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Nonlinear optical microscopy has the advantage of being able to image deeper within samples than |inear
optical microscopy when near—IR excitation is employed that falls in the window for maximum optical
transparency in biological systems. Nonetheless, deep imaging is intrinsically difficult since the
background signal is generated in out—of-focus regions. In addition, nonlinear optical microscopy using
near—IR light has a lower spatial resolution than linear optical microscopy employing visible light
because the effective focal spot size depends more on the wavelength than the intensity. Here, we
demonstrated not only the suppression of the out-of-focus signals but also the enhancement of the spatial
resolution by nonlinear optical microscopy using spatial overlap modulation of two—color pulses
Nonlinear optical processes that are excited by a combination of two—color pulses are generated only
when the two—color pulses are temporal |y and spatial |y over lapped. Since the fluctuations of the temporal
and spatial overlap between the two—color pulses produce the fluctuation of the nonlinear signals. Thus,
in conventional nonlinear optical microscopy, the temporal and spatial overlap has been locked. In our
technique, however, the spatial overlap is actively modulated. Then, the nonlinear signals are
temporal |y modulated and the frequency dependence of the nonlinear signal varies from the center to
the edge in the focal volume. The components of the nonlinear signal at the center in the focal volume
consist of even multiples of the modulation frequency, while those of the nonlinear signals towards
the edge are odd multiples of the modulation frequency. Therefore, the spatial resolution is enhanced
by extracting the even multiple frequency components of the modulation frequency. In addition, because
the modulation depth of the spatial overlap in the focal region is much greater than those in out—of-focus
regions, out—of—focus background signals, which limit the obtainable imaging depth, are wel | suppressed.
We suppressed out—-of-focus signals by a factor of 100, and enhanced the spatial resolution by factors
of 1.4-1.8 respectively. Our technique would open up super-resolution imaging at large depths




