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Fig. 1. (a) Schematic diagram of the HPRS experimental optical path based on DAC; (b) schematic diagram of the geometric con-

figuration for polarization Raman testing based on Si(100); (c) Raman peak, lattice structure, and their Raman vibration mode Fag

of Si under normal pressure; (d) Raman spectra of Si at ambient pressure with partially continuous polarization angles; (e) polariza-

tion plots of VV and VH configurations of Si at ambient pressure.
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Fig. 2. (a) Polarized Raman intensity polar plots of Si (100) under different pressures in the backscattering VV configuration;

(b) pressure dependence of the first-order Raman peak position of Si, fitting error is smaller than the icon diameter; (c¢) evolution of

the Raman tensor elements of Si (100) with increasing pressure.
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Table 1.  Relationship for the I(f) of various Raman vibration modes of Te under different experimental configurations.

Here, the scattering light matrix es is the inverse matrix of the incident light matrix e; .
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(sin® cos® 0) |dy cos26? |b|> |—ds sin 20|

030804-5


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

Y B ¥ R Acta Phys. Sin.

Vol. 75, No. 3 (2026) 030804

(a) 90°

150°

180°

210°

270°

90°

150°

180°

210°

270° 270°
T
§ 1.6
~
&£ 3
g Intensity 5
n
o Max =
s <
£ L
& S 14
0 60 120 180 240 300 360 >
0/() 2
<
— -
IE B
< Z 1.2
£ Min 2
g 3
g m
& 1.0

0 60 120

180 240 300 360
6/()

180°

30° 150°

0°  180°

330° 210°

270° 270°

150° 150°
180°

210° 210°

270°
112
_(d) (e) - 0°
[ ] —&- 90°

L 108}
i
g
3]
<
k=
=
“ 104 ¢
g
5]
g
5]
o~

100

0 1 2 3 0 1 2 3
Pressure/GPa Pressure/GPa

Bl 3 (a) HHET VV ELE T Te(110) 72 [ 5 T 1 iRk i AL 4515 (b) Te 7E 0 GPa 4R & R 2 &l (¢) Te 7 2.6 GPa Wk
SRR IR (d) Te i Ay R B3k EI0 b5 ¢ B LRI TR SR AR MK ; () Te(110) Aq AEBIHE & I FE 0°H 90°Mw 4R £ JEE I It 1 7 i 75 4k,

Horp, SR AANLLE X003 5 3 7R BT 3R FMTE AT S RS

Fig. 3. (a) Polarized Raman intensity polar plots of Te (110) under different pressures in the backscattering VV configuration;
(b) polarization contour map of Te at 0 GPa; (c) polarization contour map of Te at 2.6 GPa; (d) pressure dependence of the Ra-
man tensor element ratio b/c for the A; mode of Te; (e) the variation of Raman peak of Te (110) A; mode with pressure at 0°

and 90° polarization angles, where the green and red regions indicate the states before and after the electronic topological phase

transition, respectively.
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SPECIAL TOPIC—High-pressure modulation and in situ characterization of
optoelectronic properties

High-pressure polarized Raman device and its applications”

WANG Zeyu# LIU Jingyi# WANG Yangbin WANG Menghan
LI Jingye  YAN Chengxi LEILif

(Institute of Atomic and Molecular Physics, Sichuan University, Chengdu 610065, China)

( Received 12 October 2025; revised manuscript received 10 November 2025 )

Abstract

High-pressure polarized Raman spectroscopy (HPRS) is a spectroscopic technique that uses a diamond
anvil cell (DAC) as a pressure-generating device to systematically control the polarization directions of both
incident and scattered light in order to measure the angular dependence of Raman spectral intensities under
different pressures. This enables the quantitative extraction of the pressure evolution of Raman tensor elements.
In this study, we develop an in situ high-pressure polarized Raman setup based on a backscattering
configuration, which includes a half-wave plate that enables continuous variation of the polarization angle
without rotating the sample. Quantitative determination of Raman tensor elements is achieved through polar
coordinate fitting of the measured intensity profiles. Single-crystal Si (100), commonly used for Raman
calibration, and two-dimensional Te (110) flakes exhibiting in-plane anisotropy are selected as model systems
for investigation. Our results show that in a pressure range of 0-12 GPa, the angular distribution pattern and
periodicity of Si (100) remain unchanged, while the main Raman peak exhibits an approximately linear blue
shift as pressure increases. The Raman tensor element related to the active mode decreases according to an
inverse power-law function, reflecting the response of the polarizability derivative to volume compression in the
absence of phase transition. For two-dimensional Te (110), the in-plane anisotropy increases with the increase of
pressure, accompanied by deviations of certain modes from ideal symmetry-predicted behavior. Notably, the
ratio of Raman tensor elements exhibits a turning point near 1.5 GPa, transitioning from a decreasing to an
increasing trend, with polarized Raman responses clearly changing within a range of 1.2-1.6 GPa range. It is
very close to the electronic structure phase transition point determined by transport experiments (about
2 GPa). Overall, studies on single-crystal Si (100) and two-dimensional Te (110) demonstrate that HPRS is a
robust in situ method for probing symmetry evolution, anisotropic behavior, and incipient electronic

rearrangements in materials under compression.
Keywords: high-pressure polarized Raman, Raman tensor, electronic structural phase transition
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