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A B S T R A C T

Self-powered two-dimensional (2D) polarization-sensitive photodetectors have propelled the advancement of the
next-generation optoelectronics. However, currently such devices mainly depend on the stacking of multiple 2D
heterojunctions to realize this function, which demands precise operational procedures and strict band alignment.
Herein, we present the achievement of self-powered polarization photodetection in 2D GaInS3 via strain engi-
neering. This primarily depends on the intrinsic in-plane anisotropic structure and internal spontaneous polari-
zation of 2D GaInS3. Remarkedly, the strained GaInS3 devices exhibit superior optoelectronic performance with a
high on/off ratio (>104), and large anisotropy ratio (~5.4). Furthermore, the strained device can achieve self-
powered high-resolution polarization imaging. This work offers a guideline valuable for developing high-
performance 2D self-powered polarization photodetectors.
1. Introduction

Polarization-sensitive photodetectors, under their ability to sense and
identify objects efficiently in complex environments, have extensive
applications in communication remote-sensing, scanning imaging, ma-
chine vision, and others [1–5]. Traditional polarization photodetectors
with redundant optical components and low sensitivity are unable to
meet the increasing demand for device miniaturization and multifunc-
tion integration [6]. Two-dimensional (2D) materials have undergone
extensive research in optoelectronics owing to their distinctive optical
and electrical properties [7–9]. Among them, a class of 2D materials with
in-plane anisotropy exhibits significant application prospects in
polarization-sensitive photodetection [10–12].

With the ongoing advancement and investigation of various 2D
anisotropic materials, it has become feasible to engineer distinct types of
heterojunctions through bandgap engineering to realize self-powered
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polarized photodetectors. This approach not only reduces power con-
sumption but also simplifies the device configuration [13–16]. However,
this also requires strict band alignment and complex precision operation
procedures. Although the bulk photovoltaic effect of 2D ferroelectric
materials is being recognized, the highly symmetric in-plane crystal
structures of In2Se3 [17] and CuInP2S6 [18] fail to show strong in-plane
anisotropic optical characteristics, due to the fact that flexible 2D ma-
terials have a high deformative tolerance [19] and by applying strain
engineering [20] the in-plane polarization can be significantly enhanced
to achieve the bulk photovoltaic effect [21–23]. However, this remains
elusive for realizing self-powered polarization-sensitive optoelectronic
detectors.

In this work, we propose that strain engineering can enhance the
spontaneous polarization of GaInS3 to accomplish the self-powered po-
larization-sensitive optoelectronic function. The anisotropy and dipole
polarization in-plane of 2D GaInS3 are characterized and analyzed by
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Fig. 1. Structural and anisotropic characterizations of GaInS3. (a) The bond geometric diagram of the GaS4 tetrahedron and the InS6 octahedron. Bond length units:�A.
The inset shows the single crystals of GaInS3. (b, c) Side and top views of the GaInS3 structure. The c-axis is defined as the Armchair direction, and the interlayer
spacing is 0.97 nm. The lateral and vertical distances of the Ga/In atomic columns are marked by the orange and blue dashed frames, respectively. (d) Experimental
and calculated XRD patterns of GaInS3. (e) The corresponding SAED pattern of GaInS3 along the [010] direction. (f) High-resolution TEM of 2D GaInS3. The blue and
green double-color balls denote Ga/In atoms, and the yellow balls represent S atoms. The distances of Ga/In atoms along the AC and ZZ directions are represented by
light blue and yellow frames, respectively. (g) The angle-resolved ADRDS mapping, scale bar: 10 μm. (h) Polar plot of ADRDS intensities of GaInS3 with the intensities
extracted from the red circle mark on the GaInS3 nanosheets in Figure. g.
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angle-resolved polarization Raman spectra (ARPRS), angle-dependent
reflectance difference spectroscopy (ADRDS), and second-harmonic
generation (SHG), and piezo-response microscopy (PFM), respectively.
The strained device is obtained by transferring GaInS3 nanosheets onto
the prefabricated bottom Au electrodes through the dry transfer method.
Under 365 nm wavelength illumination, the strained GaInS3 device
demonstrates a remarkable bulk photovoltaic response, and the open-
circuit current (Ioc) can be modulated through the crystal orientation
and strain coefficient. The self-powered detector manifests outstanding
photoelectric properties, a high on/off ratio (Ion/off >104), appropriate
responsivity (R~ 85 mAW�1) and considerable polarization ratio (PR ~
5.4). Additionally, self-powered polarization imaging is employed to
verify the reliability of the strained device. This work presents a new
approach in exploration of high-performance 2D self-powered polariza-
tion-sensitive photodetectors.

2. Experimental

2.1. Materials preparation and characterizations

GaInS3 bulk single crystals were obtained by employing the chemical
vapor transport (CVT) method [24]. Nanosheets of GaInS3 were prepared
2

from the bulks by mechanical exfoliation and transferred onto arbitrary
substrates. The morphology and thickness of the as-prepared nanoplates
were observed by means of an optical microscope (Olympus, BX51) and
an atomic force microscope (AFM, Bruke, Dimension Icon), respectively.
The phase and composition of the nanosheets were investigated and
characterized by an X-ray diffractometer (XRD, Burker, D2 Phaser) and a
scan scanning electron microscope (SEM) equipped with energy disper-
sive spectrometer (EDS, Quanta 650 FEG, FEI). Selected area electron
diffraction (SAED) and high-resolution transmission electron microscopy
(HRTEM) are acquired by means of a transmission electron microscope
(FEI, Tecnai G2 F30). The angle-resolved polarization Raman spectra
were performed by using a confocal microscope spectrometer (WITec,
Alpha300RSþ) with a 40 � objective lens and a 532 nm laser source. For
angle-dependent reflection difference spectroscopy (ADRDS), the polar-
ization direction of the linearly polarized incident light is modulated by a
polarizer and a liquid crystal variable delay (Thorlabs, LCC1113-A). After
traversing the lens and bandpass filter, the reflected light signal from the
GaInS3 sample is captured by a charge-coupled device (Apogee, AltaU2).

2.2. SHG and PFM measurements

The SHG measurements were performed using a Ti:Sapphire



Fig. 2. SHG characterizations of 2D GaInS3. (a) Wavelength-dependent SHG response from 780 to 1050 nm. (b) Power-dependent SHG intensity and fitting curve at
790 nm laser with the power range of 1–11 mW. (c) SHG intensity mapping of multi-layer GaInS3, insert picture: microscopic morphology of GaInS3, the thickness
ranges from 5L to 32L. (d) Layer-dependent SHG intensities curve. (e) SHG intensity mapping of strained GaInS3. The white circles denote the regions where different
strain coefficients were extracted, respectively. The inset is optical image strained GaInS3, the thickness of the flat area is only 15 nm, and the thickness of the fold area
can reach 200 nm. (f) The histogram of the GaInS3 SHG intensity under different strain coefficients and the line graph of the SHG enhancement factor for statistics.
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femtosecond laser (140 fs, 80 MHz) with an excitation wavelength range
of 780–1050 nm. The sample surface was focused by a confocal micro-
scope spectrometer (WITec, Alpha300RSþ) equipped with a 40 �
objective lens. A linear analyzer was installed in front of the detector to
collect SHG signals in parallel and vertical configurations. The half-wave
plate was placed in the optical path to regulate the polarized direction.
The lateral piezoelectric response was measured using a piezoelectric
force microscope (PFM, Oxford Instruments Asylum Research, Jupiter
XR). In the PFM characterization, a conductive probe coated with Pt/Ir,
having a force constant of 2.8 N/m, was employed, and an AC bias
voltage within the range of 1–4 V was applied. To minimize the inter-
ference of surface charges, the exfoliated nanosheets were transferred
onto a conductive substrate (silicon substrate) and grounded.
2.3. Devices fabrication and characterizations

The bottom electrode patterns were fabricated on a 300 nm SiO2/Si
substrate via electron beam lithography (EBL, Raith GmbH, ELPHY Plus)
and the electrodes (150�200 nm Au) were deposited through thermal
evaporation (Angstrom Engineering, Nexdep). GaInS3 nanoflakes on
polydimethylsiloxane (PDMS) were determined to have a crystal orien-
tation by polarized Raman or SHG, and then transferred to bottom
electrode using a transfer platform. The electrical measurements of the
device were carried out through a probe station (Lake Shore, TTPX)
equipped with a semiconductor analyzer (Keithley, B1500A), and the
photoelectric response was tested by an external 365 nm wavelength
laser (Thorlabs, M365FP1).
3

3. Results and discussion

GaInS3 crystallizes in the orthorhombic mm2 point group (space
group Cmc21), which is a typical non-centrosymmetric structure. Spon-
taneous polarization may exist within this crystal structure, which is
expected to find applications in fields such as nonlinear optics and
piezoelectricity [25,26]. As depicted in Fig. 1a, GaInS3 encompasses two
structural units, namely the GaS4 tetrahedron and the InS6 octahedron. In
light of the bond lengths presented in the polyhedra, the M�S bonds
within these two polyhedra are non-equivalent, suggesting that each
polyhedron is highly distorted. The coordination geometry is shown in
Fig. S1 in the Supplementary materials, with each unit being coordinated
to the surrounding polyhedra through edge-sharing and corner-sharing,
respectively. Each polyhedron of GaS4 and InS6 constitutes a 1D
chain-like structure and a 2D planar structure via corner sharing and edge
sharing along the a-axis (Figs. S2a and b), respectively. These two
structures are interlaced along the ac-plane to jointly form a 2D GaInS3
structure. Owing to the arrangement of the distorted polyhedra, the
GaInS3 structure presents both anisotropic and spontaneous polarization
characteristics. Therefore, the low-symmetry in-plane structure of GaInS3
results in Armchair (AC) and zigzag (ZZ) structural features along the
c-axis and a-axis (Fig. 1b and c), respectively. High-quality GaInS3
plate-shaped single crystals (Fig. S3a) can be prepared by the CVT
method, and their distinct layered nature can be observed through SEM
(Fig. S3b). Bulks GaInS3 can be easily prepared into single or few-layered
nanosheets by mechanical exfoliation (Fig. S3c). According to the EDS
results, the elemental composition of the single crystal meets the



Fig. 3. Characterizations of in-plane piezoelectricity of 2D GaInS3. (a) Schematic of the PFM configuration. (b) The in-plane PFM phase and amplitude curves. (c) The
voltage-dependent lateral PFM amplitude mapping. (d) The extracted driving voltage-dependent amplitude response curves for different thicknesses of GaInS3.
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chemical stoichiometry (Fig. S4a), and the mapping also indicates a
uniform distribution of elements (Fig. S4b). The XRD peaks (Fig. 1d) of
the nanosheets match well with the standard card (PDF-78-1196),
pointing that the crystals prepared are orthorhombic GaInS3. Moreover,
the single-oriented XRD peaks [010] correspond to the ac-plane in the
GaInS3 structure (Fig. 1c). The phase and fine structure of the as-prepared
nanoflakes were further confirmed by TEM. According to the SAED
(Fig. 1d), the corresponding spots verified to be along the [010] crys-
tallographic direction. The bright diffraction spots in the HRTEM pattern
(Fig. 1f) correspond to Ga/In atomic columns. Their corresponding (001)
and (100) faces match with the distances between the AC and
ZZ-direction Ga/In atomic columns (Fig. 1c), respectively.

Angle-resolved polarized Raman spectroscopy serves as a favorable
characterization means for analyzing the phonon vibration modes and
structural orientations of 2D materials [27]. As shown in Figs. S5a and b,
the Raman peak intensity of the GaInS3 exhibits a clear angle-dependent
relation at the parallel configuration. The Raman intensities extracted
from the two positions (104 and 383 cm�1) are listed in polar plots
(Figs. S5c and d), and through fitting analysis, they are identified as A1
modes with the strongest peak position in the AC direction. The optical
in-plane anisotropy of GaInS3 is further confirmed by ADRDS. With a step
of 15�, the ADRDS mapping of GaInS3 nanoflakes within the range of
4

0–180� is depicted in Fig. 1g. The contrast of the sample undergoes
significant variations in accordance with the angle, attaining a maximum
reflectance within the range of 30–45�, whereas the isotropic SiO2 sub-
strate exhibits no change in contrast. The polar plot of the
angle-dependent reflectance difference (N) is shown in Fig. 1h, and the
fitting results reveal a clear periodic feature of the bipolar leaf. These
results not only prove the significant anisotropy of the reflectivity in 2D
GaInS3, but also provide a reference for quickly identifying the
orientation.

SHG is profoundly dependent on the crystal symmetry of the mate-
rials, specifically established in the structure of symmetry breaking.
Currently, SHG has evolved into a prevalent and effective approach for
analyzing the symmetry, crystal orientation, internal defects, etc.
[28–30]. An in-depth SHG investigation of 2D GaInS3 enables further
symmetry analysis within its structure. To select the appropriate laser
excitation wavelength, the wavelength-dependent SHG intensity is pre-
sented in Fig. 2a. The results indicate that GaInS3 possesses a wide-band
(excitation wavelength: 780–1050 nm) SHG response and the strongest
SHG signal intensity under 790 nm excitation. To investigate the NLO
mechanism of GaInS3, the correlation between the excitation laser power
and the SHG intensity was established under a 790 nm laser. As shown in
Fig. 2b, the SHG intensity increases with the augment of the incident



Fig. 4. The photovoltaic response of strained GaInS3 device. (a) Schematic of the strained device. (b) The power-dependent I-V curve of GaInS3 with 1.3 % strain at a
wavelength of 365 nm. The inset is optical image of strained GaInS3 device, scale bar: 10 μm. (c) The extracted short-circuit current density diagrams of different strain
coefficients in the AC direction, with the inset depicting the strain in the ZZ direction. All Jsc is extracted from same incident light. (d) Power-density-dependent
responsivity and detectivity under zero bias voltage. (e) Under the same wavelength and bias voltage, the power density-dependent responsivity curves of the 1.3
% strained device and the normal device. (f) Self-powered 400-cycle I-T curve of 1.3 % strained device at 365 nm light (power density: 16.2 mW cm�2). (g) The
measured photocurrent at the polarized angle ranging from 0� to 360� at the wavelength of 365 nm (power density: 16.2 mW cm�2). The anisotropic ratio is ~5.4. (h)
A statistical comparison chart of the device photoelectric performances (responsivity and Ion/Ioff) of anisotropic 2D heterojunctions, ferroelectric and bulk ferro-
electric materials.
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light power. After fitting, the power function value of Ishg and Plight is
equal to 2, precisely conforming to the second-order nonlinear optical
theory [30]. SHG mapping is capable of directly observing crystallinity
and phase uniformity of 2D nanosheets. As presented in Fig. 2c, the
mapping of GaInS3 vividly demonstrates the disparity in SHG intensities
among nanoflakes of different thicknesses. In samples of the same
thickness, a homogeneous SHG intensity is manifested. With the
augmentation of thickness, the SHG intensity undergoes a remarkable
enhancement. This indicates that the GaInS3 nanosheets have
outstanding crystallinity and that the dipole polarization accumulates
5

along with the increase in thickness. Subsequently, as shown in Fig. 2d,
we extracted the SHG intensities of GaInS3 nanoflakes of different
thicknesses and made a comparison with that of 1L 2H-MoS2. When the
thickness of GaInS3 attains 10L, its second-harmonic intensity is equiv-
alent to that of 1L MoS2, that is to say, its SHG coefficient (χ2) approxi-
mates to 0.1 times that of MoS2. Owing to its inherent
non-centrosymmetric structure, both odd- and even-numbered layers of
GaInS3 possess strong SHG intensity and enhance with the increase in
thickness. Although 1L-MoS2 [31], anisotropic SnS [32], and ReS2 [33]
also exhibit strong SHG responses, their SHG is highly contingent upon
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the constraint of layer number. They can merely display symmetry
breaking in odd or even layers, and the SHG intensity declines steeply or
even vanishes as the layer number increases. In contrast to these types of
materials, the intrinsic non-centrosymmetric structure does not necessi-
tate complex and cumbersome operations for controlling the number of
layers. The polarized SHG polar plot indicates the C2v symmetry of
GaInS3 and can simultaneously determine its crystal orientation.
Two-dimensional materials, owing to their large deformation tolerance,
are conducive to regulating their physical properties via strain engi-
neering [19,20,34]. To explore the mechanism of strain engineering on
the GaInS3 SHG response, we prepared strained GaInS3 nanoflakes
through mechanical exfoliation [35]. Based on the optical image in
Fig. 2e, the contrast of the wrinkled GaInS3 nanoflakes undergoes
obvious changes. AFM is further employed to characterize the
morphology and height of both normal and wrinkled nanoflakes
(Fig. S7a). The strained GaInS3 SHG mapping reveals a remarkable
enhancement of the SHG intensity at the wrinkles, and the intensities in
different regions are extracted for comparison. Based on the height and
width of the wrinkles as well as the thickness of the nanosheet, the
corresponding strain coefficient can be estimated [35]. As presented in
Fig. 2f, the SHG intensity undergoes a significant enhancement with the
increase of strain. Remarkably, the SHG intensity was enhanced by
approximately 54 times compared to the original one at 1.2 % strain. The
distinct variations of the SHG response prove that the dipole polarization
in the GaInS3 structure can be improved by strain engineering.

Piezoelectric materials typically require structures with anisotropic
dipole moments that are non-centrosymmetric, thereby achieving the
polarization of the materials [36,37]. Therefore, it is necessary to check
the piezoelectric properties of GaInS3 for analyzing its effect of in-plane
polarization. The PFM is the most extensively employed means for
verifying the piezoelectric phenomena of materials at the micro-nano
Fig. 5. Self-powered imaging of strained GaInS3 device. (a) Schematic illustration of
with polarized light along the AC and ZZ directions at a wavelength of 405 nm.
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scale [38,39]. As depicted in Fig. 3a, the conductive tip on the canti-
lever spring arm makes contact with the sample surface, and a variable
excitation voltage is applied between the surface and the tip. Owing to
the electro-strictive or expansion effect of piezoelectric materials, upon
the application of a divining voltage, the sample surface undergoes
deformation. Under the influence of the driving voltage, the sample
surface will undergo deformation, and the laser will detect the positional
change of the cantilever arm. After identification and conversion by the
position sensitive detector and the phase-locked amplifier, the corre-
sponding amplitude and phase signals are output in the computer. By
regulating the contact mode of the cantilever arm in the vertical or lateral
direction, the out-of-plane or in-plane polarization of the material can be
gathered. For the analysis of the in-plane polarization of 2D GaInS3,
lateral PFM is employed to further measure its piezoelectric response.
When DC voltage sweeps between �6 V and þ6 V with an AC voltage of
2 V, the amplitude response curve exhibits a butterfly loop of approxi-
mately 1.3 V, and the phase undergoes a 180� switch at the same turning
point (Fig. 3b). To further validate the piezoelectric response and extract
the curve of voltage-dependent amplitude response, the in-plane ampli-
tude and phase mapping of GaInS3 nanosheets were collected under the
driving voltages ranging from 1 V to 4 V, as depicted inFig. 3c and S8,
respectively. As the voltage is gradually increased, distinct amplitude and
phase contrast variations can be observed in GaInS3, while the Si sub-
strate is hardly change. Subsequently, we tested the amplitude responses
of nanosheets of different thicknesses and fitted the linear slopes. As
shown in Fig. 3d, with the increase in thickness, the lateral amplitude of
GaInS3 also gradually increases at the same voltage, and the extracted
maximum slope is about 48 pmV�1. These pieces of evidence indicate the
robust in-plane piezoelectricity in 2D GaInS3 and also offer support for us
to enhance the spontaneous polarization through strain engineering.

It is widely acknowledged that 2D III�VI groups are a kind of classic
the imaging measurement system. (b) The imaging results of the strained device
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photoelectric semiconductors [40,41], and the photoelectric response of
2D GaInS3 is also worthy of attention. As depicted in Fig. S9, since 2D
GaInS3 devices exhibit an obvious photoelectric response in the ultravi-
olet band, the incident laser of 365 nm was selected in this work to
investigate the optoelectronic properties systematically. After testing and
analysis, the GaInS3 device showed excellent optoelectronic perfor-
mance, such as a high Ilight/Idark ratio of ~106, a responsivity of ~2.5 A
W�1, and a large detectivity of 6.55 � 1010 Jones. The intrinsic in-plane
anisotropic structure of GaInS3 prompts further investigation on its
polarized optoelectronic response. The GaInS3 devices demonstrate a
distinct angle-dependent photocurrent, with an extracted polarization
ratio of approximately 1.72, which is comparable to the current 2D
anisotropic photoelectric materials, such as SiP2 [42], NbOI2 [43], As2S3
[44], KNb3O8 [45]. In previous experiments, 2D GaInS3 was verified to
be a material featuring in-plane anisotropy, piezoelectricity, and photo-
electric response. Consequently, we propose to enhance the in-plane
polarization via strain engineering to achieve the photovoltaic effect of
GaInS3. Firstly, Au electrodes with a thickness ranging from 150 to 200
nm are evaporated on the 300 nm SiO2/Si substrate. Secondly, the crystal
orientation of the exfoliated GaInS3 nanoflakes is determined by polar-
ized Raman or SHG. Finally, the nanoflakes are transferred onto the
bottom electrodes by the dry transfer method (Fig. 4a). Since the
maximum photocurrent of 2D GaInS3 is along the AC orientation, the
strain-induced photoelectric response along the AC direction is mainly
concerned without additional clarification. At λ ¼ 365 nm, the light
power-dependent I-V curve of GaInS3 with a strain coefficient of 1.3 %
was employed to analyze its photovoltaic response feature (Fig. 4b).
When in the dark state, the strained GaInS3 still maintains a dark current
of less than pA, and it short-circuit current (Isc) increases with the in-
crease of the incident light power. When the power density of light is
32.4 mW cm�2, open-circuit voltage (Voc) is approximately �80 mV and
Isc reaches ~2.28 nA. Fig. 4c shows the strain coefficient-dependent
densities of short-circuit current (Jsc) extracted to further analyze the
relationship between strain and the photovoltaic response of GaInS3.
Under the same incident light power, when the strain coefficient
increased from 0.35 % to 1.3 %, the Joc also increased from 0.25 mA
cm�2 to 1.5 mA cm�2. This outperforms bulk photovoltaic crystals
[46–48] and is comparable to the currently reported 2D bulk photovol-
taic materials such as SnP2Se6 [49] and CuInP2S6 [18]. Additionally, in
order to comprehend the mechanism of the polarization direction on the
photovoltaic response of GaInS3, we also compared the Isc in the AC and
ZZ directions. According to the inset of Fig. 4c, under the same condi-
tions, the current subjected to strain along the ZZ direction undergoes a
significant attenuation, only 2–3 % of the current in the AC direction.
This distinct contrast demonstrates that the strain along the
polarization-sensitive direction is vital for the photovoltaic response
regulation in GaInS3. In Fig. 4e, under the same Vds, the photo-
responsivity of GaInS3 with a 1.3 % strain is enhanced by approximately
one order of magnitude compared to the normal state. This also suggests
that the photoelectric performance of GaInS3 can be significantly
improved through strain engineering. After 400 cycles, the strained de-
vice maintained outstanding stability with a high Ion/Ioff ratio and no
obvious decline of the photocurrent compared to the initial state (Fig. 4f),
suggesting that the GaInS3 device can achieve the enduring self-powered
photodetectors. The strained device also exhibits a fast response speed
(<40 ms, Fig. S12b). Strain engineering not only conspicuously enhances
the optoelectronic performance of 2D materials but also has the potential
to reduce the structure symmetry. Therefore, the research on the polar-
ized photoelectric response of strained GaInS3 device is conducive to our
further verifying of this assumption. According to Fig. 4g, the photo-
current of the strained GaInS3 device shows a distinct angle-dependent
characteristic, with Iph-max and Iph-min corresponding to the AC direc-
tion and the ZZ direction, respectively. The polarization ratio extracted
from the strained device is up to 5.4, which represents a remarkable
increase compared to that of the previous normal device (~1.72). Based
7

on the current reports of self-powered photodetectors of 2D hetero-
junctions [50–56], 2D or bulk ferroelectric materials [57–60], the
strained GaInS3 device demonstrates balance performance, such as a high
Ion/Ioff ratio (>104), a suitable responsivity (~85 mA W�1), and a large
polarization ratio (~5.4). As depicted in Fig. 5a, we employed an im-
aging test system to assess the application of the strained GaInS3 device in
self-powered imaging technology. Under a 455 nm light source, the
strained device presents a "HUST" pattern with a remarkable contrast
disparity at 0� and 90� of polarized light, which indicates that the device
possesses self-powered polarization detection and imaging performance.
Therefore, enhancing the in-plane polarization of the anisotropic piezo-
electric GaInS3 through strain engineering can facilitate its emergence as
a promising candidate for self-powered detection and imaging devices.

4. Conclusion

In summary, we have confirmed that the in-plane polarization of the
anisotropic piezoelectric GaInS3 can be enhanced through strain engi-
neering to achieve self-powered polarization-sensitive detection and
imaging. The anisotropy of 2D GaInS3 is verified through polarized
Raman and reflectance difference spectroscopy, and the dipole polari-
zation within the structure is analyzed by means of SHG and PFM. Strain
is applied to enhance the in-plane polarization by transferring GaInS3
nanosheets onto bottom electrodes with stepped heights, enabling the
generation of photovoltaic responses. The strained device demonstrates
outstanding self-powered polarization photoelectric detection and im-
aging performance, featuring a high Ion/Ioff ratio (>104) and a large
polarization ratio (~5.4). This work not only offers an anisotropic 2D
piezoelectric material but also provides forward-looking guidance for the
development of high-performance self-powered polarization-sensitive
detection and imaging devices.
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