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Physical properties research and application of tellurene
van der Waals heterojunction
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Abstract

As a highly promising emerging two-dimensional material in the post-graphene era, tellurene exhibits enormous application potential
in next-generation electronic and optoelectronic devices, attributed to its distinctive helical chain layered crystal structure, tunable
bandgap characteristics, high carrier mobility, and superior mid-infrared photoelectric response as well as thermoelectric performance.
Van der Waals heterojunctions, which enable precise stacking of diverse two-dimensional materials via non-covalent interactions,
offer an innovative strategy to overcome the performance limitations of single-component materials, achieve interface engineering
regulation, and realize multi-functional integration. This paper systematically reviews the research advances in tellurene-based van der
Waals heterojunctions, elaborates on their construction principles and classification systems, and dissects core mechanisms including
interfacial charge transfer and energy band alignment. Moreover, it clarifies the modulation rules of external field regulation and defect
engineering on key physical properties such as electron transport and photoelectric conversion. The application explorations in field-
effect transistors, mid-infrared detectors, and energy storage devices. are introduced. Furthermore, the current challenges in large-
area high-quality fabrication, precise interface regulation, stability enhancement, and device-scale integration are summarized. Finally,
the prospect of achieving practical breakthroughs in 5G/6G communications, infrared imaging, new energy, and other high-tech
fields through multi-component heterojunction design and advanced fabrication/characterization technology innovation is presented,
providing comprehensive insights for fundamental research and application translation in this domain.
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