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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR MANUFACTURING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of U.S.
patent application Ser. No. 13/739,477 filed on Jan. 11,
2013, which claims priority of Japanese Patent Application
J1P2012-008974 filed on Jan. 19, 2012. The entire disclosures
of each of these applications are hereby incorporated herein
by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a wall electrode
type liquid crystal display device, and particularly, to a
liquid crystal display device that optimizes a planar distri-
bution of a wall structure and an electrode.

[0004] 2. Description of the Related Art

[0005] The liquid crystal display device has characteristics
such as high display quality, thin and lightweight, and low
power consumption, and thus is widely used from a small
portable terminal to a large screen television.

[0006] However, in the liquid crystal display device, a
main problem is a viewing angle characteristic. Therefore, in
order to achieve a wide viewing angle, an IPS (In-Plane
Switching) liquid crystal display device is suggested. In the
IPS mode, in a liquid crystal layer which is homogeneously
aligned, an intensity of a backlight is controlled by applying
an electric field which is parallel to a substrate to rotate a
liquid crystal director in a plane of the liquid crystal layer,
thereby displaying an image.

[0007] Japanese Patent Application Laid-Open Publica-
tion No. Hei6(1994)-214244 discloses a liquid crystal dis-
play device that includes pixels formed in mxn matrix,
active elements in the pixels, a driving unit that applies a
predetermined voltage waveform, and a pair of electrodes
that constantly maintains an interval between upper and
lower electrodes in the pixel and has a predetermined
structure in which an electric field which is parallel to a
substrate plane is applied between the pair of electrodes to
control the alignment state of the liquid crystal molecules
and modulate the light (see Abstract).

[0008] Japanese Patent Application Laid-Open Publica-
tion No. Hei9(1997)-211477 discloses a traverse electric
field driving liquid crystal electro-optical device that has a
pair of substrates at least one of which is transparent and a
liquid crystal layer disposed between the pair of substrates,
wherein a pixel electrode that may form an electric field
having a main component in a direction parallel to the
substrate plane and a common electrode are provided on any
one of the pair of substrates, the pixel electrode and the
common electrode are provided on a wall having a prede-
termined height, and the wall is formed of an auxiliary
capacitive electrode and an insulator that covers the auxil-
iary capacitive electrode (see Abstract).

SUMMARY OF THE INVENTION

[0009] A wall electrode mode IPS that applies an ideal
traverse electric field in a liquid crystal layer to achieve a
transmittance which exceeds that of a current IPS mode has
been reviewed. A height of the wall structure of the wall
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electrode IPS is equal to a thickness of the liquid crystal
layer, for example, approximately 4 pm. During the manu-
facturing process thereof, a photo process of a transparent
electrode (ITO electrode) becomes an issue. If slits which
become a border of two transparent electrodes are distrib-
uted on both a top of the wall structure and a flat portion,
when collectively processing the slits, a thickness of the
resist or a focusing method of a stepper is varied on the top
of the wall structure and the flat portion. Therefore, the top
of the wall structure may be overetched and the flat portion
may be underetched. To counter this, for example, it is
considered that a width of the slit on a mask becomes
smaller than a completion size on the top of the wall
structure but larger than that on the flat portion. However, if
the slit climbs over the wall structure, it is an object how to
determine a width of the slit near a climb-over portion. In
contrast, even though a mask is perfectly drawn to and near
the climb-over portion, if the wall structure and the electrode
are aligned, the effect may not be obtained. Therefore, the
wall electrode mode IPS has an object to optimize the planar
distribution of the wall structure and the electrode.

[0010] Japanese Patent Application Laid-Open Publica-
tion No. Hei6(1994)-214244 and Japanese Patent Applica-
tion Laid-Open Publication No. Hei9(1997)-211477 dis-
close a liquid crystal display device having an electrode
which is independently controlled on both wall surfaces of
the wall structure, but do not mention the optimization of the
planar distribution of the wall structure and the electrode.
[0011] An object of the present invention is to optimize the
planar distribution of the wall structure and the electrode in
the wall electrode mode IPS and improve a yield.

[0012] In order to address the above-mentioned problem,
for example, configurations described in the appended
claims are adopted.

[0013] An example of the liquid crystal display device
according to the present invention includes a plurality of
pixels arranged in a matrix, each of the pixels having an
insulator wall structure formed at a border of pixels, a wall
electrode formed on a side of the wall structure at the border
of the pixels, a source electrode which is continuous with the
wall electrode and formed of a planar electrode extending in
a planar direction from a position where the wall electrode
is in contact with a substrate, a first common electrode
provided between the source electrodes at both sides of the
pixel and partially superimposed with the planar electrode
with an insulating layer interposed therebetween to form a
retentive capacitance, and a second common electrode pro-
vided between wall electrodes on both sides of the pixel. A
slit which becomes a border of the wall electrodes of two
adjacent pixels is selectively disposed on a top of the wall
structure.

[0014] In an example of a method of manufacturing a
liquid crystal display device according to the present inven-
tion, the liquid crystal display device includes a plurality of
pixels arranged in a matrix, each of the pixels having an
insulator wall structure formed at a border of pixels, a wall
electrode formed from a side to the top surface of the wall
structure at the border of the pixels, a source electrode which
is continuous with the wall electrode and formed of a planar
electrode extending in a planar direction from a position
where the wall electrode is in contact with a substrate, a first
common electrode which is provided between the source
electrodes at both sides of the pixel and is partially super-
imposed with the planar electrode with an insulating layer
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interposed therebetween to form a retentive capacitance, and
a second common electrode provided between wall elec-
trodes on both sides of the pixel. The method includes a step
of forming a transparent electrode on the entire surface on a
substrate at a TFT side on the wall structure; a step of
applying a resist on the transparent electrode; a step of
exposing the resist to expose the transparent electrode on the
wall structure using such a mask that disposes a slit which
becomes a border of the wall electrodes of two adjacent
pixels on the top of the wall structure; and a step of removing
the exposed transparent electrode on the wall structure to
form a wall electrode in which the slit which becomes a
border of the wall electrodes of two adjacent pixels is
disposed on the top of the wall structure.

[0015] In another example of a method of manufacturing
a liquid crystal display device according to the present
invention, the liquid crystal display device includes a plu-
rality of pixels arranged in a matrix, each of the pixels
having an insulator wall structure formed at a border of
pixels, a wall electrode formed on a side of the wall structure
at the border of the pixels, a source electrode which is
continuous with the wall electrode and formed of a planar
electrode extending in a planar direction from a position
where the wall electrode is in contact with a substrate, a first
common electrode which is provided between the source
electrodes at both sides of the pixel and is partially super-
imposed with the planar electrode with an insulating layer
interposed therebetween to form a retentive capacitance, and
a second common electrode provided between wall elec-
trodes on both sides of the pixel. The method includes a step
of forming a transparent electrode on the entire surface on a
substrate at a TFT side on the wall structure; a step of
applying a resist on the transparent electrode; a step of
ashing the resist to expose the transparent electrode on the
wall structure; and a step of removing the exposed trans-
parent electrode on the wall structure to form a wall elec-
trode on the sides of the wall structure.

[0016] According to the aspects of the present invention,
a height of a portion where a slit which becomes a border of
transparent electrodes of two adjacent pixels is present is
constantly maintained. Therefore, the processing condition
is uniquely determined and a yield of the wall electrode
mode IPS is improved. Further, it is possible to stably
provide a wall electrode mode IPS having a transmittance
which exceeds that of the current IPS mode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 11is a view illustrating a planar structure of a
pixel of a liquid crystal display device according to a first
embodiment of the present invention;

[0018] FIG. 2 is a view illustrating a sectional structure of
a pixel of the liquid crystal display device according to the
first embodiment of the present invention;

[0019] FIG. 3 is a view illustrating an equipotential sur-
face formed between a common electrode and a source
electrode according to the first embodiment of the present
invention;

[0020] FIG. 4A is a view illustrating a method of pattern-
ing a source electrode on a top of a wall structure;

[0021] FIG. 4B is a view illustrating a method of pattern-
ing the source electrode on the top of the wall structure;
[0022] FIG. 4C is a view illustrating a method of pattern-
ing the source electrode on the top of the wall structure;
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[0023] FIG. 4D is a view illustrating a method of pattern-
ing the source electrode on the top of the wall structure.
[0024] FIG. 4E is a view illustrating a method of pattern-
ing the source electrode on the top of the wall structure;
[0025] FIG. 5 is a view illustrating a planar structure of a
pixel of a liquid crystal display device according to a second
embodiment of the present invention;

[0026] FIG. 6 is a view illustrating a planar structure of a
pixel of a liquid crystal display device according to a third
embodiment of the present invention;

[0027] FIG. 7 is a view illustrating a sectional structure of
a pixel of the liquid crystal display device according to the
third embodiment of the present invention;

[0028] FIG. 8A is a view illustrating patterning by mask
exposure according to the third embodiment of the present
invention;

[0029] FIG. 8B is a view illustrating patterning by mask
exposure according to the third embodiment of the present
invention;

[0030] FIG. 8C is a view illustrating patterning by mask
exposure according to the third embodiment of the present
invention;

[0031] FIG. 8D is a view illustrating patterning by mask
exposure according to the third embodiment of the present
invention;

[0032] FIG. 9 is a view illustrating a planar structure of a
pixel of a liquid crystal display device according to a first
comparative embodiment of the present invention;

[0033] FIG. 10A is a view illustrating a case when a slit is
continuously distributed between a top of a wall structure
and a flat portion;

[0034] FIG. 10B is a view illustrating a case when a slit is
continuously distributed between a top of a wall structure
and a flat portion;

[0035] FIG. 10C is a view illustrating a case when a slit is
continuously distributed between a top of a wall structure
and a flat portion;

[0036] FIG. 10D is a view illustrating a case when a slit is
continuously distributed between a top of a wall structure
and a flat portion;

[0037] FIG. 11A is a view illustrating patterning by mask
exposure according to the first comparative embodiment of
the present invention;

[0038] FIG. 11B is a view illustrating patterning by mask
exposure according to the first comparative embodiment of
the present invention;

[0039] FIG. 11C is a view illustrating patterning by mask
exposure according to the first comparative embodiment of
the present invention;

[0040] FIG. 11D is a view illustrating patterning by mask
exposure according to the first comparative embodiment of
the present invention;

[0041] FIG. 12A is a view illustrating patterning by mask
exposure according to a second comparative embodiment of
the present invention;

[0042] FIG. 12B is a view illustrating patterning by mask
exposure according to the second comparative embodiment
of the present invention;

[0043] FIG. 12C is a view illustrating patterning by mask
exposure according to the second comparative embodiment
of the present invention;

[0044] FIG. 12D is a view illustrating patterning by mask
exposure according to the second comparative embodiment
of the present invention;
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[0045] FIG. 12E is a view illustrating patterning by mask
exposure according to the second comparative embodiment
of the present invention;

[0046] FIG. 12F is a view illustrating patterning by mask
exposure according to the second comparative embodiment
of the present invention;

[0047] FIG. 13Ais a view illustrating patterning by mask
exposure according to the second comparative embodiment
of the present invention;

[0048] FIG. 13B is a view illustrating patterning by mask
exposure according to the second comparative embodiment
of the present invention;

[0049] FIG. 13C is a view illustrating patterning by mask
exposure according to the second comparative embodiment
of the present invention;

[0050] FIG. 13D is a view illustrating patterning by mask
exposure according to the second comparative embodiment
of the present invention; and

[0051] FIG. 14 is a view illustrating an example of an
equivalent circuit of a liquid crystal display device to which
the present invention is applied.

DETAILED DESCRIPTION OF THE
INVENTION

[0052] Hereinafter, embodiments of the present invention
will be described with reference to the drawings. In the
entire drawings that illustrate the embodiments, components
that have the same functions are denoted by the same
reference numerals and the repetitive description thereof
will be omitted.

First Embodiment

[0053] First, in FIG. 14, an example of an equivalent
circuit of a liquid crystal display device to which the present
invention is applied is illustrated. On a substrate 102,
scanning lines 104 and signal lines 103 are arranged in a
matrix and pixels 106 are connected to intersections of the
scanning lines 104 and the signal lines 103 through TFT
(thin film transistor) elements 110. A scanning driving
circuit 108 and a signal driving circuit 107 are connected to
the scanning lines 104 and the signal lines 103, respectively
to apply a voltage to the scanning lines 104 and the signal
lines 103. On the substrate 102, common lines 105 are
disposed so as to be parallel to the signal lines 103. A
common voltage is applied from a common voltage gener-
ating circuit 109 to all pixels. A liquid crystal composition
is encapsulated between the substrate 102 and a substrate
101 so as to entirely configure the liquid crystal display
device.

[0054] FIG. 1 illustrates a planar structure of one pixel
according to a first embodiment of the present invention and
FIG. 2 illustrates a sectional structure of one pixel. In FIG.
1, an entire one pixel and a part of an adjacent pixel are
included. Further, FIG. 2 illustrates a sectional structure
taken along line A-A' of FIG. 1.

[0055] In FIG. 2, on a first substrate 20, a signal wiring
line 15 and a first common electrode 12 are disposed with a
first insulating layer 21 interposed therebetween and a
second insulating layer 22 is formed thereon. An insulator
wall structure 10 is provided at a border of both sides of a
pixel. The wall structure, for example, is formed on an
organic film. In the wall structure 10 disposed at both sides
of the pixel, a wall electrode 111 is formed at a side of the
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wall structure and a flat electrode 112 is formed which is
continuous with the wall electrode and extends in a planar
direction from the position where the wall electrode is in
contact with the substrate. In the embodiment, the wall
electrode 111 and the flat electrode 112 form one source
electrode 11. The first common electrode 12 and the flat
electrode 112 of the source electrode 11 are partially supet-
imposed with a second insulating layer 22 interposed thet-
ebetween and the superimposed portion forms a retentive
capacitance. A third insulating layer 23 is formed above the
source electrode 11 and a second common electrode 13 is
disposed between the wall electrodes 111 of both the source
electrodes 11 provided in the wall structure 10 above the
third insulating layer 23. A first alignment film 24 is formed
so as to cover the second common electrode 13 and the wall
structure 10. Further, a first polarizer 25 is formed at an
opposite side of the first substrate 20. Accordingly, a sub-
strate at a TFT side is formed.

[0056] Further, on a second substrate 30, a black matrix
(BM) 31, a color filter (CF) 32, and a protective film (OC:
over coat) 33 are formed. On the protective film 33, a third
common electrode 14 is disposed between both the source
electrodes 11 provided in the wall structure and a second
alignment film 34 is formed to configure a substrate at a CF
side.

[0057] In addition, the substrate at a TFT side and the
substrate at a CF side are bonded together and a liquid
crystal layer 28 including liquid crystal molecules 29 is
encapsulated between the two substrates. A second polarizer
35 is formed at an opposite side of the second substrate 30.
[0058] In FIG. 1, the wall structure 10 is disposed at both
sides of the pixel in a longitudinal direction as illustrated by
one-dot chain line. A signal wiring line 15 is disposed along
the wall structure 10 and a gate wiring line 16 is disposed so
as to intersect the signal wiring line 15. The source elec-
trodes 11 are disposed on side surfaces of the wall structure
10 and the first common electrode 12, the second common
electrode 13, and the third common electrode 14 are dis-
posed between both the source electrodes., The superim-
posed portion of the first common electrode 12 and the
source electrode 11 are represented with hatched lines. The
superimposed portion of the first common electrode 12 and
the source electrode 11 serves as a retentive capacitance. A
polysilicon layer 17 is disposed on the gate wiring line 16 to
configure a TFT. Reference numeral 19 denotes a first
contact hole and reference numeral 18 denotes a second
contact hole.

[0059] Inthe embodiment, as illustrated in FIG. 2, the wall
structure 10 is distributed below the BM 31 that forms a
border of the pixels and has the source electrodes 11 formed
on both wall surfaces of wall structure 10. The source
electrodes 11 on both wall surfaces are separated by a slit 26
on the top of the wall structure and belong to different pixels,
respectively. As illustrated in F1G. 1, the wall structure 10 is
superimposed with the slit that separates the source elec-
trodes 11 and distributed longer than the slit. As a result, the
slit is disposed only on the top of the wall structure.
[0060] FIG. 3 is a schematic view illustrating an equipo-
tential surface 36 formed between the common electrode
and the source electrode in FIG. 2 with a broken line. The
third common electrode 14 and the second common elec-
trode 13 are disposed so as to face the upper and lower
substrates at the center of the pixel and the first common
electrode 12 is disposed therebelow. As illustrated by a
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broken line in FIG. 3, a part of the equipotential surface 36
is formed so as to enclose the third common electrode 14 and
the second common electrode 13 so that the third common
electrode 14 and the second common electrode 13 show the
same property as that of the wall electrode. The source
electrode 11 is disposed on the top of the wall structure on
both sides of the pixel and a pair of common electrodes 13
and 14 are disposed at the center of the pixel so that an
effective distance between the wall electrodes is half of the
width of the pixel. For example, even when the width of the
pixel is 30 um, it is possible to be driven at the voltage which
is equal to a voltage in the IPS-Pro mode of the related art.
[0061] A planar shape of the pixel is open V-shaped as
illustrated in FIG. 1 and the wall structure 10 is formed so
as to be inclined to the left side on a upper half of the pixel
and inclined to the right side on a lower half of the pixel. A
liquid crystal alignment direction AD is a vertical direction.
When a voltage is applied, a liquid crystal director rotates in
a clockwise direction on the upper half of the pixel and
rotates in a counterclockwise direction on the lower half of
the pixel. Further, in any of the upper half and the lower half
of the pixel, an angle formed by the extending direction of
the wall structure 10 and the liquid crystal alignment direc-
tion AD is 5 degrees. In a multi-domain structure in which
two parts having different liquid crystal alignments are
formed in one pixel, coloring viewing angle dependencies of
individual domains are offset so that non-coloring viewing
angle property may be obtained. A wall surface of the wall
structure 10 has an inclined angle of 85 degrees. Therefore,
in order to perform an alignment processing on the wall
surface having a steep inclined angle, an optical alignment
method is desirable. Here, the liquid crystal director refers to
an average alignment direction of the liquid crystal mol-
ecules in a minute region in the liquid crystal layer.
[0062] Further, as illustrated in FIG. 1, the wall structure
10 has a planar distribution fragmented at an edge of the
pixel. For example, if the liquid crystal layer is formed by a
vacuum encapsulating method, the liquid crystal mainly
flows along the wall structure 10. The liquid crystal may
move to a neighboring wall structure in a fragmented portion
of the wall structure so that it is easy to form the liquid
crystal layer by the vacuum encapsulating method.

[0063] FIG. 4Ais a cross-sectional view of a state when a
resist 41 is applied when the source electrode 11 is patterned
on the top of the wall structure 10. The resist 41 is thinner
than the top of the wall structure and thicker than the flat
portion. The distribution of the thickness of the resist is
caused when the resist flows from the top of the wall
structure between the inter-wall structures after applying the
resist on the wall structure having a height which is equal to
or larger than the thickness of the liquid crystal layer. The
resist may be easily formed by spin coat or printing so that
the resist generally has the flowability.

[0064] The source electrode 11 has a border other than the
slit 26. However, the electrodes of the adjacent pixels are not
adjacent to each other at the border other than the slit so that
an accuracy of a photo process is not strictly required. Since
a fatal failure such as a short circuit from an adjacent
electrode is caused in the slit, the processing of the slit is
specifically important in the photo process of the source
electrode. In the embodiment, the distribution of the slit is
limited on the top of the wall structure. Therefore, if the
processing condition of the slit is optimized in accordance
with the thin resist, the slit may be processed with a high
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vield. Further, the distribution of the slit in the thickness
direction is also limited on the top of the wall structure.
Therefore, even when a stepper having a small focal depth
is used, if the top of the wall structure is focused, the slit may
be processed with a high yield.

Second Embodiment

[0065] A planar structure of one pixel according to a
second embodiment of the present invention is illustrated in
FIG. 5. In the first embodiment, as illustrated in FIG. 1, the
wall structure 10 is fragmented at the edge of the pixel. In
contrast, in the embodiment, the wall structure 10 is con-
tinuous at the edge of the pixel as illustrated in FIG. 5.
Therefore, the wall structure 10 which is distributed in one
pixel is longer than that in the first embodiment. By doing
this, the source electrode 11 may be also formed to be longer
along a longitudinal direction of the pixel. If a transparent
part in the pixel is increased to increase an aperture ratio, it
is possible to obtain a higher transmittance.

[0066] In the embodiment, since the wall structure is
continuous at the edge of the pixel, even though the source
electrode is formed to be longer in the longitudinal direction
of the pixel, the slit is distributed only on the top of the wall
structure. Therefore, the slit may be processed with a high
vield similarly to the first embodiment.

Third Embodiment

[0067] A planar structure of one pixel according to a third
embodiment of the present invention is illustrated in FIG. 6.
A sectional structure of one pixel is illustrated in FIG. 7. As
illustrated in FIG. 6, a width of the wall structure 10 is
smaller than that in FIG. 1 and the border of the source
electrode 11 and the wall structure 10 matches with those
illustrated in FIG. 1. As illustrated in FIG. 7, the source
electrode 11 is distributed only on the wall surface of the
wall structure 10 but is not distributed on the top of the wall
structure 10. As illustrated in FIGS. 6 and 7, the wall
electrode structure may be achieved by forming a slit on the
top of the wall structure by a self-alignment process which
will be described below.

[0068] As illustrated in FIG. 4A, the resist 41 tend to be
thin on the top of the wall structure 10 and thick on the flat
portion. If the resist is ashed by a plasma asher, as illustrated
in FIG. 4B, the resist 41 is uniformly removed from the
surface in proportional to time. The broken line of FIG. 4B
indicates a surface of the resist at the time of being applied.
Therefore, if the resist is removed by an amount which is
slightly larger than the thickness of the top of the wall
structure, as illustrated in FIG. 4C, the electrode 11 on the
top of the wall structure is selectively exposed. In this state,
if an etching process is performed, as illustrated in FIG. 4D,
the electrode on the wall electrode may be selectively
removed. FIG. 4E illustrates a completed state when the
resist 41 is removed from the state of FIG. 4D. Accordingly,
if the distribution of the thickness of the resist applied on the
wall structure is used, the electrode on the wall structure
may be removed by self-alignment.

[0069] A portion other than the top of the wall structure
needs to be patterned by separate mask exposure, which may
be affected by an adjustment accuracy of the wall structure
and the mask. However, if the slit is distributed only on the
top of the wall structure, the short circuit does not occur,
which will be described below. FIGS. 8A to 8D are plan
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views illustrating one wall structure and an electrode which
is superimposed with the wall structure, and a border of the
wall structure is represented by a thick line and the electrode
is represented by hatched lines. FIG. 8A illustrates a state
when the electrode is formed on the entire surface. As
illustrated in FIG. 8B, the electrode on the top of the wall
structure is removed by the above-mentioned self-alignment
process. Next, as illustrated in FIGS. 8C and 8D, an elec-
trode on a portion other than the top of the wall structure is
patterned using the mask exposure. FIG. 8C illustrates a
state when the mask is superimposed in FIG. 8B and the
broken line of FIG. 8C indicates a border of a light shielding
portion of the mask. FIG. 8D illustrates a wall electrode
structure finally formed in the mask arrangement of FIG. 8C
and the wall electrode has the same planar distribution as
that of the border of the light shielding portion of the mask
illustrated in FIG. 8C. In this case, positional deviation of
the mask may occur. However, the length of a portion of the
wall structure which protrudes from the slit is set to be more
than an adjustment accuracy of the mask so that the short
circuit is not generated even when an error occurs in the
position adjustment of the mask.

[0070] Further, by applying a self-alignment process, a
likelihood design that considers the adjustment accuracy of
the mask in the slit is not required and the width of the wall
structure may be reduced to be the width determined with
the processing accuracy. For example, if the adjustment
accuracy of the mask is 1.5 um with respect to a reference
layer and a width of the slit is 3.0 um, a width of the wall
structure needs to be 9.0 pum in order to stably form the
electrode on both wall surfaces of the wall structure. In the
meantime, since the processing accuracy of the wall struc-
ture is, for example, 4.0 pum, it is possible to reduce the width
of the wall structure to be equal to or less than half thereof
by using the self-alignment process. As a result, it is possible
to increase the aperture ratio and achieve a higher transmis-
sion.

First Comparative Embodiment

[0071] In FIG. 9, a planar structure of one pixel according
to a first comparative embodiment is illustrated. In the first
embodiment, even though the slit is distributed only on the
top of the wall structure, as illustrated in FIG. 9, the slit 26
1s distributed on both the top of the wall structure 10 and the
flat portion. In FIG. 9, since the slit is continuously distrib-
uted between the top of the wall structure and the flat portion
so that the slit 26 climbs over the border of the wall structure
to be distributed. When the slit is formed in the source
electrode 11, a cross-section of a state when the resist 41 is
applied is illustrated in FIGS. 10A and 10B. FIGS. 10A and
10B are cross-sectional views in the top of the wall structure
and the flat portion and correspond to the one-dot chain lines
A-A"and B-B' of the plan view illustrated in FIG. 9. Further,
in FIGS. 10A and 10B, an effective resist thickness in
forming the slit is represented by an arrow. Similarly to FIG.
4, the resist 41 of FIG. 10A corresponding to the top of the
wall structure is thin and the resist 41 in FIG. 10B corre-
sponding to the flat portion is thick. Therefore, the top of the
wall structure may be overetched and the flat portion may be
underetched.

[0072] In order to collectively process the top of the wall
structure and the slit of the flat portion with the same width,
it is considered to change a width of the slit on the mask as
illustrated in FIGS. 11A to 11D. FIG. 11A illustrates a
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relationship of the width of the slit on the mask and the wall
structure and it is considered that the adjustment error of the
mask does not occur. FIG. 11B is a completed state corre-
sponding to FIG. 11A. As illustrated in FIG. 11A, the width
of the slit on the mask becomes narrower than the comple-
tion size on the top of the wall structure but wider than the
completion size on the flat portion. Here, there is an object
how to determine the width of the slit of the climb-over
portion, for which the thickness distribution of the resist near
the climb-over portion serves as a useful reference. FIG.
10C is a cross-sectional view including neighboring of the
climb-over portion and corresponds to the one-dot chain line
C-C' of FIG. 9. FIG. 10D is a view when the thickness
distribution of the resist is obtained from FIG. 10C. The
thickness of the resist is the largest on the flat portion which
approaches the climb-over portion. For example, the width
of the slit may be continuously changed so as to correspond
to the thickness distribution of the resist before/after the
climb-over portion. Specifically, as illustrated in FI1G. 11A,
the width of the slit is maximized on the flat portion
approaching the climb-over portion and continuously
becomes narrower toward the direction of the wall structure.
Therefore, as illustrated in FIG. 11B, the slit may be
collectively formed on both the top of the wall structure and
the flat portion or may be formed even on the climb-over
portion.

[0073] However, an example that a shape of the completed
slit 1s largely different from that in FIG. 11B is actually
found. An example thereof is illustrated in FIG. 11D. The
width of the slit is significantly increased around the climb-
over portion in an overetched portion 43 in FIG. 11D and the
slit disappears around the climb-over portion in an under-
etched portion 44 of FIG. 11D. Specifically, in the under-
etched portion 44, the source electrodes of two adjacent
pixels are short-circuited to be point imperfection. The shape
of the slit as illustrated in FIG. 11D is generated when the
mask for processing the slit with respect to the wall structure
is downwardly deviated as illustrated in FIG. 11C. In FIG.
11C, the border of the light shielding portion of the mask is
represented by a broken line. The overetched portion 43 in
FIG. 11D is generated by being overetched when a portion
having a largest slit width is disposed above the wall
electrode having a small resist thickness on the mask. The
underetched portion 44 in FIG. 11D is generated by being
underetched when a portion having a small slit width is
disposed in the flat portion approaching the climb-over
portion having a large resist thickness on the mask.

[0074] As described above, if there is a wall structure
having a height which is equal to the thickness of the liquid
crystal layer, it is difficult to collectively process the slits
distributed by climbing over the wall structure with a high
vield when the position adjustment accuracy of the mask is
considered. Further, even though the slit width on the mask
is changed so as to correspond to the thickness distribution
of the resist, the alignment deviation of the mask is more
than the range where the slit width is changed. Therefore, it
is difficult to correct the change in the resist thickness as
estimated by a design.

[0075] In the liquid crystal display device according to the
first embodiment of the present invention, the mask is used
so as to distribute the slit 26 which becomes the border of the
wall electrodes 111 of the two adjacent pixels only on the top
of the wall structure 10 to expose the resist, expose the
transparent electrode on the wall structure, and remove the
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transparent electrode on the exposed wall structure. There-
fore, it is possible to form a wall structure on which the slit
26 which becomes the border of the wall electrode 111 of the
two adjacent pixels is distributed only on the top of the wall
structure 10.

Second Comparative Embodiment

[0076] In a structure where the slit is distributed on both
the top of the wall structure and the flat portion, the
self-alignment process of the third embodiment is applied.
As described in the third embodiment, an advantage of the
self-alignment process is that the width of the wall structure
is reduced to the processing accuracy of the wall structure to
increase the aperture ratio. In this case, the slit of the flat
portion is formed by the mask exposure. However, in this
case, the short circuit may be generated by the adjustment
accuracy of the mask. FIGS. 12A to 12F are plan views
when one wall structure and an electrode which is super-
imposed with the wall structure are considered. FIG. 12A
illustrates a state when an electrode is formed on an entire
surface including the top of a wall structure and FIG. 12B
illustrates a state when the top of the wall structure is
selectively etched by the self-alignment process. FIG. 12C
illustrates a state when a mask is superimposed with the state
in FIG. 12B. If there is no alignment deviation as illustrated
in FIG. 12C, a slit of a flat portion may be formed without
a short circuit as illustrated in FIG. 12D. However, if
alignment deviation occurs in a longitudinal direction as
illustrated in FIG. 12E, the slit disappears from any one of
the upper and lower flat portions of the wall structure and the
source electrodes of the two adjacent pixels are short-
circuited, as illustrated in FIG. 12F.

[0077] As a measurement against the alignment deviation,
it is considered to extend the slit formed by the mask
exposure from the flat portion to a part of the top of the wall
structure. FIG. 13A illustrates a state when the mask is
superimposed with the state illustrated in FIG. 12B and if
there is no alignment deviation as illustrated in FIG. 13B, the
source electrode may be formed without occurring the
overetching or underetching. However, when the alignment
deviation of the mask occurs in the longitudinal direction as
illustrated in FIG. 13C, the overetched portions 43 are
generated at the upper and lower edges of the wall structure
as illustrated in FIG. 13D and the electrode disappears from
the wall surface. In a portion where the electrode disappears
from the wall surface, the intensity of the electric field which
will be applied to the liquid crystal layer is lowered so that
the transmittance is lowered. An advantage of the self-
alignment process is to reduce the width of the wall structure
to the processing accuracy of the wall structure. However, in
this case, the width of the wall structure is substantially same
as the width of the mask such that a slit is formed on the flat
portion having a large width of the resist film. Therefore, if
the alignment deviation of the mask occurs, an ITO film on
the wall surface is etched so that the electrode disappears
from the wall surface.

[0078] As described above, if there is a wall structure
having the same height as a thickness of a liquid crystal
layer, it is difficult to process a slit distributed with a high
vield while climbing over the wall structure even using a
self-alignment process when considering the alignment
accuracy of the mask.
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1-13. (canceled)

14. A liquid crystal display device, comprising a first
substrate, a second substrate, and a liquid crystal layer
sandwiched between the first substrate and the second
substrate,

the first substrate comprising:

a plurality of identical pixels arranged in a matrix, an
insulator wall structure between each pixel in a row of
pixels, with the insulator wall structures formed along
a plurality of signal wiring lines;

a single source electrode in a first pixel, with the source
electrode comprising a planar portion that is electrically
connected via a thin film transistor to a respective
signal wiring line, and two wall electrodes formed
continuously with the planar portion, found on the
respective insulator wall structure on either side of the
pixel unit;

a neighboring second pixel sharing an insulator wall
structure with the first pixel includes another wall
electrode on its respective side of the bordering insu-
lator wall structure, and the wall electrodes of the first
and second pixels formed on either side of the border-
ing insulator wall structure are electrically isolated
from each other via a slit on the top of the bordering
insulator wall structure;

wherein a length of the slit along the signal wiring line is
shorter than a length of the insulator wall structure
along the signal wiring line,

wherein the planar portion has an opening of a width W1
perpendicular to the signal wiring line and a length L1
along the signal wiring line between the insulator wall
structures,

wherein a first common electrode of a planar shape is
formed between the insulator wall structures, partially
overlapping with the planar portion of the source
electrode via a first insulating layer in a plan view, and
a retentive capacitance is formed between the source
electrode and the first common electrode,

wherein a second common electrode is formed between
the insulator wall structures on a different layer from
the planar portion of the source electrode via a second
insulating layer,

wherein a signal voltage is applied to the source electrode
so as to form a planar field between the second common
electrode to drive liquid crystals, and

wherein the insulator wall structure contacts with the
second substrate.

15. The liquid crystal display device according to claim
14, wherein the wall electrode is formed to a top surface of
the insulator wall structure at the border of the pixels.

16. The liquid crystal display device according to claim
14, wherein the wall electrode is formed only on a side of the
insulator wall structure at the border of the pixels.

17. The liquid crystal display device according to claim
14, wherein the insulator wall structure is fragmented at an
edge of the pixel in the longitudinal direction and the wall
electrode of the source electrode is formed inside an edge of
the insulator wall structure.

18. The liquid crystal display device according to claim
14, wherein the insulator wall structure is continuous at an
edge of the pixel in the longitudinal direction.

19. The liquid crystal display device according to claim
14, further comprising:
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a third common electrode between the source electrodes
at both sides of the pixel on a substrate at a color filter
side.

20. The liquid crystal display device according to claim
14, wherein the pixel has a V shape, a liquid crystal
alignment direction is constant in the pixel, angles formed
by the extending direction of the insulator wall structure and
the liquid crystal alignment direction are the same in one
portion and the other portion of the pixel, and the extending
direction of the insulator wall structure is inclined in an
opposite direction to the liquid crystal alignment direction in
one portion and the other portion of the pixel.

* % % k¥

Oct. 6, 2016



patsnap

TRAFROE) REBEEREENEGES X
[F(RE)E US20160291428A1 K (aH)A 2016-10-06
BiES US15/157606 RiEH 2016-05-18
FRIREEFRAGRE) #HKASHEARE RS
BE (T RR)AGE) B A& RINC.
HETHFERIAGE) BERETRINC.
FRIK B A ITOU OSAMU

HIRATSUKA TAKATO

YAMAMOTO MASANAO

ISHIGAKI TOSHIMASA

SONODA DAISUKE
KB A ITOU, OSAMU

HIRATSUKA, TAKATO

YAMAMOTO, MASANAO

ISHIGAKI, TOSHIMASA

SONODA, DAISUKE
IPCH#E GO2F1/1343 G02F1/1339 GO2F1/1337 G02F1/1333 GO2F1/1368
CPCH#E GO2F1/134363 GO2F1/134336 G02F1/13394 GO2F1/1368 G02F1/1337 GO2F1/133345 GO2F1/133377

GO02F1/133707 GO2F2001/134318 G02F2001/134381 HO1L33/0041
£ £ 2012008974 2012-01-19 JP
H T 3Rk US10310339
IEheE Espacenet USPTO
BEGE) . 2% a8 a8,
EESHNEEDTEE | RABEEPE S50 B LW [/
HENTE, " HRBEREESEREREENZNMEE | -1 \Q ' //////
BEEEREMNIAERNLGENELEMNEERN , ERENVDRANE \e Y- I/ + SUBSTRATE AT CF SIDE
SERIRMIRE EFERAVE LR | —NREWR , AR SEENESEMEF a4 L /7 ]
HAE EEFEAFEERNERE , EZGENHNRERZEIREN ? i [@
el FRAREE SR ANE-AHBREREFHNG / = =
B, BB MESGEMNE BN D FIREMRBEERE RN TIE, s BV Ve v SUBSTRATE AT TFT SIDE

// \\\\\\ \!\\

WY

0 20 25 13 12 23 22 21 18

A e X


https://share-analytics.zhihuiya.com/view/493c7d80-1d1f-4c5c-a0d9-d9d5a652dd99
https://worldwide.espacenet.com/patent/search/family/048796940/publication/US2016291428A1?q=US2016291428A1
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=%2220160291428%22.PGNR.&OS=DN/20160291428&RS=DN/20160291428

