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Abstract Recently, whispering-gallery modes in an optical microcavity gradually become an important area of
research owing to its high quality factor, small mode volumes and on-chip characteristics. The cavity without circular
symmetry, which is called asymmetric microcavity, is a significant branch of microcavity research. The asymmetric
microcavity breaks rounded symmetry, so the cavity has directional radiation. It couples with external environment
efficiently. It may be used in integrated optics and free space optical interconnects. We review the research progress
of asymmetric microcavity, including directional emission of high collimation, efficient free space excitation, ratchet
microcavity, and three-dimensional asymmetric microcavity. The basic principles and the prospect development are
also outlined.
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Fig. 1 (a) Ray trajectory of WGM in circular micro-disk; (b) ray trajectory in quadrupole microcavity; (c¢) false-color
representation of the field intensity determined from the numerical solution; (d) far-field plots of the intensity of

three resonances
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Fig. 2 Peanut-shaped microcavity. (a) cross section of a peanut-shaped microcavity; (b) ray trajectories forming

a collimated broad ray beam; (¢) near-field pattern of double-pentagon mode
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Fig. 3 Defective cavity. (a) Schematic illustration of the notched-elliptical resonator; (b) ray simulation of WGM

dynamics; (c¢) external near-field intensity distribution of a mode; (d) simulated far-field intensity distribution
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Fig. 5 Ratchet cavity. (a) Mode of the electric field for a calculated quasibound state; (b) exterior mode pattern

of an asymmetric limacon cavity; (c) intensity of a mode in a microdisk perturbed by eight nanoparticles
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Fig. 6 Three-dimensional microcavities. (a) Measured two-dimensional far-field intensity distribution of a defective
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three-dimensional cylindrical domain; (d) a parabolic dome; (e) illustration of the whispering-gallery bottles
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