US 20120120346A1

a2y Patent Application Publication (o) Pub. No.: US 2012/0120346 A1

a9 United States

Inoue et al.

(43) Pub. Date: May 17, 2012

(54) LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR MANUFACTURING SAME

Iichiroh Inoue, Osaka (JP); Koichi
Miyachi, Osaka (JP)

(76) Inventors:

(21) Appl. No.: 13/387,484

(22) PCT Filed: Jul. 27,2010

(86) PCT No.: PCT/JP2010/062585

§ 371 (e)(1),

(2), (4) Date: Jan. 27, 2012

30) Foreign Application Priority Data
Jul. 28,2009  (JP) e 2009175742

Publication Classification

(52) US.CL ... 349/85; 349/123; 438/30; 257/E33.012
(57) ABSTRACT

A liquid crystal display device (100) according to the present
invention includes a vertical alignment type liquid crystal
layer (3); and a pair of optical alignment films (12, 22). Each
of a plurality of picture elements includes four liquid crystal
domains (D1 through D4) having different tilt directions of
liquid crystal molecules (3a) in the presence of an applied
voltage. The four liquid crystal domains (D1 through D4) are
arranged in a matrix of 2 rowsx2 columns. The plurality of
picture elements are an even number of picture elements
including at least four picture elements for displaying differ-
ent colors from each other, and include a first picture element
of which aside parallel to a first direction has a prescribed first
length L1 and a second picture element of which a side
parallel to the first direction has a second length [.2, which is
different from the first length L1. In the first picture element,
the four liquid crystal domains are arranged in a first pattern;
and in the second picture element, the four liquid crystal
domains are arranged in a second pattern which is different
from the first pattern. The present invention can suppress
increase of the cost and time required for optical alignment
processing when the 4D-RTN mode is adopted to a multiple
primary color liquid crystal display device or a liquid crystal
display device using the picture element division driving
technology.
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR MANUFACTURING SAME

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device and a method for producing the same, and spe-
cifically a liquid crystal display device having a wide viewing
angle characteristic and a method for producing the same.

BACKGROUND ART

[0002] Liquid crystal display devices have been improved
in terms of display characteristics, and are now used for TV
receivers and the like more and more widely. The viewing
angle characteristics of the liquid crystal display devices have
been improved but are desired to be further improved. Espe-
cially, the viewing angle characteristics of liquid crystal dis-
play devices using a vertical alignment type liquid crystal
layer (also referred to as the “VA-mode liquid crystal display
devices”) are strongly desired to be improved.

[0003] VA-mode liquid crystal display devices currently
used for large display devices of TVs and the like adopt a
multi-domain structure in which a plurality of liquid crystal
domains are formed in one picture element in order to
improve the viewing angle characteristics. A mainly used
method for forming the multi-domain structure is an MVA
mode. The MVA mode is disclosed in, for example, Patent
Document 1.

[0004] According to the MVA mode, a pair of substrates
facing each other with a vertical alignment type liquid crystal
layer interposed therebetween each include an alignment
regulation structure on a surface thereof on the liquid crystal
layer side. Owing to such alignment regulation structures, a
plurality of domains having different alignment directions
(tilt directions) of liquid crystal molecules (typically, there
are four types of alignment directions) are formed in each
picture element. As the alignment regulation structures, slits
(openings) or ribs (protrusion structures) provided in or on
electrodes are used, and an alignment regulation force is
exerted from both sides of the liquid crystal layer.

[0005] However, in the case where the slits or ribs are used,
unlike in the case where pretilt directions are defined by
alignment films used in the conventional TN mode, the align-
ment regulation force on the liquid crystal molecules is non-
uniform in the picture element because the slits and ribs are
linear. This causes a problem that there occurs a response
speed distribution. There is another problem that since the
light transmittance of an area where the slits or ribs are pro-
vided is lowered, the display luminance is decreased.

[0006] Inorderto avoid the above-described problems, it is
preferable that even in a VA-mode liquid crystal display
device, the multi-domain structure is formed by defining the
pretilt direction by means of alignment films. The present
applicant has proposed a VA-mode liquid crystal display
device having such a multi-domain structure in Patent Docu-
ment 2.

[0007] In the liquid crystal display device disclosed in
Patent Document 2, the pretilt directions are defined by align-
ment films to form a 4-domain alignment structure. Namely,
when a voltage is applied to the liquid crystal layer, four liquid
crystal domains are formed in one picture element. Such a
4-domain alignment structure is occasionally referred simply
as the “4D structure”.
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[0008] In the liquid crystal display device disclosed in
Patent Document 2, the pretilt direction defined by one of a
pair of alignment films facing each other with the liquid
crystal layer interposed therebetween and the pretilt direction
defined by the other alignment film are different from each
other by about 90°. Therefore, in the presence of an applied
voltage, liquid crystal molecules are twist-aligned. A VA-
mode in which the liquid crystal molecules are twist-aligned
by use of a pair of vertical alignment films provided such that
the pretilt directions (alignment directions) are perpendicular
to each other is occasionally referred to also as the “VAIN
(Vertical Alignment Twisted Nematic) mode” or the “RTN
(Reverse Twisted Nematic) mode”. As described above, since
the liquid crystal display device disclosed in Patent Docu-
ment 2 forms the 4D structure, the present applicant refers the
display mode of the liquid crystal display device disclosed in
Patent Document 2 as the “4D-RTN mode”.

[0009] As a specific technique for causing the alignment
films to define the pretilt directions of the liquid crystal mol-
ecules, as described in Patent Document 2, optical alignment
processing is considered prospective. Optical alignment,
which can be performed in a non-contact manner, does not
generate static electricity due to friction unlike rubbing and
thus can improve the yield.

[0010] Recently, for the purpose of further improving the
viewing angle characteristics of VA-mode liquid crystal dis-
play devices, a picture element division driving technology
have been put into practice (e.g., Patent Documents 3 and 4).
According to the picture element division driving technology,
the problem that the y characteristic (gamma characteristic) as
observed in a front direction and the y characteristic as
observed in an oblique direction are different from each other
is alleviated; namely, the viewing angle dependence of the y
characteristic is improved. The “y characteristic” is a gray
scale dependence of the display luminance. According to the
picture element division driving technology, one picture ele-
ment is formed of a plurality of sub picture elements which
can display different levels of luminance from each other, so
that a prescribed luminance for a display signal voltage which
is input to the picture element is displayed. Namely, the
picture element division driving technology is a technology
for improving the viewing angle dependence of the y charac-
teristic of a picture element by synthesizing different y char-
acteristics of a plurality of sub picture elements included in
the picture element.

[0011] Recently, it is desired to enlarge a color reproduc-
tion range of a liquid crystal display device (range of display-
able colors) in addition to the above-described improvement
of'the viewing angle characteristics. In a general liquid crystal
display device, one pixel is formed of three picture elements
respectively for displaying three primary colors of light, i.e.,
red, green and blue. Owing to this, color display is realized.
By contrast, a technique of enlarging the color reproduction
range of a liquid crystal display device by using four or more
colors for display has been proposed as disclosed in Patent
Document 5.

[0012] For example, in a liquid crystal display device 900
shown in FIG. 77, one pixel P is formed of four picture
elements R, G, B and Y for displaying red, green, blue and
yellow respectively. Owing to this structure, the color repro-
duction range can be enlarged. Alternatively, one pixel may
be formed of five picture elements for displaying red, green,
blue, yellow and cyan respectively, or of six picture elements
for displaying red, green, blue, yellow, cyan and magenta
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respectively. By use of four or more primary colors, the color
reproduction range can be made larger than that of a conven-
tional liquid crystal display device which provides display by
use of three primary colors. A liquid crystal display device
which provides display by use of four or more primary colors
is referred to as the “multiple primary color display device”.

CITATION LIST
Patent Literature

[0013] Patent Document 1: Japanese Laid-Open Patent
Publication No. 11-242225

[0014] Patent Document 2: W02006/132369

[0015] Patent Document 3: Japanese Laid-Open Patent
Publication No. 2004-62146

[0016] Patent Document 4: Japanese Laid-Open Patent
Publication No. 2004-78157

[0017] Patent Document 5: PCT Japanese National-Phase
Laid-Open Patent Publication No. 2004-529396

SUMMARY OF INVENTION
Technical Problem

[0018] As a result of making studies on adopting the
4D-RTN mode to a multiple primary color liquid crystal
display device, the present inventors found that in the case
where pixels have a certain structure, a problem occurs in
terms of production when the 4D-RTN mode is adopted.
Specifically, in the case where one pixel includes a picture
element of a different size from that of another picture ele-
ment, “shifted exposure” cannot be performed for the optical
alignment processing as described in detail later. This
increases the cost and time required for the optical alignment
processing. As a result of making studies on adopting the
4D-RTN mode to a liquid crystal display device using the
picture element division driving technology, the present
inventors found that substantially the same problem occurs in
the case where one picture element includes a sub picture
element of a different size from that of another sub picture
element.

[0019] The present invention, made in light of the above-
described problems, has an object of suppressing the increase
ofthe cost and time required for optical alignment processing
when the 4D-RTN mode is adopted to a multiple primary
color liquid crystal display device or a liquid crystal display
device using the picture element division driving technology.

Solution to Problem

[0020] A liquid crystal display device according to the
present invention includes a vertical alignment type liquid
crystal layer; a first substrate and a second substrate facing
each other with the liquid crystal layer interposed therebe-
tween,; a first electrode provided on the liquid crystal layer
side of the first substrate and a second electrode provided on
the liquid crystal layer side of the second substrate; and a pair
of optical alignment films provided between the first elec-
trode and the liquid crystal layer and between the second
electrode and the liquid crystal layer. There are pixels which
are each defined by a plurality of picture elements each hav-
ing a shape including a side parallel to a prescribed first
direction and a side parallel to a second direction crossing the
first direction; each of the plurality of picture elements
includes a first liquid crystal domain in which a tilt direction
of liquid crystal molecules at a center and in the vicinity
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thereof in a layer plane and in a thickness direction of the
liquid crystal layer when a voltage is applied between the first
electrode and the second electrode is a predetermined first tilt
direction, a second liquid crystal domain in which the tilt
direction is a predetermined second tilt direction, a third
liquid crystal domain in which the tilt direction is a predeter-
mined third tilt direction, and a fourth liquid crystal domain in
which the tilt direction is a predetermined fourth tilt direction;
the first, second, third and fourth tilt directions are such that a
difference between any two these four directions is approxi-
mately equal to an integral multiple of 90°; and the first,
second, third and fourth liquid crystal domains are arranged
in a matrix of 2 rowsx2 columns; the plurality of picture
elements are an even number of picture elements including at
least four picture elements for displaying different colors
from each other; the even number of picture elements include
a first picture element of which the side parallel to the first
direction has a prescribed first length [.1 and a second picture
element of which the side parallel to the first direction has a
second length 1.2 which is different from the first length [1;
in the first picture element, the first, second, third and fourth
liquid crystal domains are arranged in a first pattern; and in
the second picture element, the first, second, third and fourth
liquid crystal domains are arranged in a second pattern which
is different from the first pattern.

[0021] In a preferable embodiment, in each of the even
number of picture elements, when a gray scale is displayed, a
dark area darker than the gray scale appears; the dark area
appearing in the first picture element is generally gamma-
dion-shaped; and the dark area appearing in the second pic-
ture element is generally shaped like the letter “8”.

[0022] In a preferable embodiment, the first, second, third
and fourth liquid crystal domains are located such that the tilt
directions of two adjacent liquid crystal domains thereamong
are different by 90° from each other; the first tilt direction and
the third tilt direction have an angle of about 180° with respect
to each other. In the first picture element, a portion of edges of
the first electrode close to the first liquid crystal domain
includes a first edge portion such that an azimuthal angle
direction perpendicular to the first edge portion and directed
to the inside of the first electrode has an angle exceeding 90°
with respect to the first tilt direction; a portion of edges of the
first electrode close to the second liquid crystal domain
includes a second edge portion such that an azimuthal angle
direction perpendicular to the second edge portion and
directed to the inside of the first electrode has an angle
exceeding 90° with respect to the second tilt direction; a
portion of edges of the first electrode close to the third liquid
crystal domain includes a third edge portion such that an
azimuthal angle direction perpendicular to the third edge
portion and directed to the inside of the first electrode has an
angle exceeding 90° with respect to the third tilt direction; a
portion of edges of the first electrode close to the fourth liquid
crystal domain includes a fourth edge portion such that an
azimuthal angle direction perpendicular to the fourth edge
portion and directed to the inside of the first electrode has an
angle exceeding 90° with respect to the fourth tilt direction;
and the first edge portion and the third edge portion are
generally parallel to one of a horizontal direction and a ver-
tical direction of a display plane, and the second edge portion
and the fourth edge portion are generally parallel to the other
of the horizontal direction and the vertical direction of the
display plane. In the second picture element, a portion of
edges of the first electrode close to a first liquid crystal
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domain includes a first edge portion such that an azimuthal
angle direction perpendicular to the first edge portion and
directed to the inside of the first electrode has an angle
exceeding 90° with respect to the first tilt direction; a portion
of edges of the first electrode close to the third liquid crystal
domain includes a third edge portion such that an azimuthal
angle direction perpendicular to the third edge portion and
directed to the inside of the first electrode has an angle
exceeding 90° with respect to the third tilt direction; and the
first edge portion and the third edge portion each include a
first portion generally parallel to the horizontal direction of
the display plane and a second portion generally parallel to
the vertical direction of the display plane.

[0023] In a preferable embodiment, the side of each of the
first picture element and the second picture element which is
parallel to the second direction has a prescribed third length
L3; and the even number of picture elements further include
a third picture element of which the side parallel to the second
direction has a fourth length 1.4 which is different from the
third length L3, and a fourth picture element of which the side
parallel to the second direction has the fourth length [.4.
[0024] In a preferable embodiment, in the third picture
element, the first, second, third and fourth liquid crystal
domains are arranged in a third pattern which is different from
the first and second patterns; and in the fourth picture ele-
ment, the first, second, third and fourth liquid crystal domains
are arranged in a fourth pattern which is different from the
first, second and third patterns.

[0025] Inapreferable embodiment, the at least four picture
elements for displaying different colors from each other
include a red picture element for displaying red, a green
picture element for displaying green, a blue picture element
for displaying blue, and a yellow picture element for display-
ing yellow.

[0026] Inapreferable embodiment, the at least four picture
elements further include a cyan picture element for display-
ing cyan, and a magenta picture element for displaying
magenta.

[0027] Alternatively, aliquid crystal display device accord-
ing to the present invention includes a vertical alignment type
liquid crystal layer; a first substrate and a second substrate
facing each other with the liquid crystal layer interposed
therebetween; a first electrode provided on the liquid crystal
layer side of the first substrate and a second electrode pro-
vided on the liquid crystal layer side of the second substrate;
and a pair of optical alignment films provided between the
first electrode and the liquid crystal layer and between the
second electrode and the liquid crystal layer. There are pixels
which are each defined by a plurality of picture elements;
each of the plurality of picture elements includes a plurality of
sub picture elements capable of applying different voltages to
parts of the liquid crystal layer corresponding to the respec-
tive sub picture elements; each of the plurality of sub picture
elements includes a first liquid crystal domain in which a tilt
direction of liquid crystal molecules at a center and in the
vicinity thereofin a layer plane and in a thickness direction of
the liquid crystal layer when a voltage is applied between the
first electrode and the second electrode is a predetermined
first tilt direction, a second liquid crystal domain in which the
tilt direction is a predetermined second tilt direction, a third
liquid crystal domain in which the tilt direction is a predeter-
mined third tilt direction, and a fourth liquid crystal domain in
which the tilt direction is a predetermined fourth tilt direction;
the first, second, third and fourth tilt directions are such that a
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difference between any two of these four directions is
approximately equal to an integral multiple of 90°; and the
first, second, third and fourth liquid crystal domains are
arranged in a matrix of 2 rowsx2 columns; the plurality of sub
picture elements are an even number of sub picture elements
each having a shape including a side parallel to a prescribed
first direction and a side parallel to a second direction crossing
the first direction; the even number of sub picture elements
include a first sub picture element of which the side parallel to
the first direction has a prescribed first length .1 and a second
sub picture element of which the side parallel to the first
direction has a second length 1.2 which is different from the
first length L1; in the first sub picture element, the first,
second, third and fourth liquid crystal domains are arranged
in a first pattern; and in the second sub picture element, the
first, second, third and fourth liquid crystal domains are
arranged in a second pattern which is different from the first
pattern.

[0028] In a preferable embodiment, in each of the even
number of sub picture elements, when a gray scale is dis-
played, a dark area darker than the gray scale appears; the
dark area appearing in the first sub picture element is gener-
ally gammadion-shaped; and the dark area appearing in the
second sub picture element is generally shaped like the letter
“8”.

[0029] In a preferable embodiment, the first, second, third
and fourth liquid crystal domains are located such that the tilt
directions of two adjacent liquid crystal domains thereamong
are different by 90° from each other; the first tilt direction and
the third tilt direction have an angle of about 180° with respect
to each other. In the first sub picture element, a portion of
edges of the first electrode close to the first liquid crystal
domain includes a first edge portion such that an azimuthal
angle direction perpendicular to the first edge portion and
directed to the inside of the first electrode has an angle
exceeding 90° with respect to the first tilt direction; a portion
of'edges of the first electrode close to the second liquid crystal
domain includes a second edge portion such that an azimuthal
angle direction perpendicular to the second edge portion and
directed to the inside of the first electrode has an angle
exceeding 90° with respect to the second tilt direction; a
portion of edges of the first electrode close to the third liquid
crystal domain includes a third edge portion such that an
azimuthal angle direction perpendicular to the third edge
portion and directed to the inside of the first electrode has an
angle exceeding 90° with respect to the third tilt direction; a
portion of edges of the first electrode close to the fourth liquid
crystal domain includes a fourth edge portion such that an
azimuthal angle direction perpendicular to the fourth edge
portion and directed to the inside of the first electrode has an
angle exceeding 90° with respect to the fourth tilt direction;
and the first edge portion and the third edge portion are
generally parallel to one of a horizontal direction and a ver-
tical direction of a display plane, and the second edge portion
and the fourth edge portion are generally parallel to the other
of the horizontal direction and the vertical direction of the
display plane. In the second sub picture element, a portion of
edges of the first electrode close to a first liquid crystal
domain includes a first edge portion such that an azimuthal
angle direction perpendicular to the first edge portion and
directed to the inside of the first electrode has an angle
exceeding 90° with respect to the first tilt direction; a portion
of edges of the first electrode close to the third liquid crystal
domain includes a third edge portion such that an azimuthal
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angle direction perpendicular to the third edge portion and
directed to the inside of the first electrode has an angle
exceeding 90° with respect to the third tilt direction; and the
first edge portion and the third edge portion each include a
first portion generally parallel to the horizontal direction of
the display plane and a second portion generally parallel to
the vertical direction of the display plane.

[0030] In a preferable embodiment, the liquid crystal dis-
play device according to the present invention further
includes a pair of polarizing plates facing each other with the
liquid crystal layer interposed therebetween and located such
that transmission axes thereof are generally perpendicular to
each other. The tilt directions of the first, second, third and
fourth liquid crystal domains have an angle of about 45° with
respect to the transmission axes of the pair of polarizing
plates.

[0031] In a preferable embodiment, the liquid crystal layer
contains the liquid crystal molecules having a negative dielec-
tric anisotropy; and a pretilt direction defined by one of the
pair of optical alignment films and a pretilt direction defined
by the other of the pair of optical alignment films are different
by 90° from each other.

[0032] A method for producing a liquid crystal display
device according to the present invention is a method for
producing a liquid crystal display device including a vertical
alignment type liquid crystal layer; a first substrate and a
second substrate facing each other with the liquid crystal
layer interposed therebetween; a first electrode provided on
the liquid crystal layer side of the first substrate and a second
electrode provided on the liquid crystal layer side of the
second substrate; and a first optical alignment film provided
between the first electrode and the liquid crystal layer and a
second optical alignment film provided between the second
electrode and the liquid crystal layer; wherein there are pixels
which are each defined by a plurality of picture elements each
having a shape including a side parallel to a prescribed first
direction and a side parallel to a second direction crossing the
first direction; each of the plurality of picture elements
includes a first liquid crystal domain in which a tilt direction
of liquid crystal molecules at a center and in the vicinity
thereof in a layer plane and in a thickness direction of the
liquid crystal layer when a voltage is applied between the first
electrode and the second electrode is a predetermined first tilt
direction, a second liquid crystal domain in which the tilt
direction is a predetermined second tilt direction, a third
liquid crystal domain in which the tilt direction is a predeter-
mined third tilt direction, and a fourth liquid crystal domain in
which the tilt direction is a predetermined fourth tilt direction;
the first, second, third and fourth tilt directions are such that a
difference between any two of these four directions is
approximately equal to an integral multiple of 90°; and the
first, second, third and fourth liquid crystal domains are
arranged in a matrix of 2 rowsx2 columns; the plurality of
picture elements are an even number of picture elements
including at least four picture elements for displaying differ-
ent colors from each other; and the even number of picture
elements include a first picture element of which the side
parallel to the first direction has a prescribed first length .1
and a second picture element of which the side parallel to the
first direction has a second length [.2 which is different from
the first length [.1. The method includes a step (A) of forming
a first area having a first pretilt direction and a second area
having a second pretilt direction which is antiparallel to the
first pretilt direction, in an area of the first optical alignment

May 17, 2012

film corresponding to each of the even number of picture
elements by optical alignment processing; and a step (B) of
forming a third area having a third pretilt direction and a
fourth area having a fourth pretilt direction which is antipar-
allel to the third pretilt direction, in an area of the second
optical alignment film corresponding to each of the even
number of picture elements by optical alignment processing.
The step (A) of forming the first area and the second area
includes a first exposure step of directing light to a part of the
first optical alignment film which is to be the first area; and a
second exposure step of directing light to a part of the first
optical alignment film which is to be the second area, after the
first exposure step. The first exposure step and the second
exposure step are performed by use of one, common first
photomask including a plurality of light shielding parts
extending like stripes parallel to the second direction and a
plurality of light transmitting parts located between the plu-
rality of light shielding parts; and each of the plurality of light
transmitting parts of the first photomask has a width W1
which is equal to a sum of half of the first length L1 and half
of the second length 1.2.

[0033] Ina preferable embodiment, the step (A) of forming
the first area and the second area further includes a first
photomask locating step of, before the first exposure step,
locating the first photomask such that a part of the first optical
alignment film corresponding to about half of the first picture
element and about half of the second picture element overlaps
each of the plurality of light transmitting parts; and a first
photomask moving step of, between the first exposure step
and the second exposure step, shifting the first photomask in
the first direction by a prescribed distance D1.

[0034] Ina preferable embodiment, the prescribed distance
D1 is about 1/m (m is an even number of 2 or greater) of a
width PW1 of the pixel in the first direction.

[0035] In a preferable embodiment, the width W1 of each
of'the plurality of light transmitting parts, a width W2 of each
of the plurality of light shielding parts, the first length .1 and
the second L2 fulfill the following relationship expression:

W1=W2=(L1+L2)/2.

[0036] In a preferable embodiment, the width W1 (um) of
each of the plurality of light transmitting parts, a width W2
(um) of each of the plurality of light shielding parts, the first
length L1 (um) and the second length [.2 (um) fulfill the
following relationship expressions:

W1=(L1+L2)/2+4A
W2=(L1+L2)2-A

0<A=10.

[0037] Ina preferable embodiment, the side of each of the
first picture element and the second picture element which is
parallel to the second direction has a prescribed third length
L3; and the even number of picture elements further include
athird picture element of which the side parallel to the second
direction has a fourth length L4 which is different from the
third length L3, and a fourth picture element of which the side
parallel to the second direction has the fourth length [.4. The
step (B) of forming the third area and the fourth area includes
a third exposure step of directing light to a part of the second
optical alignment film which is to be the third area; and a
fourth exposure step of directing light to a part of the second
optical alignment film which is to be the fourth area, after the
third exposure step. The third exposure step and the fourth
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exposure step are performed by use of one, common second
photomask including a plurality of light shielding parts
extending like stripes parallel to the first direction and a
plurality of light transmitting parts located between the plu-
rality of light shielding parts; and each of the plurality of light
transmitting parts of the second photomask has a width W3
which is equal to a sum of half of the third length [.3 and half
of the fourth length L.4.

[0038] Inapreferable embodiment, the step (B) of forming
the third area and the fourth area further includes a second
photomask locating step of, before the third exposure step,
locating the second photomask such that a part of the second
optical alignment film corresponding to about half of the third
picture element and about half of the fourth picture element
overlaps each of the plurality of light transmitting parts; and
a second photomask moving step of, between the third expo-
sure step and the fourth exposure step, shifting the second
photomask in the second direction by a prescribed distance
D2.

[0039] Ina preferable embodiment, the prescribed distance
D2 is about 1/n (nis an even number of 2 or greater) of a width
PW2 of the pixel in the second direction.

[0040] In a preferable embodiment, the width W3 of each
of the plurality of light transmitting parts of the second pho-
tomask, a width W4 of each of the plurality of light shielding
parts of the second photomask, the third length .3 and the
fourth length L4 fulfill the following relationship expression:

W3=WA=(L3+L4)/2.

[0041] In a preferable embodiment, the width W3 (um) of
each of the plurality of light transmitting parts of the second
photomask, a width W4 (um) of each of the plurality of light
shielding parts of the second photomask, the third length [.3
(um) and the fourth length 4 (um) fulfill the following rela-

tionship expressions:

W3=(L3+L4)/2+A'
Wa=(L3+L4)/2-A'
0<A'=10.

[0042] Alternatively, a method for producing a liquid crys-
tal display device is a method for producing a liquid crystal
display device including a vertical alignment type liquid crys-
tal layer; a first substrate and a second substrate facing each
other with the liquid crystal layer interposed therebetween; a
first electrode provided on the liquid crystal layer side of the
first substrate and a second electrode provided on the liquid
crystal layer side of the second substrate; and a first of optical
alignment film provided between the first electrode and the
liquid crystal layer and a second optical alignment film pro-
vided between the second electrode and the liquid crystal
layer; wherein: there are pixels which are each defined by a
plurality of picture elements; each of the plurality of picture
elements includes a plurality of sub picture elements capable
of applying different voltages to parts of the liquid crystal
layer corresponding to the respective sub picture elements;
each of the plurality of sub picture elements includes a first
liquid crystal domain in which a tilt direction of liquid crystal
molecules at a center and in the vicinity thereof in a layer
plane and in a thickness direction of the liquid crystal layer
when a voltage is applied between the first electrode and the
second electrode is a predetermined first tilt direction, a sec-
ond liquid crystal domain in which the tilt direction is a
predetermined second tilt direction, a third liquid crystal
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domain in which the tilt direction is a predetermined third tilt
direction, and a fourth liquid crystal domain in which the tilt
direction is a predetermined fourth tilt direction; the first,
second, third and fourth tilt directions are such that a differ-
ence between any two of these four directions is approxi-
mately equal to an integral multiple of 90°; and the first,
second, third and fourth liquid crystal domains are arranged
in a matrix of 2 rowsx2 columns; the plurality of sub picture
elements are an even number of sub picture elements each
having a shape including a side parallel to a prescribed first
direction and a side parallel to a second direction crossing the
first direction; and the even number of sub picture elements
include a first sub picture element of which the side parallel to
the first direction has a prescribed first length L1 and a second
sub picture element of which the side parallel to the first
direction has a second length 1.2 which is different from the
first length L1. The method includes a step (A) of forming a
first area having a first pretilt direction and a second area
having a second pretilt direction which is antiparallel to the
first pretilt direction, in an area of the first optical alignment
film corresponding to each of the even number of sub picture
elements by optical alignment processing; and a step (B) of
forming a third area having a third pretilt direction and a
fourth area having a fourth pretilt direction which is antipar-
allel to the third pretilt direction, in an area of the second
optical alignment film corresponding to each of the even
number of sub picture elements by optical alignment process-
ing. The step (A) of forming the first area and the second area
includes a first exposure step of directing light to a part of the
first optical alignment film which is to be the first area; and a
second exposure step of directing light to a part of the first
optical alignment film which is to be the second area, after the
first exposure step. The first exposure step and the second
exposure step are performed by use of one, common first
photomask including a plurality of light shielding parts
extending like stripes parallel to the second direction and a
plurality of light transmitting parts located between the plu-
rality of light shielding parts; and each of the plurality of light
transmitting parts of the first photomask has a width W1
which is equal to a sum of half of the first length L1 and half
of the second length L.2.

[0043] Ina preferable embodiment, the step (A) of forming
the first area and the second area further includes a first
photomask locating step of, before the first exposure step,
locating the first photomask such that a part of the first optical
alignment film corresponding to about half of the first sub
picture element and about half of the second sub picture
element overlaps each of the plurality of light transmitting
parts; and a first photomask moving step of, between the first
exposure step and the second exposure step, shifting the first
photomask in the first direction by a prescribed distance D1.
[0044] Ina preferable embodiment, the prescribed distance
D1 is about 1/m (m is an even number of 2 or greater) of a
width PW1 of the picture element in the first direction.
[0045] In a preferable embodiment, the width W1 of each
of'the plurality of light transmitting parts, a width W2 of each
of'the plurality of light shielding parts, the first length .1 and
the second L2 fulfill the following relationship expression:

W1=W2=(L1+L2)/2.
[0046] In a preferable embodiment, the width W1 (um) of

each of the plurality of light transmitting parts, a width W2
(um) of each of the plurality of light shielding parts, the first
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length L1 (um) and the second length .2 (um) fulfill the
following relationship expressions:

W1=(L1+L2)/2+A
W2=(L1+L2)/2-A

0<A=10.

Advantageous Effects of Invention

[0047] According to the present invention, the increase of
the cost and time required for optical alignment processing
can be suppressed even when the 4D-RTN mode is adopted to
a multiple primary color liquid crystal display device or a
liquid crystal display device using the picture element divi-
sion driving technology.

BRIEF DESCRIPTION OF DRAWINGS

[0048] FIG. 1 shows an example of picture element having
a 4-domain alignment structure.

[0049] FIG. 2 shows a method for dividing the picture
element shown in FIG. 1 into domains having different align-
ment directions; FIG. 2(a) shows pretilt directions on the side
of'a TFT substrate side; FIG. 2(b) shows pretilt directions on
the side of a CF substrate side; and FIG. 2(c) shows tilt
directions and a dark area obtained when a voltage is applied
to a liquid crystal layer.

[0050] FIG. 3 is provided for explaining why dark lines
appear in the vicinity of edges of a picture element electrode
corresponding to the picture element shown in FIG. 1.
[0051] FIG. 4 shows another method for dividing a picture
element into domains having different alignment directions;
FIG. 4(a) shows a pretilt direction on the side of the TFT
substrate side; FIG. 4(5) shows a pretilt direction on the side
of the CF substrate side; and FIG. 4(c) shows tilt directions
and a dark area obtained when a voltage is applied to the
liquid crystal layer.

[0052] FIG. 5 shows still another method for dividing a
picture element into domains having different alignment
directions; FIG. 5(a) shows a pretilt direction on the side of
the TFT substrate side; FIG. 5(b) shows a pretilt direction on
the side of the CF substrate side; and FIG. 5(c¢) shows tilt
directions and a dark area obtained when a voltage is applied
to the liquid crystal layer.

[0053] FIG. 6 shows still another method for dividing a
picture element into domains having different alignment
directions; FIG. 6(a) shows a pretilt direction on the side of
the TFT substrate side; FIG. 6(b) shows a pretilt direction on
the side of the CF substrate side; and FIG. 6(c) shows tilt
directions and a dark area obtained when a voltage is applied
to the liquid crystal layer.

[0054] FIG. 7 schematically shows a structure of a conven-
tional liquid crystal display device 900 adopting the 4D-RTN
mode, and is a plan view showing two pixels.

[0055] FIGS. 8(a), (b) and (¢) show optical alignment pro-
cessing for realizing the structure shown in FIG. 7; FIG. 8(a)
shows a photomask used for the optical alignment processing
performed on an optical alignment film of the TFT substrate;
and FIGS. 8(b) and (¢) show exposure steps performed in the
optical alignment processing on the optical alignment film of
the TFT substrate.

[0056] FIGS. 9(a), (b) and (c) show the optical alignment
processing for realizing the structure shown in FIG. 7; FIG.
9(a) shows a photomask used for the optical alignment pro-
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cessing performed on an optical alignment film of the CF
substrate; and FIGS. 9(b) and (¢) show exposure steps per-
formed in the optical alignment processing on the optical
alignment film of the CF substrate.

[0057] FIG. 10 schematically shows a structure of a liquid
crystal display device 900" in which a red picture element R
and a blue picture element B have a size larger than that of a
green picture element G and a yellow picture element Y, and
is a plan view showing two pixels.

[0058] FIG. 11 shows a photomask used for the optical
alignment processing performed on an optical alignment film
of a TFT substrate included in the liquid crystal display
device 900'.

[0059] FIGS. 12(a), (b) and (c) show exposure steps per-
formed in the optical alignment processing on the optical
alignment film of the TFT substrate.

[0060] FIG. 13 schematically shows aliquid crystal display
device 100 in a preferable embodiment according to the
present invention, and is a cross-sectional view showing one
picture element.

[0061] FIG. 14 schematically shows the liquid crystal dis-
play device 100 in the preferable embodiment according to
the present invention, and is a plan view showing two pixels.
[0062] FIG. 15 shows a photomask used for the optical
alignment processing performed on an optical alignment film
of a TFT substrate included in the liquid crystal display
device 100.

[0063] FIGS. 16(a), (b) and (¢) show the optical alignment
processing performed on the optical alignment film of the
TFT substrate included in the liquid crystal display device
100.

[0064] FIGS. 17(a), (b) and (¢) show the optical alignment
processing performed on the optical alignment film of the
TFT substrate included in the liquid crystal display device
100.

[0065] FIG. 18 shows a photomask used for the optical
alignment processing performed on an optical alignment film
of'a CF substrate included in the liquid crystal display device
100.

[0066] FIGS. 19(a), (») and (¢) show the optical alignment
processing performed on the optical alignment film of the CF
substrate included in the liquid crystal display device 100.
[0067] FIGS. 20(a), (b) and (¢) show the optical alignment
processing performed on the optical alignment film of the CF
substrate included in the liquid crystal display device 100.
[0068] FIG. 21 schematically shows the liquid crystal dis-
play device 100 in the preferable embodiment according to
the present invention, and is a plan view showing two pixels.
[0069] FIGS. 22(a), (b) and (¢) show the optical alignment
processing performed on the optical alignment film of the
TFT substrate included in the liquid crystal display device
100.

[0070] FIGS. 23(a), (b) and (¢) show the optical alignment
processing performed on the optical alignment film of the
TFT substrate included in the liquid crystal display device
100.

[0071] FIG. 24 shows double-exposed areas formed by the
optical alignment processing shown in FIG. 22 and FIG. 23.
[0072] FIG. 25 schematically shows aliquid crystal display
device 200 in a preferable embodiment according to the
present invention, and is a plan view showing two pixels.
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[0073] FIG. 26 shows a photomask used for the optical
alignment processing performed on an optical alignment film
of a TFT substrate included in the liquid crystal display
device 200.

[0074] FIGS. 27(a), (b) and (c) show the optical alignment
processing performed on the optical alignment film of the
TFT substrate included in the liquid crystal display device
200.

[0075] FIGS. 28(a), (b) and (c) show the optical alignment
processing performed on the optical alignment film of the
TFT substrate included in the liquid crystal display device
200.

[0076] FIG. 29 shows a photomask used for the optical
alignment processing performed on an optical alignment film
of a CF substrate included in the liquid crystal display device
200.

[0077] FIGS. 30(a), (b) and (c) show the optical alignment
processing performed on the optical alignment film of the CF
substrate included in the liquid crystal display device 200.
[0078] FIGS. 31(a), (b) and (c) show the optical alignment
processing performed on the optical alignment film of the CF
substrate included in the liquid crystal display device 200.
[0079] FIG. 32 schematically shows a liquid crystal display
device 300 in a preferable embodiment according to the
present invention, and is a plan view showing two pixels.
[0080] FIG. 33 shows a photomask used for the optical
alignment processing performed on an optical alignment film
of a CF substrate included in the liquid crystal display device
300.

[0081] FIGS. 34(a), (b) and (c) show the optical alignment
processing performed on the optical alignment film of the CF
substrate included in the liquid crystal display device 300.
[0082] FIGS. 35(a), (b) and (c¢) show the optical alignment
processing performed on the optical alignment film of the CF
substrate included in the liquid crystal display device 300.
[0083] FIG. 36 shows a photomask used for the optical
alignment processing performed on an optical alignment film
of a TFT substrate included in the liquid crystal display
device 300.

[0084] FIGS. 37(a), (b) and (c) show the optical alignment
processing performed on the optical alignment film of the
TFT substrate included in the liquid crystal display device
300.

[0085] FIGS. 38(a), (b) and (c) show the optical alignment
processing performed on the optical alignment film of the
TFT substrate included in the liquid crystal display device
300.

[0086] FIG. 39 schematically shows the liquid crystal dis-
play device 300 in the preferable embodiment according to
the present invention, and is a plan view showing two pixels.
[0087] FIG. 40 schematically shows a liquid crystal display
device 400 in a preferable embodiment according to the
present invention, and is a plan view showing two pixels.
[0088] FIG. 41 shows a photomask used for the optical
alignment processing performed on an optical alignment film
of'a CF substrate included in the liquid crystal display device
400.

[0089] FIGS. 42(a), (b) and (c) show the optical alignment
processing performed on the optical alignment film of the CF
substrate included in the liquid crystal display device 400.
[0090] FIGS. 43(a), (b) and (c¢) show the optical alignment
processing performed on the optical alignment film of the CF
substrate included in the liquid crystal display device 400.
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[0091] FIG. 44 shows a photomask used for the optical
alignment processing performed on an optical alignment film
of a TFT substrate included in the liquid crystal display
device 400.

[0092] FIGS. 45(a), (b) and (¢) show the optical alignment
processing performed on the optical alignment film of the
TFT substrate included in the liquid crystal display device
400.

[0093] FIGS. 46(a), (b) and (c¢) show the optical alignment
processing performed on the optical alignment film of the
TFT substrate included in the liquid crystal display device
400.

[0094] FIG. 47 schematically shows a liquid crystal display
device 500 in a preferable embodiment according to the
present invention, and is a plan view showing two pixels.
[0095] FIG. 48 shows a photomask used for the optical
alignment processing performed on an optical alignment film
of a TFT substrate included in the liquid crystal display
device 500.

[0096] FIGS. 49(a), (b) and (c¢) show the optical alignment
processing performed on the optical alignment film of the
TFT substrate included in the liquid crystal display device
500.

[0097] FIGS. 50(a), (b) and (c¢) show the optical alignment
processing performed on the optical alignment film of the
TFT substrate included in the liquid crystal display device
500.

[0098] FIG. 51 shows a photomask used for the optical
alignment processing performed on an optical alignment film
of'a CF substrate included in the liquid crystal display device
500.

[0099] FIGS. 52(a), (b) and (c¢) show the optical alignment
processing performed on the optical alignment film of the CF
substrate included in the liquid crystal display device 500.
[0100] FIGS. 53(a), (b) and (¢) show the optical alignment
processing performed on the optical alignment film of the CF
substrate included in the liquid crystal display device 500.
[0101] FIG. 54 schematically shows aliquid crystal display
device 600 in a preferable embodiment according to the
present invention, and is a plan view showing two pixels.
[0102] FIG. 55 shows a photomask used for the optical
alignment processing performed on an optical alignment film
of a TFT substrate included in the liquid crystal display
device 600.

[0103] FIGS. 56(a), (b) and (c¢) show the optical alignment
processing performed on the optical alignment film of the
TFT substrate included in the liquid crystal display device
600.

[0104] FIGS. 57(a), (b) and (¢) show the optical alignment
processing performed on the optical alignment film of the
TFT substrate included in the liquid crystal display device
600.

[0105] FIG. 58 shows a photomask used for the optical
alignment processing performed on an optical alignment film
of'a CF substrate included in the liquid crystal display device
600.

[0106] FIGS. 59(a), (b) and (¢) show the optical alignment
processing performed on the optical alignment film of the CF
substrate included in the liquid crystal display device 600.
[0107] FIGS. 60(a), (b) and (¢) show the optical alignment
processing performed on the optical alignment film of the CF
substrate included in the liquid crystal display device 600.
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[0108] FIG. 61 schematically shows a liquid crystal display
device 700 in a preferable embodiment according to the
present invention, and is a plan view showing two pixels.
[0109] FIG. 62 shows a photomask used for the optical
alignment processing performed on an optical alignment film
of a CF substrate included in the liquid crystal display device
700.

[0110] FIGS. 63(a), (b) and (c) show the optical alignment
processing performed on the optical alignment film of the CF
substrate included in the liquid crystal display device 700.
[0111] FIGS. 64(a), (b) and (c) show the optical alignment
processing performed on the optical alignment film of the CF
substrate included in the liquid crystal display device 700.
[0112] FIG. 65 shows a photomask used for the optical
alignment processing performed on an optical alignment film
of a TFT substrate included in the liquid crystal display
device 700.

[0113] FIGS. 66(a), (b) and (c) show the optical alignment
processing performed on the optical alignment film of the
TFT substrate included in the liquid crystal display device
700.

[0114] FIGS. 67(a), (b) and (c) show the optical alignment
processing performed on the optical alignment film of the
TFT substrate included in the liquid crystal display device
700.

[0115] FIG. 68 shows an example of structure of a picture
element for performing picture element division driving.
[0116] FIG. 69 shows another example of structure of a
picture element for performing picture element division driv-
ing.

[0117] FIG. 70 schematically shows a liquid crystal display
device 800 in a preferable embodiment according to the
present invention, and is a plan view showing two pixels.
[0118] FIG. 71 shows a photomask used for the optical
alignment processing performed on an optical alignment film
of a CF substrate included in the liquid crystal display device
800.

[0119] FIGS. 72(a), (b) and (c) show the optical alignment
processing performed on the optical alignment film of the CF
substrate included in the liquid crystal display device 800.
[0120] FIGS. 73(a), (b) and (c) show the optical alignment
processing performed on the optical alignment film of the CF
substrate included in the liquid crystal display device 800.
[0121] FIG. 74 shows a photomask used for the optical
alignment processing performed on an optical alignment film
of a TFT substrate included in the liquid crystal display
device 800.

[0122] FIGS. 75(a), (b) and (c) show the optical alignment
processing performed on the optical alignment film of the
TFT substrate included in the liquid crystal display device
800.

[0123] FIGS. 76(a), (b) and (c) show the optical alignment
processing performed on the optical alignment film of the
TFT substrate included in the liquid crystal display device
800.

[0124] FIG. 77 schematically shows a conventional mul-
tiple primary color liquid crystal display device 900, and is a
plan view showing two pixels.

DESCRIPTION OF EMBODIMENTS

[0125] Hereinafter, embodiments of the present invention
will be described with reference to the drawings. The present
invention is not limited to the following embodiments, and is
widely applicable to a multiple primary color liquid crystal
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display device adopting the 4D-RTN mode, or a liquid crystal
display device using the picture element division driving
technology and adopting the 4D-RTN mode. The 4D-RTN
mode is, as described above, the RTN mode in which each
picture element has a 4-domain alignment structure (4D
structure) (VAIN mode). A liquid crystal display device
adopting the 4D-RTN mode includes a vertical alignment
type liquid crystal layer.

[0126] In this specification, the term “vertical alignment
type liquid crystal layer” refers to a liquid crystal layer in
which liquid crystal molecules are aligned at an angle of
about 85° or greater with respect to surfaces of vertical align-
ment films. The liquid crystal molecules contained in the
vertical alignment type liquid crystal layer have a negative
dielectric anisotropy. By a combination of the vertical align-
ment type liquid crystal layer and a pair of polarizing plates
facing each other with the liquid crystal layer interposed
therebetween and located in crossed Nicols (i.e., located such
that transmission axes thereof are generally perpendicular to
each other), normally black mode display is provided.
[0127] In this specification, the term “picture element”
refers to the minimum unit which represents a particular gray
scale level in display, and corresponds to a unit representing a
gray scale level of each of primary colors used for display
(red, green, blue and the like) (a “picture element” is also
referred to as a “dot”). A combination of a plurality of picture
elements forms (defines) one “pixel”, which is the minimum
unit for providing color display. The term “sub picture ele-
ment” refers to a unit for displaying a level of luminance. A
plurality of sub picture elements are included in one picture
element and are capable of displaying different levels of
luminance from each other. Such a plurality of sub picture
elements display a prescribed level of luminance (gray scale)
for a display signal voltage which is input to one picture
element.

[0128] The term “pretilt direction” refers to an alignment
direction of a liquid crystal molecule defined by an alignment
film and is an azimuthal angle direction in a display plane. An
angle of the liquid crystal molecule with respect to the surface
of the alignment film when the liquid crystal molecule is
aligned in the pretilt direction is referred to as the “pretilt
angle”. In this specification, performing processing on the
alignment film to allow the alignment film to exert a capabil-
ity of defining a prescribed pretilt direction is expressed as
“giving a pretilt direction to the alignment film”. The pretilt
direction defined by the alignment film is occasionally
referred to simply as the “pretilt direction of the alignment
film”.

[0129] By changing the combination of the pretilt direc-
tions given by a pair of alignment films facing each other with
the liquid crystal layer interposed therebetween, a 4-domain
alignment structure can be formed. A picture element divided
into four has four liquid crystal domains.

[0130] Each liquid crystal domain is characterized by the
tilt direction (also referred to as the “reference alignment
direction”) of the liquid crystal molecules at a center and in
the vicinity thereof in a layer plane and in a thickness direc-
tion of the liquid crystal layer when a voltage is applied to the
liquid crystal layer. This tilt direction (reference alignment
direction) has a dominant influence on the viewing angle
dependence of each domain. This tilt direction is also an
azimuthal angle direction. The reference based on which the
azimuthal angle direction is measured is a horizontal direc-
tion of the display plane, and the counterclockwise direction
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is the forward direction (assuming that the display plane is the
face of a clock, the o’clock direction is an azimuthal angle of
0° and the counterclockwise direction is the forward direc-
tion). Where the tilt directions of the four liquid crystal
domains are set such that a difference between any two tilt
directions among the four tilt directions is approximately
equal to an integral multiple of 90° (e.g., 12 o’clock direction,
9 o’clock direction, 6 o’clock direction and 3 o’clock direc-
tion), the viewing angle characteristics are averaged and thus
good display can be provided. From the viewpoint of uni-
formizing the viewing angle characteristics, it is preferable
that the area sizes of the four liquid crystal domains in the
picture element are approximately equal to each other. Spe-
cifically, itis preferable that a difference between the area size
of the largest liquid crystal domain and the area size of the
smallest liquid crystal domain among the four liquid crystal
domains is 25% or less of the area size of the largest liquid
crystal domain.

[0131] A vertical alignment type liquid crystal layer shown
as an example in the following embodiments contains liquid
crystal molecules having a negative dielectric anisotropy (a
nematic liquid crystal material having a negative dielectric
anisotropy). The pretilt direction defined by one of the align-
ment films and the pretilt direction defined by the other align-
ment film are different by about 90° from each other. A
direction at the middle between these two pretilt directions is
defined as the tilt direction (reference alignment direction).
When a voltage is applied to the liquid crystal layer, the liquid
crystal molecules are twist-aligned in accordance with the
alignment regulation forces of the alignment films. When
necessary, a chiral agent may be incorporated into the liquid
crystal layer.

[0132] It is preferable that the pretilt angles respectively
defined by the pair of alignment films are approximately
equal to each other. When the pretilt angles are approximately
equal to each other, there is an advantage that the display
luminance characteristic can be improved. Especially where
the difference between the pretilt angles is 1° or less, the tilt
direction (reference alignment direction) of the liquid crystal
molecules at the center and in the vicinity thereof of the liquid
crystal layer can be controlled to be stable and thus the display
luminance characteristic can be improved. A conceivable rea-
son for this is that when the difference between the pretilt
angles exceeds 1°, the tilt direction is dispersed in accordance
with the position in the liquid crystal layer, and as a result, the
transmittance is dispersed (i.e., an area having a transmittance
lower than a desired transmittance is formed).

[0133] A pretiltdirection is given to each alignment film by
optical alignment processing. When an optical alignment film
containing a photosensitive group is used, the variance in the
pretilt angle can be controlled to be 1° or less. It is preferable
that the optical alignment film contains, as the photosensitive
group, at least one selected from the group consisting of
4-chalcone group, 4'-chalcone group, coumarin group and
cinnamoyl group.

[0134] In the following embodiments, an active matrix
driving type liquid crystal display device including thin film
transistors (TFTs) will be shown as a typical example, but the
present invention is applicable to any other system of liquid
crystal display device, needless to say.

Embodiment 1

[0135] Before Describing this Embodiment, a Method for
dividing one picture element of a general 4D-RTN mode into
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domains having different alignment directions, and a problem
occurring when the 4D-RTN mode is adopted to a multiple
primary color liquid crystal display device, will be described.
[0136] FIG. 1 shows a picture element 10 having a 4-do-
main alignment structure (4D structure). In FIG. 1, the picture
element 10 is generally square in correspondence with a
generally square picture element electrode for the sake of
simplicity, but there is no limitation on the shape of the picture
element. For example, the picture element 10 may be gener-
ally rectangular.

[0137] Asshown in FIG. 1, the picture element 10 includes
four liquid crystal domains D1, D2, D3 and D4. In FI1G. 1, the
liquid crystal domains D1, D2, D3 and D4 have an equal area
size, and the example shown in FIG. 1 is the most preferable
4D structure from the viewpoint of viewing angle character-
istics. The four liquid crystal domains D1, D2, D3 and D4 are
arranged in a matrix of 2 rowsx2 columns.

[0138] The tilt directions (reference alignment directions)
of the liquid crystal domains D1, D2, D3 and D4 are respec-
tively represented as tl, t2, t3 and t4. A difference between
any two among these four directions is approximately equal
to an integral multiple of 90°. Where the azimuthal angle of
the horizontal direction of the display plane (3 o’clock direc-
tion) is 0°, the tilt direction t1 of the liquid crystal domain D1
is a direction of about 225°, the tilt direction t2 of the liquid
crystal domain D2 is a direction of about 315°, the tilt direc-
tion t3 of the liquid crystal domain D3 is a direction of about
45°, and tilt direction t4 of the liquid crystal domain D4 is a
direction of about 135°. Namely, the liquid crystal domains
D1, D2, D3 and D4 are located such that the tilt directions
thereof are different by about 90° between adjacent domains
among the liquid crystal domains D1, D2, D3 and D4.
[0139] A pair of polarizing plates facing each other with a
liquid crystal layer interposed therebetween are located such
that transmission axes (polarization axes) thereof are gener-
ally perpendicular to each other. More specifically, the trans-
mission axis of one of the polarizing plates is generally par-
allel to the horizontal direction of the display plane, and the
transmission axis of the other polarizing plate is generally
parallel to a vertical direction of the display plane. Accord-
ingly, the tilt directions t1, t2, t3 and t4 have an angle of about
45° with respect to the transmission axes of the pair of polar-
izing plates. Hereinafter, unless otherwise specified, the
transmission axes of the polarizing plates are located as
described above.

[0140] The4D structure of the picture element 10 shown in
FIG. 1 is obtained as shown in FIG. 2. FIGS. 2(a), (b) and (c)
illustrate a method for dividing the picture element 10 shown
in FIG. 1 into domains having different alignment directions.
FIG. 2(a) shows pretilt directions PA1 and PA2 of an align-
ment film provided on a TFT substrate (lower substrate), and
FIG. 2(b) shows pretilt directions PB1 and PB2 of an align-
ment film provided on a color filter (CF) substrate (upper
substrate). FIG. 2(c) shows the tilt directions when a voltage
is applied to the liquid crystal layer. In these figures, the
alignment directions of the liquid crystal molecules as seen
from the observer are schematically shown. Each liquid crys-
tal molecule shown as having a conical shape is tilted such
that the bottom end of the cone is closer to the observer than
the tip of the cone.

[0141] As shown in FIG. 2(a), an area on the TFT substrate
side (area corresponding to one picture element 10) is divided
into two, namely, a left area and a right area, and the vertical
alignment film is align-processed such that the pretilt direc-
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tions PA1 and PA2 antiparallel to each other are given to the
respective areas (left area and right area) of the vertical align-
ment film. Specifically, optical alignment processing is per-
formed by ultraviolet rays directed obliquely in the directions
represented by the arrows. When the light is to be directed to
the left area, the right area is shielded by a light shielding part
of a photomask. When the light is to be directed to the right
area, the left area is shielded in a similar manner.

[0142] As shown in FIG. 2(b), an area on the CF substrate
side (area corresponding to one pixel area 10) is divided into
two, namely, a top area and a bottom area, and the vertical
alignment film is alignment-processed such that the pretilt
directions PB1 and PB2 antiparallel to each other are given to
the respective areas (top area and bottom area) of the vertical
alignment film. Specifically, optical alignment processing is
performed by ultraviolet rays directed obliquely in the direc-
tions represented by the arrows. When the light is to be
directed to the top area, the bottom area is shielded by a light
shielding part of a photomask. When the light is to be directed
to the bottom area, the top area is shielded in a similar manner.
[0143] By bringing together the TFT substrate and the CF
substrate alignment-processed as shown in FIGS. 2(a) and
(b), the picture element 10 divided to have domains as shown
in FIG. 2(c) can be formed. As can be seen from FIGS. 2(a),
(b) and (c), in each of the liquid crystal domains D1 through
D4, the pretilt direction of the alignment film on the TFT
substrate and the pretilt direction of the alignment film on the
CF substrate are different by 90° from each other, and a
direction at the middle of these two pretilt directions is
defined as the tilt direction (reference alignment direction).
Among the liquid crystal domains D1 through D4, the com-
bination of the pretilt directions provided by the top and
bottom alignment films is different. Owing to this, four tilt
directions are realized in one picture element 10.

[0144] In the picture element 10 of the 4D-RTN mode,
when a gray scale is displayed, as shown in FIG. 2(c), a dark
area DR, which is darker than the gray scale to be displayed,
appears. The dark area DR includes a cross-shaped dark line
(cross-shaped part) CL located at borders between each two
adjacent liquid crystal domains among the liquid crystal
domains D1, D2, D3 and D4 and straight dark lines (straight
parts) SL located in the vicinity of edges of the picture ele-
ment electrode and extending generally parallel to the edges.
The dark area DR is generally gammadion-shaped as a whole.
[0145] The cross-shaped dark line CL is formed when the
liquid crystal molecules are aligned to be parallel or perpen-
dicular to the transmission axes of the polarizing plates at the
borders between adjacent liquid crystal domains and thus the
alignment of the liquid crystal molecules is continuous
between adjacent liquid crystal domains. Each of straight
dark lines SL, which is formed in the vicinity of an edge of the
picture element electrode which is close to the corresponding
liquid crystal domain, is formed when the respective edge
includes an edge portion such that an azimuthal angle direc-
tion perpendicular to the edge portion and directed to the
inside of the picture element electrode has an angle exceeding
90° with respect to the tilt direction (reference alignment
direction) of the corresponding liquid crystal domain. This is
conceived to occur because the tilt direction of the liquid
crystal domain and the direction of the alignment regulation
force caused by the oblique electric field generated at the edge
ofthe picture element electrode have components facing each
other and therefore the liquid crystal molecules are aligned to
be parallel or perpendicular to the transmission axes of the
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polarizing plates in this area. Hereinafter, a reason why the
dark lines SL appear in the vicinity of the edges will be
specifically described regarding the picture element 10 of the
4D structure shown in FIG. 1 with reference to FIG. 3. In FIG.
3, the cross-shaped dark line CL is omitted.

[0146] As shown in FIG. 3, the picture element electrode
has four edges (sides) SD1, SD2, SD3 and SD4. Each of the
oblique electric fields generated when a voltage is applied
exhibits an alignment regulation force having a component of
a direction (azimuthal angle direction) perpendicular to the
respective side and directed to the inside of the picture ele-
ment electrode. In FIG. 3, the azimuthal angle directions
respectively perpendicular to the four edges SD1, SD2, SD3
and SD4 and directed to the inside of the picture element
electrode are represented by arrows el, e2, €3 and e4.
[0147] Each of the four liquid crystal domains D1, D2, D3
and D4 is close to two among the four edges SD1, SD2, SD3
and SD4 of the picture element electrode, and in the presence
of a voltage, receives alignment regulation forces caused by
the oblique electric fields generated along the respective
edges.

[0148] Regarding an edge portion EG1 at the edges of the
picture element electrode close to the liquid crystal domain
D1, the azimuthal angle direction el perpendicular to the
edge portion EG1 and directed to the inside of the picture
element electrode makes an angle exceeding 90° with respect
to the tilt direction t1 of the liquid crystal domain A. As a
result, in the liquid crystal domain D1, a dark line SL1
appears generally parallel to the edge portion EG1 when a
voltage is applied.

[0149] Similarly, regarding an edge portion EG2 at the
edges of the picture element electrode close to the liquid
crystal domain D2, the azimuthal angle direction e2 perpen-
dicular to the edge portion EG2 and directed to the inside of
the picture element electrode makes an angle exceeding 90°
with respect to the tilt direction t2 of the liquid crystal domain
D2. As a result, in the liquid crystal domain D2, a dark line
SL.2 appears generally parallel to the edge portion EG2 when
a voltage is applied.

[0150] Similarly, regarding an edge portion EG3 at the
edges of the picture element electrode close to the liquid
crystal domain D3, the azimuthal angle direction e3 perpen-
dicular to the edge portion EG3 and directed to the inside of
the picture element electrode makes an angle exceeding 90°
with respect to the tilt direction t3 of the liquid crystal domain
D3. As a result, in the liquid crystal domain D3, a dark line
SL3 appears generally parallel to the edge portion EG3 when
a voltage is applied.

[0151] Similarly, regarding an edge portion EG4 at the
edges of the picture element electrode close to the liquid
crystal domain D4, the azimuthal angle direction e4 perpen-
dicular to the edge portion EG4 and directed to the inside of
the picture element electrode makes an angle exceeding 90°
with respect to the tilt direction t4 of the liquid crystal domain
D4. As aresult, in the liquid crystal domain D4, a dark line
SL4 appears generally parallel to the edge portion EG4 when
a voltage is applied.

[0152] The angles made between the tilt directions t1, t2, t3
and t4 of the liquid crystal domains D1, D2, D3 and D4 and
the azimuthal angle components el, e2, e3 and e4 of the
alignment regulation forces caused by the oblique electric
fields generated in the edge portions EG1, EG2, EG3 and EG4
close to the liquid crystal domains D1, D2, D3 and D4,
respectively, are all about 135°.
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[0153] As described above, in the liquid crystal domain D1,
the dark line SL.1 appears generally parallel to the edge por-
tion EG1. In the liquid crystal domain D2, the dark line SL.2
appears generally parallel to the edge portion EG2. In the
liquid crystal domain D3, the dark line SL.3 appears generally
parallel to the edge portion EG3. In the liquid crystal domain
D4, the dark line SL4 appears generally parallel to the edge
portion EG4. The dark line SL.1 and the dark line SL3 are
generally parallel to the vertical direction of the display plane,
and the dark line SL.2 and the dark line SI.4 are generally
parallel to the horizontal direction of the display plane.
Namely, the edge portion EG1 and the edge portion EG3 are
generally paralle] to the vertical direction, and the edge por-
tion EG2 and the edge portion EG4 are generally parallel to
the horizontal direction.

[0154] The method for dividing one picture element into
four liquid crystal domains D1 through D4 (i.e., the method
for determining the positions of the liquid crystal domains D1
through D4 in the picture element) is not limited to the
example shown in FIGS. 1 through 3.

[0155] Forexample, by bringing together the TFT substrate
and the CF substrate alignment-processed as shown in FIGS.
4(a) and (b), a picture element 20 divided to have domains
having different alignment directions as shown in FIG. 4(c)
can be formed. Like the picture element 10, the picture ele-
ment 20 includes four liquid crystal domains D1 through D4.
The tilt directions of the liquid crystal domains D1 through
D4 are the same as those of the liquid crystal domains D1
through D4 in the picture element 10.

[0156] It should be noted that in the picture element 10, the
liquid crystal domains D1 through D4 are located in the order
of top left, bottom left, bottom right and top right (i.e., coun-
terclockwise from top left); whereas in the picture element
20, the liquid crystal domains D1 through D4 are located in
the order of bottom right, top right, top left and bottom left
(i.e., counterclockwise from bottom right). A reason for this is
that the pretilt directions of the left area and the right area on
the TFT substrate side are opposite, and the pretilt directions
of'the top area and the bottom area on the CF substrate side are
opposite, between the picture element 10 and the picture
element 20. The dark lines SL.1 and SL3 appearing in the
liquid crystal domains D1 and D3 are generally parallel to the
horizontal direction of the display plane, and the dark lines
SL.2 and SI4 appearing in the liquid crystal domains D2 and
D4 are generally parallel to the vertical direction of the dis-
play plane. Namely, the edge portions EG1 and EG3 are
generally parallel to the horizontal direction of the display
plane, and the edge portions EG2 and EG4 are generally
parallel to the vertical direction of the display plane.

[0157] Alternatively, by bringing together the TFT sub-
strate and the CF substrate alignment-processed as shown in
FIGS. 5(a) and (b), a picture element 30 divided to have
domains having different alignment directions as shown in
FIG. 5(c) can be formed. Like the picture element 10, the
picture element 30 includes four liquid crystal domains D1
through D4. The tilt directions of the liquid crystal domains
D1 through D4 are the same as those of the liquid crystal
domains D1 through D4 in the picture element 10.

[0158] It should be noted that in the picture element 30, the
liquid crystal domains D1 through D4 are located in the order
of top right, bottom right, bottom left and top left (i.e., clock-
wise from top right). A reason for this is that the pretilt
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directions of the left area and the right area on the TFT
substrate side are opposite between the picture element 10
and the picture element 30.

[0159] Inthe picture element 30, no dark line appears in the
liquid crystal domains D1 and D3. A reason for this is that the
edges of the picture element electrode close to the liquid
crystal domains D1 and D3 does not have an edge portion
such that the azimuthal angle direction perpendicular to the
edge portion and directed to the inside of the picture element
electrode has an angle exceeding 90° with respect to the
corresponding tilt direction. By contrast, the dark lines SL.2
and SL4 appear in the liquid crystal domains D2 and D4. A
reason for this is that the edges of the picture element elec-
trode close to the liquid crystal domains D2 and D4 has an
edge portion such that the azimuthal angle direction perpen-
dicular to the edge portion and directed to the inside of the
picture element electrode has an angle exceeding 90° with
respect to the corresponding tilt direction. The dark lines SL.2
and SL4 respectively include portions SL.2(H) and SL4(H)
parallel to the horizontal direction and portions SL2(V) and
SL4(V) parallel to the vertical direction. A reason for this is
that the tilt direction of each of the liquid crystal domains D2
and D4 has an angle exceeding 90° with respect to both of an
azimuthal angle direction perpendicular to the horizontal
edge and directed to the inside of the picture element elec-
trode and an azimuthal angle direction perpendicular to the
vertical edge and directed to the inside of the picture element
electrode.

[0160] By bringing together the TFT substrate and the CF
substrate alignment-processed as shown in FIGS. 6(a) and
(b), a picture element 40 divided to have domains having
different alignment directions as shown in FIG. 6(c) can be
formed. Like the picture element 10, the picture element 40
includes four liquid crystal domains D1 through D4. The tilt
directions of the liquid crystal domains D1 through D4 are the
same as those of the liquid crystal domains D1 through D4 in
the picture element 10.

[0161] It should be noted that in the picture element 40, the
liquid crystal domains D1 through D4 are located in the order
of bottom left, top left, top right and top bottom (i.e., clock-
wise from bottom left). A reason for this is that the pretilt
directions of the top area and the bottom area on the CF
substrate side are opposite between the picture element 10
and the picture element 40.

[0162] Inthe picture element 40, no dark line appears in the
liquid crystal domains D2 and D4. A reason for this is that the
edges of the picture element electrode close to the liquid
crystal domains D2 and D4 does not have an edge portion
such that the azimuthal angle direction perpendicular to the
edge portion and directed to the inside of the picture element
electrode has an angle exceeding 90° with respect to the
corresponding tilt direction. By contrast, the dark lines SL.1
and SL3 appear in the liquid crystal domains D1 and D3. A
reason for this is that the edges of the picture element elec-
trode close to the liquid crystal domains D1 and D3 has an
edge portion such that the azimuthal angle direction perpen-
dicular to the edge portion and directed to the inside of the
picture element electrode has an angle exceeding 90° with
respect to the corresponding tilt direction. The dark lines SL.1
and SL3 respectively include portions SL1(H) and SL3(H)
parallel to the horizontal direction and portions SL1(V) and
SL3(V) parallel to the vertical direction. A reason for this is
that the tilt direction of each of the liquid crystal domains D1
and D3 has an angle exceeding 90° with respect to both of an
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azimuthal angle direction perpendicular to the horizontal
edge and directed to the inside of the picture element elec-
trode and an azimuthal angle direction perpendicular to the
vertical edge and directed to the inside of the picture element
electrode.

[0163] As described above, the liquid crystal domains D1
through D4 may be arranged in any of various manners in a
picture element. As shown in FIGS. 2 through 6, when the
arrangement of the liquid crystal domains D1 through D4 is
different, the pattern of the dark lines SL in the vicinity of the
edges is different. Therefore, the entire shape of the dark area
DR is different. In the picture elements 10 and 20 shown in
FIGS. 2 and 4, the dark line DR is generally gammadion-
shaped; whereas in the picture elements 30 and 40 shown in
FIGS. 5 and 6, the dark area DR is generally shaped like the
letter “8” (the letter inclined from the vertical direction). In
this specification, the expression “gammadion-shaped”
encompasses both of “right gammadion-shaped” (see FI1G. 2)
and “left gammadion-shaped” (see FIG. 4).

[0164] As described above, the shape of the dark area DR
varies in accordance with the arrangement of the liquid crys-
tal domains D1 through D4. Thus, the shape of the dark area
DR is considered to characterize the arrangement of the liquid
crystal domains D1 through D4. Therefore, in the figures
referred to below, a dark area DR may be occasionally shown
instead of (or in addition to) the liquid crystal domains D1
through D4.

[0165] Now, optical alignment processing performed in the
case where the 4D-RTN mode is adopted to a multiple pri-
mary color liquid crystal display device 900 shown in FIG. 77
will be specifically described. In this example, as shown in
FIG. 7, the liquid crystal domains are located such that a
generally gammadion-shaped dark area DR appears in each
of a red picture element R, a green picture element G, a blue
picture element B and a yellow picture element Y (same as the
arrangement in the picture element 20 shown in FIG. 4).
[0166] On the alignment film on the TFT substrate side, the
optical alignment processing is performed as shown in FIG. 8.
First, a photomask 901 as shown in FIG. 8(a) is prepared. The
photomask 901 includes a plurality of light shielding parts
901a extending like stripes in a column direction (vertical
direction) and a plurality of light transmitting parts 9015
located between the plurality of light shielding parts 901a. A
width W1 of each of the plurality of light transmitting parts
9015 (width in the row direction) is half of a length L1 of sides
of each picture element parallel to the row direction (see FIG.
7) (i.e., W1=L1/2). A width W2 of each of the plurality of
light shielding parts 901a (width in the row direction) is also
half of the length L1 of the sides of each picture element
parallel to the row direction (i.e., W2=L1/2; W1+W2=L1).
[0167] AsshowninFIG. 8(5), the photomask 901 is located
such that each light shielding part 901a overlaps a right halfof
each picture element and each light transmitting part 9015
overlaps a left half of each picture element. In this state,
ultraviolet rays are directed obliquely in the direction repre-
sented by the arrows. As a result of this exposure step, a part
ofthe alignment film on the TFT substrate side corresponding
to the left half of each picture element is given a prescribed
pretilt direction (pretilt direction PA1 shown in FIG. 4(a)).
[0168] Next, the photomask 901 is shifted in the row direc-
tion by half of the width L1 of the picture element such that as
shown in FIG. 8(c), each light shielding part 901a overlaps
the left half of each picture element and each light transmit-
ting part 9015 overlaps the right half of each picture element.
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In this state, ultraviolet rays are directed obliquely in the
direction represented by the arrows. As a result of this expo-
sure step, a part of the alignment film on the TFT substrate
side corresponding to the right half of each picture element is
given a prescribed pretilt direction (pretilt direction PA2
shown in FIG. 4(a)).

[0169] On the alignment film on the CF substrate side, the
optical alignment processing is performed as shown in FIG. 9.
First, a photomask 902 as shown in FIG. 9(a) is prepared. The
photomask 902 includes a plurality of light shielding parts
9024a extending like stripes in the row direction (horizontal
direction) and a plurality of light transmitting parts 9026
located between the plurality of light shielding parts 902a. A
width W3 of each of the plurality of light transmitting parts
9025 (width in the column direction) is half of a length .2 of
sides of each picture element parallel to the column direction
(see FIG. 7) (i.e., W3=L2/2). A width W4 of each of the
plurality of light shielding parts 902a (width in the column
direction) is also half of the length L2 of the sides of each
picture element parallel to the column direction (i.e., W4=1.2/
2; W3+W4=L2).

[0170] AsshowninFIG.9(5), the photomask 902 is located
such that each light shielding part 9024 overlaps a bottom half
of'each picture element and each light transmitting part 9025
overlaps a top half of each picture element. In this state,
ultraviolet rays are directed obliquely in the direction repre-
sented by the arrows. As a result of this exposure step, a part
of'the alignment film on the CF substrate side corresponding
to the top half of each picture element is given a prescribed
pretilt direction (pretilt direction PB1 shown in FIG. 4(5)).
[0171] Next, the photomask 902 is shifted in the column
direction by half of the width .2 of the picture element such
that as shown in FIG. 9(¢), each light shielding part 902a
overlaps the top half of each picture element and each light
transmitting part 9025 overlaps the bottom half of each pic-
ture element. In this state, ultraviolet rays are directed
obliquely in the direction represented by the arrows. As a
result of this exposure step, a part of the alignment film on the
CF substrate side corresponding to the bottom half of each
picture element is given a prescribed pretilt direction (pretilt
direction PB2 shown in FIG. 4(b)).

[0172] As described above, for the optical alignment pro-
cessing performed on the alignment film on the TFT substrate
side, the photomask 901 used in the first exposure step is
shifted before the second exposure step and used as it is for the
second exposure step. Also for the optical alignment process-
ing performed on the alignment film on the CF substrate side,
the photomask 902 used in the first exposure step is shifted
before the second exposure step and used as it is for the
second exposure step. In this specification, such a technique
of exposure is referred to as the “shifted exposure”.

[0173] However, when one pixel includes a picture element
having a different size from that of another picture element,
the shifted exposure cannot be performed on the alignment
film on the TFT substrate side and/or the alignment film on
the CF substrate side. For example, in a multiple primary
color liquid crystal display device 900' shown in FIG. 10,
sides of all the picture elements parallel to the column direc-
tion have an equal length L3, whereas a length L1 of sides of
a red picture element R and a blue picture element B parallel
to the row direction is different from a length L.2 of sides of a
green picture element G and a yellow picture element Y
parallel to the row direction. Specifically, the length 1.2 of the
sides of the green picture element G and the yellow picture
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elementY parallel to the row direction is half of the length [.1
of the sides of the red picture element R and the blue picture
element B parallel to the row direction (i.e., L.2=1.1/2). In this
manner, in the liquid crystal display device 900', in one pixel
P, the size of the red picture element R and the blue picture
element B is different from the size of the green picture
element G and the yellow picture element Y.

[0174] A liquid crystal display device in which the size of
the red picture element R is larger than the yellow picture
element Y like the liquid crystal display device 900' shown in
FIG.10is disclosed in WO2007/148519. When the size of the
red picture element R is larger than the yellow picture element
Y, brighter red (red having a higher lightness) can be dis-
played than in the case where all the picture elements have the
same size.

[0175] When the optical alignment processing is to be per-
formed on this liquid crystal display device 900" to realize the
liquid crystal arrangement as shown in the right half of FIG.
10 (same as the arrangement shown in the right half of FIG.
7), the shifted exposure cannot be made on the alignment film
on the TFT substrate side as described below.

[0176] For performing the optical alignment processing on
the alignment film on the TFT substrate side of the liquid
crystal display device 900, first, a photomask 903 as shown in
FIG. 11 is prepared. The photomask 903 includes a plurality
of light shielding parts 903a extending like stripes in the
column direction (vertical direction) and a plurality of light
transmitting parts 9035 located between the plurality of light
shielding parts 903a. It should be noted that the plurality of
light shielding parts 903a include two types of light shielding
parts 903a1 and 90342 having different widths from each
other. The plurality of light transmitting parts 9035 include
two types of light transmitting parts 90341 and 90352 having
different widths from each other.

[0177] A width W1 of the light transmitting part 90351,
among the two types of light transmitting parts 90351 and
90352, is half of the length L1 of the sides of the red picture
element R and the blue picture element B parallel to the row
direction (see FIG. 10) (i.e., W1=11/2). By contrast, a width
W3 of the other light transmitting part 90352 is half of the
length [.2 of the sides of the green picture element G and the
yellow picture element Y parallel to the row direction (see
FIG. 10) (i.e., W3=12/2).

[0178] A width W2 of the light shielding part 903al,
among the two types of light shielding parts 90341 and
90342, is half of the length L1 of the sides of the red picture
element R and the blue picture element B parallel to the row
direction (i.e., W2=11/2; W1+W2=L1). By contrast, a width
W4 of the other light shielding part 90342 is half of the length
L2 of the sides of the green picture element G and the yellow
picture elementY parallel to the row direction (i.e., W4=1.2/2;
W3+W4=L2).

[0179] The wider light transmitting part 90351, the wider
light shielding part 903a1, the narrower light transmitting
part 90352 and the narrower light shielding part 90342
described above are arranged cyclically in this order. The
photomask 903 is located such that as shown in FIG. 12(a),
the wider light shielding part 903a1 overlaps aright half of the
red picture element R and the blue picture element B and the
narrower light shielding part 90342 overlaps a right half of the
green picture element G and the yellow picture element Y
(namely, such that the wider light transmitting part 90351
overlaps a left half of the red picture element R and the blue
picture element B and the narrower light transmitting part
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90352 overlaps a left half of the green picture elements G and
the yellow picture elements Y). In this state, ultraviolet rays
are directed obliquely in the direction represented by the
arrows. As a result of this exposure step, parts of the align-
ment film on the TFT substrate side corresponding to the left
half of the picture elements are given a prescribed pretilt
direction (pretilt direction PA1 shown in FIG. 4(a)).

[0180] The shifted exposure, which would be performed to
give a prescribed pretilt direction to the remaining parts (right
half) of the alignment film, cannot be performed with the
photomask 903 shown in FIG. 11.

[0181] Forexample, itis assumed that from the state shown
in FIG. 12(a), the photomask 903 is shifted in the row direc-
tion rightward by half of the width L1 of the red picture
element R and the blue picture element B. In this case, as
shown in FIG. 12(b), the wider light shielding part 903al
overlaps the entirety of the green picture element G and the
yellow picture element Y, and the narrower light shielding
part 903a2 overlaps a right half of the left half of the red
picture element R and the blue picture element B. Namely, the
wider light transmitting part 903561 overlaps the right half of
the red picture element R and the blue picture element B, and
the narrower light transmitting part 90352 overlaps a left half
of'the left half ofthe red picture element R and the blue picture
element B. When the ultraviolet rays are directed in the direc-
tion represented by the arrows in this state, the part corre-
sponding to the right half of the red picture element R and the
blue picture element B is given a prescribed pretilt direction
(pretilt direction PA2 shown in FIG. 4(a)) but the part corre-
sponding to the right half of the green picture element G and
the yellow picture element Y is not given a prescribed pretilt
direction. The reason is that the right half of the green picture
element G and the yellow picture element Y is shielded by the
light shielding part 903a1. The left half of the left half of the
red picture element R and the blue picture element B is not
shielded and thus irradiated with the ultraviolet rays, namely,
is exposed double. The double-exposed areas cannot define a
desired pretilt direction (pretilt direction given by the first
exposure).

[0182] It is assumed that from the state shown in FIG.
12(a), the photomask 903 is shifted in the row direction
rightward by ¥4 of the width L1 of the red picture element R
and the blue picture element B (i.e., Y2 of the length .2 of the
green picture element G and the yellow picture elementY). In
this case, as shown in FIG. 12(¢), the wider light shielding
part 90341 overlaps the left half of the green picture element
G and the yellow picture elementY and also a right half of the
right half of the red picture element R and the blue picture
element B, and the narrower light shielding part 90342 over-
laps the left half of the left half of the red picture element R
and the blue picture element B. Namely, the wider light trans-
mitting parts 90351 overlap a central part (left half of the right
half and right half of the left half) of the red picture element R
and the blue picture element B, and the narrower light trans-
mitting part 90352 overlaps the right half of the green picture
element G and the yellow picture element Y. When the ultra-
violet rays are directed in the direction represented by the
arrows in this state, the part corresponding to the right half of
the green picture element G and the yellow picture element Y
is given a prescribed pretilt direction (pretilt direction PA2
shown in FIG. 4(a)) but the part corresponding to the right
half of the right half of the red picture element R and the blue
picture element B is not given a prescribed pretilt direction.
The reason is that the right half of the right half of the red
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picture element R and the blue picture element B is shielded
by the light shielding part 903a1. The right half of the left half
ofthe red picture element R and the blue picture element B is
not shielded and thus irradiated with the ultraviolet rays,
namely, is exposed double.

[0183] As described above, when one pixel includes a pic-
ture element having a different size from that of another
picture element, the shifted exposure cannot be performed.
Specifically, the shifted exposure cannot be performed in the
direction in which there are two types of width of the picture
elements (row direction in the above example). By contrast,
according to the present invention, even when one pixel
includes a picture element having a different size from that of
another picture element, the shifted exposure can be per-
formed. Hereinafter, a liquid crystal display device and a
method for producing the same according to the present
invention will be specifically described.

[0184] FIG. 13 and FIG. 14 show a liquid crystal display
device 100 in this embodiment. FIG. 13 is a cross-sectional
view schematically showing one picture element of the liquid
crystal display device 100, and FIG. 14 is a plan view sche-
matically showing two pixels P of the liquid crystal display
device 100. As described later, the liquid crystal display
device 100 is a multiple primary color liquid crystal display
device which provides display using four primary colors. The
liquid crystal display device 100 provides display in the
4D-RTN mode.

[0185] As shown in FIG. 13, the liquid crystal display
device 100 includes a vertical alignment type liquid crystal
layer 3, a TFT substrate (also referred to as the “active matrix
substrate” occasionally) S1 and a CF substrate (also referred
to as the “counter substrate” occasionally) S2 which face each
other with the liquid crystal layer 3 interposed therebetween,
a picture element electrode 11 provided on the liquid crystal
layer 3 side of the TFT substrate S1 and a counter electrode 21
provided on the liquid crystal layer 3 side of the CF substrate
S2.

[0186] The liquid crystal layer 3 contains liquid crystal
molecules 3@ having a negative dielectric anisotropy (i.e.,
AE<0). When no voltage is applied to the liquid crystal layer
3 (i.e., when no voltage is applied between the picture element
electrode 11 and the counter electrode 21), as shown in FIG.
13, the liquid crystal molecules 3a are aligned generally
vertically with respect to surfaces of the substrates. The pic-
ture element electrode 11 is provided on an insulating trans-
parent plate (e.g., glass plate or plastic plate) Sla, and the
counter electrode 21 is provided on an insulating transparent
plate (e.g., glass plate or plastic plate) S2a.

[0187] The liquid crystal display device 100 further
includes a pair of optical alignment films 12 and 22 and a pair
of polarizing plates 13 and 23. Among the pair of optical
alignment films 12 and 22, one optical alignment film 12 is
provided between the picture element electrode 11 and the
liquid crystal layer 3, and the other optical alignment film 22
is provided between the counter electrode 21 and the liquid
crystal layer 3. The pair of polarizing plates 13 and 23 face
each other with the liquid crystal layer 3 interposed therebe-
tween, and are located, as shown in FIG. 14, such that respec-
tive transmission axes (polarization axes) P1 and P2 are gen-
erally perpendicular to each other.

[0188] Although not shown, the TFT substrate S1 further
includes thin film transistors (TFTs), scanning lines for sup-
plying a scanning signal to the TFTs, signal lines for supply-
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ing a video signal to the TFTs and the like. The CF substrate
S2 further includes color filters and a black matrix (light
shielding layer).

[0189] As shown in FIG. 14, the liquid crystal display
device 100 includes a plurality of pixels P. FIG. 14 shows two
pixels P arranged in 1 rowx2 columns, but the plurality of
pixels P of the liquid crystal display device 100 are arranged
in a matrix of a plurality of rows and a plurality of columns.

[0190] Each of the plurality of pixels P is defined by a
plurality of picture elements. Each of the plurality of picture
elements has a shape including a side parallel to a prescribed
first direction and a side parallel to a second direction crossing
the first direction. More specifically, each picture element has
a shape of a rectangle (encompassing a square) including
sides parallel to the row direction and sides parallel to the
column direction (perpendicular to the row direction).

[0191] The plurality of picture elements which define one
pixel P are an even number of picture elements including at
least four picture elements for displaying different colors
from each other. In this embodiment, the plurality of picture
elements which define one pixel P are a red picture element R,
a green picture element G, a blue picture element B and a
yellow picture element Y. The red picture element R, the
green picture element G, the blue picture element B and the
yellow picture elementY are arranged in a matrix of 2 rowsx2
columns in the pixel P.

[0192] Thered picture element R, the green picture element
G, the blue picture element B and the yellow picture element
Y are each divided into four areas having different alignment
directions. Specifically, each picture element includes four
liquid crystal domain D1 through D4 respectively having tilt
directions of about 225°, about 315°, about 45° and about
135° when a voltage is applied between the picture element
electrode 11 and the counter electrode 21. As described
above, the transmission axis P1 of one of the pair of polarizing
plates 13 and 23 is generally parallel to the horizontal direc-
tion of the display plane, and the transmission axis P2 of the
other polarizing plate is generally parallel to the vertical
direction of the display plane. Accordingly, the tilt directions
of the liquid crystal domains D1 through D4 each have an
angle of about 45° with respect to the transmission axes P1
and P2 of the polarizing plates 13 and 23.

[0193] In the right pixel P of FIG. 14, the tilt direction
(reference alignment direction) and a pattern of the dark area
DR are shown for each of the liquid crystal domains D1
through D4. In the left pixel P of FIG. 14, for each of the liquid
crystal domains D1 through D4, the pretilt direction of the
optical alignment film 12 of the TFT substrate S1 is repre-
sented by the dashed arrows, and the pretilt direction of the
optical alignment film 22 of the CF substrate S2 is represented
by the solid arrows. These arrows representing the pretilt
directions show that the liquid crystal molecules 3a are
pretilted such that an end on the arrow tip side is farther from
the substrate (substrate on which the respective alignment
film is provided) than an end on the opposite side. In the area
of the optical alignment films corresponding to each of the
liquid crystal domains D1 through D4, the pretilt direction of
one alignment film 12 and the pretilt direction of the other
alignment film 22 are different by about 90° from each other.
It is preferable that the pretilt angle defined by one alignment
film 12 and the pretilt angle defined by the other alignment
film 22 are approximately equal to each other as described
above.
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[0194] As shown in FIG. 14, an even number of (four)
picture elements forming one pixel P include the red picture
element R and the blue picture element B in which the sides
parallel to the row direction have a prescribed length L1 and
the green picture element G and the yellow picture element Y
in which the sides parallel to the row direction have a pre-
scribed length 1.2, which is different from the length L1.
Namely, the length L1 of the sides of the red picture element
R and the blue picture element B which are parallel to the row
direction is different from the length 1.2 of the sides of the
green picture element G and the yellow picture element Y
which are parallel to the row direction. Specifically, the length
L1 is longer than the length [.2 (i.e., L1>1.2). By contrast, the
sides of all the picture elements which are parallel to the
column direction have an equal length L.3. As can be seen
from the above, in the pixel P of the liquid crystal display
device 100 in this embodiment, there is one width of the
picture elements in the column direction, whereas there are
two widths of the picture elements in the row direction.
[0195] In each of the red picture element R and the blue
picture element B, the liquid crystal domains D1 through D4
are located in the order of top left, bottom left, bottom right
and top right (i.e., counterclockwise from top left). Therefore,
the dark area DR appearing in each of the red picture element
R and the blue picture element B is generally gammadion-
shaped. By contrast, in each of the green picture element G
and the yellow picture element Y, the liquid crystal domains
D1 through D4 are located in the order of top right, bottom
right, bottom left and top left (i.e., clockwise from top right).
Therefore, the dark area DR appearing in each of the green
picture element G and the yellow picture element Y is gener-
ally shaped like the letter “8”.

[0196] As described above, in the liquid crystal display
device 100 in this embodiment, the arrangement pattern of the
liquid crystal domains D1 through D4 in the red picture
element R and the blue picture element B is different from
that in the green picture element G and the yellow picture
elementY. In the liquid crystal display device 100 having such
a structure, the shifted exposure can be performed on the
optical alignment film 12 of the TFT substrate S1 and the
optical alignment film 22 of the CF substrate S2. Hereinafter,
a method for producing the liquid crystal display device 100
will be described. The steps of producing the liquid crystal
display device 100 except for the optical alignment process-
ing on the optical alignment films 12 and 22 can be carried out
by a known technique. Hence, the optical alignment process-
ing on the optical alignment film 12 of the TFT substrate S1
and the optical alignment processing on the optical alignment
film 22 of the CF substrate S2 will be described below. The
exposure steps in the optical alignment processing may be
carried out by using, for example, a proximity exposure
device produced by Ushio Inc.

[0197] First, with reference to FIG. 15 through FIG. 17, the
optical alignment processing on the optical alignment film 12
of the TFT substrate S1 will be described.

[0198] First, a photomask 1 shown in FIG. 15 is prepared.
As shown in FIG. 15, the photomask 1 includes a plurality of
light shielding parts 1a extending like stripes in the column
direction (vertical direction) and a plurality of light transmit-
ting parts 15 located between the plurality of light shielding
parts 1a. A width W1 of each of the plurality of light trans-
mitting parts 15 (width in the row direction) is equal to a sum
ofhalf of the length L1 of the sides of the red picture element
R and the blue picture element B which are parallel to the row
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direction and half of the length L2 of the sides of the green
picture element G and the yellow picture element’Y which are
parallel to the row direction (i.e., W1=(L1+L2)/2). A width
W2 of each of the plurality of light shielding parts 1a (width
in the row direction) is also equal to a sum of halfof the length
L1 of the sides of the red picture element R and the blue
picture element B which are parallel to the row direction and
half of the length 1.2 of the sides of the green picture element
G and the yellow picture element Y which are parallel to the
row direction (i.e., W2=(L1+L2)/2; W1+W2=L1+L2).
[0199] Next, as shown in FIG. 16(a), the photomask 1 is
located such that a part of the optical alignment film 12
corresponding to a right half of the red picture element R and
the blue picture element B and a left half of the green picture
element G and the yellow picture elementY overlaps the light
transmitting part 15 (i.e., such that a part of the optical align-
ment film 12 corresponding to a left half of the red picture
element R and the blue picture element B and a right half of
the green picture element G and the yellow picture element Y
overlaps the light shielding part 1a).

[0200] Next, as shown in FIG. 16(4), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 16(c), the
part of the optical alignment film 12 corresponding to the
right half of the red picture element R and the blue picture
element B and the left half of the green picture element G and
the yellow picture element Y is given a prescribed pretilt
direction. The pretilt direction given at this point is the same
as the pretilt direction PA2 shown in FIG. 2(a). Hereinafter,
this pretilt direction will be referred to as the “first pretilt
direction” for the sake of convenience.

[0201] Next, as shown in FIG. 17(a), the photomask 1 is
shifted in the row direction by a prescribed distance D1. In
this example, the prescribed distance D1 is half (12) of a width
PW1 (see FIG. 14) of the pixel P in the row direction. As a
result of this movement, the part of the optical alignment film
12 corresponding to the left half of the red picture element R
and the blue picture element B and the right half of the green
picture element G and the yellow picture element Y overlaps
the light transmitting part 15 of the photomask 1. Namely, the
part of the optical alignment film 12 corresponding to the
right half of the red picture element R and the blue picture
element B and the left half of the green picture element G and
the yellow picture element Y overlaps the light shielding part
1a of the photomask 1.

[0202] Next, as shown in FIG. 17(5), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 17(c), the
remaining part of the optical alignment film 12, namely, the
part thereof corresponding to the left half of the red picture
element R and the blue picture element B and the right half of
the green picture element G and the yellow picture element Y
is given a prescribed pretilt direction. The pretilt direction
given at this point is the same as the pretilt direction PA1
shown in FIG. 2(a) and is antiparallel to the first pretilt direc-
tion. Hereinafter, this pretilt direction will be referred to as the
“second pretilt direction” for the sake of convenience.
[0203] As aresult of the above-described optical alignment
processing, in an area of the optical alignment film 12 corre-
sponding to each picture element, an area having the first
pretilt direction and an area having the second pretilt direction
antiparallel to the first pretilt direction are formed. Hereinaf-
ter, the area having the first pretilt direction will be referred to
as the “first area” for the sake of convenience, and the area
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having the second pretilt direction will be referred to as the
“second area” for the sake of convenience. In each of the
exposure step of directing the light toward the part of the
optical alignment film 12 which is to be the first area and the
exposure step of directing the light toward the part of the
optical alignment film 12 which is to be the second area, light
(typically, ultraviolet rays as in this example) is directed in a
direction inclining at, for example, 30° to 50° with respect to
the normal direction to the substrate. The pretilt angle defined
by the optical alignment film 12 is, for example, 88.5° to 89°.

[0204] Now, with reference to FIG. 18 through FIG. 20, the
optical alignment processing on the optical alignment film 22
of the CF substrate S2 will be described.

[0205] First, a photomask 2 shown in FIG. 18 is prepared.
As shown in FIG. 18, the photomask 2 includes a plurality of
light shielding parts 2a extending like stripes in the row
direction (horizontal direction) and a plurality of light trans-
mitting parts 25 located between the plurality of light shield-
ing parts 2a. A width W3 of each of the plurality of light
transmitting parts 25 (width in the column direction) is half of
the length L3 of the sides of each picture element which are
parallel to the column direction (i.e., W3=1.3/2). A width W4
of each of the plurality oflight shielding parts 2a (width in the
column direction) is also half of the length I3 of the sides of
each picture element which are parallel to the column direc-
tion (i.e., W4=L3/2; W3+W4=L3).

[0206] Next, as shown in FIG. 19(a), the photomask 2 is
located such that a part of the optical alignment film 22
corresponding to a top half of the picture elements overlaps
the light transmitting part 26 (i.e., such that a part of the
optical alignment film 22 corresponding to a bottom half of
the picture elements overlaps the light shielding part 2a).

[0207] Next, as shown in FIG. 19(4), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 19(¢), the
part of the optical alignment film 22 corresponding to the top
half of the picture elements is given a prescribed pretilt direc-
tion. The pretilt direction given at this point is the same as the
pretilt direction PB1 shown in FIG. 2(4). Hereinafter, this
pretilt direction will be referred to as the “third pretilt direc-
tion” for the sake of convenience.

[0208] Next, as shown in FIG. 20(a), the photomask 2 is
shifted in the column direction by a prescribed distance D2. In
this example, the prescribed distance D2 is V4 of a width PW2
(see F1G. 14) of the pixel P in the column direction, and is half
(¥2) of the length L3 of the sides of each picture element
which are parallel to the column direction. As a result of this
movement, the part of the optical alignment film 22 corre-
sponding to the bottom half of the picture elements overlaps
the light transmitting part 25 of the photomask 2. Namely, the
part ofthe optical alignment film corresponding to the top half
of'the picture elements overlaps the light shielding part 2a of
the photomask 2.

[0209] Next, as shown in FIG. 20(5), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 20(c), the
remaining part of the optical alignment film 22, namely, the
part thereof corresponding to the bottom half of the picture
elements is given a prescribed pretilt direction. The pretilt
direction given at this point is the same as the pretilt direction
PB2 shown in FIG. 2(b) and is antiparallel to the third pretilt
direction. Hereinafter, this pretilt direction will be referred to
as the “fourth pretilt direction” for the sake of convenience.
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[0210] Asaresultof the above-described optical alignment
processing, in an area of the optical alignment film 22 corre-
sponding to each picture element, an area having the third
pretilt direction and an area having the fourth pretilt direction
antiparallel to the third pretilt direction are formed. Herein-
after, the area having the third pretilt direction will be referred
to as the “third area” for the sake of convenience, and the area
having the fourth pretilt direction will be referred to as the
“fourth area” for the sake of convenience. In each of the
exposure step of directing the light toward the part of the
optical alignment film 22 which is to be the third area and the
exposure step of directing the light toward the part of the
optical alignment film 22 which is to be the fourth area, light
(typically, ultraviolet rays as in this example) is directed in a
direction inclining at, for example, 30° to 50° with respect to
the normal direction to the substrate. The pretilt angle defined
by the optical alignment film 22 is, for example, 88.5° to 89°.

[0211] By bringing together the TFT substrate S1 and the
CF substrate S2 processed with the optical alignment in the
above-described manner, the liquid crystal display device 100
shown in FIG. 14 in which each picture element is divided
into liquid crystal domains having different alignment direc-
tions is obtained.

[0212] In the above-described production method, in the
step of forming the first area and the second area (step of
performing the optical alignment processing on the optical
alignment film 12 of the TFT substrate S1), two exposure
steps are performed by use of one, common photomask 1. In
the step of forming the third area and the fourth area (step of
performing the optical alignment processing on the optical
alignment film 22 ofthe CF substrate S2), two exposure steps
are performed by use of one, common photomask 2. Namely,
according to the production method in this embodiment, the
shifted exposure can be performed in the row direction in
which there are two widths of the picture elements in addition
to the column direction in which there is one width of the
picture elements. Therefore, the optical alignment processing
can be realized at low cost and in a short takt time. Inversely
describing, because one pixel P includes picture elements
having different arrangement patterns of the liquid crystal
domains D1 through D4 (having different shapes of the dark
area DR), the liquid crystal display device 100 in this embodi-
ment can be produced by the method in which the shifted
exposure is used for the optical alignment processing. By
contrast, in the case where the 4D-RTN mode is merely
adopted to a multiple primary color liquid crystal display
device, as in the liquid crystal display device 900 shown in
FIG. 10, all the picture elements in one pixel P have the same
arrangement pattern of the liquid crystal domains D1 through
D4. Therefore, the shifted exposure cannot be performed for
the optical alignment processing on at least one of the sub-
strates. In the liquid crystal display device 100 in this embodi-
ment, one pixel P includes picture elements having different
arrangement patterns of the liquid crystal domains D1
through D4, but this does not have any adverse influence on
the viewing angle characteristics.

[0213] As described above, according to the present inven-
tion, even when the 4D-RTN mode is adopted to a multiple
primary color liquid crystal display device, increase of the
cost and time required for the optical alignment processing
can be suppressed. As described above, in the photomask 1
used for the shifted exposure in the row direction (direction in
which there are two widths of the picture elements) in the
production method in this embodiment, the width W1 of the
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light transmitting part 15 is equal to the sum of half of the
length L1 of the sides of the red picture element R and the blue
picture element B which are parallel to the row direction and
half of the length [.2 of the sides of the green picture element
G and the yellow picture element Y which are parallel to the
row direction. Namely, the width W1 of the light transmitting
part 15 is equal to the sum of half of the larger width among
the two widths of the picture elements (i.e., the length I.1) and
half of the smaller width (length [.2). By contrast, in the
photomask 903 shown in FIG. 11, the width of the light
transmitting part 9035 is equal to half of either one of the two
widths of the picture elements. More specifically, the width
W1 of the light transmitting part 90351, among the two types
oflight transmitting parts 90351 and 90352, is equal to half of
the larger width (length 1.1), and the width W3 of the other
transmitting part 90352 is equal to half of the smaller width
(length 1L2). As is seen from the above, according to the
production method in this embodiment, the shifted exposure
in the direction in which there are two widths of the picture
elements is realized by use of the photomask 1 designed with
a different conception from the conventional conception.

[0214] Inthis embodiment, in the red picture element R and
the blue picture element B, the generally gammadion-shaped
dark area DR appears; and in the green picture element G and
the yellow picture element Y, the dark area DR generally
shaped like the letter “8” appears. However, the present inven-
tion is not limited to this. As shown in FIG. 21, the dark area
DR generally shaped like the letter “8”” may appear in the red
picture element R and the blue picture element B, and the
generally gammadion-shaped dark area DR may appear in the
green picture element G and the yellow picture element Y. In
the structure shown in FIG. 21, in the red picture element R
and the blue picture element B, the liquid crystal domains D1
through D4 are located in the order of top right, bottom right,
bottom left and top left (i.e., clockwise from top right). By
contrast, in the green picture element G and the yellow picture
element Y, the liquid crystal domains D1 through D4 are
located in the order of top left, bottom left, bottom right and
top right (i.e., counterclockwise from top left). The arrange-
ment of the liquid crystal domains shown in FIG. 21 can be
realized by, for example, directing the light in the opposite
directions in the exposure step shown in FIG. 16(5) and the
exposure step shown in FIG. 17(5).

[0215] Inthis embodiment, the width W1 of the light trans-
mitting part 15 and the width W2 of the light shielding part 1a
ofthe photomask 1 are equal to each other, and are equal to the
sum of half of the length L1 of the sides of the red picture
element R and the blue picture element B which are parallel to
the row direction and half of the length 1.2 of the sides of the
green picture element G and the yellow picture element Y
which are parallel to the row direction (i.e., W1=W2=(L1+
1.2)/2). It is sufficient that the width W1 of the light transmit-
ting part 15 and the width W2 of the light shielding part 1a are
generally equal to (L1+L.2)/2, and the width W1 and the width
W2 do not need to be precisely equal to (L1+L2)/2. For
example, the width W1 of the light transmitting part 156 may
be increased by a prescribed amount A (i.e., W1=(L1+L2)/2+
A) and the width W2 of the light shielding part 1a may be
decreased by the same amount (i.e., W2=(L1+L.2)/2-A).

[0216] Regarding the case where the width W1 of the light
transmitting part 15 of the photomask 1, the width W2 of the
light shielding part 1a of the photomask 1, the length L1 of the
sides of the red picture element R and the blue picture element
B which are parallel to the row direction, and the length 1.2 of
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the sides of the green picture element G and the yellow picture
element Y which are parallel to the row direction fulfill the
relationships of W1=(L1+L.2)/2+A and W2=(L1+L2)/2-A,
the optical alignment processing on the optical alignment film
12 of the TFT substrate S1 will be described with reference to
FIG. 22 and FIG. 23.

[0217] First, as shown in FIG. 22(a), the photomask 1 is
located such that a part of the optical alignment film 12
corresponding to the right half of the red picture element R
and the blue picture element B and the left half of the green
picture element G and the yellow picture element Y overlaps
the light transmitting part 15. Since the width W1 of the light
transmitting part 15 of the photomask 1 is larger than (L1+
L.2)/2 by A, apart of the optical alignment film 12 correspond-
ing to a small part of the left half of the red picture element R
and the blue picture element B and a part of the optical
alignment film 12 corresponding to a small part of the right
half of the green picture element G and the yellow picture
element Y (the small parts each have a width of A/2) also
overlap the light transmitting part 15.

[0218] Next, as shown in FIG. 22(4), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 22(c), the
part of the optical alignment film 12 corresponding to the
right half of the red picture element R and the blue picture
element B and the left half of the green picture element G and
the yellow picture element Y is given a prescribed pretilt
direction.

[0219] Next, as shown in FIG. 23(a), the photomask 1 is
shifted in the row direction by the prescribed distance D1
(specifically, half of the width PW1 of the pixel P in the row
direction). As a result of this movement, the part of the optical
alignment film 12 corresponding to the left half of the red
picture element R and the blue picture element B and the right
half of the green picture element G and the yellow picture
element Y overlaps the light transmitting part 1b of the pho-
tomask 1. Since the width W1 of the light transmitting part 16
of'the photomask 1 is larger than (L1+1.2)/2 by A, a part of the
optical alignment film 12 corresponding to a small part of the
right half of the red picture element R and the blue picture
element B and a part of the optical alignment film 12 corre-
sponding to a small part of the left half of the green picture
element G and the yellow picture element Y (the small parts
each have a width of A/2) also overlap the light transmitting
part 15.

[0220] Next, as shown in FIG. 23(4), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 23(c), the
remaining part of the optical alignment film 12, namely, the
part thereof corresponding to the left half of the red picture
element R and the blue picture element B and the right half of
the green picture element G and the yellow picture element Y
is given a prescribed pretilt direction.

[0221] Inthe case where the optical alignment processing is
performed as described above, as shown in FIG. 24, an area
DE irradiated with the light in both of the first exposure step
and the second exposure step (double-exposed area DE) is
formed in a central part of each picture element (central part
in the row direction). The double-exposed area DE has a
width equal to the increasing amount A of the width W1 of the
light transmitting part 15.

[0222] Thedouble-exposed area DE is an area for obtaining
a margin against an alignment divergence which is caused
when the photomask 1 is shifted for exposure. The alignment
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precision of the exposure device is about *several microme-
ters at the maximum. Therefore, it is preferable from the
viewpoint of reliability that no unexposed area is formed in a
picture element even if the alignment divergence occurs.
When there is an unexposed area, ion components, which are
impurities in the liquid crystal layer 3 and the alignment films
12 and 22, are attracted to the unexposed area, which may
cause faults such as DC divergence (divergence of the DC
level between the signal voltage and the counter voltage),
stains or the like.

[0223] When the conditions under which the double-ex-
posed area DE is formed, namely, the relationships of W1=
(L1+L.2)/2+A and W2=(L1+L.2)/2-A, are fulfilled, formation
of an unexposed area can be prevented even if an alignment
divergence occurs. From the viewpoint of preventing the for-
mation of the unexposed area with more certainty, it is pref-
erable that the increasing amount A of the width W1 of the
transmitting part 15 is larger. However, when the increasing
amount A is too large, namely, when the width of the double-
exposed area is too large, the width of the dark line at or in the
vicinity of the center of the picture element (part of the cross-
shaped dark line CL which extends in the vertical direction) is
increased and thus the transmittance is decreased. From the
viewpoint of suppressing the decrease of the transmittance, it
is preferable that the increasing amount A of the width W1 of
the light transmitting part 15 is equal to or smaller than 10 pm
(i.e.,0<A=10). From the viewpoint of further suppressing the
decrease of the transmittance and preventing the formation of
anunexposed area with more certainty, it is preferable that the
increasing amount A is equal to or larger than 1 pm and equal
to or smaller than 5 pm (i.e., 1=AS5).

[0224] Inthis embodiment, an area of the optical alignment
film 12 of the TFT substrate S1 corresponding to each picture
element is divided into the left part and the right part and an
area of the optical alignment film 22 of the CF substrate S2
corresponding to each picture element is divided into the top
part and the bottom part. The present invention is not limited
to this structure. An area of the optical alignment film 12 of
the TFT substrate S1 corresponding to each picture element
may be divided into the top part and the bottom part and an
area of the optical alignment film 22 of the CF substrate S2
corresponding to each picture element may be divided into
the left part and the right part. In this case, for performing the
optical alignment processing on the optical alignment film 12
of the TFT substrate S1, the photomask 2 shown in FIG. 18
may be used to perform the shifted exposure in the column
direction, and for performing the optical alignment process-
ing on the optical alignment film 22 of the CF substrate S2, the
photomask 1 shown in FIG. 15 may be used to perform the
shifted exposure in the row direction.

Embodiment 2

[0225] FIG. 25 shows a liquid crystal display device 200 in
this embodiment. FIG. 25 is a plan view schematically show-
ing two pixels P of the liquid crystal display device 200.

[0226] In the liquid crystal display device 100 shown in
FIG. 14, one pixel P includes a red picture element R, a green
picture element G, a blue picture element B and a yellow
picture element Y arranged in a matrix of 2 rowsx2 columns.
Namely, the color filters are arranged like the Chinese char-

acter “[”. By contrast, in the liquid crystal display device
200 in this embodiment, as shown in FIG. 25, one pixel P
includes a red picture element R, a green picture element G, a
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blue picture element B and a yellow picture element Y
arranged in 1 rowx4 columns. Namely, the color filters are
arranged in stripes.

[0227] Alength L1 of the sides of the red picture element R
and the blue picture element B which are parallel to the row
direction is different from a length [.2 of the sides of the green
picture element G and the yellow picture element’Y which are
parallel to the row direction. Specifically, the length L1 is
longer than the length [.2 (i.e., L1>1.2). By contrast, the sides
of all the picture elements which are parallel to the column
direction have an equal length L.3. As can be seen from the
above, in the pixel P of the liquid crystal display device 200 in
this embodiment also, there is one width of the picture ele-
ments in the column direction, whereas there are two widths
of the picture elements in the row direction.

[0228] In the pixel P, the red picture element R, the blue
picture element B, the green picture element G and the yellow
picture element Y are arranged in this order from the left.
Namely, in the pixel P, the relatively wider picture elements
and the relatively narrower picture elements are arranged
alternately in the row direction.

[0229] In each of the red picture element R and the blue
picture element B, the liquid crystal domains D1 through D4
are located in the order of top right, bottom right, bottom left
and top left (i.e., clockwise from top right). Therefore, the
dark area DR appearing in each of the red picture element R
and the blue picture element B is generally shaped like the
letter “8”. By contrast, in each of the green picture element G
and the yellow picture element Y, the liquid crystal domains
D1 through D4 are located in the order of top left, bottom left,
bottom right and top right (i.e., counterclockwise from top
left). Therefore, the dark area DR appearing in each of the
green picture element G and the yellow picture element Y is
generally gammadion-shaped.

[0230] As described above, in the liquid crystal display
device 200 in this embodiment also, the arrangement pattern
of'the liquid crystal domains D1 through D4 in the red picture
element R and the blue picture element B is different from
that in the green picture element G and the yellow picture
elementY. Since one pixel P includes picture elements having
different arrangement patterns of the liquid crystal domains
D1 through D4 (having different shapes of the dark area DR),
the shifted exposure can be performed in the row direction in
addition to the column direction. Hereinafter, the optical
alignment processing on a pair of optical alignment films
included in the liquid crystal display device 200 will be
described.

[0231] First, with reference to FIG. 26 through FIG. 28, the
optical alignment processing on an optical alignment film of
a TFT substrate will be described.

[0232] First, a photomask 1A shown in FIG. 26 is prepared.
As shown in FIG. 26, the photomask 1A includes a plurality
oflight shielding parts 1a extending like stripes in the column
direction (vertical direction) and a plurality of light transmit-
ting parts b located between the plurality of light shielding
parts 1a. A width W1 of each of the plurality of light trans-
mitting parts 15 (width in the row direction) is equal to a sum
of half of the length L1 of the sides of the red picture element
R and the blue picture element B which are parallel to the row
direction and half of the length [.2 of the sides of the green
picture element G and the yellow picture element’Y which are
parallel to the row direction (i.e., W1=(L1+L2)/2). A width
W2 of each of the plurality of light shielding parts 1a (width
in the row direction)is also equal to a sum of halfof the length
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L1 of the sides of the red picture element R and the blue
picture element B which are parallel to the row direction and
half of the length [.2 of the sides of the green picture element
G and the yellow picture element Y which are parallel to the
row direction (i.e., W2=(L1+L2)/2; W1+W2=L1+L12).
[0233] Next, as shown in FIG. 27(a), the photomask 1A is
located such that parts of the optical alignment film corre-
sponding to a left half of the red picture element R, a left half
the blue picture element B, a right half of the green picture
element G and a right half of the yellow picture element Y
overlap the light transmitting parts 15 (i.e., such that parts of
the optical alignment film corresponding to a right half of the
red picture element R, a right half of the blue picture element
B, a left half of the green picture element G and a left half of
the yellow picture element Y overlap the light shielding parts
1a).

[0234] Next, as shown in FIG. 27(5), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 27(c), the
parts of the optical alignment film corresponding to the left
half of the red picture element R, the left half of the blue
picture element B, the right half of the green picture element
G and the right half of the yellow picture element Y are given
aprescribed pretilt direction. The pretilt direction given at this
point is the same as the pretilt direction PA2 shown in FIG.
2(a).

[0235] Next, as shown in FIG. 28(a), the photomask 1A is
shifted in the row direction by a prescribed distance D1. In
this example, the prescribed distance D1 is Y4 of a width PW1
(see FIG. 25) of the pixel P in the row direction. As a result of
this movement, the parts of the optical alignment film corre-
sponding to the right half of the red picture element R, the
right half of the blue picture element B, the left half of the
green picture element G and the left half of the yellow picture
element Y overlap the light transmitting parts 15 of the pho-
tomask 1A. Namely, the parts of the optical alignment film
corresponding to the left half of the red picture element R, the
left half of the blue picture element B, the right half of the
green picture element G and the right half of the yellow
picture element Y overlap the light shielding parts 1a of the
photomask 1A.

[0236] Next, as shown in FIG. 28(d), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 28(c), the
remaining parts of the optical alignment film, namely, the
parts thereof corresponding to the right half of the red picture
element R, the right half of the blue picture element B, the left
half of the green picture element G and the left half of the
yellow picture element Y are given a prescribed pretilt direc-
tion. The pretilt direction given at this point is the same as the
pretilt direction PA1 shown in FIG. 2(a) and is antiparallel to
the pretilt direction shown in FIG. 27(c).

[0237] As aresult of the above-described optical alignment
processing, in an area of the optical alignment film of the TFT
substrate corresponding to each picture element, two areas
having pretilt directions antiparallel to each other are formed.
Now, with reference to FIG. 29 through FIG. 31, the optical
alignment processing on an optical alignment film of a CF
substrate will be described.

[0238] First, aphotomask 2A shown in FIG. 29 is prepared.
As shown in FIG. 29, the photomask 2A includes a plurality
of light shielding parts 2a extending like stripes in the row
direction (horizontal direction) and a plurality of light trans-
mitting parts 25 located between the plurality of light shield-
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ing parts 2a. A width W3 of each of the plurality of light
transmitting parts 25 (width in the column direction) is half of
the length L3 of the sides of each picture element which are
parallel to the column direction (i.e., W3=13/2). A width W4
of'each of the plurality of light shielding parts 2a (width in the
column direction) is also half of the length L3 of the sides of
each picture element which are parallel to the column direc-
tion (i.e., W4=13/2; W3+W4=L3).

[0239] Next, as shown in FIG. 30(a), the photomask 2A is
located such that a part of the optical alignment film corre-
sponding to a top half of the picture elements overlaps the
light transmitting part 25 (i.e., such that a part of the optical
alignment film corresponding to a bottom half of the picture
elements overlaps the light shielding part 2a).

[0240] Next, as shown in FIG. 30(5), ultraviolet rays are
directed obliquely in the direction represented by the arrow.
As a result of this exposure step, as shown in FIG. 30(c), the
part of the optical alignment film corresponding to the top half
of'the picture elements is given a prescribed pretilt direction.
The pretilt direction given at this point is the same as the
pretilt direction PB1 shown in FIG. 2(5).

[0241] Next, as shown in FIG. 31(a), the photomask 2A is
shifted in the column direction by a prescribed distance D2. In
this example, the prescribed distance D2 is half (}2) of a width
PW2 (see FIG. 25) of the pixel P in the column direction, and
is half (V2) of the length L3 of the sides of each picture
element which are parallel to the column direction. As a result
of this movement, the part of the optical alignment film cor-
responding to the bottom half of the picture elements overlaps
the light transmitting part 25 of the photomask 2A. Namely,
the part of the optical alignment film corresponding to the top
half of the picture elements overlaps the light shielding part
2a of the photomask 2A.

[0242] Next, as shown in FIG. 31(4), ultraviolet rays are
directed obliquely in the direction represented by the arrow.
As a result of this exposure step, as shown in FIG. 31(c), the
remaining part of the optical alignment film, namely, the part
thereof corresponding to the bottom half of the picture ele-
ments is given a prescribed pretilt direction. The pretilt direc-
tion given at this point is the same as the pretilt direction PB2
shown in FIG. 2(b) and is antiparallel to the pretilt direction
shown in FIG. 30(c).

[0243] As aresult of the above-described optical alignment
processing, in an area of the optical alignment film of the CF
substrate corresponding to each picture element, two areas
having pretilt directions antiparallel to each other are formed.
By bringing together the TFT substrate and the CF substrate
processed with the optical alignment in the above-described
manner, the liquid crystal display device 200 shown in FIG.
25 in which each picture element is divided into liquid crystal
domains having different alignment directions is obtained.
[0244] In the production method of the liquid crystal dis-
play device 200 also, in the step of performing the optical
alignment processing on the optical alignment film of the TFT
substrate, two exposure steps are performed by use of one,
common photomask 1A. In the step of performing the optical
alignment processing on the optical alignment film of the CF
substrate, two exposure steps are performed by use of one,
common photomask 2A. Namely, the shifted exposure can be
performed in the row direction in which there are two widths
of'the picture elements in addition to the column direction in
which there is one width of the picture elements. Therefore,
the optical alignment processing can be realized at low cost
and in a short takt time. As can be seen from the above, in the
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liquid crystal display device 200 in this embodiment also,
because one pixel P includes picture elements having differ-
ent arrangement patterns of the liquid crystal domains D1
through D4 (having different shapes of the dark area DR),
increase of the cost and time required for the optical align-
ment processing can be suppressed.

[0245] In the production method of the liquid crystal dis-
play device 100 in Embodiment 1, the moving distance D1 of
the photomask 1 in the row direction is %2 of the width PW1
of the pixel P in the row direction (see FIG. 17(a)). By
contrast, in the production method of the liquid crystal dis-
play device 200 in this embodiment, the moving distance D1
of the photomask 1A in the row direction is ¥4 of the width
PW1 of the pixel P in the row direction (see FIG. 28(a)). A
reason for this is that in the pixel P of the liquid crystal display
device 100, the picture elements are arranged in two columns;
whereas in the pixel P of the liquid crystal display device 200,
the picture elements are arranged in four columns. In the case
where there are two widths of the picture elements in the row
direction, the moving distance D1 of the photomask in the
row direction is about 1/m of the width PW1 of the pixel P in
the row direction (m is an even number of 2 or greater). As
described in Embodiments 1 and 2, in the case where the
picture elements are arranged in two columns in the pixel P,
m=2, and in the case where the picture elements are arranged
in four columns in the pixel P, m=4. Namely, m is equal to the
number of columns of the picture elements in the pixel P. In
the meantime, the moving distance D2 of the photomask in
the column direction in which there is one width of the picture
elements is about half (about ') of the length L3 of the sides
of each picture element which are parallel to the column
direction.

Embodiment 3

[0246] FIG. 32 shows a liquid crystal display device 300 in
this embodiment. FIG. 32 is a plan view schematically show-
ing two pixels P of the liquid crystal display device 300.

[0247] As shown in FIG. 32, each pixel P of the liquid
crystal display device 300 includes a cyan picture element C
for displaying cyan and a magenta picture element M for
displaying magenta in addition to a red picture element R, a
green picture element G, a blue picture element B and a
yellow picture element Y. Accordingly, the liquid crystal dis-
play device 300 provides display by use of six primary colors.
The red picture element R, the green picture element G, the
blue picture element B, the yellow picture elementY, the cyan
picture element C and the magenta picture element M are
arranged in a matrix of 2 rowsx3 columns in the pixel P.

[0248] As shown in FIG. 32, an even number of (six) pic-
ture elements forming one pixel P include the red picture
element R, the green picture element G and the blue picture
element B in which the sides parallel to the column direction
have aprescribed length L1, and the yellow picture element Y,
the cyan picture element C and the magenta picture element
M in which the sides parallel to the column direction have a
prescribed length 1.2, which is different from the length L1.
Namely, the length L1 of the sides of the red picture element
R, the green picture element G and the blue picture element B
which are parallel to the column direction is different from the
length 1.2 of the sides of the yellow picture element Y, the
cyan picture element C and the magenta picture element M
which are parallel to the column direction. Specifically, the
length L1 is twice the length L.2 (i.e., L1=2-1.2). By contrast,
the sides of all the picture elements which are parallel to the
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row direction have an equal length L.3. As can be seen from
the above, in the pixel P of the liquid crystal display device
300 in this embodiment, there is one width of the picture
elements in the row direction, whereas there are two widths of
the picture elements in the column direction.

[0249] In each of the red picture element R, the green
picture element G and the blue picture element B, the liquid
crystal domains D1 through D4 are located in the order of
bottom left, top left, top right and bottom right (i.e., clockwise
from bottom left). Therefore, the dark area DR appearing in
each of the red picture element R, the green picture element G
and the blue picture element B is generally shaped like the
letter “8”. By contrast, in each of the yellow picture element
Y, the cyan picture element C and the magenta picture ele-
ment M, the liquid crystal domains D1 through D4 are located
in the order of top left, bottom left, bottom right and top right
(i.e., counterclockwise from top left). Therefore, the dark area
DR appearing in each of the yellow picture element Y, the
cyan picture element C and the magenta picture element M is
generally gammadion-shaped.

[0250] As described above, in the liquid crystal display
device 300 in this embodiment, the arrangement pattern of the
liquid crystal domains D1 through D4 in the red picture
element R, the green picture element G and the blue picture
element B is different from that in the yellow picture element
Y, the cyan picture element C and the magenta picture ele-
ment M. Since one pixel P includes picture elements having
different arrangement patterns of the liquid crystal domains
D1 through D4 (having different shapes of the dark area DR),
the shifted exposure can be performed in the column direction
in addition to the row direction in which there is one width of
the picture elements. Hereinafter, the optical alignment pro-
cessing on a pair of optical alignment films included in the
liquid crystal display device 300 will be described.

[0251] First, with reference to FIG. 33 through FIG. 35, the
optical alignment processing on an optical alignment film of
a CF substrate will be described.

[0252] First, a photomask 1B shown in FIG. 33 is prepared.
As shown in FIG. 33, the photomask 1B includes a plurality
of light shielding parts 1a extending like stripes in the row
direction (horizontal direction) and a plurality of light trans-
mitting parts 15 located between the plurality of light shield-
ing parts 1la. A width W1 of each of the plurality of light
transmitting parts 15 (width in the column direction) is equal
to a sum of half of the length L1 of the sides of the red picture
element R, the green picture element G and the blue picture
element B which are parallel to the column direction and half
of the length L2 of the sides of the yellow picture element Y,
the cyan picture element C and the magenta picture element
M which are parallel to the column direction (i.e., W1=(L1+
1.2)/2=(3-1.2)/2). A width W2 of each of the plurality of light
shielding parts 1a (width in the column direction) is also
equal to a sum of half of the length L1 of the sides of the red
picture element R, the green picture element G and the blue
picture element B which are parallel to the column direction
and half of the length [.2 of the sides of the yellow picture
elementY, the cyan picture element C and the magenta picture
element M which are parallel to the column direction (i.e.,
W2=(L1+L2)/2=(3-1.2)/2); W1+W2=L1+L2=3-1.2).

[0253] Next, as shown in FIG. 34(a), the photomask 1B is
located such that a part of the optical alignment film corre-
sponding to a top half of the red picture element R, the green
picture element G and the blue picture element B and a
bottom half of the yellow picture element Y, the cyan picture



US 2012/0120346 Al

element C and the magenta picture element M overlaps the
light transmitting part 15 (i.e., such that a part of the optical
alignment film corresponding to a bottom half of the red
picture element R, the green picture element G and the blue
picture element B and a top half of the yellow picture element
Y, the cyan picture element C and the magenta picture ele-
ment M overlaps the light shielding part 1a).

[0254] Next, as shown in FIG. 34(5), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 34(c), the
part of the optical alignment film corresponding to the top half
of'the red picture element R, the green picture element G and
the blue picture element B and the bottom half of the yellow
picture elementY, the cyan picture element C and the magenta
picture element M is given a prescribed pretilt direction. The
pretilt direction given at this point is the same as the pretilt
direction PB2 shown in FIG. 2(d).

[0255] Next, as shown in FIG. 35(a), the photomask 1B is
shifted in the column direction by a prescribed distance D1. In
this example, the prescribed distance D1 is half (}2) of a width
PW1 (see FIG. 32) of the pixel P in the column direction. As
a result of this movement, the part of the optical alignment
film corresponding to the bottom half of the red picture ele-
ment R, the green picture element G and the blue picture
element B and the top half of the yellow picture elementY, the
cyan picture element C and the magenta picture element M
overlaps the light transmitting part 16 of the photomask 1B.
Namely, the part of the optical alignment film corresponding
to the top half of the red picture element R, the green picture
element G and the blue picture element B and the bottom half
of the yellow picture element Y, the cyan picture element C
and the magenta picture element M overlaps the light shield-
ing part 1a of the photomask 1B.

[0256] Next, as shown in FIG. 35(5), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 35(c), the
remaining part of the optical alignment film, namely, the part
thereof corresponding to the bottom half of the red picture
element R, the green picture element G and the blue picture
element B and the top half of the yellow picture element Y, the
cyan picture element C and the magenta picture element M is
given a prescribed pretilt direction. The pretilt direction given
at this point is the same as the pretilt direction PB1 shown in
FIG. 2(b) and is antiparallel to the pretilt direction shown in
FIG. 34(c).

[0257] As aresultofthe above-described optical alignment
processing, in an area of the optical alignment film of the CF
substrate corresponding to each picture element, two areas
having pretilt directions antiparallel to each other are formed.
Now, with reference to FIG. 36 through FIG. 38, the optical
alignment processing on an optical alignment film of a TFT
substrate will be described.

[0258] First, a photomask 2B shown in FIG. 36 is prepared.
As shown in FIG. 36, the photomask 2B includes a plurality
of light shielding parts 2a extending like stripes in the column
direction (vertical direction) and a plurality of light transmit-
ting parts 26 located between the plurality of light shielding
parts 2a. A width W3 of each of the plurality of light trans-
mitting parts 25 (width in the row direction) is half of the
length L3 of the sides of each picture element which are
parallel to the row direction (i.e., W3=L3/2). A width W4 of
each of the plurality of light shielding parts 2a (width in the

May 17, 2012

row direction) is also half of the length L3 of the sides of each
picture element which are parallel to the row direction (i.e.,
W4=13/2; W3+W4=L3).

[0259] Next, as shown in FIG. 37(a), the photomask 2B is
located such that a part of the optical alignment film corre-
sponding to a left half of the picture elements overlaps the
light transmitting part 25 (i.e., such that a part of the optical
alignment film corresponding to a right half of the picture
elements overlaps the light shielding part 2a).

[0260] Next, as shown in FIG. 37(b), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 37(c), the
part of the optical alignment film corresponding to the left
half of the picture elements is given a prescribed pretilt direc-
tion. The pretilt direction given at this point is the same as the
pretilt direction PA1 shown in FIG. 2(a).

[0261] Next, as shown in FIG. 38(a), the photomask 2B is
shifted in the row direction by a prescribed distance D2. In
this example, the prescribed distance D2 is /s of a width PW2
(see FIG. 32) of the pixel P in the row direction, and is half
(%2) of the length L3 of the sides of each picture element
which are parallel to the row direction. As a result of this
movement, the part of the optical alignment film correspond-
ing to the right half of the picture elements overlaps the light
transmitting part 25 of the photomask 2B. Namely, the part of
the optical alignment film corresponding to the left half of the
picture elements overlaps the light shielding part 2a of the
photomask 2B.

[0262] Next, as shown in FIG. 38(4), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 38(c), the
remaining part of the optical alignment film, namely, the part
thereof corresponding to the right half of the picture elements
is given a prescribed pretilt direction. The pretilt direction
given at this point is the same as the pretilt direction PA2
shown in FIG. 2(a) and is antiparallel to the pretilt direction
shown in FIG. 37(c).

[0263] As aresultof the above-described optical alignment
processing, in an area of the optical alignment film of the TFT
substrate corresponding to each picture element, two areas
having pretilt directions antiparallel to each other are formed.
By bringing together the TFT substrate and the CF substrate
processed with the optical alignment in the above-described
manner, the liquid crystal display device 300 shown in FIG.
32 in which each picture element is divided into liquid crystal
domains having different alignment directions is obtained.

[0264] In the production method of the liquid crystal dis-
play device 300, in the step of performing the optical align-
ment processing on the optical alignment film of the CF
substrate, two exposure steps are performed by use of one,
common photomask 1B. In the step of performing the optical
alignment processing on the optical alignment film of the TFT
substrate, two exposure steps are performed by use of one,
common photomask 2B. Namely, the shifted exposure can be
performed in the column direction in which there are two
widths of the picture elements in addition to the row direction
in which there is one width of the picture elements. Therefore,
the optical alignment processing can be realized at low cost
and in a short takt time. As can be seen from the above, in the
liquid crystal display device 300 in this embodiment also,
because one pixel P includes picture elements having differ-
ent arrangement patterns of the liquid crystal domains D1
through D4 (having different shapes of the dark area DR),
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increase of the cost and time required for the optical align-
ment processing can be suppressed.

[0265] In the example shown in FIG. 32, the length L1 of
the sides of the red picture element R, the green picture
element G and the blue picture element B which are parallel
to the column direction is twice the length L2 of the sides of
the yellow picture element Y, the cyan picture element C and
the magenta picture element M which are parallel to the
column direction (i.e., L1=2-1.2). The relationship between
the length L1 and the length [.2 is not limited to this. For
example, as shown in FIG. 39, the length L1 may be three
times the length 1.2 (i.e., L1=3-L.2). In this case, the width W1
ofthe light transmitting part 15 of the photomask 1B is equal
to twice the length L.2 (i.e., W1=(L1+1.2)/2=2-1.2). The width
W2 of the light shielding part 1a is also equal to twice the
length 12 (e, W2=L1+L2)/2=2-12; W1+W2=L1+
[2=4-1.2).

Embodiment 4

[0266] FIG. 40 shows a liquid crystal display device 400 in
this embodiment. FIG. 40 is a plan view schematically show-
ing two pixels P of the liquid crystal display device 400.
[0267] As shown in FIG. 40, each pixel P of the liquid
crystal display device 400 includes a red picture element R, a
green picture element G, a blue picture element B, a yellow
picture element Y, a cyan picture element C and a magenta
picture element M. Accordingly, the liquid crystal display
device 400 provides display by use of six primary colors like
the liquid crystal display device 300 in Embodiment 3.
[0268] In the liquid crystal display device 300 in Embodi-
ment 3, the size of the red picture element R, the green picture
element G and the blue picture element B is larger than the
size of the yellow picture element Y, the cyan picture element
C and the magenta picture element M; whereas in the liquid
crystal display device 400 in this embodiment, the size of the
yellow picture element Y, the cyan picture element C and the
magenta picture element M is larger than the size of the red
picture element R, the green picture element G and the blue
picture element B. As shown in FIG. 40, a length L1 of the
sides of the yellow picture element Y, the cyan picture element
C and the magenta picture element M which are parallel to the
column direction is larger than a length L2 of the sides of the
red picture element R, the green picture element G and the
blue picture element B which are parallel to the column
direction (i.e., L1>1.2). The sides of all the picture elements
which are parallel to the row direction have an equal length
L3.

[0269] In each of the yellow picture element Y, the cyan
picture element C and the magenta picture element M, the
liquid crystal domains D1 through D4 are located in the order
of bottom left, top left, top right and bottom right (i.e., clock-
wise from bottom left). Therefore, the dark area DR appear-
ing in each of the yellow picture element Y, the cyan picture
element C and the magenta picture element M is generally
shaped like the letter “8”. By contrast, in each of the red
picture element R, the green picture element G and the blue
picture element B, the liquid crystal domains D1 through D4
are located in the order of top left, bottom left, bottom right
and top right (i.e., counterclockwise from top left). Therefore,
the dark area DR appearing in each of the red picture element
R, the green picture element G and the blue picture element B
is generally gammadion-shaped.

[0270] As described above, in the liquid crystal display
device 400 in this embodiment, the arrangement pattern of the
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liquid crystal domains D1 through D4 in the red picture
element R, the green picture element G and the blue picture
element B is different from that in the yellow picture element
Y, the cyan picture element C and the magenta picture ele-
ment M. Since one pixel P includes picture elements having
different arrangement patterns of the liquid crystal domains
D1 through D4 (having different shapes of the dark area DR),
the shifted exposure can be performed in the column direction
in addition to the row direction in which there is one width of
the picture elements. Hereinafter, the optical alignment pro-
cessing on a pair of optical alignment films included in the
liquid crystal display device 400 will be described.

[0271] First, with reference to FIG. 41 through FIG. 43, the
optical alignment processing on an optical alignment film of
a CF substrate will be described.

[0272] First, a photomask 1C shown in FI1G. 41 is prepared.
As shown in FIG. 41, the photomask 1C includes a plurality
of light shielding parts 1a extending like stripes in the row
direction (horizontal direction) and a plurality of light trans-
mitting parts 15 located between the plurality of light shield-
ing parts 1la. A width W1 of each of the plurality of light
transmitting parts 15 (width in the column direction) is equal
to a sum of half of the length L1 of the sides of the yellow
picture elementY, the cyan picture element C and the magenta
picture element M which are parallel to the column direction
and half of the length 1.2 ofthe sides of the red picture element
R, the green picture element G and the blue picture element B
which are parallel to the column direction (i.e., W1=(L1+L2)/
2). A width W2 of each of the plurality of light shielding parts
1a (width in the column direction) is also equal to a sum of
halfofthe length L1 ofthe sides of the yellow picture element
Y, the cyan picture element C and the magenta picture ele-
ment M which are parallel to the column direction and half of
the length 1.2 of the sides of the red picture element R, the
green picture element G and the blue picture element B which
are parallel to the column direction (i.e., W2=(L1+L2)/2;
W1+W2=L1+12).

[0273] Next, as shown in FIG. 42(a), the photomask 1C is
located such that a part of the optical alignment film corre-
sponding to a top half of the yellow picture element Y, the
cyan picture element C and the magenta picture element M
and a bottom half of the red picture element R, the green
picture element G and the blue picture element B overlaps the
light transmitting part 15 (i.e., such that a part of the optical
alignment film corresponding to a bottom half of the yellow
picture elementY, the cyan picture element C and the magenta
picture element M and a top half of the red picture element R,
the green picture element G and the blue picture element B
overlaps the light shielding part 1a).

[0274] Next, as shown in FIG. 42(b), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 42(c), the
part of the optical alignment film corresponding to the top half
of the yellow picture element Y, the cyan picture element C
and the magenta picture element M and the bottom half of the
red picture element R, the green picture element G and the
blue picture element B is given a prescribed pretilt direction.
The pretilt direction given at this point is the same as the
pretilt direction PB2 shown in FIG. 2(5).

[0275] Next, as shown in FIG. 43(a), the photomask 1C is
shifted in the column direction by a prescribed distance D1. In
this example, the prescribed distance D1 is half (12) of a width
PW1 (see FIG. 40) of the pixel P in the column direction. As
a result of this movement, the part of the optical alignment
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film corresponding to the bottom half of the yellow picture
elementY, the cyan picture element C and the magenta picture
element M and the top half of the red picture element R, the
green picture element G and the blue picture element B over-
laps the light transmitting part 16 of the photomask 1C.
Namely, the part of the optical alignment film corresponding
to the top halfof'the yellow picture elementY, the cyan picture
element C and the magenta picture element M and the bottom
half of the red picture element R, the green picture element G
and the blue picture element B overlaps the light shielding
part 1a of the photomask 1C.

[0276] Next, as shown in FIG. 43(4), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As aresult of this exposure step, as shown in FIG. 43(¢), the
remaining part of the optical alignment film, namely, the part
thereof corresponding to the bottom half of the yellow picture
elementY, the cyan picture element C and the magenta picture
element M and the top half of the red picture element R, the
green picture element G and the blue picture element B is
given a prescribed pretilt direction. The pretilt direction given
at this point is the same as the pretilt direction PB1 shown in
FIG. 2(b) and is antiparallel to the pretilt direction shown in
FIG. 42(c).

[0277] As aresult of the above-described optical alignment
processing, in an area of the optical alignment film of the CF
substrate corresponding to each picture element, two areas
having pretilt directions antiparallel to each other are formed.
Now, with reference to FIG. 44 through FIG. 46, the optical
alignment processing on an optical alignment film of a TFT
substrate will be described.

[0278] First, a photomask 2C shown in FIG. 44 is prepared.
As shown in FIG. 44, the photomask 2C includes a plurality
oflight shielding parts 2a extending like stripes in the column
direction (vertical direction) and a plurality of light transmit-
ting parts 26 located between the plurality of light shielding
parts 2a. A width W3 of each of the plurality of light trans-
mitting parts 25 (width in the row direction) is half of the
length L3 of the sides of each picture element which are
parallel to the row direction (i.e., W3=L3/2). A width W4 of
each of the plurality of light shielding parts 2a (width in the
row direction) is also half of the length [.3 of the sides of each
picture element which are parallel to the row direction (i.e.,
W4=13/2; W3+W4=L3).

[0279] Next, as shown in FIG. 45(a), the photomask 2C is
located such that a part of the optical alignment film corre-
sponding to a left half of the picture elements overlaps the
light transmitting part 25 (i.e., such that a part of the optical
alignment film corresponding to a right half of the picture
elements overlaps the light shielding part 2a).

[0280] Next, as shown in FIG. 45(5), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 45(c), the
part of the optical alignment film corresponding to the left
half of the picture elements is given a prescribed pretilt direc-
tion. The pretilt direction given at this point is the same as the
pretilt direction PA1 shown in FIG. 2(a).

[0281] Next, as shown in FIG. 46(a), the photomask 2C is
shifted in the row direction by a prescribed distance D2. In
this example, the prescribed distance D2 is ¥/s of a width PW2
(see FIG. 40) of the pixel P in the row direction, and is half
(V2) of the length L3 of the sides of each picture element
which are parallel to the row direction. As a result of this
movement, the part of the optical alignment film correspond-
ing to the right half of the picture elements overlaps the light
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transmitting part 2b of the photomask 2C. Namely, the part of
the optical alignment film corresponding to the left half of the
picture elements overlaps the light shielding part 2a of the
photomask 2C.

[0282] Next, as shown in FIG. 46(5), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 46(c), the
remaining part of the optical alignment film, namely, the part
thereof corresponding to the right half of the picture elements
is given a prescribed pretilt direction.

[0283] The pretilt direction given at this point is the same as
the pretilt direction PA2 shown in FIG. 2(a) and is antiparallel
to the pretilt direction shown in FIG. 45(c).

[0284] As aresult of the above-described optical alignment
processing, in an area of the optical alignment film of the TFT
substrate corresponding to each picture element, two areas
having pretilt directions antiparallel to each other are formed.
By bringing together the TFT substrate and the CF substrate
processed with the optical alignment in the above-described
manner, the liquid crystal display device 400 shown in FIG.
40 in which each picture element is divided into liquid crystal
domains having different alignment directions is obtained.
[0285] In the production method of the liquid crystal dis-
play device 400, in the step of performing the optical align-
ment processing on the optical alignment film of the CF
substrate, two exposure steps are performed by use of one,
common photomask 1C. In the step of performing the optical
alignment processing on the optical alignment film ofthe TFT
substrate, two exposure steps are performed by use of one,
common photomask 2C. Namely, the shifted exposure can be
performed in the column direction in which there are two
widths of the picture elements in addition to the row direction
in which there is one width of the picture elements. Therefore,
the optical alignment processing can be realized at low cost
and in a short takt time. As can be seen from the above, in the
liquid crystal display device 400 in this embodiment also,
because one pixel P includes picture elements having differ-
ent arrangement patterns of the liquid crystal domains D1
through D4 (having different shapes of the dark area DR),
increase of the cost and time required for the optical align-
ment processing can be suppressed.

Embodiment 5

[0286] FIG. 47 shows a liquid crystal display device 500 in
this embodiment. FIG. 47 is a plan view schematically show-
ing two pixels P of the liquid crystal display device 500.
[0287] As shown in FIG. 47, each pixel P of the liquid
crystal display device 500 includes a red picture element R, a
green picture element G, a blue picture element B and a
yellow picture element Y. The red picture element R, the
green picture element G, the blue picture element B and the
yellow picture elementY are arranged in a matrix of 2 rowsx2
columns in the pixel P.

[0288] A length L1 of the sides of the red picture element R
and the blue picture element B which are parallel to the row
direction is different from a length L.2 of the sides of the green
picture element G and the yellow picture element’Y which are
parallel to the row direction. Specifically, the length L1 is
longer than the length L2 (i.e., L1>1.2). A length L3 of the
sides of the red picture element R and the green picture
element G which are parallel to the column direction is dif-
ferent from a length 1.4 of the sides of the blue picture element
B and the yellow picture element Y which are parallel to the
column direction. Specifically, the length 1.3 is longer than
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the length 4 (i.e., L3>14). As can be seen from the above, in
the liquid crystal display device 500 in this embodiment,
there are two widths of the picture elements in the row direc-
tion, and there are two widths of the picture elements also in
the column direction.

[0289] In the red picture element R, the liquid crystal
domains D1 through D4 are located in the order of top left,
bottom left, bottom right and top right (i.e., counterclockwise
from top left). Therefore, the dark area DR appearing in the
red picture element R is generally gammadion-shaped, and
more specifically, is right gammadion-shaped.

[0290] In the blue picture element B, the liquid crystal
domains D1 through D4 are located in the order of bottom
left, top left, top right and bottom right (i.e., clockwise from
bottom left). Therefore, the dark area DR appearing in the
blue picture element B is generally shaped like the letter “8”,
and more specifically, is shaped like the letter “8” inclined
rightward from the vertical direction (rotated clockwise).
[0291] In the green picture element G, the liquid crystal
domains D1 through D4 are located in the order of top right,
bottom right, bottom left and top left (i.e., clockwise from top
right). Therefore, the dark area DR appearing in the green
picture element G is generally shaped like the letter “8”, and
more specifically, is shaped like the letter “8” inclined left-
ward from the vertical direction (rotated counterclockwise).
[0292] In the yellow picture element Y, the liquid crystal
domains D1 through D4 are located in the order of bottom
right, top right, top left and bottom left (i.e., counterclockwise
from bottom right). Therefore, the dark area DR appearing in
the yellow picture element Y is generally gammadion-
shaped, and more specifically, is left gammadion-shaped.
[0293] As described above, in the liquid crystal display
device 500 in this embodiment, the arrangement pattern of the
liquid crystal domains D1 through D4 is different among in
the red picture element R, the blue picture element B, the
green picture element G and the yellow picture element Y. In
the liquid crystal display device 500, there are two widths of
the picture elements in both of the row direction and the
column direction. Since one pixel P includes four arrange-
ment patterns as described above, the shifted exposure can be
performed in the row direction and the column direction.
Hereinafter, the optical alignment processing on a pair of
optical alignment films included in the liquid crystal display
device 500 will be described.

[0294] First, with reference to FIG. 48 through FIG. 50, the
optical alignment processing on an optical alignment film of
a TFT substrate will be described.

[0295] First, a photomask 1D shown in FIG. 48 is prepared.
As shown in FIG. 48, the photomask 1D includes a plurality
oflight shielding parts 1a extending like stripes in the column
direction (vertical direction) and a plurality of light transmit-
ting parts 15 located between the plurality of light shielding
parts 1a. A width W1 of each of the plurality of light trans-
mitting parts 15 (width in the row direction) is equal to a sum
of'half of the length L1 of the sides of the red picture element
R and the blue picture element B which are parallel to the row
direction and half of the length .2 of the sides of the green
picture element G and the yellow picture element’Y which are
parallel to the row direction (i.e., W1=(L1+L2)/2). A width
W2 of each of the plurality of light shielding parts 1a (width
in the row direction) is also equal to a sum ofhalf of the length
L1 of the sides of the red picture element R and the blue
picture element B which are parallel to the row direction and
half of the length [.2 of the sides of the green picture element
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G and the yellow picture element Y which are parallel to the
row direction (i.e., W2=(L1+L.2)/2; W1+W2=L1+L2).
[0296] Next, as shown in FIG. 49(a), the photomask 1D is
located such that a part of the optical alignment film corre-
sponding to a left half of the red picture elements R and the
blue picture elements B and a right half of the green picture
elements G and the yellow picture elements Y overlaps the
light transmitting part 15 (i.e., such that a part of the optical
alignment film corresponding to a right half of the red picture
elements R and the blue picture elements B and a left half of
the green picture elements G and the yellow picture elements
Y overlaps the light shielding part 1a).

[0297] Next, as shown in FIG. 49(b), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 49(c), the
part of the optical alignment film corresponding to the left
half of the red picture elements R and the blue picture ele-
ments B and the right half of the green picture elements G and
the yellow picture elements Y is given a prescribed pretilt
direction. The pretilt direction given at this point is the same
as the pretilt direction PA1 shown in FIG. 2(a).

[0298] Next, as shown in FIG. 50(a), the photomask 1D is
shifted in the row direction by a prescribed distance D1. In
this example, the prescribed distance D1 is half (}2) of a width
PW1 (see FIG. 47) of the pixel P in the row direction. As a
result of this movement, the part of the optical alignment film
corresponding to the right half of the red picture elements R
and the blue picture elements B and the left half of the green
picture elements G and the yellow picture elements Y over-
laps the light transmitting part 15 of the photomask 1D.
Namely, the part of the optical alignment film corresponding
to the left half of the red picture elements R and the blue
picture elements B and the right half of the green picture
elements G and the yellow picture elements Y overlaps the
light shielding part 1a of the photomask 1D.

[0299] Next, as shown in FIG. 50(4), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 50(c), the
remaining part of the optical alignment film, namely, the part
thereof corresponding to the right half of the red picture
elements R and the blue picture elements B and the left half of
the green picture elements G and the yellow picture elements
Y is given a prescribed pretilt direction. The pretilt direction
given at this point is the same as the pretilt direction PA2
shown in FIG. 2(a) and is antiparallel to the pretilt direction
shown in FIG. 49(c).

[0300] Asaresultofthe above-described optical alignment
processing, in an area of the optical alignment film of the TFT
substrate corresponding to each picture element, two areas
having pretilt directions antiparallel to each other are formed.
Now, with reference to FIG. 51 through FIG. 53, the optical
alignment processing on an optical alignment film of a CF
substrate will be described.

[0301] First, a photomask 2D shown in FI1G. 51 is prepared.
As shown in FIG. 51, the photomask 2D includes a plurality
of light shielding parts 2a extending like stripes in the row
direction (horizontal direction) and a plurality of light trans-
mitting parts 25 located between the plurality of light shield-
ing parts 2a. A width W3 of each of the plurality of light
transmitting parts 25 (width in the column direction) is equal
to a sum of half of the length [.3 of the sides of the red picture
element R and the green picture element G which are parallel
to the column direction and half of the length .4 of the sides
of the blue picture element B and the yellow picture element
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Y which are parallel to the column direction (i.e., W3=(L3+
L.4)/2). A width W4 of each of the plurality of light shielding
parts 2a (width in the column direction) is also equal to a sum
of half of the length L3 of the sides of the red picture element
R and the green picture element G which are parallel to the
column direction and half of the length .4 of the sides of the
blue picture element B and the yellow picture element Y
which are parallel to the column direction (i.e., W4=(L.3+L.4)/
2; W3+W4=L3+L4).

[0302] Next, as shown in FIG. 52(a), the photomask 2D is
located such that a part of the optical alignment film corre-
sponding to a bottom half of the red picture elements R and
the green picture elements G and a top half of the blue picture
elements B and the yellow picture elements Y overlaps the
light transmitting part 25 (i.e., such that a part of the optical
alignment film corresponding to a top half of the red picture
elements R and the green picture elements G and a bottom
half of the blue picture elements B and the yellow picture
elements Y overlaps the light shielding part 2a).

[0303] Next, as shown in FIG. 52(5), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 52(c), the
part of the optical alignment film corresponding to the bottom
half of the red picture elements R and the green picture
elements G and the top half of the blue picture elements B and
the yellow picture elements Y is given a prescribed pretilt
direction. The pretilt direction given at this point is the same
as the pretilt direction PB2 shown in FIG. 2(5).

[0304] Next, as shown in FIG. 53(a), the photomask 2D is
shifted in the column direction by a prescribed distance D2. In
this example, the prescribed distance D2 is half (}2) of a width
PW2 (see FIG. 47) of the pixel P in the column direction. As
a result of this movement, the part of the optical alignment
film corresponding to the top half of the red picture elements
R and the green picture elements G and the bottom half of the
blue picture elements B and the yellow picture elements Y
overlaps the light transmitting part 25 of the photomask 2D.
Namely, the part of the optical alignment film corresponding
to the bottom half of the red picture elements R and the green
picture elements G and the top half of the blue picture ele-
ments B and the yellow picture elements Y overlaps the light
shielding part 2a of the photomask 2D.

[0305] Next, as shown in FIG. 53(4), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 53(c), the
remaining part of the optical alignment film, namely, the part
thereof corresponding to the top half of the red picture ele-
ments R and the green picture elements G and the bottom half
ofthe blue picture elements B and the yellow picture elements
Y is given a prescribed pretilt direction. The pretilt direction
given at this point is the same as the pretilt direction PB1
shown in FIG. 2(b) and is antiparallel to the pretilt direction
shown in FIG. 52(¢).

[0306] As aresultofthe above-described optical alignment
processing, in an area of the optical alignment film of the CF
substrate corresponding to each picture element, two areas
having pretilt directions antiparallel to each other are formed.
By bringing together the TFT substrate and the CF substrate
processed with the optical alignment in the above-described
manner, the liquid crystal display device 500 shown in FIG.
47 in which each picture element is divided into liquid crystal
domains having different alignment directions is obtained.
[0307] In the production method of the liquid crystal dis-
play device 500, in the step of performing the optical align-
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ment processing on the optical alignment film of the TFT
substrate, two exposure steps are performed by use of one,
common photomask 1D. In the step of performing the optical
alignment processing on the optical alignment film of the CF
substrate, two exposure steps are performed by use of one,
common photomask 2D. Namely, the shifted exposure can be
performed in both of the row direction and the column direc-
tion in which there are two widths of the picture elements. As
can be seen from the above, in the liquid crystal display device
500 in this embodiment, because one pixel P includes four
arrangement patterns of the liquid crystal domains D1
through D4, increase of the cost and time required for the
optical alignment processing can be suppressed although
there are two widths of the picture elements in both of the row
direction and the column direction.

[0308] In this embodiment, there are two widths of the
picture elements in the row direction and also in the column
direction. The moving distance D2 of the photomask 2D in
the column direction is about 1/n of the width PW2 of the
pixel P in the column direction (n is an even number of 2 or
greater). n is equal to the number of picture elements (in this
example, 2) in the pixel P.

[0309] As described above, from the viewpoint of reliabil-
ity it is preferable that as a result of the optical alignment
processing on an optical alignment film, a double-exposed
area DE is formed than an unexposed area is formed. Accord-
ingly, as described above with reference to FIG. 22 and the
like, it is preferable that the width W1 ofthe light transmitting
part 15 of the photomask 1D, the width W2 of the light
shielding part 1a of the photomask 1D, the length [.1 of the
sides of the red picture element R and the blue picture element
B which are parallel to the row direction, and the length .2 of
the sides of the green picture element G and the yellow picture
element Y which are parallel to the row direction fulfill the
relationships of W1=(L1+L.2)/24+A and W2=(L1+L2)/2-A. It
is preferable that 0<A 10.

[0310] The same is true with the column direction. Namely,
the width W3 of the light transmitting part 25 of the photo-
mask 2D may be increased by a prescribed increasing amount
A' (i.e., W3=(L3+L4)/2+A") and the width W4 of the light
shielding part 2a may be decreased by the same amount (i.e.,
W4=(1L3+L4)/2-A"). From the viewpoint of suppressing the
decrease of the transmittance, it is preferable that the increas-
ing amount A' of the width W3 of the light transmitting part 256
is equal to or smaller than 10 pm (i.e., 0<A'=10). From the
viewpoint of further suppressing the decrease of the transmit-
tance and preventing the formation of an unexposed area with
more certainty, it is preferable that the increasing amount A' is
equal to or larger than 1 um and equal to or smaller than 5 pm
(e, 1SA'ES5).

Embodiment 6

[0311] FIG. 54 shows a liquid crystal display device 600 in
this embodiment. FIG. 54 is a plan view schematically show-
ing four pixels P of the liquid crystal display device 600.

[0312] As shown in FIG. 54, a part of pixels P of the liquid
crystal display device 600 (in FIG. 54, the top right pixel P
and the bottom left pixel P) each include a red picture element
R, a green picture element G, a blue picture element B and a
yellow picture element Y. The red picture element R, the
green picture element G, the blue picture element B and the
yellow picture elementY are arranged in a matrix of 2 rowsx2
columns in the pixel P. The remaining pixels P of the liquid
crystal display device 600 (in FIG. 54, the bottom right pixel
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P and the top left pixel P) each include a red picture element
R, a green picture element G, a cyan picture element C and a
yellow picture element Y (i.e., include the cyan picture ele-
ment C instead of the blue picture element B). The red picture
element R, the green picture element G, the cyan picture
element C and the yellow picture element Y are arranged in a
matrix of 2 rowsx2 columns in the pixel P.

[0313] As described above, the plurality of pixels P of the
liquid crystal display device 600 include pixels P each defined
by the red picture element R, the green picture element G, the
blue picture element B and the yellow picture element Y and
pixels P each defined by the red picture element R, the green
picture element G, the cyan picture element C and the yellow
picture elementY. The pixels P each including the blue picture
element B and the pixels P each including the cyan picture
element C are located alternately in the row direction and also
in the column direction. Namely, the pixels P each including
the blue picture element B and the pixels P each including the
cyan picture element C are located in a checkered pattern.
[0314] Ineach pixel P including the blue picture element B,
a length L1 of the sides of the red picture element R and the
green picture element G which are parallel to the row direc-
tion is different from a length [.2 of the sides of the blue
picture element B and the yellow picture element’Y which are
parallel to the row direction. Specifically, the length L1 is
shorter than the length [.2 (i.e., L1<L2). A length L3 of the
sides of the red picture element R and the yellow picture
element Y which are parallel to the column direction is dif-
ferent from a length L4 of the sides of the green picture
element G and the blue picture element B which are parallel
to the column direction. Specifically, the length [.3 is shorter
than the length 14 (i.e., L3<L4). As can be seen from the
above, in the pixel P including the blue picture element B,
there are two widths of the picture elements in both of the row
direction and the column direction.

[0315] Ineach pixel Pincluding the cyan picture element C,
the length [.1 of the sides of the red picture element R and the
green picture element G which are parallel to the row direc-
tion is different from the length 1.2 of the sides of the cyan
picture element C and the yellow picture elementY which are
parallel to the row direction. Specifically, the length L1 is
shorter than the length L2 (i.e., L1<L2). The length L3 of the
sides of the red picture element R and the yellow picture
element Y which are parallel to the column direction is dif-
ferent from the length 1.4 of the sides of the green picture
element G and the cyan picture element C which are parallel
to the column direction. Specifically, the length [.3 is shorter
than the length 14 (i.e., L3<L4). As can be seen from the
above, in the pixel P including the cyan picture element C
also, there are two widths of the picture elements in both of
the row direction and the column direction.

[0316] In the red picture element R, the liquid crystal
domains D1 through D4 are located in the order of top left,
bottom left, bottom right and top right (i.e., counterclockwise
from top left). Therefore, the dark area DR appearing in the
red picture element R is generally gammadion-shaped, and
more specifically, is right gammadion-shaped.

[0317] In the green picture element G, the liquid crystal
domains D1 through D4 are located in the order of bottom
left, top left, top right and bottom right (i.e., clockwise from
bottom left). Therefore, the dark area DR appearing in the
green picture element G is generally shaped like the letter “8”,
and more specifically, is shaped like the letter “8” inclined
rightward from the vertical direction (rotated clockwise).
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[0318] In the yellow picture element Y, the liquid crystal
domains D1 through D4 are located in the order of top right,
bottom right, bottom left and top left (i.e., clockwise from top
right). Therefore, the dark area DR appearing in the yellow
picture element Y is generally shaped like the letter “8”, and
more specifically, is shaped like the letter “8” inclined left-
ward from the vertical direction (rotated counterclockwise).

[0319] In each of the blue picture element B and the cyan
picture element C, the liquid crystal domains D1 through D4
are located in the order of bottom right, top right, top left and
bottom left (i.e., counterclockwise from bottom right). There-
fore, the dark area DR appearing in each of the blue picture
element B and the cyan picture element C is generally gam-
madion-shaped, and more specifically, is left gammadion-
shaped.

[0320] As described above, in the liquid crystal display
device 600 in this embodiment, the pixel P including the blue
picture element B and the pixel P including the cyan picture
element C each include four arrangement patterns of the
liquid crystal domains D1 through D4. Therefore, the shifted
exposure can be performed in both of the row direction and
the column direction. Hereinafter, the optical alignment pro-
cessing on a pair of optical alignment films included in the
liquid crystal display device 600 will be described.

[0321] First, with reference to FIG. 55 through FIG. 57, the
optical alignment processing on an optical alignment film of
a TFT substrate will be described.

[0322] First, a photomask 1E shown in FIG. 55 is prepared.
As shown in FIG. 55, the photomask 1E includes a plurality of
light shielding parts 1a extending like stripes in the column
direction (vertical direction) and a plurality of light transmit-
ting parts 15 located between the plurality of light shielding
parts 1a. A width W1 of each of the plurality of light trans-
mitting parts 15 (width in the row direction) is equal to a sum
of half of the length L1 of the sides of the red picture element
R and the green picture element G which are parallel to the
row direction and half of the length 1.2 of the sides of the blue
picture element B, the cyan picture element C and the yellow
picture element Y which are parallel to the row direction (i.e.,
W1=(L1+L2)/2). A width W2 of each of the plurality of light
shielding parts 1a (width in the row direction) is also equal to
a sum of half of the length L1 of the sides of the red picture
element R and the green picture element G which are parallel
to the row direction and half of the length .2 of the sides of the
blue picture element B, the cyan picture element C and the
yellow picture element Y which are parallel to the row direc-
tion (i.e., W2=(L1+L2)/2; W1+W2=L1+L2).

[0323] Next, as shown in FIG. 56(a), the photomask 1E is
located such that a part of the optical alignment film corre-
sponding to a left half of the red picture elements R and the
green picture elements G and a right half of the blue picture
element B, the cyan picture element C and the yellow picture
elements Y overlaps the light transmitting part 15 (i.e., such
that a part of the optical alignment film corresponding to a
right half of the red picture elements R and the green picture
elements G and a left half of the blue picture element B, the
cyan picture element C and the yellow picture elements Y
overlaps the light shielding part 1a).

[0324] Next, as shown in FIG. 56(b), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 56(c), the
part of the optical alignment film corresponding to the left
half of the red picture elements R and the green picture
elements G and the right half of the blue picture element B,
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the cyan picture element C and the yellow picture elements Y
is given a prescribed pretilt direction. The pretilt direction
given at this point is the same as the pretilt direction PA1
shown in FIG. 2(a).

[0325] Next, as shown in FIG. 57(a), the photomask E is
shifted in the row direction by a prescribed distance D1. In
this example, the prescribed distance D1 is half (}2) of a width
PWI1 (see FIG. 54) of the pixel P in the row direction. As a
result of this movement, the part of the optical alignment film
corresponding to the right half of the red picture elements R
and the green picture elements G and the left half of the blue
picture element B, the cyan picture element C and the yellow
picture elements Y overlaps the light transmitting part 16 of
the photomask 1E. Namely, the part of the optical alignment
film corresponding to the left half of the red picture elements
R and the green picture element G and the right half of the
blue picture element B, the cyan picture element C and the
yellow picture elements Y overlaps the light shielding part 1a
of the photomask 1E.

[0326] Next, as shown in FIG. 57(5), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 57(c), the
remaining part of the optical alignment film, namely, the part
thereof corresponding to the right half of the red picture
elements R and the green picture elements G and the left half
of the blue picture element B, the cyan picture element C and
the yellow picture elements Y is given a prescribed pretilt
direction. The pretilt direction given at this point is the same
as the pretilt direction PA2 shown in FIG. 2(a) and is antipar-
allel to the pretilt direction shown in FIG. 56(¢).

[0327] As aresult of the above-described optical alignment
processing, in an area of the optical alignment film of the TFT
substrate corresponding to each picture element, two areas
having pretilt directions antiparallel to each other are formed.
Now, with reference to FIG. 58 through FIG. 60, the optical
alignment processing on an optical alignment film of a CF
substrate will be described.

[0328] First, a photomask 2E shown in FIG. 58 is prepared.
As shown in FIG. 58, the photomask 2E includes a plurality of
light shielding parts 2a extending like stripes in the row
direction (horizontal direction) and a plurality of light trans-
mitting parts 25 located between the plurality of light shield-
ing parts 2a. A width W3 of each of the plurality of light
transmitting parts 26 (width in the column direction) is equal
to a sum of half of the length [.3 of the sides of the red picture
element R and the yellow picture element Y which are parallel
to the column direction and half of the length L4 of the sides
ofthe green picture element G, the blue picture element B and
the cyan picture element C which are parallel to the column
direction (i.e., W3=(1.3+L4)/2). A width W4 of each of the
plurality of light shielding parts 2a (width in the column
direction) is also equal to a sum of half of the length [.3 of the
sides of the red picture element R and the yellow picture
element Y which are parallel to the column direction and half
of the length 1.4 of the sides of the green picture element G,
the blue picture element B and the cyan picture element C
which are parallel to the column direction (i.e., W4=(L3+L4)/
2; W3+W4=L3+L4).

[0329] Next, as shown in FIG. 59(a), the photomask 2E is
located such that a part of the optical alignment film corre-
sponding to a bottom half of the red picture elements R and
the yellow picture elements Y and a top half of the green
picture elements G, the blue picture element B and the cyan
picture element C overlaps the light transmitting part 25 (i.e.,
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such that a part of the optical alignment film corresponding to
a top half of the red picture elements R and the yellow picture
elements Y and a bottom half of the green picture elements G,
the blue picture element B and the cyan picture element C
overlaps the light shielding part 2a).

[0330] Next, as shown in FIG. 59(4), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 59(c), the
part of the optical alignment film corresponding to the bottom
half of the red picture elements R and the yellow picture
elements Y and the top half of the green picture elements G,
the blue picture element B and the cyan picture element C is
given a prescribed pretilt direction. The pretilt direction given
at this point is the same as the pretilt direction PB2 shown in
FIG. 2(b).

[0331] Next, as shown in FIG. 60(a), the photomask 2FE is
shifted in the column direction by a prescribed distance D2. In
this example, the prescribed distance D2 is half (12) of a width
PW2 (see FIG. 54) of the pixel P in the column direction. As
a result of this movement, the part of the optical alignment
film corresponding to the top half of the red picture elements
R and the yellow picture elements Y and the bottom halfofthe
green picture elements G, the blue picture element B and the
cyan picture element C overlaps the light transmitting part 25
of the photomask 2E. Namely, the part of the optical align-
ment film corresponding to the bottom half of the red picture
elements R and the yellow picture elements Y and the top half
of the green picture elements G, the blue picture element B
and the cyan picture element C overlaps the light shielding
part 2a of the photomask 2E.

[0332] Next, as shown in FIG. 60(b), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 60(c), the
remaining part of the optical alignment film, namely, the part
thereof corresponding to the top half of the red picture ele-
ments R and the yellow picture elements Y and the bottom
half of the green picture elements G, the blue picture element
B and the cyan picture element C is given a prescribed pretilt
direction. The pretilt direction given at this point is the same
as the pretilt direction PB1 shown in FIG. 2(b) and is antipar-
allel to the pretilt direction shown in FIG. 59(¢).

[0333] Asaresultof the above-described optical alignment
processing, in an area of the optical alignment film of the CF
substrate corresponding to each picture element, two areas
having pretilt directions antiparallel to each other are formed.
By bringing together the TFT substrate and the CF substrate
processed with the optical alignment in the above-described
manner, the liquid crystal display device 600 shown in FIG.
54 in which each picture element is divided into liquid crystal
domains having different alignment directions is obtained.
[0334] In the production method of the liquid crystal dis-
play device 600, in the step of performing the optical align-
ment processing on the optical alignment film of the TFT
substrate, two exposure steps are performed by use of one,
common photomask 1E. In the step of performing the optical
alignment processing on the optical alignment film of the CF
substrate, two exposure steps are performed by use of one,
common photomask 2E. Namely, the shifted exposure can be
performed in both of the row direction and the column direc-
tion in which there are two widths of the picture elements. As
can be seen from the above, in the liquid crystal display device
600 in this embodiment also, because one pixel P includes
four arrangement patterns of the liquid crystal domains D1
through D4, increase of the cost and time required for the
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optical alignment processing can be suppressed although
there are two widths of the picture elements in both of the row
direction and the column direction.

[0335] In Embodiments 1 through 6 described above, a
plurality of picture elements which define one pixel P display
different primary colors from each other. Alternatively, one
pixel P may include two or more picture elements for display-
ing the same primary color. For example, one pixel P may
include two red picture elements R for displaying red, or two
blue picture elements B for displaying blue. A multiple pri-
mary color liquid crystal display device in which one pixel P
includes two red picture elements R is disclosed in WO2007/
034770. When one pixel P includes two red picture elements
R, brighter red (red having a higher lightness) can be dis-
played.

Embodiment 7

[0336] FIG. 61 shows a liquid crystal display device 700 in
this embodiment. FIG. 61 is a plan view schematically show-
ing two pixels P of the liquid crystal display device 700. The
liquid crystal display device 700 provides display by use of
three primary colors and is nota multiple primary color liquid
crystal display device. As described later, the liquid crystal
display device 700 uses the picture element division driving
technology. When the 4D-RTN mode is merely adopted to a
liquid crystal display device using the picture element divi-
sion driving technology, in the case where one picture ele-
ment includes a sub picture element having a different size
from that of another sub picture element, substantially the
same problem as that in a multiple primary color liquid crystal
display device occurs. The liquid crystal display device 700 in
this embodiment can prevent such a problem owing to the
structure described below.

[0337] As shown in FIG. 61, the liquid crystal display
device 700 includes pixels P each defined by a red picture
element R, a green picture element G and a blue picture
element B. Each of the picture elements defining the pixel P
includes an even number of sub picture elements which can
apply different voltages to respective parts of the liquid crys-
tal layer from each other.

[0338] Specifically, the red picture element R includes a
dark sub picture element Rs; for providing a relatively low
luminance and a bright sub picture element Rs, for providing
a relatively high luminance. Similarly, the green picture ele-
ment G includes a dark sub picture element Gs; for providing
a relatively low luminance and a bright sub picture element
Gs,, for providing a relatively high luminance. The blue pic-
ture element B includes a dark sub picture element Bs, for
providing a relatively low luminance and a bright sub picture
element Bs,, for providing a relatively high luminance. In
each picture element, the dark sub picture element and the
bright picture element are arranged in the column direction
(i.e., in one line). As a specific structure for realizing the
picture element division driving, any of various structures as
disclosed in Patent Documents 3 and 4 is usable.

[0339] The dark sub picture element and the bright sub
picture element included in each picture element are each
divided into four domains having different alignment direc-
tions. Specifically, each sub picture element includes four
liquid crystal domains D1 through D4 respectively having tilt
directions of about 225°, about 315°, about 45° and about
135° when a voltage is applied. The tilt directions of the liquid
crystal domains D1 through D4 have an angle of about 45°
with respect to transmission axes P1 and P2 of a pair of
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polarizing plates located in crossed Nicols. The liquid crystal
domains D1 through D4 are arranged in a matrix of 2 rowsx2
columns.

[0340] Intheliquid crystal display devices 100 through 600
in Embodiments 1 through 6, four liquid crystal domains D1
through D4 are formed in one picture element. By contrast, in
the liquid crystal display device 700 in this embodiment, one
picture element includes a plurality of sub picture elements,
and four liquid crystal domains D1 through D4 are formed in
one sub picture element as described above. In the case where
four liquid crystal domains D1 through D4 are formed in one
sub picture element also, a dark area DR appears which has a
different shape in accordance with the arrangement of the
liquid crystal domains D1 through D4 in the sub picture
element.

[0341] Alength .1 ofsides of the dark sub picture elements
Rs;, Gs; and Bs, which are parallel to the column direction is
different from a length L2 of sides of the bright sub picture
elements Rs;,, Gs,, and Bs,, which are parallel to the column
direction. Specifically, the length .1 is N times the length [.2
(i.e., L1=N-L2). N is an integer of 2 or greater. By contrast,
sides of all the sub picture elements which are parallel to the
row direction have an equal length L3. As can be seen from
the above, in the picture element of the liquid crystal display
device 700 in this embodiment, there is one width of the sub
picture elements in the row direction, whereas there are two
widths of the sub picture elements in the column direction.
[0342] In each of the dark sub picture elements Rs;, Gs,,
and Bs,, the liquid crystal domains D1 through D4 are located
in the order of bottom left, top left, top right and bottom right
(i.e., clockwise from bottom left). Therefore, the dark area
DR appearing in each of the dark sub picture elements Rs,,
Gs, and Bs, is generally shaped like the letter “8”. By con-
trast, in each of the bright sub picture elements Rs,;, Gs;; and
Bs,,, the liquid crystal domains D1 through D4 are located in
the order of top left, bottom left, bottom right and top right
(i.e., counterclockwise from top left). Therefore, the dark area
DR appearing in each of the bright sub picture elements Rs,,,
Gsand Bs,, is generally gammadion-shaped.

[0343] As described above, in the liquid crystal display
device 700 in this embodiment, the arrangement pattern of the
liquid crystal domains D1 through D4 in the dark sub picture
elements Rs; , Gs; and Bs, is different from that in the bright
sub picture elements Rs,, Gs, and Bs;. One picture element
includes sub picture elements having different arrangement
patterns of the liquid crystal domains D1 through D4 (having
different shapes of the dark area DR). Therefore, the shifted
exposure can be performed in the column direction in which
there are two widths of the sub picture elements in addition to
the row direction in which there is one width ofthe sub picture
elements. Hereinafter, the optical alignment processing on a
pair of optical alignment films included in the liquid crystal
display device 700 will be described.

[0344] First, with reference to FIG. 62 through FIG. 64, the
optical alignment processing on an optical alignment film of
a CF substrate will be described.

[0345] First, a photomask 1F shown in FIG. 62 is prepared.
As showninFIG. 62, the photomask 1F includes a plurality of
light shielding parts 1a extending like stripes in the row
direction (horizontal direction) and a plurality of light trans-
mitting parts 15 located between the plurality of light shield-
ing parts 1la. A width W1 of each of the plurality of light
transmitting parts 15 (width in the column direction) is equal
to a sum of half of the length L1 of the sides of the dark sub
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picture elements Rs;, Gs; and Bs, which are parallel to the
column direction and half of the length [.2 of the sides of the
bright sub picture elements Rs,,, Gs; and Bs; which are
parallel to the column direction (i.e., W1=(L1+L2)/2={(N+
1)L2}/2). A width W2 of each of the plurality of light shield-
ing parts 1a (width in the column direction) is also equal to a
sum of half of the length L1 of the sides of the dark sub picture
elements Rs;, Gs; and Bs, which are parallel to the column
direction and half of the length L2 of the sides of the bright
sub picture elements Rs,;, Gs; and Bs,, which are parallel to
the column direction (i.e., W2=(L1+L2)/2={(N+1)-1.2}/2;
W1+W2=L1+L2=(N+1)-L2).

[0346] Next, as shown in FIG. 63(a), the photomask 1F is
located such that a part of the optical alignment film corre-
sponding to a top half of the dark sub picture elements Rs;,,
Gs; and Bs; and a bottom half of the bright sub picture
elements Rs,;, Gs, and Bsy overlaps the light transmitting
part 16 (i.e., such that a part of the optical alignment film
corresponding to a bottom half of the dark sub picture ele-
ments Rs;, Gs; and Bs; and a top halfofthe bright sub picture
elements Rs,,, Gs,, and Bs,, overlaps the light shielding part
1a).

[0347] Next, as shown in FIG. 63(b), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 63(c), the
part ofthe optical alignment film corresponding to the top half
of the dark sub picture elements Rs;, Gs; and Bs; and the
bottom half of the bright sub picture elements Rs,,, Gs,; and
Bs,; is given a prescribed pretilt direction. The pretilt direc-
tion given at this point is the same as the pretilt direction PB2
shown in FIG. 2(b).

[0348] Next, as shown in FIG. 64(a), the photomask 1F is
shifted in the column direction by a prescribed distance D1. In
this example, the prescribed distance D1 is half (}2) of a width
PW1 (see FIG. 61) of the picture element in the column
direction. As a result of this movement, the part of the optical
alignment film corresponding to the bottom half of the dark
sub picture elements Rs;, Gs; and Bs, and the top half of the
bright sub picture elements Rs,, Gs,; and Bs,, overlaps the
light transmitting part 156 of the photomask 1F. Namely, the
part ofthe optical alignment film corresponding to the top half
of the dark sub picture elements Rs;, Gs; and Bs; and the
bottom half of the bright sub picture elements Rs,,, Gs,; and
Bs,; overlaps the light shielding part 1a of the photomask 1F.
[0349] Next, as shown in FIG. 64(b), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 65(c), the
remaining part of the optical alignment film, namely, the part
thereof corresponding to the bottom half of the dark sub
picture elements Rs;, Gs, and Bs; and the top half of the
bright sub picture elements Rs,, Gs; and Bs, is given a
prescribed pretilt direction. The pretilt direction given at this
point is the same as the pretilt direction PB1 shown in FIG.
2(b) and is antiparallel to the pretilt direction shown in FIG.
63(c).

[0350] As aresult of the above-described optical alignment
processing, in an area of the optical alignment film of the CF
substrate corresponding to each picture element, two areas
having pretilt directions antiparallel to each other are formed.
Now, with reference to FIG. 65 through FIG. 67, the optical
alignment processing on an optical alignment film of a TFT
substrate will be described.

[0351] First, a photomask 2F shown in FIG. 65 is prepared.
As shown in FIG. 65, the photomask 2F includes a plurality of
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light shielding parts 2a extending like stripes in the column
direction (vertical direction) and a plurality of light transmit-
ting parts 26 located between the plurality of light shielding
parts 2a. A width W3 of each of the plurality of light trans-
mitting parts 26 (width in the row direction) is half of the
length L3 of the sides of each sub picture element which are
parallel to the row direction (i.e., W3=13/2). A width W4 of
each of the plurality of light shielding parts 2a (width in the
row direction) is also half of the length .3 of the sides of each
sub picture element which are parallel to the row direction
(i.e., W4=L3/2; W3+W4=L3).

[0352] Next, as shown in FIG. 66(a), the photomask 2F is
located such that a part of the optical alignment film corre-
sponding to a left half of the sub picture elements overlaps the
light transmitting part 25 (i.e., such that a part of the optical
alignment film corresponding to a right half of the sub picture
elements overlaps the light shielding part 2a).

[0353] Next, as shown in FIG. 66(b), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 66(c), the
part of the optical alignment film corresponding to the left
half of the sub picture elements is given a prescribed pretilt
direction. The pretilt direction given at this point is the same
as the pretilt direction PA1 shown in FIG. 2(a).

[0354] Next, as shown in FIG. 67(a), the photomask 2F is
shifted in the row direction by a prescribed distance D2. In
this example, the prescribed distance D2 is half (12) of a width
PW2 (see FIG. 61) of the picture element in the row direction,
and is half (}4) of the length of the sides of the sub picture
element which are parallel to the row direction. As a result of
this movement, the part of the optical alignment film corre-
sponding to the right half of the sub picture elements overlaps
the light transmitting part 246 of the photomask 2F. Namely,
the part of the optical alignment film corresponding to the left
half of the sub picture elements overlaps the light shielding
part 2a of the photomask 2F.

[0355] Next, as shown in FIG. 67(b), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 67(c), the
remaining part of the optical alignment film, namely, the part
thereof corresponding to the right half of the sub picture
elements is given a prescribed pretilt direction. The pretilt
direction given at this point is the same as the pretilt direction
PA2 shown in FIG. 2(a) and is antiparallel to the pretilt
direction shown in FIG. 66(c).

[0356] As aresultof the above-described optical alignment
processing, in an area of the optical alignment film of the TFT
substrate corresponding to each picture element, two areas
having pretilt directions antiparallel to each other are formed.
By bringing together the TFT substrate and the CF substrate
processed with the optical alignment in the above-described
manner, the liquid crystal display device 700 shown in FIG.
61 in which each sub picture element is divided into liquid
crystal domains having different alignment directions is
obtained.

[0357] In the production method of the liquid crystal dis-
play device 700, in the step of performing the optical align-
ment processing on the optical alignment film of the CF
substrate, two exposure steps are performed by use of one,
common photomask 1F. In the step of performing the optical
alignment processing on the optical alignment film of the TFT
substrate, two exposure steps are performed by use of one,
common photomask 2F. Namely, the shifted exposure can be
performed in the column direction in which there are two
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widths of the sub picture elements in addition to the row
direction in which there is one width of the sub picture ele-
ments. Therefore, the optical alignment processing can be
realized at low cost and in a short takt time. As can be seen
from the above, in the liquid crystal display device 700 in this
embodiment, because one picture element includes sub pic-
ture elements having different arrangement patterns of the
liquid crystal domains D1 through D4 (having different
shapes of the dark area DR), increase of the cost and time
required for the optical alignment processing can be sup-
pressed.

[0358] In this embodiment, the moving distance D1 of the
photomask 1F in the column direction is half (2) of the width
PW1 of the picture element in the column direction. A reason
for this is that in the picture element of the liquid crystal
display device 700, the sub picture elements are arranged in
two rows. In the case where there are two widths of the sub
picture elements in the column direction, the moving distance
D1 of the photomask 1F in the column direction is about 1/m
of the width PW1 of the picture element in the column direc-
tion (m is an even number of 2 or greater). m is equal to the
number of rows of the picture elements in the picture element.
In the meantime, the moving distance D2 of the photomask
1F in the row direction in which there is one width of the sub
picture elements is about half (about '2) of the length L3 of
the sides of each sub picture element which are parallel to the
row direction.

[0359] For dividing one sub picture element into four areas
having different alignment directions, like for dividing one
picture element into four areas having different alignment
directions, it is preferable that as a result of the optical align-
ment processing on an optical alignment film, a double-ex-
posed area DE is formed than an unexposed area is formed
from the viewpoint of reliability. Accordingly, it is preferable
that the width W1 of the light transmitting part 156 of the
photomask 1F, the width W2 of the light shielding part 1a of
the photomask 1F, the length [.1 of the sides of the dark sub
picture elements Rs;, Gs; and Bs, which are parallel to the
column direction, and the length L.2 of the sides of the bright
sub picture elements Rs,,, Gs,, and Bs,, which are parallel to
the column direction fulfill the relationships of W1=(L1+L2)/
2+A and W2=(L14L.2)/2-A. It is preferable that 0<A=10.
[0360] Now, a specific structure for performing picture ele-
ment division driving will be described. FIG. 68 shows an
example of specific structure of a picture element. As shown
in FIG. 68, the picture element includes a first sub picture
element s1 and a second sub picture element s2 which can
provide different levels of luminance from each other.
Namely, for displaying a gray scale, each picture element is
driven such that an effective voltage applied to a part of the
liquid crystal layer corresponding to the first sub picture
element sl is different from an effective voltage applied to a
part ofthe liquid crystal layer corresponding to the second sub
picture element s2. One of the first sub picture element s1 and
the second sub picture element s2 is each of the dark sub
picture elements Rs;, Gs; and Bs,, and the other of the first
sub picture element s1 and the second sub picture element s2
is each of the bright sub picture elements Rs,,, Gs;; and Bs,,.
The number of sub picture elements included in one picture
element (also referred to as the “dividing number of the
picture element) is not limited to 2, and may be, for example,
4.

[0361] When apicture element is divided into a plurality of
sub picture elements, for example, the sub picture element s1
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and the sub picture element s2, which can provide different
levels of luminance from each other, the picture element is
observed in the state where different characteristics are
present in a mixed state. Therefore, the viewing angle depen-
dence of the y characteristic (the problem that the y charac-
teristic as observed in a front direction and the y characteristic
as observed in an oblique direction are different from each
other) is alleviated. The y characteristic is gray scale depen-
dence of the display luminance. The y characteristic as
observed in the front direction being different from the y
characteristic as observed in an oblique direction means that
the display gray scale is different in accordance with the
direction of observation.

[0362] A structure for applying different effective voltages
to the parts of the liquid crystal layer corresponding to the first
sub picture element s1 and the second sub picture element s2
may be any of the structures disclosed in, for example, Patent
Documents 3 and 4.

[0363] For example, a structure shown in FIG. 68 can be
adopted. In a general liquid crystal display device which does
not perform picture element division driving, one picture
element includes one picture element electrode connected to
a signal line via a switching element (e.g., TFT), whereas the
one picture element shown in FIG. 68 includes two sub pic-
ture element electrodes 11a and 115 respectively connected
to different signal lines 16a and 164 via corresponding TFT's
17a and 17b. In FIG. 68, the two sub picture element elec-
trodes 11a and 115 have substantially the same size. As
shown in FIG. 61 and the like, in the liquid crystal display
device 700 in this embodiment, each picture element includes
aplurality of sub picture elements having different sizes from
each other. Typically, the two sub picture element electrodes
11a and 115 have different sizes from each other.

[0364] The first sub picture element s1 and the second sub
picture element s2 form one picture element. Therefore, gate
electrodes of the TFTs 17a and 175 are connected to a com-
mon scanning line (gate line) 15 and are controlled to be
turned on or off by the same scanning signal. Signal lines
(source lines) 16a and 165 are supplied with signal voltages
(gray scale voltages) such that the first sub picture element s1
and the second sub picture element s2 provide different levels
of luminance. The signal voltages supplied to the signal lines
16a and 165 are adjusted such that an average luminance of
the first sub picture element s1 and the second sub picture
element s2 matches the picture element luminance indicated
by a display signal (video signal) input from an external
device.

[0365] Alternatively, a structure shown in FIG. 69 may be
adopted. In the structure shown in FIG. 69, source electrodes
of'the TFTs 17a and 175 are connected to a common (same)
signal line 16. The first sub picture element s1 and the second
sub picture element s2 respectively include storage capaci-
tances (CS) 184 and 18b. The storage capacitances 18a and
185 are respectively connected to storage capacitance lines
(CSlines) 19a and 194. The storage capacitances 18a and 185
respectively include storage capacitance electrodes electri-
cally connected to the sub picture element electrodes 11a and
115, storage capacitance counter electrodes electrically con-
nected to the storage capacitance lines 194 and 195, and an
insulating layer provided these electrodes (the storage capaci-
tance electrodes, the storage capacitance counter electrodes,
and the insulating layer are not shown). The storage capaci-
tance counter electrodes of the storage capacitances 18a and
185 are independent from each other and are supplied with
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voltages different from each other (referred to as the storage
capacitance counter voltages) from the storage capacitance
lines 19a and 1954. By changing the storage capacitance
counter voltages supplied to the storage capacitance counter
electrodes, the effective voltage to be applied to the part of the
liquid crystal layer corresponding to the first sub picture
element s1 can be made different from the effective voltage to
be applied to the part of the liquid crystal layer corresponding
to the second picture element s2, by use of capacitance divi-
sion.

[0366] In the structure shown in FIG. 68, the first sub pic-
ture element s1 and the second sub picture element s2 are
respectively connected to the TFTs 17a and 176 which are
independent from each other. The source electrodes of the
TFTs 17a and 175 are respectively connected to the signal
lines 16a and 165. Accordingly, any effective voltage can be
applied to each of the plurality of sub picture elements s1 and
s2. However, the number of the signal lines (16a, 165) is twice
the number of the signal lines in a liquid crystal display device
which does not perform the picture element division driving,
and the number of signal line driving circuits also needs to be
twice the number of signal line driving circuits in such a
liquid crystal display device.

[0367] By contrast, in the structure shown in FIG. 69, the
sub picture element electrodes 11a and 115 do not need to be
supplied with different signal voltages. Thus, the TFTs 17a
and 175 may be connected to the common signal line 16 and
supplied with the same signal voltage. Accordingly, the num-
ber of the signal lines 16 is the same as that in a liquid crystal
display device which does not perform picture element divi-
sion driving, and the structure of the signal line driving cir-
cuits can be the same as that in a liquid crystal display device
which does not perform picture element division driving.

Embodiment 8

[0368] FIG. 70 shows a liquid crystal display device 800 in
this embodiment. FIG. 70 is a plan view schematically show-
ing two pixels P of the liquid crystal display device 800. The
liquid crystal display device 800 is a multiple primary color
liquid crystal display device which provides display by use of
six primary colors. The liquid crystal display device 800 uses
the picture element division driving technology.

[0369] As shown in FIG. 70, the liquid crystal display
device 800 includes a pixel P defined by a red picture element
R, a green picture element G, a blue picture element B, a cyan
picture element C, a magenta picture element M and a yellow
picture element Y. Each picture element defining the pixel P
includes an even number of sub picture elements which can
apply different voltages to parts of the liquid crystal layer
corresponding thereto.

[0370] Specifically, the red picture element R includes a
dark sub picture element Rs; and a bright sub picture element
RS,,. The green picture element G includes a dark sub picture
element Gs; and a bright sub picture element Gs,,. The blue
picture element B includes a dark sub picture element Bs; and
a bright sub picture element Bs,. The cyan picture element C
includes a dark sub picture element Cs; and a bright sub
picture element Cs,. The magenta picture element M
includes a dark sub picture element Ms, and a bright sub
picture element Ms,,. The yellow picture element Y includes
a dark sub picture element Ys; and a bright sub picture ele-
ment Ys,,. In each picture element, the dark sub picture ele-
ment and the bright picture element are arranged in the col-
umn direction (i.e., in one line).
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[0371] Alength L1 ofsides of the dark sub picture elements
Rs;, Gs;, Bs;, Cs;, Ms; and Ys; which are parallel to the
column direction is different from a length [.2 of sides of the
bright sub picture elements Rs,,;, Gsz, Bs,, Cs;, MsandYs,,
which are parallel to the column direction. Specifically, the
length L1 is N times the length L2 (i.e., L1=N-L2). N is an
integer of 2 or greater. By contrast, sides of all the sub picture
elements which are parallel to the row direction have an equal
length [.3. As can be seen from the above, in the picture
element of the liquid crystal display device 800 in this
embodiment, there is one width of the sub picture elements in
the row direction, whereas there are two widths of the sub
picture elements in the column direction.

[0372] In each of the dark sub picture elements Rs;, Gs;,
Bs;, Cs;, Ms; and Ys,, the liquid crystal domains D1 through
D4 are located in the order of bottom left, top left, top right
and bottom right (i.e., clockwise from bottom left). There-
fore, the dark area DR appearing in each of dark sub picture
elements Rs;, Gs;, Bs;,Cs;, Ms; andYs; is generally shaped
like the letter “8”. By contrast, in each of the bright sub picture
elements Rs,,, Gs,,, Bs,,;, Cs,;, Ms,;,and Ys,, the liquid crystal
domains D1 through D4 are located in the order of top left,
bottom left, bottom right and top right (i.e., counterclockwise
from top left). Therefore, the dark area DR appearing in each
of the bright sub picture elements Rs,;, Gs,;, Bsy, Csy, Ms,,
and Ys,, is generally gammadion-shaped.

[0373] As described above, in the liquid crystal display
device 800 in this embodiment, the arrangement pattern of the
liquid crystal domains D1 through D4 in the dark sub picture
elements Rs;, Gs;, Bs;, Cs;, Ms; and Ys; is different from
that in the bright sub picture elements Rs,,, Gs,,, Bs;, Cs,p,
Ms and Y. One picture element includes sub picture ele-
ments having different arrangement patterns of the liquid
crystal domains D1 through D4 (having different shapes of
the dark area DR). Therefore, the shifted exposure can be
performed in the column direction in addition to the row
direction in which there is one width of the sub picture ele-
ments. Hereinafter, the optical alignment processing on a pair
of optical alignment films included in the liquid crystal dis-
play device 800 will be described.

[0374] First, with reference to FIG. 71 through FIG. 73, the
optical alignment processing on an optical alignment film of
a CF substrate will be described.

[0375] First, aphotomask 1G shown in FIG. 71 is prepared.
As shown in FIG. 71, the photomask 1G includes a plurality
of light shielding parts 1a extending like stripes in the row
direction (horizontal direction) and a plurality of light trans-
mitting parts 15 located between the plurality of light shield-
ing parts 1a. A width W1 of each of the plurality of light
transmitting parts 15 (width in the column direction) is equal
to a sum of half of the length L1 of the sides of the dark sub
picture elements Rs;, Gs,, Bs;, Cs;, Ms; and Ys; which are
parallel to the column direction and half of the length [.2 of
the sides of the bright sub picture elements Rs;;, Gs;;, Bsy,
Csgy, Ms,; and Ys,, which are parallel to the column direction
(i.e., W1=(L1+L2)/2={(N+1)-L2}/2). A width W2 of each of
the plurality of light shielding parts 1a (width in the column
direction) is also equal to a sum of half of the length [.1 of the
sides of the dark sub picture elements Rs,, Gs;, Bs;,Cs;, Ms,
andY's; which are parallel to the column direction and half of
the length L2 of the sides of the bright sub picture elements
Rsgy, Gsg, Bsyy, Csyy, Msy and Ys,, which are parallel to the
column direction (i.e., W2=(L1+L2)2={(N+1)-1.2}/2;
W1+W2=L1+L2=(N+1)-L.2).
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[0376] Next, as shown in FIG. 72(a), the photomask 1G is
located such that parts of the optical alignment film corre-
sponding to a top half of the dark sub picture elements Rs;,,
Gs, and Bs;, a top half of the dark sub picture elements Cs,,
Ms, andYs,, a bottom half of the bright sub picture elements
Rs;;, Gsy; and Bs,, and a bottom half of the bright sub picture
elements Cs;, Ms,, and Ys,; overlap the light transmitting
parts 15 (i.e., such that parts of the optical alignment film
corresponding to a bottom half of the dark sub picture ele-
ments Rs;, Gs; and Bs,, a bottom half of the dark sub picture
elements Cs;, Ms; andY's,, atop half of the bright sub picture
elements Rs,,;, Gs, and Bs,, atop half of the bright sub picture
elements Cs,,, Ms,, and Y, overlap the light shielding parts
1a).

[0377] Next, as shown in FIG. 72(4), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 72(c), the
parts of the optical alignment film corresponding to the top
halfofthe dark sub picture elements Rs;, Gs; and Bs,, the top
half of the dark sub picture elements Cs;, Ms; and Ys,, the
bottom half of the bright sub picture elements Rs,;, Gs;, and
Bs,, and the bottom half of the bright sub picture elements
Csz, Msand Y, are given a prescribed pretilt direction. The
pretilt direction given at this point is the same as the pretilt
direction PB2 shown in FIG. 2(b).

[0378] Next, as shown in FIG. 73(a), the photomask 1G is
shifted in the column direction by a prescribed distance D1. In
this example, the prescribed distance D1 is half (}2) of a width
PW1 (see FIG. 70) of the picture element in the column
direction. As a result of this movement, the parts of the optical
alignment film corresponding to the bottom half of the dark
sub picture elements Rs,, Gs; and Bs;, the bottom half of the
dark sub picture elements Cs; , Ms; andY's,, the top half of the
bright sub picture elements Rs,, Gs;,and Bs,,and the top half
of the bright sub picture elements Cs,, Ms,, and Y, overlap
the light transmitting parts 16 of the photomask 1G. Namely,
the parts of the optical alignment film corresponding to the
top halfofthe dark sub picture elements Rs;, Gs; and Bs,, the
top half of the dark sub picture elements Cs,;, Ms, and Y, , the
bottom half of the bright sub picture elements Rs,,, Gs,, and
Bs,; and the bottom half of the bright sub picture elements
Csy, Ms;; and Ys;, overlap the light shielding parts 1a of the
photomask 1G.

[0379] Next, as shown in FIG. 73(d), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 73(c), the
remaining parts of the optical alignment film, namely, the
parts thereof corresponding to the bottom half of the dark sub
picture elements Rs,, Gs; and Bs,, bottom half of the dark
sub picture elements Cs;, Ms; and Ys;, the top half of the
bright sub picture elements Rs;,, Gs;;and Bs;;and the top half
of the bright sub picture elements sub picture elements Rs,,,
Gsy,, Bs;; are given a prescribed pretilt direction. The pretilt
direction given at this point is the same as the pretilt direction
PB1 shown in FIG. 2(b) and is antiparallel to the pretilt
direction shown in FIG. 72(c).

[0380] As aresult of the above-described optical alignment
processing, in an area of the optical alignment film of the CF
substrate corresponding to each picture element, two areas
having pretilt directions antiparallel to each other are formed.
Now, with reference to FIG. 74 through FIG. 76, the optical
alignment processing on an optical alignment film of a TFT
substrate will be described.
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[0381] First, a photomask 2G shown in FIG. 74 is prepared.
As shown in FIG. 74, the photomask 2G includes a plurality
oflight shielding parts 2a extending like stripes in the column
direction (vertical direction) and a plurality of light transmit-
ting parts 25 located between the plurality of light shielding
parts 2a. A width W3 of each of the plurality of light trans-
mitting parts 256 (width in the row direction) is half of the
length L3 of the sides of each sub picture element which are
parallel to the row direction (i.e., W3=1.3/2). A width W4 of
each of the plurality of light shielding parts 2a (width in the
row direction) is also half of the length L3 of the sides of each
sub picture element which are parallel to the row direction
(i.e., W4=L3/2; W3+W4=L3).

[0382] Next, as shown in FIG. 75(a), the photomask 2G is
located such that a part of the optical alignment film corre-
sponding to a left half of the sub picture elements overlaps the
light transmitting part 25 (i.e., such that a part of the optical
alignment film corresponding to a right half of the sub picture
elements overlaps the light shielding part 2a).

[0383] Next, as shown in FIG. 75(5), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 75(c), the
part of the optical alignment film corresponding to the left
half of the sub picture elements is given a prescribed pretilt
direction. The pretilt direction given at this point is the same
as the pretilt direction PA1 shown in FIG. 2(a).

[0384] Next, as shown in FIG. 76(a), the photomask 2G is
shifted in the row direction by a prescribed distance D2. In
this example, the prescribed distance D2 is half (Y2) of a width
PW2 (see FIG. 70) of the sub picture element in the row
direction, and is half (V2) of the length .3 of the sides of each
sub picture element which are parallel to the row direction. As
a result of this movement, the part of the optical alignment
film corresponding to the right half of the sub picture ele-
ments overlaps the light transmitting part 26 of the photomask
2G. Namely, the part of the optical alignment film corre-
sponding to the left half of the sub picture elements overlaps
the light shielding part 2a of the photomask 2G.

[0385] Next, as shown in FIG. 76(4), ultraviolet rays are
directed obliquely in the direction represented by the arrows.
As a result of this exposure step, as shown in FIG. 76(c), the
remaining part of the optical alignment film, namely, the part
thereof corresponding to the right half of the sub picture
elements is given a prescribed pretilt direction. The pretilt
direction given at this point is the same as the pretilt direction
PA2 shown in FIG. 2(a) and is antiparallel to the pretilt
direction shown in FIG. 75(¢).

[0386] As aresult of the above-described optical alignment
processing, in an area of the optical alignment film of the TFT
substrate corresponding to each picture element, two areas
having pretilt directions antiparallel to each other are formed.
By bringing together the TFT substrate and the CF substrate
processed with the optical alignment in the above-described
manner, the liquid crystal display device 800 shown in FIG.
70 in which each sub picture element is divided into liquid
crystal domains having different alignment directions is
obtained.

[0387] In the production method of the liquid crystal dis-
play device 800, in the step of performing the optical align-
ment processing on the optical alignment film of the CF
substrate, two exposure steps are performed by use of one,
common photomask 1G. In the step of performing the optical
alignment processing on the optical alignment film ofthe TFT
substrate, two exposure steps are performed by use of one,
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common photomask 2G. Namely, the shifted exposure can be
performed in the column direction in which there are two
widths of the sub picture elements in addition to the row
direction in which there is one width of the sub picture ele-
ments. Therefore, the optical alignment processing can be
realized at low cost and in a short takt time. As can be seen
from the above, in the liquid crystal display device 800 in this
embodiment, because one picture element includes sub pic-
ture elements having different arrangement patterns of the
liquid crystal domains D1 through D4 (having different
shapes of the dark area DR), increase of the cost and time
required for the optical alignment processing can be sup-
pressed.

INDUSTRIAL APPLICABILITY

[0388] A liquid crystal display device according to the
present invention is preferably usable for uses of TV receivers
and other devices required to provide a high quality of dis-

play.
REFERENCE SIGNS LIST

[0389] 1,1A,1B,1C, 1D, 1E, 1F, 1G Photomask
[0390] 2,2A, 2B, 2C, 2D, 2E, 2F, 2G Photomask
[0391] 1a, 24 Light shielding part of the photomask
[0392] 15, 25 Light transmitting part of the photomask
[0393] 3 Liquid crystal layer

[0394] 3a Liquid crystal molecule

[0395] 10, 20, 30, 40 Picture element

[0396] 11 Picture element electrode

[0397] 12,22 Optical alignment film

[0398] 13, 23 Polarizing plate

[0399] 21 Counter electrode

[0400] 100, 200, 300, 400 Liquid crystal display device

[0401] 500, 600, 700, 800 Liquid crystal display device

[0402] R Red picture element

[0403] G Green picture element

[0404] B Blue picture element

[0405] C Cyan picture element

[0406] M Magenta picture element

[0407] Y Yellow picture element

[0408] S1 TFT substrate (active matrix substrate)

[0409] S2 CF substrate (counter substrate)

[0410] Sla, S2a Transparent plate

[0411] SD1-SD4 Edge of the picture element electrode

[0412] EG1-EG4 Edge portion of the picture element
electrode

[0413] D1-D4 Liquid crystal domain

[0414] t1-t4 Tilt direction (reference alignment direc-
tion)

[0415] el-e4 Azimuthal angle direction perpendicular to
the edge of the picture element electrode and directed to
the inside of the picture element electrode

[0416] DR Dark area

[0417] SL Straight dark line

[0418] CL Cross-shaped dark line

[0419] P Pixel

[0420] DE Double-exposed area

1. A liquid crystal display device, comprising:

a vertical alignment type liquid crystal layer;

a first substrate and a second substrate facing each other
with the liquid crystal layer interposed therebetween;
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a first electrode provided on the liquid crystal layer side of
the first substrate and a second electrode provided on the
liquid crystal layer side of the second substrate; and

a pair of optical alignment films provided between the first
electrode and the liquid crystal layer and between the
second electrode and the liquid crystal layer;

wherein:

there are pixels which are each defined by a plurality of
picture elements each having a shape including a side
parallel to a prescribed first direction and a side parallel
to a second direction crossing the first direction;

each of the plurality of picture elements includes a first
liquid crystal domain in which a tilt direction of liquid
crystal molecules at a center and in the vicinity thereofin
a layer plane and in a thickness direction of the liquid
crystal layer when a voltage is applied between the first
electrode and the second electrode is a predetermined
first tilt direction, a second liquid crystal domain in
which the tilt direction is a predetermined second tilt
direction, a third liquid crystal domain in which the tilt
direction is a predetermined third tilt direction, and a
fourth liquid crystal domain in which the tilt direction is
a predetermined fourth tilt direction; the first, second,
third and fourth tilt directions are such that a difference
between any two these four directions is approximately
equal to an integral multiple of 90°; and the first, second,
third and fourth liquid crystal domains are arranged in a
matrix of 2 rowsx2 columns;

the plurality of picture elements are an even number of
picture elements including at least four picture elements
for displaying different colors from each other;

the even number of picture elements include a first picture
element of which the side parallel to the first direction
has a prescribed first length [.1 and a second picture
element of which the side parallel to the first direction
has a second length .2 which is different from the first
length [L1;

in the first picture element, the first, second, third and
fourth liquid crystal domains are arranged in a first pat-
tern; and

in the second picture element, the first, second, third and
fourth liquid crystal domains are arranged in a second
pattern which is different from the first pattern.

2. The liquid crystal display device of claim 1, wherein:

in each of the even number of picture elements, when a
gray scale is displayed, a dark area darker than the gray
scale appears;

the dark area appearing in the first picture element is gen-
erally gammadion-shaped; and

the dark area appearing in the second picture element is
generally shaped like the letter “8”.

3. The liquid crystal display device of claim 1, wherein:

the first, second, third and fourth liquid crystal domains are
located such that the tilt directions of two adjacent liquid
crystal domains thereamong are different by 90° from
each other;

the first tilt direction and the third tilt direction have an
angle of about 180° with respect to each other;

in the first picture element,

a portion of edges of the first electrode close to the first
liquid crystal domain includes a first edge portion such
that an azimuthal angle direction perpendicular to the
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first edge portion and directed to the inside of the first
electrode has an angle exceeding 90° with respect to the
first tilt direction;

aportion of edges of the first electrode close to the second
liquid crystal domain includes a second edge portion
such that an azimuthal angle direction perpendicular to
the second edge portion and directed to the inside of the
first electrode has an angle exceeding 90° with respect to
the second tilt direction;

a portion of edges of the first electrode close to the third
liquid crystal domain includes a third edge portion such
that an azimuthal angle direction perpendicular to the
third edge portion and directed to the inside of the first
electrode has an angle exceeding 90° with respect to the
third tilt direction;

a portion of edges of the first electrode close to the fourth
liquid crystal domain includes a fourth edge portion
such that an azimuthal angle direction perpendicular to
the fourth edge portion and directed to the inside of the
first electrode has an angle exceeding 90° with respect to
the fourth tilt direction; and

the first edge portion and the third edge portion are gener-
ally parallel to one of a horizontal direction and a vertical
direction of a display plane, and the second edge portion
and the fourth edge portion are generally parallel to the
other of the horizontal direction and the vertical direc-
tion of the display plane; and

in the second picture element,

aportion of edges of the first electrode close to a first liquid
crystal domain includes a first edge portion such that an
azimuthal angle direction perpendicular to the first edge
portion and directed to the inside of the first electrode
has an angle exceeding 90° with respect to the first tilt
direction;

a portion of edges of the first electrode close to the third
liquid crystal domain includes a third edge portion such
that an azimuthal angle direction perpendicular to the
third edge portion and directed to the inside of the first
electrode has an angle exceeding 90° with respect to the
third tilt direction; and

the first edge portion and the third edge portion each
include a first portion generally parallel to the horizontal
direction of the display plane and a second portion gen-
erally parallel to the vertical direction of the display
plane.

4. The liquid crystal display device of claim 1, wherein:

the side of each of the first picture element and the second
picture element which is parallel to the second direction
has a prescribed third length [.3; and

the even number of picture elements further include a third
picture element of which the side parallel to the second
direction has a fourth length [.4 which is different from
the third length L3, and a fourth picture element of
which the side parallel to the second direction has the
fourth length [ 4.

5. The liquid crystal display device of claim 4, wherein:

in the third picture element, the first, second, third and
fourth liquid crystal domains are arranged in a third
pattern which is different from the first and second pat-
terns; and

in the fourth picture element, the first, second, third and
fourth liquid crystal domains are arranged in a fourth
pattern which is different from the first, second and third
patterns.
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6. The liquid crystal display device of claim 1, wherein the
at least four picture elements for displaying different colors
from each other include a red picture element for displaying
red, a green picture element for displaying green, a blue
picture element for displaying blue, and a yellow picture
element for displaying yellow.

7. The liquid crystal display device of claim 6, wherein the
at least four picture elements further include a cyan picture
element for displaying cyan, and a magenta picture element
for displaying magenta.

8. A liquid crystal display device, comprising:

a vertical alignment type liquid crystal layer;

a first substrate and a second substrate facing each other

with the liquid crystal layer interposed therebetween;

a first electrode provided on the liquid crystal layer side of
the first substrate and a second electrode provided on the
liquid crystal layer side of the second substrate; and

a pair of optical alignment films provided between the first
electrode and the liquid crystal layer and between the
second electrode and the liquid crystal layer;

wherein:

there are pixels which are each defined by a plurality of
picture elements;

each of the plurality of picture elements includes a plurality
of sub picture elements capable of applying different
voltages to parts of the liquid crystal layer correspond-
ing to the respective sub picture elements;

each of the plurality of sub picture elements includes a first
liquid crystal domain in which a tilt direction of liquid
crystal molecules at a center and in the vicinity thereofin
a layer plane and in a thickness direction of the liquid
crystal layer when a voltage is applied between the first
electrode and the second electrode is a predetermined
first tilt direction, a second liquid crystal domain in
which the tilt direction is a predetermined second tilt
direction, a third liquid crystal domain in which the tilt
direction is a predetermined third tilt direction, and a
fourth liquid crystal domain in which the tilt direction is
a predetermined fourth tilt direction; the first, second,
third and fourth tilt directions are such that a difference
between any two of these four directions is approxi-
mately equal to an integral multiple of 90°; and the first,
second, third and fourth liquid crystal domains are
arranged in a matrix of 2 rowsx2 columns;

the plurality of sub picture elements are an even number of
sub picture elements each having a shape including a
side parallel to a prescribed first direction and a side
parallel to a second direction crossing the first direction;

the even number of sub picture elements include a first sub
picture element of which the side parallel to the first
direction has a prescribed first length L1 and a second
sub picture element of which the side parallel to the first
direction has a second length [.2 which is different from
the first length L1;

in the first sub picture element, the first, second, third and
fourth liquid crystal domains are arranged in a first pat-
tern; and

in the second sub picture element, the first, second, third
and fourth liquid crystal domains are arranged in a sec-
ond pattern which is different from the first pattern.

9. The liquid crystal display device of claim 8, wherein:

in each of the even number of sub picture elements, when
a gray scale is displayed, a dark area darker than the gray
scale appears;
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the dark area appearing in the first sub picture element is
generally gammadion-shaped; and

the dark area appearing in the second sub picture element is

the liquid crystal layer interposed therebetween and located
such that transmission axes thereof are generally perpendicu-
lar to each other;

generally shaped like the letter “8”.

10. The liquid crystal display device of claim 8, wherein:

the first, second, third and fourth liquid crystal domains are
located such that the tilt directions of two adjacent liquid
crystal domains thereamong are different by 90° from
each other;

the first tilt direction and the third tilt direction have an
angle of about 180° with respect to each other;

in the first sub picture element,

a portion of edges of the first electrode close to the first
liquid crystal domain includes a first edge portion such
that an azimuthal angle direction perpendicular to the
first edge portion and directed to the inside of the first
electrode has an angle exceeding 90° with respect to the
first tilt direction;

aportion of edges of the first electrode close to the second
liquid crystal domain includes a second edge portion
such that an azimuthal angle direction perpendicular to
the second edge portion and directed to the inside of the
first electrode has an angle exceeding 90° with respect to
the second tilt direction;

a portion of edges of the first electrode close to the third
liquid crystal domain includes a third edge portion such
that an azimuthal angle direction perpendicular to the
third edge portion and directed to the inside of the first
electrode has an angle exceeding 90° with respect to the
third tilt direction;

a portion of edges of the first electrode close to the fourth
liquid crystal domain includes a fourth edge portion
such that an azimuthal angle direction perpendicular to
the fourth edge portion and directed to the inside of the
first electrode has an angle exceeding 90° with respect to
the fourth tilt direction; and

the first edge portion and the third edge portion are gener-
ally parallel to one of a horizontal direction and a vertical
direction of a display plane, and the second edge portion
and the fourth edge portion are generally parallel to the
other of the horizontal direction and the vertical direc-
tion of the display plane; and

in the second sub picture element,

aportion of edges of the first electrode close to a first liquid
crystal domain includes a first edge portion such that an
azimuthal angle direction perpendicular to the first edge
portion and directed to the inside of the first electrode
has an angle exceeding 90° with respect to the first tilt
direction;

a portion of edges of the first electrode close to the third
liquid crystal domain includes a third edge portion such
that an azimuthal angle direction perpendicular to the
third edge portion and directed to the inside of the first
electrode has an angle exceeding 90° with respect to the
third tilt direction; and

the first edge portion and the third edge portion each
include a first portion generally parallel to the horizontal
direction of the display plane and a second portion gen-
erally parallel to the vertical direction of the display
plane.

11. The liquid crystal display device of claim 1, further

comprising a pair of polarizing plates facing each other with

wherein the tilt directions of the first, second, third and
fourth liquid crystal domains have an angle of about 45°
with respect to the transmission axes of the pair of polar-
izing plates.

12. The liquid crystal display device of claim 1, wherein:

the liquid crystal layer contains the liquid crystal mol-
ecules having a negative dielectric anisotropy; and

a pretilt direction defined by one of the pair of optical
alignment films and a pretilt direction defined by the
other of the pair of optical alignment films are different
by 90° from each other.

13. A method for producing a liquid crystal display device,

the liquid crystal display device including:

a vertical alignment type liquid crystal layer;

a first substrate and a second substrate facing each other
with the liquid crystal layer interposed therebetween;

a first electrode provided on the liquid crystal layer side of
the first substrate and a second electrode provided on the
liquid crystal layer side of the second substrate; and

a first optical alignment film provided between the first
electrode and the liquid crystal layer and a second opti-
cal alignment film provided between the second elec-
trode and the liquid crystal layer;

wherein:

there are pixels which are each defined by a plurality of
picture elements each having a shape including a side
parallel to a prescribed first direction and a side parallel
to a second direction crossing the first direction;

each of the plurality of picture elements includes a first
liquid crystal domain in which a tilt direction of liquid
crystal molecules at a center and in the vicinity thereofin
a layer plane and in a thickness direction of the liquid
crystal layer when a voltage is applied between the first
electrode and the second electrode is a predetermined
first tilt direction, a second liquid crystal domain in
which the tilt direction is a predetermined second tilt
direction, a third liquid crystal domain in which the tilt
direction is a predetermined third tilt direction, and a
fourth liquid crystal domain in which the tilt direction is
a predetermined fourth tilt direction; the first, second,
third and fourth tilt directions are such that a difference
between any two of these four directions is approxi-
mately equal to an integral multiple of 90°; and the first,
second, third and fourth liquid crystal domains are
arranged in a matrix of 2 rowsx2 columns;

the plurality of picture elements are an even number of
picture elements including at least four picture elements
for displaying different colors from each other; and

the even number of picture elements include a first picture
element of which the side parallel to the first direction
has a prescribed first length L1 and a second picture
element of which the side parallel to the first direction
has a second length [.2 which is different from the first
length [L1;

the method comprising:

a step (A) of forming a first area having a first pretilt
direction and a second area having a second pretilt direc-
tion which is antiparallel to the first pretilt direction, in
an area of the first optical alignment film corresponding
to each of the even number of picture elements by optical
alignment processing; and
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a step (B) of forming a third area having a third pretilt
direction and a fourth area having a fourth pretilt direc-
tion which is antiparallel to the third pretilt direction, in
an area of the second optical alignment film correspond-
ing to each of the even number of picture elements by
optical alignment processing;

wherein:

the step (A) of forming the first area and the second area
includes:

a first exposure step of directing light to a part of the first
optical alignment film which is to be the first area; and

asecond exposure step of directing light to a part of the first
optical alignment film which is to be the second area,
after the first exposure step;

the first exposure step and the second exposure step are
performed by use of one, common first photomask
including a plurality of light shielding parts extending
like stripes parallel to the second direction and a plural-
ity of light transmitting parts located between the plu-
rality of light shielding parts; and

each of the plurality of light transmitting parts of the first
photomask has a width W1 which is equal to a sum of
half of the first length [.1 and half of the second length
L2.

14. The method for producing a liquid crystal display

device of claim 13, wherein:

the step (A) of forming the first area and the second area
further includes:

a first photomask locating step of, before the first exposure
step, locating the first photomask such that a part of the
first optical alignment film corresponding to about half
of the first picture element and about half of the second
picture element overlaps each of the plurality of light
transmitting parts; and

a first photomask moving step of, between the first expo-
sure step and the second exposure step, shifting the first
photomask in the first direction by a prescribed distance
D1.

15. The method for producing a liquid crystal display
device of claim 14, wherein the prescribed distance D1 is
about 1/m (m is an even number of 2 or greater) of a width
PW1 of the pixel in the first direction.

16. The method for producing a liquid crystal display
device of claim 13, wherein the width W1 of each of the
plurality of light transmitting parts, a width W2 of each of the
plurality of light shielding parts, the first length L1 and the
second L2 fulfill the following relationship expression:

W1=W2=(L1+L2)/2.

17. The method for producing a liquid crystal display
device of claim 13, wherein the width W1 (um) of each of the
plurality of light transmitting parts, a width W2 (um) of each
ofthe plurality oflight shielding parts, the first length L1 (um)
and the second length L2 (um) fulfill the following relation-
ship expressions:

W1=(L1+L2)/2+A
W2=(L1+L2)/2-A
0<A=10.

18. The method for producing a liquid crystal display
device of claim 13, wherein:
the side of each of the first picture element and the second
picture element which is parallel to the second direction
has a prescribed third length L.3;
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the even number of picture elements further include a third
picture element of which the side parallel to the second
direction has a fourth length .4 which is different from
the third length L3, and a fourth picture element of
which the side parallel to the second direction has the
fourth length [.4;

the step (B) of forming the third area and the fourth area
includes:

a third exposure step of directing light to a part of the
second optical alignment film which is to be the third
area; and

a fourth exposure step of directing light to a part of the
second optical alignment film which is to be the fourth
area, after the third exposure step;

the third exposure step and the fourth exposure step are
performed by use of one, common second photomask
including a plurality of light shielding parts extending
like stripes parallel to the first direction and a plurality of
light transmitting parts located between the plurality of
light shielding parts; and

each of the plurality of light transmitting parts of the sec-
ond photomask has a width W3 which is equal to a sum
ofhalf of the third length L.3 and half of the fourth length
L4.

19. The method for producing a liquid crystal display

device of claim 18, wherein:

the step (B) of forming the third area and the fourth area
further includes:

a second photomask locating step of, before the third expo-
sure step, locating the second photomask such that a part
of the second optical alignment film corresponding to
about half of the third picture element and about half of
the fourth picture element overlaps each of the plurality
of light transmitting parts; and

a second photomask moving step of, between the third
exposure step and the fourth exposure step, shifting the
second photomask in the second direction by a pre-
scribed distance D2.

20. The method for producing a liquid crystal display
device of claim 19, wherein the prescribed distance D2 is
about 1/n (nis an even number of 2 or greater) of a width PW2
of the pixel in the second direction.

21. The method for producing a liquid crystal display
device of claim 18, wherein the width W3 of each of the
plurality of light transmitting parts of the second photomask,
a width W4 of each of the plurality of light shielding parts of
the second photomask, the third length 1.3 and the fourth
length 14 fulfill the following relationship expression:

W3=WA=(L3+LA4)/2.

22. The method for producing a liquid crystal display
device of claim 18, wherein the width W3 (um) of each of the
plurality of light transmitting parts of the second photomask,
a width W4 (um) of each of the plurality of light shielding
parts of the second photomask, the third length .3 (um) and
the fourth length L4 (um) fulfill the following relationship
expressions:

W3=(L3+L4)/2+A’
WA=(L3+L4)/2-A'

0<A'£10.

23. A method for producing a liquid crystal display device,
the liquid crystal display device including:
a vertical alignment type liquid crystal layer;
a first substrate and a second substrate facing each other
with the liquid crystal layer interposed therebetween;
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a first electrode provided on the liquid crystal layer side of
the first substrate and a second electrode provided on the
liquid crystal layer side of the second substrate; and

a first of optical alignment film provided between the first
electrode and the liquid crystal layer and a second opti-
cal alignment film provided between the second elec-
trode and the liquid crystal layer;

wherein:

there are pixels which are each defined by a plurality of
picture elements;

each of the plurality of picture elements includes a plurality
of sub picture elements capable of applying different
voltages to parts of the liquid crystal layer correspond-
ing to the respective sub picture elements;

each of the plurality of sub picture elements includes a first
liquid crystal domain in which a tilt direction of liquid
crystal molecules at a center and in the vicinity thereofin
a layer plane and in a thickness direction of the liquid
crystal layer when a voltage is applied between the first
electrode and the second electrode is a predetermined
first tilt direction, a second liquid crystal domain in
which the tilt direction is a predetermined second tilt
direction, a third liquid crystal domain in which the tilt
direction is a predetermined third tilt direction, and a
fourth liquid crystal domain in which the tilt direction is
a predetermined fourth tilt direction; the first, second,
third and fourth tilt directions are such that a difference
between any two of these four directions is approxi-
mately equal to an integral multiple of 90°; and the first,
second, third and fourth liquid crystal domains are
arranged in a matrix of 2 rowsx2 columns;

the plurality of sub picture elements are an even number of
sub picture elements each having a shape including a
side parallel to a prescribed first direction and a side
parallel to a second direction crossing the first direction;
and

the even number of sub picture elements include a first sub
picture element of which the side parallel to the first
direction has a prescribed first length [.1 and a second
sub picture element of which the side parallel to the first
direction has a second length L.2 which is different from
the first length LL1;

the method comprising:

a step (A) of forming a first area having a first pretilt
direction and a second area having a second pretilt direc-
tion which is antiparallel to the first pretilt direction, in
an area of the first optical alignment film corresponding
to each of the even number of sub picture elements by
optical alignment processing; and

a step (B) of forming a third area having a third pretilt
direction and a fourth area having a fourth pretilt direc-
tion which is antiparallel to the third pretilt direction, in
an area of the second optical alignment film correspond-
ing to each of the even number of sub picture elements
by optical alignment processing;
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wherein:

the step (A) of forming the first area and the second area
includes:

a first exposure step of directing light to a part of the first
optical alignment film which is to be the first area; and

a second exposure step of directing light to a part of the first
optical alignment film which is to be the second area,
after the first exposure step;

the first exposure step and the second exposure step are
performed by use of one, common first photomask
including a plurality of light shielding parts extending
like stripes parallel to the second direction and a plural-
ity of light transmitting parts located between the plu-
rality of light shielding parts; and

each of the plurality of light transmitting parts of the first
photomask has a width W1 which is equal to a sum of
half of the first length L1 and half of the second length
L2.

24. The method for producing a liquid crystal display

device of claim 23, wherein:

the step (A) of forming the first area and the second area
further includes:

a first photomask locating step of, before the first exposure
step, locating the first photomask such that a part of the
first optical alignment film corresponding to about half
of the first sub picture element and about half of the
second sub picture element overlaps each of the plurality
of light transmitting parts; and

a first photomask moving step of, between the first expo-
sure step and the second exposure step, shifting the first
photomask in the first direction by a prescribed distance
D1.

25. The method for producing a liquid crystal display
device of claim 24, wherein the prescribed distance D1 is
about 1/m (m is an even number of 2 or greater) of a width
PW1 of the picture element in the first direction.

26. The method for producing a liquid crystal display
device of claim 23, wherein the width W1 of each of the
plurality of light transmitting parts, a width W2 of each of the
plurality of light shielding parts, the first length L1 and the
second .2 fulfill the following relationship expression:

W1=W2=(L1+L2)/2.

27. The method for producing a liquid crystal display
device of claim 23, wherein the width W1 (um) of each of the
plurality of light transmitting parts, a width W2 (um) of each
ofthe plurality oflight shielding parts, the firstlength L1 (um)
and the second length 1.2 (um) fulfill the following relation-
ship expressions:

WI=(L1+L2)/2+A
W2=(L1+L2)12-A

0<A=10.
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