ANNULAR PUPIL FOCAL MODULATION MICROSCOPY
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Confocal fluorescence microscopy has a limited penetration depth because the selective
detection mechanism by a pinhole is not so effective when the focal point moves deep into the
tissue. Recently, our group has successfully combined the angular gate technique with
confocal microscopy, and has developed a focal modulation microscopy (FMM) to effectively
reject the background signal [1]. Experimental results for chicken cartilage show that the
imaging depth of FMM can be extended to around 600 pum [2]. Besides, the transverse
resolution is also improved [3]. However, the prototype FMM system uses two non-
overlapped D-shaped apertures, one for normal illumination and the other for phase modified
illumination, which destroys the spatial resolution symmetry of the system. In this paper, we
apply annular pupils into focal modulation to not only maintain the symmetry of the system,
but also improve the axial resolution. The capability of background rejection is also enhanced.
> = = o Fig. 1 illustrates a schematic diagram of our prototype
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Fig 1: System diagram Fig. 2 compares the axial response for a thin fluorescence sheet
among confocal microscopy (CM), FMM with D-shaped pupils
(DFMM), and FMM with annular pupils (AFMM). It is shows
that HWHM of AFMM can be improved by 21.4% and 15.4%,
compared with CM and DFMM, respectively.
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