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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play device and a method of manufacturing the same and,
particularly, to an IPS mode liquid crystal display device and
a method of manufacturing the same.

[0003] 2. Description of Related Art

[0004] Watching moving images with a cellular phone
becomes so common today that the term “One Seg” is widely
used. Although general television images have a smaller num-
ber of horizontal partitions than the number of vertical parti-
tions, a vertically oriented display is typically used in cellular
phones. Therefore, there is often the case that a user rotates
the vertically oriented display by 90° for use in the horizontal
direction when watching moving images.

[0005] Further, a cellular phone is often used outdoors, and
a user may watch images through polarized sunglasses. The
absorption axis of the polarized sunglasses is oriented hori-
zontally in order to prevent reflected light from entering the
eyes. Accordingly, if transmitted light from a display screen
of a cellular phone is in the horizontal direction, the polarized
sunglasses absorb the light, and a user cannot view displayed
images.

[0006] As described above, recent display devices are
sometimes used by turning a display screen to vertical and
horizontal positions while wearing polarized sunglasses. As a
display device to be used in such a case, an In-Plane-Switch-
ing (IPS) mode liquid crystal display device may be used. The
IPS mode of a liquid crystal display device uses a display
technique that displays images by applying an in-plane elec-
tric field to liquid crystals filled between substrates placed
opposite to each other. Typically, an in-plane electric field is
generated by applying a voltage between two layers of metal
electrodes having a comb teeth shape that are placed opposite
to each other with an insulating layer interposed therebe-
tween. The IPS mode liquid crystal display device is expected
to meet the demand for high quality images, and various
efforts have been made to improve the display quality and
reduce costs.

[0007] One of the efforts is improvement of viewing angle
characteristics. In the IPS mode liquid crystal display device,
viewing angle characteristics are degraded due to a phenom-
enon called color shift that an image looks yellowish or bluish
depending on the angle of view, tone reversal or the like. A
method of improving viewing angle characteristics by sup-
pressing the color shift or the tone reversal is disclosed in
Japanese Unexamined Patent Publication No. 10-148826.
[0008] FIG. 8 is a plan view schematically showing the
pixel structure of an IPS mode liquid crystal display device
according to related art that is disclosed in Japanese Unex-
amined Patent Publication No. 10-148826. Referring to FIG.
8, acommon electrode 3 and a pixel electrode 7 are placed in
each pixel ona TFT array substrate. The common electrode 3
and the pixel electrode 7 are formed in a comb teeth shape and
arranged in parallel with each other in each area surrounded
by gate lines 43 and source lines 44. Each of the common
electrode 3 and the pixel electrode 7 is formed to be bent like
an elbow at a center part (bending point) as shown in FIG. 8.
[0009] Alignment layers are formed respectively on the
TFT array substrate having the above structure and a counter
substrate placed opposite to the TFT array substrate, and
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rubbing process is performed on the alignment layers in the
direction perpendicular to the extending direction of the gate
lines 43. Thus, when no voltage is applied, liquid crystal
molecules 10 placed between the TFT array substrate and the
counter substrate are oriented in the same direction as the
rubbing direction. On the other hand, when a voltage is
applied between the common electrode 3 and the pixel elec-
trode 7, anin-plane electric field is generated in the direction
orthogonal to the long side of the electrodes. Consequently, in
the pixel area where the common electrode 3 and the pixel
electrode 7 are placed, sections 47a and 47b in which the
direction of a change in the orientation of liquid crystal mol-
ecules 11 is different are formed, so that the direction of the
liquid crystal molecules 11 during driving is divided into two
domains. It is thereby possible to improve the color shift due
to optical anisotropy of the liquid crystal molecules 11 when
displaying white in the IPS mode liquid crystal display
device.

[0010] Because there are two domains, polarizing plates
that are respectively placed on the outer side of the TFT array
substrate and the counter substrate need to be placed with
their absorption axes 15 arranged in parallel or perpendicu-
larly to the extending direction of the gate lines 43. The two
polarizing plates are placed orthogonal to each other in such
a way that the respective absorption axes 15 are in crossed
Nichols arrangement. In this structure, in the IPS mode liquid
crystal display device, the polarization direction (optical axis)
of transmitted light that is transmitted from a display screen is
in parallel or perpendicular to the gate line 43. Thus, the
transmitted light from the display screen is polarized in the
horizontal or vertical direction.

[0011] Regarding this point, in display devices in which the
direction of a display screen is fixed, it is possible to set the
absorption axis 15 in the position to cope with polarized
sunglasses in advance. However, in display devices in which
adisplay screen is used in both vertical and horizontal posi-
tions such as recent cellular phones, the absorption axis 15
coincides with the absorption axis of polarized sunglasses in
either position. As a result, when looking at an image through
polarized sunglasses, display looks all black in either hori-
zontal (landscape) or vertical (portrait) position.

[0012] Inorderto address the above concern, a technique of
attaching a A/4 plate on top of the polarizing plate is disclosed
in Japanese Unexamined Patent Publication No. 10-10523.
Further, a technique of attaching a polarization canceling
plate that combines two quartz plates on top of the polarizing
plate to thereby improve the visibility when looking at images
through polarized sunglasses is disclosed in Japanese Unex-
amined Patent Publication No. 10-10522. Further, a tech-
nique of specifying the polarization direction of the polariz-
ing plate on the display surface side to thereby improve the
visibility when looking at images through polarized sun-
glasses is disclosed in Japanese Unexamined Patent Publica-
tion No. 10-49082.

[0013] However, because the techniques disclosed in Japa-
nese Unexamined Patent Publications Nos. 10-10523 and
10-10522 require an additional member such as the A/4 plate
or the polarization canceling plate, the costs increase. Further,
if such amember is attached to a liquid crystal display device,
the thickness of the liquid crystal display device increases. On
the other hand, if the technique disclosed in Japanese Unex-
amined Patent Publication No. 10-49082 is used in a typical
IPS mode liquid crystal display device, the contrast
decreases.
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[0014] 1Inlightof the foregoing, it is desirable to provide an
IPS mode liquid crystal display device with high display
quality that enables a display to be viewed in both landscape
and portrait positions through polarized sunglasses without
need of any additional member, and a method of manufactur-
ing the same.

SUMMARY OF THE INVENTION

[0015] According to an embodiment of the present inven-
tion, there is provided a liquid crystal display device includ-
ing liquid crystals filled between a first substrate having a thin
film transistor and a second substrate placed opposite to the
first substrate, which includes a gate line extending in a given
direction on the first substrate and electrically connected to a
gate electrode of the thin film transistor, a pixel electrode in a
comb teeth shape electrically connected to a drain electrode
of the thin film transistor, a common electrode in a comb teeth
shape placed in a different layer from the pixel electrode with
an insulating layer interposed therebetween so as to generate
an in-plane electric field with the pixel electrode, an align-
ment layer placed on surfaces of the first substrate and the
second substrate in contact with the liquid crystals and having
an alignment direction inclined at a predetermined rubbing
angle pp with respect to a vertical direction perpendicular to
the extending direction of the gate line, and two sections in a
pixel area including the pixel electrode and the common
electrode, a direction of response of the liquid crystals being
different between the two sections when the in-plane electric
field is generated, wherein comb teeth of the pixel electrode
and the common electrode are inclined at a predetermined
electrode angle o with respect to the vertical direction in each
of the two sections, and the electrode angle o and the rubbing
angle P satisfy conditions of lol>Ifl and 90°-la-f1=45° in
each of the two sections.

[0016] According to another embodiment of the present
invention, there is provided a method of manufacturing a
liquid crystal display device including liquid crystals filled
between a first substrate having a thin film transistor and a
second substrate placed opposite to the first substrate, the
method including steps of forming a gate line extending in a
given direction and a common electrode in a comb teeth shape
onthe first substrate, forming a pixel electrode in a comb teeth
shape electrically connected to a drain electrode of the thin
film transistor and generating an in-plane electric field with
the pixel electrode, and forming an alignment layer having an
alignment direction inclined at a predetermined rubbing
angle p with respect to a vertical direction perpendicular to
the extending direction of the gate line on surfaces of the first
substrate and the second substrate in contact with the liquid
crystals, wherein the step of forming the common electrode,
comb teeth of the common electrode is formed to be inclined
in two different directions at a predetermined electrode angle
o with respect to the vertical direction, and the electrode
angle o and the rubbing angle f§ satisfy conditions of |a51
>Ipl and 90°-1a.—f1245° in each of the two directions.
[0017] According to the embodiments of the present inven-
tion, it is possible to provide an IPS mode liquid crystal
display device with high display quality that enables a display
to be viewed in both landscape and portrait positions through
polarized sunglasses without need of any additional member,
and a method of manufacturing the same.

[0018] The above and other objects, features and advan-
tages of the present invention will become more fully under-
stood from the detailed description given hereinbelow and the
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accompanying drawings which are given by way of illustra-
tion only, and thus are not to be considered as limiting the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1isa front view showing the structure of a TFT
array substrate used in a liquid crystal display device;
[0020] FIG. 2 is a plan view schematically showing the
pixel structure of a liquid crystal display device according to
a first embodiment;

[0021] FIG. 3is a view to describe an electrode angle . and
a rubbing angle f3:

[0022] FIG. 4 is a graph showing the relationship between
a voltage and transmittance in an IPS mode liquid crystal
display device with different effective rubbing angles;
[0023] FIG. § is a plan view schematically showing the
pixel structure of a liquid crystal display device according to
a second embodiment;

[0024] FIG. 6 is a plan view schematically showing the
pixel structure of a liquid crystal display device according to
a third embodiment;

[0025] FIG. 7 is a graph showing the relationship between
a voltage and transmittance in an IPS mode liquid crystal
display device with different cell gaps; and

[0026] FIG. 8 is a plan view schematically showing the
pixel structure of an IPS mode liquid crystal display device
according to related art.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0027] Preferred embodiments of the present invention will
be described hereinbelow. The explanation provided herein-
below merely illustrates exemplary embodiments of the
present invention, and the present invention is not limited to
the below-described embodiments. The following descrip-
tion and the accompanying drawings are appropriately short-
ened and simplified to clarify the explanation. Further, redun-
dant explanation is omitted as appropriate to clarify the
explanation. In the figures, the identical reference symbols
denote identical elements and the explanation thereof is omit-
ted as appropriate.

First Embodiment

[0028] A liquid crystal display device according to an
embodiment of the present invention is described hereinafter
with reference to FIG. 1. FIG. 1 is a front view showing the
structure of a thin film transistor (TFT) array substrate to be
used in a liquid crystal display device. The liquid crystal
display device according to the embodiment is an IPS mode
liquid crystal display device in which a pixel electrode and a
counter electrode are placed in the TFT array substrate. The
overall structure of the liquid crystal display device is the
same among the first to third embodiments described below.
[0029] The liquid crystal display device according to the
embodiment includes a substrate 1. The substrate 1 is an array
substrate such as a TFT array substrate, for example. The
substrate 1 includes a display area 41 and a frame area 42
surrounding the display area 41. In the display area 41, a
plurality of gate lines (scanning signal lines) 43 and a plural-
ity of source lines (display signal lines) 44 are placed. The
plurality of gate lines 43 are arranged in parallel with each
other. The plurality of source lines 44 are also arranged in
parallel with each other. The gate lines 43 and the source lines
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44 intersect with each other. Further, a plurality of common
lines (not shown) are placed in the display area 41. The
plurality of common lines are arranged in parallel with each
other. The common line is placed between the adjacent gate
lines 43. The common lines and the gate lines are arranged
substantially in parallel with each other. Each area sur-
rounded by the adjacent gate lines 43 and the adjacent source
lines 44 serves as a pixel 47. Thus, a plurality of pixels 47 are
arranged in matrix in the substrate 1.

[0030] In the frame area 42 of the substrate 1, a scanning
signal driving circuit45 and a display signal driving circuit 46
are placed. The gate lines 43 extend from the display area 41
to the frame area 42 and are connected to the scanning signal
driving circuit 45 at the end of the substrate 1. Likewise, the
source lines 44 extend from the display area 41 to the frame
area 42 and are connected to the display signal driving circuit
46 at the end of the substrate 1. An external line 48 is con-
nected in the vicinity ofthe scanning signal driving circuit45.
Further, an external line 49 is connected in the vicinity of the
display signal driving circuit 46. The external lines 48 and 49
are wiring boards such as a flexible printed circuit (FPS), for
example.

[0031] External signals are supplied to the scanning signal
driving circuit 45 and the display signal driving circuit 46
through the external lines 48 and 49. The scanning signal
driving circuit 45 supplies a gate signal (scanning signal) to
the gate lines 43 based on an external control signal. The gate
lines 43 are sequentially selected by the gate signal. On the
other hand, the display signal driving circuit 46 supplies a
display signal to the source lines 44 based on an external
control signal and display data. A display voltage according
to display data is thereby supplied to each pixel 47.

[0032] Each pixel 47 includes at least one TFT 50. The TET
50 is placed in the vicinity of the intersection of the source
line 44 and the gate line 43. For example, the TFT 50 supplies
a display voltage to a pixel electrode. Specifically, the TFT
50, which is a switching element, is turned on by the gate
signal from the gate line 43. A display voltage is thereby
applied from the source line 44 to the pixel electrode in a
comb teeth shape that is connected to a drain electrode of the
TFT 50. Further, the pixel electrode is placed opposite to a
common electrode (counter electrode) in a comb teeth shape.
An in-plane electric field corresponding to the display voltage
is generated between the pixel electrode and the counter
electrode. Further. an alignment layer (not shown) is placed
on the surface of the substrate 1. The detailed structure of the
pixel 47 is described later.

[0033] Further, a counter substrate is placed opposite to the
substrate 1. The counter substrate is a color filter substrate, for
example, and it is placed on the viewing side. On the counter
substrate, a color filter, a black matrix (BM), an alignment
layer and so on are placed. A liquid crystal layer is placed
between the substrate land the counter substrate. In other
words, liquid crystals are filled between the substrate 1 and
the counter substrate. Further, a polarizing plate, a retardation
film and so on are placed on the outer sides of the substrate 1
and the counter substrate. Furthermore, a backlight unit or the
like is placed on the non-viewing side of the liquid crystal
display panel.

[0034] Theliquid crystals are driven by an in-plane electric
field between the pixel electrode and the counter electrode.
Specifically, the orientation of the liquid crystals between the
substrates changes. The polarization state of light passing
through the liquid crystal layer thereby changes. Specifically,
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the polarization state of linearly polarized light having passed
through the polarizing plate changes by the liquid crystal
layer. To be more precise, light from the backlight unit
becomes linearly polarized light by the polarizing plate on the
array substrate side. Then, the linearly polarized light passes
through the liquid crystal layer, so that its polarization state
changes.

[0035] The amount of light passing through the polarizing
plate on the counter substrate side varies depending on the
polarization state. Specifically, among the transmitted light
that transmits through the liquid crystal display panel from
the backlight unit, the amount of light passing through the
polarizing plate on the viewing side varies. The orientation of
liquid crystals varies depending on a display voltage to be
applied. Therefore, it is possible to change the amount of light
passing through the polarizing plate on the viewing side by
controlling the display voltage. Thus, it is possible to display
a desired image by varying the display voltage for each pixel.
[0036] The pixel structure of the liquid crystal display
device according to an embodiment ofthe present invention is
described hereinafter with reference to FIG. 2. FIG. 2isa plan
view schematically showing the pixel structure of a liquid
crystal display device according to a first embodiment. FIG. 2
shows one of the pixels 47 of the liquid crystal display device.
The structure having the channel-etch type TEFT 50 is
described hereinbelow by way of illustration. FIG. 2 shows
the structure on the array substrate side only.

[0037] Referring to FIG. 2, the gate line 43, a part of which
serves as a gate electrode, is placed on the transparent insu-
lating substrate 1 such as glass. The gate line 43 extends
linearly in one direction on the substrate 1.

[0038] Further, on the substrate 1, a common line 2 is
placed in the same layer as the gate line 43. The common line
2 is located separately from the gate line 43 and extends in
parallel with the gate line 43. Thus, the common line 2 is
arranged between the adjacent gate lines 43. A plurality of
common lines 2 are included in the display area 41. The
common line 2 is disposed in substantially the middle part of
the pixel 47. Further, a plurality of common electrodes 3
extend from the common line 2, so that the common elec-
trodes 3 are formed in a comb teeth shape. As shown in FIG.
2, the comb-teethed common electrodes 3 are inclined with
respect to the direction perpendicular to the extending direc-
tion of the common line 2. Specifically, the comb-teeth parts
ofthe common electrodes 3 are bent at the part of the common
line 2 that is placed in substantially the middle of the pixel 47.
The detail of the common electrodes 3 is described later.
[0039] The gate lines 43, the gate electrodes, the common
lines 2 and the common electrodes 3 are made of Cr, Al, Ta, Ti,
Mo, W, Ni, Cu, Au or Ag, an alloy film made mainly of those
or a stacked film of those, for example.

[0040] Further, a gate insulating layer (not shown), which is
a first insulating layer, is placed to cover the gate lines 43, the
gate electrodes, the common lines 2 and the common elec-
trodes 3. The gate insulating layer is made of an insulating
film such as silicon nitride or silicon oxide. In the formation
area of the TFT 50, a semiconductor layer 4 is placed opposite
to the gate electrode with the gate insulating layer interposed
therebetween. In this example, the semiconductor layer 4 is
placed on the gate insulating layer so as to overlap the gate
line 43, and the part of the gate line 43 which overlaps the
semiconductor layer 4 serves as the gate electrode. The semi-
conductor layer 4 is made of amorphous silicon, polycrystal-
line polysilicon or the like, for example.
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[0041] Further, ohmic contact layers into which conductive
impurity is doped are placed on both ends of the semiconduc-
tor layer 4. The parts of the semiconductor layer 4 which
correspond to the ohmic contact layers are source and drain
regions, respectively. Specifically, the part of the semicon-
ductor layer 4 which corresponds to the ohmic contact layer
on the lower side in FIG. 2 serves as the source region. The
part of the semiconductor layer 4 which corresponds to the
ohmic contact layer on the upper side in FIG. 2 serves as the
drain region. In this manner, the source and drain regions are
formed at the both ends ofthe semiconductor layer4. The part
of the semiconductor layer 4 between the source and drain
regions serves as a channel region. The ohmic contact layer is
notplaced on the channel region of the semiconductor layer 4.
The ohmic contact layer is made of n-type amorphous silicon,
n-type polycrystalline silicon or the like into which impurity
such as phosphorus (P) is doped at high concentration, for
example.

[0042] A source electrode 5 and a drain electrode 6 are
respectively placed on the ohmic contact layers. Specifically,
the source electrode 5 is placed on the ohmic contact layer on
the source region side. The drain electrode 6 is placed on the
ohmic contact layer on the drain region side. The channel-
etch type TFT 50 is formed in this manner. The source elec-
trode 5 and the drain electrode 6 extend to the outside of the
channel region of the semiconductor layer 4. Thus, like the
ohmic contact layers, the source electrode 5 and the drain
electrode 6 are not placed on the channel region of the semi-
conductor layer 4.

[0043] The source electrode 5 extends to the outside of the
channel region of the semiconductor layer 4 and is connected
to the source line 44. The source line 44 is placed on the gate
insulating layer and extends in the direction to intersect the
gate line 43 over the substrate 1. Thus, the source line 44
branches off and extends along the gate line 43 at the inter-
section with the gate line 43, to form the source electrode 5. In
this embodiment, the source line 44 is formed in the shape
along the comb-teethed common electrode 3. Thus, the
source line 44 is formed to be bent like an elbow between the
adjacent gate lines 43. Therefore, in this embodiment, one
pixel 47 that is defined by the area surrounded by the adjacent
gate lines 43 and the adjacent source lines 44 has an elbow
shape.

[0044] On the other hand, the drain electrode 6 extends to
the outside of the channel region of the semiconductor layer
4. Thus, the drain electrode 6 has an extending part that
extends to the outside of the TFT 50, The source electrode 5,
the drain electrode 6 and the source line 44 are made of Cr, Al,
Ta, Ti, Mo, W, Ni, Cu, Au or Ag, an alloy film made mainly of
those or a stacked film of those, for example.

[0045] Further, an interlayer insulating layer (not shown),
which is a second insulating layer, is placed to cover the
source electrode 5, the drain electrode 6 and the source line
44. The interlayer insulating layer has a contact hole (not
shown) that reaches the extending part of the drain electrode
6. The interlayer insulating layer is made of an insulating film
such as silicon nitride or silicon oxide.

[0046] On the interlayer insulating layer, a pixel electrode 7
is placed in each pixel. The pixel electrode 7 is connected to
the extending part of the drain electrode 6 through the contact
hole of the interlayer insulating layer and electrically con-
nected to the drain electrode 6. The pixel electrode 7 extends
from the extending part of the drain electrode 6 to the inside
of the pixel 47. Specifically, the pixel electrode 7 is made up
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of a plurality of electrodes that are arranged substantially in
parallel and alternately with the plurality of common elec-
trodes 3 and has a comb teeth shape as shown in FIG. 2. The
pixel electrode 7 is made of a transparent conductive film such
as ITO. The detail of the pixel electrode 7 is described later.
[0047] Intheliquid crystal display device having the above
structure, when a voltage is applied between the common
electrode 3 and the pixel electrode 7, an in-plane electric field
is generated in the direction orthogonal to the long side of
those electrodes. The liquid crystal molecules 10 change their
orientation by changing the direction so as to be aligned along
the direction of the in-plane electric field. Accordingly, in the
pixel area where the common electrodes 3 and the pixel
electrodes 7 that are bent like an elbow are placed, sections in
which the direction of a change in the orientation of the liquid
crystal molecules 11 is different are formed.

[0048] In other words, one pixel 47 that is defined by the
area surrounded by the adjacent gate lines 43 and the adjacent
source lines 44 is divided into two sections, which are an
upper pixel 47a and a lower pixel 475, at a bending point of
the elbow shape. In the upper pixel 47a and the lower pixel
47b, the direction in which the orientation of the liquid crystal
molecules 11 changes is different from each other. Accord-
ingly, the direction of the liquid crystal molecules 11 during
driving is divided into two domains, and it is thereby possible
to prevent the color shift due to optical anisotropy of the liquid
crystal molecules 11 when displaying white in the IPS mode
liquid crystal display device. Preferably, the upper pixel 47a
and the lower pixel 475 are designed to have substantially the
same area.

[0049] On the other hand, when no voltage is applied
between the common electrode 3 and the pixel electrode 7, it
is designed in this embodiment that the liquid crystal mol-
ecules 10 are oriented to be inclined with respect to the
direction perpendicular to the extending direction of the gate
line 43 (which is referred to hereinafter as the vertical direc-
tion). Specifically, the rubbing direction (alignment direc-
tion) 12 of the alignment layers formed respectively on the
array substrate and the counter substrate is inclined with
respect to the vertical direction. Therefore, the two polarizing
plates placed respectively on the outside ofthe array substrate
and the counter substrate are placed in parallel with or per-
pendicular to the rubbing direction 12 in such a way that their
absorption axes 15 are in crossed Nichols arrangement. In this
structure, the transmitted light from the display screen is
polarized in the direction in parallel or perpendicular to the
rubbing direction 12. Accordingly, the polarization direction
of transmitted light that is transmitted from the liquid crystal
display device does not completely coincide with the hori-
zontal direction in which the absorption axis of polarized
sunglasses is placed. It is thereby possible to prevent a display
from looking all black in either horizontal (landscape) or
vertical (portrait) position when looking at an image of a
display device having a display screen that is used in both
vertical and horizontal positions through polarized sun-
glasses. This enables a user to view a display in both land-
scape and portrait positions while wearing polarized sun-
glasses.

[0050] Referring to FIG. 3, the angle of inclination of the
rubbing direction 12 with respect to the vertical direction
(which is referred to hereinafter as the rubbing angle) is f.
The angle of inclination of the common electrode 3 and the
pixel electrode 7 with respect to the vertical direction (which
is referred to hereinafter as the electrode angle) is c. In this
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embodiment, the relationship between the electrode angle o
and the rubbing angle f is designed to satisfy the following
expressions (1) and (2) in both sections of the upper pixel 47a
and the lower pixel 47b:

al>Ipl M
90°- la—pI=45°
[0051] The reason that the electrode angle a and the rub-

bing angle  are set as above is described hereinafter with
reference to the following Table 1.

TABLE 1
Angle to
in-plane
Electrode  Rubbing Effective electric
Section angle a angle p  rubbing angle field
Ref Upper 20° 0° 20° 70°
pixel
Lower -20° 0° -20° 70°
pixel
A Upper 20° 15° 3¢ 85°
pixel
Lower -20° 15° -35¢ 55°
pixel
B Upper 20° 30° -10° V¥ 80°
pixel
Lower -20° 30° -50° V¥ 40°
pixel
C  Upper 5° 30° =25V 65°
pixel
Lower -5° 30° -35° V¥ 55°
pixel
D  Upper 45° 30° 15° 75° A
pixel
Lower -45° 30° -75¢ 15° A
pixel
E  Upper 33° 30° 3° 87° A
pixel
Lower -33° 30° -63° 27° A
pixel
F  Upper -70° 30° -100° -10° A
pixel
Lower 40° 30° 10° 80° A
pixel
G Upper 30° 15° 15° 75°
pixel
Lower -30° 15° —45°¢ 45°
pixel

[0052] Table I is a correlation table for defining the elec-
trode angle o and the rubbing angle . In Table 1, the angle at
which the common electrode 3 and the pixel electrode 7 are
actually inclined with respect to the rubbing direction 12 is
referred to as the effective rubbing angle. The effective rub-
bing angle is represented by an angle that is obtained by
subtracting the rubbing angle f§ from the electrode angle c,
which is a~f3. Further, the maximum angle of rotation of the
liquid crystal molecules 11 upon application of an in-plane
electric field is referred to as the angle to in-plane electric
field. The angle to in-plane electric field is represented by
90°-to~pl.

[0053] Table 1 shows the effective rubbing angle and the
angle to in-plane electric field in seven cases A to G having
different combinations of the electrode angle o and the rub-
bing angle p. Table 1 further shows those angles in the IPS
mode liquid crystal display device according to related art
shown in FIG. 8 as a reference (Ref).

[0054] First, the effective rubbing angle is discussed with
reference to the case of the IPS mode liquid crystal display
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device according to related art shown in FIG. 8, which is Ref.
In Ref, the electrode angle o in the upper pixel is 20° and the
electrode angle o in the lower pixel is =20°, for example.
Because no measure is taken for the absorption axis of polar-
ized sunglasses, the rubbing angle f is 0° (or 90°). The effec-
tiverubbing angle of Refin such conditions is 20° in the upper
pixel and -20° in the lower pixel. This indicates that it is
necessary for the effective rubbing angle to have an opposite
sign (positive or negative) between the upper electrode and
the lower electrode in order to allow the liquid crystal mol-
ecules 11 to respond in two directions. Referring to Table 1, in
the cases B and C that have the mark ¥ in the field of the
effective rubbing angle, the effective rubbing angle has the
same sign in the upper electrode and the lower electrode, thus
failing to allow the liquid crystal molecules 11 to respond in
two directions. In the other cases A and D to G, the effective
rubbing angle has an opposite sign in the upper electrode and
the lower electrode as in Ref. Therefore, it is necessary to
satisfy the expression (1) in order for the liquid crystal mol-
ecules 11 to respond in two directions.

[0055] Next, theangle to in-plane electric field is discussed.
Generally in birefringent mode including the IPS mode, it is
designed that the transmittance is maximum when a medium
having refractive index anisotropy is oriented at an angle of
45° with respect to the absorption axis 15 of the polarizing
plate. Thus, it is designed that the transmittance is minimum
when the orientation of the liquid crystal molecules is at 0°
and 90° with respect to the respective absorption axes 15 of
the two polarizing plates in crossed Nichol arrangement and
the transmittance is maximum when the orientation of the
liquid crystal molecules is at 45° and 45°, thereby varying the
amount of light.

[0056] Therefore, it is necessary that the liquid crystal mol-
ecules 11 rotate by at least 45° when an in-plane electric field
is applied. Thus, the maximum angle of rotation of the liquid
crystal molecules 11 upon application of an in-plane electric
field, which is the angle to in-plane electric field, should be
45° or larger in both sections of the upper pixel 474 and the
lower pixel 47b. Referring to Table 1, in the cases D to F that
have the mark A in the field of the angle to in-plane electric
field, the angle to in-plane electric field is smaller than 45° in
at least one of the upper pixel and the lower pixel, thus failing
to obtain the maximum birefringence effect. In the other cases
A to C and G, the angle to in-plane electric field is 45° or
larger as in Ref. Therefore, it is necessary to satisfy the
expression (2) in order to obtain the maximum birefringence
effect.

[0057] As described above, in this embodiment, the com-
bination of the electrode angle o and the rubbing angle f§ that
satisfies the expressions (1) and (2) in both sections of the
upper pixel 47a and the lower pixel 475 is selected in order to
allow the liquid crystal molecules 11 to respond in two direc-
tions and to obtain the maximum birefringence effect. Thus,
in each of the plurality of sections where the direction of a
change in the orientation of the liquid crystal molecules 11 is
different, the comb teeth of the common electrodes 3 and the
pixel electrode 7 are inclined with respect to the vertical
direction at the electrode angle « that is larger than the rub-
bing angle . Further, in each of the plurality of sections, the
angle between the comb teeth of the common electrodes 3 and
the pixel electrode 7 and the rubbing direction 12 is equal to
or smaller than 45°. For example, if the electrode angle o in
the upper pixel is 20°, the electrode angle c. in the lower pixel
is =20° and the rubbing angle f is 15° as shown in the case A



US 2009/0310072 A1

of Table 1, it is possible to satisfy the expressions (1) and (2).
As another example of the combination that satisfies the
expressions (1) and (2), the electrode angle o in the upper
pixel may be 30°, the electrode angle « in the lower pixel may
be -30° and the rubbing angle [ may be 15° as shown in the
case G of Table 1.

[0058] The common electrode 3 and the pixel electrode 7
are inclined and bent like an elbow with respect to the direc-
tion perpendicular to the extending direction of the gate line
43 at the angle based on the selected electrode angle o
described above in both sections of the upper pixel 47a and
the lower pixel 475. Further, in this embodiment, the spacing
between the common electrode 3 and the pixel electrode 7
(which is referred to hereinafter as the electrode spacing) is
different between the upper pixel 47a and the lower pixel 475.
Specifically, the electrode spacing is wider in the section
where the angle between the inclination direction of the com-
mon electrode 3 and the pixel electrode 7 and the rubbing
direction 12 is smaller, and the electrode spacing is narrower
in the section where the above angle is larger. Thus, the
common electrode 3 and the pixel electrode 7 in a comb teeth
shape are placed opposite to each other with a wider spacing
in either section of the upper pixel 47a or the lower pixel 475
where the effective rubbing angle is smaller compared to the
other section where the effective rubbing angle is larger.
[0059] The reason that the upper pixel 47a and the lower
pixel 475 have different electrode spacings is described here-
inafter with reference to FIG. 4. FIG. 4 is a graph showing the
relationship between a voltage and transmittance in the IPS
mode liquid crystal display device having different effective
rubbing angles. F1G. 4 shows two graphs with different effec-
tive rubbing angles. In FIG. 4, the graph when the effective
rubbing angle is 5° is indicated by a dotted line, and the graph
when the effective rubbing angle is 10° is indicated by a full
line. FIG. 4 shows the case where the electrode spacing of the
upper pixel 474 is equal to the electrode spacing of the lower
pixel 475,

[0060] Itisobvious from FIG. 4 thata voltage necessary for
obtaining the same transmittance is lower when the effective
rubbing angle is 5° than when the effective rubbing angle is
10°. This is because, if the effective rubbing angle is small, the
angle between the in-plane electric field generated between
the common electrode 3 and the pixel electrode 7 and the
dielectric anisotropy of the liquid crystal molecules is large,
and it is thus possible to respond with a low voltage. On the
other hand, if the effective rubbing angle is large, the angle
between the in-plane electric field generated between the
common electrode 3 and the pixel electrode 7 and the dielec-
tric anisotropy of the liquid crystal molecules is small, and the
equal transmittance cannot be obtained unless a higher volt-
age is applied. In this embodiment, because the effective
rubbing angle is different between the upper pixel 474 and the
lower pixel 475, such a phenomenon occurs in one pixel.
Specifically, the transmittance obtained when a certain volt-
age is applied to the pixel differs between the upper pixel 47a
and the lower pixel 47b. Accordingly, an optical response is
not uniform in one pixel, thus failing to obtain the uniform
display characteristics.

[0061] If the electrode spacing in the section where the
effective rubbing angle is larger is narrowed, it is possible to
increase the strength of the in-plane electric field and thereby
achieve characteristics in a lower voltage side. Thus, by set-
ting the electrode spacing in the section with the larger effec-
tiverubbing angle to be narrower than the electrode spacing in
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the section with the smaller effective rubbing angle, it is
possible to compensate a difference in optical response due to
a difference in effective rubbing angle. The electrode spacing
in the upper pixel 474 and the electrode spacing in the lower
pixel 47b are set appropriately based on a difference in optical
response due to a difference in effective rubbing angle. For
example, in the case where the effective rubbing angles of the
upper pixel 47a and the lower pixel 47b are 5° and 10°,
respectively, the electrode spacings in the upper pixel 47a and
the lower pixel 475 are adjusted so as to equate the charac-
teristics of the full line and the characteristics of the dotted
line shown in FIG. 4. As a result, the transmittance obtained
when a given voltage is applied to the pixel does not differ
between the upper pixel 47a and the lower pixel 475, and it is
possible to obtain the same dynamic characteristics in one
pixel.

[0062] As described above, in this embodiment, the elec-
trodes are arranged in such a way that the electrode spacing is
different between the upper pixel 47a and the lower pixel 475.
Therefore, the comb-teeth-shaped common electrodes 3
extend from the common line 2 that is placed at the boundary
between the upper pixel 47a and the lower pixel 475. Further,
the pixel electrode 7 is formed in such a way that the respec-
tive comb teeth are joined at the boundary as shown in FIG. 2.
Thus, the origins of the comb teeth of the common electrodes
3 and the pixel electrode 7 are located at the boundary
between the upper pixel 47a and the lower pixel 475. In this
arrangement, it is possible to change the spacing of comb
teeth of the common electrodes 3 and the pixel electrode 7 at
the boundary between the upper pixel 47a and the lower pixel
47b.

[0063] In the section with the smaller effective rubbing
angle, the common electrode 3 and the pixel electrode 7 may
have a smaller number of comb teeth than in the section with
the larger effective rubbing angle. For example, in FIG. 2,
three comb-teeth electrodes of the common electrodes 3 and
two comb-teeth electrodes of the pixel electrode 7 are placed
in the upper pixel 47a where the electrode spacing is wider.
On the other hand, four comb-teeth electrodes of the common
electrodes 3 and three comb-teeth electrodes of the pixel
electrode 7 are placed in the lower pixel 475 where the elec-
trode spacing is narrower.

[0064] Hereinafter, a method of manufacturing the liquid
crystal display device according to an embodiment of the
present invention is described. Firstly, a film made of Cr, Al,
Ta, Ti, Mo, W, Ni, Cu, Au or Ag, an alloy film made mainly of
those or a stacked film of those is deposited all over the
transparent insulating substrate 1 such as glass. The film is
formed all over the substrate 1 by sputtering or vapor depo-
sition, for example. Next, a resist is applied thereon, and the
applied resist is exposed to light through a photomask. The
resist 1s then developed, thereby pattering the resist. This
series of processes is referred to hereinafter as photolithog-
raphy. After that, the film is etched using the resist pattern as
a mask, thereby removing the photoresist pattern. The gate
line 43, the gate electrode, the common line 2 and the com-
mon electrode 3 are thereby patterned. In this embodiment,
the electrodes are formed in such a way that the spacing of the
comb teeth of the common electrodes 3 extending from one
side of the common line 2 is wider and the spacing of the
comb teeth of the common electrodes 3 extending from the
other side of the common line 2 is narrower. Further, the comb
teeth of the common electrodes 3 are formed to be inclined
and bent like an elbow with respect to the vertical direction
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perpendicular to the gate line 43 at the electrode angle o
having the relationship with the rubbing angle [ which satis-
fies the above expressions (1) and (2). In other words, the
comb teeth of the common electrodes 3 are formed to be
inclined in two different directions with respect to the vertical
direction at the predetermined electrode angle .

[0065] Next, a first insulating layer to serve as the gate
insulating layer, a material of the semiconductor layer 4 and
a material of the ohmic contact layer are deposited in this
order so as to cover the gate line 43, the gate electrode, the
common line 2 and the common electrode 3. They are formed
all over the substrate 1 by plasma CVD, atmospheric pressure
CVD, low pressure CVD or the like, for example. Silicon
nitride, silicon oxide or the like may be used as the gate
insulating layer. The material of the semiconductor layer 4
may be amorphous silicon, polycrystalline polysilicon or the
like, for example. The material of the ohmic contact layer may
be n-type amorphous silicon, n-type polycrystalline silicon or
the like into which impurity such as phosphorus (P) is doped
at high concentration, for example. After that, the layer to
serve as the semiconductor layer 4 and the layer to serve as the
ohmic contact layer are patterned into an island shape above
the gate electrode by the process of photolithography, etching
and resist removal.

[0066] Then, a film made of Cr, Al, Ta, Ti, Mo, W, Ni, Cu,
AuorAg, an alloy film made mainly of those or a stacked film
of those is deposited to cover the layers formed above. The
film is formed by sputtering or vapor deposition, for example.
After that, the film is patterned by the process of photolithog-
raphy, etching and resist removal, thereby forming the source
electrode 5, the drain electrode 6 and the source line 44.
[0067] Then, the layer to serve as the ohmic contact layer is
etched using the source electrode 5 and the drain electrode 6
as a mask. Specifically, the part of the ohmic contact layer
having an island shape which is not covered with the source
electrode 5 orthe drain electrode 6 is removed by etching. The
semiconductor layer 4 having the channel region between the
source electrode 5 and the drain electrode 6 and the ohmic
contact layer are thereby formed. Although the etching is
performed using the source electrode 5 and the drain elec-
trode 6 as a mask in this example, the etching of the ohmic
contact layer may be performed using the resist pattern that is
used when patterning the source electrode 5 and the drain
electrode 6 as a mask. In this case, the ohmic contact layer is
etched before removing the resist pattern on the source elec-
trode 5 and the drain electrode 6.

[0068] After that, a second insulating layer to serve as the
interlayer insulating layer is deposited to cover the source
electrode 5, the drain electrode 6 and the source line 44. For
example, an inorganic insulating film such as silicon nitride
and silicon oxide is deposited as the interlayer insulating
layer all over the substrate 1 by CVD or the like. The channel
region of the semiconductor layer 4 is thereby covered with
the interlayer insulating layer. After that, by the process of
photolithography, etching and resist removal, a contact hole
that reaches the extending part of the drain electrode 6 is made
in the interlayer insulating layer.

[0069] Then, a transparent conductive film such as ITO is
deposited on the interlayer insulating layer all over the sub-
strate 1 by sputtering or the like. The transparent conductive
film is then patterned by the process of photolithography,
etching and resist removal. The pixel electrode 7 that is elec-
trically connected to the drain electrode 6 through the contact
hole and has a plurality of comb-teeth electrodes arranged
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substantially in parallel and alternately with the plurality of
common electrodes 3 is thereby formed. In this embodiment,
like the common electrode 3, the comb teeth of the pixel
electrode 7 are formed to be inclined and bent like an elbow
with respect to the vertical direction perpendicular to the gate
line 43 at the electrode angle o having the relationship with
the rubbing angle § which satisfies the above expressions (1)
and (2). Further, the spacing of the comb teeth of the pixel
electrode 7 is formed corresponding to the spacing of the
comb teeth of the common electrodes 3, in such a way that the
comb-teeth electrodes of the pixel electrode 7 are joined in the
position opposite to the common line 2. By the processes
described above, the array substrate according to the embodi-
ment is completed.

[0070] On the array substrate fabricated as above, an align-
ment layer is formed by the subsequent cell manufacturing
process. Further, an alignment layer is formed also on a
counter substrate that is fabricated separately. Then, an align-
ment process (rubbing process) is performed on the respec-
tive alignment layers so as to make micro scratches in one
direction on contact surfaces with liquid crystals. In this
embodiment, the alignment process is performed in the rub-
bing direction 12 that is inclined with respect to the direction
perpendicular to the gate line 43 at the rubbing angle p having
the relationship with the electrode angle o which satisfies the
above expressions (1) and (2). After that, a sealing material is
applied to attach the array substrate and the counter substrate
together. After attaching the array substrate and the counter
substrate, liquid crystals are filled through a liquid crystal
filling port by vacuum filling method or the like. The liquid
crystal filling port is then sealed. Further, polarizing plates are
attached to both sides of the liquid crystal cell that is formed
in this manner. In this embodiment, two polarizing plates are
placed in parallel with or perpendicular to the rubbing direc-
tion 12 in such a way that their absorption axes 15 are in
crossed Nichol arrangement. Finally, driving circuits are con-
nected, and a backlight unit is mounted. The liquid crystal
display device according to the embodiment is thereby com-
pleted.

[0071] As described in the foregoing, in this embodiment,
the comb teeth of the common electrode 3 and the pixel
electrode 7 formed like an elbow and the rubbing direction 12
are inclined with respect to the direction perpendicular to the
gate line 43 based on the electrode angle o and the rubbing
angle (3 which satisfy the expressions (1) and (2). The absorp-
tion axis 15 of the polarizing plate can be thereby in the
direction different from the horizontal direction along which
the absorption axis of polarized sunglasses is placed in both
landscape and portrait positions. It is thereby possible to
prevent a display from looking all black in either landscape or
portrait position when looking at the display of a display
device having a display screen that is used in both vertical and
horizontal positions through polarized sunglasses. Further,
because the liquid crystal molecules 11 can respond in two
directions and the birefringence effect can be obtained at
maximum, it is possible to prevent the birefringence effect in
one pixel 47 area from varying depending on the angle of
view. Consequently, the color shift does not occur when
viewed from different angles, and good viewing angle char-
acteristics can be obtained. Further, there is no increase in
thickness due to addition of a member unlike the techniques
of Japanese Unexamined Patent Publications Nos. 10-10523
and 10-10522, thus allowing reduction in thickness of the
liquid crystal display device. Furthermore, there is no
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decrease in contrast unlike when applying the technique of
Japanese Unexamined Patent Publication No. 10-49082 to an
IPS mode liquid crystal display device.

[0072] Further, in two sections in which the direction of
response of the liquid crystal molecules 11 is different in one
pixel 47, the spacing between the common electrode 3 and the
pixel electrode 7 is wider in one section where the angle
between the inclination direction of the common electrode 3
and the pixel electrode 7 and the rubbing direction 12 is
smaller than in the other section where the above angle is
larger. It is thereby possible to compensate a difference in
optical response due to a difference in the angle between the
inclination direction of the common electrode 3 and the pixel
electrode 7 and the rubbing direction 12, thus achieving the
same dynamic characteristics in one pixel. Therefore, in this
embodiment, it is possible to provide an IPS mode liquid
crystal display device with high display quality that enables a
display to be viewed in both landscape and portrait positions
through polarized sunglasses without need of any additional
member, and a method of manufacturing the same.

Second Embodiment

[0073] The pixel structure of a liquid crystal display device
according to another embodiment of the present invention is
described hereinafter with reference to FIG. 5. FIG. 5isa plan
view schematically showing the pixel structure of a liquid
crystal display device according to a second embodiment.
FIG. 5 shows one of the pixels 47 of the liquid crystal display
device. FIG. 5 shows the structure on the array substrate side
only. In this embodiment, the shape of the comb teeth of the
common electrode 3 and the pixel electrode 7 in either one of
the upper pixel 47a or the lower pixel 475 is different from
that ofthe first embodiment. The other structure is the same as
that of the first embodiment and thus not repeatedly
described.

[0074] Referring to FIG. 5, in the section of either the upper
pixel 47a or the lower pixel 475 which has the smaller effec-
tive rubbing angle, an extending part 8 for narrowing the
electrode spacing is formed at the end of the comb teeth of the
common electrodes 3 and the pixel electrode 7. The extending
part 8 is placed in each comb-teeth electrode on the side
where the angle between the extending direction of the gate
line 43 and the comb teeth is smaller. By the extending part 8,
the electrode spacing becomes narrow at the end of the comb
teeth in one section where the angle between the inclination
direction of the common electrode 3 and the pixel electrode 7
and the rubbing direction 12 is smaller out of the two sections
in which the direction of response of the liquid crystal mol-
ecules 11 is different in one pixel 47. It is thereby possible to
prevent that a disclination that occurs when applying a load is
kept to cause a display defect. This is particularly effective
when the angle between the inclination direction of the com-
mon electrode 3 and the pixel electrode 7 and the rubbing
direction 12, which is the effective rubbing angle, is smaller
than 15°.

[0075] The array substrate having such a structure may be
manufactured by forming the comb-teeth electrodes each
having the extending part 8 at the end in only one side of two
sections in which the direction of response of the liquid crys-
tal molecules 11 is different in the step of forming the com-
mon electrode 3 and the step of forming the pixel electrode 7
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respectively. The other manufacturing method is the same as
that of the first embodiment and thus not repeatedly
described.

Third Embodiment

[0076] The pixel structure of a liquid crystal display device
according to yet another embodiment of the present invention
is described hereinafter with reference to FIG. 6. FIG. 6is a
plan view schematically showing the pixel structure of a
liquid crystal display device according to a third embodiment.
FIG. 6 shows one of the pixels 47 of the liquid crystal display
device. FIG. 6 shows the structure on the array substrate side
only. In the first embodiment, the electrode spacing between
the common electrode 3 and the pixel electrode 7 is different
between the upper pixel 474 and the lower pixel 47b. In this
embodiment, the cell gap, instead of the electrode spacing, is
different between the upper pixel 47a and the lower pixel 475.
The other structure is the same as that of the first embodiment
and thus not repeatedly described.

[0077] Referring to FIG. 6, in the section of either the upper
pixel 47a or the lower pixel 476 which has the smaller effec-
tive rubbing angle, a cell gap adjustment layer 9 is formed.
The cell gap adjustment layer 9 is placed in at least one of the
array substrate and the counter substrate. FIG. 6 shows the
case where the cell gap adjustment layer 9 is placed in the
upper pixel 47a on the array substrate by way of illustration.
The cell gap thereby becomes narrower in the section having
the smaller effective rubbing angle than in the section having
the larger effective rubbing angle. In this embodiment, the
electrode spacing is the same between the upper pixel 474 and
the lower pixel 47b, which is different from the first embodi-
ment. Therefore, the pixel electrode 7 is not necessarily
formed in such a way that the respective comb teeth are joined
at the boundary between the upper pixel 47a and the lower
pixel 47b, and the comb-teeth electrodes may be joined in
another part as shown in FIG. 6.

[0078] The reason that the upper pixel 47a and the lower
pixel 47b have different cell gaps is described hereinafter with
reference to FIG. 7. FIG. 7 is a graph showing the relationship
between a voltage and transmittance in the IPS mode liquid
crystal display device having different cell gaps. FIG. 7 shows
two graphs with different cell gaps. In FIG. 7, the graph when
the cell gap is wide is indicated by a dotted line, and the graph
when the cell gap is narrow is indicated by a full line.
[0079] As explained in the first embodiment, a voltage nec-
essary for obtaining the same transmittance is lower when the
effective rubbing angle is small than when the effective rub-
bing angle is large. Accordingly, if the effective rubbing angle
is small, it is possible to respond with a low voltage. On the
other hand, if the effective rubbing angle is large, the equal
transmittance cannot be obtained unless a higher voltage is
applied. In this embodiment, because the effective rubbing
angle is different between the upper pixel 47a and the lower
pixel 47b, such a phenomenon occurs in one pixel. Specifi-
cally, the transmittance obtained when a certain voltage is
applied to the pixel differs between the upper pixel 47a and
the lower pixel 47b. Accordingly, an optical response is not
uniform in one pixel, thus failing to obtain the uniform dis-
play characteristics.

[0080] If the cell gap in the section where the effective
rubbing angle is smaller is narrowed, it is possible to achieve
characteristics in a higher voltage side. It is obvious from
FIG. 7 that a voltage necessary for obtaining the same trans-
mittance is lower when the cell gap is wide than when the cell
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gap is narrow. Thus, by setting the cell gap in the section with
the smaller effective rubbing angle to be narrower than the
cell gap in the section with the larger effective rubbing angle,
it is possible to compensate a difference in optical response
due to a difference in effective rubbing angle. The cell gap in
the upper pixel 47a and the cell gap in the lower pixel 475 are
adjusted appropriately based on a difference in optical
response due to a difference in effective rubbing angle. For
example, in the case where the characteristics in the section
with the smaller effective rubbing angle is the graph indicated
by the dotted line of FIG. 7 and the characteristics in the
section with the larger effective rubbing angle is the graph
indicated by the full line of FIG. 7, for example, the cell gap
adjustment layer 9 having the thickness that is adjusted so as
to equate the characteristics of the full line and the character-
istics of the dotted line shown in FIG. 7 is formed in the
section with the smaller effective rubbing angle. As a result,
the transmittance obtained when a given voltage is applied to
the pixel does not differ between the upper pixel 47« and the
lower pixel 475, and it is possible to obtain the same dynamic
characteristics in one pixel as in the first embodiment.
[0081] Although the cell gap adjustment layer 9 may be
formed by adding a dedicated layer, it may be formed by
using any of the layers constituting the array substrate or the
counter substrate. A plurality of layers may be combined to
form the cell gap adjustment layer 9. Further, the cell gap
adjustment layer 9 may be placed on either one or both of the
array substrate and the counter substrate.

[0082] Although the liquid crystal display device including
the channel-etch type TFT 50 is described in the first to third
embodiments, it may include another type of the TFT 50, such
as a top-gate type. Further, although the case where the rub-
bing direction 12 is in the direction rotated rightward with
respect to the vertical direction, which is in the direction
where the sign of the rubbing direction 12 is positive, is
described by way of illustration, the present invention is not
limited thereto. For example, the rubbing direction 12 may be
in the direction rotated leftward with respect to the vertical
direction, which is in the direction where the sign of the
rubbing direction 12 is negative.

[0083] The first to third embodiments may be combined as
appropriate. For example, the second embodiment may be
combined with the third embodiment. Further, the first
embodiment may be combined with the third embodiment, so
that the electrode spacing between the upper pixel 47 and the
lower pixel 475 is different and further the cell gap adjustment
layer 9 is formed.

[0084] From the invention thus described, it will be obvious
that the embodiments of the invention may be varied in many
ways. Such variations are not to be regarded as a departure
from the spirit and scope of the invention, and all such modi-
fications as would be obvious to one skilled in the art are
intended for inclusion within the scope of the following
claims.

What is claimed is:

1. A liquid crystal display device including liquid crystals
filled between a first substrate having a thin film transistor and
a second substrate placed opposite to the first substrate, com-
prising:

a gate line extending in a given direction on the first sub-
strate and electrically connected to a gate electrode of
the thin film transistor;

a pixel electrode in a comb teeth shape electrically con-
nected to a drain electrode of the thin film transistor;
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a common electrode in a comb teeth shape placed in a
different layer from the pixel electrode with an insulat-
ing layer interposed therebetween so as to generate an
in-plane electric field with the pixel electrode;

an alignment layer placed on surfaces of the first substrate
and the second substrate in contact with the liquid crys-
tals and having an alignment direction inclined at a
predetermined rubbing angle f with respect to a vertical
direction perpendicular to the extending direction of the
gate line; and

two sections in a pixel area including the pixel electrode
and the common electrode, a direction of response of the
liquid crystals being different between the two sections
when the in-plane electric field is generated, wherein

comb teeth of the pixel electrode and the common elec-
trode are inclined at a predetermined electrode angle o
with respect to the vertical direction in each of the two
sections, and

the electrode angle a and the rubbing angle f satisfy con-
ditions of latl>1p1 and 90°-|a—f1=45° in each of the two
sections.

2. The liquid crystal display device according to claim 1,

wherein

an electrode spacing between the pixel electrode and the
common electrode is different between the two sections.

3. The liquid crystal display device according to claim 2,
wherein

the electrode spacing is wider in one of the two sections
where an angle between the alignment direction of the
alignment layer and the comb teeth of the pixel electrode
and the common electrode is smaller than in the other
one of the two sections where the angle is larger.

4. The liquid crystal display device according to claim 2,

wherein

the pixel electrode and the common electrode are formed
with the respective comb teeth being joined at a bound-
ary between the two sections.

5. The liquid crystal display device according to claim 1,

wherein

a cell gap between the first substrate and the second sub-
strate is different between the two sections.

6. The liquid crystal display device according to claim 5,

wherein

the cell gap is narrower in one of the two sections where an
angle between the alignment direction of the alignment
layer and the comb teeth of the pixel electrode and the
common electrode is smaller than in the other one ofthe
two sections where the angle is larger.

7. The liquid crystal display device according to claim 1,

wherein

an extending part for narrowing an electrode spacing
between the pixel electrode and the common electrode is
placed at an end of the comb teeth of the pixel electrode
and the common electrode in one of the two sections
where an angle between the alignment direction of the
alignment layer and the comb teeth of the pixel electrode
and the common electrode is smaller.

8. A method of manufacturing a liquid crystal display
device including liquid crystals filled between a first substrate
having a thin film transistor and a second substrate placed
opposite to the first substrate, the method comprising steps of:

forming a gate line extending in a given direction and a
common electrode in a comb teeth shape on the first
substrate;
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forming a pixel electrode in a comb teeth shape electrically
connected to a drain electrode of the thin film transistor
and generating an in-plane electric field with the com-
mon electrode; and

forming an alignment layer having an alignment direction
inclined at a predetermined rubbing angle [} with respect
to a vertical direction perpendicular to the extending
direction of the gate line on surfaces of the first substrate
and the second substrate in contact with the liquid crys-
tals, wherein

in the step of forming the common electrode, comb teeth of
the common electrode is formed to be inclined in two
different directions at a predetermined electrode angle o
with respect to the vertical direction, and

the electrode angle . and the rubbing angle {§ satisfy con-
ditions of lal>Ipl and 90°—|a-f1>45° in each of the two
directions.

9. The method of manufacturing the liquid crystal display

device according to claim 8, wherein

an electrode spacing between the pixel electrode and the
common electrode is different between the two direc-
tions.

10. The method of manufacturing the liquid crystal display

device according to claim 9, wherein

the electrode spacing is wider in one of the two directions
where an angle between the alignment direction of the
alignment layer and the comb teeth of the pixel electrode
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and the common electrode is smaller than in the other
one of the two directions where the angle is larger.
11. The method of manufacturing the liquid crystal display
device according to claim 8, wherein
the pixel electrode and the common electrode are formed
with the respective comb teeth being joined at a bound-
ary between the two directions.
12. The method of manufacturing the liquid crystal display
device according to claim 8, wherein
a cell gap between the first substrate and the second sub-
strate s different between the two directions.
13. The method of manufacturing the liquid crystal display
device according to claim 12, wherein
the cell gap is narrower in one of the two directions where
an angle between the alignment direction of the align-
ment layer and the comb teeth of the pixel electrode and
the common electrode is smaller than in the other one of
the two directions where the angle is larger.
14. The method of manufacturing the liquid crystal display
device according to claim 8, wherein
an extending part for narrowing an electrode spacing
between the pixel electrode and the common electrode is
placed at an end of the comb teeth of the pixel electrode
and the common electrode in one of the two directions
where an angle between the alignment direction of the
alignment layer and the comb teeth of the pixel electrode
and the common electrode is smaller.

L T



patsnap

TRAFROE) REBEEREENEGES X
NIF(2E)E US20090310072A1 K (2E)R 2009-12-17
HiES US12/481744 HiEA 2009-06-10

HFIFRE(RRR)AGE) =ZBikatt
B (T M) A(F) =% 8 .CORPORTION

LEHB(ERNR)AGE) =ZZHHCORPORTION

[FRIRBAA MORII YASUHIRO
YONEMURA KOJI
RAAN MORII, YASUHIRO

YONEMURA, KOJI

IPCH %S GO02F1/1337 G02F1/1343
CPCH %S GO02F1/133753 G02F2001/133757 GO2F 1/1393 G02F 1/134363
LR 2008152449 2008-06-11 JP

S\EBEEE Espacenet USPTO

RBE(E) V. /42
HEE REBQEREEMSIER EOMRE RO GEER 6 | L
E/ZERFEENBFNREFRGARER  EENEERMENF —
EETMRENEE S B UREHERARMMNGIESE , URKSH ; 44 \
MRS EFENAANES ( LHREERNTHEE ) . ERNBINE— \ =l
A BEBRAALBROHEANFEESBURENER A 18 -
B, HEBRAKERARHR o> WK, BEFRIBINE -1 v T ¥
&, 90° - |a-B[=45°,

[ p—



https://share-analytics.zhihuiya.com/view/9353bf65-01b0-4aee-be07-6a2c1af428b1
https://worldwide.espacenet.com/patent/search/family/041414430/publication/US2009310072A1?q=US2009310072A1
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=%2220090310072%22.PGNR.&OS=DN/20090310072&RS=DN/20090310072

