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(57) ABSTRACT

A liquid crystal display (LCD) comprises an array substrate
and a color filter substrate, which are assembled together and
sandwich liquid crystal therebetween. The array substrate
comprises a gate line, a first data line and a second data line,
which define a pixel region, a first pixel electrode and a first
thin film transistor (TFT) for controlling the first data line to
provide a first data voltage to the first pixel electrode in the
pixel region, and a second pixel electrode and a second TFT
for controlling the second data line to provide a second data
voltage to the second pixel electrode. The color filter substrate
comprises black matrixes and a color resin unit. The position
of the first pixel electrode corresponds to the position of the
color resin unit between the black matrixes so as to display a
first image on a side of the color filter substrate in a light
transmission mode; the position of the second pixel electrode
corresponds to the position of the color resin unit on the black
matrixes so as to display a second image on a side of the array
substrate in a light reflection mode.
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LIQUID CRYSTAL DISPLAY AND
MANUFACTURING METHOD THEREOF

BACKGROUND

[0001] Embodiments of the invention relateto a liquid crys-
tal display (LCD) and the manufacturing method thereof.
[0002] The main structure of a TFT-LCD (Thin Film Tran-
sistor Liquid Crystal Display) comprises an array substrate
and a color filter substrate that are assembled together. The
array substrate is provided with gate lines, data lines, and thin
film transistors (TFTs) and pixel electrodes arranged in a
matrix. The color filter substrate is provided with black
matrixes, color resin units, and a common electrode. Liquid
crystal is deflected through controlling the voltage difference
between the pixel electrodes of the array substrate and the
common electrode of the color filter substrate. Under the
adjustment by liquid crystal, the light from a backlight is
modified in different grey levels, so that different images can
be displayed.

[0003] Currently, in a traditional LCD, a backlight is usu-
ally required for displaying images. As a backlight takes more
than %4 of the whole power consumption, some techniques
were used to adjust the brightness of the backlight in accor-
dance with the light intensity of the surroundings so as to
lower power consumption, which, however, fails to produce
satisfactory effect. In addition, a semi-transmission/semi-re-
flection LCD 1s used, but the technique is limited to “single-
side displaying.”

SUMMARY

[0004] An embodiment of the invention provides a liquid
crystal display (LCD) comprising an array substrate and a
color filter substrate that are assembled together and sand-
wich liquid crystal therebetween. The array substrate com-
prises a gate line, a first data line and a second data line, which
define a pixel region, a first pixel electrode and a first thin film
transistor (TFT) for controlling the first data line to provide a
first data voltage to the first pixel electrode in the pixel region,
and a second pixel electrode and a second TFT for controlling
the second data line to provide a second data voltage to the
second pixel electrode. The color filter substrate comprises
black matrixes and a color resin unit. The position of the first
pixel electrode corresponds to the position of the color resin
unit between the black matrixes so as to display a first image
on a side of the color filter substrate in a light transmission
mode; the position of the second pixel electrode corresponds
to the position of the color resin unit on the black matrixes so
as to display a second image on a side of the array substrate in
a light reflection mode.

[0005] Another embodiment of the invention provides a
method of manufacturing a liquid crystal display (LCD) com-
prising: step 1, preparing an array substrate and a color filter
substrate, wherein the array substrate the array substrate com-
prises a gate line, a first data line and a second data line, which
define a pixel region, a first pixel electrode and a first thin film
transistor (TFT) for controlling the first data line to provide a
first data voltage to the first pixel electrode in the pixel region,
and a second pixel electrode and a second TFT for controlling
the second data line to provide a second data voltage to the
second pixel electrode; and wherein the color filter substrate
comprises black matrixes and a color resin unit; and step 2,
assembling the array substrate and the color filter substrate
together, wherein the position of the first pixel electrode
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corresponds to the position of the color resin unit between the
black matrixes so as to display a first image on the side of the
color filter substrate in a light transmission mode, and the
position of the second pixel electrode corresponds to the
position of the color resin unit on the black matrixes so as to
display a second image on a side of the array substrate in a
light reflection mode.

[0006] 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

[0007] 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:

[0008] FIG. 1 is a schematic structure view of a LCD;
[0009] FIG. 2 is a plan view of a TFT-LCD array substrate;
[0010] FIG. 3 is a sectional view along A1-Al of FIG. 2;
[0011] FIG. 4 is a sectional view along B1-B1 of FIG. 2;
[0012] FIG.5isaplanview ofthe TFT-LCD array substrate

after the first patterning process;

[0013] FIG. 6isasectional view takenalong A2-A2 of FIG.
5

[0014] FIG. 71sa sectional view taken along B2-B2 of FIG.
5

[0015] FIG. 8isaplan view of the TFT-LCD array substrate
after the second patterning process;

[0016] FIG.9isasectional view takenalong A3-A3 of FIG.
8

[0017] FIG. 10 is a sectional view taken along B3-B3 of
FIG. §;

[0018] FIG. 11 is a plan view of the TFT-LCD array sub-
strate after the third patterning process;

[0019] FIG. 12 is a sectional view taken along A4-Ad of
FIG. 11;

[0020] FIG. 13 is a sectional view taken along B4-B4 of
FIG. 11;

[0021] FIG. 14 is a view showing the structure of the color
filter substrate;

[0022] FIG. 15 is a schematic view showing the LCD dis-

playing a first image in a transmission mode;

[0023] FIG. 16 is a shape of a pixel electrode viewed from
the side of the color filter substrate of the LCD.

[0024] FIG. 17 is a schematic view showing the LCD dis-
playing a second image in a reflection mode; and

[0025] FIG. 18 is a shape of a pixel electrode viewed from
the side of the TFT-LCD array substrate of the LCD.

DETAILED DESCRIPTION

[0026] Hereinafter detailed description of the embodi-
ments will be given with references to the accompanying
drawings. The thicknesses of thin films in the drawings and
the sizes and shapes of regions are not drawn based on the real
scales in an array substrate or a color filter substrate of a
TFT-LCD but for illustration only.
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[0027] FIG. 1 is a schematic structure view of a LCD
according to one embodiment of the invention. As shown in
FIG. 1, the main structure of the LCD comprises a TFT-LCD
array substrate 100 and a color filter substrate 200, which are
assembled together with liquid crystal filled therebetween.
On the TFT-LCD array substrate 100 are formed gate lines,
first data lines 12a, and second data lines 125. Adjacent gate
lines, first data line 12a, and second data line 125 define a
plurality of pixel regions arranged in a matrix. A first TFT, a
second TFT, a first pixel electrode 134, and a second pixel
electrode 135 are formed in each pixel region. The gate lines
are used to provide turn-on or turn-off signals to the first TFT
and the second TFT. The first TFT is used to control the first
data line 12a to provide a first data voltage to the first pixel
electrode 13q; the second TET is used to control the second
data line 125 to provide a second data voltage to the second
pixel electrode 135. Black matrixes 51, color resin units 52, a
common electrode 53, and reflecting layers 54 are formed on
the color filter substrate 200. The black matrixes 51 are
formed on the base substrate; the reflecting layers 54 for
producing a total reflection or a diffuse reflection are formed
on the black matrixes 51; the color resin units 52 of three
colors are formed between and on the black matrixes 51, 1.e.,
a part of each color resin unit 52 is formed between the black
matrixes 51, and the other part is formed on the black matrixes
51. The common electrode 53 is formed on the above patterns.
Furthermore, the position of the first pixel electrode 13a in
each pixel region on the TFT-LCD array substrate corre-
sponds to the position of the color resin unit 52 between the
black matrixes 51 on the color filter substrate 200, so as to
display a first image on the side of the color filter substrate
200 in a light transmission mode; the position of the second
pixel electrodes 13a in each pixel region on the TFT-LCD
array substrate correspond to the position of the color resin
unit 52 on the black matrixes 51 on the color filter substrate
200, so as to display a second image on the side of the
TFT-LCD array substrate in a light reflection mode.

[0028] Hereinafter, the LCD according to the embodiment
of the invention is further described with the structures of the
TFT-LCD array substrate and the color filter substrate.

[0029] FIG.2isaplanview of the TFT-LCD array substrate
of the embodiment, showing the structure of one pixel region,
FIG. 3 is a sectional view along A1-A1 of FIG. 2, and FIG. 4
is a sectional view along B1-B1 of F1G. 2.

[0030] As shown in FIG. 2 to FIG. 4, the main structure of
the LCD array substrate comprises gate lines 11, a first data
line 124, and a second data line 12b. Adjacent gate lines 11,
first data line 12a, and second data line 124 define a plurality
of pixel regions arranged in a matrix. A first TFT, a second
TFT, a first pixel electrode 13a, and a second pixel electrode
134 are formed in each pixel region. The gate lines are used to
provide turn-on or turn-off signal to the first TFT and the
second TFT. The first TFT is used to control the first data line
12a to provide a first data voltage to the first pixel electrode
134; the second TFT is used to control the second data line
12bto provide a second data voltage to the first pixel electrode
13b. The first TFT according to the embodiment comprises a
first gate electrode 2a, a first active layer, a first source elec-
trode 6a, and a first drain electrode 74; the second TFT com-
prises a second gate electrode 25, a second active layer, a
second source electrode 65, and a second drain electrode 75.
Each gate line 11, the first gate electrode 2a, and the second
gate electrode 2b are formed on the substrate 1; they are in an
integral structure. The gate insulating layer 3 1s formed on the
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gate line 11, the first gate electrode 2a, and the second gate
electrode 2b; the gate insulating layer 3 covers the entire
substrate 1. The first active layer (including the semiconduc-
tor layer 4 and the doped semiconductor layer 5) is formed on
the gate insulating layer 3 and is disposed over the first gate
electrode 2a; the first source electrode 6a and the first drain
electrode 7a are formed on the first active layer; one end of the
first source electrode 6a is disposed above the first gate elec-
trode 2a, the other end is connected to the first data line 124;
one end of the first drain electrode 7« is disposed above the
first gate electrode 2a, the other end is connected to the first
pixel electrode 13a; a first channel region is formed between
the first source electrode 6a and the first drain electrode 7a;
the doped semiconductor layer 5 in the first TFT channel
region is completely etched away, and the semiconductor 4 is
etched to some thickness, so that the semiconductor layer 4 is
exposed in the first TFT channel region. The second active
layer (including the semiconductor layer 4 and the doped
semiconductor layer 5) is formed on a gate insulating layer 3
and is disposed over the second gate electrode 25; the second
source electrode 656 and the second drain electrode 75 are
formed on the second active layer, one end of the second
source electrode 64 is disposed above the second gate elec-
trode 25, the other end is connected to the second data line
12b; one end of the second drain electrode 75 is disposed
abovethe second gate electrode 25, the other end is connected
to the second pixel electrode 135; a second channel region is
formed between the second source electrode 65 and the sec-
ond drain electrode 75; the doped semiconductor layer 5 in
the second TFT channel region is completely etched away,
and the semiconductor 4 is etched to some thickness, so that
the semiconductor layer 4 is exposed in the second TFT
channel region. A passivation layer 8 is formed on the above
structures. In the passivation layer 8, a first via hole 8a is
provided at the position of the first drain electrode 7a, and a
second via hole 85 is provided at the position of the second
drain electrode 7b. The first pixel electrode 13a and the sec-
ond pixel electrode 135 are formed on the passivation layer;
the first pixel electrode 13a is disposed in the central portion
of the pixel region, and the second pixel electrode 13 is
disposed in the periphery of the first pixel electrode 13a. The
first pixel electrode 134 is connected to the first drain elec-
trode 7a via the first via hole 8a; the second pixel electrode
135 is connected to the second drain electrode 75 via the
second via hole 85.

[0031] FIG. 5to FIG. 13 is a schematic view of the manu-
facturing process of the TFT-LCD array substrate. Hereinaf-
ter, the patterning process as referred to in this disclosure
comprises applying photoresist, exposing and developing of
photoresist, etching, removing remaining photoresist, and
etc. Positive type photoresist is taken as the example of the
photoresist.

[0032] FIG. 5isaplanview ofthe TFT-LCD array substrate
after a first patterning process, showing the structure of one
pixel region; FIG. 6 is a sectional view taken along A2-A2 of
FIG. 5, and FIG. 7 is a sectional view taken along B2-B2 of
FIG. 5.

[0033] First, through a magnetron sputtering or thermal
evaporation method, a gate metal film is deposited on a sub-
strate 1 (such as a glass substrate or a quartz substrate);
patterns of the gate lines 11, the first gate electrode 2a, and the
second gate electrode 25 are formed on the substrate 1 with a
normal mask. The first gate electrode 2a and the second gate
electrode 24 are integrally formed with the gate lines 11, as
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shown in FIG. 5 to FIG. 7. The gate metal film can be a
single-layered film made from aluminum, chromium, tung-
sten, copper, tantalum, titanium, molybdenum, or aluminum
and nickel, or a composite film of any combination of the
metal thin films.

[0034] FIG.8isaplanview of the TFT-LCD array substrate
after a second patterning process, showing the structure of
onepixel region; FIG. 9is a sectional view takenalong A3-A3
of FIG. 8; FIG. 10 is a sectional view taken along B3-B3 of
FIG. 8.

[0035] First, a gate insulating layer 3, a semiconductor film,
and a doped semiconductor layer are deposited successively
on the substrate with the pattern shown in FIG. 5 thereon
through a plasma enhanced chemical vapor deposition
(PECVD) method; next, a source/drain metal thin film is
deposed through a magnetron sputtering or thermal evapora-
tion method. Patterns of the first active layer, the first data line
124, the first source electrode 6a, the first drain electrode 74,
the second active layer, the second data line 125, the second
source electrode 65, and the second drain electrode 75 is
formed by a patterning process by using a half-tone or grey
tone mask, as shown in FIG. 8 to FIG. 10. After the patterning
process, the first data line 12a is disposed on one side of the
pixel region, while the second data line 124 is disposed on the
other side of the pixel region. The first active layer (including
the semiconductor layer 4 and the doped semiconductor layer
5)is formed on the gate insulating layer 3 and is disposed over
the first gate electrode 2a; the first source electrode 64 and the
first drain electrode 7a are formed on the first active layer, one
end of the first source electrode 6a is disposed above the first
gate electrode 2a and the other end is connected to the first
data line 12a; one end of the first drain electrode 7a is dis-
posed above the first gate electrode 2a and opposite to the first
source electrode 6a; a first channel region is formed between
the first source electrode 6a and the first drain electrode 7a;
the doped semiconductor layer 5 in the first TFT channel
region is completely etched away, and the semiconductor 4 is
etched to some thickness, so that the semiconductor layer 4 is
exposed in the first TFT channel region. The second active
layer (including the semiconductor layer 4 and the doped
semiconductor layer 5) is formed on a gate insulating layer 3
and is disposed over the first gate electrode 25, the second
source electrode 65 and the second drain electrode 76 are
formed on the second active layer, one end of the second
source electrode 64 is disposed above the second gate elec-
trode 24 and opposite to the second source electrode 6b; one
end of the second drain electrode 75 is disposed above the
second gate electrode 2, the other end is connected to the
second pixel electrode 134; a second channel region is formed
between the second source electrode 65 and the second drain
electrode 7b; the doped semiconductor layer 5 in the second
TFT channel region is completely etched away, and the semi-
conductor 4 is etched to some thickness, so that the semicon-
ductor layer 4 is exposed in the second TFT channel region.
The gate insulating layer can be made of a material such as
silicon nitride or aluminum oxide; the source/drain electrode
can be a single-layered film of Aluminum, Chromium, Tung-
sten, Copper, Tantalum, Titanium, Molybdenum, or Alumi-
num and Nickel, or a composite film of any combination of
the metal thin films.

[0036] The patterning process is a multi-step process. The
process may comprise the following steps. First, applying a
photoresist layer on the source/drain metal thin film; expos-
ing the photoresist with a halftone mask or grey tone mask, so
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that the photoresist after exposure forms into a completely
exposed region, an unexposed region, and a partially exposed
region, among which the unexposed region corresponds to
the region of the first data line, the second data line, the first
source electrode, the first drain electrode, the second source
electrode, and the second source electrode, the partially
exposed region corresponds to the region of the first TFT
channel region and the second TFT channel region. and the
completely exposed region corresponds to the region other
than the aforementioned patterns. After development, the
thickness of the photoresist in the unexposed region may
remain substantially unchanged, thus the unexposed region is
transformed into a region where photoresist is fully retained;
the photoresist in the completely exposed region is com-
pletely removed, thus the completely exposed are is trans-
formed into a region where photoresist is completely
removed; the thickness of the photoresist in the partially
exposed region is reduced, thus the partially exposed region is
transformed into a region where photoresist is partially
retained. The source/drain metal thin film, the doped semi-
conductor thin film, and the semiconductor thin film in the
completely exposed region is completely etched away with a
first etching process, so as to form the patterns of the first
active layer, the second active layer, the first data line, and the
second data line. The photoresist in the partially exposed
region is removed by an ashing process, so as to expose the
source/drain metal thin film in this region. With a second
etching process, the source/drain metal thin film and the
doped semiconductor in the partially exposed region is com-
pletely etched away, and some thickness the semiconductor
thin film is etched, so that the semiconductor is exposed in the
region, forming the patterns of the first source electrode, the
first drain electrode, the second source electrode, the second
drain electrode, the first TFT channel region, and the second
channel region. In the end, the remaining photoresist is
removed, and the second patterning process is completed
here. Because the first data line, the second data line, the first
active layer, and the second active layer are formed in the
same patterning process, the semiconductor thin film and the
doped semiconductor thin film are retained below the first
data line and the second data line.

[0037] FIG. 11 is a plan view of the TFT-LCD array sub-
strate after a third patterning process, showing the structure of
one pixel region; FIG. 12 is a sectional view taken along
A4-A40fFIG. 11,and FIG. 13 is a sectional view taken along
B4-B4 of FIG. 11.

[0038] A passivation layer 8 is deposited on the substrate
with the pattern shown in FIG. 8 thereon through a PECVD
method. The patterns of the first via hole 8a and the second via
hole 85 is formed through a patterning process with a normal
mask, the first via hole 8ais formed at the first drain electrode
7a, the second via hole 85 is formed at the second drain
electrode 7b, the passivation 8 within the first via hole 8a and
the second via hole 85 is etched away, which exposes, respec-
tively, the surface of the first drain electrode 7a and the
surface of the second drain electrode 75, as shown in FIG. 11
to FIG. 13. In the patterning process, there are also formed a
gate line pad via hole, a data line pad via hole, and etc. The
structure and forming process of a gate line pad via hole and
a data line pad via hole has been widely used, whose detailed
description is, therefore, omitted.

[0039] Through a magnetron sputtering or thermal evapo-
ration method, alayer of transparent conductive film is depos-
ited on the substrate with the above patterns thereon. The
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patterns of the first pixel electrode 13a and the second pixel
electrode 135 are formed through a patterning process with a
normal mask. The first pixel electrode 134 is formed in the
central portion of the pixel region and is connected to the first
drain electrode 7a via the first via hole 8a; the second pixel
electrode 135 is formed in the periphery of the first pixel
electrode 134 and is connected to the second drain electrode
7b viathe second via hole 85, as shown in FIG. 2to FIG. 4. In
addition, the part of the first pixel electrode 13a disposed on
the gate line 11 and the gate line 11 can form a first storing
capacitor in the structure of storage capacitor on the gate line
(Cs on gate), helpful to keep the voltage of the first pixel
electrode 13a; the part of the second pixel electrode 135
disposed on the gate line 11 and the gate line 11 form a second
storing capacitor in the structure of storage capacitor on the
gate line (Cs on gate), helpful to keep the voltage of the
second pixel electrode 135. The transparent conductive film
can be made of Indium Tin oxide, Indium Zin¢ oxide, or
Aluminum Zinc oxide.

[0040] It is necessary to point out that the patterning pro-
cesses as described above are merely one example to produce
the TFT-LCD array substrate. The array substrate can be
implemented by adding patterning processes or selecting dif-
ferent materials or different combinations of materials. For
example, the second patterning process of the TFT-LCD array
substrate can be accomplished by two separate patterning
processes with normal masks, i.e., the patterns of the first
active layer and the second active layer are formed by one
patterning process with a normal mask, while the patterns of
first data line, the second data line, the first source electrode,
the first drain electrode, the second source electrode, the
second drain electrode, the first TFT channel region, and the
second TFT channel region are formed by another patterning
process with a normal mask. For another example, the TFT-
LCD array substrate can have common electrode lines dis-
posed in the same layer with the gate lines, so that storing
capacitors with the structure of storing capacitor on the com-
mon electrode line (Cs on Common) are formed respectively
between the first pixel electrodes and the common electrode
lines and between the second pixel electrodes and the com-
mon electrode lines. For still another example, the positions
and layouts of the two TFTs in the TFT-LCD array substrate
are merely for illustration, and can be adjusted as necessary.

[0041] FIG. 14 is a view showing the structure of the color
filter substrate according to the embodiment. The main struc-
ture of the color filter substrate according to the embodiment
comprises black matrixes 51, color resin units 52, a common
electrode 53, and reflecting layers 54. The black matrixes 51
are formed on a substrate; the reflecting layers 54 for produc-
ing a total reflection or a diffuse reflection are formed on the
black matrixes 51; the color resin unit 52 include a red resin
pattern, a blue resin pattern, and a green resin pattern, which
are formed between and on the black matrixes 51, i.e., a part
of each color resin unit 52 is formed between the black
matrixes 51, and the other part is formed on the black matrixes
51. The common electrode 53 is formed on the pattern of the
above structure. The color filter substrate according to the
embodiment can further comprise post-shaped spacers,
which are used to keep the gap between the TFT-LCD array
substrate and the color filter substrate when the two substrates
are assembled together. The reflecting layer can be made of a
material such as copper, aluminum or other metal or alloy,
which can produce a total reflection or diffuse reflection.
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[0042] The manufacturing process of the color filter sub-
strate can be a traditional process. A brief description of the
manufacturing process is given below. First, depositing, suc-
cessively, a black matrix material layer and a reflection thin
film on the substrate (such as a glass substrate or a quartz
substrate); next, forming the pattern of black matrixes and
reflecting layers through a patterning process, wherein the
reflecting layers are disposed on the black matrixes; applying
a layer of red resin material on the substrate with the afore-
mentioned pattern formed thereon; forming the pattern of the
red resin units through the processes of exposing, developing,
baking, and etc., wherein a part of each red resin unit is
disposed between black matrixes and other part is disposed on
black matrixes; forming, successively, the pattern of blue
resin units and the pattern of green resin units with the similar
method; The patterns of the three colors can be formed in any
sequence. The resin units of each color can cover ¥ of the
black matrixes; the color resin units of each color can contact
one another. A layer of transparent conductive film is depos-
ited on the substrate with the aforementioned patterns formed
thereon through a magnetron sputtering or thermal evapora-
tion method, so as to form the common electrode.

[0043] It is necessary to point out that the aforementioned
method of manufacturing the color filter substrate is merely
one example among many; different processing sequences,
materials, and means can be employed as necessary.

[0044] After respectively manufacturing the array substrate
100 and the color filter substrate 200 according to the embodi-
ment, the TFT-LCD substrate 100 and the color filter sub-
strate 200 are assembled together in vacuum; each first pixel
electrodes 13a on the TFT-LCD array substrate 100 is set
corresponding to one color resin unit 52 on the color filter
substrate 200; each second pixel electrode 136 on the TFT-
LCD array substrate 100 is set corresponding to a part of the
black matrixes 51 on the color filter substrate 200.

[0045] FIG. 15 is a schematic view showing the LCD of the
embodiment displaying a first image in a transmission mode;
FIG. 16 is a shape of a pixel electrode viewed from the side of
the color filter substrate of the LCD of the embodiment. To
display the first image in a transmission mode, light A from
the side of the TFI-LCD array substrate 100 transmits
through the first pixel electrode 134, the liquid crystal, and the
color resin unit 52 and forms the first image on the side of the
color filter substrate 200, while the region other than the first
image is shielded by the black matrixes, as shown in FIG. 15
and FIG. 16.

[0046] FIG. 17 is a schematic view showing the LCD of the
embodiment displaying a second image through the reflection
mode; FIG. 18 is a shape of a pixel electrode viewed from the
side of the TFT-LCD array substrate of the LCD of the
embodiment. To display the image in a reflection mode, light
B from the side of the TFT-LCD array substrate 100 passes
through the second pixel electrode 134, the liquid crystal, and
the color resin unit 52 and then is reflected at the black
matrixes 51 by the reflecting layers 54; the reflected light
transmits through the color resin units 52, the liquid crystal,
and the second pixel electrode 136 and forms the second
image on the side of the TFT-LCD array substrate 100. In the
meanwhile, the first data line inputs a controlling voltage to
the first pixel electrode so that the region of the first pixel
electrode appears black, as shown in FIG. 17 and FIG. 18.
[0047] The thickness of the black matrixes can be approxi-
mately 1 pm, and the thickness of the color resin units can be
approximately 3 um. The light path can be adjusted by adjust-
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ing the thicknesses of the black matrixes and the color resin
units for obtaining normal displaying.

[0048] The embodiment provides a LCD that can display
on both sides without a backlight. The pixel structure of the
LCD according to the embodiment employs a double-pixel
electrode structure, one pixel electrode uses a semi-transmis-
sion design, the other one uses a semi-reflection design,
which renders the LCD capable to respectively display the
contents of two images, and thus increases displaying content
of the displaying device. The LCD according to the embodi-
ment can use sunlight for displaying outdoor; its structure
without a backlight significantly lowers energy consumption
and thus is more suitable to portable devices that are required
to sustain for long time continuation. In the meantime,
absence of the backlight lowers the cost and reduces the
pollution to the environment by the fluorescent powder in the
fluorescent tube. The luminance of a traditional backlight is
4000 lumens, while the outdoor sunlight in a sunny day has a
luminance greater than 5000 lumens, the LCD according to
the embodiment can therefore assure the displaying quality.
The LCD according to the embodiment has a pixel structure
whose characteristics can lead to lowering of an individual
pixel’s luminance. Also, it is also possible to increase image
luminance by increasing the displaying regions of the pixels.
[0049] The process of manufacturing a LCD according to
the embodiment may comprise the following steps.

[0050] Step 1 of preparing, respectively, a TFT-LCD array
substrate and a color filter substrate, wherein the TFT-LCD
array substrate comprises gate lines, first TFT's for controlling
respective first data lines to provide a first data voltage to
respective first pixel electrodes, second TFTs for controlling
respective second data lines to provide a second data voltage
to respective second pixel electrodes, and wherein the color
filter substrate comprises black matrixes, color resin units,
and a common electrode;

[0051] Step 2 of assembling the TFT-LCD array substrate
and the color filter substrate together, wherein the position of
each of the first pixel electrodes corresponds to the position of
one color resin unit between the black matrixes, so as to
display a first image on the side of the color filter substrate in
a light transmission mode, and the position of each of the
second pixel electrodes corresponds to the position of one
color resin units on the black matrixes, so as to display a
second image on the side of the TFT-LCD array substrate ina
light reflection mode.

[0052] The process of manufacturing a TFT-LCD array
substrate according to the embodiment may comprises the
following steps.

[0053] Step 11 of forming patterns including gate lines, first
gate electrodes, and second pixel electrodes on a base sub-
strate through a patterning process:

[0054] Step 12 of forming, on the substrate of the previous
step, patterns including first data lines, second data lines, first
source electrodes, first drain electrodes, second pixel elec-
trodes, and second drain electrodes by a patterning process;

[0055] Step 13 of forming, on the substrate of the previous
step, patterns of first via holes and second via holes, wherein
the first via holes are disposed above the respective first drain
electrodes, and the second via holes are disposed above the
respective second drain electrode;

[0056] Step 14 of forming, on the substrate of the previous
step, patterns including first pixel electrodes and second pixel
electrodes, wherein each of the first pixel electrodes is dis-
posed in the central portion of the corresponding pixel region
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and is connected to the corresponding first drain electrode
through the corresponding first via hole, and each of the
second pixel electrodes is disposed in the periphery of the
corresponding pixel region and is connected to the corre-
sponding second drain electrode through the corresponding
second via hole.

[0057] The process of manufacturing a TFT-LCD array
substrate according to the embodiment has been described in
detail with reference to FIG. 5 to FIG. 13. The step 12 can be
accomplished through one patterning process with a half-tone
or grey tone mask, or through two patterning processes with
a normal mask.

[0058] The process of manufacturing a color filter substrate
according to the embodiment may comprise the following
steps.

[0059] Step 21 of forming patterns of black matrixes and
reflecting layers on a base substrate, wherein the reflecting
layers are disposed on the black matrixes;

[0060] Step 22 of forming color resin units on the substrate
of the previous step, wherein a part of each color resin unit is
formed between the black matrixes, and the other part is
formed on the black matrixes.

[0061] During manufacturing of a color filter substrate, a
common electrode may be further formed.

[0062] Lastly, the aforementioned embodiments are
employed to describe, not to limit, the technique of the inven-
tion. Notwithstanding that a detailed description is give with
references to the aforementioned preferred embodiments, as
one of ordinary skill in the art understands, the technique
embodied in the aforementioned embodiments can be modi-
fied, or some technical features can be substituted with the
equivalents; such modifications or substitutions do not devi-
ate the nature of the technique from the spirit and scope of the
technique embodied in the embodiments according to the
invention.

What is claimed is:

1. A liquid crystal display (LCD) comprising an array
substrate and a color filter substrate that are assembled
together and sandwich liquid crystal therebetween,

wherein the array substrate comprises:

a gate line, a first data line and a second data line, which
define a pixel region,

afirst pixel electrode and a first thin film transistor (TFT)
for controlling the first data line to provide a first data
voltage to the first pixel electrode in the pixel region,
and

a second pixel electrode and a second TFT for control-
ling the second data line to provide a second data
voltage to the second pixel electrode,

wherein the color filter substrate comprises black matrixes

and a color resin unit, and

wherein the position of the first pixel electrode corresponds

to the position of the color resin unit between the black
matrixes so as to display a first image on a side of the
color filter substrate in a light transmission mode; the
position of the second pixel electrode corresponds to the
position of the color resin unit on the black matrixes so
as to display a second image on a side of the array
substrate in a light reflection mode.

2. The LCD according to claim 1, wherein the LCD utilizes
environmental light rather than light from a backlight for
displaying.
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3. The LCD according to claim 1, wherein the first pixel
electrode is disposed in the central portion of the pixel region,
and the second pixel electrode is disposed in the periphery of
the first pixel electrode.

4. The LCD according to claim 1, wherein a reflecting layer
1s provided on the black matrixes.

5. The LCD according to claim 1, wherein a common
electrode is provided on the color filter substrate.

6. The LCD according to claim 1, wherein the first TFT
comprises a first gate electrode, a first active layer, a first
source electrode, and a first drain electrode, and

the second TFT comprises a second gate electrode, a sec-

ond active layer, a second source electrode, and a second
drain electrode.

7. The LCD according to claim 2, wherein the first TFT
comprises a first gate electrode, a first active layer, a first
source electrode, and a first drain electrode, and

the second TFT comprises a second gate electrode, a sec-

ond active layer, a second source electrode, and a second
drain electrode.

8. The LCD according to claim 3, wherein the first TFT
comprises a first gate electrode, a first active layer, a first
source electrode, and a first drain electrode, and

the second TFT comprises a second gate electrode, a sec-

ond active layer, a second source electrode, and a second
drain electrode.

9. The LCD according to claim 4, wherein the first TFT
comprises a first gate electrode, a first active layer, a first
source electrode, and a first drain electrode, and

the second TFT comprises a second gate electrode, a sec-

ond active layer, a second source electrode, and a second
drain electrode.

10. The LCD according to claim 5, wherein the first TFT
comprises a first gate electrode, a first active layer, a first
source electrode, and a first drain electrode, and

the second TFT comprises a second gate electrode, a sec-

ond active layer, a second source electrode, and a second
drain electrode.

11. A method of manufacturing a liquid crystal display
(LCD), comprising:

step 1, preparing an array substrate and a color filter sub-

strate, wherein the array substrate the array substrate
comprises a gate line, a first data line and a second data
line, which define a pixel region, a first pixel electrode
and a first thin film transistor (TFT) for controlling the
first data line to provide a first data voltage to the first
pixel electrode in the pixel region, and a second pixel
electrode and a second TFT for controlling the second
data line to provide a second data voltage to the second
pixel electrode; and wherein the color filter substrate
comprises black matrixes and a color resin unit; and
step 2, assembling the array substrate and the color filter
substrate together, wherein the position of the first pixel
electrode corresponds to the position of the color resin
unit between the black matrixes so as to display a first
image on the side of the color filter substrate in a light
transmission mode, and the position of the second pixel
electrode corresponds to the position of the color resin
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unit on the black matrixes so as to display a second
image on a side of the array substrate in a light reflection
mode.

12. The method of manufacturing a LCD according to
claim 11, wherein preparing an array substrate comprises:

step 11, forming patterns including the gate line, the first
pixel electrode, and second pixel electrode;

step 12, forming, on the substrate after step 11, patterns
including the first data line, the second data line, a first
source electrode, a first drain electrode, a second source
electrode, and a second drain electrode;

step 13, forming, on the substrate after step 12, patterns
including a first via hole and a second via hole, wherein
the first viahole is formed at the first drain electrode, and
the second via hole is formed at the second drain elec-
trode;

step 14, forming, on the substrate after step 13, patterns
including the first pixel electrode and the second pixel
electrode, wherein the first pixel electrode is formed in
the central portion of the pixel region and connected to
the first drain electrode through the first viahole, and the
second pixel electrode is formed in the periphery of the
pixel region and connected to the second drain electrode
through the second via hole.

13. The method of manufacturing a LCD according to
claim 12, wherein step 12 is performed with a half-tone or
grey tone mask plate.

14. The method of manufacturing a LCD according to
claim 12, wherein step 12 is performed with two normal mask
plates.

15. The method of manufacturing a LCD according to
claim 11, wherein preparing the color filter substrate in step 1
comprises:

Step 21: forming the black matrixes on a base substrate;

and

Step 22: forming the color resin unit on the substrate after
step 21, wherein a part of the color resin unit is formed
between the black matrixes, and the other part is formed
on the black matrixes.

16. The method of manufacturing a LCD according to
claim 15, wherein a reflecting layer is formed on the black
matrixes.

17. The method of manufacturing a LCD according to
claim 16, wherein a common electrode is formed on the black
matrixes, the color filter unit and the reflecting layer.

18. The method of manufacturing a LCD according to
claim 15, wherein a common electrode is formed on the black
matrixes and the color filter unit.

19. The method of manufacturing a LCD according to
claim 11, wherein preparing the color filter substrate in step 1
comprises:

Step 21: forming a pattern of black matrixes and a reflect-
ing layer on the substrate, wherein the reflecting layer is
on the black matrixes; and

Step 22: forming the color resin unit on the substrate after
step 21, wherein a part of the color resin unit is formed
between the black matrixes, and the other part is formed
on the black matrixes.

*® ok ok k%



patsnap

TREMOF) WRE R RESIERE
[F(RE)E US20110069246A1 K (aH)A 2011-03-24
BRiES US12/886873 % A 2010-09-21

FRIFRB(EFR)AGE) EERERFFXERZAERLF
RF(EFR)AGE) EERERFABRFZERLA.

HARBEEARAGE) ERERAHRBREFRAFLID.
RERABBEEARGERLF.

R A WANG ZHENG

REAA WANG, ZHENG

IPCHEE G02F1/136 GO2F1/1335 HO1L21/50

CPCH¥%(= HO01L29/41733 GO2F1/133512 G02F1/133555 HO1L27/124 G02F2001/133342 G02F2001/136236
G02F1/13624

i 200910093959.3 2009-09-23 CN

H 20 FF 30k US8305528

SNEBEEE Espacenet USPTO

MWE(F)

RELRER (LCD ) BEMIERNECR/ER , SNARE B G
REBEREHF, BFIERTEMRL  F-BELNE_HEL , ER
EREXE , F—GEZBRAATRHE - BELARRE - HIREEE
WE—BEREE (TFT ) BEXEFNE —GRENR , URATES
BHELUOE - BERBRERAEF - BERENE —GRBRMNE
TFT, REREREERCERNTEEMELT, F—GEERNULE
NNTREEFZHNEEMNELTHNE , UELEXRIEREER
ERN—NERE-—EEE-_GEBNVUENNTREEFLNEE
PR TN E , AEMKRFEXERTERN —MNERE-R&K.

\ 100
L_


https://share-analytics.zhihuiya.com/view/943864fc-18ba-4591-99f9-405f16ae37e4
https://worldwide.espacenet.com/patent/search/family/043756346/publication/US2011069246A1?q=US2011069246A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220110069246%22.PGNR.&OS=DN/20110069246&RS=DN/20110069246

