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Abstract: Whispering gallery mode (WGM) microcavity is an efficient laser resonator, which can trap light in a rather small space,
achieve a high light energy density and greatly enhance a light-matter interaction. Among numerous materials, rare-earth (RE)
element ions doped nanocrystals-in-glass composite (NGC) can be used as an ideal candidate for WGM microcavity lasers due to its
superior optical properties of crystals and outstanding mechanical processing properties of glasses. However, a few works on WGM
microcavity lasers based on RE-doped NGC are reported. In this review, the basic principle and characteristic parameters of WGM
microcavity were briefly described, and recent development on the WGM microcavity lasers made of RE-doped NGC was
summarized. In addition, the corresponding future development was also forecasted.
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Fig. 2 Numerical analysis of whispering gallery mode microcavity by finite element method in COMSOL Multiphysics
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Fig. 4 (a) SEM image of the fabricated Tm-doped microsphere; (b) Image of the fabricated tapered fiber; (c) Magnified image of the

Tm-doped microsphere with the tapered fiber; (d)Spectral output showing single-mode lasing
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Fig. 5 (a) Structure diagram, TEM, HRTEM photographs and (b) down-conversion fluorescence spectra at 1 550 nm of
NaYbF,:Er/fCE@NaYF, nanocrystalline™; (c)~(e) Structure diagram, TEM photograph and UV up-conversion fluorescence spectrum

of NaYF,@NaYbF, Tm@NaYF, nanocrystalline®®
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Fig. 7 (a) Dependence of the transmittance of NGC on the size of nanoparticles calculated at refractive index differences from 0.05

to 0.3; (b) Transmittance spectra of undoped precursor glass and NGC heat treated at 450—470 °C for 10 h. The inset shows
the images of precursor glass and NGC; (¢) Schematic demonstration of lasing in NGC microsphere cavities; (d) Q value of
microsphere cavity after heat treatment at different temperature and precursor; (¢) TEM micrographs and size distribution
histograms of the nanocrystals in the NGC samples after being heat treated at 450—-470 °C for 10 h. Bottom right shows the
typical EDS spectra of the NGC microsphere heat treated at 460 °C for 10 h. Square 1 and square 2 indicate the glass matrix
and the nanocrystal-rich region, respectively; (f) The slope efficiency of laser output from the precursor and microsphere
cavity after heat treatment at different temperatures. The inset is the relation diagram of laser threshold, slope efficiency and
microcavity heat treatment temperature!*®)
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Fig. 8 (a) SEM images of the as-prepared microspheres with the diameter ranging from 30.3 to 94.2 um (left). Laser output spectra

of the as-prepared microspheres with varying diameters collected at the pump power of around 7 mW (right); (b) Diagram of pump

power and laser output power of microsphere cavities with different diameter; (c) Dependence of pump threshold and slope efficiency

on microsphere diameter; (d) Element line scanning spectra; (¢) Laser spectrum of precursors and microsphere cavities treated at

different temperatures; (f) Plots of the pump threshold and slope efficiency versus heat treatment temperature
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