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LIQUID CRYSTAL DISPLAY DEVICE

CLAIM OF PRIORITY

[0001] The present application claims priority from Japa-
nese patent application JP2013-230508 filed on Nov. 6, 2013,
the content of which is hereby incorporated by reference into
this application.

BACKGROUND

[0002] The present invention relates to liquid crystal dis-
play devices and is applicable, for example, to aliquid crystal
display device having wall electrodes.

[0003] A liquid crystal display (LCD) device is a non-
luminescent display that shows images by controlling trans-
missive light from a light source. The main features of LCDs
include thinness, light weight, and low power consumption.
At present, in-plane switching (IPS) can be given as an
example of liquid crystal display schemes that achieve wide
viewing angles. An IPS LCD includes source electrodes and
a common electrode on a TFT substrate, and application of a
lateral electric field to each pixel causes the liquid crystal
molecules to rotate in an in-plane direction. This in turn
causes the effective optical axis to rotate in one plane,
whereby transmittance can be controlled.

[0004] JP-1997-258265-A discloses an LCD device that
aims to achieve a sufficient aperture ratio, reduce inter-wiring
noise signals, and apply to the liquid crystal layer uniform
lateral electric fields that are almost completely parallel to the
substrate surface. In the above LCD device, drain electrodes
and opposite electrodes protrude into the liquid crystal layer
to apply electric fields to the liquid crystal layer.

SUMMARY

[0005] As described below, the present inventors have
found problems with the electrode structure of IPS LCDs.
[0006] An electrode that has substantially the same height
as the thickness of a liquid crystal layer and protrudes into the
layer is hereinafter referred to as a wall electrode. In an IPS
LCD with such wall electrodes, electric fields are applied
parallel to the entire liquid crystal layer. Thus, the transmit-
tance of such an IPS LCD is higher than that of a conventional
IPS LCD in which planner electrodes are used to apply lateral
electric fields only to the bottom section of the liquid crystal
layer.

[0007] However, light may occasionally be transmitted at
nearby sections of the wall electrodes even when no voltage is
applied. This phenomenon is called light leakage. Withan IPS
LCD having wall electrodes, this light leakage leads to a
lower contrast ratio.

[0008] Other problems to be solved by the present inven-
tion as well as its novel features will be understood from the
following disclosure and the attached drawings.

[0009] The representative feature of the present invention
can be summarized as follows.

[0010] InanLCD device, the slope angle of a wall surface
of a wall structure (wall-surface slope angle) is varied in
accordance with the angle formed between the wall structure
and an alignment treatment direction (alignment treatment
angle). At areas where the alignment treatment angle is small,
the wall-surface slope angle 1s made larger; conversely, at
places where the alignment treatment angle is large, the wall-
surface slope angle is made smaller.
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[0011] The above LCD device is capable of reducing light
leakage at nearby sections of the wall electrodes and achiev-
ing a higher transmittance rate as well.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 11is a plan view of one pixel of an LCD device
according to Example 1 of the invention;

[0013] FIG. 2 is a cross section taken along line A-A' of
FIG. 1;
[0014] FIG. 3 is a cross section taken along line B-B' of
FIG. 1;
[0015] FIG. 4isaplan view illustrating a first wall structure

and nearby liquid crystal molecules;

[0016] FIG. 5isa graphillustrating the dependence of light
leakage on an alignment treatment angle and a wall-surface
slope angle;

[0017] FIG. 6A is a plan view illustrating one of the first
wall structures of FIG. 1;

[0018] FIG. 6B is a diagram illustrating the light leakage
according to Comparative Example 1;

[0019] FIG. 6C is a diagram illustrating the light leakage
according to Example 1;

[0020] FIG. 7 is a cross section taken along line C-C' of
FIG. 1;

[0021] FIG. 8 is a cross section taken along line D-D' of
FIG. 1;

[0022] FIG.9isacross sectiontaken along line E-E' of FIG.
1

[0023] FIG. 10is aplanview of one pixel of an LCD device

according to Example 2 of the invention;

[0024] FIG. 11 is a cross section taken along line A-A' of
FIG. 10;
[0025] FIG. 12 is a cross section taken along line C-C' of
FIG. 10;
[0026] FIG. 13 is a cross section taken along line D-D' of
FIG. 10;
[0027] FIG. 14 is a cross section taken along line E-E' of
FIG. 10;
[0028] FIG. 151s a C-C' cross section of a pixel of an LCD

device according to Comparative Example 1;

[0029] FIG. 16 is aD-D' cross section of a pixel of the LCD
device of Comparative Example 1;

[0030] FIG.17isanE-E'cross sectionofa pixel of the LCD
device of Comparative Example 1;

[0031] FIG. 18isanA-A'cross section ofapixel of an LCD
device according to Comparative Example 2; and

[0032] FIGS.19A and 19B illustrate the structure of an IPS
LCD with wall electrodes.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0033] FIGS.19A and 19B illustrate the structure of an IPS
LCD with wall electrodes; they are a plan view and a cross
section, respectively, ofits essential part. A first wall structure
WL1 extends into a liquid crystal layer LC, and a common
electrode CE is formed on the top and side surfaces and the
like of the first wall structure WL1. Also, a source electrode
SE is formed over the side surfaces and the like of the first wall
structure WL1 via the common electrode CE and a first insu-
lating film ILL and a second overcoat OC2 is formed on the
source electrode SE. The liquid crystal layer LC is formed
over the second overcoat OC2 with a second alignment film
AL 2 placed therebetween.
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[0034] FIG. 4 depicts the alignment of the liquid crystal
molecules of FIG. 19A. In an IPS LCD having wall elec-
trodes, light may occasionally be transmitted at the wall sur-
faces of wall structures and at nearby sections of the liquid
crystal layer, which results in increased transmittance during
black-color display. This phenomenon is called light leakage.
Light leakage areas are also illustrated in FIG. 4 together with
the alignment of nearby liquid ctystal molecules. FIG. 4 is a
plan view illustrating a single first wall structure WL1 and
nearby liquid crystal molecules LCM, and the light leakage
areas, designated by LL, are the regions between the first wall
structure WL1 and the dashed lines. The illustrated alignment
directions of the liquid crystal molecules LCM are the local
alignment directions within the liquid crystal layer LC. As
illustrated in FIG. 4, the alignment directions of the liquid
crystal molecules LCM in the light leakage areas LL become
more parallel to the wall surfaces of the first wall structure
WL1 as the molecules LCM get closer to the wall surfaces.
The absorption axes of the first polarizer PL1 and the second
polarizer PL2 of the above IPS LCD are perpendicular to each
other, with one being parallel to an alignment treatment direc-
tion AD and the other being perpendicular to it. For this
reason, deviation of the alignment directions from the align-
ment treatment direction AD results in increased transmit-
tance during black-color display, which is observed as light
leakage. In other words, light leakage is caused by changes of
the alignment directions of the liquid crystal molecules from
the alignment treatment direction AD.

[0035] FIG. 19A further illustrates an alignment treatment
angle while FIG. 19B illustrates a wall-surface slope angle.
As illustrated in FIGS. 19A and 19B, the alignment treatment
angle (0) is defined as the angle formed between the align-
ment treatment direction AD determined by alignment treat-
ment and one wall surface of the wall structure, and the
wall-surface slope angle (&) as the slope angle of one wall
surface of the wall structure. Light leakage is dependent on
these following angles: the alignment treatment angle and the
wall-surface slope angle. Note however that a typical wall
structure is not trapezoid-shaped in cross section, and the
slope angle of its wall surface has a distribution. Thus, by the
wall-surface slope angle (1), we mean the maximum value of
the distribution.

[0036] To clarify the dependence of light leakage on the
alignment treatment angle and the wall-surface slope angle,
we created a simulated wall structure and measured the trans-
mittance rate while varying the alignment treatment angle (6)
and the wall-surface slope angle (). The simulated wall
structure was formed by first wall structures WL1 and second
overcoats OC2 that filled the spaces between the first wall
structures WL1. The first wall structures WL1 were each
4-um wide and arranged at 20-pum intervals. Each of the first
wall structures WL1 was square-shaped in cross section, and
the wall-surface slope angle (o) was varied by changing the
shape of the second overcoats OC2. Also, a pair of polarizing
plates was formed on and beneath the liquid crystal cell
having the simulated wall structure, the absorption axis of one
of which was configured to be parallel to the alignment treat-
ment direction while that of the other was configured to be
perpendicular to it. FIG. 5 illustrates the dependence of light
leakage on the alignment treatment angle and the wall-surface
slope angle. In FIG. 5, the vertical axis represents transmit-
tance during black-color display or the intensity of light leak-
age while the horizontal axis represents the alignment treat-
ment angle (8). The plotted curves of FIG. 5 were obtained
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when the wall-surface slope angle (ct) was 40, 70, 80, and 90
degrees. As illustrated, when the wall-surface slope angle (1)
is 40 degrees, the black-color display transmittance increases
slightly with an increase in the alignment treatment angle (6)
and isthe largest when the alignment treatment angle (6) is 85
degrees or thereabout. When the alignment treatment angle
(0) exceeds 85 degrees, the transmittance decreases drasti-
cally. For instance, when the alignment treatment angle (6) is
90 degrees, the transmittance takes substantially the same
value as that obtained when the alignment treatment angle (8)
is 0 degrees. The same is true when the wall-surface slope
angle (at) is 70 and 80 degrees, except that the transmittance
increases more drastically with an increase in the alignment
treatment angle (0). The above is also true when the wall-
surface slope angle (o) is 90 degrees, except that the trans-
mittance is largest when the alignment treatment angle (0) is
60 degrees. As also can be seen, a plotted curve of a larger
wall-surface slope angle (o) is located at a more upward
position in the graph. In summary, light leakage tends to be
greater with increases in the alignment treatment angle (8)
and the wall-surface slope angle (o). Moreover, when the
alignment treatment angle (8) is small, increasing the wall-
surface slope angle () can still reduce light leakage. Con-
versely, when the alighment treatment angle (8) is large,
reducing the wall-surface slope angle (¢) can diminish light
leakage.

[0037] While FIG. 5 illustrates the general tendency of the
black-color display transmittance to be greater with an
increase in the alignment treatment angle (6), this can also be
explained from the liquid crystal alignment within the light
leakage areas LL illustrated in FIG. 4. As can been seen in
FIG. 4, the alignment directions of those liquid crystal mol-
ecules LCM located near the first wall structure WL1 become
more parallel to the wall surfaces of the first wall structure
WL1 as the molecules LCM get closer to the wall surfaces.
Thus, the larger the alignment treatment angle (0) is, the lager
the angles at which the liquid crystal molecules can move. As
changes of the liquid crystal alignment directions are greater,
the intensity of light leakage per unit area increases accord-
ingly. Moreover, since the liquid crystal layer LC of each
pixel has elastic properties, changes of alignment directions
occurring near a first wall structure WL1 will propagate to
nearby sections of the liquid crystal layer LC. As those
changes are larger, they will propagate to farther areas, which
increases the area where alignment changes occur (i.e., leads
to wider light leakage areas LL). Therefore, an increase in the
alignment treatment angle (0) leads to rises both in the inten-
sity of light leakage perunit area and in the light leakage areas
LL and consequently boosts light leakage. In addition, while
FIG. 5 reveals that the transmittance during black-color dis-
play decreases when the alignment treatment angle (8) is 90
degrees, this can also be explained as follows. When the
alignment treatment angle (8) is about 90 degrees, the clock-
wise rotation of a liquid crystal molecule LCM to become
parallel to a wall surface is balanced by the counterclockwise
rotation of the molecule LCM to become parallel to the wall
surface. As a result, the alignment direction of the liquid
crystal molecule LCM does not change.

[0038] In an IPS LCD having wall electrodes, each wall
electrode is disposed at a pixel boundary section and includes
a portion parallel to the long side of a pixel and another
portion parallel to the short side of the pixel. The former
portion is hereinafter referred to as a liquid crystal driver unit
and the latter as a domain controller unit. A domain is an area
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that exhibits the liquid crystal rotational direction opposite to
the rotational direction of those liquid crystal molecules LCM
located at the center of a pixel when a voltage is applied.
When a domain occurs at the edge of a pixel, the clockwise
liquid crystal rotation is balanced by the counterclockwise
liquid crystal rotation, causing the pixel to have areas where
no alignment changes occur. Such areas with no alignment
changes are observed as black lines and lead to reduced
transmittance since the areas have the same alignment status
as that occurring during black-color display. Thus, the
domain controller unit is used to prevent such domain occur-
rence, thereby improving transmittance. In other words, with
an IPS LCD having wall electrodes, each wall electrode
requires a liquid crystal driver unit and a domain controller
unit that extends in a direction perpendicular to the driver
unit.

[0039] As stated above, the size of a light leakage area
depends on the alignment treatment angle. A light leakage
area becomes particularly large when the alignment treatment
angle is in the range of 15 to 88 degrees, reaching an area
farther away from a wall structure. However, when the align-
ment treatment angle is 0 or 90 degrees, light leakage can be
suppressed sufficiently.

[0040] Near the liquid crystal driver unit, the alignment
treatment angle is small and out of the above range (e.g., 5
degrees); thus, a light leakage area occurs only near the wall
structure and can be masked by a black matrix. Near the
domain controller unit, however, the alignment treatment
angle is, for example, 85 degrees and lies within the above
range. The domain controller unit is disposed on part of one
short side of a pixel so that it does not interrupt the flow of
liquid crystals at the time of forming the liquid crystal layer.
However, the distal end of the domain controller unit is hemi-
sphere-shaped due to the resolution of photolithography.
Therefore, around the hemispherical end, the alignment treat-
ment angle lies mostly within the above range. As above, a
wide light leakage area occurs around the domain controller
unit, and masking that wide light leakage area with a black
matrix would result in a reduced aperture ratio.

[0041] Factors causing light leakage include both the align-
ment treatment angle and the wall-surface slope angle. Thus,
when the alignment treatment angle is 10 degrees or there-
about, light leakage can be prevented by reducing the wall-
surface slope angle to 70 degrees or less. Meanwhile, when
the wall-surface slope angle falls well below 70 degrees, the
LC layer thickness near the wall electrode will decrease,
resulting in a lower transmittance rate. Thus, in order to
reduce light leakage without compromising transmittance,
the wall-surface slope angle needs to be in a desired range.

[0042] To achieve the desired range, the wall-surface slope
angle is varied at the domain controller unit and at the liquid
crystal driver unit. For example, the wall-surface slope angle
is set to less than 70 degrees for the former and 70 degrees or
above for the latter. These wall-surface slope angles can be
achieved by varying the thickness of an organic insulating
film applied onto the spaces between wall structures. More
specifically, the thickness of the insulating film covering the
wall surfaces of the wall structures is made larger near the
domain controller units and smaller near the liquid crystal
driver units.

[0043] Each domain controller unit is disposed on one short
side ofa pixel. Two wall surfaces of the domain controller unit
each exercise domain control on two adjacent pixels.
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[0044] The factors causing light leakage include the align-
ment treatment angle and the wall-surface slope angle, and
the size of a light leakage area increases with development in
the alignment treatment angle and the wall-surface slope
angle. The wall-surface thickness distribution of a wall struc-
ture is determined by its primary functions, that is, applica-
tion of electric fields to the liquid crystal layer and domain
control. And its liquid crystal driver unit is disposed parallel
to the long side of a pixel with its domain controller unit
provided parallel to the short side of the pixel. When the
alignment treatment direction is set such that it is constant
across the entire surface of the pixel, and the liquid crystal
molecules have a positive dielectric anisotropy, application of
an electric field causes the molecules to rotate such that their
alignment directions become more parallel to the electric
force lines. To increase the rotational angles of the liquid
crystal molecules and thereby increase transmittance, the
alignment treatment direction is determined such that the
alignment treatment angle is smaller near the liquid crystal
driver unit. As a result, the alignment treatment angle
becomes larger near the domain controller unit.

[0045] Since the alignment treatment angle is small near
the liquid crystal driver unit, the wall-surface slope angle is
set to 70 degrees or bigger near the liquid crystal driver unit.
On the contrary, the wall-surface slope angle is set to less than
70 degrees (e.g., 50 degrees) since the alignment treatment
angle is large near the domain controller unit. By doing so, a
sufficiently thick liquid crystal layer can be secured near the
liquid crystal driver unit, leading to a higher transmittance
rate. Also, setting the wall-surface slope angle to less than 70
degrees near the domain controller unit, around which the
alignment treatment angle is large, can prevent the occurrence
of light leakage near the domain controller unit.

[0046] FEach wall structure itself is substantially square-
shaped in cross section, and the wall-surface slope angle is
controlled by varying the thickness distribution of the organic
insulating film applied to the inter-wall-structure spaces. Spe-
cifically, when the thickness of the insulating film is made
uniformly smaller than the wall structure, the outline of the
wall structure is exposed, and the wall-surface slope angle
thus gets closer to 90 degrees. On the other hand, if the
thickness of the insulating film has a distribution such thatthe
insulating film is thicker near the wall structure and thinner
away from it, the wall surface can be covered sufficiently with
the insulating film, reducing the wall-surface slope angle to
less than 90 degrees.

[0047] Although the thickness of the liquid crystal layer is
smaller near the domain controller units, disposing a single
domain controller unit on a short side of a pixel allows for-
mation of opaque layers of a gate line and the like near the
domain controller unit. Because these opaque layers consti-
tute a non-aperture section, transmittance will not decline
around the domain controller unit. It should be noted that two
wall surfaces of the domain controller unit each exercise
domain control on two adjacent pixels. Also, as stated above,
the wall-surface slope angle around the domain controller
unit can be reduced by varying the thickness of the insulating
film covering the wall structure. Thus, the slope angle of the
electrode of the wall structure is constant. This means that
reducing the wall-surface slope angle has less influence on the
distribution of an electric field, and the domain control func-
tions of the domain controller unit can be maintained.
[0048] When asingle domain controller unit is disposed on
a pixel boundary on a short side of a pixel, a contact hole will
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need to be provided between two opposing wall electrodes. At
this time, electric force lines can be formed over the contact
hole and the nearby areas thereof, thereby driving liquid
crystal molecules around the contact hole. Thus, in accor-
dance with the present embodiment, the effective aperture
ratio of an LCD device can be improved as well.

Example 1

[0049] FIG.1isaplanview illustrating one pixel ofan LCD
device according to Example 1 of the invention. FIG. 2 is a
cross section taken along line A-A' of FIG. 1, and FIG. 3 is a
cross section taken along line B-B' of FIG. 1. The LCD device
of Example 1, designated by 11, is an IPS LCD with wall
electrodes. The LCD device 11 includes a first substrate SU1
and a second substrate SU2 with a liquid crystal layer LC
placed therebetween. Laminated structures on the first sub-
strate SUT include, from the liquid crystal layer side, a first
alignment film AL1, a first overcoat OC1, a color filter CF,
and a black matrix BM. The color filter CF includes red,
green, and blue color filters, each of which is strip-shaped and
arranged to cover one pixel. Laminated structures on the
second substrate SU2 include the following components from
the liquid crystal layer side: a second alignment film A2, a
second overcoat OC2, source electrodes SE, a first insulating
film ILL a common electrode CE, first wall structures WL1,
second wall structures WL2, a second insulating film 11.2,
data lines DL, a third insulating film IL3, gate lines GL, a
polysilicon layer PS, and an undercoat UC.

[0050] The dashed lines of FIG. 1 represent the outlines of
asource electrode SE and the common electrode CE. Because
the common electrode CE extends across the entire surface of
FIG. 1 except the contact hole CH, the dashed outline of the
common electrode CE is present only around the contract
hole CH.

[0051] The first wall structures WL1 are larger in height
than the second wall structures WL2 and extend into the
liquid crystal layer LC. The second wall structures WL2 are
covered with the second overcoat OC2, with only their top
portions appearing on the second overcoat OC2. The com-
mon electrode CE extends over the first and second wall
structures WL1 and WL2 and across the spaces between the
wall structures. The source electrodes SE, meanwhile, extend
over the wall surfaces of the first wall structures WL1, over
the proximal portions of the second wall structures WL2, and
across the spaces between the wall structures WL1 and WL2.
The common electrode CE and the source electrodes SE are
laminated together with the first insulating film IL.1 placed
therebetween, and the laminated portions function as storage
capacitors. As stated above, the common electrode CE
extends not only over the first and second wall structures WL1
and WL2 but also across the spaces between the wall struc-
tures; thus, it is capable of blocking off the influence of the
electric potential of adjacent pixels and wiring.

[0052] The source electrodes SE are each connected to a
data line DL via the polysilicon layer PS and a contact hole
CH, and a voltage is applied to the liquid crystal layer LC
based on an image signal. The common electrode CE has an
opening around each contact hole CH to prevent a short
circuit with the source electrodes SE. The dashed lines of
FIG. 2 represent electric force lines EL formed between a
source electrode SE and the common electrode CE. As illus-
trated, the electric force lines EL are distributed so as to
connect the source electrode SE on the wall surfaces and the
common electrode CE exposed at the center of the pixel.
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Thus, within the liquid crystal layer LC, the electric force
lines EL run substantially parallel to a flat surface of the liquid
crystal layer LC except above the second wall structures
WL2.

[0053] Theliquid crystal layer LC exhibits a nematic phase
within a wide temperature range including a room tempera-
ture. When no voltage is applied to the liquid crystal layer L.C,
the liquid crystal molecules are homogeneously aligned. On
the other hand, application of an electric field causes the
liquid crystal director to change in such a manner the director
rotates within the liquid crystal layer. In a conventional IPS
LCD with a planar common electrode CE and source elec-
trodes SE, electric fields are locally present at electrode
boundaries. In contrast, the LCD device of Example 1 allows
application of more uniform electric fields to the liquid crys-
tal layer LC, whereby higher transmittance can be achieved.
Since the liquid crystal layer LC is not present at the places
where the first wall structures WL1 are present, the places
constituting non-aperture sections. Also, the first wall struc-
tures WL1 are formed mainly at pixel boundary sections,
which are light-blocked by the black matrices BM. Therefore,
the presence of the first wall structures WL1 hardly reduces
the aperture ratio. The first alignment film AL 1 and the second
alignment film AL2 are photo-alignment films, and a photo-
alignment method is employed for their alignment treatment.
After being applied onto the first wall structures WL1, the
second alignment film A2 is subjected to non-contact align-
ment treatment with the use of polarized ultraviolet light.
[0054] As illustrated in FIG. 1, each of the first wall struc-
tures WL1 is L-shaped in plan view, and the first wall struc-
ture WL1 of one pixel is disconnected and separated from
those of adjacent pixels. At the time the liquid crystal layer is
formed, such an arrangement allows liquid crystal molecules
to flow along the space between the first wall structures WL1.
Thus, the separate arrangement of the first wall structures
WL1 enables easy formation of the liquid crystal layer LC.
[0055] FIG. 6A depicts one of the first wall structures WL1
of FIG. 1. The wall surfaces of the first wall structure WL1
face different directions at a liquid crystal driver unit LD, a
distal end TP, and a domain controller unit DC. While FIG. 6B
also illustrates the alignment treatment direction AD, this
means that the alignment treatment angle (8) differs at the
liquid crystal driver unit LD, the distal end TP, and the domain
controller unit DC. Specifically, because the wall surfaces of
the liquid crystal driver unit LD is more parallel to the align-
ment treatment direction AD, the alignment treatment angle
(0) is smaller near the liquid crystal driver unit. In contrast,
near the distal end TP and the domain controller unit DC, the
directions of their wall surfaces deviate considerably from a
direction parallel to the alignment treatment direction AD;
thus, the alignment treatment angle (8) is larger near those
areas. Therefore, to suppress light leakage, the wall-surface
slope angle (o) should be made larger near the liquid crystal
driver unit LD and smaller near the distal end TP and the
domain controller unit DC. More specifically, the wall-sur-
face slope angle (o) should be setto 40 degrees or less near the
distal end TP and the domain controller unit DC because FIG.
5 reveals that transmittance during black-color display
increases only a little when the wall-surface slope angle (c.) is
40 degrees.

[0056] On the basis of the findings obtained from our
experiments using a simulated wall structure in FIG. 5, the
wall-surface slope angle of a first wall structure WL1 within
apixel is determined as illustrated in FIGS. 1,7, 8, and 9. The
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wall-surface slope angle () is set to 70 degrees near the
liquid crystal driver unit LD since the alignment treatment
angle (6)1is constantly small (5 degrees) near the liquid crystal
driver unit LD (See also FIGS. 2 and 3, which are cross
sections illustrating the liquid crystal driver unit LD of the
first wall structure WL1). FIGS. 7 and 8 are respectively cross
sections taken along lines C-C' and D-D' of FIG. 1, illustrat-
ing the domain controller unit DC. The cross section of FIG.
7 is parallel to a drain line DL while that of FIG. 8 is parallel
to a gate line GL. Because the alignment treatment angle (8)
near the domain controller unit DC has a value distribution in
which some angle values are high, the wall-surface slope
angle (@) is set to 40 degrees near that unit DC. FIG. 9 is a
cross section taken along line E-E' of FIG. 1, illustrating the
distal end TP. Similar to the domain controller unit DC, the
alignment treatment angle (8) is also high at some points
around the distal end TP; thus, the wall-surface slope angle
(o) 1s set to 40 degrees near the distal end TP.

[0057] FIG. 6C illustrates the light leakage resulting from
the above angle setting. FIG. 6C was obtained by observing
the first wall structure WL1 by use of an optical microscope.
In the figure, the bold line represents the outline of the first
wall structure WL1 while the hatched areas represent the light
leakage areas LL around it. As illustrated, the light leakage
areas LL are considerably small around any of the liquid
crystal driver unit LD, the distal end TP, and the domain
controller unit DC, and light leakage is controlled sufficiently.
Such small light leakage areas can be masked with a black
matrix BM. This masking will reduce transmittance during
black-color display and lead to a higher contrast ratio. When
an image is displayed, the black color becomes darker, and
color representation becomes more vivid.

Comparative Example 1

[0058] In the LCD device of Example 1, the wall-surface
slope angle was configured to be constant (70 degrees) within
each pixel. As illustrated in FIGS. 15, 16, and 17, the wall-
surface slope angle was increased near the domain controller
unit DC and the distal end TP so that the wall-surface slope
angle was the same around all of the liquid crystal driver unit
LD, the domain controller unit DC, and the distal end TP. FIG.
6B illustrates the resultant light leakage. As illustrated, the
light leakage areas LL near the liquid crystal driver unit LD
are small; however, the light leakage areas LL around the
distal end TP and the domain controller unit DC spread sig-
nificantly widely.

[0059] FIG. 6B also illustrates first quencher units EP1 and
second quencher units EP2. Near those units, the light leak-
age areas LL shrink partially. This is because the alignment
treatment angle is 90 degrees near the first quencher units EP1
and 0 degrees near the second quencher units EP2. In addi-
tion, as illustrated in FIG. 5, when the alignment treatment
angle is 90 or O degrees, the light leakage is suppressed
considerably.

[0060] Unlike Example 1 and Example 2 to be described
later, the wall-surface slope angle was configured to be con-
stant within each pixel regardless of the alignment treatment
angle. Specifically, the wall-surface slope angle was set to 70
degrees, a relatively large value, even in areas where the
alignment treatment angle is large. Therefore, light leakage
was not prevented near the distal end TP and the domain
controller unit DC of each first wall structure WL1. The light
leakage areas LL was not fully masked by the black matrices
BM, and transmittance during black-color display was
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thereby greater. As a result, the contrast ratio decreased, and
vivid color representation was not achieved.

Comparative Example 2

[0061] In the LCD device of Example 1, the wall-surface
slope angle was configured to be constant within each pixel.
As illustrated in FIG. 18, the wall-surface slope angle was
decreased near the liquid crystal driver unit LD so that the
wall-surface slope angle was the same around all of the liquid
crystal driver unit LD, the domain controller unit DC, and the
distal end TP. FIG. 6C illustrates the resultant light leakage.
As illustrated, the light leakage areas LL are considerably
small around any of the liquid crystal driver unit LD, the
domain controller unit DC, and the distal end TP, preventing
the occurrence of light leakage. However, the transmittance
obtained in Comparative Example 2 was lower than that
obtained in Example 1.

[0062] Unlike Example 1 and Example 2 to be described
later, the wall-surface slope angle was configured to be con-
stant within each pixel regardless of the alignment treatment
angle. Specifically, the wall-surface slope angle was set to 40
degrees, a relatively small value, even in areas where the
alignment treatment angle is small. Because of the angle, the
liquid crystal layer [.C became thinner near the liquid crystal
driver unit LD as illustrated in FIG. 18, which made it impos-
sible to impart a sufficient phase difference to the light pass-
ing through the thinner LC layer section. As a result, trans-
mittance decreased although light leakage was prevented.

[0063] In Comparative Example 2, the wall-surface slope
angle was changed partially by changing the way that the
second overcoat OC2 covers the first wall structures WL1.
Because an organic photoresist is applied onto the wall sur-
faces of the first wall structures WL1 to form the second
overcoat OC2, which in turn is distributed so as to cover the
first wall structures WL1, partially changing the method of
etching the photoresist can change the way of the covering.
Other methods can also be used to change the wall-surface
slope angle (c); for example, the cross-sectional shape of the
first wall structures WL1 may be changed.

[0064] Within the liquid crystal layer LC, those liquid crys-
tal molecules sandwiched between two liquid crystal driver
units LD are driven. Thus, when the wall-surface slope angle
is increased near the liquid crystal driver units LD, the thick-
ness of the liquid crystal layer LC becomes uniform even near
the liquid crystal driver units LD. Such a uniformly and
sufficiently thick liquid crystal layer LC sandwiched between
two liquid crystal driver units LD results in reduced light
leakage and higher transmittance.

[0065] Although the thickness of the liquid crystal layer is
smaller near the domain controller units DC, disposing a
single domain controller unit DC on a short side of a pixel
allows formation of opaque layers of a gate line GL and the
like near the domain controller unit DC. These opaque layers
constituting a non-aperture section, transmittance will not
decline around the domain controller unit DC. It should be
noted that two wall surfaces of the domain controller unit DC
each exercise domain control on two adjacent pixels. Also, as
stated above, the wall-surface slope angle near the liquid
crystal driver units LD can be reduced by varying the thick-
ness of the second overcoat OC2 covering the first wall struc-
tures WL1. Thus, the slope angle of the electrode of each first
wall structure WL1 is constant. This means that reducing the
wall-surface slope angle has less influence on the distribution
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of an electric field, and the domain control functions of the
domain controller unit DC can be maintained.

[0066] When a single domain controller unit DC is dis-
posed on a short side of a pixel, a contact hole CH will need
to be provided between two first wall structures WL1. With
this provision, electric force lines can be formed over the
contact hole CH and nearby areas, thereby driving liquid
crystal molecules LC around the contact hole CH. Thus, in
accordance with Example 1, the effective aperture ratio of an
LCD device can be improved as well.

[0067] With small to medium-sized IPS LCDs with high
resolution, display mode efficiency can be improved while
the contrast ratio is maintained. IPS LCDs with wall elec-
trodes are advantageous in that AC- and DC-induced image
persistence occurs in small areas; thus, they are suitable for
medical displays in which image persistence is easy to notice.
In accordance with Example 1, the transmittance and contrast
ratio of a medical display can also be improved.

Example 2

[0068] FIG. 10 is a plan view of a pixel of an LCD device
according to Example 2. FIG. 11 is a cross section taken along
line A-A' of FIG. 10, illustrating a central section of the pixel.
FIG. 10 illustrates the structure of one of the pixels of the
LCD device having wall structures, each of which includes
only afirstwall structure WL1 of Example 1. The LCD device
of Example 2 is structurally simpler than that of Example 1
and suitably applicable to small-sized high-definition pixels.
As illustrated in F1G. 10, the pixel is sandwiched between two
first wall structures WL1, and a source electrode SE is dis-
posed only on one side of the pixel, the side being closer to
one of the first wall structures WL1 and farther away from the
other. As a result, electric force lines EL extend as if to
traverse the pixel as illustrated in FIG. 11.

[0069] FIGS. 11 through 14 illustrate the setting of the
wall-surface slope angle adopted in Example 2. FIG. 11is a
cross section illustrating the liquid crystal driver units LD of
the first wall structures WL1. Because the alignment treat-
ment direction is constantly 5 degrees, which are a small
value, near the liquid crystal driver units LD, the wall-surface
slope angle is set to 70 degrees near the units LD. FIGS. 12
and 13 are cross sections illustrating the domain controller
unit DC of a first wall structure WL1. The cross section of
FIG. 12 is parallel to a drain line DL while that of FIG. 13 is
parallel to a gate line GL. Since the alignment treatment angle
near the domain controller unit DC has a value distribution in
which some angle values are high, the wall-surface slope
angle is set to 40 degrees near that unit DC. FIG. 14 is a cross
section illustrating the distal end TP of a first wall structure
WL1. Similar to the domain controller unit DC, the alignment
treatment angle is also high at some points around the distal
end TP; thus, the wall-surface slope angle is set to 40 degrees
near the distal end TP.

[0070] Similarto Example 1, the wall-surfaceslope angle is
set larger at an area where the alignment treatment angle is
small and set smaller where the alignment treatment angle is
large. Thereby the occurrence of light leakage can be pre-
vented in the pixel structure illustrated in FIGS. 10 and 11.
The LCD device of Example 2 also ensures a high contrast
ratio, darker black colors, and vivid color representation.
[0071] While we have described the invention in detail on
the basis of the embodiments and examples, it is apparent that
the invention is not limited to the embodiments and Examples
disclosed, but can be modified in various forms.
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What is claimed is:

1. A liquid crystal display device comprising a first wall
structure disposed along a pixel boundary, wherein a wall-
surface slope angle of the first wall structure is varied in
accordance with an alignment treatment angle formed
between the first wall structure and an alignment treatment
direction.

2. The display device according to claim 1, wherein the
wall-surface slope angle is increased at an area where the
alignment treatment angle is small and decreased at another
area where the alignment treatment angle is large.

3. The display device according to claim 2, wherein the first
wall structure includes a liquid crystal driver unit disposed
along a long side of a pixel and a domain controller unit
provided along a short side of the pixel.

4. The display device according to claim 3, wherein the
wall-surface slope angle is set to less than 70 degrees near the
domain controller unit and to 70 degrees or bigger near the
liquid crystal driver unit.

5. The display device according to claim 4, wherein the
wall-surface slope angle is set to 40 degrees near the domain
controller unit and to 70 degrees near the liquid crystal driver
unit.

6. The display device according to claim 1, further com-
prising:

a source electrode;

a common electrode; and

a second wall structure opposed to the first wall structure,

wherein the source electrode is formed over the first wall

structure.

7. The display device according to claim 6, wherein the
common electrode is formed on the second wall structure.

8. The display device according to claim 6, wherein the
second wall structure is formed along another pixel boundary.

9. A liquid crystal display device comprising:

a source electrode;

a common electrode;

a first wall structure disposed along a pixel boundary; and

a second wall structure opposed to the first wall structure,

wherein the source electrode is formed over the first wall

structure,

wherein the common electrode is formed on the second

wall structure, and

wherein a wall-surface slope angle of the first wall struc-

ture is varied in accordance with an alignment treatment
angle formed between the first wall structure and an
alignment treatment direction.

10. The display device according to claim 9, wherein the
wall-surface slope angle is increased at an area where the
alignment treatment angle is small and decreased at another
area where the alignment treatment angle is large.

11. The display device according to claim 10, wherein the
first wall structure includes a liquid crystal driver unit dis-
posed along a long side of a pixel and a domain controller unit
provided along a short side of the pixel.

12. The display device according to claim 11, wherein the
wall-surface slope angle is set to less than 70 degrees near the
domain controller unit and to 70 degrees or bigger near the
liquid crystal driver unit.

13. The display device according to claim 12, wherein the
wall-surface slope angle is set to 40 degrees near the domain
controller unit and to 70 degrees near the liquid crystal driver
unit.
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