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Abstract 

The rapid development of optoelectronic technologies has raised increasing requirements for 

the photoelectric properties of semiconductor materials, thereby promoting the exploration of 

more efficient and controllable modulation strategies. High-pressure technology, as a clean 

and effective external tuning method, can accurately modulate the crystal structure and 

electronic states of materials. This modulation can induce novel phase transitions and physical 

effects, thereby significantly improving performance. In recent years, high-pressure 

techniques have emerged as powerful tools for optimizing photoelectric properties of 

semiconductor materials, providing new perspectives for enhancing performance and 

demonstrating significant research value and application potential. 

This review paper comprehensively summarizes recent research progress in pressure-induced 

evolution of photoelectric properties in various material systems, such as two-dimensional 

transition metal dichalcogenides, metal and non-metal halides, perovskites, and other 

representative semiconductors. These materials exhibit a wide variety of pressure-induced 

structural transformations, accompanied by photocurrent enhancement, broadband spectral 

response, self-powered photoresponse, and polarity reversal. Furthermore, the intrinsic links 

between these structural evolutions and the corresponding photoelectric behaviors are 

systematically examined. 

Scientific issues and development bottlenecks in this area are also discussed. Despite notable 

advances, there are still several challenges, including the insufficient understanding of 
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intrinsic correlations between structure and photoelectric properties and the lack of 

comprehensive evaluation criteria. Realizing pressure-enhanced photoelectric properties 

under ambient conditions remains a key challenge. Addressing these issues will be essential 

for advancing both fundamental understanding and practical applications. 

Overall, research on pressure-modulated photoelectric properties presents both significant 

challenges and exciting opportunities, providing valuable guidance for designing advanced 

optoelectronic materials and devices. 
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1. Introduction 

As an important part of energy conversion, information processing and intelligent sensing, 

optoelectronic devices play an indispensable role in key applications such as information and 

communication technologies, quality inspection and analysis, biomedical and environmental 

monitoring
[1–5]

. The optoelectronic properties of materials determine the performance limits 

and application prospects of optoelectronic devices, and are the key to achieving 

technological breakthroughs in photovoltaic cells, photodetectors, light emitting diodes and 

other fields
[6]

. In recent years, with the rapid development of energy technology, information 

and communication, flexible electronic devices and other fields, increasing demands have 

been placed on optoelectronic materials in terms of detection efficiency, sensitivity, spectral 

response range and stability, and there is an urgent need to develop and optimize new 

optoelectronic functional materials. Precise tuning of optoelectronic properties of materials is 

not only the key to break through the bottleneck of existing optoelectronic devices, but also 

the strategic demand to support the development of emerging technologies such as 

information communication and intelligent sensing in the future. 

The photoelectric properties of materials are usually affected by many factors, among which 

the crystal structure and energy band characteristics are the key factors. In addition, the carrier 

transport properties, the intrinsic defects of the material, and the interface effects also have a 

significant effect on the performance. In recent years, researchers worldwide have proposed a 

variety of effective control strategies to improve the photoelectric properties of materials, 

such as element doping, surface modification, and heterojunction construction
[1,7–10]

. These 

methods provide multiple strategies to adjust the band structure, improve optical absorption, 

and enhance carrier separation and transport efficiency, and promote the emergence of 

high-performance optoelectronic materials and devices. However, these means still face some 

difficulties and challenges in practical application. For example, when doping or surface 

modification is used to improve the performance, additional impurities or defects may be 

introduced, which increases the complexity of the internal structure of the material
[5,11,12]

. 

Although heterojunctions can significantly improve the photoelectric conversion efficiency 

and expand the absorption band, its device performance is often limited by complex 

fabrication processes and stability issues
[9]

. Therefore, it is an important research direction in 

this field to explore "clean", efficient and controllable external-field control strategies to 

optimize the photoelectric properties of materials. 

As an important means to control the physical properties of materials, high-pressure 

technology has gained increasing attention in recent years and has rapidly shown great 

potential. As a clean external stimulus, pressure can effectively adjust the atomic spacing, 

interlayer interaction and orbital overlap of materials through lattice compression without 

introducing chemical impurities and defects, thus inducing many novel phenomena and 



effects, such as inducing crystal structure phase transitions, modifying the electronic structure 

and even inducing superconductivity
[13–22]

. With the rapid development of detection 

technology, a wealth of measurement systems have been constructed, which enable in situ 

characterization of the structural, optical, electrical, magnetic and photoelectric properties of 

materials under pressure, and provide valuable information for understanding the relationship 

between structure and physical properties
[23,24]

. 

Recently, high-pressure technology has made a lot of progress in the field of regulating the 

photoelectric properties of materials
[25–33]

. Under pressure, researchers have discovered a 

variety of intriguing phenomena in semiconductor materials, such as enhanced photocurrent, 

extended spectral response range, self-driven photoresponse, and negative photoconductivity 

effect, demonstrating their unique potential in improving the performance of optoelectronic 

devices. These results not only deepen the understanding of the intrinsic relationship between 

the structure and properties of materials, but also provide a theoretical and experimental basis 

for the development of new and efficient optoelectronic devices. This review summarizes 

recent studies on the photoresponse characteristics of materials under pressure. Section 

2 systematically reviews the structural evolution and photoelectric response behavior of 

different types of materials under pressure, including transition metal dichalcogenides, metal 

and non-metal halides, perovskite materials, other van der Waals layered materials and 

three-dimensional semiconductor materials. Section 3 summarizes the response characteristics 

and the underlying physical mechanism of the photoelectric behavior of materials regulated 

by pressure. Finally, the challenges and bottlenecks in the current research on the 

photoresponse characteristics of pressure-regulated materials are summarized, and the future 

research directions are prospected, so as to provide a reference for the development and 

application of new photoelectric materials and devices. It should be pointed out that although 

a series of important achievements have been made in this field, the internal relationship 

between pressure-induced structural changes and the evolution of photoelectric properties is 

still in the preliminary stage of exploration, and the physical nature of many phenomena 

needs to be further explored. However, with the continuous progress of high-pressure 

experimental methods, in situ characterization techniques and theoretical calculation methods, 

high-pressure technology will play a more important role in the development of new 

optoelectronic functional materials and the design of advanced optoelectronic devices, and 

become an important frontier direction to promote the development of optoelectronic 

technology. 

2. Photoelectric response of materials with different structures under high pressure 

Under high pressure, the photoelectric response behavior of materials is highly dependent on 

the inherent crystal structure, electronic energy band and chemical composition of the 

materials. In recent years, studies worldwide have mainly focused on the semiconductor 



material systems with van der Waals layered structures. Due to the special layered structure, 

these materials show strong light-matter coupling and are excellent candidates for fabricating 

optoelectronic devices such as photodetectors
[34–36]

. In addition, some three-dimensional and 

ferroelectric, ferromagnetic functional semiconductor materials also show excellent 

photoelectric properties under pressure. The pressure response characteristics of the crystal 

and electronic structure of these materials endow them with promising prospects, which are 

also worthy of attention. According to the structural types and characteristics of the materials, 

these materials can be divided into five categories, namely, transition metal sulfides, 

metal/nonmetal halides, perovskite-type materials, other van der Waals layered materials, and 

other three-dimensional semiconductor materials, as shown in Fig. 1. 

 

Figure 1.  Schematic classification of representative material systems for high-pressure 

tuning of photoresponse properties. 

2.1 Transition metal dichalcogenides 

Transition metal dichalcogenides (TMDs) have a typical van der Waals layered structure with 

weak interlayer interaction and strong covalent bonding, which makes their electronic 

structure and optoelectronic properties extremely sensitive to external pressure, and are one of 

the earliest optoelectronic material systems that have attracted wide attention in the study of 

high pressure control
[34,37–39]

. In 2014, Nayak et al.
[40]

 used diamond anvil cells to study the 

evolution of structural, electrical, vibrational and optoelectronic properties of multilayer 

MoS2 under high pressure, and first verified the electronic phase transition process from 

semiconductor to metal. The pressure-dependent photocurrent response was further tested by 

using a 532 nm excitation laser, and it was found that the photocurrent gain decreased rapidly 

with increasing pressure and almost disappeared after about 10 GPa. This study revealed for 



the first time that high-pressure technology can be used to dynamically control the 

photoelectric response of materials, providing a new strategy for designing optoelectronic 

devices. Based on this finding, subsequent studies further extended the pressure regulation 

strategy to typical TMDs such as PtS2, WS2, ReS2 and ZrSe2, and found that they also showed 

rich photoelectric response regulation behavior under pressure. 

For example, PtS2, which is also a TMD material with van der Waals layered structure, shows 

a significant photocurrent enhancement in the range of 3-4 GPa, with an increase of about 6 

times compared with that at ambient pressure (as shown in Fig. 2(a))
[41]

. X-ray diffraction and 

in situ Raman measurements show that the crystal structure of PtS2 remains stable in this 

pressure range, and the band gap changes from indirect transition to quasi-direct transition, 

which leads to improved photoelectric performance without macroscopic phase transition. 

The core reason for the improvement of photoresponse is considered to be the band gap 

compression caused by high pressure and the enhancement of interlayer interaction. This 

stable and controllable photoresponse provides a new material candidate for shortwave 

infrared detection. 

 

Figure 2.  The photoelectric response behavior of TMD materials under pressure: (a) 

Photocurrent of PtS2 at elevated pressures
[41]

; (b) photocurrent-pressure dependence of bulk 

and single-crystal ReS2 samples
[42]

; (c) photocurrent-pressure dependence of layered 

WS2 with 980, 1270, 1450, and 1650 nm NIR wavelengths
[43]

; (d) Responsivity (R) and EQE 

of WS2 as a function of pressure under illumination of selected near-infrared wavelengths
[43]

. 

Reproduced with permission. 



ReS2 shows a unique structural and performance evolution path. It is found that as the 

pressure increases, the ReS2 undergoes a structural transition from the 1T phase to the 

distorted 1T' phase at about 7.7 GPa, and a semiconductor-to-metal transition occurs around 

38 GPa (as shown in Fig. 2(b))
[42]

. In this process, with the enhancement of interlayer S-S 

interaction, the visible photocurrent response of ReS2 is continuously improved, showing 

good pressure response characteristics. This work not only reveals the details of the structural 

phase transition of ReS2 under pressure, but also clarifies the variation of its photoresponse 

characteristics with structural adjustment, which provides a reference for the development of 

ReS2 optoelectronic devices based on pressure regulation. 

Under high pressure, WS2 exhibits a significant enhancement of near-infrared response, the 

response wavelength is extended from the visible region to the near-infrared region (1650 nm), 

and the responsivity and external quantum efficiency are improved by about two orders of 

magnitude (as shown in Fig. 2(c) and Fig. 2(d))
[43]

. The enhancement mechanism is mainly 

due to the band gap compression and the red shift of optical absorption caused by the 

enhancement of interlayer S-S interaction. WS2 can improve the infrared response without 

obvious phase transition, which reflects the effectiveness of pressure in broadening the 

spectral response range of TMD materials, and provides a new way for the design of 

wide-spectrum response and high-sensitivity infrared detectors. 

ZrSe2 exhibits an interesting high-pressure induced photoelectric polarity inversion
[44]

. Under 

pressure, the electronic band structure and crystal structure of ZrSe2 change significantly, the 

band gap narrows from 1.13 eV to 0.83 eV, and the crystal structure changes from trigonal to 

monoclinic. The photocurrent reaches the maximum at 13.5 GPa, and the increase is about 3 

orders of magnitude. Under further pressure, the metallization transition of ZrSe2 occurs, 

accompanied by the inversion of positive photoconductivity and negative photoconductivity. 

This novel phenomenon is mainly due to the enhancement of carrier scattering caused by the 

thermal effect after metallization. 

The above studies show that TMDs exhibit outstanding band gap control ability and excellent 

carrier transport properties under pressure, and the photoelectric response of most materials is 

significantly enhanced, accompanied by a broadening of the spectral response range. The 

application of pressure not only promotes the structural diversity of TMDs, but also 

significantly optimizes their photoresponse characteristics. These findings provide an 

experimental basis for the application of TMDs in the field of high sensitivity near-infrared 

light detection. 

2.2 Metal and Nonmetal Halides 

Metal and nonmetal halide materials show significant band gap narrowing, extended spectral 

response range and enhanced photoconductivity under high pressure due to their rich valence 



shell orbital composition, diverse crystal structures and unique ionic bond characteristics, 

which are important material systems for the regulation of photoresponse characteristics 

under pressure in recent years
[45]

. Among them, metal halides, such as PbI2, BiI3, SnI4, 

RhI3 and CsI3, show good pressure tunability in structural stability, electronic band evolution 

and charge transport characteristics. In layered metal halides, the photoelectric properties of 

PbI2 are significantly improved under high pressure. Under pressure, PbI2 undergoes two 

structural phase transitions at about 0.58 and 2.6 GPa, respectively, resulting in a continuous 

narrowing of the band gap, an enhancement of Pb-I orbital overlap, and a significant decrease 

in resistivity
[46,47]

. When further pressurized to about 25 GPa, the crystal structure changes 

from orthorhombic Pnma to tetragonal I4/mmm symmetry again. At the same time, the 

spectral response range is extended from visible to infrared region, and the high-pressure 

absorption spectrum and first-principles calculations show that a semimetallic transition 

occurs at this time, and the photocurrent suddenly increases by more than two orders of 

magnitude. 

Yue et al.
[48]

 recently found that BiI3 undergoes a structural phase transition from R-3 space 

group to C2/m space group at pressures of about 5-7 GPa, accompanied by a reversible 

change of conduction type from p-type to n-type (as shown in Fig. 3). It is worth noting that a 

self-driven photocurrent is observed in the absence of an external bias, and the polarity 

reversal of the photocurrent is observed near the structural transition region. It is also found 

that the polarity reversal is related to the illumination position. At 24 GPa, when the laser 

irradiation position moves between the electrodes, the direction of the photocurrent switches 

accordingly, indicating that the regulation of the electronic structure by pressure can directly 

affect the type and migration behavior of carriers. 



 

Figure 3.  Pressure-induced polarity reversal of self-driven photocurrent in BiI3: (a), (b) 

Photoresponse of BiI3 under 520 nm laser illumination with zero bias under pressure
[48]

; (c) 

photocurrent distribution of BiI3 at 24.0 GPa as the laser moves between the two electrodes
[48]

; 

(d) photocurrent of BiI3 at 24.0 GPa with varying illumination intensity
[48]

; (e) variation in 

photocurrent with pressure at different illumination positions
[48]

; (f) changes in 

photothermoelectric voltage with pressure at illumination position A
[48]

; (g) 

pressure-dependent Hall coefficient of BiI3
[48]

. Reproduced with permission. 

In addition, the photocurrent response intensity of BiI3 is significantly improved by more than 

three orders of magnitude in the presence of an external bias. At the same time, the spectral 

response is extended to the near-infrared region of 1650 nm, showing excellent 

broad-spectrum detection capability. Based on first-principles calculations and transport 

analysis, the researchers pointed out that the pressure-induced electronic band transition and 

carrier concentration increase are the key to the enhancement of its photoelectric properties. 

Yue et al. further proposed a method to judge the carrier polarity based on the self-driven 

photocurrent dominated by the photothermoelectric effect, which not only provided direct 

evidence for the polarity switching mechanism under pressure control, but also provided a 

new idea for the subsequent design of related polar materials. 



In the study of photoelectric behavior of SbI3 under high pressure, Li et al.
 [49]

 have 

systematically revealed the phase transition process from molecular crystal to ionic crystal 

structure. The experimental results show that when the symmetrical Pt/Pt electrode 

configuration is used, responsivity of SbI3 reaches the maximum value of 100 mA/W at about 

4.4 GPa, which is nearly 10 times higher than that at ambient pressure, while the material 

maintains an ultra-low dark current. The results show that the improvement of the 

photoelectric properties is mainly attributed to the increase of the coordination number of 

SbI3 and the enhancement of charge delocalization under pressure. The team also constructed 

SbI3 devices based on Au/Pt asymmetric electrodes, and further explored their self-driven 

photoresponse behavior under pressure
[50]

. The device can continuously output a stable 

photocurrent at zero bias, and the response signal is enhanced by nearly two orders of 

magnitude at - 0.2 V bias. When the pressure is about 1.2 GPa, the short-circuit current 

reaches a peak value, and when the pressure is further increased, the performance gradually 

decays. It is pointed out that the performance degradation is mainly related to the change of 

band structure and work function induced by high pressure of SbI3, which leads to the 

reduction of Schottky potential difference between metal electrodes, thus affecting the 

photoelectric conversion efficiency of the device. 

The CsI3 and SnI4 also show good photoelectric control properties under high pressure. The 

photocurrent of CsI3 increases by nearly 5 orders of magnitude during the transition from 

indirect band gap to direct band gap, and the responsivity can reach up to 245 A/W, and the 

wide spectrum detection function can be realized at low bias
[51]

. The extension of the spectral 

response from the visible region to the infrared band of 1650 nm is mainly attributed to the 

enhancement of carrier mobility caused by the enhancement of I-I bond interaction. 

SnI4 transforms from a cubic phase to a triclinic phase and undergoes a 

semiconductor-to-metal transition, the conductivity jumps, the photocurrent increases by 5 

orders of magnitude, and the spectral response extends from visible to near-infrared region
[52]

. 

The layer stacking reconstruction of RhI3 occurs near 5 GPa, resulting in a rapid narrowing of 

the band gap and final metallization (about 21 GPa), and the light current at 7.8 GPa is about 

5 orders of magnitude higher than that at ambient pressure
[53]

. The interlayer coupling is weak, 

the lattice still maintains good integrity under high pressure, and the carrier concentration 

increases by more than four orders of magnitude. RhI3 has good physical property tunability 

and environmental stability, which provides a new candidate material and experimental basis 

for the design of two-dimensional optoelectronic devices based on high pressure control. 

Compared with metal halides, which show significant photoelectric response enhancement 

under high pressure, the non-metallic halide AsI3 shows a very limited regulatory increase 

under pressure
[54]

. Under pressure, AsI3 undergoes a structural transition from a molecular 

crystal to an ionic crystal, accompanied by a continuous narrowing of the band gap, but its 



photocurrent is only about 2 times higher under 532 nm light irradiation, which is much lower 

than that of PbI2, BiI3 and other metal halides. The main reason is that AsI3 has low band 

dispersion in the valence band and conduction band, and the movement of the top of the 

valence band and the bottom of the conduction band in the k space is disordered, which 

inhibits the effective excitation and transport of photogenerated carriers, thus hindering the 

further improvement of photoelectric properties. 

The above studies show that most metal halide materials exhibit excellent photoresponse 

characteristics under high pressure, including photocurrent enhancement, self-driven response, 

polarity reversal, spectral response range expansion, etc. In contrast, the response amplitude 

of non-metallic halide AsI3 under pressure is limited, indicating that although the shrinkage of 

band gap can broaden the range of optical absorption, it does not necessarily lead to the 

corresponding enhancement of photoelectric properties, and the factors affecting the 

photoelectric properties of materials under high pressure still need to be further explored. The 

difference of photoelectric behavior of different halide systems under high pressure also 

provides new research clues for further revealing the mechanism and law of their regulation. 

2.3 Perovskite materials 

Perovskite materials have been widely used in photoelectric detectors, solar cells and 

light-emitting devices due to their excellent light absorption, tunable band gap and high 

carrier mobility. In recent years, researchers have introduced high-pressure technology into 

perovskite material systems, which can significantly improve their photoelectric properties by 

adjusting the crystal structure and electronic band structure through pressure, showing a rich 

response behavior and regulation path. 

Taking two-dimensional perovskite (C6H5CH2NH3)2CuBr4 as an example, the material shows 

good structural stability and property tunability under pressure
[55]

. In the pressure range of 

10-40 GPa, with the increase of pressure, the band gap of (C6H5CH2NH3)2 CuBr4 shrinks from 

1.8 eV to 1.47 eV, the absorption edge shifts significantly to red, and the photoconductivity 

increases continuously, reaching a peak value of 5 × 10
–3

 S/cm. This phenomenon is mainly 

attributed to CuBr6 octahedral distortion and interlayer slippage, which provides a possibility 

for the application of two-dimensional hybrid perovskites in optoelectronic devices under 

high pressure. Cs2PbI2Cl2, as another typical two-dimensional perovskite, also shows 

significant enhancement of photoelectric properties under pressure
[24]

. The results show that 

the exciton binding energy is reduced from 133 meV at atmospheric pressure to 78 meV at 

about 2 GPa, which significantly weakens the exciton binding, thus promoting the separation 

of photogenerated carriers and increasing the photoconductivity by more than three orders of 

magnitude. Structure analysis shows that Cs2PbI2Cl2 transforms from a tetragonal to a 

monoclinic phase under high pressure. This study demonstrates the feasibility of enhancing 

the photoelectric response of two-dimensional perovskite by regulating the exciton behavior, 



which provides an important idea for the performance optimization of two-dimensional 

perovskite photoelectric devices. 

Organic-inorganic three-dimensional perovskites also show significant performance 

optimization in the low pressure range. For example, the CH3NH3PbBr3 reaches the maximum 

photocurrent at about 0.7 GPa and changes from ion-dominated to electron-dominated, which 

significantly improves the carrier mobility and response speed
[56]

. However, with the further 

increase of pressure, the lattice tends to be disordered, resulting in the gradual decline of 

photoresponse characteristics. CH3NH3PbI3 nanosheets show excellent properties such as 

band gap reduction, photoluminescence enhancement and carrier lifetime extension at around 

0.36 GPa
[57]

. It is worth mentioning that after decompression to normal pressure, the 

photocurrent of the material is still 4.5 times of the initial value, and the carrier lifetime is also 

prolonged by 1.5 times. This indicates that the material can partially retain the performance 

improvement obtained under pressure after pressure treatment and release to atmospheric 

pressure, which provides an effective way to achieve stable optimization of material 

performance under atmospheric pressure. 

In the all-inorganic perovskite system, CsPbBr3 and CsPbCl3 show sensitive photoelectric 

response under pressure. The transition of CsPbBr3 from an ionic-electronic mixed conductor 

to an electronic conductor is completed within 2.3 GPa, and the photocurrent is enhanced and 

reaches a maximum at about 1.4 GPa, followed by a rapid decline in performance due to 

structural and band gap broadening
[58]

. Eu³⁺ -doped CsPbCl3, on the other hand, maintains 

strong luminescence and photoelectric response in the range of 22 GPa, and its photocurrent 

increases by nearly 2 times in the range of 1.1-20.5 GPa, while the responsivity and 

detectivity increase synchronously
[59]

. The improvement of these properties is due to the 

maintenance of short-range order structure under high pressure and the regulation of doping 

ions on the excited state. 

In the high-pressure study of lead-free perovskite, CH3NH3SnI3 undergoes an ordered 

transition to an amorphous phase at about 3 GPa. With the release of pressure, some regions 

recrystallize, and finally form the coexistence of amorphous and ordered structure
[60]

. After 

high pressure treatment, the material shows improved conductivity, enhanced photocurrent 

and reduced defect states, and part of the perovskite framework is retained. The unique 

advantages of pressure treatment in improving the structural stability and photoelectric 

response properties of tin-based perovskites open up a new path for the application of these 

environmentally friendly materials in optoelectronic devices. 

In addition, the layered perovskite derivative Cs3Bi2I9 also exhibits excellent photoelectric 

properties under pressure
[61]

. As shown in Fig. 4, the photocurrent of the material increases 

rapidly with the increase of pressure, and the peak value increases by nearly 5 orders of 

magnitude compared with the initial value, and the spectral response range covers the visible 



light from 520 nm to 1650 nm. Under the illumination of 1650 nm infrared light, the 

responsivity of Cs3Bi2I9 is up to 6.81 mA/W, and the photoresponse time is 95/96 ms. The 

analysis shows that the improvement of performance is mainly due to the enhancement of 

Bi-I orbital interaction and the synergistic effect of photothermoelectric mechanism in 

[BiI6]
3–

 structure. In order to reveal the effect of photothermoelectric effect on the 

enhancement of Cs3Bi2I9 photocurrent under high pressure, the research team compared the 

photoelectric response behavior of the center (O point) and the edge region (A point) of the 

sample. The results show that the edge region (A point) shows higher photoelectric response 

under different wavelength illumination. This is because it is close to the electrode interface, 

which is more likely to form a temperature gradient caused by local heating, thus significantly 

stimulating the photothermoelectric effect. In contrast, the O point is located at the center of 

the sample, the temperature distribution is symmetrical, and the contribution of the 

photothermoelectric effect is almost negligible. The pressure-induced amorphization further 

reduces the thermal conductivity of the material, thereby enhancing the photothermoelectric 

effect and carrier transport efficiency, which plays a key role in the improvement of the 

overall photoelectric properties. 

 

Figure 4.  Photoresponse properties of Cs3Bi2I9 under laser illumination of different 

wavelengths
[61]

: (a) Photocurrent evolution of Cs3Bi2I9 during compression with 1650 nm 

laser illumination and 10 V bias at position A; (b) pressure-dependent photocurrent 

density Jph of Cs3Bi2I9 under 1650 nm laser illumination at different positions; (c) 

photocurrent of Cs3Bi2I9 under laser illumination of different wavelengths at position A under 

a 10 V bias at 26.3 GPa. Reproduced with permission. 



 

The above studies show that although the photoelectric behavior of perovskite materials under 

high pressure is different, they all show good tunability and potential application prospects, 

especially in broad spectrum detection, self-driven response and performance retention under 

ambient conditions. 

2.4 Other van der Waals layered materials 

In addition to the typical two-dimensional or van der Waals material systems mentioned 

above, some functional materials with van der Waals layered or low-dimensional structures 

also show unique high-pressure response characteristics. The structural stability and 

electronic state of these materials are particularly sensitive to external fields because the 

layers are only connected by weak van der Waals forces. When pressure is applied, the 

interlayer coupling can be effectively adjusted, resulting in significant changes in the crystal 

structure and electronic energy bands. This behavior not only leads to the optimization of 

photoelectric properties, but also induces new photoelectric response phenomena in some 

materials. 

NbOI2 is a typical two-dimensional van der Waals ferroelectric semiconductor material. 

Recently, NbOI2 has been found to exhibit a reversible switching of the n-p conduction type 

under high pressure, accompanied by a significant enhancement of the photoelectric 

response
[62]

. As shown in Fig. 5, the NbOI2 undergoes a semiconductor-semiconductor 

structural transition from the C2 phase to the C2/m phase when pressurized to 11.5 GPa. This 

process hinders the off-center displacement of Nb atoms along the b axis, thus inducing the 

transition of carriers from n-type to p-type. At the same time, pressure weakens the interaction 

between Nb-Nb dimers within the NbOI2 plane, resulting in the increase of charge 

delocalization, which improves the photocurrent response. At 21.0 GPa, the photocurrent of 

NbOI2 is increased by more than three orders of magnitude compared with that at ambient 

pressure, and the spectral response range is extended to the near-infrared band of 1450 nm. 

This is the first time that pressure-induced n-p polarity reversible switching has been observed 

in a semiconductor with a large band gap, which broadens the application potential of 

NbOI2 in photoelectric detection and related fields. 

 



 

Figure 5.  Pressure-induced n-p conduction type switching in 

semiconductor-to-semiconductor transition of NbOI2
[62]

: (a) Representative 

temperature-dependent resistance curves of NbOI2 during compression; (b) 

pressure-dependent resistance of NbOI2 measured at 300 K, inset: the optical photo of the 

sample and electrodes in diamond anvil cell; (c) optical band gap as a function of pressure; (d) 

Hall resistance of NbOI2 as a function of the magnetic field at 300 K under pressures of 6.2 

and 14.0 GPa; (e) derived Hall coefficient as a function of pressure; (f) carrier density of 

NbOI2 as a function of pressure. Reproduced with permission. 

 

Liu et al.
[63]

 systematically studied the effects of lone electron pairs (LPEs) on the polarization 

and photoelectric properties of SbSI crystals under pressure by combining experimental and 

theoretical methods. The results show that the zero-dimensional SbSI undergoes a phase 

transition from nonpolar to polar structure at about 2.9 GPa, and the spontaneous polarization 

of the material is significantly enhanced. With the increase of pressure, the stereochemical 

effect of LPEs is further enhanced, which effectively promotes the separation and migration 

of photogenerated carriers. The photocurrent response of the material reaches the maximum at 

about 14 GPa, and the material shows obvious self-driven output without bias (as shown in 

Fig. 6). This work clarifies the key role of stereochemical effect of LPEs in pressure-regulated 

ferroelectric and photovoltaic properties, and provides a new path for the design of 

high-performance ferroelectric photovoltaic materials. 

 



 

Figure 6.  (a), (b) Pressure-dependent photocurrent of SbSI at 0 and 5 V bias voltages
[63]

; (c) 

photocurrent as a function of pressure at different bias voltages
[63]

; (d) the resistivity of SbSI 

under high pressures
[63]

. Reproduced with permission. 

 

Graphite carbon nitride (g-C3N4) has attracted much attention due to its outstanding 

performance in the field of photocatalysis, but its wide band gap limits its further 

application
[64,65]

. Recently, by introducing nitrogen vacancies and applying high pressure, 

researchers have achieved a wide range of continuous control of the band gap and 

optimization of the photoresponse characteristics of g-C3N4
[66,67]

. The band gap of g-C3N4 is 

reduced from 2.70 eV to 2.40 eV due to the introduction of nitrogen vacancies. When further 

pressurized to 46 GPa, the band gap of the material is significantly narrowed to 1.70 eV, and 

the photocurrent is increased by nearly 50% compared with the initial value (as shown in Fig. 

7). It is worth noting that the pressure-induced band gap narrowing and enhancement of 

photoelectric properties are still retained after pressure release, which is closely related to the 

pressure-induced irreversible amorphization transition. The results also provide a reference 

for the performance optimization of g-C3N4 under environmental pressure. 

 



 

Figure 7.  (a), (b) Photocurrent of g-C3N4 under visible light illumination at a 15 V bias 

voltage under pressure
[66]

. Reproduced with permission. 

 

CuInP2S6 (CIPS) belongs to a family of van der Waals layered materials with both 

ferroelectric and optoelectronic properties. Under high pressure, the photoelectric 

characteristics of CIPS show obvious periodic changes
[68]

. As shown in Fig. 8, the 

photoresponse is basically stable in the low pressure range of 0.6-4.2 GPa. When the pressure 

is further increased to 7.6 GPa, the photocurrent increases significantly, which is mainly 

attributed to the narrowing of the band gap and the improvement of the carrier transport 

ability caused by the transformation of the crystal structure from monoclinic to trigonal. 

However, when the pressure continues to increase to 15.1 GPa, the photoresponse shows a 

downward trend. At higher pressures, the photocurrent of CIPS is significantly enhanced 

again due to the gradual metallization, the rapid increase of carrier concentration and mobility. 

The results show that the structural phase transition induced by pressure and its control on the 

band structure and carrier behavior are the key factors affecting the optoelectronic properties 

of CIPS. 

 

Figure 8.  (a), (b) Pressure-dependent photocurrent, current density (Jph) and responsivity (R) 

of CuInP2S6 at a voltage of 20 V
[68]

. Reproduced with permission. 

NiPS3 is a kind of TMD derivative material with both magnetism and layered structure
[69]

. As 

shown in Fig. 9, the photocurrent is enhanced by about 5 orders of magnitude under pressure, 



and maintains an enhancement of 2 orders of magnitude after decompression, and the spectral 

response range is extended to the near-infrared region (1650 nm), and the stability is 

maintained for more than 120 h at room temperature. The structure analysis shows that the 

NiPS3 exhibits an obvious multiphase evolution process within 14 GPa, accompanied by the 

formation of new bonds and the sudden change of vibration modes, which significantly 

improves the carrier mobility. The results reveal good performance improvement and 

performance retention after decompression, which expands the potential application of TMD 

materials in infrared detection devices, and also provides a reference for the design of 

high-performance devices under ambient pressure. 

 

Figure 9.  Photocurrent of NiPS3 during (a) compression and (b) decompression under 

illumination by Xe lamp at 1 V
[69]

 (1 atm = 1.013×10
5
 Pa). Reproduced with permission. 

 

Among the typical two-dimensional Bi-based chalcogenides, Bi9O7.5S6 and BiOBr show 

significant enhancement of optoelectronic properties under high pressure. Bi9O7.5S6 undergoes 

a structural transformation from a layered stacking structure to a three-dimensional network 

under pressure
[70]

. The reconstruction of Bi-S bonds greatly improves the degree of orbital 

coupling, resulting in a gradual compression of the band gap from 1.34 eV to 0.45 eV, 

accompanied by 6 orders of magnitude increase in conductivity and a 4 order of magnitude 

enhancement in photocurrent. In contrast, the photocurrent density and responsivity of BiOBr 

are increased by more than one order of magnitude in the pressure range of 3.8 GPa, and the 

response speed is also increased by nearly 10 times
[71]

. First-principles calculations show that 

pressure effectively reduces the effective mass of carriers and promotes the charge transfer 

between Bi-O atoms, thus greatly improving the photoresponsiveness and response speed. 

The evolution of structural dimensions and the enhancement of optoelectronic properties of 



the above materials under high pressure verify the effectiveness of high-pressure technology 

in regulating the optoelectronic properties of low-dimensional functional oxygen group 

materials, which provides an important reference for the design of high-performance and 

fast-response photodetectors. 

2.5 Other three-dimensional semiconductors 

In addition to the above typical material systems, some three-dimensional semiconductors, 

such as ferroelectric, ferromagnetic and some bulk materials, also show excellent 

photoelectric properties under high pressure. These materials are often accompanied by 

structural phase transitions, electronic band reconstruction or carrier type changes, and some 

of them also show unconventional phenomena such as photoconductive polarity reversal. 

Taking the multiiron oxide KBiFe2O5 as an example, the material undergoes a reversible 

structural phase transition at 10 GPa, the polarization is significantly enhanced, and the band 

gap is narrowed, which shows that the conductivity is increased by two orders of magnitude, 

and the photocurrent and external quantum efficiency are simultaneously improved
[72]

. The 

experimental results show that the structural evolution of KBiFe2O5 under pressure has a 

synergistic effect on the polarization characteristics and carrier transport ability of the 

material, which makes it have the potential to become a highly efficient polarization 

optoelectronic material. 

In addition, structural coupling materials such as WO3/CuO, CrSb2 and Cr2Se3 also show 

unique photoelectric response properties under pressure, such as photoconductive polarity 

reversal and spectral response range expansion. In the WO3/CuO heterojunction, the 

photoconductivity changes from positive to negative with the increase of pressure, which may 

be related to the pressure-induced lattice distortion and electron-hole recombination 

process
[73]

. Similarly, CrSb2 and Cr2Se3 also switch from n-type to p-type under high pressure, 

accompanied by the appearance of negative photoconductivity effect
[74,75]

. 

Bulk semiconductor materials play an important role in the traditional optoelectronic field 

because of their excellent structural stability and wide application. Although these materials 

do not have layered structures like two-dimensional materials, recent studies have found that 

their electronic bands and crystal structures can also be significantly regulated by pressure, 

thereby improving their photoresponse characteristics. For example, bulk Si undergoes a 

semiconductor-metal transition under pressure
[76]

. In this process, there is not only an obvious 

increase in the photoconductivity intensity, but also a reversible switching of the photocurrent 

polarity. The negative photoconductivity effect of Si at high pressure is considered to be due 

to the photothermal effect. For CuInS2 nanocrystals, pressure treatment also brings significant 

improvement in photoelectric properties
[77]

. With the increase of pressure, the band gap 

widens gradually and reaches an optimal value of 1.5 eV at about 5.9 GPa, while the 



photocurrent density reaches a maximum value, which is nearly 4 times that at normal 

pressure. First-principles calculations show that the broadening of the band gap is mainly due 

to the enhancement of the interatomic charge density and ionic polarization of In-S. This 

work verifies the effectiveness of pressure means to optimize the photoelectric properties of 

bulk semiconductors such as CuInS2, and expands their application potential in photovoltaic 

devices. 

The structural phase transition, carrier transport evolution and negative photoconductivity 

effect of the above three-dimensional semiconductor materials under pressure reflect the 

effectiveness of pressure on the control of material optoelectronic properties, which provides 

an effective reference for the development of new multi-functional optoelectronic devices. 

3. Characteristics and Physical Mechanism of Photoelectric Response Evolution under 

High pressure Control 

As a special external control means, high pressure has a direct impact on the structure and 

electronic structure of materials. Despite the rich material systems and different structures, by 

systematically reviewing the research results of TMDs, metal and non-metal halides, 

perovskite materials, other van der Waals layered materials and other three-dimensional 

semiconductor materials under high pressure in recent years, it can be found that the 

regulation of photoelectric properties of different types of materials shows some obvious 

common rules and unique physical effects, which are mainly reflected in the following 

aspects. 

3.1 Band structure control and band gap evolution 

High pressure can effectively control the electronic band structure of materials by 

compressing the atomic spacing and lattice constant. The band structure of materials, 

especially the band gap, is one of the key parameters that determine their photoelectric 

properties. The change of band gap directly affects the optical absorption ability and carrier 

behavior of the material. When pressure is applied, the overlap between atomic orbitals is 

enhanced, which usually leads to a decrease in the energy level spacing between the bottom of 

the conduction band and the top of the valence band, showing a continuous contraction of the 

band gap, and even a band gap closing phenomenon in some materials. Taking TMDs as an 

example, the band gaps of MoS2, WS2, PtS2, ReS2 decrease significantly under pressure, and 

the interlayer coupling is enhanced, which leads to the gradual reduction of the band gap, 

thereby changing the photoresponse characteristics
[40–43]

. In metal halide systems, PbI2, BiI3, 

RhI3, CsI3 and so on will transform from semiconductor to semimetal or even metal under 

pressure, which is usually accompanied by a significant improvement in photoelectric 

properties
[46–48,51,53]

. 

The band gap evolution mechanism of perovskite materials is more complex, such as 



CH3NH3PbI3, CH3NH3PbBr3, CH3NH3SnI3 and other materials. The band gap usually 

decreases with the increase of pressure in the low pressure range, which effectively enhances 

the carrier excitation efficiency. However, when the pressure exceeds a certain value, the 

crystal may tend to be disordered or even amorphous, resulting in the uncertainty of band gap 

change or even reverse increase
[56,57,60]

. These band gap evolution behaviors are essentially 

due to the coordinated control of bond length, bond angle and octahedral distortion in the 

perovskite structure under high pressure
[78–83]

. In the initial pressure stage, with the increase of 

pressure, the bond length of Pb-X (I, Br, Cl, etc.) shortens, and the orbital overlap of Pb-X-Pb 

increases, thus changing the valence band and conduction band energy levels, and the band 

gap usually shows a trend of narrowing. When the pressure continues to increase, the Pb-X-Pb 

bond angle deviates from 180 °, the degree of octahedral distortion increases, and the band 

gap of the material appears non-monotonic behavior (for example, first decreases and then 

increases). 

The band gap control of BiOBr and CuInS2 under high pressure shows more complex 

behavior. The band gap of BiOBr increases with the increase of pressure in the low pressure 

range (0-15.2 GPa), and the band gap changes reversely when the pressure continues to 

increase (15.2-27.6 GPa), which is mainly related to the pressure-induced lattice distortion
[71]

. 

The band gap of CuInS2 widens under pressure, which may be due to the enhancement of 

interatomic charge density distribution and ionic polarization under pressure
[77]

. It can be seen 

that although the band gap of most semiconductors is narrowed due to the enhancement of 

orbital overlap under pressure, the specific evolution of the band gap is significantly different 

for different materials due to the differences in structure and bonding characteristics, which 

cannot be generalized. 

3.2 Crystal structure evolution and phase transformation induction 

The crystal structure and stability of materials are the important basis of their photoelectric 

properties. The application of pressure can trigger a series of crystal structure evolution and 

even phase transition processes, which plays a key role in regulating the photoelectric 

properties of materials. Many materials, such as MoS2, BiI3, CsI3, CuInP2S6, NbOI2, 

ZrSe2 and so on, undergo definite structural phase transitions, which are mostly accompanied 

by changes in the electronic structure, carrier concentration and mobility of the materials, and 

then lead to abrupt changes in the optical and electrical properties
[40,44,48,51,62,68]

. Taking metal 

halides as an example, the lattice of CsI3 also undergoes a phase transition process under 

pressure, and the band gap changes from indirect to direct transition. The rearrangement of 

the lattice effectively improves the carrier mobility, and the photoelectric properties are 

significantly enhanced. BiI3 undergoes a significant space group transition (from R-3 to C2/m) 

at 5-7 GPa, which is accompanied by a conduction mechanism switch from p-type to n-type 

and induces a significant photoelectric response enhancement. NbOI2 also shows a similar 



conduction type conversion during the structural transition, indicating that the change of 

physical properties caused by the pressure-induced structural phase transition has a certain 

common rule in different material systems. 

It is worth noting that some materials tend to be amorphized under pressure. For example, 

CH3NH3SnI3 shows a tendency of lattice disordering at about 3 GPa, accompanied by partial 

framework reconstruction and conduction behavior to enhance
[60]

; g-C3N4 undergoes an 

irreversible amorphization transition at about 17 GPa under pressure, accompanied by a 

continuous compression of the band gap and an increase in photocurrent
[66]

. 

Although some materials do not show obvious crystal symmetry mutation under pressure, 

they can still achieve significant improvement in photoelectric properties through the 

formation of new bonds and the expansion of structural connections. For example, 

Bi9O7.5S6 and BiOBr materials show a gradual change from layered to three-dimensional 

network structure under pressure, which realizes the smooth improvement of photoelectric 

properties
[71,72]

. The results show that both the structural phase transition and the non-phase 

transition structural evolution under pressure can effectively control the photoelectric 

properties, but the control effects are significantly different. 

3.3 Pressure-induced photoelectric response feature 

The regulation of photoelectric properties of materials under pressure is diverse. In addition to 

the common increase of photocurrent intensity, it also induces novel physical effects such as 

spectral response expansion, self-driven photoresponse, and negative photoconductivity effect. 

The discovery of these phenomena not only expands the application scenarios of materials in 

extreme environments, but also reveals the fundamental changes in the photoelectric response 

mechanism of materials under pressure. 

3.3.1   Spectral Response Range Expansion 

The phenomenon of pressure-induced spectral response range expansion is usually closely 

related to the gradual decrease of material band gap with pressure. With the increase of 

pressure, the lattice spacing of the material is compressed, and the interaction between atomic 

orbitals is enhanced, resulting in the conduction band and valence band energy levels of the 

material gradually approaching, thus extending the absorption band of the material from the 

initial ultraviolet or visible region to the near-infrared or even infrared region. Taking WS2 as 

an example, under pressure, the band gap of WS2 is broadened at the top of the valence band 

and the bottom of the conduction band due to the enhanced coupling between W 5d and Se 3p 

orbitals, and the S-S interlayer interaction is enhanced, resulting in a continuous decrease of 

the band gap
[43]

. Similar band gap evolution has been observed in MoS2 and ReS2
[40,42]

. 

Thanks to the effective control of the band gap, the spectral response range of WS2 is 

extended to the near-infrared band of 1650 nm, which significantly enhances its ability to 



detect broadband optical signals. In addition, CsI3, PbI2, NiPS3 and NbOI2 also show the 

phenomenon that the spectral response range extends to the infrared region under 

pressure
[46,47,51,62]

. For example, in the range of 0.6-17 GPa, the high-pressure absorption 

spectrum shows that the absorption edge of PbI2 is continuously red-shifted, and the band gap 

is continuously reduced from about 2.25 eV to 1.36 eV. The band gap is further reduced to 

about 0.8 eV at 24 GPa. The results of first-principles calculations are in good agreement with 

the experimental phenomena. At 20 GPa, the density of states of Pb and I hybridize near the 

Fermi level, and the band gap is 0.74 eV, which is an indirect band gap semiconductor. When 

the pressure reaches 30 GPa, the band structure of PbI2 shows that the band gap closes, the 

valence band along the Γ-X direction and the conduction band along the X direction cross the 

Fermi level at the same time, and the overall density of states is low but not zero. The band 

overlap feature corresponding to the finite Fermi density of states is a typical manifestation of 

topological semimetals, and the pressure-induced semiconductor-semimetal transition is 

further verified by femtosecond time-resolved spectroscopy experiments. With the continuous 

shrinkage of the band gap, the spectral response band of PbI2 is also extended to the infrared 

region. These phenomena demonstrate the effectiveness of high-pressure technology in 

regulating the broadband photoelectric response of materials, and provide an effective 

theoretical and experimental basis for the design of new broadband detection devices. 

3.3.2   Self-driven photoresponse 

In materials with ferroelectric or multiferroic properties (such as CIPS and SbSI), pressure 

can enhance the internal polarization of the material, thus inducing a strong built-in electric 

field, so that the material can achieve stable photocurrent output without external bias. Taking 

CIPS as an example, under pressure, its crystal structure changes and its polarization 

increases significantly, thus showing obvious self-driven photoresponse characteristics 

without external bias
[68]

. In addition, PbI2 and BiI3 also show strong self-driven photocurrent 

under pressure, which may be related to the pressure-induced crystal polarization and the 

synergistic effect of photothermoelectric effect
[47,48]

. These results show that pressure 

technology has unique advantages for the development of autonomous photodetectors without 

external bias driving. 

3.3.3   Negative photoconductivity effect 

Generally, semiconductor materials show a typical positive photoconductivity effect under 

illumination, which is due to the transition of electrons from the valence band to the 

conduction band under the excitation of incident light, resulting in more free carriers, thus 

improving the conductivity of the material, which is manifested by a significant increase in 

the current of the material under illumination. This phenomenon widely exists in 

semiconductor material systems and is the basis for the preparation of photodetectors. 

However, in some specific materials or under specific pressure conditions, there will be 



abnormal negative photoconductivity/photocurrent effect, that is, illumination leads to the 

decrease of material conductivity or even the reversal of current polarity, which is 

diametrically opposed to the conventional photoresponse behavior. This phenomenon of 

pressure-induced negative photoconductivity or photocurrent polarity reversal has the 

following explanations: one is the thermal effect caused by the pressure-induced metallization 

transition. In the process of metallization, the material absorbs light energy and dissipates it 

mainly in the form of heat, rather than exciting carriers. The thermal effect leads to the 

enhancement of carrier scattering and the decrease of carrier mobility, which suppresses the 

conductivity of the material and leads to the negative photoconductivity. This effect has been 

demonstrated in bulk Si, Bi2S3 and ZrSe2 under pressure
[44,76,84]

. Another possible explanation 

involves carrier type switching. Under the action of pressure, the dominant carrier type of the 

material changes from electron (n) type to hole (p) type, and the material shows a special 

phenomenon that the photoconductivity changes from positive to negative with the change of 

the dominant carrier type. For example, similar carrier type switching behavior has recently 

been observed in WO3/CuO heterojunction materials, CrSb2, Cr2 Se3 and other materials
[73–75]

. 

However, there is still some controversy about the explanation of this phenomenon. In 

essence, the phenomenon of negative photoconductivity originates from the decrease of free 

carrier concentration after illumination, which leads to the increase of material resistance, 

while the change of carrier type itself does not directly determine the polarity of photocurrent. 

Although the simultaneous occurrence of carrier type switching and negative 

photoconductivity has been observed in some experiments, the correlation between the two 

phenomena may also be caused by the change of carrier concentration and mobility. Therefore, 

the specific explanation of this effect remains to be clarified by further experimental 

verification and theoretical analysis. 

3.4 Pressure-induced "memory effect" 

In addition, some materials show obvious photoelectric response and enhanced "memory 

effect" under high pressure, that is, they can still maintain the performance optimization 

characteristics induced by pressure after decompression. For example, in the lead-free 

perovskite CH3NH3SnI3, pressure induces its amorphization, and the material still maintains 

excellent photoconductivity after decompression, showing obvious performance retention 

ability
[60]

. The "memory effect" after decompression has also been observed in g-C3N4, 

NiPS3 and other materials, which is mainly due to the stable defect state or amorphous state 

formed under pressure
[66,69]

. This phenomenon shows that pressure can not only be used as a 

means of dynamic regulation, but also has the potential to achieve long-term stable physical 

property regulation, which provides a new idea for the application of pressure regulation 

effect at atmospheric pressure. 

To sum up, high-pressure technology has induced a series of novel effects in many 



semiconductor materials, including photocurrent enhancement, broad spectral response, 

polarity reversal, self-driven response and performance retention, by controlling the crystal 

structure and electronic energy band of materials. These effects are different in different 

materials, and their formation mechanism is often not caused by a single action, and the 

physical mechanism behind them has not yet been clarified, which also provides a direction 

for follow-up research. 

4. Conclusion and prospect 

Key information on the photoelectric response of the semiconductor materials mentioned in 

this paper under pressure is collated in Tab. 1. Throughout the previous studies, pressure has 

shown wide applicability and remarkable effectiveness in regulating the photoresponse 

characteristics of materials, and has become an important way to optimize the properties and 

explore the mechanism of semiconductor materials. In this review, we summarize the 

structural phase transitions, electronic band evolution, and optoelectronic response behaviors 

of TMDs, metal and nonmetal halides, perovskites, other van der Waals layered materials, and 

other three-dimensional semiconductors under pressure, and summarize the underlying 

physical mechanisms behind their regulatory features and performance improvements. 

Although there are differences in the structure and bonding properties of different types of 

semiconductor materials, there are still some common rules under pressure. For example, 

most materials show a significant increase in photocurrent intensity to varying degrees under 

pressure. Under pressure, the overlap of atomic orbitals in most materials is enhanced and the 

band gap is narrowed, which leads to the obvious expansion of the light absorption range to 

the infrared region, thus enhancing the light response ability of the material to a wider 

wavelength band. At the same time, pressure can enhance the response speed and carrier 

mobility, induce phenomena such as negative photoconductivity, self-driven photocurrent 

response and "memory effect". These phenomena expand the understanding and boundary of 

the regulation of photoelectric physical properties of materials. It can be seen that pressure, a 

technical means independent of chemical modification, can be widely applied to materials 

with different structures and bonding types, demonstrating the effectiveness of crystal 

structure and electronic band control, conductivity type conversion, and spectral response 

expansion, further expanding its application scope in the field of materials science. 

 

 

 

 

 



Table 1.  Optoelectronic response characteristics of selected materials under high pressure. 

 

Although important progress has been made in the regulation of photoelectric properties of 

high-pressure materials, there are still some scientific problems and technical bottlenecks to 

be solved urgently. First of all, there is still a lack of clear mechanism to explain the intrinsic 

relationship between the structural phase transition, electronic structure evolution and 

photoelectric properties of materials under pressure, especially how the pressure-induced 

structural phase transition and band gap control precisely affect the photoelectric properties, 

which shows obvious differences in different material systems. In addition, most of the 

current studies focus on the basic photoelectric characteristic parameters such as photocurrent 

change and spectral response range expansion, while the kinetic parameters such as 

photogenerated carrier lifetime, carrier mobility and diffusion length, which are more relevant 

to applications, are relatively scarce, resulting in the one-sidedness of the existing results in 

evaluating the actual photoelectric application potential of materials. On the other hand, due 

to the great differences in light intensity, wavelength range, external field bias and other test 

conditions used in different experiments, the comparability of data between different 

experimental systems is limited, which makes the cross-comparison between different studies 

uncertain. In addition, most of the current work focuses on the pressure-induced 

photoconductive effect when clarifying the enhancement mechanism of photoelectric 

properties. Although the combined effect of photothermoelectric effect has been observed in 

individual materials, the contribution proportion of each mechanism has not been effectively 

distinguished, and the synergistic relationship between different mechanisms needs to be 



further explored. Finally, although a large number of materials show excellent improvement 

of photoelectric properties under pressure, most materials have rapid photoelectric properties 

degradation after decompression. How to effectively maintain or partially retain these 

pressure-induced enhancement characteristics, so that the material still has stable 

optoelectronic properties under ambient pressure, is the key problem to realize the 

transformation of high-pressure technology to practical optoelectronic device applications. In 

order to overcome the application bottleneck under extreme conditions, it is combined with 

other regulatory means to achieve the stable retention of pressure-induced performance under 

normal pressure. For example, internal stress is introduced by chemical pressure strategy (ion 

replacement, element doping, etc.) To simulate the regulation of pressure on lattice constant, 

bond length and local structure; Strain engineering (epitaxial growth, strain applied by 

flexible substrate) is used to maintain part of the lattice distortion or phase transition structure 

formed under pressure without external pressure; In addition, the structure formed under 

pressure can be stabilized by the cooperation of multiple fields (such as light, temperature 

gradient, electric field or magnetic field). The above strategies are helpful to maintain the 

performance improvement of pressure regulation at atmospheric pressure, thus improving the 

application potential of materials in practical devices such as photoelectric detection. 

To sum up, high-pressure technology provides a "clean" and efficient physical strategy for the 

further development of optoelectronic properties of materials. This method not only shows 

significant advantages in the precise control of structure and electronic state, but also helps to 

reveal novel photoelectric phenomena that are difficult to discover by conventional means, 

and provides a new way to break through the limits of photoelectric characteristics of 

materials. With the continuous progress of pressure in situ characterization methods and 

theoretical calculation methods, as well as the breakthrough of key technologies such as the 

maintenance of high-pressure induced properties at ambient pressure, people will have a 

deeper and systematic understanding of the relationship between structural changes and 

photoelectric properties of materials under extreme conditions. In the future, high-pressure 

technology is expected to play a more important role in optimizing the performance of 

optoelectronic devices and expanding the application scenarios of materials, laying a solid 

foundation for the development of new optoelectronic materials and devices with high 

efficiency, stability and wide application. 
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