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SPECIAL TOPIC — Structures and properties of materials under high pressure
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Two-dimensional tellurium (2D-Te) exhibits strong spin—orbit coupling and a chiral structure. Studying its magneto-
transport properties is crucial for the development of spintronic technologies and the exploration of novel device applica-
tions. The magnetotransport properties of 2D-Te under varying temperatures and high pressures warrant further study. In
this paper, the magnetotransport behavior of 2D-Te under low-temperature and high-pressure conditions is investigated. At
room temperature, the magnetoresistance (MR) increases with increasing magnetic field, exhibiting positive MR behavior
below 4.3 GPa. During decompression, MR is almost constant with decreasing pressure. MR is more sensitive to pressure

at lower temperatures.
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1. Introduction

Since the initial discovery of monolayer graphene in
2004, various two-dimensional (2D) materials, such as tel-
lurium, transition metal dichalcogenides and black phospho-
rus have attracted considerable attention.!'>! With their high
specific surface area,!® high carrier mobility’! and excel-
lent thermoelectric properties,[8! 2D materials hold significant
promise for applications in energy storage, [’ luminescence!!"!

ILI21 2D materials also demonstrate consider-

and catalysis.|
able potential for applications in spintronics. For instance,
graphene nanoribbons with a “zigzag” edge shape exhibited
an electronic bandgap of roughly 0.2-0.3 eV, and the mag-
netic order on the graphene edges remained stable even at
room temperature.!'3! Bulk VSe, behaved paramagnetically,
but in the monolayer state, it exhibited a significant ferromag-
netic order that persisted above room temperature.!'#! The in-
terlayer magnetism of 2D CrBrz was stacking-dependent: a
single layer of CrBr; was ferromagnetic, whereas the inter-
layer coupling in bilayers depended on the stacking sequence
and could be either ferromagnetic or antiferromagnetic.!!!
Two-dimensional tellurium (2D-Te) exhibits strong spin—
orbit coupling and has a chiral structure.'*1°] Recently, sev-
eral breakthroughs have been made in the study of 2D-Te
magnetism. For instance, Zhang et al. studied the longitudi-

nal and transverse magnetoresistance (MR) of tellurium flakes

fCorresponding author. E-mail: wangginglin@Icu.edu.cn
fCorresponding author. E-mail: cailong_liu@lcu.edu.cn

CSTR: 32038.14.CPB.add5¢c9

at low temperatures, revealing that the longitudinal negative
MR persisted at temperatures up to 200 K, while longitudi-
nal magnetoconductivity transitioned from parabolic to linear
field dependence with decreasing temperature. These findings
extend the application of Weyl physics and shed light on the

s.129 Niu er al. re-

design of topological semiconductor device
vealed a pressure-induced insulator-to-metal transition, two-
carrier transport and a non-trivial & Berry phase shift in quan-
tum oscillations in 2D-Te.?!! Therefore, the study of magneto-
transport behavior of 2D-Te under low temperatures and high
pressures is crucial for the design of next-generation spintronic
devices.

In this work, the transverse MR of 2D-Te was studied at
low temperatures and high pressures. At room temperature,
MR increases with increasing magnetic field, exhibiting a pos-
itive MR behavior below 4.3 GPa. During decompression, MR
remains almost constant with decreasing pressure. MR is more
sensitive to pressure at lower temperatures.

2. Experimental methods

The 2D-Te was synthesized using a physical vapor depo-
sition method in conjunction with a horizontal vacuum tube
furnace. The high pressure was applied using a diamond anvil
cell (DAC) with anvil culet of 400 pm diameter. A nonmag-

© 2025 Chinese Physical Society and IOP Publishing Ltd. All rights, including for text and data mining, Al training, and similar technologies, are reserved.

http://iopscience.iop.org/cpb http://cpb.iphy.ac.cn

087301-1


https://doi.org/10.1088/1674-1056/add5c9
https://cstr.cn/32038.14.CPB.add5c9
mailto:wangqinglin@lcu.edu.cn
mailto:cailong_liu@lcu.edu.cn
http://iopscience.iop.org/cpb
http://cpb.iphy.ac.cn

Chin. Phys. B 34, 087301 (2025)

netic rhenium sheet, approximately 50 um thick, was used
as the gasket, and a 355 nm laser was employed to fabricate
holes with diameters of 200 um. Cubic boron nitride (c-BN)
was mixed with an epoxy resin binder and then pressed into
the holes to serve as an insulating layer. A sample chamber
with a diameter of 120 wm was then fabricated at the center
of the indentation. NaCl powder was loaded into the sample
chamber as a pressure-transmitting medium. A 2D-Te flake
with around 50 nm thickness and a ruby ball with a diame-
ter of < 10 um were loaded into the sample chamber. The
loaded DAC was then enclosed within a closed-cycle cryo-
stat to achieve low-temperature and high-pressure conditions,
and MR was measured using a transport measurement system
(ET9110-HS, East Changing Technologies, China).[*?!

3. Results and discussion

According to Boltzmann’s transport theory, MR results
from the Lorentz force deflecting the electron trajectory and is
directly related to electron scattering paths close to the Fermi
surface!?3 MR is defined as!>+27!

MR = [R(B) — R(0)] /R(0) x 100%. (1)
To minimize experimental errors, MR has been symmetrized:
MR = (MR; +MR3»)/2, )

where MR and MR; denote the data measured under a nega-
tive magnetic field and a positive magnetic field, respectively.
Figure 1 shows the relationship between MR and magnetic
field with increasing pressure at room temperature. Below
4.3 GPa, MR shows a symmetric, parabolic-like behavior with
the magnetic field, which exhibits positive MR behavior. This
behavior was attributed to the low-dimensional confinement,
enhancing the inter-electron interactions.”®) No MR satura-
tion is observed in the studied magnetic field range. In the
pressure range of 4.3—11.1 GPa, MR behavior almost disap-
pears.

The pressure dependence of MR at room temperature un-
der a magnetic field of 1.2 T is shown in Fig. 2. MR exhibits
discontinuities at 0.9 GPa, 3.4 GPa, 4.3 GPa and 7.6 GPa,
respectively. Phase transitions in 2D-Te are strongly corre-
lated with a change of MR trends. The change at 0.9 GPa
was ascribed to the Lifshitz transition, caused by the unique
camelback-shaped dispersion of the valence band in Te.[*’]
The Lifshitz transition is characterized by changes in the topo-
logical structure of the Fermi surface, while carrier mobility
is closely related to the density of states and band structure
near the Fermi level. Our previous study demonstrated that
the discontinuity in the u—P curve at 0.9 GPa is indicative of a
Lifshitz transition in 2D-Te.!??! The Fermi level of Te crossed
the lowest energy point (E;) located near the H point, result-
ing in a distortion of the energy band structures and leading
to the Lifshitz transition. The discontinuous change in MR

at 3.4 GPa was attributed to a phase transition from a semi-
conductor to a Weyl semimetal.[*® The discontinuous change
in MR at 4.3 GPa was associated with the structural transi-
tion from Te-I to Te-II, whereas the discontinuous change at
7.6 GPa was related to the transition from Te-II to Te-III.[30-32]
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Fig. 1. Magnetic field dependence of MR at room temperature and differ-
ent pressures.
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Fig. 2. The pressure dependence of MR at room temperature and 1.2 T.
SC and SM represent semiconductor and semimetal, respectively.

Generally, MR undergoes abrupt changes during the tran-
sition from semiconductor to semimetal.333*] According to
the electronic conduction model and the pressure-induced im-
purity ionization model, the atoms deviate from their equilib-
rium positions and introduce additional energy levels (strain-
induced impurity energy levels) in the bandgap with increas-
ing pressure. Below 3.4 GPa, the carrier conduction in 2D-Te
was primarily governed by carriers excited both over the whole
bandgap and from strain-induced impurity energy levels.[3%-30]
With pressure increasing, the ionization of carriers from im-
purity levels combined with bandgap narrowing led to an in-
crease in carrier concentration. This, in turn, enhanced the
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sensitivity of spin-dependent scattering and electron—phonon
scattering to the external magnetic field, thereby increasing
MR. In the Weyl semimetal state, the valence and conduc-
tion bands eventually overlap with increasing pressure, lead-
ing to an increase in electron concentration. Consequently,
the dominant carriers transition from holes to electrons and
holes, resulting in carrier recombination and a reduction in the
effective carrier concentration. This weakens spin-dependent
scattering, thereby leading to a decrease in MR.[222%37] It is
worth mentioning that MR almost disappears above 4.3 GPa,
as the comparable concentrations of electrons and holes reduce
the effective carrier concentration and weaken spin-dependent
scattering.”??) During decompression, the pressure-induced
suppression of MR is irreversible. Our previous Raman studies
showed that the pressure-induced phase transitions in 2D-Te
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[22] Therefore, the irreversible MR was not due

were reversible.
to phase transitions but rather stemmed from the non-recovery
of the effective carrier concentration.

The MR results measured at low temperature and high
pressure are shown in Fig. 3. Positive MR behavior is ob-
served, similar to that at room temperature. The pressure de-
pendence of MR at 1.2 T and different temperatures is shown
in Fig. 4(a). The mean free path increased with decreasing
temperature, leading to weakened spin-dependent scattering
and a reduction in zero-field resistance, R(0).3®! According
to the pressure dependence of resistivity at different tempera-
tures (Fig. 4(b)), R(B) remains almost constant with temper-
ature. Therefore, MR is more sensitive to pressure at lower
temperatures.
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Fig. 3. Magnetic field dependence of MR at (a) 80 K, (b) 140 K, (c) 200 K and (d) 280 K under different pressures.
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Fig. 4. The pressure dependence of (a) MR and (b) resistivity (p) at se-
lected temperatures and 1.2 T.

4. Conclusion

The magnetotransport properties of 2D-Te were studied
under low temperature and high pressure. At room tem-
perature, MR exhibits positive MR behavior below 4.3 GPa.
During decompression, MR is almost constant with decreas-
ing pressure. Moreover, MR is more sensitive to pressure at
lower temperatures. This work enriches the understanding of
the magnetotransport behavior of 2D-Te under temperature—
pressure conditions, which provides guidance for the design
of novel spintronic devices.
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