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Abstract

In the era of multimedia, internet and mobile communication, features of
portable, thin, light weight, and power saving are required for the consuming
electronic products. Liquid crystal displays (LCDs), which have the remarkable merits
of planar structure, low cost, design flexibility, readability and low power
consumption, have become a key technology: of .the display applications. LCDs are
non-emissive devices, so that- built-in “illumination systems (the so-called LCD
backlights) become indispensable for/producing display images. Nevertheless, LCD
illumination systems still have several issues like Iow brightness, poor uniformity, and
inadequate light utilization efficiency.

In this thesis, three novel illumination systems were designed to further alleviate
the concerned issues; thereby improving image performances of LCDs. Fabrication
technologies, including  micro-machining  process, e-beam lithography,
embossing/extrusion technology, and injection molding are adopted to develop the
micro structures and optical foils of illumination systems in a simpler procedure and
enhance optical functionalities of devices.

Conventional LCD illumination systems have a space to be further improved in
terms of complex optical structures and inadequate optical performances. Therefore,
we proposed “polarized backlights” which integrate the sub-wavelength grating and

slot strucutres on both sides of lightguides to achieve polarization conversion and



recycling of light for much enhanced brightness, uniformity of the images and light
utilization efficiency. At the same time, the complex structures can be simplified.
Another approach to implement polarized backlight systems via selective totally
internal reflection (T.I.LR) was also discussed in this thesis. We utilized
micro-machining processes and embossing/extrusion technology to fabricate the
designed patterns on a thin transparent plastic foil, then, laminated it on a clear
lightguide for easy fabrication and assembling.

Either the sub-wavelength grating or selective T.I.R is used to improve the
optical efficiency of illumination systems. In the third part of this thesis, a
time-multiplexed display composed of a directional backlight and a fast switching LC
panel was proposed for generating the stereoscopic image. Time-multiplexed
stereoscopic displays are compatible with LCDs. In addition, degradation of light
utilization efficiency and image-resolution can be.aveided by leaving out the parallax
barrier. At the same time, critical alignment-is-less demanded. Using the fast switching
and directional backlights, the image crosstalk between left and right eyes is reduced
less than 10%. As a result, the viewer can slightly move his viewing positions. 2D/3D
compatibility is also provided by switching two light sources simultaneously or
sequentially.

The demonstrated polarized backlights and directional backlights highly
enhanced image performances of LCDs. In addition, the research work provides a
potential route to explore more creative aspects and technologies in illumination
systems. Moreover, by further combining the optical design and the fabrication of
micro-optical devices, LCD illumination systems shall become more and more

significant for variety of novel applications in the near future.



