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Thesis Summary

Flagship smartphone cameras require optical polymers with extremely low orientation birefringence to
produce high-resolution images. Although some proposals to decrease birefringence have been made, there have
not been effective and practical methods to compensate for the birefringence of optical polymers without
changing the optical and thermal properties of the original linear polymers. In this thesis, practical compensation
for orientation birefringence of optical polymers using a bottlebrush polymer (BBP) was investigated, verifying
the advantages of the developed optical polymers by applying them to actual optical designs.

In Chapter 1, the background and the development history of optical polymers were described, and the
issues of birefringence were explained. Details of birefringence and an effective approach to overcome the issues
were introduced, and the objective of this thesis was clarified. In Chapter 2, the developed method was verified by
controlling the orientation birefringence of poly(methyl methacrylate) (PMMA) through blending linear PMMA
and BBPs composed of PMMA side chains (PMMA-BBP). The negative birefringence of elongated linear PMMA
was found to be offset by the positive birefringence of elongated PMMA-BBP. When the blending ratio of linear
PMMA to PMMA-BBP was 73:27, the PMMA blend demonstrated complete compensation for orientation
birefringence under any mechanical strain. The mechanism of the compensation for orientation birefringence was
discussed. In Chapter 3, this approach was extended to polystyrene (PS) with high chromatic dispersion:
compensating for the orientation birefringence of PS by mixing linear PS and BBPs with PS side chains
(PS-BBP). Similar to PMMA, the negative birefringence of elongated linear PS was cancelled by the positive
birefringence of elongated PS-BBP. Also, when the blending ratio of linear PS to PS-BBP was 30:70, the PS blend
demonstrated extremely low orientation birefringence of |4n| ~ 3.9 x 10 even under 120% strain. The results
indicated that the PS blend is a promising optical polymer with high chromatic dispersion and low birefringence.
Furthermore, the optical and thermal properties of the PS blend were found to be almost the same as those of
linear PS. In Chapter 4, the orientation birefringence of the PS blend with the lowest birefringence (LB-PS) was
compared with that of the most widely used commercial optical polymers in the lens systems of flagship
smartphone cameras, confirming the effectiveness of LB-PS. The birefringence of LB-PS was found to be equal
to or even lower than that of the commercial optical polymers. Moreover, the advantage of utilizing LB-PS in an
optical lens system as a lens material was evaluated computationally and verified by analyzing the resolution
performance of the lens system designed using optical design software. The lens system using LB-PS as a lens
material was found to maintain high resolution even when birefringence was considered. It was concluded that
LB-PS could be an excellent optical material, enhancing practical resolution performance while compensating for

chromatic aberration of lens systems. In Chapter 5, all the findings presented in this thesis were summarized.




