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Optical irradiation accompanied by spontaneous anti-Stokes emission can lead to cooling of 
matter, a phenomenon known as laser cooling or optical refrigeration proposed in 1929 by 
Peter Pringsheim. In solid state materials, the cooling is achieved by annihilation of lattice 
vibrations (i.e., phonons). Since the first experimental demonstration in rare-earth doped 
glasses, considerable progress has been made particularly in ytterbium-doped glasses or 
crystals with a recent record of ~110 K cooling from ambient, surpassing the thermoelectric 
Peltier cooler. On the other hand, attempts of laser cooling of semiconductors based on III-V 
quantum wells have led to very minimum progress. In this talk, I will present the background 
of laser cooling of solids, and our recent breakthrough of 40 Kelvin laser cooling of 
semiconductors in II-VI semiconductors in nanoribbon morphology. The laser cooling is 
achieved by longitudinal optical phonon assisted photoluminescence upconversion. Recent 
results on semiconductor bulk crystals and organic-inorganic perovskite thin films for laser 
cooling towards the next generation optical refrigeration applications will also be discussed, 
which exhibit great promises in the field of cryogenics with the advantage of compactness, 
vibration- and cryogen-free, high reliability and direct integrability into nanoscale electronic 
and photonic devices. 
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