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Abstract: The photonic crystal surface-emitting laser (PCSEL) achieves surface-emitting laser operation by utiliz-
ing the Bragg resonance of a two-dimensional photonic crystal grating. It possesses unique advantages, including sin-
gle-mode performance, on-wafer testing, high power output, and low divergence angles. Compared to vertical-cavity
surface-emitting lasers(VCSELs) , PCSELs have nearly double the active region confinement factor, showcasing their
potential for high-speed operation. This paper explores the fundamental structure and working principles of PCSEL
and provides a detailed analysis of the key factors influencing the achievement of high-speed performance in PCSEL

lasers. Subsequently, the article systematically introduces the efforts made by researchers in recent years to achieve
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high-speed performance in PCSEL, with a particular focus on enhancing in-plane confinement in PCSELs. Relevant

research directions and guidance are also provided.
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Fig.1 (a) Cross section of high-speed PCSEL. (b) Top-view

of square lattice photonic crystal. (¢)Bloch wave vec-

tor in reciprocal space
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by d = 0.5a in the x and y directions from the other
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