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Abstract: 

Phonons in semiconductors are often considered detrimental because they reduce electronic 

mobility and produce heat through electron-phonon coupling. In the meantime, phonons are also 

useful for removing excessive heat from devices. Furthermore, it is possible to turn the loss into 

gain, by utilizing phonons to alter electronic states and/or carry information. In this talk, I will first 

briefly introduce the concept of chiral phonons and our recent work on manipulating spins via 

atomic rotations that generate large effective magnetic fields. Using high-resolution magneto-

Raman spectroscopy, we identified all chiral phonons in CeF3 and thoroughly understood the 

quantum-mechanical origin of the unusually strong spin-lattice interaction. We also realized 

record-long quantum coherence in another semiconductor, BAs, based on a simple but 

counterintuitive quantum mechanics principle, that a particle may lose energy more slowly when 

it has too much energy. Our results lead to a new concept of dynamic structural-property 

relationship in quantum materials and potentially new approaches to realize phononic quantum 

devices. 
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