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Fig. 1. Summary of in-situ strain engineering and application in vdW materials!
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Fig. 2. Strategies for inducing in-situ strain: (a) Uniaxial strain induced by bending the flexible substrate!*”); (b) uniaxial strain in-
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Fig. 3. Strain-modulated magnetism in vdW materials: (a) Strain-modulated ferromagnetic properties in Fe;GeTe, 7 (b) strain-as-
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Fig. 5. Strain-modulated topological properties in vdW materials: Valley magnetization and Berry curvature dipole of MoS, under
zero strain (a), 0.55% strain along the zigzag direction (b) and 0.55% strain along the armchair direction (c), respectively®”; negative
longitudinal magnetoresistance of ZrTe; for negative strains (d) and positive strains (e) measured relative to a critical strain, corres-
ponding to the phases of the strong topological insulator and weak topological insulator, respectively®®. The negative magnetoresis-
tance is strongest at the critical strain, where ZrTe; is a gapless Dirac semimetal; (f) measured Fermi surfaces of TaSe; in the
phases of strong topological insulator, trivial semimetal and trivial insulator, respectively™; (g) evolution of the spectral intensity at

the Fermi level with different strain values in TaSes [*.
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Fig. 6. Device applications of strain engineering: (a) SnS, based strain sensor for detecting sound with different frequencies!!%%;

sensor response characteristics of a black phosphorus LED (0.3%; tensile) at varying concentrations of CH, pulses (b) and a black
phosphorus LED (0.2%; compressive) at varying concentrations of CO, pulses (c)P%; (d) schematic of strain tuning between magnetic
domains in CrSBr magnetic tunnel junction!!l; (e) response function of a magnetic domain as a function of static piezo voltagel*!l, a

value of either 0 or 1 indicates a stable domain; (f) tunneling current (top) and converted binary sequence (bottom) over time when

the response function is near 0.5, indicating the equal probability between antiferromagnetic and ferromagnetic phases.
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Abstract

Van der Waals (vdW) materials have attracted extensive research interest in the field of strain engineering
due to their unique structure and excellent performance. By changing the atomic lattice and electronic
structure, strain can modulate the novel physical properties of vdW materials and generate new quantum
states, ultimately realize high-performance electronic devices based on new principles. In this paper, we first
comprehensively review various experimental strategies of inducing in-situ strain, which include the bending
deformation of flexible substrates, mechanical stretching of microelectromechanical systems and
electrodeformation of piezoelectric substrates. Then, we outline the recent research progresses of in-situ strain-
modulated magnetism, superconductivity and topological properties in vdW materials, as well as the
development of strain-related device applications, such as intelligent strain sensors and strain-programmable
probabilistic computing. Finally, we examine the current challenges and provide insights into potential

opportunities in the field of strain engineering.
Keywords: Van der Waals materials, strain engineering, in-situ strain, strain sensor
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