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% 1 % [General Introduction] TiE, 7L ¥ 7Nl ha=27 ZAMEOE I OT AT ik 2
AL, AFEOERB LR LR,
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% 4 ¥ [Surface-Labeled Grating Method Quantifies Bending Fatigue of Flexible Polymer Film| TiZ, iz}
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The purpose of this study is the development of new practical analysis method to evaluate bending
behaviors of flexible polymer films. This would be key to developing mechanically durable materials
and electronic devices. Herein, the author proposed an analytical method that simultaneously
measures bending curvatures and surface bending strains in various polymer films, achieving the
quantitative analyses of bending hysteresis, fracture limits, and bending fatigue.

In Chapter 2, the author demonstrated that the real-time measurement of bending curvature helps
the understanding of bending behaviors in flexible polymer films. The mechanical analytical system
that accurately and precisely measures curvatures was developed. Through measuring curvatures,
bending hysteresis, arising from viscoelastic properties of polymer films, was successfully evaluated.
It was revealed that the hysteresis was caused by the surface bending strain in a nonlinear region in
terms of stress based on theoretical calculations.

In Chapter 3, the author demonstrated that the surface-labeled grating method is the powerful tool
in measuring surface bending strains with multiple benefits: high resolution, precision, and a wide
range of measurable materials, which is superior to the other available methods. The reliability of the
measurements was confirmed using the modified Elastica theory. This method successfully
determined the fracture limit that shows the surface bending strain at which cracking of hard coatings
on the surface of PET films occurs. As a proof-of-concept, the author showed that the multi-layering
of two PET layers with a soft PDMS layer between them reduced the surface bending strain by 50%
compared with that of a single-layer film with the same thickness. This triple-layer film successfully
suppressed the cracking of the hard coating and the breakdown of the OTFT.

In Chapter 4, the author discussed the bending fatigue of polymer films through simultaneous
measurements of curvatures and surface bending strains. By the bending analysis method proposed
in this study, the author successfully evaluated the bending fatigue.

In Chapter 5, the author summarized the obtained results. Using the surface-labeled grating

method, the author investigated bending behaviors of various polymer films, showing that the method

enables us to develop the mechanically durable materials and electronic devices.
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