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Abstract :

As a novel quantum functional material with unique electronic structures, topological insulators feature

topological surface states protected by time-reversal symmetry on their surfaces or interfaces, where

electron spin and momentum exhibit a locked relationship, providing an ideal platform for generating

and manipulating efficient spin—polarized currents. Starting from the electronic structural characteristics

of topological insulators, this paper explores the generation mechanisms of spin—polarized currents,

including the physical essence and realization pathways of photoinduced, electrically induced, and

magnetically induced spin—polarized currents. It systematically analyzes the working principles,

modulation effects, and applicability of major modulation methods such as gate voltage modulation,

magnetic field modulation, and interface engineering modulation. The aim is to provide theoretical

references for the design and optimization of spintronic devices based on topological insulators.
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