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In the recent developments in high-resolution microscopy, such as STED, SSIM, PALM/
STORM, saturation and switching of state of fluorescence molecules have been utilized to
break the diffraction limit. As a simple alternative of super resolution microscopy, we have
proposed to use saturated excitation (SAX) of fluorescence into confocal microscopy and
demonstrated the improvement of the spatial resolution in three dimensions [1.2]. Since SAX
microscopy detects highly nonlinear fluorescence signal induced by saturation of fluorescence
excitation, its spatial resolution is not limited by the conventional diffraction limit.

In SAX microscopy, fluorescence molecules are excited with an excitation intensity high
enough to cause saturation in the fluorescence signal. Since the saturation effect is
prominently seen at the center of the excitation focus, extracting nonlinear fluorescence
signals induced by saturation gives information of molecular concentration in a smaller region
of the laser focus. To extract the nonlinear fluorescence signal, the excitation intensity is
modulated temporally at a single frequency, and the fluorescence signal is demodulated at the
harmonic frequencies, by which nonlinear fluorescence responses are detected separately
from the linear response. The figure shows a fluorescence image of mitochondoria in a HeLa
cell stained with ATTO488. The sample was observed by an NA 1.49 objective lens with 488
nm excitation wavelength. The SAX image was obtained by demodulating the fluorescence
signal at the 2nd harmonic frequency. The improvement of the spatial resolution for both
lateral and axial directions is confirmed from the comparison of the images.

The advantage of SAX microscopy compared
to other super resolution techniques is the
simple configuration of the optical system. Since
the improvement of spatial resolution can be
given simply with the harmonic demodulation
of fluorescence signal, a SAX microscope can
be realized by addition of a laser modulator and
a lock-in amplifier into a typical confocal
microscope. SAX microscopy is therefore useful
for applications that require improvement in the
spatial resolution in three dimensions and
particularly suited for improving spatial
resolution with simple and minimal modification

of existing microscope stup and laser sources.
Fig. Fluorescence images of mitochondoria
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