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Quantum materials hold great promise for revolutionizing electronics and optoelectronics, offering innovative pathways to address the growing energy challenges of the AI era. Their quantum phenomena are intrinsically connected to orbital and spin degrees of freedom, which can be further manipulated through an underlying fundamental property: symmetry. In this talk, I will discuss how symmetry governs the quantum behavior of materials, unlocking novel physical phenomena and paving the way for future applications. I will highlight three key topics: (i) energy-efficient spin-orbit torque, (ii) altermagnetism, and (iii) novel phenomena in moiré systems. Then, I will discuss how quantum materials can contribute to quantum technologies. A fundamental understanding of quantum materials and their symmetries is essential not only for deepening our knowledge of condensed matter physics but also for accelerating the development of future applications, including nanoelectronics, optoelectronics, spintronics, and quantum technologies.

