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Abstract Periodic photonic structures with open boundaries, such as photonic crystal slabs, serve as important platforms
for studying topological photonics, as they generate polarization fields in momentum space that exhibit rich topological
features. Within these momentum-space polarization fields, vortex singularities—the topological singularities that play a
pivotal role in the topological characteristics—are intimately connected to a special class of optical modes known as bound
states in the continuum (BICs). Grounded in band theory, this review systematically elucidates the formation mechanisms
of momentum-space polarization fields and the topological properties of their vortex singularities. Through the Friedrich

Wintgen coupling mechanism, we reveal an intrinsic connection between polarization singularities and BICs. Based on this
theoretical framework, we provide a detailed analysis of the unique advantages of BICs and their associated polarization
fields in optical vortex generation, spin-orbit coupling, and polarization conversion. The mechanisms for achieving BIC
evolution and merging through structural parameter control are systematically discussed. To address the current focus on
chiral optical responses, this review emphasizes the physical mechanisms and latest advances in two modulation
approaches: symmetry breaking and magneto-optical effects. We elucidate the evolutionary processes from symmetry-

protected BIC to chiral quasi-BIC, spin-orbit locked BIC, and Janus BIC, providing theoretical guidance and
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developmental pathways for designing next-generation chiral photonic devices based on BICs.
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Fig. 1 Definition of polarization and schematics of radiation polarization of guided resonances. (a) Definition of polarization ellipse;

(b) schematic of the Poincaré sphere; (c) spatial field distribution of guided resonances in PhCS; (d) photonic band structure and

guided resonances; (e) three kinds of polarization singularities in the polarization field of momentum space
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