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Abstract: As a two-dimensional (2D) material, black phos-
phorus (BP) has attracted significant attention owing to
exotic physical properties such as low-energy band gap,
high carrier mobility, and strong in-plane anisotropy. The
striking in-plane anisotropy is a promising candidate for
novel light-matter interaction. Here, we investigate the
photonic spin Hall effect (PSHE) on a monolayer of BP.
Due to the in-plane anisotropic property of BP, the PSHE
is accompanied with Goos-Hédnchen and Imbert-Fedorov
effects, resulting in an asymmetric spin splitting. The
asymmetric spin splitting can be flexibly tuned by the
angle between the incident plane and the armchair crys-
talline direction of BP and by the carrier density via a
bias voltage. The centroid displacements of two opposite
spin components of the reflected beam along directions
parallel and perpendicular to the incident plane can be
considered as four independent channels for information
processing. The potential application in barcode-encryp-
tion is proposed and discussed. These findings provide a
deeper insight into the spin-orbit interaction in 2D mate-
rial and thereby facilitate the development of optoelec-
tronic devices in the Terahertz region.
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1 Introduction

Two-dimensional (2D) materials have received a huge
amount of interest in recent years due to their exciting
physical properties [1-4]. Amongst them, black phospho-
rus (BP) has a unique bandgap that varies from around
0.3 eV in the bulk to approximately 1.5-2.0 eV in mon-
olayer [5]. The carrier mobility in BP can reach up to
10* cm?/V - s [6]. Thus, BP finds applications ranging from
photodetector [7-9], optical modulator [10], ultrafast laser
[5] to biosensor [11] etc. In monolayer BP, the phosphorus
atoms form a hexagonal lattice with a puckered structure
resulting in its in-plane anisotropic property [5, 7]. The
striking in-plane anisotropy of BP enables novel polariza-
tion-dependent and angle-resolved optoelectronic devices
[12-14]. In 2015, a polarization-sensitive broadband photo
detector was demonstrated by using a BP vertical p-n
junction [14]. In 2017, a BP-based wave plate was fabri-
cated, where the polarization-plane rotation per atomic
layer reached up to ~0.005° [15]. Lately, an orientation
induced diode was demonstrated with a few-layer BPs
[16], where large tunable current rectification and strong
anisotropic photocurrent were observed [16]. Recently, BP
was shown to be a prospective material for spintronics [17]
due to the strong spin-orbit coupling in high quality BP.
The spin relaxation time was measured to be 4 ns with a
spin relaxation length exceeding 6 um [17]. To addition,
quantum Hall effect in BP was observed by embedding BP
in van der waals hetero structure [18]. High carrier Hall
mobility as high as 6000 cm?/V - s was achieved [18].
Here, the photonic spin Hall effect (PSHE) on a
monolayer BP is investigated systematically. The PSHE
originates from the spin-orhit interaction of light, which
is a striking phenomenon in optics, and it has applica-
tions ranging from optical shaping to unidirectional
coupling [19-21]. Due to the in-plane anisotropy of BP,

aOpen Access. © 2018 Wenguo Zhu et al., published by De Gruyter, | (c<) EISISITCH This work is licensed under the Creative Commons Attribution-

NonCommercial-NoDerivatives 4.0 License.
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Abstract: Two-dimensional material tungsten diselenide
(WSe,) nanosheets are coated on a microfibre knot reso-
nator (MKR) to achieve an all-optical power modulation
functionality. On account of the strong absorption prop-
erty of WSe, and the resonance enhancement properties of
MKR, the transmitted optical power of signal light within
the WSe,-hased MKR can be effectively modulated. The
sensitivities of light—control-light experiments with 405-
and 660-nm lasers are as high as 0.32 and 0.12 dB/mW,
respectively. The sensitivities and power tuning can be
enhanced by a higher resonance Q and a larger extinction
ratio of MKR. In terms of the response time, the average
rise and fall times are 3.5/3.7 and 3.5/4 ms with 405- and
660-nm lasers, respectively. This proposed structure is
expected to achieve potential applications in all-fibre-
optic-based tunable device such as optical modulator,
detector, and so on.

Keywords: two-dimensional material; tungsten disele-
nide; resonance enhance; microfibre knot resonator.
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1 Introduction

Optical modulators are key components on modern com-
munication system. One of the ways to develop optical
modulators is using optic-fibre for its high compatihility
with all-optical circuit. Optical fibre is one of the most
important information transmission media [1]. Tapered
microfibre (MF) can be obtained by pulling standard fibre
with heat-flaming method [2], which reduces the cladding
thickness to make evanescent wave overflow the surface
of fibre. Thus, an enhancement of interaction hetween
light and matter can be achieved. Microfibre knot reso-
nator (MKR) can be obtained by knotting MF. Compared
with common MF, it has a stable structure and remarkable
resonance characteristics with high Q factor, which makes
it a better structure for optical modulation [3]. It has been
currently applied in the field of sensors [4], modulators
[5], lasers [6], accelerometers [7], and so on. Attached to
optical materials that can be modulated by laser pumping
or applied voltage, MKR devices with rapid modulation
and high sensitivity can be obtained.

Two-dimensional materials that can be optically
or electrically modulated are ideal for combing with
fibre-hased devices [8]. Typical two-dimensional mate-
rials such as graphene [9], silicene [10], phosphorene
[11], arsenene, and antimonene [12] have garnered
tremendous interest for their unique optical proper-
ties. Graphene can be applied in both microwave and
optical band [9] and act an important role in fibre laser
for ultrahigh-repetition-rate pulse [13]. Silicene has
been further studied because of its high performance
in photoelectronics properties [10]. Phosphorene, allo-
trope of phosphorus, is developed for optoelectronic
devices such as two-dimensional CMOS inverter [11],
as well as phase modulation ability with a conversion
efficiency of 0.029 7 mW [14]. Arsenene with band
gaps of greater than 2.0 eV is found potential in devices
working under blue or UV light [12], while few-layer bis-
muthene could be coated onto MF to fabricate an optical

@ Open Access. © 2019 Heyuan Guan and Huihui Lu et al., published by De Gruyter, [ XS This work is licensed under the Creative Commons Attribution

4.0 Public License.
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A highly sensitive surface plasmon resonance fiber sen-
sor for a vector magnetic field is proposed. The sensor is
composed of a half-side gold-coated multimode-single-
mode-multimode hetero-core fiber structure encapsulated
with ferrofluids. The half-side gold film on the fiber not
only produces the surface plasmon resonance, but also
breaks the centrosymmetry of the light field in the fiber.
Moreover, the magnetic-field-dependent anisotropy of the
surrounding ferrofluids makes the sensor sensitive to both
the intensity and direction of the magnetic field. Owing to
the unique half-side coating configuration and the result-
ing enhancement of the evanescent field, the sensor can
achieve a sensitivity as high as 1008 pm/Oe to the magnetic
field intensity. The proposed sensor, possessing advantages
such as high sensitivity, ease of fabrication, and low cost,
has potential in the detection of a weak vector magnetic
field. ©2020 Optical Society of America

https://doi.org/10.1364/0L.401435

The oprical-fiber-based magnetic field sensors integrated with
ferrofluids, which possess outstanding magnero-optical prop-
erties, have artracted grear interest in the last decade [1,2]. In
the early stage (2010-2016), the related works focus on the
sensing to the scalar magnetic field while ignoring the direction
[3]. Exploiting the fluid characteristics of ferrofluids, this can
be implemented by coaring the ferrofluids around a multimode
interferometer [4], a tapered two-mode fiber [5], and an all-solid
waveguide array fiber [6], etc., or filling the ferrofluids into the
air holes of a photonic crystal fiber [7,8]. Furthermore, since the
anisotropic distribution of ferrofluids around fiber was discov-
ered in 2016, the focus started transferring to the sensing of a
vector magnetic field [9]. To realize the magnetic vector sensing,
a non-centrosymmetric light field distribution is necessary in
the fiber, and several schemes have been proposed to date. For
example, Lu ef al. employed an excessively tilted fiber grating
to break the symmertry of light field [10]. Yin ez al achieved it
by splicing a thin-core fiber between two single-mode fibers
(SMFs) with an offser [11]. A rapered Hi-Bi fiber integrated
with ferrofluids was demonstrated by Layeghi and Larifi for

0146-9592/20/174746-04 Journal @ 2020 Optical Society of America

the vector magneric field sensing [12]. Violakis er al proposed
to side-polish a SMF to break the symmerry of light field [13].
The similar scheme was also employed by Li ez al using an
interferometer constructed by a side-polished no-core fiber
[14]). However, due to the weak evanescent field, the sensitivities
obrained by the above schemes are limited to be lower than
300 pm/Oe.

Surface plasmon resonance (SPR), occurring at the interface
of metal and dielectric, can significantly enhance the evanescent
field, providing a way for high-sensitivity sensing of a magneric
vector when integrated with ferrofluids. Zhang et al. first pro-
posed a plasmonic fiber-opric vector magnetometer based on a
gold-coated rilted graring with a sensitivity of 180 pm/Oe [9]. In
a previous work, we proposed a side-polished multimode fiber
(MMF) SPR sensor for the magnetic vector sensing, achieving
a sensitivity of 599 pm/Qe [15]. The sensitivity was further
improved to 692 pm/Oe using a side-polished two-mode fiber
as the SPR substrate [16]. Though several SPR-based magneric
vector fiber sensors have been proposed, their fabrications need
the complicated processes such as the side-polishing, inscribing
a tilted fiber grating or rotating the fiber ro coar a uniform gold
film on the whole surface of a fiber.

In this Letter, a novel fiber SPR scheme thar can generate a
non-centrosymmerric ligh field distribution is proposed and
applied for the magnetic vector sensing. The scheme is imple-
mented by coating a gold film on the half side of an SMF, which
is sandwiched by two MMFs to form a half-side gold-coated
(HSGC) hetero-core fiber structure. After being functionalized
with ferrofluids, the sensor shows a high sensitivity to a mag-
netic vector. An intensity sensitivity as high as 1008 pm/QOe is
achieved experimentally, which is one order higher than those
reported already. The proposed sensor may find the applications
in the fields needing magnetic vector detection.

A schemaric diagram of the proposed sensor is shown in
Figs. 1(a) and 1(b). The sensor is composed of an HSGC SMF
sandwiched by two MMFs and encapsulared with ferrofiuids.
Due to the mismarch of the core diameters berween the MMF
and SME, when the incident light from the MMF propagates
to the HSGC SMEF, part of the light couples into the cladding
of the SMF and propagates in the form of cladding modes. Ara
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Enhanced optical sensitivity of molybdenum
diselenide (MoSe;) coated side polished fiber
for humidity sensing
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Abstract: In this paper, a side-polished fiber (SPF) coated with molybdenum diselenide
(MoSe,) is proposed, and its characteristic of relative humidity (RH) sensing is investigated.
It is found in the experiment that an enhancement in RH sensitivity (0.321 dB/%RH) can be
achieved in a very wide RH range of 32%RH to 73%RH for the proposed MoSe, coated SPF
(MoSe,CSPF). 1t is also shown that the MoSe,CSPF has a rapid response of 1s and recovery
time of 4s, which makes the sensor capable of monitoring human breath. The experimental
results suggest MoSe, has a promising potential in photonics applications such as all-fiber
optic humidity sensing networks.

© 2017 Optical Society of America

OCIS codes: (060.2370) Fiber optics sensors; (060.4005) Microstructured fibers; (160.4236) Nanomaterials;
(230.1150) All-optical devices; (060.2310) Fiber optics; (060.2280) Fiber design and fabrication.
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Abstract: The angular Goos-Hénchen shift of vortex beam is investigated theoretically when
a Laguerre-Gaussian (LG) beam is reflected by an air-metamaterial interface. The upper limit
of the angular GH shift is found to be half of the divergence angle of the incident beam, i.e.,

10, = (14 + 1)"*/kowo, with £ ko, and wy being the vortex charge, wavenumber in vacuum,
and beam waist, respectively. Interestingly, the upper limited angular GH shift is
accompanied by the upper-limited spatial IF shift. A parameter /' is introduced to compare the
total beam shift with the beam size. F* varies with the vortex charge ¢ and the propagation
distance z,. The values of F at z, = oo plane can approach 0.5, which are always larger than

those at z, = 0 plane. These findings provide a deeper insight into optical beam shifts, and
they may have potential application in precision metrology.

© 2018 Optical Society of America under the terms of the OSA Open Access Publishing Agreement
OCIS codes: (160.3918) Metamaterials; (050.4865) Optical vortices; (250.0250) Optoelectronics.
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Abstract: In-plane photonic spin splitting effect is investigated in tunneling terahertz waves
through an epsilon-near-zero metamaterial sandwiched between monolayer black phosphorus
(BP). The strong in-plane anisotropy of BP layers will induce in-plane asymmetric spin
splitting. The asymmetric spin splitting can be flexibly tuned by the angles between the
incident plane and the armchair crystalline directions of the top and bottom BP layers, i.e., ¢
and ¢, Based on this, an angle-resolved barcode-encryption scheme is discussed. For the
special case of ¢ = ¢ = 0 or 90°, the transmitted beam undergoes Goos-Hinchen shift, which
varies with the carrier density of BP. We believe these findings can facilitate the development
of novel optoelectronic devices in the Terahertz region.

© 2019 Optical Society of America under the terms of the OSA Open Access Publishing Agreement

1. Introduction

Photonic spin splitting, refer to the spatial separation of two opposite spin components of the
reflected/transmitted beam [ 1—4], has attracted significant attention owing to its application in
precise metrology and quantum information [5-7]. The spin splitting can occur in directions
both parallel and perpendicular to the plane of incidence, i.e., so-called the in-plane and out-
of-plane spin splitting (IPSS and OPSS) [4-6]. Both IPSS and OPSS can be considered as
results of spin-orbit coupling [1,3,4,8]. It has been demonstrated by Gotte and Dennis in 2012
that the in-plane and out-of-plane spin splitting can be considered as analogous but reverse
effects [9]. Different from Goos-Hinchen (GH) shift occurring in total reflection, the IPSS
can appear in both cases of partial and total reflections [3,4]. In 2017, the upper limit of [PSS
was derived, equal to the incident beam waist [4]. This upper limit can be obtained by
optimizing the incident linear polarization state at Brewster angle [4]. Very recently, large
IPSS near the critical angle of total reflection was theoretically proposed and experimentally
verified [10].

Epsilon-near-zero (ENZ) metamaterial has significant interest due to its novel light-matter
interactions [11]. According to the electromagnetic boundary condition, the vanishing epsilon
in ENZ material will lead to strong discontinuity in the normal electric field, thus the strong
field localization and enhancement [12]. The nonlinear and Purcell effects can therefore be
boosted by ENZ metamaterials [13-15]. The vanishing epsilon of ENZ material also results in
nearly constant phase advance when an electromagnetic field travels through the whole
material [16]. Based on this phenomena, phase-mismatch-free harmonic generation,
wavefront reshaping, and ultrafast phase transitions have been developed [17]. It has been
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Abstract: The development of an objective and rapid method that can be used for the early
diagnosis of gastric cancer has important clinical application value. In this study, the fluorescence
hyperspectral imaging technique was used to acquire fluorescence spectral images. Deep learning
combined with spectral-spatial classification methods based on 120 fresh tissues samples that had
a confirmed diagnosis by histopathological examinations was used to automatically identify and
extract the “spectral + spatial” features to construct an early diagnosis model of gastric cancer.
The model results showed that the overall accuracy for the nonprecancerous lesion, precancerous
lesion, and gastric cancer groups was 96.5% with specificities of 96.0%, 97.3%, and 96.7% and
sensitivities of 97.0%, 96.3%, and 96.6%, respectively. Therefore, the proposed method can
increase the diagnostic accuracy and is expected to be a new method for the early diagnosis of
gastric cancer.
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1. Introduction

Gastric cancer (GC) is one of the common malignancies that originate from epithelial cells on
the gastric mucosa. According to global data, GC is the fourth most common malignancy in the
world and the second leading cause of cancer-related deaths [1]. The occurrence and development
of GC are complicated and affected by multiple factors such as environment and heredity, and the
influence of these factors on the occurrence of GC has not been fully elucidated. The five-year
survival rate of advanced GC is still lower than 30% even after the comprehensive treatment of
surgery, chemotherapy, and radiotherapy [2], while the five-year survival rate after the treatment
of early GC can be more than 90%, even reaching the cure effect [3]. Therefore, early diagnosis
of GC is very important.

The occurrence and development of GC is a complex process of multistage, multistep, and
multiple mechanisms. There are a series of intermediate stages (including the precancerous
state). At present, the more recognized pattern of human GC was proposed by Correa [4]:
“normal gastric mucosa - chronic non-atrophic gastritis - atrophic gastritis - intestinal metaplasia
- dysplasia - gastric cancer.” The diseases of atrophic gastritis (AG) and intestinal metaplasia
(IM) are considered to be precancerous lesions that are highly associated with GC [5]. AG and
IM have a greater risk of developing into GC if not treated in time. Their early detection and
timely treatment have important practical significance for the prevention and treatment of GC.
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Abstract: Polarization-sensitive Tamm plasmons are investigated in a multi-layer photonic
configuration where a monolayer black phosphorus (BP) is coated on a Bragg mirror separated
by a dielectric. Owing to the in-plane anisotropy of BP, the Tamm plasmon can be excited
selectively by tuning the BP carrier density. Cross-polarization conversion occurs when the
armchair direction of BP makes an angle with the incident plan, i.e., ¢#0 or 90°. The BP-based
Tamm device can be used as an intensity modulator with a modulation depth up to ~100%
and an insertion loss smaller than -0.55 dB. By analyzing the polarization evolution carefully,
a multichannel polarization division multiplexing scheme is proposed and discussed. These
findings open a new avenue for exploiting versatile tunable THz devices based on the monolayer
of BP.

© 2020 Optical Society of America under the terms of the OSA Open Access Publishing Agreement

1. Introduction

Polarization is an intrinsic property of electromagnetic waves. Active control and modulation of the
polarization state of electromagnetic wave is of practical importance in many areas such as imaging,
sensing and communications [1-3]. Many active materials with different tuning mechanisms have
been proposed including electrically-tuned liquid crystals [4], mechanically-deformed elastic
materials [5], and electrically-modulated graphene metamaterials [6,7]. Among them, graphene
metamaterials show advantages owing to the its atomic thickness, high electrical modulation speed,
and wide operation spectrum from sub-terahertz to near-infrared [8]. In the THz region, graphene
metamaterials with subwavelength patterned structure have been designed to functioned as quarter
wave plate [9], asymmetric transmission [6,10], polarization converter [11], etc. However, the
electrical modulation of the patterned graphene is difficult. To address this problem, researchers
assemble a complete large area graphene with anisotropic/chiral subwavelength structure made
of metal or dielectric [12,13]. In 2017, Kim and co-workers combined a chiral metamaterial with
a gated single-layer sheet of graphene [13]. They demonstrated that transmission of a terahertz
wave with one circular polarization can be electrically controlled with large-intensity modulation
depths (>99%) [13].

Black phosphorus (BP) has recently emerged as a strong competitor to graphene, due to its
high carrier mobility and uniquely tunable band gap ranging from 0.3 to 2 eV [14-16]. The
striking in-plane anisotropy of BP promises novel polarization-dependent and angle-resolved
optoelectronic devices without the need of patterned structure or additional subwavelength
metal/dielectric structure [17,18]. In 2016, the anisotropic property of BP has been visualized by
a polarized optical microscopy [19]. The crystallographic orientation of BP can be precisely
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