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Innovative single-shot simultaneous imaging of phase and polarization
for compensating uniformity in next-generation ultrathin films.
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Inrecent years, materials for next-generation smart transparent displays, flexible smartphones,
and post-5G have become thinner. In the management of their products, simultaneous and
precise detection of the amount of strain, such as birefringence, in addition to material thickness
uniformity has been required. However, no technology has been proposed to simultaneously
detect them. The objective of our study is to develop a special lens fabrication method to control
polarization and phase simultaneously. Firstly, we investigated the diameter of the lens effective
for the measurement and its birefringence distribution. Here, we found unique optical property
that the retardance was 90° and the orientation axis was axial-symmetrically distributed around
the lens. The key to our research for simultaneous measurement of polarization and phase
lies in the spatial division of polarization and phase. Since spatial control of birefringence is
achieved around the special lens, the polarization state of the incident light can be determined
through a polarizer. On the other hand, the special lens itself can also detect the phase of light
from its focusing spot by introducing the Shack-Hartmann wavefront sensor method. We have
incorporated a new sensor with a simple optical system comprising a CMOS camera, a polarizing
film, and a specialized lens array. To prepare a beam with simultaneously changing polarization
and phase, we generated a polarization vortex using an optical element called a vortex retarder,
and conducted single-shot imaging of'its polarization state and phase distribution. As a result,
our strategy enables simultaneous determination for the polarization and phase distribution
of radially polarized light with both spatially varying polarization and the optical vortex
component. Our results promise us to simultaneously determine the thickness-derived phase

and strain-derived birefringence of thin-walled materials, which was the subject of this study.
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