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Abstract: This paper reviews the basic principles, characteristics, research trends and applications of various
types of semiconductor lasers. Distributed feedback (DFB) lasers, with their Bragg gratings, achieve stable single-
mode output and are suitable for high-speed and high-capacity optical communication, silicon photonics integration.
Whispering gallery mode (WGM) lasers, with their high-quality factor and low threshold characteristics, are ideal
for nonlinear optics and high-sensitivity sensing. Vertical cavity surface emitting lasers (VCSELs) , known for their
low power consumption and high-speed modulation, are applied in short-distance transmission, facial recognition,
LiDAR and other consumer electronics. Lambda-scale embedded active region photonic crystal (LEAP) lasers drive
the innovation of photonic systems by optimizing energy efficiency and integration. And the photonic crystal surface

emitting lasers (PCSELs) , with their 2D photonic crystal structure, provide high-power, low divergence angle
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and high beam quality output. This makes it to be the most promising new generation high-performance laser source.

By analyzing the performance and application scenarios of these lasers, this paper summarizes the technical proper-

ties of each and discusses future development directions.

Key words: microcavity lasers; distributed feedback lasers; whispering gallery mode lasers; vertical cavity surface

emitting lasers; photonic crystal lasers
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Tab. 1 Classification, principles, characteristics, and applications of on-chip micro-cavity lasers
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Tab. 3 The development history of WGM lasers
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(a) The EL spectra under different applied current, photograph of the EL emission from sample and the schematic dia-

gram. (b) -V curve for the heterojunction diodes and a schematic of the band diagram™". (¢)I-V characteristic and sche-

matic diagram of the cross-sectional view of Au/Zn0O microwire Schottky diode laser. (d) Emission spectra of the diode un-

der different injection currents. Arrows represent WGM lasing modes, inset shows far-field emission pattern of the device

at a current of 85 mA"™". (&) Numerically simulated electric field intensity distribution within the hexagon-shaped cross

section. (f)Schematic diagram and EL spectra of the device under CW operation. (g) Optical microscope EL image of the
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Fig.6

its far-field divergence angle, as well as the far-field divergence angle of traditional VCSEL

/?magg reflector(p-doped)
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