically calculating the nonlinear Schrodinger equation (NLSE)
Furthermore, the proposed model is compared with a separate LSTM network. The results predicted
from the network agree well with those of the NLSE simulation. Moreover, the SSA-LSTM model
exhibits excellent predictive performance
Keywords: Passively mode—locked fiber laser, Intracavity evolutions, Long short—term memory
network, Sparrow search algorithm

Bi202S topological transformation and in—situ regrowth of [hkl]-oriented SbBiS3—xSex
2D skeleton structure for construction of efficient quasi—two—dimensional
Sb2SexS3—x—based heterojunction photoanodes
Liyuan Zhanga, Xiaoyun Hua, Hui Miao""

School of Physics, Northwest University, Xi’ an, Shaanxi 710127, PR China
*E-mail: huim@nwu. wdu. cn

Abstract: Antimony chalcogenides (Sb2 S3- x Se3 ), as one of the promising
light-absorbing materials 1in optoelectronic energy storage devices, has attracted
widespread attention in recent years[”. Of particular note, its crystal structure
consists of the one—dimensional [Sb4S(Se) 6]n ribbons with efficient carrier transport
efficiency along the [hk1] direction™. The open frame structure of Bi 202S will form
an internal electrostatic field between the layers, which has a good promotion effect
on the transport and separation of photogenerated carriers. In this work, we used Bi202S
as a template to induced growth through topological transformation and cleverly introduced
Bi elements to synthesize SbBiS3-xSex bimetallic alloy and the conversion of Sb2S3-xSex
preferred orientation from [hkO] to [hkl] was realized. Certain morphological characteristics
of Bi202S were reprinted, resulting in a 2D skeleton structure that was conductive to the
construction of light trap. The interface charge transfer resistance was reduced and the
electrochemically active surface area was increased. At the same time, Bi202S was employed as
the transport layer to achieve rapid conduction of electrons. Finally, Bi202S and introduced Bi
elements worked synergistically to greatly improve the PEC performance of Sb2S3-xSex
photoelectrode. When the applied bias voltage was 1.23 V vs. RHE, the photocurrent density of
the prepared Bi202S/SbBiS3-xSex photoanode reached 6.41 mA cm’, which was 7.5 times (0.86 mA
cm’) of the pure Sb2S3-xSex photoelectrode. The onset potential displayed a significant
negative shifted, and the value of IPCE was as high as 40.93% In addition, combined with
related characterization, it was confirmed that the underlying interface engineering of Bi202S
played an important role in improving the catalytic performance of Sb2S3-xSex photoanode, and
the growth mechanism of SbBiS3-xSex bimetallic alloy with 2D skeleton structure (nanoneedles
interwoven nanosheets) was given. This study provided new insights for modifying SbzSs;-Sey
through the underlying interface to obtain a promising PEC water splitting photoanodes
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Keywords: quasi-two—dimensional heterojunction; SbBiSs;-,Seyx; 2D skeleton structure;
Bi» 0, S; [hkl] preferred orientation; photoelectrochemical performance
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In—situ construction of 2D/1D Bi202S/Bi2S3 heterojunction from the topotactic transformation
of Bi202S with significantly enhanced photoelectrochemical performance
Wenjing Zhang, Xiaoyun Hu, Hui Miao*
School of Physics, Northwest University, Xi’ an, Shaanxi 710127, P. R. China E-mail address:
huim@wu. edu. cn (H. Miao)

Abstract:The emerging two—dimensional layered material Bi202S has gradually attracted the
interest of researchers due to its high carrier mobility, excellent light absorption
characteristic and good stability. However, its application in photoelectrochemical water
splitting is very limited. In this work, Bi202S nanosheets films were prepared on FTO substrates
by one-step hydrothermal method, which broke the traditional powder state of Bi202S prepared
Bi2S3, which belongs to the same orthorhombic crystal system as Bi202S, is also a layered
material and shares common cations. This structural similarity gives them a high lattice
matching degree and the possibility of mutual conversion. Based on this, we achieved topological
transformation of Bi202S under high temperature and pressure conditions and in situ evolved
Bi2S3 nanowires, synthesizing heterojunction with atomic—level contact interface. The test
results indicated that the Bi202S/Bi2S3  photoelectrode exhibited extremely high
photoelectrocatalytic performance. At 1.23 V vs. RHE, the photocurrent density of the
Bi202S/Bi2S3 photoelectrode reached 3.82 mA/cm’, which was 14 times higher than that of monomer
Bi202S (0.27 mA/cm’), and had good stability within 1 h. In addition, the incident photon to
current conversion efficiency and separation efficiency were increased by 15 and 6 times,
respectively. The results have shown that Bi202S and Bi2S3 co-shared by Bi atoms promoted
atomic—level close contact and stability of the interface, and this high—quality connected
heterostructure effectively stimulated the spatial separation of carriers at the interface. In
addition, by changing the sulfur source to regulate the nanowire—-like Bi2S3, the fast transport
channel constructed using its anisotropy promoted the transfer of carriers. In coordination
with each other, the 2D/1D Bi202S/Bi2S3 heterojunction exhibited significantly enhanced PEC
performance. Therefore, we believe that this study provides reference and inspiration for the
preparation of highly active heterostructures, and expands new paths for the design and
application of Bi202S based photoelectrodes

Keywords: Bi202S, topotactic transformation, atomic—level contact, photoelectrochemical
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The interaction mechanism between Docetaxel and ctDNA based on the Laser Confocal Raman
Spectroscopy
Suli Zhou, Xiaoqiang Feng, Kaige Wang*

State Key Laboratory of Cultivation Base for Photoelectric Technology and Functional
Materials; National Center for International Research of Photoelectric Technology & Nano-—
Functional Materials and Application; Key Laboratory of Photoelectronic Technology of
Shaanxi Province; Institute of Photonics and Photon-Technology, Northwest University, Xi’ an
710127, China
Abstract:The mechanism of the interaction between docetaxel (DOC) and calf thymus DNA (ctDNA)
was investigated with UV-vis spectroscopy, laser confocal Raman spectroscopy and molecular
docking method. In the UV-vis spectroscopy experiments, the effects of pH, ctDNA solution
concentration, temperature, interaction time, and Na' ions are systematically investigated
The experimental results showed that with the increase of pH, the peak intensity around 200 nm
decreased and red shifted, while the peak at 230nm did not change significantly. With more ctDNA
molecules added to the mixed solution, there was a subtractive effect but no significant blue
shift or red shift, suggesting that the mode of action of ctDNA might be non—classical
intercalated binding. The absorption spectrum of DNA-DOC did not show significant changes at
different times, indicating the composite has good stability. And the absorbance of DNA-DOC
slowly decreases at 230nm as the concentration of NaCl increases, indicating the DOC is
electrostatically bound to DNA. In addition, the changes in Raman characteristic peaks
indicated that DOC can interact with both the phosphate backbone and the bases of ctDNA
molecules. Finally, the molecular docking simulation results were consistent with the
experimental results mentioned above. These results are of great significance for the

development and research of new anticancer drugs
Key Words:Docetaxel, CtDNA, Interaction Mechanism, Raman Spectroscopy
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