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Super-resolution techniques, such as PALM, STORM, and STED, offer excellent spatial
resolution in the range of tens of nanometers. PALM and STORM rely on spectroscopic
properties of fluorophores used to stain the samples and long data acquisition, whereas STED
requires a high power laser and a complex experimental setup. Alternative methods breaking
the diffraction limit, such as image scanning microscopy (ISM) [1,2] and super-resolution
optical fluctuation imaging (SOFI) [3], are relatively straightforward to implement but
produce images with a modest resolution improvement. ISM requires replacing a single
detector in a confocal microscope with a detector array, whereas SOFI relies on the temporal
analysis of light intensity emitted by independently fluctuating fluorescence emitters.
Here, we enhance the resolution of ISM by performing a fluctuation correlation
analysis in an ISM architecture. Our technique, which we termed super-resolution image
scanning microscopy (SOFISM)[4], enables obtaining images with resolution higher than the
one produced by either method alone (e.g. a lateral resolution enhancement up to 4 times
beyond the diffraction limit for second-order correlations). Obtaining such an image requires
capturing fast, sub-millisecond, intensity fluctuations. To do so we employ a
high-performance 23-pixel SPAD array [5,6]. The use of a fast and sensitive, all-solid-state
array of single-photon detectors in SOFISM facilitates reasonable correlation measurements
within a few milliseconds exposure per pixel, much faster than compared with at least a few
seconds required for a standard camera, which averages out high-frequency fluctuations of
fluorophores.
In summary, we demonstrate that equipping a confocal microscope with a SPAD array
detector enables achieving a resolution enhancement in all three dimensions within standard
acquisition times.
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