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Fig. 1. Damage spot depth map of the HfO, films: (a) 353 K, 39.2 J/cm?; (b) 423 K, 38.6 J/cm?; (c) 503 K, 36.6 J/cm?; (d) 573 K,

31.7 J/cm?20),
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Fig. 2. Schematic diagram of annular cavity with different

saturable absorber insertion structures.
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Fig. 3. Schematic diagram of nonlinear polarization evolution mode-locked polarization state.
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Fig. 4. Experimental results of the passively mode-locked EDF laser with the fiber-taper WS, SA: (a) Optical spectrum of the generated

pulses. The 3 dB spectral width is 114 nm at 1540 nm. (b) Intensity autocorrelation trace with 67 fs pulse duration!*s.
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Fig. 5. Schematic diagram of hybrid mode locking structure.
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Fig. 6. Schematic diagram of nonlinear optical loop mirror

saturable absorption.
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SPECIAL TOPIC—Micro-nano photoelectron and laser

Research progress of mode-locked pulsed fiber lasers with
high damage threshold saturable absorber”

Cui Wen-Wen  Xing Xiao-Wei  Xiao Yue-Jia  Liu Wen-Jun'

(State Key Laboratory of Information Photonics and Optical Communications, School of Science,

Beijing University of Posts and Telecommunications, Beijing 100876, China)
( Received 31 December 2021; revised manuscript received 11 January 2022 )

Abstract

As the basic hardware to promote the development of various fields, fiber laser has great development
potential in rail transit, optical communication, new material manufacturing, power battery processing, military
defense, medical treatment, and other fields. As the core device of passively mode-locked fiber laser, a high
damage threshold saturable absorber plays a decisive role in achieving high power, ultrashort pulse duration,
and high energy laser output for a fiber laser. For saturable absorbers of traditional materials and structures,
the spot size of light acting on the material is almost the same as the exit diameter of the optical fiber, which is
easy to exceed the damage threshold of the saturable absorber and lead to damage. To improve the damage
threshold of saturable absorbers, the structure of saturable absorbers based on both real materials and
traditional saturable absorbers can be optimized. On the one hand, the preparation technology of the saturable
absorber is adjusted, such as using the sol-gel method, which has a good effect on improving the damage
threshold of the saturable absorber. Moreover, different materials are selected and used as substrates, such as
the use of inorganic materials as material substrates and the selection of a variety of insertion cavity structures,
such as “sandwich” transmission structures, tapered fibers, and photonic crystal fibers. These methods are of
great significance in improving the damage threshold of the real material saturable absorber and realizing pulsed
laser with excellent performance and high stability. On the other hand, the equivalent saturable absorber
structure is used to improve the damage threshold and optimize the laser performance, such as hybrid mode-
locked structure and nonlinear multimode interference. The continuous optimization of the fiber laser damage
threshold will further expand its application range. Therefore, it is important to adjust the preparation process
and insert the cavity structure of saturable absorbers for improving the damage threshold of the saturable
absorber and achieving high performance and stability of the pulsed laser. This paper reviews the research
status of high damage threshold saturable absorbers at home and abroad, summarizes the latest methods to
improve material damage threshold and the latest research progress of equivalent saturable absorbers, and also
points out the future development direction of high damage threshold saturable absorbers.

Keywords: ultrafast fiber laser, saturable absorber, high damage threshold
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Fig. 1. (a) Schematic diagram of the structure of the sus-
pended waveguide system; (b) design drawing of floating
waveguide, t= 215 nm, w= 800 m, air slit length s=
2 nm, height 7=213 nm; (b) schematic diagram of optical
dispersion diagram, optical resonance is represented by dis-
crete points (red and blue) along the overall dispersion
curve (solid line); (d) schematic diagram of pump light con-
version to stokes light and phonons. In the figure, k and &,
represent the wave vectors of stoke light and pump light,
respectively. w, w,, and {2 represent Stokes light, pump
light, and generated phonon frequencies, respectively.
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Fig. 2. Optical mode and radiation pressure distribution of
the waveguide: (a) Schematic diagram of the radiation pres-
sure distribution on the left; (b)—(d) guiding lateral pro-
files of the fundamental optical modes of the FE,, E, and E,

field components.
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Fig. 4. Six acoustic modes of a suspended waveguide, show-
ing the transverse section of the normalized mixed sound
waves (E;—Eg) of lowest first to sixth order of the u, and u,

components.
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Fig. 5. Finite element simulation of the photoacoustic coup-
ling rate varying with the length of the waveguide in the

suspended waveguide structure.
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SPECIAL TOPIC—Micro-nano photoelectron and laser

Ridge-type suspended waveguide Brillouin laser”
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Abstract

As is well known, the on-chip waveguide with high Brillouin gain has many applications in the field of
photonics. Brillouin lasers on silicon substrates are widely used in frequency tunable laser emission, mode-locked
pulsed lasers, low-noise oscillators and optical gyroscopes. However, in a silicon-based Brillouin laser, a long
waveguide length is still used to achieve Brillouin laser output, which is not conducive to on-chip integration. In
this work is proposed a new type of waveguide structure consisting of chalcogenide As,S4 rectangles and an air
slit. Owing to the existence of the air gap, the radiation pressure makes the enhancement of Brillouin
nonlinearity much higher than the enhancement caused only by the material nonlinearity. This makes the
Brillouin gain reach 1.78 x 10> W m !, which is nearly 10 times larger than the previously reported backward
SBS gain of 2.88 x 10* W l.m!, resulting in phonon frequency tuning in a 4.2-7.0 GHz range. This method
provides a new idea for designing nano-scaled optical waveguides for forward stimulated Brillouin scattering,
and at the same time, this enhanced broadband coherent phonon emission paves the way for improving the

hybrid on-chip CMOS signal processing technology.

Keywords: Brillouin gain, air slit, tunable

PACS: 42.65.Es, 42.65.Wi, 42.82.Bq, 42.82.Et DOI: 10.7498 /aps.71.20211539
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Fig. 3. (a) The zero-order Bessel beam generator based on
spiral catenary arrangement (! = 0); (b) high-order Bessel
beam generator based on concentric circular catenary ar-
rangement (I = 2); (c¢) phase distribution for the arrange-
ment in (a) at the incidence of 9.6 pm RCP waves; (d) phase
distribution for the arrangement in (b) at the incidence of
9.6 pm LCP waves.
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Fig. 4. A catenary-based atom and its characteristic: (a) The cross-sectional view; (b) the top view of one atom. The phase change

with respect to position z (c) in the amorphous state and (d) the crystalline state at 9.6 pm. The normalized cross-sectional intens-

ity distribution at 9.6 pm in (e) amorphous and (f) crystalline states.
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Fig. 5. The switchable meta-array for deflectable devices. (a) The Catenary-Ge,SbyTey integrated quasi-continuous metasurface for

active beam control. (b) The simulated results of the co-polarized and cross-polarized reflectivity in the amorphous state. (¢) Polar-

ization conversion efficiency (PCR) spectrum. The beams with different wavelengths of 9.0, 9.5 pm, and 10.0 pm are reflected/de-

flected to distinctly different angles in the (d) amorphous state and (e) crystalline state. The normalized amplitude distribution of
the reflected electric field (E,) for RCP incidence (9 pm) in the (f) amorphous and (g) crystalline state in the z-z plane.
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Fig. 6. The switchable high-order Bessel beam device (I = 2): (a) The switchable high-order Bessel beam generator with concentric

catenary atoms (I = 2) and (b) its partially enlarged view; (c) the normalized intensity distribution in the z-z plane (y = 0) in the

amorphous state; (d) the normalized intensity distribution in the z-y plane (z = 100 pm); (e) the normalized intensity along the

dotted line marked in (d); (f) the normalized intensity distribution in the z-z plane (y = 0) in the crystalline state of GeySbyTes.
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Photonic meta-switch based on phase change and
catenary-enabled continuous phase regulation
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Abstract

Aiming at the characteristics of passive and discrete phase regulations inherent in current metasurfaces, we
combine optimized isowidth catenary with non-volatile phase change dielectrics and explore a type of bistable
phase-change-based wavefront meta-switch of continuous phase tuning and active switching. First, the
switchable wavefront deflector is demonstrated in the mid-IR range between 9 pm and 10 um. Upon phase
transition between crystalline state and amorphous state, the incident wave can be switched into anomalous

”

reflection and regular reflection, i.e. the “on” state and “off ” state of wave deflection. Further, a type of
dynamically tunable Bessel beam switch is demonstrated. In the amorphous state, the polarization conversion
efficiency approaches to 100% with an incident wave of 9.6 um in wavelength. Therefore, the normal
geometrical phase and the second-order Bessel focus are switched “on”. However, the cross-polarization and
geometrical phase are switched “off ” upon phase changing into crystallized state. Intrinsically, non-dispersive
spin-orbit interaction ensures that this kind of device possesses the broadband characteristics. Such a devise has

great potential applications in active optoelectronic integration, optical communications, etc.
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