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In this investigation, we propose a flexible structured illumination microscope (FSIM) to eliminate mechanical moving parts
for the phase shifts in the spatial pattern and longitudinal scanning of the specimen. In order to prevent these mechanical
motions, we adopt a focus-tunable lens and digital micromirror device (DMD) to replace the lateral motion of the pattern
and the scanning of the specimen, respectively, which leads to the enhancement of rapid and precise measurement results
for measuring the 3D surface profile of specimens. To realize the proposed system, two types of flexible structured
illumination microscopes, Macro and micro types, were constructed and their performances were verified with a plane
mirror and step height specimens.
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Fig. 1 (a) Optical configuration of a typical structured illumination

microscope (SIM); L: Lens, G: Ronchi grating, BS: Beam
splitter, OL: Objective, S: Specimen, IL: Imaging lens, and
(b) Operating principle of SIM
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Fig. 2 Optical configuration of the flexible structured illumination
microscope (FSIM); DMD: Digital micromirror device, M:
Mirror, L: Lens, BS: Beam splitter, TL: Focus-tunable lens,
S: Specimen, IL: Imaging lens
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Fig. 3 (a) Schematic diagram of a DMD in on and off states, and
(b) Structured illumination by DMD
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Fig. 4 (a) Schematic diagram of a focus-tunable lens and working
principle, and (b) Scanning by a focus-tunable lens
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Fig. 7 (a) Step height specimen with two gauge blocks with 1 mm
height difference and their images when the pattern is
imaged, and (b) Reconstructed 3D surface profile of the
specimen by Macro-FSIM
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Fig. 9 Experimental result of a plane mirror by Micro-FSIM
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Fig. 10 Reconstructed 3D surface profile of the two gauge blocks
with 10 um height difference by Micro-FSIM
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Fig. 11 Reconstructed 3D surface profile of the semiconductor
specimen with 600 nm step height as the designed value by
Micro-FSIM with 10x objective
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