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Planar Optics and its Applications to Display

Doctoral Student: An-Chi Wei Adyvisor: Dr. Han-Ping D. Shieh

Department of Photonics and Institute of Electro-Optical Engineering,
National Chiao Tung University

Abstract

Various communication and multimedia products are fast renewed, driving the
optoelectronics techniques to develop rapidly. However, conventional optics has the
thick and heavy structure and requires precise alignment, thereby, restricting the
design freedom and causing the inconvenience for users. To overcome the above
issues, we investigated planar-integrated. free-space optics (PIFSO), or called planar
optics, for realizing compact opti¢s and promoting the performance of system.

In this dissertation, we -demonstrated three “planar optical components as
examples for zoom lens set andflat panel display applications. Besides effective
optical models, available techniques,”" including diamond machining,
micro-electro-mechanical systems (MEMS) technique and imprint, were exploited to
realize high-quality and low-cost components.

The planar zoom module (PZM) integrates the free-space optics onto the
surfaces of a transparent substrate. Then, the zoom lens system is miniaturized. In
addition, when the PZM with paraboloid mirrors is utilized for laser beam scaling, the
aberrations are shown to be minimized; as a result, the performance in beam shaping
are improved.

Organic light-emitting diodes (OLEDs) possess many advantages, such as thin
devices, good color gamut and wide viewing angle; yet, its out-coupling efficiency

remains an issue. For suppressing the total internal reflection (TIR) and then
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enhancing the light efficiency, a multi-zoned Light-enhancing Layer (MZ-LEL) is
presented herein. In this study, not only the modeling accuracy of light-enhancing
layer has been improved, but also the devices have been fabricated by the mentioned
techniques. Experimentally, the MZ-LEL has enhanced the light efficiency of OLED
panel by a gain factor of 1.28. Also, the discrepancy between the simulation and the
experimental results was improved from 50% to 4%.

Wire-grid Polarizer (WGP) has the great potential to replace the conventional
absorption polarizer for improving the system efficiency of liquid crystal displays
(LCDs). However, when the WGP is applied to a display, the patching approach is
required to produce the large size WGP; then, the effect of the seams between
adjacent patches will degrade the polarization efficiency. Hence, we established a
model to analyze the seam effect: The model applies geometric optics and rigorous
coupled wave analysis (RCWA).to evaluate those seams much larger than the
wavelength those nano-seams, respectively--Also, we proposed strategies to allow the
calculations to satisfy the modeling eriteria:' As a result, the proposed modeling
method has exhibited the superiority in simulation speed and memory requirement,

leading to efficient design and analyses.

This thesis has successfully demonstrated the great potential of planar optics for
opto-electrical applications. Along with the MEMS and the imprint techniques,
various designs of planar optics shall be developed for novel applications in the near

future.
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