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Abstract: Optical microscopy and nanoscopy are transformative tools in life sciences,
enabling high-resolution, label-free, and fluorescence-based imaging of complex
biological systems. We are advancing high-speed quantitative phase microscopy (QPM)
powered by partially spatially coherent illumination, specifically optimized for both thin
and thick specimens. Our experimental strategies incorporate innovative scattering-
suppression schemes that overcome the fundamental limitations of multiple scattering
in highly inhomogeneous biological media. Complementing this, we are developing
optical waveguide—-based nanoscopy for both fluorescence and non-fluorescence
modalities, achieving resolution beyond the diffraction limit. Furthermore, we are
developing photoacoustic microscopy, which combines optical excitation with acoustic
detection, providing absorption-based contrast that reveals functional and molecular
information at sub-cellular resolution and greater depths. The synergistic application of
these methods is demonstrated in diverse biological systems, including live sperm
cells, fish cells, macrophages, and tissue samples. Collectively, these advances
establish a versatile, multimodal imaging platform that unites structural, functional, and
molecular insights, opening new opportunities for non-invasive exploration of dynamic
processes in cellular and tissue biology.
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