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Although the electrical transport property can range widely from superconducting to perfectly 

insulating in different materials, their thermal transport properties are confined in a relatively 

small range, which limits the performance of electronic, optoelectronic, and thermoelectric 

devices. Recently, we have carried out fundamental studies of the transport and coupling of 

thermal energy carriers including electrons, phonons, and magnons in different materials in 

order to search for new approaches to achieving extraordinary thermal properties. Highly 

sensitive micro-fabricated devices are invented to probe size-dependent phonon transport in 

one-dimensional and two-dimensional hexagonal structures as well as three-dimensional cubic 

boron arsenide with potentially record high thermal conductivity. Inelastic neutron scattering is 

employed to understand the intriguing phonon and magnon dynamics of complex 

incommensurate crystals with low lattice thermal conductivity or high magnon thermal 

conductivity. Inelastic light scattering experiments are further designed to probe the remarkably 

long relaxation lengths of phonons and magnons in some hexagonal and magnetic materials, 

respectively. The findings from these basics studies are used to guide the search of materials 

with ultrahigh or ultralow thermal conductivity, increased thermoelectric figure of merit, or 

enhanced spin caloritronic properties.  
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