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Abstract: Microlasers have huge potential in areas such as integrated optical paths and nanotechnol-
ogy, owing to the capability of scaling physical dimension of devices down to micro-/nanometer
level. In numerous materials, Rare-earth (RE) ion doped laser gain micro/nano materials show
many advantages such as low preparation cost, good environmental stability and abundant spectrum
bands (ultraviolet to mid-infrared) , making it an ideal laser gain micro/nano material. In recent
years, the emergence of various cleverly designed RE ion doped laser gain micro/nano materials and
the design and manufacture of new micro/nano optical resonators have greatly promoted the develop-
ment of new RE ion doped microlasers. In this paper, the design and preparation of novel RE ion
doped laser gain micro/nano materials and the basic principle of micro/nano optical resonator are
briefly introduced. Then, the representative RE ion doped microlasers are reviewed and their prepa-

ration process and laser performance are discussed.
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ser gain media
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gram (b) and ultraviolet up-conversion fluorescence
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Fig.3 Phonon-assisted schematic diagram(a), XRD patterns after heat treatment at different temperatures(b), HRTEM images

(¢) and phonon-assisted luminescence control spectra at different temperatures(d) of Yh/Er: Ba,LaF, glass ceramics. Nat-

ural light photograph(e), 980 nm laser irradiation photograph(f), XRD pattern of crystal transition(g) and 980 nm laser

excitation fluorescence spectra(h) of Yb/Er: 3-NaYF, glass ceramics.
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Fig.4 (a)Schematic diagram of radio-frequency reactive sputtering deposition system. (b)SEM images of ALO, thin film wave-

guide. (c¢)Schematic diagram of surface deposition of rare earth ion doped Al,0, film based on Si;N, waveguide structure.
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(a)The luminescence spectra and structure of core-shell NaYF,: Yb/Er @ NaYF, nanocrystals. (b)Schematic diagram of the

three-pulse pumping system. (¢)Up-conversion laser spectra of core-shell NaYF,: Yb/Er @ NaYF, nanocrystals WGM micro-

bottle cavity in visible band, illustrated with microbottle cavity microphotograph. (d)Schematic diagram of five-pulse pump-

ing system. (e)UV single mode laser spectrum of NaYF,@NaYbF,:Tm/Gd @NaYF, nanocrystals WGM microbottle cavity.
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(a)Structure diagram of NaYF,: Gd/Tm@NaGdF, coated polystyrene microsphere cavity. (b)Its simulated and actual NIR

spectra. (¢) Schematic diagram of energy loop pumping strategy of Tm> . (d) Schematic diagram of nanocrystalline con-

trolled assembly technology and SEM image of nanocrystalline coated microspheres. (e)Schematic diagram of Tm™ cross

relaxation process. (f) Up-conversion laser spectra with varying power. (g) Wide-field images of single particle nanocrys-

tal attached to the surface of microspheres. (h)Up-conversion laser spectra of single-particle nanocrystalline attached mi-

crospheres with varying power.
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Fig.8 (a)Random laser spectra of Eu” doped borate glass ceramics with Ag nanoparticles embedded at different pumping pow -

ers. (b) Yb/Er: Ba,LaF, glass ceramics random laser spectra at different pumping powers, the inset is the structure dia-

gram of ridged waveguide. (¢)—(d) Random laser spectra (the solid green line is the fluorescence spectrum below the

threshold) and the relation curve between pump power and output random laser intensity of Yb/Er: B-NaYF, glass ceramics.
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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)The slope efficiency of laser output from the precursor and microsphere cavity after heat treat-

ment at different temperatures. The inset is the relation diagram of laser threshold, slope efficiency and microcavity heat

treatment temperature. (e) Laser spectra of precursors and microsphere cavities treated at different temperatures. (f) The

slope efficiency of laser output from the precursor and microsphere cavity after heat treatment at different temperatures.
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