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Fig. 1. Schematic classification of representative material
systems for high-pressure tuning of photoresponse proper-

ties.
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Fig. 2. The photoelectric response behavior of TMDs materials under high pressure: (a) Photocurrent of the PtS, at elevated pres-

sures!!; (b) photocurrent-pressure dependence of bulk and single-crystal ReS, samples!®?; (c) photocurrent-pressure dependence of
layered WS, with 980, 1270, 1450, and 1650 nm NIR wavelengths®¥l; (d) R and EQE of WS, as a function of pressure under illumin-

ation of selected near-infrared wavelengths!*?. Reproduced with permission.
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Fig. 3. Pressure-induced polarity reversal of self-driven photocurrent in Bily: (a), (b) Photoresponse of Bil; under 520 nm laser illu-

mination a with zero bias under pressurel*; (c) photocurrent distribution of Bily at 24.0 GPa as the laser moves between the two

electrodes*; (d) photocurrent of Bily at 24.0 GPa with varying illumination intensity*¥; (e) variation in photocurrent with pres-

sure at different illumination positions*s); (f) changes in photothermoelectric voltage with pressure at illumination position Al

(g) pressure-dependent Hall coefficient of Bil;1*. Reproduced with permission.
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Fig. 4. Photoresponse properties of Cs3Biyly under laser illumination of different wavelengthsl®l: (a) Photocurrent evolution of

Cs3Bibly during compression with 1650 nm laser illumination and 10 V bias at position A; (b) pressure-dependent photocurrent

density Jp, of Cs3Bisly under 1650 nm laser illumination at different positions; (¢) photocurrent of Cs;Bisly under laser illumination

of different wavelengths at position A under a 10 V bias at 26.3 GPa. Reproduced with permission.
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Fig. 5. Pressure-induced n-p conduction type switching in semiconductor-to-semiconductor transition of NbOIL,62: (a) Representa-

tive temperature-dependent resistance curves of NbOI, during compression; (b) pressure-dependent resistance of NbOI, measured at

300 K, inset: the optical photo of the sample and electrodes in diamond anvil cell; (c) optical bandgap as a function of pressure; (d) Hall

resistance of NbOI, 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 NbOI, as a function of pressurel. Reproduced with permission.
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Fig. 6. (a), (b) Pressure-dependent photocurrent of SbSI at 0 and 5 V bias voltages'®®; (c) photocurrent as a function of pressure at

different bias voltages!®; (d) the resistivity of SbSI under high pressures(®l. Reproduced with permission.
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Fig. 7. (a), (b) Photocurrent of g-C3N, under visible light illumination at a 15 V bias voltage under pressurel®. Reproduced with

permission.
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Reproduced with permission.
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Fig. 9. Photocurrent of NiPS; during (a) compression and (b) decompression under illumination by Xe lamp at 1 VI® (1 atm =

1.013x10° Pa). Reproduced with permission.
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R RICHORHE S TR RO L e R

Table 1. Optoelectronic response characteristics of selected materials under high pressure.
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SPECIAL TOPIC—High-pressure modulation and in situ characterization of
optoelectronic properties
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Abstract

The rapid development of optoelectronic technologies has raised increasingly 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-field 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 technique has emerged as a powerful tool 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 of pressure-induced evolution of
photoelectric properties in various material systems, such as two-dimensional transition metal
dichalcogenides, metal and non-metal halides, l.
perovskites, and other representative semiconductors. O
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 A

this area are also discussed. Despite notable advances,

there are still several challenges, including the

insufficient understanding of intrinsic correlations T

between structure and photoelectric properties, the
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lack of comprehensive evaluation parameters. How to realize pressure-enhanced photoelectric properties for
applications under ambient conditions is another key challenge. Addressing these issues will be essential for
advancing both fundamental understanding and practical applications.

Overall, pressure modulated photoelectric properties present both significant challenges and exciting

opportunities, providing valuable guidance for designing advanced optoelectronic materials and devices.

Keywords: high-pressure physics, photoresponse characteristics, structural phase transition, in-situ high-
pressure characterization
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