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Three-dimensional optical microscopy with a high numerical aperture (NA)
remains challenging for thick biological specimens owing to aberrations arising from interface
refractions. In this project, we have developed a variable immersion lens (VIL) for deep
fluorescence imaging A VIL is a high-NA concentric meniscus lens and was used in combination with an

aberration-corrected high-NA reflecting objective (TORA-FUJI mirror). VIL microscope enables
diffraction-limited 1.2-NA imaging in water (refractive index of 1.34) at a depth of 0.3 mm by
minimizing aberrations due to refraction of a sample interface. Another aberration due to refractive
index mismatching between a mounting medium and an object can be also corrected by the VIL system
because various fluids with different refractive indexes can be used as mounting media for the VIL.
As a result, we have demonstrated that a cell spheroid can be imaged at a true dimension.
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