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Abstract

As the popularization of multimedia and Internet applications, the market of
liquid crystal display (LCD) for portable applications is increasing worldwide due to
their remarkable merits of thin, light, and low power consumption. Nevertheless, they
still have several issues like low brightness, poor contrast, and low system efficiency.
Microoptics, having the advantages of planar.structure, low cost and designed
flexibility, are being developed: and well applied as a key technology for portable
LCD applications to much increase thetr‘overall performance.

In this thesis, three novel microoptical components were designed to further
improve the issues of portable LCDs. Based on the design of microoptics, various
fabrication technologies, including semiconductor process, plastic molding, half-tone
mask, and thermal reflow technology are used to develop several planar microoptical
components to enhance image performance of portable LCDs in various aspects, such
as brightness, optical efficiency, contrast ratio, and image quality.

The reflective images of conventional reflective LCDs still suffer from
inadequate brightness and contrast ratio. Therefore, we proposed “light control films
(LCFs)” which can be easily laminated onto the top surface of reflective LCDs to
direct the incident light from multi-direction for much enhanced brightness, contrast
ratio, viewing angle, and uniformity. By using optimized optical design, dispersion,

moiré patterns, and surface scattering, are all invisible. Furthermore, we utilized

il



semiconductor processes and injection/stamping molding to fabricate the designed
patterns on thin transparent plastic substrate (<100um), thus the LCFs can be
produced economically and reproducibly in large volume.

The concerns of transmissive image of transflective LCDs are low optical
efficiency, slow response time, and different color saturation. An “Image enhanced
Reflector (IER)” was proposed to built upon the transmissive region to guide the
backlight to follow the similar paths of reflective light. Consequently, it can yield high
optical efficiency, same response time, high area utilization, and matched color
saturation. Moreover, IER structure can be further applied on cholesteric LCDs to
display same color images both in reflective and transmissive modes, and maintains
good readability in any ambience. By using high birefringence LC material (An > 0.6)
with conventional color filter progess, a full color transflective cholesteric LCD can
be achieved. Additionally, the half-tone mask-technology, which can use single mask
exposure to form microoptical- elements-with, continuous profile and high optical
performance, was developed and used to fabricate the IER structure.

In conventional transflective LCDs, the reflective region blocks most of the
backlight for illuminating LCD’s, thus much reducing the backlight utilization
efficiency. “Micro-tube array (MTA)” was demonstrated to collect the backlight into
the transmissive area to increase the backlight utilization efficiency. Thus, the image
quality of portable LCDs can be further improved with lower power consumption. A
typical TFT-LCD process with thermal reflow technique, which has convenient and
cost-effective process, was utilized to fabricate the micro-tube array structure.

This dissertation has successfully demonstrated the great potentials of
microoptics, and explored for the portable LCDs applications. By using
semiconductor process to fabricate microoptical components, the microoptics is

appealing for variety of novel applications in the near future.
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