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light guide plate can be controlled by adjusting an angle of
each of the micro mirrors with respect to an incident light
from a light source.
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LIGHT GUIDE PLATE AND LIQUID
CRYSTAL DISPLAY USING THE SAME

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a light guide plate
and a liquid crystal display (LCD) using the light guide plate.
[0002] A liquid crystal display (LCD) is one kind of the
most widely used flat panel displays due to its advantages
such as compact volume, low power consumption, and no
radiation. A LCD is formed by assembling an array substrate
and a color filter substrate that are opposite to each other. A
gateline and a data line intersect each other and are formed on
the array substrate to define a pixel region in which a pixel
electrode and a thin film transistor (TFT) as a switching
element are disposed. A gate signal is applied over the gate
line to a gate electrode of the TFT to turn on/off the TFT, and
image data signal is applied to the pixel electrode over the
data line. A black matrix is disposed on the color filter sub-
strate to prevent light leakage in areas other than the pixel
region. A color filter layer is disposed in each pixel region on
the color filter area, and a common electrode is disposed on
the color filter substrate. A liquid crystal (LC) layer is filled in
a space between the array substrate and the color filter sub-
strate to form a LCD panel. The LCD displays images by
applying voltages to the pixel electrode and common elec-
trode to generate an electric field in the LC layer, which
determines orientations of LC molecules in the LC layer to
change polarization of the incident light.

[0003] A backlight module is an important component of a
LCD and used for providing the LCD panel with light for
display and for determining the color representation quality
of the LCD. A conventional LCD backlight module is shown
in FIG. 1. The backlight module comprises a light source 1
(for example, a cold cathode fluorescent lamp or light emit-
ting diode), a reflective cover 2 around the light source 1, and
areflection plate 3, a light guide plate 4, a first diffuse plate 5,
a first prism plate 6, a second prism plate 7, and a second
diffuse plate 8 that are stacked in order. A portion of the light
from the light source 1 directly enters the light guide plate 4,
and another portion is reflected back by the reflective cover 2
and then enters the light guide plate 4. The light is reflected by
the underlying the reflection plate 3 and exits from the upper
surface of the light guide plate 4 to transmit through the
overlaying optical sheets such as the first and second diffuse
plates 5 and 8 and the first and second prism plates 6 and 7
before entering a LCD panel. The light guide plate 4 in the
above backlight module serves as an optical medium. The
overlaying optical sheets such as the first and second diffuse
plates 5 and 8 and the first and second prism plates 6 and 7 are
used to uniform the light and enlarge view angle.

SUMMARY OF THE INVENTION

[0004] According to an embodiment of the present inven-
tion, there is provided a light guide plate comprising a light
guide plate body and a plurality of micro mirrors formed on
an upper surface of the light guide plate body for controlling
areflection direction of light incident on the light guide plate.
[0005] Preferably, the micro mirrors may be controllable
micro mirrors rotating about an axis parallel to the upper
surface of the light guide plate body. The controllable micro
mirrors can be connected to a control circuit and the rotation
of the micro mirrors can be controlled by the control circuit.
The micro mirrors can have a dimension in a range of about 1
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micron to about 1 millimeter and have a shape selected from
the group consisting of rectangle, circle, diamond, and poly-
gon. The light guide plate body can be formed of a material
selected from the group consisting of single crystal silicon,
polysilicon, silicon oxide, silicon nitride, and silicon oxyni-
tride.

[0006] According to another embodiment of the present
invention, there is provided a backlight module, comprising a
light source and a light guide plate, wherein the light guide
plate comprises a light guide plate body and a plurality of
micro mirrors formed on an upper surface of the light guide
plate body, and the micro mirrors control a reflection direc-
tion of light incident on the light guide plate from the light
source.

[0007] Accordingto yet another embodiment of the present
invention, there is provided a liquid crystal display (LCD),
comprising a LCD panel and a backlight module for provid-
ing light for the LCD panel, wherein the backlight module
comprises a light guide plate comprising a light guide plate
body and a plurality of micro mirrors formed on an upper
surface of the light guide plate body, and the micro mirrors
control a reflection direction to the LCD panel of light inci-
dent on the light guide plate from the light source.

[0008] Further scope of applicability of the present inven-
tion will become apparent from the detailed description given
hereinafter. However, it should be understood that the
detailed description and specific examples, while indicating
preferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled in the art from the following detailed
description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The present invention will become more fully
understood from the detailed description given hereinafter
and the accompanying drawings which are given by way of
illustration only, and thus are not limitative of the present
invention and wherein:

[0010] FIG. 1 is a schematic view illustrating a conven-
tional LCD backlight module;

[0011] FIG. 2 is a plan schematic view illustrating a light
guide plate with a plurality of micro mirrors according to an
embodiment of the present invention;

[0012] FIG. 3 is a schematic view illustrating a light guide
plate according to an embodiment of the present invention;
[0013] FIG. 4 is a schematic view illustrating a light guide
plate according to an embodiment of the present invention;
[0014] FIG. 5is a schematic view illustrating a light guide
plate according to an embodiment of the present invention;
and

[0015] FIG. 6 is a schematic view illustrating a LCD back-
light module according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0016] Exemplary embodiments of the present invention
will be described hereinafter with reference to the accompa-
nying drawings. It should be understood that in this descrip-
tion when a layer or a element is referred to as being “on” or
“connected to” another layer or element, this layer or element
can be directly on or directly connected to the other layer or
element, or an intervening layer may also be present.
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[0017] FIG. 2 is a plan schematic view illustrating a light
guide plate with a plurality of micro mirrors according to an
embodiment of the present invention, and FIGS. 3-5 show the
side views illustrating the operation state of the light guide
plate.

[0018] As shown in FIG. 2, the light guide plate 100 com-
prises a light guide plate body 9 and a plurality of micro
mirrors formed on the upper surface of the light guide plate
body 9. Each micro mirror has a dimension in a range of about
1 micron to about 1 millimeter, preferably about 10 microns.
The insert of FIG. 2 shows the enlarged view of the micro
mirrors. The shape of each micro mirror can be selected from
the group consisting of rectangle, circle, diamond, and poly-
gon. The micro mirrors 10 can be arranged in a matrix and the
micro mirrors 10 can be controlled collectively or individu-
ally by a control circuit 11 that may be also provided on the
same body 9.

[0019] In an initial state, no voltage is applied to the micro
mirrors by the control circuit 11, and all the micro mirrors are
maintained in the state as shown in FIG. 3, which illustrates
only one micro mirror 10 by way of example. In the state as
shown in FIG. 3, the surface ofthe micro mirror 10 is coplanar
with the upper surface of the light guide plate body 9, such
that light from a light source (not shown) of a backlight
module is reflected to a LCD panel (not shown) provided
above the light guide plate rather than is reflected back into
the light source, and in this case, the light output of the
backlight module can be the maximum. When a control signal
is applied to the micro mirror 10 by the control circuit 1, the
micro mirror 10 is rotated by an angle, as shown in FIG. 4. At
this time, a part of the light from the light source is reflected
back to the light source due to the reflection of the micro
mirror. When the micro mirror is rotated to an angle as shown
in FIG. 8, all the light from the light source is reflected back
and the light output of the backlight module is the minimum.
Therefore, the amount of light output from the backlight
module can be controlled by a different driving signal applied
1o the micro mirror 10.

[0020] The light guide plate body 9 can be formed of, for
example, a silicon-based material selected from the group
consisting of single crystal silicon, polysilicon, silicon oxide,
silicon nitride, and silicon oxynitride. The light guide plate
body 9 can be also made of other kind of material which can
provide sufficient strength to perform the above operation.

[0021] The micro mirrors on the light guide plate of the
present embodiment can be a micro mechanical actuator
which control and change the direction of light from the light
source at a prescribed angle in a continuous or step manner.
The micro mirror can have a dimension in order of microns
and can be made by micro machining. The micro mirror each
controls the light direction by a rotation operation, that is, the
micro mirror is tilted about an axis parallel to the surface of
the mirror by an angle through electrostatic actuation, thereby
changing the direction of light incident on the mirror surface.
The size of the micro mirror may be in the same order of
magnitude as one pixel in the LCD panel; therefore, each
micro mirror may correspond to a single pixel so that the light
input of an individual pixel in the LCD panel can be con-
trolled individually. The micro mirror can be also controlled
by other means and mechanism to change the direction of the
incident light.

[0022] The micro mirror can be formed with various meth-
ods in connection with the micro electromechanical system
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(MEMS). For example, the MEMS process for forming the
micro mirror may comprise the following steps, as known in
the art.

[0023] Firstly, an oxide film is formed on the upper and
lower surfaces of a substrate (for example a single crystal
silicon substrate) by an oxidation process. Next, a layer of
metal film is formed on the oxide film by a sputtering process
for example and patterned by photolithography and etching
processes to obtain a desired pattern. Then a high reflectivity
film such as a metal film, for example, an Al film, is formed on
the upper surface of the substrate and patterned by photoli-
thography and etching processes to define a pattern for micro
mirrors, driving circuit, wirings, etc. Next, a back etching
pattern is transferred to the oxide film on the lower surface of
the substrate by a reactive ion etching (RIE) for a subsequent
deep silicon etching. Then a RIE is performed on the upper
surface of the substrate to form boundary grooves for defining
the micro mirrors and other patterns. The micro mirrors can
be formed and released by a subsequent back channel etching
and a sacrifice layer process. By the above processes, a con-
trol circuit and connecting wirings are integrated with an
array of micro mirrors. Each of micro mirrors can be con-
trolled individually by an external integrated circuit and
reflects the incident light at different angle.

[0024] The light guide plate according to the above
embodiments can be applied to various backlight modules.
FIG. 6 is a schematic view illustrating a LCD backlight mod-
ule according to an embodiment of the invention. As shown in
FIG. 6, light from a light source 1 such as a CCFL, LED or
other types of light source is incident onto the light guide plate
100 with a plurality of micro mirrors 10 formed on its surface.
A reflective cover 2 is disposed around the light source 1 to
reflect light back to the light guide plate 100. The light output
of the light guide plate 100 can be controlled by the micro
mirrors as above mentioned. The backlight module may fur-
ther comprises other components such as optical sheets, for
example, a first diffuse plate 5, a first prism plate 6, a second
prism plate 7, and a second diffuse plate 8 sequentially
stacked on top of each other on the light guide plate 100, as
shown in FIG. 6.

[0025] A backlight module with the light guide plate
according to the embodiment of the present invention can be
employed in a LCD. Since the size of the micro mirror may be
in the same order of magnitude as one pixel in the LCD panel,
each micro mirror may correspond to a single pixel so that the
light input of individual pixel in the LCD panel can be con-
trolled separately. Alternatively, each pixel may also corre-
spond to a plurality of micro mirrors. For example, each pixel
may comprise three sub-pixels with different colors. With
each sub-pixel corresponding to at least one micro mirror, the
light input of individual sub-pixel can be also controlled
separately. Therefore, gray scale as well as the color repro-
duction of each pixel in the LCD can be controlled not only by
the LCD panel but also by the backlight module, thus offering
more flexibility and freedom in controlling the display qual-
ity. For example, a better display quality for a gray scale of
full black can be obtained by controlling the micro mirror in
a state shown in FIG. 5, in which all the light is reflected back
to the light source and thus no light enters the pixel.

[0026] The micro mirrors ofthe light guide plate according
to the embodiment of the present invention can be formed
using a micro electromechanical system (MEMS) processing
method. The micro mirrors may be coated with a high reflec-
tivity film and coupled to a driving circuit and a control
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circuit. An electrostatic force is generated between the micro
mirror and a cantilever holding the micro mirror by the driv-
ing circuit so as to rotate the micro mirror by an angle, thus the
incident light can be controlled to be reflected towards the
overlying LCD panel or another direction. In this way, the
light can be adjusted both in the backlight module and the
LCD panel to achieve a better display quality and color reso-
lution. According to the embodiment of the present invention,
only the light guide plate is modified without affecting the
overall structure of the LCD, therefore, the embodiment of
the present invention can be applied to both a transmissive
type and a transflective type LCD.

[0027] The invention being thus described, it will be obvi-
ous that the same may be varied in many ways. Such varia-
tions are not to be regarded as a departure from the spirit and
scope of the invention, and all such modifications as would be
obvious to those skilled in the art are intended to be included
within the scope of the following claims.

What is claimed is:

1. A light guide plate comprising a light guide plate body
and a plurality of micro mirrors formed on an upper surface of
the light guide plate body for controlling a reflection direction
of light incident on the light guide plate.

2. The light guide plate according to claim 1, wherein the
micro mirrors are controllable micro mirrors rotating about
an axis parallel to the upper surface of the light guide plate
body.

3. The light guide plate according to claim 2, wherein the
controllable micro mirrors are connected to a control circuit
and the rotation of each of the micro mirrors is controlled by
the control circuit.

4. The light guide plate according to claim 1, wherein the
micro mirrors have a dimension in a range of about 1 micron
1o about 1 millimeter.

5. The light guide plate according to claim 1, wherein the
micro mirrors have a shape selected from the group consisting
of rectangle, circle, diamond, and polygon.

6. The light guide plate according to claim 1, wherein the
light guide plate body is formed of a material selected from
the group consisting of single crystal silicon, polysilicon,
silicon oxide, silicon nitride, and silicon oxynitride.
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7. A backlight module, comprising a light source and a light
guide plate, wherein the light guide plate comprises a light
guide plate body and a plurality of micro mirrors formed on
an upper surface of the light guide plate body, and the micro
mirrors control a reflection direction of light incident on the
light guide plate from the light source.

8. The backlight module according to claim 7, wherein the
micro mirrors are controllable micro mirrors rotating about
an axis parallel to the upper surface of the light guide plate
body.

9. The backlight module according to claim 8, wherein the
controllable micro mirrors are connected to a control circuit
and the rotation of each of the micro mirror is controlled by
the control circuit.

10. The backlight module according to claim 7, wherein the
micro mirrors have a dimension in a range of about 1 micron
to about 1 millimeter.

11. The backlight module according to claim 7, wherein the
micro mirrors have a shape selected from the group consisting
of rectangle, circle, diamond, and polygon.

12. The backlight module according to claim 7, wherein the
light guide plate body is formed of a material selected from
the group consisting of single crystal silicon, polysilicon,
silicon oxide, silicon nitride, and silicon oxynitride.

13. The backlight module according to claim 7, further
comprise at least one diffuse plate and at least one prism plate
disposed above the light guide plate.

14. A liquid crystal display (LCD), comprising a LCD
panel and a backlight module for providing light for the LCD
panel, wherein the backlight module comprises a light guide
plate comprising a light guide plate body and a plurality of
micro mirrors formed on an upper surface of the light guide
plate body, and the micro mirrors control a reflection direc-
tion to the LCD panel of light incident on the light guide plate
from the light source.

15. The LCD according to claim 14, wherein each pixel of
the LCD panel corresponds to at least one micro mirror.

16. The LCD according to claim 14, wherein the micro
mirrors are controlled with a control circuit.
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