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Field of View-Extended Light Sheet Microscope Based on
Wavefront Phase Modulation
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Abstract In order to extend the field of view (FOV) of the light sheet microscopy system, wavefront phase
modulation and digital image tiling are proposed. The intensity distribution of the light sheet at the focal plane of the
objective lens after wavefront phase modulation is numerically simulated. A light sheet microscopy system is built to
carry out the imaging experiments for fluorescent particles and flower pollen. The light sheet illuminates different
sample positions by beam defocusing to obtain different images, which are tiled to get the FOV-extended image.
FOV is extended to 3 times (about 31.93 pm) of the original field with wavelength of 488 nm and numerical
aperture of 0.3 while the thickness of light sheet retains 0.81 pm. The experiment and simulation results suggest
that FOV of the system can be extended by wavefront phase modulation and digital image tiling with tomographic
ability not sacrificed.
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Fig. 2 (a) Gaussian beam Rayleigh length and conjugate focal distance; (b) illuminating light sheet
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Fig. 3 Relationship between length and thickness of light sheet
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Fig. 4 Simulation results of beam wavefront phase modulation. (a) Beams generated by adding a +6.5 off-axis
binary spherical phase map; (b) beams generated by adding a 0 off-axis binary spherical phase map; (c) beams generated

by adding a —6.5 off-axis binary spherical phase map; (d) extended field of view by tiling excitation beams
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Fig. 5 Experimental system. (a) Schematic of experimental system; (b) photograph of experimental system
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Fig. 6 3D imaging of fluorescent particles at XZ plane by light sheet microscopy. (a)(b)(c) Fluorescent particle images
at XZ plane illuminated by excitation light sheet when the defocus coefficients are —6.5, 0, +6.5 respectively;
(d) fluorescent particle image obtained by tiling Figs.6(a)-(c); (e)(f)(g)(h) magnified views of selected fluorescent

particles marked in Figs. 6(a)-(c); (i) intensity distribution of single fluorescent particles in Figs. 6(e)-(h) in Z direction
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Fig. 7 FOV-extended imaging of chrysanthemum pollen. (a)(b) Imaging results of chrysanthemum pollen at
XY plane when the excitation light sheet illuminates the left side and the right side of FOV respectively;
(¢) completed chrysanthemum pollen image obtained by tiling the left hall image in Fig. 7(a)
and the right half image in Fig. 7(b) and performing image enhancement
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