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and a second substrate provided with an active matrix array,
wherein the first substrate is provided with a laminated col-
ored layer with three colors, a laminated colored layer with
two colors and a colored layer with one color in a frame part
surrounding a display area without being provided with a
black matrix, and the second substrate is provided with a
conductive film formed in a region which is opposed to the
laminated colored layer with two colors and the colored layer
with one color, between the display area and the laminated
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ACTIVE MATRIX TYPE LIQUID CRYSTAL
DISPLAY DEVICE AND MANUFACTURING
PROCESS FOR THE SAME

INCORPORATION BY REFERENCE

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2008-
010869, filedon Jan. 21, 2008, and No. 2008-322092, filed on
Dec. 18, 2008, the disclosure of which is incorporated herein
in its entirety by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] The present invention relates to an active matrix
liquid crystal display (LCD) device and a manufacturing pro-
cess for the same and in particular, relates to an active matrix
liquid crystal display device with a light-shielding structure
formed by laminating color layers instead of a black matrix
and a manufacturing process for the same.

[0004] 2. Background Art

[0005] 1Inrecent years, it is strongly required that an active
matrix LCD device with a high display quality can be
obtained at smaller cost.

[0006] In a related LCD device, in order to shield a light
entered from a frame part, a light shielding layer called a
black matrix (BM) is formed on a substrate having a color
filter (color filter substrate). This blackmatrix consists of a
metal such as a chrome (chrome oxide) or a resin or the like.
However, in order to decrease manufacturing costs, a tech-
nology for omitting the black matrix is proposed. For
example, an LCD device which has a light shielding layer on
a frame part surrounding a display area is disclosed in Japa-
nese Patent Application Laid-Open No. 2000-29014 and
Japanese Patent Application Laid-Open No. 2003-14917.
The light shielding layer is formed by laminating colored
layers which consist of at least two colors out of the plural
colors.

[0007] FIG. 5 shows an outside plan view of a panel in a
related common LCD device. FIG. 6 is a cross-sectional view
along the VI-VI line in FIG. 5 and shows a structure of the
LCD device having a black matrix. On the other hand, FIG. 7
shows the structure of a color filter substrate of the related
LCD device where the black matrix is omitted, and FIG. 7 is
also a cross-sectional view along the VI-VI line in FIG. 5.

[0008] AsshowninFIG. 5, the related LCD device includes
a display area 1 where a pixel is formed and a frame part 2
which surrounds the display area 1. As shown in FIG. 6, in
order to hide wirings which are formed on an array substrate
30A and are drawn out from the display area 1, a black matrix
25 is formed on the frame part 2 of a color filter substrate 20A
in which a color filter is formed. In this structure, the frame
part 2 around the display area 1 is shielded from a light by the
blackmatrix 25. Therefore, even though an electric field is
applied between the wirings, deterioration of the display
quality in the frame part 2 because of the light transmitted
through this part does not arise.

[0009] On the other hand, as shown in FIG. 7, a color filter
substrate 20B is not provided with a black matrix, but a light
shielding structure is formed by laminating two or more col-
oredlayers. That is, the frame part 2 is shielded from a light by
laminated structure composed of the same colored layers as
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those of the display area 1 (for example, red (R) colored layer
21, green (G) colored layer 22, and blue (B) colored layer 23).

SUMMARY

[0010] An exemplary object of the invention is to provide
an active matrix type LCD device in which a frame part is sure
to be shielded from a light by a laminated structure of colored
layers instead of a black matrix and whose development costs
can be reduced.

[0011] An active matrix LCD device according to an exem-
plary aspect of the invention includes a liquid crystal display
panel operating in a normally black mode having a first sub-
strate provided with a color filter and a second substrate
provided with an active matrix array, wherein the first sub-
strate 1s provided with a laminated colored layer with three
colors, a laminated colored layer with two colors and a col-
ored layer with one color ina frame part surrounding a display
area without being provided with a black matrix, and the
second substrate is provided with a conductive film formed in
aregion which is opposed to the laminated colored layer with
two colors and the colored layer with one color, between the
display area and the laminated colored layer with three colors.
[0012] An active matrix LCD device according to another
exemplary aspect of the invention includes a liquid crystal
display panel operating in a normally black mode having a
first substrate provided with a color filter and a second sub-
strate provided with an active matrix array, wherein the first
substrate is provided with a laminated colored layer with
three colors, a laminated colored layer with two colors, and a
colored layer with one color in a frame part surrounding a
display area without being provided with a black matrix, and
the second substrate is provided with a conductive film
formed in a region which is opposed to a boundary part
between the display area and the colored layer with one color,
and a boundary part between the laminated colored layer with
three colors and the laminated colored layer with two colors.
[0013] A manufacturing process of an active matrix LCD
device according to an exemplary aspect of the invention
includes the steps of forming a color filter substrate by means
of forming a first colored layer using a lithography process
with an exposure mask, forming a second color layer using a
lithography process with a mask having a same pattern as the
exposure mask, and forming a third colored layer using a
lithography process with a mask having a same pattern as the
exposure mask, forming a conductive film in a region on an
array substrate which is opposed to a colored layer with one
color and a laminated colored layer with two colors which are
located in an outer circumference of a display area on the
color filter substrate, sticking the color filter substrate on the
array substrate, and sealing a liquid crystal inserted therebe-
tween.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Exemplary features and advantages of the present
invention will become apparent from the following detailed
description when taken with the accompanying drawings in
which:

[0015] FIG. 1is a cross-sectional view showing a structure
near a frame part of an active matrix type LCD device ofa first
example of the present invention;

[0016] FIG. 21is a cross-sectional view showing a structure
near a frame part of an active matrix type LCD device of a
second example of the present invention;
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[0017] FIG. 3 is a plan view showing the structure near a
frame part of the active matrix type LCD device of the second
example of the present invention;

[0018] FIG. 4 is a cross-sectional view showing a structure
near a frame part of an active matrix type LCD device of a
third example of the present invention;

[0019] FIG.5isaplan view showing a structure of a related
liquid crystal display panel;

[0020] FIG. 6 is a cross-sectional view showing a structure
near a frame part of a related active matrix type LCD device
having a black matrix; and

[0021] FIG. 7 is a cross-sectional view showing a structure
near a frame part of a color filter substrate of a related active
matrix type LCD device where a black matrix is omitted.

EXEMPLARY EMBODIMENT

[0022] Exemplary embodiments of the present invention
will now be described in detail in accordance with the accom-
panying drawings.

A FIRST EXAMPLE

[0023] An active matrix type liquid crystal display (LCD)
device according to a first example of the present invention is
provided with a liquid crystal layer which operates by a
normally black mode, and has a structure of a frame part
which includes colored layers. The colored layers in the
frame part consist of at least two colors among three colors of
R, G, and B which are formed by shift exposure using a same
mask. A transparent electrode is arranged covering a region
on an array substrate which is opposed to a colored layer part
where a colored layer consisting of only one color or two
kinds of color is formed in a region between a display area and
a colored layer consisting of three kinds of color.

[0024] According to such structure, an electric field is not
applied to aliquid crystal in the colored layer part in the frame
part consisting of one color or two kinds of color, so normally
black mode of an LCD panel is maintained. Therefore, the
light transmitted through this region hardly arises, and good
display quality can be secured. Even though a light enters this
region from outside, since reflection of light hardly arises in
this region, display quality can be kept excellent.

[0025] Common electrode potential is desirably applied to
the transparent electrode or an opaque electrode formed in
this region. Thereby, since the liquid crystal of this region is
further stabilized, light leakage is further suppressed and the
display quality of the frame part can be kept more excellent.
[0026] Next, the first example of the present invention is
described in detail using a drawing. FIG. 1 is a cross-sectional
view showing schematically a structure near the frame part of
the active matrix type LCD device according to this example.
[0027] Asshown in FIG. 1, an LCD device 10 according to
this example has an array substrate 30, a color filter substrate
20 which is opposed to the array substrate 30, a liquid crystal
layer 50 inserted between the both substrates, and a seal 40
which joins both substrates and seals the liquid crystal layer
50. The array substrate 30 has an array pattern 31 in which
pixels having switching elements such as TFTs (thin film
transistors) are arranged in a matrix shape. A colored layer
corresponding to each color is arranged in a display area 1 of
the color filter substrate 20 opposed to each pixel of the array
substrate 30. One or more color layers are formed in the frame
part 2 around the display area 1, and an overcoat layer 24 is
formed so that these color layers can be covered. Polarizing
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plates 26 and 34 are arranged on the face ofthe array substrate
30 and the color filter substrate 20 on the opposite side of the
liquid crystal layer 50, respectively.

[0028] Here, in this example, each colored layer is formed
by exposure process using a common mask for each color of
R, G, and B. That s, for example, the same mask is used for
forming the colored layer of R and B respectively as is used
for forming the colored layer of G. The mask consists of a
pattern for a colored layer in the display area and a pattern for
a colored layer in the frame part. In this case, in the display
area 1, an exposure process is performed by means of shifting
the mask by one pixel size for every colored layer. At that
time, since each colored layer pattern corresponding to the
frame part 2 is also formed by means of shifting the same
mask, each colored layer pattern of R, G, and B in the frame
part 2 is not uniform at its edge and is formed shifted by one
pixel. As a result, as shown in FIG. 1, a main region except
both edge regions in the frame part 2 consists of two or more
colored layers (in this example, three colored layers 21-23 for
three colors of RGB). This part has a high light shield effect,
and this region becomes an achromatic color, therefore this
part functions as a substitution of a black matrix perfectly. On
the other hand, in the both edge regions of the frame part 2, the
region which consists of a colored layer with only one color or
overlapping colored layers with different two colors respec-
tively is formed. That is, in the frame part 2, the colored layers
which consist of two layers with two colors respectively (for
example, R and G, or G and B) is formed so that the main
region where the colored layers consist of three layers with
three colors may be surrounded therewith, and the colored
layer which consists of one layer with only one color of R or
B is formed so that the colored layers with two colors may be
surrounded therewith.

[0029] Generally, the laminated part of the colored layer
with one color or two colors does not have light shield effect
enough. Therefore, when an electric field arises in the array
substrate 30 side, the liquid crystal moves in the region and
the view of the motion can be visually recognized through the
colored layer with one color ortwo colors. As a result, display
quality is made lower.

[0030] However, in this example, in the region between the
colored layer with three colors in the frame part 2 and the
display area 1, atransparent electrode 32 is arranged covering
the region on the array substrate 30 which is opposed to the
colored layer with one color or two colors. Thereby, the
electric field in peripheral regions can be prevented from
entering into this region, and the normally black state of the
liquid crystal is maintained because the polarizing plates 26
and 34 are formed also in the region corresponding to the
transparent electrode 32. Therefore, also in the part where the
colored layer with only one color or two colors is formed, the
light transmitted through this region hardly arises and degra-
dation of display quality can be prevented. Therefore, accord-
ing to the LCD device of this example, a manufacturing cost
can be reduced by using a common mask for RGB, and
display quality can be kept excellent because the frame part is
sure to be shielded from light.

[0031] Ifneeded, this transparent electrode 32 may be elec-
trically connected to a common electrode wiring on an LCD
panel, and potential of the transparent electrode 32 may be
made equal to that of the common electrode. Thereby, since
the liquid crystal layer can be further stabilized, the light
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transmitted through the region in which the colored layer with
only one color or two colors is formed can be prevented more
certainly.

[0032] Next, a manufacturing process of the LCD device of
the above-mentioned structure is described. First, a manufac-
turing process of the color filter substrate 20 is described.
[0033] Firstly, after applying the resist used as the colored
layer of G, the G colored layer 22 is formed by performing
exposure using the mask with a colored layer pattern of G for
the display area 1 and a frame part pattern, and by developing
and baking.

[0034] Next, the R colored layer 21 is formed by exposing
the resist used as the colored layer of R with the same mask
shifted leftward in FIG. 1 by one pixel, and by developing and
baking.

[0035] The B colored layer 23 is formed by exposing the
resist used as the colored layer of B with the same mask
shifted rightward in FIG. 1 by one pixel, and by developing
and baking. In this specification, each pixel for the R, G, or B
is called one pixel.

[0036] The same mask is used in this example as mentioned
above. However, in the case of forming a marker part, only
when the resist for the G colored layers 22 as the first layer is
exposed, the resist thereof is also exposed using the pattern
for the marker. In the case of exposing second layer and third
layer, the colored layer of the second layer and the third layer
in the marker part is removed by shielding the part near the
marker. By this process, in the display area 1 and near the edge
of the frame part 2, the colored layer for RGB is formed
shifted by one pixel size. On the other hand, in the marker part
near surrounding area, only the marker of the first layer is
formed and it has a completely different pattern. By adopting
this structure, each colored layer for RGB can be formed with
the same mask; and manufacturing costs can be reduced.
[0037] The thickness of each colored layer is determined so
that a chromaticity range will be 40% on the condition of
displaying. More specifically, the thickness of the R colored
layer, the G colored layer, and the B colored layer is set at
about 1.0 um, respectively. When these three colored layers
are piled up, transmission factor thereof is about 1% or less
and the light shield effect is sufficient for a substitution of a
black matrix.

[0038] Next, a transparent acrylic resin used as an overcoat
layer is applied on this colored layer and is baked. Columnar
spacers (not shown in FIG. 1) consisting of acrylic resin are
formed on the overcoat layer. As a consequence of the above,
the color filter substrate 20 is formed.

[0039] Inthis example, although the colored layers of three
colors are laminated in order of G, R, and B respectively, the
laminating order thereof can be changed. The columnar spac-
ers may be formed in the array substrate 30 side. Spherical
spacers may be applied instead of the columnar spacers.
[0040] Next, a manufacturing process of the array substrate
30 is explained. The manufacturing process of the array sub-
strate 30 is the same as that of a conventional active matrix
type array substrate using a-Si TFT as a switching element.
For example, the array substrate 30 can be manufactured by
the following processes.

[0041] First, a first metal layer (such as opaque metal) used
as a scanning wiring and a common wiring is processed into
apredetermined pattern. After a gate insulating film and a thin
film semiconductor layer are formed, this thin film semicon-
ductor layer is processed into an island-shaped part which is
used as a switching element.
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[0042] Next, a second metal layer used as a video signal
wiring is processed into a predetermined pattern, and the
contact layer in the island-shaped semiconductor layer is
etched by using the wiring pattern.

[0043] After forming an insulating layer serving as a pas-
sivation layer, a through-hole for contact is formed. Next, a
comb-tooth electrode which consists of a pixel electrode and
a common electrode is formed by using an ITO (indium tin
oxide) as a transparent conductive film. This pixel electrode is
connected to a drain electrode of the TFT formed by the
second metal layer, and the common electrode is connected to
the common electrode wiring formed by the first metal layer.
[0044] Here, the region in the array substrate 30 which is
opposed to the part of the colored layer with one color and the
laminated part of colored layers with two colors in the frame
part 2 of the color filter substrate 20 is formed so that it may
be covered by the ITO layer. If needed, the transparent elec-
trode 32 formed by this ITO layeris connected to the common
electrode wiring which consists of the first metal layer via a
through-hole. Although the structure is shown in FIG. 1
where the transparent electrode 32 is formed so that it may be
projected from the above-mentioned region, it is not limited
to this structure and it is effective that the transparent elec-
trode 32 may just cover the colored layer region with one
color and the laminating region of the colored layers with two
colors at least.

[0045] An alignment film is formed on the color filter sub-
strate 20 and the array substrate 30 and rubbing treatment is
performed in a predetermined direction. Then, the color filter
substrate 20 and the array substrate 30 are stuck, and the
liquid crystal is inserted in and sealed. The liquid crystal is
homogeneously aligned, and polarizing plates are arranged
with cross-Nicol relationship so that a normally black mode is
obtained. In this example, an IPS (In-Plain Switching) mode
LCD device is used which is driven by an electric field par-
allel to the substrate applied between the pixel electrode and
the commeon electrode.

[0046] The LCD device according to the present invention
is obtained by sticking polarizing plates on both sides and
finally, connecting a predetermined circuit to this liquid crys-
tal panel.

[0047] Thus, in the region on array substrate 30 which is
opposed to the colored layer part with one color and the
laminated part of the colored layers with two colors, the
transparent electrode 32 is arranged so that this region can be
covered. The potential on this transparent electrode 32 is fixed
to common electrode potential if needed. Therefore, an elec-
tric field is not applied to the liquid crystal of this region. As
a consequence, even though the mask used for forming each
colored layer of RGB is shared, a normally black mode can be
maintained. Therefore, the light transmitted through the
frame part 2 hardly arises and the frame part 2 can be surely
shielded from light.

[0048] Even though an opaque metallic layer is arranged
instead of the transparent electrode 32, a normally black
mode can be maintained because an electric field is not
applied to the liquid crystal in the frame part 2. However,
when an outside light enters through the color filter substrate
20, the light transmitted through the polarizing plate 26 in the
color filter substrate 20 passes through the liquid crystal layer
50 in a polarization condition almost as it is, and is reflected
with this opaque metal layer. Because this reflected light
passes through the liquid crystal layer 50 with the polariza-
tion condition maintained and emits from the polarizing plate
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in the color filter substrate 20, a specific colored reflected
light can be seen and the image quality is remarkably dam-
aged. Therefore, in the LCD device of this example, it is
desirable to arrange a layer consisting of the material with a
low reflectance to visible light (for example, a transparent
conductive film, such as an [TO).

[0049] The colored layer part with one color and the lami-
nated part of the colored layers with two colors are formed in
the shifted direction of the mask. And, in the direction which
intersects perpendicularly with the shifted direction of the
mask, the frame part 2 is provided only with the laminated
colored layer with three kinds of colors. Therefore, the trans-
parent electrode 32 needs not necessarily arranging to its
direction. When the mask is slantingly shifted to the edge of
the array substrate 30, the colored layer part with one color
and the laminated colored layer with two colors are formed in
the perimeter of the frame part 2, therefore, in this case, the
transparent electrode 32 can be arranged in the perimeter of
the frame part 2.

A SECOND EXAMPLE

[0050] An active matrix type liquid crystal display device
according to a second example of the present invention is
provided with a liquid crystal layer which operates by a
normally black mode, and has a frame part including colored
layers with at least two colors among three colors of R, G, and
B which are formed by shifted exposure process with a same
mask. In a region of an array substrate which is opposed to a
boundary part between a colored layer part with one color or
a laminated colored layer with two colors in a frame part and
adisplay area, and a boundary part between the colored layer
part with one color or the laminated colored layer with two
colors in the frame part and a laminated colored layer with
three colors in the frame part, a transparent electrode or
opaque electrode which covers this boundary part at least is
arranged.

[0051] Next, the second example of the present invention is
described in detail using a drawing. FIG. 2 is a cross-sectional
view showing schematically a structure near the frame part of
the active matrix LCD device according to this example, and
FIG. 3 is a plan view looked from an upper part near the frame
part.

[0052] A mainregion except both edge regions in the frame
part 2 is provided with a three-layer laminated structure con-
sisting of three colored layer with each layer having respec-
tively one color among three colors of RGB, as well as the
active matrix type LCD device according to the first example.
This region functions as a substitution of a black matrix
perfectly because transmission factor thereof is very small.
On the other hand, a colored layer part with one color or
overlapping colored layers with two colors are formed in the
both edge regions of the frame part 2.

[0053] Generally, the colored layer part with one color or
the laminated colored layer with two colors does not have
light shield effect enough. Therefore, when an electric field
arises in the array substrate 30 side, the liquid crystal moves
in the region and the view of the motion can be visually
recognized through the colored layer with one color or two
colors. As a result, display quality is made lower.

[0054] However, in this example, as shown in FIG. 2 and
FIG. 3, a transparent electrode 32 is formed in a surrounding
region of the colored layer part with one color, or the lami-
nated colored layer with two colors. More specifically, a
transparent electrode 32 is arranged in a region on the array
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substrate which is opposed to a boundary part in the frame
partbetween a display area 1 and a colored layer part with one
color or a laminated colored layer with two colors, and a
boundary part in the frame part between a laminated colored
layer with three colors and the colored layer part with one
color or the laminated colored layer with two colors. The
transparent electrode 32 can be arranged if needed also in a
region which is opposed to a wiring (for example, a scanning
wiring or a video signal wiring) with different potential from
common electric potential. If needed, this transparent elec-
trode 32 may be connected to the common electrode wiring,
and the potential thereof may be fixed to the common elec-
trode potential. The width of transparent electrode 32 is not
limited in particular, and it should have width which covers at
least the boundary part (and if required the above-mentioned
wiring part).

[0055] By adopting the structure, an electric field is not
applied to the liquid crystal in the region surrounded with the
transparent electrode 32. Because polarizing plates 26 and 34
are formed also in the region corresponding to the transparent
electrode 32, a normally black mode is maintained. There-
fore, even though a mask for forming each colored layer of
RGB is shared, a light cannot be transmitted through this
region and the frame part 2 can be surely shielded.

[0056] Inthe first example, when the opaque metal layer is
arranged instead of the transparent electrode, the outside light
which enters through the color filter substrate 20 is reflected
by this metal layer. As a result, the image quality is damaged.
[0057] In this example, in contrast to it, the area of the
electrode in the frame part is small enough compared with
that of the first example. Therefore, reflection of the outside
light in this region hardly arises. Therefore, in this example,
instead of the transparent electrode 32, an opaque electrode
33 can be used. The opaque electrode 33, for example, con-
sists of the first metal layer used as a scanning line and
common wiring, or the second metal layer used as a video
signal wiring.

[0058] In this example, in the direction which intersects
perpendicularly with the shifted direction of the mask, the
frame part 2 is provided only with the laminated colored layer
with three kinds of colors. Therefore, the transparent elec-
trode 32 or the opaque electrode 33 needs not necessarily
arranging to its direction. When the mask is slantingly shifted
to the edge of the array substrate 30, the transparent electrode
32 or the opaque electrode 33 can be arranged in the perimeter
of the frame part 2.

A THIRD EXAMPLE

[0059] Next, an active matrix LCD device concerning
according to a third example of the present invention is
explained with reference to FIG. 4. FIG. 4 is a cross-sectional
view showing schematically a structure near a frame part of
an active matrix LCD device of this example.

[0060] As shown in FIG. 4, an LCD device 10 according to
this example has an array substrate 30, a color filter substrate
20 which is opposed to the array substrate 30, a liquid crystal
layer 50 inserted between the both substrates, and a seal 40
which joins both substrates and seals the liquid crystal layer
50 as well as the first example. The colored layer with each
color which is opposed to each pixel of the array substrate 30
is arranged in a display area 1 in the color filter substrate 20.
A color layer part with one layer or a laminated part with a
plurality of color layers is formed in a frame part 2 surround-
ing the display area 1, and an overcoat layer 24 is formed so
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that these color layer parts may be covered. Polarizing plates
26 and 34 are arranged on the face of the array substrate 30
and the color filter substrate 20 on the opposite side of the
liquid crystal layer 50, respectively.

[0061] Here, in this example, in forming the colored layer
with each color, one mask for exposure process is shared to
form the colored layers with two colors among the three
colors of R, G, and B, and an another mask for exposure
process is used to form the colored layer with the remaining
one color. That s, in this example, one mask is used to expose
the colored layer of G first, and the other mask is used to
expose to the colored layer with the remaining colors of R and
B.

[0062] Also inthis example, a main region except both edge
regions in the frame part 2 has laminated colored layer with
three colors of RGB. This region functions as a substitution of
ablack matrix perfectly, because the light transmission factor
in this region is very small.

[0063] On the other hand, as shown in FIG. 4, between the
main region and the display area 1, the laminated colored
layer with two colors of R and G is formed. The laminated
colored layer with two colors of G and B and the colored layer
with only one color of B are formed in the outer circumfer-
ence area of the main region.

[0064] Generally, the laminated part of the colored layer
with one color or two colors does not have light shield effect
enough. Therefore, when an electric field arises in the array
substrate 30 side, the liquid crystal moves in the region and
the view of the motion can be visually recognized through the
colored layer with one color ortwo colors. Asa result, display
quality is made lower.

[0065] However, in this example, in the region between the
display area 1 and the laminated colored layer with three
colors in frame part 2, a transparent electrode 32 is arranged
covering the region on the array substrate 30 which is opposed
to the laminated colored layer with two colors. Thereby, the
electric field in peripheral regions can be prevented from
entering into this region, and the normally black state of the
liquid crystal is maintained because the polarizing plates 26
and 34 are formed also in the region corresponding to the
transparent electrode 32. Therefore, also in the region where
the colored layer with only one color or two colors is formed,
the light transmitted through this region hardly arises and
degradation of display quality can be prevented.

[0066] As mentioned above, according to this example, a
manufacturing cost can be reduced by using a common mask
for RGB, and display quality can be kept excellent because
the frame part is sure to be shielded from light.

[0067] Ifneeded, the transparent electrode 32 is electrically
connected to the common electrode wiring on the LCD panel,
and the potential thereof can be equal to the common elec-
trode potential. Thereby, since the liquid crystal of this region
is further stabilized, the light transmitted through the colored
layer with one color or the colored layer with two colors is
sure to be further suppressed.

[0068] Next, a manufacturing process of the LCD device
according to this example is explained. First, amanufacturing
process of the color filter substrate 20 is described.

[0069] After applying the resist used as the colored layer of
G firstly, the G colored layer 22 is formed by exposing with
the mask which contains a colored layer pattern of G in the
display area 1 and a frame part pattern, and by developing and
baking. Next, a resistused as the colored layer of R is exposed
with a different mask from that used for the colored layer of
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G, and by developing and baking, the R colored layer 21 is
formed. The resist used as the colored layer of B is exposed
with the same mask used in forming the R colored layer 21
shifted rightward of FIG. 4 by two pixels, and by developing
and baking, the B colored layer 23 is formed.

[0070] Here, a marker is formed in a mask for exposing the
G colored layer, and a marker is not formed in a mask for the
R colored layer and the B colored layer.

[0071] By theabove-mentioned process, each colored layer
of RGB has the structure shifted by pixel size in the display
area 1, and, on the other hand, a completely different pattern
is formed in a surrounding marker region. By adopting this
structure, the R colored layer and the B colored layer can be
formed with the same mask, therefore, manufacturing costs
can be reduced.

[0072] The thickness of each colored layer is determined so
that a chromaticity range will be 40% on the condition of
displaying. More specifically, the thickness of the R colored
layer, the G colored layer, and the B colored layer is set at
about 1.0 um, respectively. When these three colored layers
are piled up, transmission factor thereof is about 1% or less
and the light shield effect is sufficient for a substitution of a
black matrix.

[0073] Next, a transparent acrylic resin used as an overcoat
layer is applied on this colored layer and is baked. Columnar
spacers consisting of acrylic resin are formed. As a conse-
quence of the above, the color filter substrate 20 is formed.

[0074] Inthis example, although the colored layers of three
colors are laminated in order of G, R, and B respectively, the
laminating order thereof can be changed. The columnar spac-
ers may be formedinthe array substrate 30 side, and spherical
spacers may be formed by a coating process instead of the
columnar spacers.

[0075] Thearray substrate 30 is formed as well as that of the
first example. An alignment film is formed on the color filter
substrate 20 and the array substrate 30, respectively, and
rubbing treatment is performed to each alignment film in the
predetermined direction. Then, the color filter substrate 20
and the array substrate 30 are stuck, and a liquid crystal is
inserted in and sealed. The LCD device according to this
example is obtained by sticking polarizing plates on both
sides and finally, connecting a predetermined circuit to this
liquid crystal panel.

[0076] Thus, the transparent electrode 32 is arranged in the
region on the array substrate 30 which is opposed to the
laminated colored layer with two colors so that the whole
surface of this region can be covered. Because this transparent
electrode 32 is fixed to common electrode potential if needed,
an electric field is not applied to the liquid crystal. As a
consequence, even though some masks used for forming each
colored layer of RGB are shared, a normally black mode can
be maintained. Therefore, the light transmitted through the
frame part 2 hardly arises and the frame part 2 can be surely
shielded from light.

[0077] Inthe first example, when the opaque metal layer is
arranged instead of the transparent electrode, the outside light
which enters through the color filter substrate 20 is reflected
by this metal layer. As a result, the display quality is damaged.
[0078] Incontrast to it, according to this example, since the
laminated colored layer with two colors are formed in this
region, even though an outside light enters into this region, it
is shielded by the laminated colored layer with two colors.
Becausereflected light hardly arises, there are no problems on
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display quality. Therefore, according to this example, both
the transparent electrode 32 and the opaque electrode 33 can
be used.

[0079] In this example, in the direction which intersects
perpendicularly with the shifted direction of the mask, the
frame part 2 is also provided only with the laminated colored
layer with three kinds of colors. Therefore, the transparent
electrode 32 or the opaque electrode 33 needs not necessarily
arranging to its direction. When the mask is slantingly shifted
to the edge of the array substrate 30, the transparent electrode
32 orthe opaque electrode 33 canbe arranged in the perimeter
of the frame part 2.

[0080] In this example, as well as the first example, the
transparent electrode 32 is arranged so that the whole surface
of the region can be covered. However, the transparent elec-
trode in the boundary region of the laminated colored layer
according to the second example can be used with the color
filter substrate 20 according to this example. That is, the
transparent electrode 32 can be arranged in the region which
is opposed to the boundary region between the laminated
colored layer with two colors and the display area 1, or the
laminated colored layer with three colors, and if needed, in
the region which is opposed to a wiring region with potential
different from common electric potential.

[0081] In above-mentioned examples, the colored layer
pattern with three colors of RGB is described. However,
colored layer pattern consisting of four or more colors can be
used, and the trichromatic colored layer pattern consisting of
colors other than RGB can be used similarly.

[0082] As disclosed in Japanese Patent Application Laid-
Open No. 2000-29014 and Japanese Patent Application Laid-
Open No. 2003-14917 which were described in the back-
ground art, the technology of forming a light-shielding
structure by laminating a plurality of colored layers which
constitute a color filter withoutusing a black matrix layeris an
effective process for cost reduction. However, in such related
arts, because it is necessary to prepare a separate mask for
each colored layer of RGB in order to form a satisfactory
light-shielding structure in the frame part, there is a problem
prevented from reducing manufacturing costs.

[0083] That is, in the related LCD device, a pattern of a
display color is formed in an opening area of each pixel to
control color of the display area 1. When forming each of
these colored layer patterns by exposing and developing a
photosensitive resist, a mask for exposure is needed. To form
all the frame parts by piling up the colored layers with three
colors, it is necessary to prepare the masks which consist of a
display area pattern and a frame pattern corresponding to
each colored layer of R, G, and B, respectively. That is,
because the mask patterns for each colored layer of R, G, and
B are different each other, three kinds of masks are needed.
[0084] Thus, in the related LCD device, because a mask
which has a different pattern corresponding to each colored
layer of R, G, and B, respectively must be used when a frame
part is formed by piling up the colored layers of three colors,
there is a problem of causing increase of development costs.
[0085] An exemplary advantage according to the present
invention is that in the active matrix LCD device with the
normally black mode without a black matrix layer, the frame
part can be surely shielded from light, and the mask used in
forming each colored layer of RGB can be shared.

[0086] While the invention has been particularly shown and
described with reference to exemplary embodiments thereof,
the invention is not limited to these embodiments. It will be

Jul. 23, 2009

understood by those of ordinary skill in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the present invention as
defined by the claims.

[0087] Further, it is the inventor’s intention to retain all
equivalents of the claimed invention even if the claims are
amended during prosecution.

What is claimed is:

1. An active matrix liquid crystal display device compris-
ing:

aliquid crystal display panel operating in a normally black

mode including a first substrate provided with a color
filter and a second substrate provided with an active
matrix array,

wherein said first substrate is provided with a laminated

colored layer with three colors, a laminated colored
layer with two colors and a colored layer with one color
in a frame part surrounding a display area without being
provided with a black matrix, and said second substrate
is provided with a conductive film formed in a region
which is opposed to said laminated colored layer with
two colors and said colored layer with one color,
between said display area and said laminated colored
layer with three colors.

2. An active matrix liquid crystal display device compris-
ing:

aliquid crystal display panel operating in a normally black

mode including a first substrate provided with a color
filter and a second substrate provided with an active
matrix array,

wherein said first substrate is provided with a laminated

colored layer with three colors, a laminated colored
layer with two colors, and a colored layer with one color
in a frame part surrounding a display area without being
provided with a black matrix, and said second substrate
is provided with a conductive film formed in a region
which is opposed to a boundary part between said dis-
play area and said colored layer with one color, and a
boundary part between said laminated colored layer
with three colors and said laminated colored layer with
two colors.

3. The active matrix liquid crystal display device according
to claim 1, wherein a colored layer with each of three colors
provided for said display area is formed by shifting a same
mask for exposure in a predetermined direction.

4. The active matrix liquid crystal display device according
to claim 2, wherein a colored layer with each of three colors
provided for said display area is formed by shifting a same
mask for exposure in a predetermined direction.

5. An active matrix liquid crystal display device compris-
ing:

aliquid crystal display panel operating in a normally black

mode including a first substrate provided with a color
filter and a second substrate provided with an active
matrix array,

wherein said first substrate is provided with a laminated

colored layer with three colors, and a laminated colored
layer with two colors in a frame part surrounding a
display area without being provided with a black matrix,
and said second substrate 1s provided with a conductive
film formed in a region which is opposed to said lami-
nated colored layer with two colors, between said dis-
play area and said laminated colored layer with three
colors.



US 2009/0185115 Al

6. An active matrix liquid crystal display device compris-
ing:
aliquid crystal display panel operating in a normally black
mode including a first substrate provided with a color
filter and a second substrate provided with an active
matrix array,

wherein said first substrate is provided with a laminated
colored layer with three colors and a laminated colored
layer with two colors in a frame part surrounding a
display area without being provided with a black matrix,
and said second substrate is provided with a conducting
film formed in a region which is opposed to a boundary
part between said display area and said laminated col-
ored layer with two colors, and a boundary part between
said laminated colored layer with three colors and said
laminated colored layer with two colors.

7. The active matrix liquid crystal display device according
to claim 1, wherein said conductive film is fixed to a common
potential.

8. The active matrix liquid crystal display device according
to claim 2, wherein said conductive film is fixed to a common
potential.

9. The active matrix liquid crystal display device according
to claim 2, wherein said conductive film is fixed to a common
potential and is also formed on a wiring with an electric
potential different from said common potential in said second
substrate.
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10. An active matrix liquid crystal display device, compris-
ing:

a first substrate provided with a color filter and a second
substrate provided with an active matrix array,

wherein said first substrate is provided with a laminated
colored layer with three colors, a laminate colored layer
with two colors, and a colored layer with one color ina
frame part surrounding a display area without being
provided with a black matrix, and each plane shape of
said colored layers with each of three colors is the same.

11. A manufacturing process of an active matrix liquid

crystal display device, comprising:

forming a color filter substrate by means of forming a first
colored layer using a lithography process with an expo-
sure mask, forming a second color layer using a lithog-
raphy process with a mask having a same pattern as said
exposure mask, and forming a third colored layer using
alithography process with a mask having a same pattern
as said exposure mask;

forming a conductive film in a region on an array substrate
which is opposed to a colored layer with one color and a
laminated colored layer with two colors which are
located in an outer circumference of a display area on
said color filter substrate;

sticking said color filter substrate on said array substrate;
and

sealing a liquid crystal inserted therebetween.
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