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            Abstract
The resolution of far-field optical microscopy stagnated for a century, but a quest began in the 1990s leading to nanoscale imaging of transparent fluorescent objects in three dimensions. Important elements in this pursuit were the synthesis of the aperture of two opposing lenses and the modulation or switching of the fluorescence of adjacent markers. The first element provided nearly isotropic three-dimensional resolution by improving the axial resolution by three- to sevenfold, and the second enabled the diffraction barrier to be overcome. Here, we review recent progress in the synergistic combination of these two elements which non-invasively provide an isotropic diffraction-unlimited three-dimensional resolution in transparent objects.
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                    Figure 1: Maximizing 3D resolution in far-field fluorescence nanoscopy by expanding the illumination and/or the detection aperture of the microscope with opposing lenses.[image: ]


Figure 2: PSF shaping in a targeted fluorophore switching modality.[image: ]


Figure 3: STED microscopy provides in situ access to 3D morphological information of nanostructured block copolymers.[image: ]


Figure 4: Noninvasive 3D far-field fluorescence nanoscopy of the interior of mitochondria within integral cells.[image: ]


Figure 5: 3D fluorescence nanoscopy with interferometric PALM.[image: ]


Figure 6: 3D far-field fluorescence nanoscopy by STORM within mammalian (BS-C-1) cells.[image: ]
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