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(57) ABSTRACT

The liquid crystal display device includes a transparent elec-
trode formed in a plan form and a strip or strips transparent
electrode disposed thereon via aninsulating film, and controls
display by rotating the liquid crystal aligned substantially in
parallel to a substrate within a plane that is substantially in
parallel to the substrate by an electric field between the both
electrodes. Each pixel constituting the display is divided into
two regions, the extending directions of the strip electrode in
each of the regions are orthogonal, the alignment azimuths of
the liquid crystal of each of the regions are orthogonal, and the
angles formed between the extending directions of the strip
electrode and the alignment azimuth of the liquid crystal are
the same.
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FIG. 24A
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FIG. 29

VOLTAGE-TRANSMITTANCE CHARACTERISTICS WHEN
VIEWED FROM OBLIQUE VIEWING ANGLE
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LATERAL ELECTRIC FIELD LIQUID
CRYSTAL DISPLAY DEVICE AND
MANUFACTURING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese patent application No. 2011-
261631, filed on Nov. 30, 2011, and No. 2012-0643138, filed
on Mar. 21, 2012 the disclosure of which is incorporated
herein in its entirety by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a lateral electric
field liquid crystal display device which implements an active
matrix typeliquid crystal display device and the like excellent
in the viewing angle characteristics.

[0004] 2. Description of the Related Art

[0005] The widely used TN (Twisted Nematic) mode is of
high contrast. On the other hand, the molecule axes of the
liquid crystal of that mode rise by the vertical electric field, so
that the viewing angle dependency is tremendous. Recently, it
is desired to acquire the same picture quality when viewed
from any directions regarding display device for large-scaled
monitors such as TVs and regarding portable information
terminals. In order to satisfy such demands, employed more
and more are the modes with which the liquid crystal is
rotated on a plane substantially in parallel to the substrate by
applying an electric field substantially parallel to the sub-
strate, such as an IPS (In-plane Switching) mode and an FFS
(Fringe Field Switching) mode. With such lateral electric
field modes, the axes of molecules of the nematic liquid
crystal aligned horizontally are rotated within a plane that is
in parallel to the substrate by the lateral electric field. This
makes it possible to suppress changes in the picture quality
caused by the viewing angle directions according to the rise of
the axes of the molecules, so that the viewing angle charac-
teristics can be improved.

[0006] However, the viewing angle characteristics are not
perfect even in the case of the lateral electric field mode. In
particular, the nematic liquid crystal used for the lateral elec-
tric field mode exhibits the uniaxial optical anisotropy. Thus,
there is acquired prescribed retardation when viewed from the
normal direction of the substrate. However, as shown in FIG.
16, when viewed from an oblique viewing direction by tilting
the viewing angle from the normal of the substrate, there are
different changes in the retardation caused by the liquid crys-
tal layer for the case where the viewing angle is tilted to the
major-axis direction of the liquid crystal and for the case
where the viewing angle is tilted to the minor-axis direction of
the liquid crystal. In the case where the viewing angle is tilted
to the minor-axis direction, the refractive index anisotropy of
the liquid crystal on the appearance does not change. Thus,
the optical path length transmitting the liquid crystal layer
becomes greater, so that the retardation An-d becomes greater.
Meanwhile, in the case where the viewing angle is tilted to the
major-axis direction, the refractive index anisotropy of the
liquid crystal on the appearance becomes smaller. Thus, the
retardation An-d becomes smaller, even though the optical
path length transmitting the liquid crystal layer becomes
longer. Normally, with the lateral electric field mode, black
display is acquired by making the alignment direction of the

Jul. 25,2013

liquid crystal aligned with one of absorption axes 28 and 29
(FIG.16) of the crossed Nichol polarization plate by applying
no voltage and white display is acquired through rotating the
liquid crystal from the polarization axis direction by applying
a lateral electric field. In that state, the effective retardation
becomes smaller when viewed from the oblique viewing
angle of the azimuth of the rotated liquid crystal due to the
reasons described above, so that the chromaticity is shifted to
the direction of blue. When viewed from the oblique direction
perpendicular to the azimuth of the rotated liquid crystal, the
effective retardation becomes greater. Thus, the chromaticity
is shifted to the direction of red. Therefore, both cases are to
be colored.

[0007] Further, as shown in FIG. 17, polarization axes 60
and 61 are orthogonal to each other from the front direction,
and the liquid crystal rotates therebetween to control the
transmission light. However, when viewed from the oblique
viewing angle direction at the azimuth of 45 degrees from the
polarization axis, the transmission axes of the polarization
plate do not become orthogonal to each other as shown in
FIG. 17B and F1G. 17C, so that an azimuth 62 of ordinary
light axis of the liquid crystal comes to rotate between the
non-orthogonal polarization axes. Therefore, in the oblique
viewing direction in a state where the azimuth 62 of the
ordinary light axis of the liquid crystal is facing towards the
polarizer absorption axis (black display from the front), light
is leaked so that the black display state becomes brighter.
Further, when viewed from the viewing direction in a layout
as shown in FIG. 17B, the luminance is decreased at the point
where the liquid crystal is slightly rotated from the black
display state. This results in generating inversion of grada-
tion.

[0008] Inthe technique depictedin JP No. 3120751 (Patent
Document 1), as shown in FIG. 20A, disclosed is a method
with which the directions of an electric field 70 applied to the
liquid crystal are set to two mutually opposite directions
which make a specific angle with respect to an initial align-
ment direction 69 of the liquid crystal. Through setting the
electric field 70 to be applied from the two directions as
described above, the liquid crystal rotates in different direc-
tions from each other in a region 1and a region 2 provided that
each of the regions where the electric fields are generated is
defined as the region 1 (65) and the region 2 (66).

[0009] When viewed from the oblique viewing angle at an
azimuth 71 of the viewing angle making 45 degrees with
respect to the absorption axes 28 and 29 of the both polariza-
tion plates, the liquid crystal is to be rotated to the two direc-
tions making at about 45 degrees from the direction of the
polarization axes for white display. Thus, as shown in FIG.
20B, the major-axis direction and the minor-axis direction
from the oblique direction of the liquid crystal in the both
regions compensate with each other. Therefore, it is possible
to suppress coloring observed from the oblique directions as
described in FIG. 16.

[0010] Further, as shown in FIG. 20C, among four quad-
rants formed by the non-orthogonal polarization axes 60 and
61, liquid crystal directors in the region 1 are rotated in a
quadrant where the angle formed by the polarization angles is
an obtuse angle while the liquid crystal directors in the region
2 are rotated in a quadrant where the angle formed by the
polarization angles is an acute angle. Thus, the both regions
compensate with each other, so that the inversion of gradation
viewed from the oblique direction at 45 degrees can also be
suppressed.
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[0011] The technique of Patent Document 1 described
above is designed to rotate the liquid crystal by applying the
voltage between two kinds of strip electrodes 63 and 64 by the
lateral electric field 70 generated therebetween. In the mean-
time, recently, widely used is the so-called FFS-mode lateral
electric field liquid crystal display device in which, as shown
in FIG. 28 A and FIG. 28B, a plan electrode 82 is formed on a
substrate 81, a strip electrode 84 is disposed thereon via an
insulating film 83, a voltage is applied therebetween, and a
fringe electric field substantially in parallel to the substrate 81
generated at the edges of the strip electrode 84 is used to rotate
a liquid crystal 85.

[0012] Through the use of such lateral electric field liquid
crystal display device that utilizes the fringe electric field, the
liquid crystal on the electrodes can also be rotated. Therefore,
the light use efficiency can be increased even more. Further,
with the FFS mode, the rotation of the liquid crystal becomes
dominant on the substrate side where the fringe electric field
is formed. Thus, compared to the rotation of the liquid crystal
by the pure lateral electric field, the dependency of the elec-
tro-optical property on the thickness of the liquid crystal layer
becomes smaller and the margin of the liquid crystal cell gap
becomes greater. Therefore, the difficulties of manufacturing
can be eased.

[0013] However, in the case of the FFS mode, the voltage-
transmittance characteristics 1s largely shifted towards the
low-voltage side as shown in FIG. 29 when the viewing angle
is tilted towards the initial alignment direction of the liquid
crystal in particular. Thus, the delicate coloring using the half
gray tone level becomes whiter in the oblique viewing angle
direction.

[0014] As a result of analyzing such phenomenon, it is
found that there are two following reasons. As shown in FIG.
18A, a case where the viewing angle is tilted by m from the
normal of the substrate towards the azimuth of the polariza-
tion axis of the incident-side polarization plate, is considered.
The unit vectors in the absorption axis direction of the
orthogonal polarization plates when viewed from the front are
defined as the p for the polarizer and a for the analyzer.
Considering the state where the liquid crystal director is
rotated by 0 from the initial state, the director n of the liquid
crystal can be expressed as follows.

n=cos O-p+sin 6-a
[0015] Provided that the unit vector in the direction of a
light propagation is s and that the transmission axis directions
of the polarization plates perpendicular to the light propaga-
tion are p', a' and the axis direction of the ordinary light of the

liquid crystal orthogonal to the light propagation is n', follow-
ing relations can be acquired.

pEpxs
a'=axs
n'=nxs=cos 0-p'+sin 6-a’

[0016] While p' and a' are orthogonal to each other, the
lengths thereof are different as shown in the following expres-
sions.

p'l=cosm

a’l=1
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[0017] Therefore, as shown in FIG. 18B, the angle ¢ formed
between n' and p' becomes larger than 6. In this case, the
transmission can be acquired by a following expression.

Toccos?(n/2-2¢)=sin’(2¢)>sin’(26)

[0018] Therefore, the transmittance of the oblique viewing
angle becomes relatively larger in the region where 6 is small
compared to “6-T" characteristics from the front when 6
changes. Thus, the peak is at the point where ¢ corresponds to
45 degrees. When ¢ becomes equal to or larger than that, the
transmittance is decreased inversely and deviated from the
ideal characteristics.

[0019] Inthecase of FFS, the rotation angle becomes larger
because a strong lateral electric field is generated in the vicin-
ity of the edges of the strip electrodes while the electric field
is weak and the rotation angle is small on the strip electrodes
as well as in the part corresponding to the slits between the
strip electrodes. Thus, a high transmittance can be acquired
by rotating the liquid crystal on the average in those regions.
Therefore, in the vicinity of the edges of the strip electrodes
with high light use efficiency, the liquid crystal is largely
rotated from the region where the voltage is relatively low.
Thus, the rotation angle ¢ when viewed from the oblique
viewing angle becomes still larger. As a result, the rotation
angle ¢ of the liquid crystal when viewed from the oblique
viewing angle exceeds 45 degrees with a voltage that is con-
siderably lower than the voltage with which the highest trans-
mittance can be acquired from the front view, which emi-
nently causes a phenomenon of transmittance saturation.
[0020] Inacase where the lateral electric field 70 is applied
between the two kinds of strip electrodes 63 and 64 as shown
in FIG. 20A, the liquid crystal is mainly rotated by the lateral
electric field 70 generated between the electrodes 63 and 64.
Thus, the liquid crystal is not rotated so much on the strip
electrodes 63, 64 and transmittance nearby is low. However, it
is not necessary to increase the rotation of the liquid crystal
between the electrodes 63 and 64 so much. Therefore, while
the shift as described above is generated slightly, the level of
the shift is so small that it is not an issue.

[0021] As shown in FIG. 21A, considered is a case where
there are two directions of the electric field 70 for the initial
alignment 69 of the liquid crystal in a case of the FFS mode.
In this case, it is possible to improve the viewing angle regard-
ing the coloring and the inversion of gradation in a case of
viewing from the azimuth of 45 degrees from the polarization
plates due to the same reason for which the electric field is
applied from two directions in the mode where the lateral
electric field is applied between the strip electrodes shown in
FIG. 20A.

[0022] However, as shown in FIG. 21A, it is not possible to
suppress the low-voltage shift of the voltage-transmittance
characteristics when viewed from the oblique direction of the
azimuth of p. This can be described as follows. The ordinary
light directions n1' and n2' of the liquid crystal perpendicular
to the light propagation lay can be expressed as in following
expressions.

nl'=nlxs=cos 6-p'+sin 6-a’

n2'=n2xs=cos 0-p'-sin 0-a’

[0023] As shown in FIG. 21B, the angle ¢ formed between
n' and p' is equivalent in the both regions. Thus, the liquid
crystal is rotated faster than the case of the rotation angle 6 of
the front view, so that it is not possible to compensate with
each other even when the electric field 70 is applied to two
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directions. Therefore, it is not possible to overcome such
issue that the voltage-transmittance characteristics is shifted
to the low-voltage side, and the display thereby appears
whiter in a bright halftone and that a delicate coloration
cannot be displayed correctly in the oblique viewing angle.
[0024] Further, liquid crystal molecules generally have
pretilt. When an electric field is applied, the liquid crystal
molecules tend to rise in the rising direction of the pretilt.
When the liquid crystal rises as in this case, the ordinary light
direction n' of the liquid crystal viewed from the oblique
viewing angle shifts to the direction of 7' given by a following
expression provided that z is the unit vector of the direction
perpendicular to the substrate as shown in FIG. 19.

z'=zxs

[0025] Therefore, the rotation angle 6 of the liquid crystal
becomes still larger, so that the shift of the voltage-transmit-
tance characteristics towards the low-voltage direction
becomes still greater when viewed from the oblique viewing
angle of the direction of the rise of the pretilt. As a result,
white-tinged display with a light halftone becomes dominant.
[0026] Inview ofthe above-described factors, it1s an exem-
plary object of the present invention to provide a fine display
device with which the delicate coloration of a halftone does
not appear as white-tinged when viewed from any viewing
angles by suppressing the shift of the voltage-transmittance
characteristics to the low-voltage side when viewed from the
oblique viewing angle of the azimuth of'the initial alignment
of the liquid crystal in an FFS mode that is capable of more
easily increasing the transmittance.

SUMMARY OF THE INVENTION

[0027] Thelateral electric field liquid crystal display device
according to an exemplary aspect of the invention is charac-
terized as a lateral electric field liquid crystal display device
which includes: a substrate; a plan electrode formed in a plan
form on the substrate; a strip electrode or strip electrodes
formed in a strip form on the plan electrode via an insulating
film; and a liquid crystal aligned substantially in parallel to
the substrate, the liquid crystal display device controlling a
display by rotating the liquid crystal within a plane substan-
tially in parallel to the substrate by an electric field between
the plan electrode and the strip electrode, wherein: each pixel
constituting the display is divided into a first region and a
second region; an extending direction of the strip electrode of
the first region and an extending direction of the strip elec-
trode of the second region are orthogonal; an alignment azi-
muth of the liquid crystal of the first region and an alignment
azimuth ofthe liquid crystal of the second region are orthogo-
nal; and an angle formed between the extending direction of
the strip electrode in the first region and the alignment azi-
muth of the liquid crystal and an angle formed between the
extending direction of the strip electrode in the second region
and the alignment azimuth of the liquid crystal are same.
[0028] Thelateral electric field liquid crystal display device
manufacturing method according to another exemplary
aspect of the invention is a method for manufacturing the
lateral electric field liquid crystal display device, wherein
alignment processing of the liquid crystal is performed by
photo-alignment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 is a plan view showing the structure of one
pixel of a liquid crystal display device according to a first
exemplary embodiment;
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[0030] FIG. 2 is a sectional view taken along A-A' of FIG.
1

[0031] FIG. 3 is a plan view showing an alignment state of
one pixel of the liquid crystal display device according to the
first exemplary embodiment;

[0032] FIG. 4A is a chart showing the viewing angle char-
acteristics of the related technique;

[0033] FIG. 4B is a chart showing the viewing angle char-
acteristics of the first exemplary embodiment;

[0034] FIG. 5isaplan view showing the state of division of
the alignment over a plurality of pixels according to the first
exemplary embodiment;

[0035] FIG. 6 is a plan view showing the structure of one
pixel of a liquid crystal display device according to a second
exemplary embodiment;

[0036] FIG. 7 is a plan view showing an alignment state of
one pixel of the liquid crystal display device according to the
second exemplary embodiment;

[0037] FIG. 8is a plan view showing an alignment state of
one pixel ofaliquid crystal display device according to a third
exemplary embodiment;

[0038] FIGS. 9A and 9B show charts of improvements of
the viewing angle characteristics according to the third exem-
plary embodiments;

[0039] FIG. 10 is a sectional view showing an alignment in
the boundary between regions where only the pretilt angles
are different in the liquid crystal display device according to
the third exemplary embodiment;

[0040] FIG. 11 is a plan view showing the state of division
of the alignment over a plurality of pixels according to the
third exemplary embodiment;

[0041] FIG. 12 is aplan view showing an alignment state of
one pixel of a liquid crystal display device according to a
fourth exemplary embodiment;

[0042] FIG. 13 is a plan view showing the structure of one
pixel of a liquid crystal display device according to a fifth
exemplary embodiment;

[0043] FIG. 14 is a sectional view taken along A-A' of FIG.
13;
[0044] FIG. 15is aplan view showing an alignment state of

one pixel of the liquid crystal display device according to the
fifth exemplary embodiment;

[0045] FIG. 16 is a chart for describing an issue of the
viewing angle characteristics of a lateral electric field mode
according to the related technique;

[0046] FIGS.17A,17Band 17C show charts for deseribing
another issue of the viewing angle characteristics of a lateral
electric field mode according to the related technique;
[0047] FIGS.18A and 18B show charts showing the reason
for the shift of the voltage transmittance characteristics when
viewed from the azimuth of the absorption axis of an incident-
side polarization plate in a lateral electric field type of an FFS
mode according to the related technique;

[0048] FIG. 19 is a chart for describing the theory of caus-
ing the shift of the voltage-transmittance characteristics in
accordance with the rise of the liquid crystal in a lateral
electric field type of an FFS mode according to the related
technique;

[0049] FIGS. 20A and 20B shows chart regarding the
effects of the improvements in the viewing angle according to
the related technique;

[0050] FIGS. 21A and 21B show charts regarding issues of
the viewing angle characteristics which cannot be overcome
by the related technique;
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[0051] FIGS. 22A and 22B show charts of the theory for
improving the viewing angle according to the present inven-
tion;

[0052] FIGS. 23A and 23B show charts regarding the
effects of the improvements in the viewing angle according to
the present invention;

[0053] FIGS. 24A and 24B show charts regarding the
effects of the improvements in the viewing angle according to
the present invention 1;

[0054] FIG.25isachart for describing the relation between
the direction of the pretilt of the liquid crystal and the extent
of the rise of the liquid crystal when an electric field is
applied,;

[0055] FIG.26 is achart for describing that the extent of the
rise of the liquid crystal when an electric field is applied
becomes symmetric by effectively setting the direction of the
pretilt of the liquid crystal to 0 degree;

[0056] FIG. 27 is a plan view showing the state of division
of the alignment over a plurality of pixels according to the
fifth exemplary embodiment;

[0057] FIGS. 28A and 28B show charts showing the struc-
ture of the FFS mode according to the related technique;
[0058] FIG. 29 shows a chart of a case where the voltage-
transmittance characteristics when viewed from the oblique
viewing angle of the azimuth of the absorption axis of the
incident-side polarization plate and the voltage-transmittance
characteristics when viewed from the front are compared in
the FFS mode of the related technique;

[0059] FIG. 30 is a plan view showing four neighboring
pixels according to a sixth embodiment;

[0060] FIG. 31 is a plan view showing four neighboring
pixels according to a seventh embodiment;

[0061] FIG. 32 is a plan view showing four neighboring
pixels according to an eighth embodiment;

[0062] FIG. 33 is a plan view showing four neighboring
pixels according to a ninth embodiment;

[0063] FIG. 34 is an example showing the direction of the
liquid crystal in regions of different pretilt directions accord-
ing to the third embodiment;

[0064] FIG. 35 is another example showing the direction of
the liquid crystal in regions of different pretilt directions
according to the third embodiment;

[0065] FIG. 36 is still another example showing the direc-
tion of the liquid crystal in regions of different pretilt direc-
tions according to the third embodiment;

[0066] FIG. 37 is yet another example showing the direc-
tion of the liquid crystal in regions of different pretilt direc-
tions according to the third embodiment;

[0067] FIG. 38 is a plan view showing twelve neighboring
pixels according to a tenth embodiment; and

[0068] FIG. 39 is a plan view showing twelve neighboring
pixels according to an eleventh embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0069] Inthe drawings, disclosed are: a plan common elec-
trode (plan electrode) 1; a common signal wiring 2; a scan-
ning line 3; a light-shielding layer 4 constituted with a first
metal layer; a data line 5; a thin film semiconductor layer 6; a
pixel electrode part 7 constituted with a second metal layer; a
pixel electrode through hole 8; a strip pixel electrode (strip
electrode) 9; a part 10 for connecting the strip pixel elec-
trodes; a strip electrode 11; a liquid crystal 12; a gate insulat-
ing film 13; a passivation film 14; alignment films 15, 16; a
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black matrix 17; a color layer 18; an overcoat 19; transparent
insulating substrates (substrate, counter substrate) 20, 21; an
incident-side polarization plate 22; an exit-side polarization
plate 23; a region 1 (first region, 24) of a first exemplary
embodiment; an initial alignment direction 25 of the region 1
of the first exemplary embodiment; a region 2 (second region,
26) of the first exemplary embodiment; an initial alignment
direction 27 of the region 2 of the first exemplary embodi-
ment; an incident-side polarization plate absorption axis 28;
an exit-side polarization plate absorption axis 29; a region 1
(first region, 30) of a second exemplary embodiment; an
initial alignment direction 31 of the region 1 of the second
exemplary embodiment; a region 2 (second region, 32) of the
second exemplary embodiment; an initial alignment direction
33 of the region 2 of the second exemplary embodiment; a
region 1 (third region within the first region, 34) of a third
exemplary embodiment; an initial alignment direction 35 of
the region 1 of the third exemplary embodiment; a region 2
(fourth region within the first region, 36) of the third exem-
plary embodiment; an initial alignment direction 37 of the
region 2 of the third exemplary embodiment; a region 3 (fifth
region within the second region, 38) of the third exemplary
embodiment; an initial alignment direction 39 of the region 3
of the third exemplary embodiment; a region 4 (sixth region
within the second region, 40) of the third exemplary embodi-
ment; an initial alignment direction 41 of the region 4 of the
third exemplary embodiment; an electric field 42; a rise direc-
tion 43 of the liquid crystal; a region 1 (third region within the
first region, 44) of a fourth exemplary embodiment; an initial
alignment direction 45 of the region 1 of the fourth exemplary
embodiment; a region 2 (fourth region within the first region,
46) of the fourth exemplary embodiment; an initial alignment
direction 47 of the region 2 of the fourth exemplary embodi-
ment; a region 3 (fifth region within the second region, 48) of
the fourth exemplary embodiment; an initial alignment direc-
tion 49 of the region 3 of the fourth exemplary embodiment;
a region 4 (sixth region within the second region, 50) of the
fourth exemplary embodiment; an initial alignment direction
51 of the region 4 of the fourth exemplary embodiment; strip
common electrode (strip electrode) 52; a plan pixel electrode
(plan electrode) 53; a common electrode through hole 54; a
common electrode 55 for shielding a bus line; a region 1 (first
region, 56) of a fifth exemplary embodiment; an initial align-
ment direction 57 of the region 1 of the fifth exemplary
embodiment; a region 2 (second region, 58) of the fifth exem-
plary embodiment; an initial alignment direction 59 of the
region 2 of the fifth exemplary embodiment; an incident-side
polarization plate absorption axis 60; an exit-side polariza-
tion plate absorption axis 61; a liquid crystal ordinary light
azimuth 62; a strip pixel electrode 63; a strip common elec-
trode 64; a region 1 (65); a region 2 (66); a liquid crystal
ordinary light azimuth 67 of the region 1; a liquid crystal
ordinary light azimuth 68 of the region 2; a liquid crystal
alignment azimuth 69; an electric field 70; a viewing angle
azimuth 71; a liquid crystal ordinary light azimuth 72 of the
region 1; a liquid crystal ordinary light azimuth 73 of the
region 2; a substrate 81; a plan electrode 82; an insulating film
83; a strip electrode 84; a liquid crystal 85; alignment azi-
muths 86, 87 when the alignment is divided between pixels;
liquid crystal pretilt directions 88, 89; a TFT array substrate
90; acolor filter substrate 91; pixels 92, 93, 94, 95; one unit 96
of display; pixels 96R, 96G, 96B; one unit 97 of display;
pixels 97R, 97G, 978, and the like.
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[0070] Inordertoovercome the above-described issues, the
liquid crystal display device of the present invention 1 is a
lateral electric field liquid crystal display device which
includes a transparent electrode formed in a plan form and a
strip transparent electrode formed and disposed thereon via
an insulating film, the liquid crystal display device control-
ling a display by rotating the liquid crystal aligned on the
substrate substantially in parallel within a plane substantially
in parallel to the substrate by an electric field between the both
electrodes, wherein: each pixel constituting the display is
divided into two regions and the extending direction of the
strip electrode in each region are set to be orthogonal so that
the directions of the lateral electric fields formed in each of
the regions become orthogonal to each other; alignment
directions of liquid crystal molecules in each of the regions
are orthogonal to each other; and the angles formed between
the extending directions of the strip electrode and the align-
ment directions of the liquid crystals are the same. FIG. 22
shows charts for describing the theory of the present invention
1. As in the charts, the pixel is divided into two regions,
alignment of the liquid crystal is set to be two orthogonal
directions (72, 73), the directions of the lateral electric fields
70 formed by the strip electrode 11 in each region are set to be
orthogonal to each other by setting the direction of the electric
fields formed by the strip electrode in each of the regions to
make a specific angle with the alignment directions of each of
the regions. Each of the regions is defined as the region 1 (65)
and the region 2 (66).

[0071] Inthis case, as shown in FIG. 22B, the liquid crystal
molecules are always facing with each other by 90 degrees at
all the voltages so that coloring is compensated from all the
directions. Further, when viewed obliquely from 45-degree
directions as shown in FIG. 22C, the liquid crystal directors
are to move different quadrants of the non-orthogonal polar-
ization axes 60 and 61. Thus, those are to compensate with
each other. Therefore, inversion of gradation viewed from the
oblique viewing angle of 45-degree directions as the second
issue can be suppressed as well. Further, when viewed from
the oblique viewing angle of the azimuth of p as shown in
FIG. 23A, ordinary light directions n1' and n2' of the liquid
crystal orthogonal to the light propagation in the region 1 (65)
and the region 2 (66) can be expressed as in following expres-
sions.

nl'=nlxs=cos O-p'+sin 0-a’

n2'=n2xs=—sin 0-p+cos 6-a’

[0072] AsshowninFIG. 23B, angle ¢1 formed between the
azimuth n1' of the ordinary light of the liquid crystal of the
region 1 (65) and p' and angle ¢2 formed between the azimuth
n2' of the ordinary light of the liquid crystal of the region 2
(66) and a' are different, and the relation thereof can be
expressed as follows.

P1>0>¢2

[0073] Transmittance T1 of the region 1 (65) and transmit-
tance T2 of the region 2 (66) compensate with each other.

[0074] FIG. 24A shows the transmittance of each of the
regions 1 and 2 when viewed from the viewing angle in the
azimuth of p at a polar angle of 60 degrees. It is quite shifted
from the front viewing angle in both the region 1 and region
2. However, it can be brought closer to the transmittance
curve of the front viewing angle by compensating in the both
regions. As shown in FIG. 24B, comparing them by the
graphs which is normalized by the peak transmittance, it can
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be found that the transmittance curve becomes close to the
curve for the front view due to the compensation of the region
1 and region 2.

[0075] 1In a case of the lateral electric field liquid crystal
display device which includes a transparent electrode formed
in a plan form and a strip transparent electrode formed and
disposed thereon via an insulating film and controls display
by rotating the liquid crystal molecules aligned on a substrate
substantially in parallel within a plane substantially in paral-
lel to the substrate by an electric field between the both
electrodes, a strong lateral electric field (fringe field) is
formed in the vicinity of the strip transparent electrode. Thus,
the liquid crystal is greatly rotated by relatively a low voltage,
so that the voltage-transmittance curve is largely shifted to the
low-voltage side, if it is used with the region 1 alone. There-
fore, by providing, within one pixel, the two regions where
the alignment of the liquid crystal and the applying direction
of the electric field are set to be orthogonal, it is possible to
acquire the fine lateral electric field liquid crystal display
device having less shift in the voltage-transmittance charac-
teristics even when viewed from the oblique viewing angle
from the direction of the polarization axis.

[0076] The present invention 2 is an active matrix type
liquid crystal display device which is characterized that the
two regions having the orthogonal alignment directions in the
lateral electric field crystal display device according to the
present invention 1 are formed to have substantially a same-
size area.

[0077] As described above, by making the two regions of
the orthogonal alignment directions constituting the pixel
have the same-size area, the compensation between the both
regions becomes perfect. This makes it possible to acquire
still finer viewing angle characteristics.

[0078] The present invention 3 is a lateral electric field
liquid crystal display device according to the present inven-
tion 1 or 2, which is characterized that the pretilt angle of the
liquid crystal is substantially 0 degree and the voltage-trans-
mittance properties when viewed from the oblique viewing
angles that are in 180 degree different azimuths are almost
equivalent.

[0079] In general, the directors of the liquid crystal have
pretilt withrespect to the substrate face since the liquid crystal
molecules are aligned to rise in the direction of rubbing when
alignment processing by the rubbing is performed. When
such pretilt angle exists, rise of the liquid crystal directors by
the fringe electric field becomes larger in the direction of the
pretilt as shown in FIG. 25 when the electric field is applied.

[0080] When the liquid crystal directors shift and rise from
the plane in parallel to the substrate, as has been described by
referring to FIG. 19, the ordinary light axis direction of the
liquid crystal is shifted towards the direction of 7', the rotation
angle of n' within p'-a' plane becomes large, and the voltage-
transmittance characteristics is shifted to the low-voltage
side.

[0081] Inthe meantime, when photo-alignment and the like
are employed, the pretilt angle can be set to substantially 0
degree. As shown in FIG. 26, the rise of the liquid crystal
directors by the fringe electric field becomes symmetric, so
that the voltage-transmittance properties when viewed from
the oblique viewing angles that are in 180 degree different
azimuths become almost equivalent. This makes it possible to
suppress increase in the deterioration of the voltage-transmit-
tance characteristics when viewed from the oblique viewing
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angle of one azimuth, so that it is possible to acquire a fine
display property in all the azimuths.

[0082] The present invention 4 is a lateral electric field
liquid crystal display device which is characterized that the
liquid crystal in the lateral electric field liquid crystal display
device according to the present invention 1 has a pretilt angle
larger than O degree and two regions having opposite pretilt
directions from each other exist in each of the two regions
having the orthogonal alignment directions.

[0083] There are cases where it is not possible to avoid
incidence of pretilt depending on the conditions and the like
of the alignment film or the alignment process. In that case,
through providing the two regions having the opposite pretilt
directions from each other in the two regions having the
orthogonal alignment azimuths, the directions where the rise
of the liquid crystal becomes dominant becomes opposite
from each other in the regions where the directions of the
pretilt are opposite from each other. Thus, the viewing angle
characteristics when viewed from the oblique viewing angles
of each of the rise directions are averaged. Thereby, it is
possible to acquire the lateral electric field liquid crystal
display device of extremely excellent viewing angle charac-
teristics, which exhibits only small shift in the voltage-lumi-
nance characteristics even when viewed from the oblique
viewing angles of all the azimuths.

[0084] The present invention 5 is a lateral electric field
liquid crystal display device which is characterized that the
two regions having the pretilt of opposite directions existing
on each of the regions of the two alignment azimuths of the
lateral electric field liquid crystal display device according to
the present invention 4 are formed to have almost a same-size
area.

[0085] Because the two regions having the same alignment
azimuth and the pretilt of opposite directions are formed to
have substantially the same-size area, the optical compensa-
tion works perfectly between the both regions. Thus, the
voltage-transmittance properties when viewed from the
oblique viewing angles that are in 180 degree different azi-
muths become almost equivalent. This makes it possible to
suppress increase in the deterioration of the voltage-transmit-
tance characteristics when viewed from the oblique viewing
angle of one azimuth, so that it is possible to acquire a fine
display property in all the azimuths.

[0086] The present invention 6 is a lateral electric field
liquid crystal display device which is characterized that the
boundaries between the two regions having the pretilt of
opposite directions existing on each of the regions of the two
alignment azimuths of the lateral electric field liquid crystal
display device according to the present invention 4 or 5 are
formed along the strip transparent electrode.

[0087] As shown in FIG. 10, the boundary between the two
regions having the pretilt of opposite directions is formed
along the strip transparent electrode, and the boundary
between the region of different pretilt is taken as the vicinity
of'the center of the electrode, and the direction towards which
the pretilt rises is set towards the boundary. This provides the
rise of the pretilt opposite from the direction of the liquid
crystal to be risen by the electric field. Thus, the rise of the
liquid crystal is suppressed and the alignment is stabilized
between the regions of different alignment, so that the uni-
formity of display can be improved.

[0088] The present invention 7 is a lateral electric field
liquid crystal display device which is characterized that at
least one of substrates includes a light shielding layer in the
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boundary between the regions where the alignment azimuths
are orthogonal to each other in the lateral electric field liquid
crystal display device according to any one of the present
inventions 1 to 6. In the boundary between the regions where
the alignment azimuths are orthogonal to each other, the
alignment azimuth changes continuously by 90 degrees. In
the boundary part, the rise of direction of liquid crystal
becomes different from the polarization axis of the polariza-
tion plate when displaying black. Therefore, it is desirable to
have the light shielding layer at least in one of the substrates.
[0089] The present invention 8 is a lateral electric field
liquid crystal display device which is characterized that the
light shielding layer for shielding the boundary of the regions
having the orthogonal alignment directions from each other
of the lateral electric field liquid crystal display device
according to the present invention 7 exists on the substrate
where the electrode forming the lateral electric field is
formed, and the light shielding layer is formed with a non-
transparent metal layer having a potential equivalent to that of
the common electrode or the pixel electrode. Because the
light shielding layer exists on the substrate where the elec-
trode forming the lateral electric field is formed and the light
shielding layer is formed with the nontransparent metal layer
having the potential equivalent to that of the common elec-
trode or the pixel electrode, it is possible to shield only the
required region with high precision. This makes it possible to
shield the light sufficiently without deteriorating the aperture
ratio of the pixel. Further, no extra electric field is to be
generated, so that it is possible to acquire stable display.
[0090] The present invention 9 is a lateral electric field
liquid crystal display device manufacturing method for
manufacturing the lateral electric field liquid crystal display
device according to any one of the present inventions 1 to 8,
which is characterized to perform alignment processing by
photo-alignment.

[0091] By using the photo-alignment when forming the
regions having the different alignment azimuths or the
regions having the different alignment azimuths and the dif-
ferent pretilt within the pixel required for constituting one of
the present inventions 1 to 8, it is possible to achieve the
divided alignment highly efficiently with high precision and
in a stable manner.

[0092] The present invention 10 is a lateral electric field
liquid crystal display device which includes: a substrate; a
plan electrode formed in a plan form on the substrate; a strip
electrode formed in a strip form on the plan electrode via an
insulating film; and a liquid crystal aligned substantially in
parallel to the substrate, the liquid crystal display device
controlling a display by rotating the liquid crystal within a
plane substantially in parallel to the substrate by an electric
field between the plan electrode and the strip electrode,
wherein: a plurality of pixels constituting the display are
arranged in matrix in x direction and y direction; within one of
the pixels, an alignment azimuth of the liquid crystal is one
direction and an extending direction of the strip electrode is
one direction; and between the pixels neighboring to each
other at least in one of the x direction and the y direction,
extending directions of the strip electrodes are orthogonal to
each other, alignment azimuths of the liquid crystal are
orthogonal to each other, and angles formed between the
extending direction of the strip electrode and the alignment
azimuth of the liquid crystal are same.

[0093] Within one pixel, the alignment azimuth of the lig-
uid crystal is set as one direction, and the extending direction
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of the strip electrode is set as one direction. Between the
neighboring pixels, the alignment azimuths of the liquid crys-
tal are set to be orthogonal to each other, and the extending
directions of the strip electrodes are set to be orthogonal to
each other. Thereby, even with the highly minute pixels with
which the alignment within one pixel is difficult to be divided,
the voltage-luminance properties from the oblique viewing
angle compensate with each other between the neighboring
pixels. This makes it possible to acquire fine viewing angle
characteristics.

[0094] The present invention 11 is the lateral electric field
crystal display device according to the present invention 10,
which is characterized that a pretilt angle of the liquid crystal
is substantially 0 degree and voltage-transmittance character-
istics when viewed from oblique viewing angles which are in
180 degree different azimuths are almost equivalent.

[0095] Through setting the pretilt angle to be substantially
0 degree, the rise of the liquid crystal directors by the fringe
electric field becomes symmetric. Thus, the voltage-transmit-
tance characteristics viewed from the oblique viewing angle
in 180 degree different azimuths become almost equivalent.
Thereby, increase in the deterioration of the voltage-transmit-
tance characteristics from the oblique viewing angle of one
azimuth can be suppressed, so that a fine display property can
be acquired in all the azimuths.

[0096] The present invention 12 is the lateral electric field
liquid crystal display device according to the present inven-
tion 10, which is characterized that: the liquid crystal has a
pretiltangle larger than O degree; and four of the pixels having
asame color layer neighboring to each other in the x direction
and the y direction are four kinds of pixels constituted with a
combination of two kinds of the liquid crystal alignment
azimuths orthogonal to each other and two kinds of the liquid
crystal pretilt directions reversed from each other.

[0097] Within one pixel, the alignment azimuth of the lig-
uid crystal, the direction of the pretilt of the liquid crystal, and
the extending direction of the strip electrode are set as one
direction. Between the neighboring pixels, the alignment azi-
muths of the liquid crystal become orthogonal 1o each other,
the extending directions of the strip electrodes become
orthogonal to each other, and the directions of the pretilt
become opposite from each other. Through having four kinds
of pixels in which those characteristics are combined, the
voltage-luminance characteristics from the oblique viewing
angle compensate with each other between the neighboring
pixels even with the highly minute pixels with which the
alignment within one pixel is difficult to be divided. This
makes it possible to acquire fine viewing angle characteris-
tics.

[0098] According to the present invention, in the FFS mode
liquid crystal display device with which the transmittance can
be easily improved and the manufacturing margin such as the
control and the like of the liquid crystal layer thickness can be
taken wide, shift of the voltage-transmittance characteristics
particularly when viewed from the oblique viewing angle of
the initial alignment azimuth of the liquid crystal towards the
low-voltage side from the voltage-transmittance characteris-
tics of the front viewing angle can be suppressed. Thus, it is
possible to acquire the liquid crystal display device of an
extremely excellent viewing angle property with which there
is only a small shift of the voltage-luminance characteristics
and only small coloring even when viewed from any azimuth.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0099] Hereinafter, modes for embodying the present
invention (referred to as “exemplary embodiments” herein-
after) will be described by referring to the accompanying
drawings. In this Description and the Drawings, same refer-
ence numerals are applied to substantially the same structural
elements. Shapes in the drawings are illustrated to be easily
understood by those skilled in the art, so that dimensions and
the ratios thereof do not necessarily match with those of the
actual ones.

First Exemplary Embodiment

[0100] A first exemplary embodiment of the present inven-
tion will be described by referring to FIG. 1, FIG. 2, and FIG.
3. FIG. 1 is a plan view showing the structure of one pixel of
aliquid crystal display device according to the first exemplary
embodiment. FIG. 2 is a sectional view taken along A-A' of
FIG. 1. FIG. 3 is a plan view showing regions for dividing the
alignment directions in the display regions within the pixel.
[0101] The first exemplary embodiment shown in FIG. 1
will be described hereinafter in details by following the fab-
ricating procedure. First, ITO (Indium Tin Oxide) of 50 nm as
afirst transparent electrode is deposited on a glass substrate as
a first transparent insulating film 20, and a pattern of the
common electrode 1 is formed in a plan form. Further, Cr
(chrome) of 250 nm as a first metal layer is deposited thereon,
and patterns of the scanning line 3 and the common signal
wiring 2 are formed from the Cr film.

[0102] Then, SiNx (silicon nitride) of 400 nm as the gate
insulating film 13, a-Si:H (amorphous silicon hydride) of 200
nm as the thin film semiconductor layer 6, and n-a-Si:H
(n-type amorphous silicon hydride) of 50 nm are stacked, and
the thin film semiconductor layer 6 is patterned in such a
manner that only a TFT part provided as a switching element
of the pixel remains. Further, Cr of 250 nm as a second metal
layer is deposited, and patterns of a data line, a source-drain
electrode of the TFT, and the pixel electrode part 7 constituted
with the second metal layer are formed from the Cr film.

[0103] Then, n-a-Si of the TFT part is removed by having
the source-drain electrode of the TFT as a mask. Thereafter,
SiNx of 150 nm as the protection insulating film 14 is formed,
and the through-hole 8 for connecting the pixel electrode is
formed in the protection insulating film 14. Further, ITO of 40
nm as a second transparent electrode is formed thereon, and a
pattern of a pixel electrode is formed from the ITO film. The
pixel electrode is formed to connect the both ends of the
pattern of the strip electrodes 9 with the connecting part 10.
The width of the strip electrode 9 is set to 3 pm, and the width
of the slit between the strip electrodes 9 is set to 6 pm. The
strip electrode 9 is extended in the horizontal direction (direc-
tion in parallel to the scanning line) in the upper half part of
the pixel while it is extended in the perpendicular direction
(direction perpendicular to the scanning line) in the lower half
part, so that the both are orthogonal to each other. The TFT
array is formed by the method described above.

[0104] Further, the black matrix 17 is formed on a glass
substrate as the second transparent insulating substrate 21 by
using a resin black. The color layer 18 of RGB (Red, Green,
Blue) is formed thereon in a prescribed pattern, the overcoat
19 is formed thereon, and a columnar spacer (not shown) is
formed thereon further to fabricate a color filter substrate.
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[0105] Thealignment films 15 and 16 which can be aligned
by light irradiation are formed both on the TF T array substrate
and the color filter substrate fabricated in the manner
described above, and photo-alignment processing is pet-
formed to form the two regions 24 and 26 as shown in FIG. 3.
In the region 24 where the strip electrode 9 is extended in the
lateral direction shown in the upper half part of FIG. 3, the
alignment azimuth 25 is set to have an angle of 8 degrees with
respect to the extending direction of the strip. At this time, the
pretilt angles are set to be 0 degree in both the TFT array
substrate and the color filter substrate. This region 24 is
defined as theregion 1. Meanwhile, in the region 26 where the
strip electrode 9 is extended in the longitudinal direction
shown in the lower half part of FIG. 3, the alighment azimuth
27 is set to have an angle of 8 degrees with respect to the
extending direction of the strip. At this time, the pretilt angles
are set to be 0 degree in both the TFT array substrate and the
color filter substrate. This region 26 is defined as the region 2.
[0106] Note here that the alignment azimuth 25 of the
region 24 of the upper half part of FIG. 3 and the alignment
azimuth 27 of the region 26 of the lower half part are set to be
orthogonal. Further, the sizes of the areas of the region 1 and
the region 2 are set to be almost equivalent. This makes it
possible to perform compensation easily between the two
regions mutually, so that it is possible to acquire fine viewing
angle characteristics with which change of the voltage-lumi-
nance characteristics in the viewing angles and coloring
depending on the viewing angles are small and the symmetry
is fine.

[0107] Further, a seal member is applied to the both sub-
strates to be laminated, and the liquid crystal material 12
having a positive dielectric constant is inserted and sealed
therein. Note that the physical property values of the liquid
crystal material are set as A&=5.5, An=0.100, and the height
of the columnar spacer is controlled so that the liquid crystal
layer thickness becomes 4.0 um.

[0108] Further, polarization plates 22 and 23 are laminated
on the outer side of the glass substrates on both sides in such
a manner that the polarization axes are orthogonal to each
other. Note here that the absorption axis direction 28 of the
incident-side polarization plate 22 on the TFT array substrate
side is set to be the same with the initial alignment direction
25 of the region 1.

[0109] Through loading a backlight and a driving circuit to
the liquid crystal display panel fabricated in the manner
described above, the active matrix type liquid crystal display
device according to the first exemplary embodiment is com-
pleted.

[0110] In the liquid crystal display device acquired in the
manner described above, the liquid crystal 12 rotates clock-
wise both in the region 1 and the region 2 when an electric
field is applied between the strip pixel electrode 9 and the plan
common electrode 1.

[0111] The alignment azimuths of the region 1 and the
region 2 are orthogonal to each other. As shown in FIG. 22A
to FIG. 24B, shift of the voltage-transmittance characteristics
when viewed from the oblique viewing angle of the initial
alignment azimuth of the liquid crystal is an issue with the
region 1 or the region 2 alone. In the meantime, with the first
exemplary embodiment, theboth regions 1 and 2 are arranged
to have a same-size area. Thus, the viewing angle character-
istics of the both regions 1 and 2 compensate with each other,
so that the shift of the voltage-transmittance can be remark-
ably suppressed.
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[0112] FIG. 4A shows the voltage-transmittance character-
istics in each of the region 1 and the region 2 alone when
viewed from the viewing angle of the polar angle of 60 degree
formed between the azimuth of the absorption axis 28 of the
incident-side polarization plate and a perpendicular of the
substrate and the voltage-transmittance characteristics when
viewed from the front view described above. In the front view,
the voltage-transmittance characteristics of the region 1 and
the voltage-transmittance characteristics of the region 2 are
the same. However, when viewed from the oblique viewing
angle, the voltage-transmittance characteristics of the region
1 is shifted towards the low-voltage side from the property of
the front view due to the theory described in FIG. 18B, and the
voltage-transmittance characteristics of the region 2 is shifted
towards the high-voltage side due to the same theory.

[0113] In the meantime, in the case of the first exemplary
embodiment, the region 1 and the region 2 are formed to have
almost a same-size area within one pixel. Thus, the both
compensate with each other optically. Therefore, as shown in
FIG. 4B, it is possible to suppress shift of the voltage-trans-
mittance characteristics when viewed from the oblique view-
ing angle to be remarkably small. This makes it possible to
acquire a liquid crystal display device of extremely excellent
viewing angle characteristics with which the shift of the volt-
age-luminance characteristics as well as coloring is small
even when viewed from the oblique viewing angles of all the
azimuths.

[0114] Further, since the alignment directions of the region
1 and the region 2 are orthogonal, there is a part in the
boundary thereof where the alignment azimuth changes by 90
degrees. In this part, the liquid crystal directors face towards
the azimuth different from the polarization axis of the polar-
ization plate at the time of black display state. Thus, light is
transmitted, which may cause light leakage, so that it is desir-
able to shield the light. In this case, light is shielded by
disposing the common signal wiring 2 constituted with the
first metal layer in that region. Thereby, it is possible to shield
only the required region with high precision, so that light can
be shielded sufficiently without deteriorating the numerical
aperture.

[0115] Further, the potential of the nontransparent metal
layer is of potential equivalent to that of the common elec-
trode, so that fine display can be acquired without giving an
electric disturbance. In the above-described case, light leak-
age is suppressed by disposing the common electrode and the
nontransparent metal layer having the potential equivalent to
that of the common electrode on the TFT array substrate side.
However, the same effects can also be acquired by making the
potential of the nontransparent metal layer be equivalent to
the potential of the pixel. Further, it is also possible to shield
the light in the boundary part between the region 1 and the
region 2 by providing a black matrix on the counter substrate
side.

[0116] Further, FIG. 5 shows a plan view of the expanded
region to the part between the neighboring pixels. As shown
in FIG. 5, in the vicinity of dataline 5, alignment is done in the
azimuthsame as the region 1, i.e., in the azimuth that forms 82
degrees with respect to the extending direction of the data line
5. With this, motion of the liquid crystal can be made small by
the electric field between the data line 5 and the pixel elec-
trode 10 generated in the lateral direction of the drawing.
Thereby, as shown in FIG. 2, it is possible to reduce the width
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of the black matrix 17 that shields the vicinity of the data line
5 on the counter substrate side, so that a wide aperture ratio
can be secured.

[0117] In this case, as shown in FIG. 5, there are regions
aligned in the same azimuth as that of the region 1 existing on
both sides of the region 2 of each pixel. Thus, as shown in
FIG. 2, the light shielding layer 4 constituted with the first
metal layer is disposed by connecting to the common elec-
trode 1. This makes it possible to acquire display of a fine
contrast with a high numerical aperture.

[0118] With the first exemplary embodiment, it is difficult
to divide the light irradiating region completely with a line
when performing dividing alignment by irradiation of light.
Thus, light is irradiated by having an overlapped part of about
2 to 3 um between the regions so that there is no region where
the light is not irradiated within the pixel, i.e., no region where
alignment is not done. Thereby, the part with incomplete
alignment is not generated within the pixel, and a fine two-
divided alignment can be acquired.

[0119] Further, while the angles between the strip pixel
electrode 9 and the alignment azimuths 25, 27 are set to be 8
degrees in each of the region 1 and the region 2 in the first
exemplary embodiment, almost equivalent and fine display
can be acquired when that angle is within the range of 5 to 10
degrees. Further, in some cases, display of almost no problem
can be acquired when the angle is between 2 degrees and 20
degrees, inclusive. The angle formed between the alignment
azimuths 25, 27 and the extending direction of the strip elec-
trode 9 can be designed as appropriate depending on the shape
and the size of the pixel.

[0120] As an exemplary advantage according to the inven-
tion, the present invention makes it possible to acquire the
FFS mode liquid crystal display device of an extremely excel-
lent viewing angle characteristics, with which it is possible to
suppress the shift of the voltage-transmittance characteristics
to the low-voltage side when viewed particularly from the
oblique viewing angle of the azimuth of the initial alignment
from the voltage-transmittance characteristics of the front
view and with which the shift of the voltage-luminance as
well as the coloration is small even when viewed obliquely
from any direction.

Second Exemplary Embodiment

[0121] A second exemplary embodiment of the present
invention will be described by mainly referring to FIG. 6 and
FIG. 7 and also by using FIG. 2. FIG. 6 is a plan view showing
the structure of one pixel of a liquid crystal display device
according to the second exemplary embodiment of the
present invention. FIG. 7 is a plan view showing the regions
where the alignment directions are divided in a display region
within the pixel. The sectional view thereof showing the
structure of one pixel is the same as FI1G. 2 of the first exem-
plary embodiment.

[0122] In the case of the second exemplary embodiment,
the strip electrode 9 is extended in the direction rotated coun-
terclockwise by 8 degrees from the horizontal direction (ex-
tending direction of the scanning line) in a region of an upper
half part of a pixel, and the strip electrode 9 is extended in the
direction orthogonal thereto in a region of a lower half part of
the pixel. In the region 30 in the upper half part of FIG. 7
where the strip electrode 9 is extended in the direction rotated
counterclockwise by 8 degrees from the horizontal direction
(extending direction of the scanning line), the alignment azi-
muth 31 is set in the horizontal direction. At this time, the
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pretilt angle is set to O degree in both the TFT array substrate
and the color filter substrate. This region 30 is defined as the
region 1.

[0123] Further, in the region 32 in the lower half part of
FIG. 7 where the strip electrode 9 is extended in the direction
rotated counterclockwise by 8 degrees from the longitudinal
direction (direction orthogonal to the extending direction of
the scanning line), the alignment azimuth 33 is set in the
longitudinal direction. At this time, the pretilt angle is set to 0
degree in both the TFT array substrate and the color filter
substrate. This region 32 is defined as the region 2.

[0124] Note that the angles are so set that the alignment
direction 31 of the region 30 of the upper half part of FIG. 7
and the alignment azimuth 33 of the region 32 of the lower
half part become orthogonal. Other than that, the manufac-
turing method, the sectional structure, and the like are to
follow those of the first exemplary embodiment.

[0125] In this case, the region 1 and the region 2 compen-
sate with each other as in the case of the first exemplary
embodiment. Thus, the viewing angle characteristics
becomes equivalent to that of FIG. 4B, and fine characteris-
tics can be acquired.

[0126] As in the case of the first exemplary embodiment,
the same alignment state as that of the region 1 is employed in
the vicinity of the data line 5. In the case of the second
exemplary embodiment, the electric field generated between
the data line 5 and the pixel electrode 10 is of the lateral
direction which matches the alignment azimuth of the region
1. Thus, there is no motion of the liquid crystal 12 in the
vicinity of the data line 5 caused by the electric field. There-
fore, the width of the black matrix 17 for shielding the part
between the data line 5 and the pixel electrode 10 on the
counter side can be made still smaller than the case of the first
exemplary embodiment, so that the numerical aperture can be
secured still wider.

[0127] In this case, the same alignment direction as that of
the region 1 is to be also employed for the regions in the
vicinity of the data lines 5 on both sides of the region 2. Thus,
the light shielding layer 4 constituted with the first metal layer
is disposed by connecting to the common electrode 1 in the
part to be the boundary between the region 1 and the region 2.

Third Exemplary Embodiment

[0128] A third exemplary embodiment ofthe present inven-
tion will be described by mainly referring to FIG. 8 and also
by using FIG. 1 as well as FIG. 2. FIG. 8 shows the regions
where the alignment directions are divided into four in a
display region within one pixel. The plan view and sectional
view of the third exemplary embodiment are the same as FIG.
1 and FIG. 2, which are the plan view and the sectional view
of one pixel according to the first exemplary embodiment.
The alignment films 15 and 16 which can be aligned by
irradiating light are formed in both an array TFT substrate and
acolor filter substrate fabricated in the same method as that of
the first exemplary embodiment, and the photo-alignment
processing is performed to form four regions 34, 36, 38, and
40, as shown in FIG. 8.

[0129] Inthe regions (34, 36) of the upper half part of FIG.
8 where the strip pixel electrode 9 is extended in the lateral
direction, the alignment azimuths (35, 37) are set to have the
angle of 8 degrees with respect to the extending direction of
the strip pixel electrode 9. Each of the regions (34, 36) is
further divided into two, and alignment processing is per-
formed in the region 1 (34) of the upper half part so that the
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pretilt rises in the right direction of the drawing while align-
ment processing is performed in the region 2 (36) of the upper
half part so that the pretilt rises in the left direction.

[0130] Further, in regions (38, 40) of the lower half part of
FIG. 8 where the strip pixel electrode 9 is extended in the
longitudinal direction, the alignment azimuths (39, 41) are set
to have the angle of 8 degrees with respect to the extending
direction of the strip pixel electrode 9. Each of the regions (38,
40) is further divided into two, and alignment processing is
performed in the region 3 (38) of the left half part so that the
pretilt faces in the upper direction of the drawing while align-
ment processing is performed in the region 4 (40) of the right
half part so that the pretilt faces in the lower direction.
[0131] In FIG. 8, the facing directions of the directors are
expressed with cones. It shows that the pretilt rises in the
direction where the bottom face of the cone is observed. The
alignment azimuth is defined as the direction of the center line
of the cone. Note here that the angles are so set that the
alignment azimuths 35, 37 of the regions 34, 36 of the upper
half part and the alignment azimuths 39, 41 of the regions 38,
40 of the lower half part become orthogonal to each other.
Further, absolute values of the pretilt angles of the liquid
crystal layer of each of the regions 34, 36, 38, and 40 are all
about 1 degree.

[0132] Furthermore, each of the areas of the regions from 1
to 4 (34,36, 38,40) is set to be almost equivalent. This makes
it possible to easily perform compensation between the four
regions 34, 36, 38, and 49 mutually, so that it is possible to
acquire fine viewing angle characteristics with which fluctua-
tion of the voltage-luminance characteristics and coloring
depending on the viewing angles is small and the symmetry is
fine.

[0133] FIG. 34 to FIG. 37 show examples of the directions
of the liquid crystal in the regions 1 and 2 of pretilt different
directions according to the third exemplary embodiment. In
FIG. 34 to FIG. 37, the direction of the pretilt of the liquid
crystal in the region 1 is shown with a reference numeral 88
while the direction of the pretilt of the liquid crystal in the
region 2 is shown with a reference numeral 89. In the case of
the third exemplary embodiment, the rise direction of the
liquid crystal is determined mostly by the pretilt directions
88, 89 of the liquid crystal on the TFT substrate 90 side where
the fringe electric field is formed mainly. It is common to set
the alignment azimuths of the liquid crystal to be the same in
the region 1 and the region 2 and to set the pretilt directions
88, 89 to be in parallel to the alignment azimuth on the color
filter substrate 91 side as the alignment state where the pretilt
directions 88, 89 are opposite as shown in F1G. 34.

[0134] AsshowninFIG. 35, itis also possible to employ the
so-called splay alignment state where the pretilt directions 88,
89 on the color filter substrate 91 side are set to be opposite
from those on the TFT array substrate 90 side. As shown in
FIG. 36, it is possible to have the pretilt angle only on the TFT
array substrate 90 side and to set the pretilt angle on the color
filter substrate 91 side to be 0 degree. In both cases of the
FIGS. 34 to 35, the rise directions of the liquid crystal in the
regions 1 and 2 are completely symmetric. Therefore, the
compensation of the viewing angle characteristics in the both
regions become extremely fine.

[0135] As shown in FIG. 37, it is also possible to set the
pretilt directions 88, 89 of the liquid crystal to be opposite
form each other between the region 1 and the region 2 on the
TFT array substrate 90 side and to set to be the same between
the region 1 and the region 2 on the color filter substrate 91
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side. In this case, the dividing number of the alignment on the
color filter substrate 91 side can be reduced to a half while the
symmetry of the rise of the liquid crystal in the regions 1, 2 is
slightly deteriorated. Therefore, there is such an advantage
that the manufacturing steps can be simplified while achiev-
ing relatively fine viewing angle characteristics.

[0136] Further, a seal member is applied to the both sub-
strates to be laminated, and a liquid crystal material 12 having
a positive dielectric constant is inserted and sealed therein.
Note that the physical property values of the liquid crystal
material 12 are setas AS=5.5, An=0.100, and the height of the
columnar spacer is controlled so that the liquid crystal layer
thickness becomes 4.0 pum.

[0137] Further, the polarization plates 22 and 23 are lami-
nated on the outer side of the glass substrates on both sides in
such a manner that the polarization axes are orthogonal to
each other. Note here that a direction of the absorption axis 28
of the incident-side polarization plate 22 on the TFT array
substrate side is set to be the same with the alignment direc-
tions 35,37 of the region 1 (34) and the region 2 (36). Through
loading a backlight and a driving circuit to the liquid crystal
display panel fabricated in the manner described above, the
active matrix type liquid crystal display device according to
the third exemplary embodiment is completed.

[0138] When an electric field is applied between the strip
electrode 9 and the plan common electrode 1 in the liquid
crystal display device acquired in the manner described
above, the liquid crystal rotates clockwise in all the regions 1
to 4 (34, 36, 38, 40). Rise in the right side direction of the
screen is dominant in the region 1 (34), rise in the left side
direction of the screen is dominant in the region 2 (36), rise in
the lower side direction of the screen is dominant in the region
3 (38), and rise in the upper side direction of the screen is
dominant in the region 4 (40).

[0139] The alignment azimuths of the regions 1, 2 (34, 36)
and the regions 3, 4 (38, 40) are orthogonal to each other.
Thus, as shown by using FIG. 22A to FIG. 24B when describ-
ing the viewing angle characteristics, the voltage-luminance
properties from the oblique viewing angles compensate with
each other.

[0140] Further, the dominant rise directions in the region 1
and the region 2 are set in the right side direction and the left
side direction, so that the both regions are averaged. Thus,
there is no great change generated in the voltage-luminance
characteristics in one direction, and the change can be sup-
pressed. Further, the dominant rise directions in the region 3
and the region 4 are set in the upper side direction and the
lower side direction, so that the both regions are averaged as
well. Therefore, there is no great change generated in the
voltage-luminance characteristics in one direction, and the
change can be suppressed.

[0141] FIG. 9A shows the voltage-transmittance character-
istics of a case viewed from the viewing angle of 60-degree
polar angle from the azimuth of the rise of the pretilt in the
region 1 when the region 1 and the region 2 have the same
pretilt as that of the region 1 of the third exemplary embodi-
ment and the region 3 and the region 4 have the same pretilt as
that of the region 3 of the third exemplary embodiment.
Further, FIG. 9B shows the voltage-transmittance character-
istics in a case viewed from the same viewing angle when a
pixel is divided into four regions including the pretiltas in the
case of the third exemplary embodiment.

[0142] AsshowninFIG.9A, when 3Visappliedinthe state
where the pixel is divided into two only by the azimuth
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directions, about 10% is increased in the normalized trans-
mittance with respect to the characteristics of the front view
when viewed from the viewing angle direction described
above. In the meantime, as shown in FIG. 9B, increase in the
transmittance can be suppressed to about 5% for the same
voltage and the same viewing angle when the pixel is divided
into four as in the case of the third exemplary embodiment. As
described, the viewing angle characteristics can be made still
finer through dividing the pixel into four and by also dividing
the direction of the pretilt in addition to the alignment azi-
muths.

[0143] Further, as shown in FIG. 8, the boundary between
the region 1 and the region 2 having different pretilt and the
boundary between the region 3 and the region 4 are set to be
in the center of the strip pixel electrode 9. FIG. 10 shows the
sectional view of the vicinity of the strip pixel electrode 9.
[0144] As shown in FIG. 10, the electric field 42 to rise
towards the upper right from the center works on the right
side, and the electric field 42 to rise towards the upper left
from the center works on the left side. When the boundary
between the regions of different pretilt is set to be the vicinity
of the center of the electrode 9 and the direction 43 towards
which the pretilt rises is set towards the boundary, it comes to
have the pretilt opposite from the direction 43 towards which
the liquid crystal 12 is to be risen by the electric field. Thus,
rise of the liquid crystal 12 is suppressed, so that the align-
ment between the regions of different alignment can be sta-
bilized and uniformity of display can be improved.

[0145] Further, since the alignment directions of the region
2 and the regions 3, 4 are orthogonal, there is a part in the
boundary thereof where the alignment azimuth changes by 90
degrees. In this part, the liquid crystal directors face towards
the azimuth different from the polarization axis of the polar-
ization plate at the time of black display in particular. This
may cause light leakage, so that it is desirable to shield the
light. In this case, light is shielded by disposing the common
signal wiring 2 constituted with the first metal layer in that
region. Thereby, it is possible to shield only the required
region with high precision, so that light can be shielded suf-
ficiently without deteriorating the aperture ratio. Further, the
potential of the nontransparent metal layer is equivalent to
that of the common electrode, so that fine display can be
acquired without giving an electric disturbance.

[0146] In the above-described case, light leakage is sup-
pressed by disposing the nontransparent metal layer of the
potential equivalent to that of the common electrode on the
TFT array substrate side. However, the same effects can also
be acquired by making the potential of the nontransparent
metal layer be equivalent to the potential of the pixel. Further,
it is also possible to shield the light in the boundary part
between the region 2, the region 3, and the region 4 by
providing a black matrix on the counter substrate side.
[0147] Further, FIG. 11 shows a plan view of the expanded
region to the part between the neighboring pixels. As shown
in FIG. 11, in the vicinity of the data line 5, the both sides of
the region 1 of the upper half part of the pixel are set to be in
the same alignment state as that of the region 1, and the both
sides of theregion 2 thereof are set to be in the same alignment
state as that of the region 2. Both sides of the regions 3 and 4
of the lower half part of the pixel are set to be in the same
alignment state as that of the region 2.

[0148] With this, on the data line 5, motion of the liquid
crystal 12 can be made small by the electric field between the
data line 5 and the pixel electrode 10 generated in the lateral
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direction of the drawing through setting the alignment to the
direction close to the azimuth orthogonal to the data line 5
among the different alignment azimuths. Thus, it is possible
to reduce the width of the black matrix 17 that shields the part
between the data line 5 and the pixel electrode 10 on the
counter side, so that a wide aperture ratio can be secured.
[0149] In this case, the same alignment azimuth as that of
the region 2 is employed for the regions in the vicinity of the
data line on both sides of the regions 3 and 4. Thus, the light
shielding layer 4 constituted with the first metal layer is
disposed in the part to be the boundary between the region 3
and the region 4 by connecting to the common electrode 1.
[0150] Tt is difficult to divide the light irradiating region
completely with a line when performing dividing alignment
by irradiation of light. Thus, light is irradiated by having an
overlapped part of about 2 to 3 um between the regions so that
there is no region where the light is not irradiated within the
pixel, i.e., no region where alignment is not done. Thereby,
the part with incomplete alignment is not generated within the
pixel, so that a fine four-divided alignment can be acquired.

Fourth Exemplary Embodiment

[0151] As a fourth exemplary embodiment of the present
invention, shown is a case where the facing directions of
pretilt are set as two directions for the same alignment azi-
muth of a pixel structure that is equivalent to the pixel plan
view of the second exemplary embodiment, as in the case of
the third exemplary embodiment. FIG. 12 shows the regions
where the alignment directions are divided in a display region
within the pixel. The fourth exemplary embodiment will be
described by mainly referring to FIG. 12 and also by using
FIG. 2 and FIG. 6.

[0152] Inthe case of the fourth exemplary embodiment, the
strip electrode 9 is extended in the direction rotated counter-
clockwise by 8 degrees from the horizontal direction (extend-
ing direction of the scanning line) in the regions (44, 46) of an
upper half part of a pixel, and the strip electrode 9 is extended
in the direction orthogonal thereto in the regions (48, 50) of a
lower half part of the pixel.

[0153] Inthe regions (44, 46) in the upper half part of FIG.
12 where the strip electrode 9 is extended in the direction
rotated counterclockwise by 8 degrees from the horizontal
direction (extending direction of the scanning line), the align-
ment azimuths 45 and 47 are set in the horizontal direction.
Each of the regions (44, 46) is further divided into two, and
alignment processing is performed in the region 1 (44) of the
upper half part in the direction towards which the pretilt rises
in the right direction of the drawing while alignment process-
ing is performed in the region 2 (46) of the lower half part in
the direction towards which the pretilt rises in the left direc-
tion. Further, in the regions (48, 50) in the lower half part of
FIG. 12 where the strip electrode 9 is extended in the direction
rotated counterclockwise by 8 degrees from the longitudinal
direction (direction orthogonal to the extending direction of
the scanning line), the alignment azimuths 49 and 51 are setin
the longitudinal direction. Each of the regions (48, 50) is
further divided into two, and alignment processing is per-
formed in the region 3 (48) of the left half part in the direction
so that the pretilt faces in the upper direction while alignment
processing is performed in the region 4 (50) of the right half
part so that the pretilt faces in the lower direction.

[0154] Note here that the angles are so set that the align-
ment azimuths 45, 47 of the regions 44, 46 of the upper half
part of FIG. 12 and the alignment azimuths 49, 51 of the
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regions 48, 50 of the lower half part become orthogonal to
each other. Further, absolute values of the pretilt angles of the
liquid crystal layer of each of the regions 44, 46, 48, and 50
are all about 1 degree. Other than that, the manufacturing
method, the structure, and the like are to follow those of the
first exemplary embodiment.

[0155] In this case, the four regions 44, 46, 48, and 50
compensate with each other as in the case of the third exem-
plary embodiment. Thus, the viewing angle characteristics
becomes equivalent to that of FIG. 9B, so that a fine property
can be acquired.

[0156] As in the case of the third exemplary embodiment,
the both sides of the region 1 (44) in the upper half part of the
pixel in the vicinity of the data line 5 are set to be in the same
alignment state as that of the region 1 (44), and the both sides
of the region 2 (46) are set to be in the same alignment state as
that of the region 2 (46). The both sides of the regions 3, 4 (48,
50) in the lower half part of the pixel are set to be in the same
alignment state as that of the region 2 (46). As in the case of
the fourth exemplary embodiment, the electric field between
the data line 5 and the pixel electrode 10 is generated in the
lateral direction which matches the alignment azimuths of the
region 1 and the region 2. Thus, there is no motion of the
liquid crystal 12 in the vicinity of the data line 5 caused by the
electric field. Therefore, the width of the black matrix 17 for
shielding the part between the data line 5 and the pixel elec-
trode 10 on the counter side can be made still smaller than the
case of the third exemplary embodiment, so that the aperture
ratio can be secured still wider.

[0157] In this case, the same alignment direction as that of
the region 2 is to be employed for the regions in the vicinity of
the data lines 5 on both sides of the regions 3 and 4. Thus, the
light shielding layer 4 constituted with the first metal layer is
disposed by connecting to the common electrode 1 in the part
to be the boundary therebetween.

Fifth Exemplary Embodiment

[0158] A fifth exemplary embodiment of the present inven-
tion will be described by referring to FIGS. 13, 14, and 15.
FIG. 13 is a plan view showing the structure of one pixel of a
liquid crystal display device according to the fifth exemplary
embodiment. FIG. 14 is a sectional view taken along A-A' of
FIG. 13. Further, FIG. 15 is a plan view showing the regions
where the alignment directions are divided into two in the
display region within a pixel.

[0159] The fifth exemplary embodiment shown in FIG. 13
will be described in details hereinafter by following the fab-
ricating procedure. First, Crof 250 nm as a first metal layer is
deposited on a glass substrate as the first transparent insulat-
ing plate 20, and patterns of the scanning line 3 and the
common signal wiring 2 are formed from the Cr film.
[0160] Then, SiNx of 400 nm as the gate insulating film 13,
a-Si:H of 200 nm as the thin film semiconductor layer 6, and
n-a-Si:H of 50 nm are stacked, and the thin film semiconduc-
tor layer 6 is patterned in such a manner that only a TFT part
provided as a switching element of the pixel remains. Further,
Cr of 250 nm as a second metal layer is deposited, and
patterns of the data line 2, the source-drain electrode of the
TFT, and the pixel electrode part 7 constituted with the second
metal layer are formed from the Cr film.

[0161] Then, n-a-Si of the TFT part is removed by having
the source-drain electrode of the TFT as a mask. Further, ITO
of 40 nm as a second transparent electrode is formed thereon.
A pattern of the plan pixel electrode 53 is formed from the
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ITO film, and the pixel electrode 53 is connected to the pixel
electrode part 7 constituted with the second metal layer.
[0162] Then, SiNx of 600 nm as the protection insulating
film 14 is formed, and the through hole 54 for connecting the
common electrode 52 to the common signal wiring 2 is
formed in the protection insulating film 14. Further, ITO of 40
nm as a third transparent electrode is formed thereon, and a
pattern of the common electrode 52 is formed from the ITO
film. The common electrode 52 is in a form in which the
pattern of the strip electrodes are connected at the both ends.
The width of the strip electrode 9 is set to 3 pm, and the width
of the slit between the strip electrodes is set to 6 pum.

[0163] Inthe pattern, the strip electrode 9 is extended in the
horizontal direction (direction in parallel to the scanning line)
in the upper half part of the pixel while it is extended in the
perpendicular direction (direction perpendicular to the scan-
ning line) in the lower half part, and the both are set to be
orthogonal to each other. Further, the common electrode 55
for shielding the bus line is provided to the common electrode
52 by covering the data line 5 and the scanning line 3.
Thereby, influences of the potential of the bus line at the time
of drive can be shielded, and a still wider numerical aperture
can be acquired.

[0164] Through the above-described method, the TFT
array is formed. Further, the black matrix 17 is formed on a
glass substrate as the second transparent insulating substrate
21 by using aresinblack. The color layer 18 of RGB is formed
thereon in a prescribed pattern, the overcoat 19 is formed
thereon, and a columnar spacer (not shown) is formed thereon
further to fabricate a color filter substrate.

[0165] The alignment films which can be aligned by light
irradiation are formed both on the TFT array substrate and the
color filter substrate fabricated in the manner described
above, and photo-alignment processing is performed to form
the two regions 56 and 58 shown in FIG. 15. In the region 56
where the strip common electrode 52 is extended in the lateral
direction shown in the upper half part of FIG. 15, the align-
ment azimuth 57 is set to have an angle of 8 degrees with
respect to the extending direction of the strip. The pretilt
angles are set to be 0 degree in both the TFT array substrate
and the color filter substrate. This region 56 is defined as the
region 1.

[0166] Meanwhile, in the region 58 where the strip elec-
trode 52 is extended in the longitudinal direction shown in the
lower half part of FIG. 15, the alignment azimuth 59 is set to
have an angle of 8 degrees with respect to the extending
direction of the strip. The pretilt angles are set to be 0 degree
in both the TFT array substrate and the color filter substrate.
This region 58 is defined as the region 2.

[0167] Note here that the alignment azimuth 57 of the
region 56 of the upper half part of FIG. 15 and the alignment
azimuth 59 of the region 58 of the lower half part are set to be
orthogonal. Further, the sizes of the areas of the region 1 (56)
and the region 2 (58) are set to be almost equivalent. This
makes it possible to easily perform compensation between
the two regions 56 and 58 mutually, so that it is possible to
acquire fine viewing angle characteristics with which fluctua-
tion of the voltage-luminance characteristics and coloring
depending on the viewing angles is small and the symmetry is
fine.

[0168] Further, a seal member is applied to the both sub-
strates to be laminated, and the liquid crystal material 12
having a positive dielectric constant is inserted and sealed
therein. Note that the physical property values of the liquid
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crystal material are set as A&=5.5, An=0.100, and the height
of the columnar spacer is controlled so that the liquid crystal
layer thickness becomes 4.0 um.

[0169] Further, the polarization plates 22 and 23 are lami-
nated on the outer side of the glass substrates on both sides in
such a manner that the polarization axes are orthogonal to
each other. Note here that a direction of the absorption axis 28
of the incident-side polarization plate 22 on the TFT array
substrate side is set to be the same with the initial alignment
direction 57 of the region 1. Through loading a backlight and
a driving circuit to the liquid crystal display panel fabricated
in the manner described above, the active matrix type liquid
crystal display device according to the fifth exemplary
embodiment is completed.

[0170] In the liquid crystal display device acquired in the
manner described above, the liquid crystal 12 rotates clock-
wise both in the region 1 and the region 2 when an electric
field is applied between the pixel electrode 53 and the com-
mon electrode 52. The alignment azimuths 57 and 59 of the
region 1 and the region 2 are orthogonal to each other. As
shown by using FIG. 22A to FIG. 24B, shift of the voltage-
transmittance characteristics when viewed from the oblique
viewing angle of the azimuth of the absorption axis 28 of the
incident-side polarization plate 22 is an issue with the region
1 or the region 2 alone. In the meantime, through disposing
the both regions 1 and 2 to have a same-size area, the viewing
angle characteristics thereof compensate with each other.
Therefore, the shift of the voltage-transmittance can be
remarkably suppressed.

[0171] FIG. 4A shows the voltage-transmittance character-
istics in theregion 1 alone and the region 2 alone when viewed
from the viewing angle of the polar angle of 60 degree formed
between the azimuth of the absorption axis of the incident-
side polarization plate and a perpendicular of the substrate
and the voltage-transmittance characteristics when viewed
from the front view described above. In the front view, the
voltage-transmittance characteristics of the region 1 and the
voltage-transmittance characteristics of the region 2 are con-
sistent with each other. However, when viewed from the
oblique viewing angle, the voltage-transmittance character-
istics of the region 1 is shifted towards the low-voltage side
from the characteristics of the front viewing angle due to the
theory described in FIG. 18B, and the voltage-transmittance
characteristics of the region 2 is shifted towards the high-
voltage side due to the same theory.

[0172] In the meantime, in the case of the fifth exemplary
embodiment, the region 1 and the region 2 are formed to have
almost a same-size area within one pixel. Thus, the both
compensate with each other optically. Therefore, as shown in
FIG. 4B, it is possible to suppress shift of the voltage-trans-
mittance characteristics when viewed from the oblique view-
ing angle to be remarkably small. This makes it possible to
acquire a liquid crystal display device of extremely excellent
viewing angle characteristics with which the shift of the volt-
age-luminance characteristics as well as coloring is small
even when viewed from the oblique viewing angles of all the
azimuths.

[0173] Further, since the alignment directions of the region
1 and the region 2 are orthogonal, there is a part in the
boundary thereof where the alignment azimuth changes by 90
degrees. In this part, the liquid crystal directors face towards
the azimuth different from the polarization axis of the polar-
ization plate at the time of black display. This may cause light
leakage, so that it is desirable to shield the light. In this case,
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light is shielded by disposing the common signal wiring 2
constituted with the first metal layer in that region. Thereby, it
is possible to shield only the required region with high pre-
cision, so that light can be shielded sufficiently without dete-
riorating the numerical aperture. Further, the potential of the
nontransparent metal layer is equivalent to that of the com-
mon electrode, so that fine display can be acquired without
giving an electric disturbance.

[0174] In the above-described case, light leakage is sup-
pressed by disposing the nontransparent metal layer of the
potential equivalent to that of the common electrode on the
TFT array substrate side. However, the same effects can also
be acquired by making the potential of the nontransparent
metal layer be equivalent to the potential of the pixel. Further,
it is also possible to shield the light in the boundary part
between the region 1 and the region 2 by providing a black
matrix on the counter substrate side.

[0175] With the fifth exemplary embodiment, the data line
5, the scanning line 3, and the part between the scanning line
3 and the common signal wiring 2 are shielded by the com-
mon electrode 55. Thus, it is not necessary to set the align-
ment azimuth to the direction close to the horizontal direction
in the vicinity of the data line 5 unlike the case of the exem-
plary embodiments 1 to 4. Therefore, it is desirable to set the
alignment direction on the wiring to be in the same state as
that of the alignment azimuth of the adjacent display region.
With this, there is no region where there is a change in the
alignment between the alignment on the wiring and the align-
ment on the display unit. Thus, it is unnecessary to increase
the light shielding region, and the aperture region can be
secured still wider. That is, the both sides of the region 1 are
setto bein the same alignment stateas that of theregion 1, and
the both sides of the region 2 are set to be in the same
alignment state as that of the region 2.

Sixth Exemplary Embodiment

[0176] A sixth embodiment of the present invention will be
described by referring to FIG. 30. FIG. 30 is a plan view
showing the structure of four pixels neighboring to each other
along the data line extending direction and the scanning line
extending direction in a liquid crystal display device accord-
ing to the sixth exemplary embodiment.

[0177] InFIG. 30, a reference numeral 92 is applied only to
one of the pixels as the representative of the four pixels. In the
explanations provided below, the extending direction of the
scanning line 3 is referred to as the x direction, the extending
direction of the data line 5 is referred to as the y direction, a
pixel on a given coordinate is referred to as a pixel 92 (x, y),
the n-th pixel from the pixel 92 (x, ») in the x direction is
referred to as a pixel 92 (x+#, y), and the m-th pixel from the
pixel 92 (x, y) in the y direction is referred to as a pixel 92 (x,
y+m).

[0178] In the sixth exemplary embodiment, an alignment
azimuth 86 or an alignment azimuth 87 of the liquid crystal
within one pixel 92 is not divided. Between the neighboring
pixels 92, i.e., between the pixel 92 (x, y) and the pixel 92
(x+1, y) as well as between the pixel 92 (x, y) and the pixel 92
(x, y+1), the alignment azimuths 86 and 87 are orthogonal to
each other, the extending directions of the strip pixel elec-
trodes 9 are orthogonal to each other, and the angles formed
between the alignment azimuths 86, 87 and the extending
direction of the strip pixel electrode 9 are the same. Further,
the pretilt of the liquid crystal is set to be O degree. Regarding
the neighboring pixels 92, the interval and the width of the
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strip pixel electrodes 9 are designed appropriately in such a
manner that the transmittance thereof when viewed from the
front side becomes almost equivalent.

[0179] With this, the voltage-luminance characteristics
show low-voltage side shift within one pixel 92 when viewed
from the alignment azimuths 86 and 87. However, when the
neighboring pixels 92 are combined, the voltage-luminance
characteristics thereof from the oblique viewing angle com-
pensate with each other. Therefore, fine viewing angle char-
acteristics can be acquired.

[0180] In a case where color layers (RGB) different for
each pixel 92 are disposed along the x direction and display is
provided by having three pixels 92 as a unit, the color layer of
the pixel 92 (x, ) is the same as the color layer of the pixel 92
(x+3, v). Regarding the pixel 92 (x, y) and the pixel 92 (x+3,
vy), the alignment azimuths 86, 87 are orthogonal to each other
and the extending directions of the strip pixel electrodes 9 are
orthogonal to each other as well. Thus, the viewing angle
characteristics thereof compensate with each other as well.
Therefore, the viewing angle characteristics of the pixels 92
having the same color layer compensate with each other
between the pixel 92 (x, y) and the pixel 92 (x, y+1) and
between the pixel 92 (x, ) and the pixel 92 (x+3, y).

[0181] As described, through setting the alignment azimuth
86 or the alignment azimuth 87 within one pixel 92 as one
direction, it becomes possible to deal with pixels of still
higher precision.

Seventh Exemplary Embodiment

[0182] A seventh exemplary embodiment of the present
invention will be described by referring to FIG. 31. FIG. 31 is
a plan view showing the structure of four pixels neighboring
to each other along the data line extending direction and the
scanning line extending direction in a liquid crystal display
device according to the seventh exemplary embodiment.
[0183] InFIG. 31, areference numeral 93 is applied only to
one of the pixels as the representative of the four pixels. In the
explanations provided below, the extending direction of the
scanning line 3 is referred to as the x direction, the extending
direction of the data line 5 is referred to as the y direction, a
pixel on a given coordinate is referred to as a pixel 93 (x, y),
the n-th pixel from the pixel 93 (x, ) in the x direction is
referred to as a pixel 93 (x+n, »), and the m-th pixel from the
pixel 93 (x, y) in the y direction is referred to as a pixel 93 (x,
V+m).

[0184] As in the case of the sixth exemplary embodiment,
the alignment azimuth 86 or the alignment azimuth 87 is not
divided within one pixel 93 in the seventh exemplary embodi-
ment, and the alignment azimuths 86, 87 are orthogonal to
each other between the pixel 93 (v, y) and the pixel 93 (x, y+1).
In the sixth exemplary embodiment, the alignment azimuths
86 and 87 are orthogonal to each other also between the pixel
92 (x, y) and the pixel 92 (x+1, y). However, in the seventh
exemplary embodiment, the alignment azimuths 86 and 87
are set to be the same between the pixel 93 (x, y) and the pixel
93 (x+1,y).

[0185] Accordingly, the directions of the strip pixel elec-
trodes 9 are set to be orthogonal to each other between the
pixel 93 (x, y) and the pixel 93 (x, y+1) and set to be the same
between the pixel 93 (x, y) and the pixel 93 (x+1, y). The
angles formed between the alignment azimuths 86, 87 and the
extending direction of the strip pixel electrodes 9 are set to be
the same between the neighboring pixels 93. Further, the
pretilt of the liquid crystal is set to be 0 degree. Regarding the
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neighboring pixels 93, the interval and the width of the strip
pixel electrodes 9 are designed appropriately in such a man-
ner that the transmittance thereof when viewed from the front
side becomes almost equivalent.

[0186] With this, the voltage-luminance characteristics
show low-voltage side shift within one pixel 93 when viewed
from the alignment azimuths 86 and 87. However, when the
neighboring pixels 93 are combined, the voltage-luminance
characteristics thereof from the oblique viewing angle com-
pensate with each other. Therefore, fine viewing angle char-
acteristics can be acquired.

[0187] Inthiscase, all the pixels 93 in the x direction can be
arranged in the same alignment azimuth 86 or alignment
azimuth 87, so that alignment processing can be performed
efficiently.

Eighth Exemplary Embodiment

[0188] An eighth exemplary embodiment of the present
invention will be described by referring to FIG. 32. FIG. 32 is
a plan view showing the structure of four pixels neighboring
to each other along the data line extending direction and the
scanning line extending direction in a liquid crystal display
device according to the eighth exemplary embodiment.
[0189] InFIG. 32, areference numeral 94 is applied only to
one of the pixels as the representative of the four pixels. In the
explanations provided below, the extending direction of the
scanning line 3 is referred to as the x direction, the extending
direction of the data line 5 is referred to as the y direction, a
pixel on a given coordinate is referred to as a pixel 94 (x, y),
the n-th pixel from the pixel 94 (x, ) in the x direction is
referred to as a pixel 94 (x+x, y), and the m-th pixel from the
pixel 94 (x, y) in the y direction is referred to as a pixel 94 (x,
y+m).

[0190] As in the case of the sixth exemplary embodiment,
the alignment azimuth 86 or the alignment azimuth 87 is not
divided within one pixel 94 in the eighth exemplary embodi-
ment. Between the neighboring pixels 94, the alignment azi-
muths 86, 87 are orthogonal to each other, the extending
directions of the strip pixel electrodes 9 are orthogonal to each
other, and the angles formed between the alignment azimuths
86, 87 and the extending direction of the strip pixel electrodes
9 are the same.

[0191] Further, in the eighth exemplary embodiment, the
directions of the pretilt are set to be 1 degree and to be
opposite from each other between the pixels 94 neighboring
to each other in the oblique direction having the same align-
ment azimuths 86, 87, i.e., between the pixel 94 (x, y) and the
pixel 94 (x+1, y+1) as well as between the pixel 94 (x+1, y)
and the pixel 94 (x, y+1). Between the neighboring pixels 94,
the interval and the width of the strip pixel electrodes 9 are
designed appropriately in such a manner that the transmit-
tance thereof when viewed from the front side becomes
almost equivalent.

[0192] With this, the voltage-luminance characteristics
show low-voltage side shift within one pixel 94 when viewed
from the alignment azimuths 86 and 87. However, when the
neighboring pixels 94 are combined, the voltage-luminance
characteristics thereof from the oblique viewing angle com-
pensate with each other. Therefore, fine viewing angle char-
acteristics can be acquired.

[0193] In a case where different color layers (RGB) for
each pixel 94 are disposed along the x direction and display is
provided by having three pixels 94 as a unit, the color layer of
the pixel 94 (x, y) is the same as the color layer of the pixel 94
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(x+3, v). Regarding the pixel 94 (x, y) and the pixel 94 (x+3,
vy), the alignment azimuths 86, 87 are orthogonal to each other
and the extending directions of the strip pixel electrodes 9 are
orthogonal to each other as well. With this layout, the pixel 94
(x, ), the pixel 94 (x, y+1), the pixel 94 (x+3, y), and the pixel
94 (x+3, y+1) are four kinds of pixels 94 constituted with a
combination of the two kinds of alignment azimuths 86, 87
orthogonal to each other and the two kinds of pretilt reversed
from each other. Therefore, the viewing angle characteristics
compensate with each other between the pixels 94 further, so
that still finer viewing angle characteristics can be acquired.
[0194] As described, through forming the neighboring four
pixels 94 of the same color layers with the four kinds of pixels
94 constituted with the two kinds of alignment azimuths 86,
87 and the two kinds of pretilt directions, fine viewing angle
characteristics can be acquired.

Ninth Exemplary Embodiment

[0195] A ninth exemplary embodiment of the present
invention will be described by referring to FIG. 33, FIG. 33 is
a plan view showing the structure of four pixels neighboring
to each other along the data line extending direction and the
scanning line extending direction in a liquid crystal display
device according to the ninth exemplary embodiment.
[0196] InFIG. 33, areference numeral 95 is applied only to
one of the pixels as the representative of the four pixels. In the
explanations provided below, the extending direction of the
scanning line 3 is referred to as the x direction, the extending
direction of the data line 5 is referred to as the y direction, a
pixel on a given coordinate is referred to as a pixel 95 (x, y),
the n-th pixel from the pixel 95 (x, v) in the x direction is
referred to as a pixel 95 (x+#, v), and the m-th pixel from the
pixel 95 (x, y) in the y direction is referred to as a pixel 95 (x,
V+m).

[0197] As in the case of the seventh exemplary embodi-
ment, the alignment azimuth 86 or the alignment azimuth 87
is not divided within one pixel 95 in the ninth exemplary
embodiment, and the alignment azimuths 86, 87 are orthogo-
nal to each other between the pixel 95 (x, y) and the pixel 95
(%, y+1). Further, the extending directions of the strip pixel
electrodes 9 are arranged to be orthogonal to each other
between the pixel 95 (x, y) and the pixel 95 (x, y+1). The
angles formed between the alignment azimuths 86, 87 and the
extending direction of the strip pixel electrodes 9 are set to be
the same.

[0198] Further, in the ninth exemplary embodiment, the
directions of the pretilt are set to be 1 degree and to be
opposite from each other between the pixel 95 (x, y) and the
pixel 95 (x+1, y) neighboring to each other in the x direction
having the same alignment azimuth 87 as well as between the
pixel 95 (x, y+1) and the pixel 95 (x+1, y+1) neighboring to
each other in the x direction having the same alignment azi-
muth 86. Between the neighboring pixels 95, the interval and
the width of the strip pixel electrodes 9 are designed appro-
priately in such a manner that the transmittance thereof when
viewed from the front side becomes almost equivalent.

[0199] With this, the voltage-luminance characteristics
show low-voltage side shift within one pixel 95 when viewed
from the alignment azimuths 86 and 87. However, when the
neighboring pixels 95 are combined, the voltage-luminance
characteristics thereof from the oblique viewing angle com-
pensate with each other. Therefore, fine viewing angle char-
acteristics can be acquired.

Jul. 25,2013

[0200] 1In a case where color layers (RGB) different for
each pixel 95 are disposed along the x direction and display is
provided by having three pixels 95 as a unit, the color layer of
the pixel 95 (x, y) is the same as the color layer of the pixel 95
(x+3, v). Regarding the pixel 95 (x, y) and the pixel 95 (x+3,
), the alignment azimuths 87 are the same and the directions
of the pretilt of the liquid crystal are opposite from each other.
With this layout, the pixel 95 (x, y), the pixel 95 (x, y+1), the
pixel 95 (x+3, y), and the pixel 95 (x+3, y+1) are fourkinds of
pixels 95 constituted with a combination of the two kinds of
alignment azimuths 86, 87 orthogonal to each other and the
two kinds of pretilt reversed from each other. Therefore, the
viewing angle characteristics compensate with each other
between the pixels 95 further, so that still finer viewing angle
characteristics can be acquired.

[0201] As described, through forming the neighboring four
pixels 95 of the same color layers with the four kinds of pixels
95 constituted with the two kinds of alignment azimuths 86,
87 and the two kinds of pretilt directions, fine viewing angle
characteristics can be acquired. Moreover, all the pixels 95 in
the x direction can be provided in the same alignment azimuth
86 or alignment azimuth 87, so that alignment processing can
be performed efficiently.

Tenth Exemplary Embodiment

[0202] A tenth exemplary embodiment of the present
invention will be described by referring to FIG. 38. FIG. 38
shows the initial alignment direction of the liquid crystal in
twelve pixels neighboring to each other along the data line
extending direction and the scanning line extending direction
in a liquid crystal display device according to the tenth exem-
plary embodiment.

[0203] In FIG. 38, three pixels 96R, 96G, and 96B neigh-
boring to each other in the x direction constitute one unit 96
for display. A numeral reference 96 is applied only to a single
unit by representing the four pieces of one unit. In the expla-
nations provided below, the extending direction of the scan-
ning line 3 is referred to as the x direction, the extending
direction of the data line 5 is referred to as the y direction, one
unit on a given coordinate is referred to as one unit 96 (x, y),
the n-th unit from the one unit 96 (x, ¥) in the x direction is
referred to as one unit 96 (x+#, y), and the m-th unit from the
one unit 96 (x, y) in the y direction is referred to as one unit 96
(x, v+m).

[0204] The units 96 (x, ¥), 96 (x+1,y), 96 (x, y+1), and 96
(x+1, y+1) of the tenth exemplary embodiment correspond to
the pixels 92 (x, y), 92 (x+1,y), 92 (x, y+1), and 92 (x+1, y+1)
shown in FIG. 30, respectively. The pixels 96R, 96 and 96B
are provided with a color filter of respective color layers of R
(red), G (green), and B (blue). The structure of the inside of
the pixels 96R, 96G, and 96B are the same as that of the pixel
92 shown in F1G. 30, so that the illustration thereof1s omitted.
[0205] In the tenth exemplary embodiment, the alignment
azimuth 86 or the alignment azimuth 87 of the liquid crystal
within the one unit 96 is not divided. Between the one unit 96
(%, v) and the one unit 96 (x+1, y) as well as between the one
unit 96 (x, y) and the one unit 96 (x, y+1), the alignment
azimuths 86 and 87 are orthogonal to each other, the extend-
ing directions of the strip pixel electrodes are orthogonal to
each other, and the angles formed between the alignment
azimuths 86, 87 and the extending direction of the strip pixel
electrodes are the same. Further, the pretilt of the liquid crys-
tal is set to be 0 degree. Regarding the neighboring units 96,
the interval and the width of the strip pixel electrodes are
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designed appropriately in such a manner that the transmit-
tance thereof when viewed from the front side becomes
almost equivalent.

[0206] With this, the voltage-luminance characteristics
show low-voltage side shift within the one unit 96 when
viewed from the alignment azimuths 86 and 87. However,
when the neighboring units 96 are combined, the voltage-
luminance characteristics thereof from the oblique viewing
angle compensate with each other. Therefore, fine viewing
angle characteristics can be acquired. Further, in a case where
arelatively high gradation is displayed only in a specific one
unit 96 and black display is provided in the peripheral units
96, there is no compensation done between the neighboring
units 96 when viewed obliquely from the alignment azimuths
86 and 87. Even in such case, it becomes hard to have colora-
tion of the one unit 96 since the pixels 96R, 96G, and 96B
constituting one unit 96 are facing the same azimuth 86 or 87
and make the same shift. While the case where the pixels 96R,
96G, and 96B are lined in the x direction is described above,
the same effects can be acquired also in a case where the
pixels 96R, 96G, and 96B are lined in the y direction by
constituting the one unit 96 in the manner described above.

Eleventh Exemplary Embodiment

[0207] An eleventh exemplary embodiment of the present
invention will be described by referring to FIG. 39. FIG. 39
shows the initial alignment direction of the liquid crystal in
twelve pixels neighboring to each other along the data line
extending direction and the scanning line extending direction
in a liquid crystal display device according to the eleventh
exemplary embodiment.

[0208] In FIG. 39, three pixels 97R, 97G, and 97B neigh-
boring to each other in the x direction constitute one unit 97
for display. A numeral reference 97 is applied only to a single
unit by representing the four pieces of one unit. In the expla-
nations provided below, the extending direction of the scan-
ning line 3 is referred to as the x direction, the extending
direction of the data line 5 is referred to as the y direction, one
unit on a given coordinate is referred to as one unit 97 (x, y),
the n-th unit from the one unit 97 (x, ) in the x direction is
referred to as one unit 97 (x+#, y), and the m-th unit from the
oneunit97 (x, y)in the y direction is referred to as one unit 97
(x, y+m).

[0209] The units 97 (x, y), 97 (x+1,y), 97 (x, y+1), and 97
(x+1, y+1) of the eleventh exemplary embodiment corre-
spond to the pixels 94 (x, y), 94 (x+1,y), 94 (x, y+1), and 94
(x+1, y+1) shown in FIG. 32, respectively. The pixels 96R,
96G, and 96B are provided with a color filter of respective
color layers of R (red), G (green), and B (blue). The structure
of the inside of the pixels 97R, 97G, and 97B are the same as
that of the pixel 94 shown in FIG. 32, so that the illustration
thereof is omitted.

[0210] As in the case of the tenth exemplary embodiment,
the alignment azimuth 86 or the alignment azimuth 87 is not
divided within one unit 97 in the eleventh exemplary embodi-
ment. Between the neighboring units 97, the alignment azi-
muths 86, 87 are orthogonal to each other, the extending
directions of the strip pixel electrodes are orthogonal to each
other, and the angles formed between the alignment azimuths
86, 87 and the extending direction of the strip pixel electrodes
are the same.

[0211] Further, in the eleventh exemplary embodiment, the
directions of the pretilt are set to be 1 degree and to be
opposite from each other between the units 97 neighboring to
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each other in the oblique direction having the same alignment
azimuths 86, 87, 1.e., between the one unit 97 (x, y) and the one
unit 97 (x+1, y+1) as well as between the one unit 97 (x+1, y)
and the one unit 97 (x, y+1). Between the neighboring units
97, the interval and the width of the strip pixel electrodes 9 are
designed appropriately in such a manner that the transmit-
tance thereof when viewed from the front side becomes
almost equivalent.

[0212] With this, the voltage-luminance characteristics
show low-voltage side shift within one unit 97 when viewed
from the alignment azimuths 86 and 87. However, when the
neighboring units 97 are combined, the voltage-luminance
characteristics thereof from the oblique viewing angle com-
pensate with each other. Therefore, fine viewing angle char-
acteristics can be acquired.

[0213] With this layout, the one unit 97 (x, y), the one unit
97 (x, y+1), the one unit 97 (x+1, y), and the one unit 97 (x+1,
y+1) are four kinds of units 97 constituted with a combination
of the two kinds of alignment azimuths 86, 87 orthogonal to
each other and the two kinds of pretilt reversed from each
other. Therefore, the viewing angle characteristics compen-
sate with each other between the units 97, so that still finer
viewing angle characteristics can be acquired.

[0214] Further, in a case where a relatively high gradation is
displayed only in a specific one unit 97 and black display is
provided in the peripheral units 97, there is no compensation
done between the neighboring units 97 when viewed
obliquely from the alignment azimuths 86 and 87. Even in
such case, it becomes hard to have coloration of the one unit
97 since the pixels 97R, 97G, and 97B constituting one unit
97 are facing the same azimuth 86 or 87 and make the same
shift.

[0215] While the case where the pixels 97R, 97G, and 97B
are linedin the x direction is described above, the same effects
can be acquired also in a case where the pixels 97R, 97G, and
978 are lined in the y direction by constituting the one unit 97
in the manner described above.

[0216] While the present invention has been described by
referring to the specific exemplary embodiments shownin the
accompanying drawings, the present invention is not limited
only to each of the exemplary embodiments shown in the
drawings. Any changes and modifications occurred to those
skilled in the art can be applied to the structures and the details
of the present invention. Further, it is to be noted that the
present invention includes combinations of a part of or the
entire part of each of the exemplary embodiments combined
mutually in an appropriate manner.

[0217] While a part of or the entire part of the exemplary
embodiments can be summarized as in following Supplemen-
tary Notes, the present invention is not necessarily limited to
those structures.

(Supplementary Note 1)

[0218] A lateral electric field liquid crystal display device
which includes: a substrate; a plan electrode formed in a plan
form on the substrate; a strip electrode or strip electrodes
formed in a strip form on the plan electrode via an insulating
film; and a liquid crystal aligned substantially in parallel to
the substrate, and the liquid crystal display device controls a
display by rotating the liquid crystal within a plane substan-
tially in parallel to the substrate by an electric field between
the plan electrode and the strip electrode, wherein:

[0219] each pixel constituting the display is divided into

a first region and a second region;
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[0220] anextending direction of the strip electrode of the
first region and an extending direction of the strip elec-
trode of the second region are orthogonal;

[0221] an alignment azimuth of the liquid crystal of the
first region and an alignment azimuth of the liquid crys-
tal of the second region are orthogonal; and

[0222] an angle formed between the extending direction
of the strip electrode in the first region and the alignment
azimuth of the liquid crystal and an angle formed
between the extending direction of the strip electrode in
the second region and the alignment azimuth of the
liquid crystal are same.

(Supplementary Note 2)

[0223] Thelateral electric field liquid crystal display device
as depicted in Supplementary Note 1, wherein the first region
and the second region are formed to have almost a same-size
area.

(Supplementary Note 3)

[0224] Thelateral electric field liquid crystal display device
as depicted in Supplementary Note 1 or 2, wherein a pretilt
angle of the liquid crystal is substantially 0 degree, and volt-
age-transmittance properties when viewed from oblique
viewing angles which are in 180 degree different azimuths are
almost equivalent.

(Supplementary Note 4)

[0225] Thelateral electric field liquid crystal display device
as depicted in Supplementary Note 1 or 2, wherein:

[0226] the liquid crystal has the pretilt angle larger than
0 degree;
[0227] the first region includes a third region and a fourth

region whose pretilt angles face opposite directions
from each other; and

[0228] the second region includes a fifth region and a
sixth region whose pretilt angles face opposite direc-
tions from each other.

(Supplementary Note 5)

[0229] Thelateral electric field liquid crystal display device
as depicted in Supplementary Note 4, wherein:
[0230] the third region and the fourth region are formed
to have almost a same-size area; and

[0231] the fifth region and the sixth region are formed to
have almost a same-size area.

(Supplementary Note 6)

[0232] Thelateral electric field liquid crystal display device
as depicted in Supplementary Note 4 or 5, wherein a bound-
ary between the third region and the fourth region and a
boundary between the fifth region and the sixth region are
formed along the strip electrode, respectively.

(Supplementary Note 7)

[0233] Thelateral electric field liquid crystal display device
as depicted inany one of Supplementary Notes 1 to 6, wherein
a light shielding layer is provided at least either in the sub-
strate or a counter substrate thereof in the boundary between
the first region and the second region.
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(Supplementary Note 8)

[0234] Thelateral electric field liquid crystal display device
as depicted in Supplementary Note 7, wherein the light
shielding layer exists on the substrate, and the light shielding
layer is formed with a nontransparent metal layer having a
potential equivalent to that of the plan electrode or the strip
electrode.

(Supplementary Note 9)

[0235] A method for manufacturing the lateral electric field
liquid crystal display device as depicted in any one of Supple-
mentary Notes 1 to 8, wherein alignment processing of the
liquid crystal is performed by photo-alignment.

(Supplementary Note 11)

[0236] A liquid crystal display device which includes a
transparent electrode formed in a plan form and a strip elec-
trode disposed thereon via an insulating film, and controls
display by rotating the liquid crystal aligned substantially in
parallel to a substrate within a plane that is substantially in
parallel to the substrate by an electric field between the both
electrodes, wherein:

[0237] each pixel constituting the display is divided into
two regions; the extending directions of the strip elec-
trode in each of the regions are set to be orthogonal so
that the directions of the lateral electric fields formed in
each of the regions become orthogonal to each other; the
alignment azimuths of the liquid crystal of each of the
regions are orthogonal; and the angles formed between
the extending directions of the strip electrode and the
alignment azimuth of the liquid crystal are the same.

(Supplementary Note 12)

[0238] Thelateral electricfield liquid crystal display device
as depicted in Supplementary Note 11, wherein the two
regions having orthogonal alignment azimuths are formed to
have almost a same-size area.

(Supplementary Note 13)

[0239] Thelateral electric field liquid crystal display device
as depicted in Supplementary Note 11 or 12, wherein:
[0240] apretilt angle of the liquid crystal is substantially
0 degree; and
[0241] voltage-transmittance properties when viewed
from oblique viewing angles which are in 180 degree
different azimuths are almost equivalent.

(Supplementary Note 14)

[0242] Thelateral electric field liquid crystal display device
as depicted in Supplementary Note 11 or 12, wherein:
[0243] the liquid crystal has the pretilt angle larger than
0 degree; and
[0244] two regions having pretilt of opposite facing
directions from each other exist in the two regions of
orthogonal alignment azimuths.

(Supplementary Note 15)

[0245] Thelateral electric field liquid crystal display device
as depicted in Supplementary Note 14, wherein the two
regions having pretilt of opposite facing directions from each
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other existing in each of the regions of the two alignment
azimuths are formed to have substantially a same-size area.

(Supplementary Note 16)

[0246] Thelateral electric field liquid crystal display device
as depicted in Supplementary Note 14 or 15, wherein a
boundary between the two regions having pretilt of opposite
facing directions from each other existing in each of the
regions of the two alignment azimuths is formed along the
strip transparent electrode.

(Supplementary Note 17)

[0247] Thelateral electric field liquid crystal display device
as depicted in any one of Supplementary Notes 11 to 16,
wherein at least one of the substrates includes a light shielding
layer in the boundary between the regions whose alignment
azimuths are orthogonal to each other.

(Supplementary Note 18)

[0248] Thelateral electric field liquid crystal display device
as depicted in Supplementary Note 17, wherein:

[0249] the light shielding layer for shielding the bound-
ary between the regions having the alignment azimuths
orthogonal to each other exists on the substrate where
the electrode for forming the lateral electric field; and

[0250] the light shielding layer is formed with a non-
transparent metal layer having a potential equivalent to
that of the common electrode or the pixel electrode.

(Supplementary Note 19) A method for manufacturing the
lateral electric field liquid crystal display device as depicted
in any one of Supplementary Notes 11 to 18, wherein align-
ment processing of the liquid crystal is performed by photo-

alignment.

(Supplementary Note 20)

[0251] A lateral electric field liquid crystal display device
which includes: a substrate; a plan electrode formed in a plan
form on the substrate; a strip electrode or strip electrodes
formed in a strip form on the plan electrode via an insulating
film; and a liquid crystal aligned substantially in parallel to
the substrate, and the liquid crystal display device controls a
display by rotating the liquid crystal within a plane substan-
tially in parallel to the substrate by an electric field between
the plan electrode and the strip electrode, wherein:
[0252] a plurality of pixels constituting the display are
arranged in matrix in x direction and y direction;
[0253] within one of the pixels, an alignment azimuth of
the liquid crystal is one direction and an extending direc-
tion of the strip electrode is one direction; and
[0254] between the pixels neighboring to each other at
least in one of the x direction and the y direction, extend-
ing directions of the strip electrodes are orthogonal to
each other, alignment azimuths of the liquid crystal are
orthogonal to each other, and angles formed between the
extending direction of the strip electrode and the align-
ment azimuth of the liquid crystal are same.

(Supplementary Note 21)

[0255] A lateral electric field liquid crystal display device
which includes: a substrate; a plan electrode formed in a plan
form on the substrate; a strip electrode or strip electrodes
formed in a strip form on the plan electrode via an insulating
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film; and a liquid crystal aligned substantially in parallel to
the substrate, and the liquid crystal display device controls a
display by rotating the liquid crystal within a plane substan-
tially in parallel to the substrate by an electric field between
the plan electrode and the strip electrode, wherein:

[0256] a plurality of pixels constituting the display are
arranged in matrix in x direction and y direction;

[0257] theplurality of pixels neighboring to each other in
thex direction or the y direction showing different colors
constitute one unit for the display;

[0258] within the one unit, an alignment azimuth of the
liquid crystal is one direction and an extending direction
of the strip electrode is one direction; and

[0259] between the units neighboring to each other at
least in one of the x direction and the y direction, extend-
ing directions of the strip electrodes are orthogonal to
each other, the alignment azimuths of the liquid crystal
are orthogonal to each other, and angles formed between
the extending direction of the strip electrode and the
alignment azimuth of the liquid crystal are same.

(Supplementary Note 22)

[0260] Thelateral electricfield liquid crystal display device
as depicted in Supplementary Note 10 or 11, wherein a pretilt
angle of the liquid crystal is substantially 0 degree, and volt-
age-transmittance properties when viewed from oblique
viewing angles which are in 180 degree different azimuths are
almost equivalent.

(Supplementary Note 23)

[0261] Thelateral electric field liquid crystal display device
as depicted in Supplementary Note 10 or 11, wherein:

[0262] the liquid crystal has a pretilt angle larger than 0

degree; and

[0263] four of the pixels having the same color layer

neighboring to each other in the x direction and the y

direction are four kinds of pixels constituted with a

combination of two kinds of the liquid crystal alignment

azimuths orthogonal to each other and two kinds of the

liquid crystal pretilt directions reversed from each other.
[0264] The present invention can be utilized for IPS active
matrix type liquid crystal display device and arbitrary appa-
ratuses which use the liquid crystal display device as a display
device.

What is claimed is:

1. A lateral electric field liquid crystal display device, com-
prising: a substrate; a plan electrode formed in a plan form on
the substrate; a strip electrode or strip electrodes formed in a
strip form on the plan electrode via an insulating film; and a
liquid crystal aligned substantially in parallel to the substrate,
the liquid crystal display device controlling a display by
rotating the liquid crystal within a plane substantially in par-
allel to the substrate by an electric field between the plan
electrode and the strip electrode, wherein:

each pixel constituting the display is divided into a first

region and a second region;

an extending direction of the strip electrode of the first

region and an extending direction of the strip electrode
of the second region are orthogonal;

an alignment azimuth of the liquid crystal of the first region

and an alignment azimuth of the liquid crystal of the
second region are orthogonal; and
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an angle formed between the extending direction of the
strip electrode in the first region and the alignment azi-
muth of the liquid crystal and an angle formed between
the extending direction of the strip electrode in the sec-
ond region and the alignment azimuth of the liquid crys-
tal are same.

2. The lateral electric field liquid crystal display device as
claimed in claim 1, wherein

the first region and the second region are formed to have

almost a same-size area.

3. The lateral electric field liquid crystal display device as
claimed in claim 1, wherein

apretilt angle of the liquid crystal is substantially 0 degree,

and voltage-transmittance properties when viewed from
oblique viewing angles which are in 180 degree different
azimuths are almost equivalent.

4. The lateral electric field liquid crystal display device as
claimed in claim 1, wherein:

the liquid crystal has the pretilt angle larger than 0 degree;

the first region includes a third region and a fourth region

whose pretilt angles face opposite directions from each
other; and

the second region includes a fifth region and a sixth region

whose pretilt angles face opposite directions from each
other.

5. The lateral electric field liquid crystal display device as
claimed in claim 4, wherein:

the third region and the fourth region are formed to have

almost a same-size area; and

the fifth region and the sixth region are formed to have

almost a same-size area.

6. The lateral electric field liquid crystal display device as
claimed in claim 4, wherein

a boundary between the third region and the fourth region

and a boundary between the fifth region and the sixth
region are formed along the strip electrode, respectively.

7. The lateral electric field liquid crystal display device as
claimed in claim 1, wherein

a light shielding layer is provided at least either in the

substrate or a counter substrate thereof in the boundary
between the first region and the second region.

8. The lateral electric field liquid crystal display device as
claimed in claim 7, wherein

the light shielding layer exists on the substrate, and the

light shielding layer is formed with a nontransparent
metal layer having a potential equivalent to that of the
plan electrode or the strip electrode.

9. A method for manufacturing the lateral electric field
liquid crystal display device as claimed in claim 1, wherein

alignment processing of the liquid crystal is performed by

photo-alignment.

10. A lateral electric field liquid crystal display device,
comprising: a substrate; a plan electrode formed in a plan
form on the substrate; a strip electrode or strip electrodes
formed in a strip form on the plan electrode via an insulating
film; and a liquid crystal aligned substantially in parallel to
the substrate, the liquid crystal display device controlling a
display by rotating the liquid crystal within a plane substan-
tially in parallel to the substrate by an electric field between
the plan electrode and the strip electrode, wherein:

aplurality of pixels constituting the display are arranged in

matrix in x direction and y direction;

within one of the pixels, an alignment azimuth of the liquid

crystal is one direction and an extending direction of the
strip electrode is one direction; and

between the pixels neighboring to each other at least in one

of the x direction and the y direction, extending direc-
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tions of'the strip electrodes are orthogonal to each other,
alignment azimuths of the liquid crystal are orthogonal
to each other, and angles formed between the extending
direction of the strip electrode and the alignment azi-
muth of the liquid crystal are the same.

11. A lateral electric field liquid crystal display device,
comprising: a substrate; a plan electrode formed in a plan
form on the substrate; a strip electrode or strip electrodes
formed in a strip form on the plan electrode via an insulating
film; and a liquid crystal aligned substantially in parallel to
the substrate, the liquid crystal display device controlling a
display by rotating the liquid crystal within a plane substan-
tially in parallel to the substrate by an electric field between
the plan electrode and the strip electrode, wherein:

a plurality of pixels constituting the display are arranged in
matrix in X direction and y direction;

the plurality of pixels neighboring to each other in the x
direction or the y direction showing different colors
constitute one unit for the display;

within the one unit, an alignment azimuth of the liquid
crystal is one direction and an extending direction of the
strip electrode is one direction; and

between the units neighboring to each other at least in one
of the x direction and the y direction, extending direc-
tions of'the strip electrodes are orthogonal to each other,
the alignment azimuths of the liquid crystal are orthogo-
nalto each other, and angles formed between the extend-
ing direction of the strip electrode and the alignment
azimuth of the liquid crystal are the same.

12. The lateral electric field liquid crystal display device as
claimed in claim 10, wherein

apretilt angle of the liquid crystal is substantially 0 degree,
and voltage-transmittance characteristics when viewed
from oblique viewing angles which are in 180 degree
different azimuths are almost equivalent.

13. The lateral electric field liquid crystal display device as
claimed in claim 11, wherein

apretilt angle of the liquid crystal is substantially 0 degree,
and voltage-transmittance characteristics when viewed
from oblique viewing angles which are in 180 degree
different azimuths are almost equivalent.

14. The lateral electric field liquid crystal display device as
claimed in claim 10, wherein:

the liquid crystal has a pretilt angle larger than 0 degree;
and

four of the pixels having the same color layer neighboring
to each other in the x direction and the y direction are
four kinds of pixels constituted with a combination of
two kinds of the liquid crystal alignment azimuths
orthogonal to each other and two kinds of the liquid
crystal pretilt directions reversed from each other.

15. The lateral electric field liquid crystal display device as
claimed in claim 11, wherein:

the liquid crystal has a pretilt angle larger than 0 degree;
and

four of the pixels having the same color layer neighboring
to each other in the x direction and the y direction are
four kinds of pixels constituted with a combination of
two kinds of the liquid crystal alignment azimuths
orthogonal to each other and two kinds of the liquid
crystal pretilt directions reversed from each other.
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