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Fig. 1. Characterization of CsyTeCl; under ambient conditions: (a) X-ray diffraction (XRD) pattern of Fm3m phase CsyTeClg,
1 atm = 1.013 x 10° Pa; (b) Crystal structure of Fm3m phase Cs,TeClg; (¢) Raman spectrum of CsyTeClg; (d) Absorption spec-

trum of CsyTeCl.

178503-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 74, No. 17 (2025) 178503

6L
Ruby /
Gasket M < 57
— " =)
> =
CsyTeClg = 4}
<
+~
g
8
5 3f
o
(b) _ g
oo A 2t
. L

(c) [1 405 nm
450 nm
365 nm

[1515 nm
625 nm

/ 1\

Pt CsyTeClg Pt ’ % Od‘ -
1

L}

Bl 2 Cs,TeClg SEHMIKXHES  (a), (b) CsyTeClg i DAC
ARG KR 1 e piy P

100 200 300 400
Time/s

Jt LA B A4 R B () 0.69 GPa, 0.1 V i JR i, Cs,TeClg 15

Fig. 2. Preparation for optoelectronic measurements of Cs,TeClg: (a), (b) Schematic diagram of the high-pressure DAC optoelec-

tronic measurement setup for Cs,TeClg; (c) Photoresponse spectra of Cs,TeCl; under different incident wavelengths at 0.69 GPa

with 0.1 V bias.
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Fig. 3. High-pressure optoelectronic measurements of Cs,TeCl; at 405 nm incident wavelength with 0.1 V bias: (a) Photoresponse

spectra of Cs,TeClg under high pressure; (b) pressure-dependent variations of photocurrent density (.J,;,) and responsivity (R) dur-

ing compression.
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Fig. 4. Bandgap evolution of Cs,TeClg under high pressure: (a) UV-Vis absorption spectra of CsyTeClg under compression; (b) pres-

sure dependence of the bandgap; (c) optical micrograph of Csy;TeClg in a DAC upon compression.
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Fig. 5. High-pressure Raman characterization of Cs,TeCl; using Ruby as pressure-transmitting medium under 532 nm laser excita-

tion: (a) High-pressure Raman spectra of CsyTeClg; (b) pressure dependence of Raman frequencies in CsyTeClg.
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SPECIAL TOPIC—High-pressure modulation and in situ characterization of
optoelectronic properties

Pressure-modulated bandgap and optoelectronic properties
in lead-free double perovskite Cs,TeCl;"
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Abstract

As a core component of modern optoelectronic systems, photodetectors play an indispensable role in optical
communications, environmental monitoring, medical imaging, and military detection. With the rapid
development of related technologies, the development of novel photodetector materials featuring high
sensitivity, fast response, and excellent stability has become a key research focus. Among various candidate
materials, A,BXg-type vacancy-ordered double perovskites have attracted significant attention due to their
unique crystal structures and outstanding optoelectronic properties. These materials not only possess tunable
bandgap structures and high carrier mobility but also demonstrate excellent environmental stability, showing
broad application prospects in the field of photodetection. In this study, the optoelectronic response behaviors of
a representative lead-free double perovskite, Cs,TeCls;, under high-pressure conditions are systematically
investigated. Precise experimental observations reveal an anomalous transition in photocurrent from decrease to
increase when the pressure reaches 21.7 GPa. By employing advanced characterization techniques, including
high-pressure in situ Raman spectroscopy, UV-Vis absorption spectroscopy, and synchrotron X-ray diffraction,
the underlying physical mechanism are elucidated: At the critical pressure of 18 GPa, the material enters an
intensified compression stage, leading to a significantly accelerated bandgap narrowing rate. This continuous
reduction in bandgap effectively mitigates the weak absorption limitation of the indirect bandgap, enabling
efficient absorption of previously unexcitable low-energy photons and ultimately resulting in enhanced
photocurrent. This finding not only clarifies the intrinsic relationship between the structure and optoelectronic
properties of CsyTeCly at a microscopic level, but, more importantly, offers new insights into regulating the
optoelectronic performance of perovskite materials through pressure engineering. These outcomes in this work
provide important guidance for developing novel high-performance photodetection devices and establish a
valuable research method of optimizing other semiconductor materials. In the future, by further refining
material compositions and pressure modulation strategies, the design and fabrication of more efficient and stable
photodetector materials can be anticipated.

Keywords: lead-free double perovskite, CsyTeClg, high pressure, optoelectronics
PACS: 85.60.Gz, 07.35.+k, 52.77.Fv DOI: 10.7498 /aps.74.20250693
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