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Abstract

Transflective LCDs become important  -with the population of mobile
communication where high brightness, high“teadability, low power consumption and
good color saturation are the main ¢oncems:;vHowever, when the backlight is used as
the light source, the reflective region can-be regarded as a block that backlight can not
pass through, thus reducing backlight utilization efficiency. In order to resolve the issue
in conventional transflective LCDs, a novel structure for transflective LCD technology,
micro-tube array, is proposed. The characteristic of this design is to use a micro-tube
structure similar to a funnel in shape and to make most backlight pass through the panel
so that light utilization efficiency can be increased substantially.

Based on the principle of collecting light, we established a simulation model to
characterize the features of the transflective LCD with micro-tube array. The
micro-tube array structure was optimized by varying the diameter of the upper aperture
(AP), the tube height (d) and the tilt angle of the sidewall (Bwbe). Due to the fabrication

limitation, we chose the micro-tube array with the specifications of d=3um, 6ub=60°



and AP=5um. Further, various shapes and arrangements of the apertures were also

examined and compared. Finally, masks were designed based on the simulation results.

A prototype was fabricated by a typical TFT-LCD process, in which there are four
key factors determining the structure of micro-tubes: 1. the exposure time of the 1%
mask plays a leading role for tube height (d). 2. the aperture size of 1* mask determines
the size of upper aperture (AP). 3. the temperature-rising curve of the oven affects on
tilt angle (Bube). 4. the exposure time of the 2™ mask affects the range of Al-covering on
the sidewall of micro-tube. After we modified the mentioned fabrication factors, the
optimized prototype of micro-tube array structure was fabricated. The light utilization
efficiency of a TR-LCD with micro-tube array was measured with conventional
backlight sources. Compare to the conventional TR-LCD, the novel one was a factor of
1.81 in efficiency enhancement, agreed with simulated results. Thus, the result
successfully demonstrated that:the micro-tube array; can collect backlight effectively

and greatly improve the backlight utilization efficiency.

We further proposed a concave reflector built on the micro-tube array to simplify
the fabrication process of reflective region. Therefore, the image quality and the

brightness of TR-LCDs can be much improved.
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