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(57) ABSTRACT

A pixel of a liquid crystal display device of the present inven-
tion includes a liquid crystal layer 42, a pixel electrode 12 and
a counter electrode 22 opposing each other via the liquid
crystal layer, a pair of vertical alignment films 324, 325, and
alignment sustaining layers 34a, 345 formed by a photopo-
lymerized material on surfaces of the alignment films which
are closer to the liquid crystal layer. The pixel electrode has
cruciform trunk portions 12/, 12v which are positioned so as
to coincide with polarization axes of the pair of polarizing
plates and a plurality of branch portions 124, 125, 12¢, and
12d extending from the cruciform trunk portions in directions
of approximately 45°. The counter electrode has a cruciform
opening 22q which is positioned so as to oppose the cruciform
trunk portions. When a predetermined voltage is applied
across the liquid crystal layer, four liquid crystal domains are
formed. The pretilt azimuth of a liquid crystal molecule
included in a region corresponding to each of the four liquid
crystal domains is regulated by the alignment sustaining lay-

ers.

(b)

Xa
7 —5h 1B
/ 2t
L 22
=
. 34b
& Q(\/ 2a 1




Patent Application Publication Jan. 6,2011 Sheet1of 8 US 2011/0001691 A1

10 100
Z
2y

22a

(b)

223

18 1B’

~~_- 9723




Patent Application Publication Jan. 6,2011 Sheet 2 of 8 US 2011/0001691 A1

FIG.2 100

1 ; 3
7 —— / 12v / 123

22— oo rrr A N

I INN\\N\V777774 V4

12h

12d

14
14




US 2011/0001691 A1

Jan. 6,2011 Sheet 3 of 8

Patent Application Publication

Fi1G.4




Patent Application Publication

FIG.

o)
G
1L

Jan. 6, 2011

s
G

Sheet 4 of 8

o
s
L
wv"é’

US 2011/0001691 A1

i T
o "
S ]

Nt



Patent Application Publication Jan. 6,2011 Sheet5of 8

FG.6

US 2011/0001691 A1

(a)

e COUNTER SLIT Qum

== ~COUNTER SUT Sum| "™
""" COUNTER SLIT4um} . 1 L.
- = COUNTER SLIT Bum
~+-~COUNTER SLIT Bum
—~——COUNTER SLIT Tum
~ = COUNTER SLIT Bum

LC AZIMUTHAL ANGLE (deg)

20 18 16 14 42 0 8 6 4 2 0 2 4 6 8 10 12 14 16 18 2

COORDINATE ( 4 m)

(b)

e GOUNTER SUIT Qumn |
---- COUNTER SLIT3um |~
----- COUNTER SLIT4um

-+ -COUNTER SLITSum
= --~COUNTER SLITGum
COUNTER SLIT7um

LC AZIMUTHAL ANGLE (deg)

= = GOUNTER SLITQum
w48 6 44 2 0 8 6 4 2 0 2 4 6 B 10

COORDINATE {12 m)

———COUNTER SLITOum |~ 777 1 g e
- = ~COUNTER SLIT 3um
----- COUNTER SLIT&um
~ e COUNTER SLIT Sum
~--~COUNTER SLITBum S
———COUNTER SLIT Tum ="
= = COUNTER SLIT9um

LC AZIMUTHAL ANGLE (deg)

20 18 8442 18 8 8 4 -2 0 2 4 6 8 1012 M %6 18 20

COORDINATE { 12 m)



Patent Application Publication Jan. 6,2011 Sheet 6 of 8 US 2011/0001691 A1

FIG 7
(a)

-y
=tk= 4 COUNTER SLIT

0 1 2 3 4 b 8 7 8 9 10
COUNTER SLIT WIDTH (& m)

(b)
LLi
|
=
<
}......,.. -
L
=
28}
=
= L
o
= COUNTER SLIT
FBELECTRODE
+ COUNTER SLIT
8 1 2 3 4 5 b 1 8 9 10

COUNTER SLIT WIDTH (i m)



Patent Application Publication Jan. 6,2011 Sheet 7 of 8 US 2011/0001691 A1

FIG.8

> 12

(b) 222

8B

] \\\ .r Y iz
\ 2 /32
34b
AN 0 42,
12a 12b
) ) _Ha
TE BM mE mW W BE g — — a




Patent Application Publication Jan. 6,2011 Sheet 8 of 8 US 2011/0001691 A1

FIG9
(a) ; 52b (b)
</72b
2
2
_ 92
—
0 I Q-2 32b
42 X
/ N
; (" A2a
PR
m:j:“ 722
"52a
FIG. 10
908
(a) = (b) (c)
224 / A//S‘?b 223
y Y
A et 722
g i T30p
42 I
7 N 12
l { m/32a
- T 523

116G 11




US 2011/0001691 Al

LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device and specifically to an alignment control structure
preferably applied to a liquid crystal display device whichhas
a relatively small pixel pitch.

[0002] BACKGROUND ART

[0003] Recently, as liquid crystal display devices which
have wide viewing angle characteristics, transverse electric
field mode devices (including IPS mode devices and FFS
mode devices) and vertical alignment (VA) mode devices are
used. The VA mode devices are superior to the transverse
electric field mode devices in terms of mass production and
therefore have been used in a wide variety of TV applications
and mobile applications.

[0004] The VA modeliquid crystal display devices are gen-
erally classified into MVA mode devices (see Patent Docu-
ment 1) and CPA mode devices (see Patent Document 2).
[0005] Inthe MVA mode devices, alignment control means
(slit or rib) which has linear portions extending in two direc-
tions perpendicular to each other is provided to form four
liquid crystal domains between the alignment control means
such that the azimuthal angles of the directors which are
representative of the respective domains form angles of 45°
relative to the polarization axes (transmission axes) of polar-
izing plates placed in crossed Nicols. Assuming that the azi-
muthal angle of 0° is identical with the 3 o’clock direction of
the clock dial and that the counterclockwise direction is the
positive direction, the azimuthal angles of the directors of the
four domains are 45°, 135°, 225°, and 315°. This configura-
tion is most preferable in terms of transmittance because
linear polarization in the 45° direction relative to the polar-
ization axes is not absorbed by the polarizing plates. Such a
configuration in which four domains are formed in one pixel
is referred to as “4-domain alignment structure” or simply
“4D structure”.

[0006] However, the above-described MVA mode is not
suitable to small pixels (for example, the shorter side is less
than 100 pm, specifically less than 60 pm). For example,
when a slit is used as the alignment control means, the width
of the slit need to be about 10 pm or more in order to produce
a sufficient anchoring force. To form four domains, it is nec-
essary to form in a counter electrode a slit including portions
extending in directions which are different from each other by
90° when viewed in a direction normal to the substrate (“<”-
shaped slit) and to form two “<”-shaped slits in a pixel elec-
trode such that the two slits are disposed parallel to each other
with a certain space therebetween relative to the counter
electrode slit that is assumed as the center. Specifically, it is
necessary to dispose the sets of three slits each having the
width of about 10 um so as to be in parallel to each other and
to extend in the 45°-225° direction and the 135°-315° direc-
tion. If this configuration is applied to a pixel with the shorter
side being less than 100 pm, the transmittance (luminance)
greatly deteriorates because part of the pixel in which the slits
(or ribs) are provided does not contribute to the display. In a
small-size liquid crystal display device with higher resolu-
tion, for example, a 2.4-inch VGA device for use in mobile
phones, the pitch of the pixels (row directionxcolumn direc-
tion) is, for example, 25.5 pmx76.5 pm. In such small pixels,
even formation of the above-described slit is impossible. As a
matter of course, if the width of the slit is decreased, a suffi-
cient anchoring force cannot be obtained.
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[0007] Because of the above circumstances, liquid crystal
display devices with relatively small pixels employ the CPA
mode. A structure of a CPA mode liquid crystal display device
is briefly described with reference to FIGS. 9(a) to 9(c).
[0008] FIG. 9(a) is a schematic cross-sectional view of one
pixel of a CPA mode liquid crystal display device 90A. FIG.
9(b) is a schematic plan view of the pixel. FIG. 9(a) shows the
alignment of liquid crystal molecules 424 in an intermediate
gray scale level display state. FIG. 9(c) is a plan view sche-
matically showing the alignment of the liquid crystal mol-
ecules in a white display state. Note that, in the drawings
mentioned below, like elements are designated by like refer-
ence numerals, and the description thereof'is sometimes omit-
ted.

[0009] The liquid crystal display device 90A includes a
vertical alignment type liquid crystal layer 42 between a pair
of substrates 11 and 21. The liquid crystal layer 42 is align-
ment-controlled by vertical alignment films 32a and 3256. The
liquid crystal molecules 424 have negative dielectric anisot-
ropy. The azimuths in which the liquid crystal molecules 42a
are inclined in the presence of an applied voltage are regu-
lated by an oblique electric field generated at an edge portion
of a pixel electrode 12 and an anchoring force of a rivet
(protrusion) 92 provided on a side of a counter electrode 22
which is closer to the liquid crystal layer 42. Application of a
sufficiently high voltage leads to an alignment in which the
liquid crystal molecules 42a are radially inclined around the
rivet 92 as shown in FIG. 9(c). In this case, the alignment of
the liquid crystal molecules 424 has axial symmetry (C.,)
about the rivet 92. A domain which results in such an align-
ment is referred to as a “radially-inclined alignment domain”
or “axially symmetric alignment domain”.

[0010] Theliquidcrystal display device 90A includes a pair
of polarizing plates 52a and 526 which are disposed so as to
oppose each other via the liquid crystal layer 42. The liquid
crystal display device 90A includes Y4-wave plates (quarter-
wave plates) 72a and 72b which are respectively disposed
between the polarizing plates 52a and 524 and the liquid
crystal layer 42. The polarizing plates 52a and 525 are dis-
posed such that their polarization axes are perpendicular to
each other (crossed Nicols arrangement). By utilizing an
omniazimuthal, radially inclined alignment domain and cir-
cular polarization, high transmittance (luminance) can be
achieved. FIG. 11(a) shows a simulation result of the distri-
bution of transmittance in a pixel in a white (highest gray
scale level) display state of the liquid crystal display device
90A. The result shows high transmittance uniformly achieved
in the pixel except for a low transmittance region near the
center of the rivet 92.

[0011] The CPA mode which uses Y4-wave plates achieves
high transmittance but has the problems of low contrast ratio
and narrow viewing angle as compared with the MVA mode.
Specifically, when Y4-wave plates are used, a phenomenon
where a state of display (especially, a state of display at a low
gray scale level (low luminance)) which is perceived as being
brighter when viewed at an oblique viewing angle than when
viewed from a position in front of the display device (in a
direction normal to the display surface, viewing angle 0°),
so-called “whitening”, is more conspicuous than in the MVA
mode.

[0012] By omitting the Y4-wave plates 72a and 72b of the
liquid crystal display device 90A, i.e., by combining the CPA
mode and linear polarization, whitening is prevented, the
contrast ratio is improved, and the viewing angle can be
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increased. However, the transmittance decreases as shown in
FIG. 11(b). FIG. 11(b) shows a simulation result of the dis-
tribution of transmittance in a pixel in a white display state of
a modification of the liquid crystal display device 90A from
which the Ya-wave plates 72a and 725 are omitted. The result
shows very low transmittance in a region where the orienta-
tions of the liquid crystal molecules are parallel to the absorp-
tion axes of the polarizing plates.

[0013] Patent Document 3 discloses that providing a cruci-
form slit in a counter electrode enables formation of four
domains (FIG. 8, paragraph <0033>). A structure of a VA-
mode liquid crystal display device 90B to which the structure
of Patent Document 3 is applied is briefly described with
reference to FIGS. 10(a) to 10(c). FIG. 10(a) is a schematic
cross-sectional view of one pixel of the liquid crystal display
device 90B. FIG. 10(5) is a schematic plan view of the pixel.
FIG. 10(c) is a plan view schematically showing the align-
ment of the liquid crystal molecules in a white display state.
[0014] Inthe liquid crystal display device 90B, in the pres-
ence of an applied voltage, the azimuths in which the liquid
crystal molecules 42a are inclined are regulated by an oblique
electric field generated at an edge portion of the pixel elec-
trode 12 and an oblique electric field generated near a slit (or
“opening”) 22a of a counter electrode 22. When the voltage
applied across the liquid crystal layer 42 is sufficiently high,
four domains are formed as shown in FIG. 10(c). Assuming
that the horizontal slit of the cruciform opening 22a shown in
FIG. 10(b) is identical with the X-axis and the vertical slit is
identical with the Y-axis, the azimuthal angles of the directors
of the respective domains formed in the first, second, third,
and fourth quadrants of the pixel are 45°, 135°, 225°, and
315°. Therefore, the distribution of transmittance in a pixel in
a white (highest gray scale level) display state of the liquid
crystal display device 90B exhibits uniform high transmit-
tance except for regions which are parallel to the absorption
axes of the polarizing plates as shown in FIG. 11(¢).

[0015] However, in the liquid crystal display device 90B,
an anchoring force occurs only when a voltage is applied,
whereas the rivet 92 of the liquid crystal display device 90A
produces an anchoring force irrespective of the presence or
absence of an electric field. Therefore, when the applied
voltage is low, a sufficient anchoring force is not produced.
Thus, the alignment of the liquid crystal molecules is unstable
especially at gray scale levels lower than intermediate gray
scale levels. Because of this problem, the liquid crystal dis-
play device 90B has not been put to practical use.

[0016] On the other hand, a technology called “Polymer
Sustained Alignment Technology” (sometimes referred to as
“PSA technology™) has been developed for the purpose of
improving the response characteristics of the MVA mode
(see, for example, Patent Documents 4, 5, and 6). In the PSA
technology, alignment sustaining layers (“polymer layers™)
are formed by polymerizing, after assemblage of a liquid
crystal cell, photopolymerizable monomers contained in pre-
pared liquid crystal material while applying a voltage across
the liquid crystal layer, and the resultant alignment sustaining
layers are used to cause the liquid crystal molecules to have a
pretilt. The pretilt azimuths (the azimuthal angles in the sub-
strate plane) and the pretilt angles (the elevation angles rela-
tive to the substrate plane) of the liquid crystal molecules can
be controlled by adjusting the distribution and intensity of an
electric field applied during the polymerization of the mono-
mers.

Jan. 6, 2011

[0017] Patent Documents 5 and 6 also disclose a structure
which employs a pixel electrode with a fine stripe pattern in
combination with the PSA technology. When a voltage is
applied across the liquid crystal layer, liquid crystal mol-
ecules are aligned parallel to the longitudinal direction of the
stripe pattern. This alignment contrasts with the conventional
MVA mode described in Patent Document 1 in which liquid
crystal molecules are aligned in a direction perpendicular to a
linear alignment control structure, such as an electrode slit or
rib. The line-and-space (L/S) of the fine stripe pattern is, for
example, 3 um/3 pm. This pattern is advantageous in that it
can more readily be applied to small size pixels than the
conventional MVA mode liquid crystal display devices.
[0018] Patent Document 1: Japanese Laid-Open Patent
Publication No. H11-242225

[0019] Patent Document 2: Japanese Laid-Open Patent
Publication No. 2002-202511

[0020] Patent Document 3: Japanese Laid-Open Patent
Publication No. H06-43461

[0021] Patent Document 4: Japanese Laid-Open Patent
Publication No. 2002-357830

[0022] Patent Document 5: Japanese Laid-Open Patent
Publication No. 2003-149647

[0023] Patent Document 6: Japanese Laid-Open Patent
Publication No. 2006-78968

DISCLOSURE OF INVENTION

Problems To Be Solved by the Invention

[0024] The present inventor conducted researches and
found the disadvantage that, when a structure described in
Patent Documents 4 to 6 which employs a pixel electrode
with a fine stripe pattern in combination with the PSA tech-
nology is applied to a liquid crystal display device which has
relatively small pixels (for example, the shorter side is less
than 100 pm, particularly less than 60 pm), a large loss lumi-
nance is incurred.

[0025] The present invention was conceived in order to
solve the above problems. One of the objects of the present
invention is to improve the luminance of a MVA mode liquid
crystal display device which includes a pixel electrode with a
fine stripe pattern.

Means for Solving the Problems

[0026] A liquid crystal display device of the present inven-
tion includes a plurality of pixels and a pair of polarizing
plates placed in crossed Nicols, the liquid crystal display
device being configured to display an image in a normally
black mode, wherein each of the plurality of pixels includes a
liquid crystal layer including a nematic liquid crystal material
whose dielectric anisotropy is negative, a pixel electrode and
a counter electrode opposing each other via the liquid crystal
layer, a pair of vertical alignment films respectively inter-
posed between the pixel electrode and the liquid crystal layer
and between the counter electrode and the liquid crystal layer,
and a pair of alignment sustaining layers formed by a photo-
polymerized material on respective surfaces of the pair of
alignment films which are closer to the liquid crystal layer, the
pixel electrode has at least one cruciform trunk portion which
is positioned so as to coincide with polarization axes of the
pair of polarizing plates and a plurality of branch portions
extending from the at least one cruciform trunk portion in a
direction of approximately 45°, the counter electrode has at
least one cruciform opening which is positioned so as to
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oppose the at least one cruciform trunk portion, when a pre-
determined voltage is applied across the liquid crystal layer,
four liquid crystal domains are formed in the liquid crystal
layer, azimuths of four directors that are representative of
orientations of liquid crystal molecules included in the four
liquid crystal domains being different from one another, and
each of the azimuths of the four directors being generally
parallel to any of the plurality of branch portions, and when no
voltage is applied across the liquid crystal layer, a pretilt
azimuth of a liquid crystal molecule included in a region
corresponding to each of the four liquid crystal domains is
regulated by the alignment sustaining layers.

[0027] In one embodiment, a width of the at least one
cruciform opening is greater than a width of part of the trunk
portion to which the opening opposes.

[0028] In one embodiment, the four liquid crystal domains
include a first liquid crystal domain where an azimuth of a
director is a first azimuth, a second liquid crystal domain
where an azimuth of a director is a second azimuth, a third
liquid crystal domain where an azimuth of a director is a third
azimuth, and a fourth liquid crystal domain where an azimuth
of adirector is a fourth azimuth, a difference between any two
of the first azimuth, the second azimuth, the third azimuth,
and the fourth azimuth being generally equal to an integral
multiple of 90°, and azimuths of directors of liquid crystal
domains which are adjacent to each other via one of the at
least one cruciform trunk portion are different by about 90°.
For example, assuming that the azimuthal angle of a horizon-
tal direction in the display surface is 0°, the first azimuth is
about 225°, the second azimuth is about 315°, the third azi-
muth is about 45°, and the fourth azimuth 1s about 135°.

[0029] Inoneembodiment, the plurality of branch portions
include a first group of a plurality of first branch portions
which are parallel to the first azimuth and which are arranged
in a stripe pattern, a second group of a plurality of second
branch portions which are parallel to the second azimuth and
which are arranged in a stripe pattern, a third group of a
plurality of third branch portions which are parallel to the
third azimuth and which are arranged in a stripe pattern, and
a fourth group of a plurality of fourth branch portions which
are parallel to the fourth azimuth and which are arranged in a
stripe pattern, and in each of the first, second, third, and fourth
groups, both a width of each of the plurality of branch por-
tions (L) and a width of a space between any pair of adjacent
branch portions (S) are in the range of not less than 1.5 um and
not more than 5.0 um.

[0030] In one embodiment, the pixel electrode includes a
plurality of subpixel electrodes aligned in a line along a
certain direction, the at least one cruciform trunk portion
includes a cruciform trunk portion of each of the plurality of
subpixel electrodes, the at least one cruciform opening of the
counter electrode includes an opening which is positioned so
as to oppose the cruciform trunk portion of each of the plu-
rality of subpixel electrodes, and when a predetermined volt-
age is applied across the liquid crystal layer, the four liquid
crystal domains are formed in each of a plurality of subpixel
regions corresponding to the plurality of subpixel electrodes
on a one-to-one basis.

[0031] Inoneembodiment, the plurality of subpixel regions
include a transmission subpixel region which performs dis-
play in a transmission mode and a reflection subpixel region
which performs display in a reflection mode.
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[0032] Inoneembodiment, theliquid crystal display device
further includes an internal retarder selectively provided only
in a region corresponding to the reflection subpixel region.
[0033] Inone embodiment, the photopolymerized material
includes a polymerized material of any of a diacrylate mono-
mer or a dimethacrylate monomer, and the liquid crystal layer
includes the monomer.

[0034] Inoneembodiment, the pair of alignment sustaining
layers include a particle of the photopolymerized material
which has a particle diameter of 50 nm or less.

Effects of the Invention

[0035] In a liquid crystal display device of the present
invention, a pixel electrode with a fine stripe pattern and a
cruciform opening (slit) provided in a counter electrode are
utilized to form a 4-domain alignment structure, and align-
ment sustaining layers regulate the pretilt azimuth of the
liquid crystal molecules in each domain. Thus, since the 4D
structure and linear polarization are combined, the contrast
ratio and the viewing angle characteristics are excellent as
compared with the combination of CPA and circular polar-
ization, the transmittance is high as compared with the com-
bination of CPA and linear polarization, and the alignment of
the liquid crystal molecules is stable even at low gray scale
levels. Further, the luminance can be improved by positioning
the cruciform opening so as to extend over a cruciform skel-
eton portion of the fine stripe pattern.

BRIEF DESCRIPTION OF DRAWINGS

[0036] [FIG. 1] Diagrams schematically showing a struc-
ture of two pixels of a liquid crystal display device 100 of an
embodiment of the present invention. (a) is a plan view. (b) is
a schematic cross-sectional view taken along line 1B-1B' of
().

[0037] [FIG. 2] A plan view for illustrating a structure of a
pixel 10 of the liquid crystal display device 100.

[0038] [FIG. 3] A SEM image of an alignment sustaining
layer included in the liquid crystal display device 100.

[0039] [FIG. 4] A simulation result of the distribution of
transmittance in a pixel in a white display state of the liquid
crystal display device 100.

[0040] [FIG. 5] A simulation result of the distribution of
transmittance in a pixel in a white display state of a compara-
tive example liquid crystal display device.

[0041] [FIG. 6] Graphs showing the distributions of the
azimuths of the orientations of liquid crystal molecules with
different widths of an opening 22a. (a) shows the distributions
during application of 2.5 V across a liquid crystal layer (inter-
mediate gray scale level display state). (b) shows the distri-
butions during application of 4.5 V across a liquid crystal
layer (white display state). (c) shows the distributions during
application of 10 V which is higher than the white voltage.
[0042] [FIG. 7] Graphs showing the relationship between
the slit width and the transmittance. The abscissa axis repre-
sents the slit width. The ordinate axis represents the transmit-
tance. (a) shows the relationship during application of 4.5V
across a liquid crystal layer (white display state). (b) shows
the relationship during application of 10 V which is higher
than the white voltage.

[0043] [FIG. 8]. Diagrams schematically showing a struc-
ture of a pixel of a transflective type liquid crystal display
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device 200 of an embodiment of the present invention. (a) is
a plan view. (b) is a schematic cross-sectional view taken
along line 8B-8B' of (a).

[0044] [FIG. 9] (a) to (c) are diagrams showing a structure
of a CPA mode liquid crystal display device 90A. (a) is a
schematic cross-sectional view of one pixel. (b) is a schematic
plan view. (¢)is a plan view schematically showing the align-
ment of liquid crystal molecules in a white display state.
[0045] [FIG. 10] (2) to (c) are diagrams for briefly illustrat-
ing a structure of a VA mode liquid crystal display device 90B
to which a structure of Patent Document 3 is applied. (a) is a
schematic cross-sectional view of one pixel. (b) is a schematic
plan view. (¢)is a plan view schematically showing the align-
ment of liquid crystal molecules in a white display state.
[0046] [FIG. 11] (a) shows a simulation result of the distri-
bution of transmittance in a pixel in a white display state of the
liquid crystal display device 90A. (b) shows a simulation
result of the distribution of transmittance in a pixel in a white
display state of a modification of the liquid crystal display
device 90A from which Y4-wave plates 724 and 72b are
omitted. (c) shows a simulation result of the distribution of
transmittance in a pixel in a white display state of the liquid
crystal display device 90B.

DESCRIPTION OF THE REFERENCE
NUMERALS

[0047] 11, 21 substrate

[0048] 12 pixel electrode

[0049] 12q, 125, 12¢, 12d branch portion
[0050] 127, 12v trunk portion

[0051] 22 counter electrode

[0052] 22a cruciform opening (slit)

[0053] 324, 325 vertical alignment film
[0054] 34a, 345 alignment sustaining layer
[0055] 42 liquid crystal layer

[0056] 424 liquid crystal molecules

[0057] 52a, 525 polarizing plate

[0058] 100, 200 liquid crystal display device

BEST MODE FOR CARRYING OUT THE
INVENTION

[0059] Hereinafter, a structure and operation of a liquid
crystal display device of an embodiment of the present inven-
tion are described with reference to the drawings. Note that
the present invention is not limited to the embodiment
described below.

[0060] FIG.1 schematically shows a structure of two pixels
10 of a liquid crystal display device 100 of an embodiment of
the present invention. FIG. 1(a) is a plan view. FIG. 1(b)is a
cross-sectional view taken along line 1B-1B' of FIG. 1(a).
[0061] The liquid crystal display device 100 has a plurality
of pixels and includes a pair of substrates 11 and 21 and a pair
of polarizing plates 52a and 526 placed in crossed Nicols on
the outer sides of the substrates 11 and 21. The liquid crystal
display device 100 is configured to display images in a nor-
mally black mode. Each pixel has a liquid crystal layer 42
including a nematic liquid crystal material (liquid crystal
molecules 42a) whose dielectric anisotropy is negative, and a
pixel electrode 12 and a counter electrode 22 which oppose
each other via the liquid crystal layer 42. The pixel electrode
12 has a fine stripe pattern. The counter electrode 22 has a
cruciform opening 22a. A pair of vertical alignment films 324
and 32b are respectively provided between the pixel electrode
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12 and the liquid crystal layer 42 and between the counter
electrode 22 and the liquid crystal layer 42. Surfaces of the
alignment films 32a and 325 which are closer to the liquid
crystal layer 42 are respectively provided with a pair ofalign-
ment sustaining layers 34a and 345 which are formed by a
photopolymerized material.

[0062] As will be described later in details, the alignment
sustaining layers 34a and 344 are formed by, after formation
of a liquid crystal cell, polymerizing a photopolymerizable
monomer contained in a prepared liquid crystal material
while applying a voltage across the liquid crystal layer 42.
Before the polymerization of the monomer, the alignment of
the liquid crystal molecules 42a is controlled by the vertical
alignment films 32a and 326. When a sufficiently high volt-
age (e.g., white display voltage) is applied across the liquid
crystal layer 42, an oblique electric field generated at an edge
portion of the fine stripe pattern of the pixel electrode 12 and
an oblique electric field generated near an opening 22a of the
counter electrode 22 form a 4D structure. The alignment
sustaining layers 34a and 345 function to sustain (memorize)
an alignment of the liquid crystal molecules 42a which occurs
in the presence of an applied voltage across the liquid crystal
layer 42 even after removal of the voltage (in the absence of an
applied voltage). Therefore, the pretilt azimuths of the liquid
crystal molecules 42a which are regulated by the alignment
sustaining layers 34a and 345 (the tilt azimuths of the liquid
crystal molecules in the absence of an applied voltage) con-
form to the azimuths of the directors of the domains of the 4D
structure which is formed in the presence of an applied volt-
age.

[0063] The pixel electrode 12 includes a cruciform trunk
portion which is positioned so as to coincide with the polar-
ization axes of the pair of polarizing plates 52a and 525, and
a plurality of branch portions extending from the cruciform
trunk portion in directions of approximately 45° (see FIG. 2).
Here, the polarization axis of one of the polarizing plates 52a
and 524 extends in a horizontal direction, and the polarization
axis of the other extends in a vertical direction. The trunk
portion of the pixel electrode 12 has a cruciform shape in
whicha linear portion extending in a horizontal direction (127
in FIG. 2) and a linear portion extending in a vertical direction
(12vin FIG. 2) intersect with each other near the center. The
pixel electrode having such a fine stripe pattern causes the
liquid crystal molecules 424 of the liquid crystal layer 42 to
incline in an azimuth parallel to a direction in which the
branch portions arranged in a stripe pattern extend as
described in Patent Documents 5 and 6.

[0064] The counter electrode 22 has at least one operning
22a. Here, each pixel has one opening 22a. The opening 22a
has a cruciform shape and is positioned so as to oppose the
cruciform trunk portion of the pixel electrode 12. Therefore,
the cruciform opening 22a is also positioned so as coincide
with the polarization axes of the pair of polarizing plates 52a
and 525 as the cruciform trunk portion of the pixel electrode
12 is. Note that the cruciform opening 22a provided in the
counter electrode 22 is preferably configured such that, when
viewed in a direction normal to the substrate, an end of the
opening 22a is substantially coincident with an edge of the
pixel electrode as shown in FIG. 1(a). This is for the purpose
of generating oblique electric fields throughout the liquid
crystal layer 42 in the pixel. The end of the opening 22a may
extend beyond the edge of the pixel electrode 12. However, if
the distance from an opening 22a corresponding to an adja-
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cent pixel electrode 12 is excessively decreased, the resis-
tance value of the counter electrode 22 undesirably increases.
[0065] Next, the structure of the pixel 10 of the liquid
crystal display device 100 is described in more details with
reference to FIG. 2. Note that FIG. 2 shows the structure of a
TFT substrate of the liquid crystal display device 100 (includ-
ing the substrate 11 and the components provided thereon as
shown in FIG. 1(5)), in which the counter substrate (including
the substrate 21 and the components provided thereon as
shown in FIG. 1(3)), the liquid crystal layer 42, etc., are not
shown.

[0066] As shown in FIG. 2, the TFT substrate includes a
glass substrate (reference numeral 11 in FIG. 1), and a gate
bus line (scan line) 13, a source bus line (signal line) 14, and
aTFT 15 which are provided on the glass substrate. The pixel
electrode 12 (see FIG. 1) is provided on an interlayer insulat-
ing film 16 (see FIG. 1) that covers the gate bus line 13, the
source bus line 14, and the TFT 15. The TFT 15 is ON/OFF-
controlled according to a scan signal supplied to the gate bus
line 13. When the TFT 15 is ON, a display signal is supplied
from the source bus line 14 to the pixel electrode 12. Provid-
ing the interlayer insulating film 16 formed of a transparent
organic resin enables an edge portion of the pixel electrode 12
to be placed in the vicinity of the source bus line 14, or to
extend over the source bus line 14 as shown in FIG. 1, so that
the pixel aperture ratio can be improved. For example, the
space between pixel electrodes 12 which are adjacent in a row
direction, PP, may be 5 um, and the width of the source bus
line 14, Ws, may be 6 um (see FIG. 1(5)).

[0067] The pixel electrode 12 includes a cruciform trunk
portion and a plurality of branch portions extending from the
cruciform trunk portion in directions of approximately 45°.
The cruciform trunk portion has a linear portion 12/ extend-
ing in a horizontal direction and a linear portion 12v extend-
ing in a vertical direction. The horizontal linear portion 12/
and the vertical linear portion 12v intersect with each other at
the center of the pixel electrode 12. From this trunk portion,
the plurality of branch portions extend in directions of
approximately 45°. Such a pattern is sometimes referred to as
“fishbone shape (FB shape)”.

[0068] The plurality of branch portions are divided into
four groups corresponding to the four regions separated by
the cruciform trunk portion. Specifically, the plurality of
branch portions are divided into the first group that is consti-
tuted of branch portions 12a extending in the direction of
azimuthal angle 45°, the second group that is constituted of
branch portions 126 extending in the direction of azimuthal
angle 135°, the third group that is constituted of branch por-
tions 12¢ extending in the direction of azimuthal angle 225°,
and the fourth group that is constituted of branch portions 124
extending in the direction of azimuthal angle 315°.

[0069] Ineach ofthe first, second, third, and fourth groups,
both the width of each of the plurality of branch portions (L)
and the width of the space between any pair of adjacent
branch portions (S) are in the range of not less than 1.5 um and
not more than 5.0 um and are constant. L and S are preferably
within the above range in terms of'the stability of alignment of
liquid crystal molecules and luminance. L/S is, for example,
3 um/3 pm.

[0070] As described in for example Patent Documents 5
and 6, an electric field produced between adjacent branch
portions (i.e., in a space portion) regulates the azimuth in
which the liquid crystal molecules incline (the azimuthal
angle component of the long axis of a liquid crystal molecule
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inclined by an electric field). This azimuth is parallel to the
branch portions arranged in a stripe pattern and is identical
with adirection toward the trunk portion. The azimuthal angle
of the azimuth in which the liquid crystal molecules regulated
by the first group branch portions 12« incline (first azimuth:
arrow A) is about 225°. The azimuthal angle of the azimuth in
which the liquid crystal molecules regulated by the second
group branch portions 125 incline (second azimuth: arrow B)
is about 315°. The azimuthal angle of the azimuth in which
the liquid crystal molecules regulated by the third group
branch portions 12¢ incline (third azimuth: arrow C)is about
45°. The azimuthal angle of the azimuth in which the liquid
crystal molecules regulated by the fourth group branch por-
tions 12d incline (fourth azimuth: arrow D) is about 135°. The
four azimuths A to D are equal to the azimuths ofthe directors
of the respective domains of the 4D structure which are
formed in the presence of an applied voltage.

[0071] Due to the pixel electrode 12 which has the pattern
of the above-described FB shape and the counter electrode 22
which has the cruciform opening 22q, the multidomain of 4D
structure is formed by applying a sufficiently high voltage
(e.g., white display voltage) across the liquid crystal layer 42.
By combination of the pixel electrode 12 and the counter
electrode 22 which can produce an electric field that forms the
4D structure in this way, not only the stability of the 4D
structure but also the luminance can be improved as com-
pared with the case where a 4D structure is formed by the
effect of an independent one of the electrodes. The effect of
improving the luminance will be described later. Note that, in
the example described herein, one 4D structure is formed in
one pixel. However, a plurality of 4D structures may be
formed in one pixel by forming plural ones of the above-
described electrode structure in one pixel.

[0072] The liquid crystal display device 100 further
includes the alignment sustaining layers 34a and 34b. These
alignment sustaining layers 34a and 345 function to regulate
the pretilt azimuths of the liquid crystal molecules 42¢ of
regions corresponding to respective ones of the four liquid
crystal domains during the absence of an applied voltage
across the liquid crystal layer 42. The pretilt azimuths are
identical with azimuths A to D of the directors of the respec-
tive domains of the 4D structure obtained by the above-
described electrode structure.

[0073] The alignment sustaining layers 34a and 345 are
formed using a technology called “Polymer Sustained Align-
ment Technology” (sometimes referred to as “PSA technol-
ogy”™). Specific fabrication methods are described in Patent
Documents 4 and 6. The entire disclosures of these docu-
ments are incorporated by reference in this specification.
Here, a liquid crystal panel is fabricated by the same method
as that described in Patent Document 6 (Example 5).

[0074] A liquid crystal display panel for the liquid crystal
display device 100 is fabricated using a material that contains
a photopolymerizable monomer in the proportion of not less
than 0.1 mass % and not more than 0.5 mass % relative to a
nematic liquid crystal material whose dielectric anisotropy is
negative. The photopolymerizable monomer used herein may
be an acrylate or dimethacrylate monomer which has a liquid
crystal skeleton. The liquid crystal display panel includes
substantially the same components as those of the liquid
crystal display device 100 except that the liquid crystal mate-
rial contains the monomer, that the alignment sustaining lay-
ers 34q and 34b are not formed, and that the polarizing plates
52a and 524 are not provided.
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[0075] Inthe absenceofan applied voltage across the liquid
crystal layer, the liquid crystal molecules of the liquid crystal
layer of this liquid crystal display panel (containing the
above-described monomer) are vertically oriented by the
anchoring force of the vertical alignment films 32a and 325.
This liquid crystallayer is irradiated with UV light (e.g., i-line
at the wavelength of 365 nm, about 20 mW)of about 20 J/cm?2
while 10 V, which is higher than the white display voltage
(e.g., 4.5V), is applied across the liquid crystal layer. As
previously described, when a voltage is applied across the
liquid crystal layer, four domains are formed in the liquid
crystal layer by electric fields generated between the pixel
electrode 12 which has a pattern of a FB shape and the counter
electrode which has the cruciform opening 22q, such that the
azimuthal angles of the directors of the four domains are 45°,
135°,225°, and315°. The UV irradiation causes polymeriza-
tion of the monomer to produce a photopolymerized material.
The photopolymerized material forms alighment sustaining
layers 34a, 345 on the vertical alignment films 32a, 325 for
fixing the above alignment of the liquid crystal molecules. A
series of steps for photopolymerizing a monomer while
applying a predetermined voltage in order to form alignment
sustaining layers is sometimes referred to as “PSA process™.
The voltage applied in the PSA process is typically, but is not
limited to, a voltage which is not lower than the white voltage.
[0076] An example of the alignment sustaining layers 34a
and 345 is described as to the structure with reference to FIG.
3. A SEM image shown in FIG. 3 is a result of a SEM
observation of a surface of the alignment sustaining layer.
Specifically, a sample of a liquid crystal display panel fabri-
cated as described above was disassembled, and thereafter,
the liquid crystal material was removed from the disas-
sembled sample. A surface of the alignment sustaining layer
of the resultant sample was then washed with a solvent and
observed by SEM.

[0077] As seen from FIG. 3, the alignment sustaining layer
contains particles of the photopolymerized material with the
particle size of 50 nm or less. The photopolymerized material
may not necessarily cover the entire surfaces of the alignment
films. The surfaces of the alignment films may be partially
exposed. The liquid crystal molecules aligned according to
electric fields generated in the liquid crystal layer are fixed by
the photopolymerized material, so that the alignment of the
liquid crystal molecules is sustained even in the absence of an
electric field. After the formation of the alignment sustaining
layers over the vertical alignment films, the alignment sus-
taining layers regulate the pretilt directions of the liquid crys-
tal molecules.

[0078] Note that the liquid crystal molecules 42a in the
closest vicinity of the vertical alignment films 32a, 3256 are
under the strong anchoring effect and are therefore oriented
vertical to the surfaces of the vertical alignment films 32a,
325 even in the presence of a voltage which is to be applied
during light irradiation (e.g., about 10 V which is higher than
the white display voltage). Thus, the inclination directions of
the liquid crystal molecules 42a fixed by the alignment sus-
taining layers 34a and 345 formed over the vertical alignment
films 324, 325 are slightly inclined (1° to 5°) from the vertical
direction (pretilt angle of 85° to 89°). The alignment of the
liquid crystal molecules 42q fixed by the alignment sustain-
ing layers 34a and 345 scarcely changes even when a voltage
is applied.

[0079] As described above, the liquid crystal display device
100 uses the 4D structure and the linear polarization in com-
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bination. Therefore, the liquid crystal display device 100 has
ahigher contrast ratio and wider viewing angle characteristics
than the conventional CPA mode liquid crystal display device
which uses Ya-wave plates, and has a higher transmittance
than the combination of the CPA mode and the linear polar-
ization. Further, in the liquid crystal display device 100, the
pretilt azimuths are regulated by the alignment sustaining
layers 34a and 345 so as to conform to the 4D structure even
in the absence of an applied voltage. Therefore, the alignment
of the liquid crystal molecules is stable even at low gray scale
levels as compared with a liquid crystal display device which
employs the conventional FB-shaped pixel electrode or cru-
ciform-slitted counter electrode or the combination of these
electrodes.

[0080] Next, the reason that the luminance can be improved
by positioning the cruciform opening 22a of the counter
electrode 22 so as to extend over the cruciform skeleton
portions 12/, 12v of the pixel electrode 12 which are in a fine
stripe pattern is described.

[0081] First, the effects produced by the present invention
are described with reference to FIG. 4 and FIG. 5. FIG. 4
shows a simulation result of the distribution of transmittance
in a pixel in a white display state of the liquid crystal display
device 100 of the present embodiment. FIG. § shows, for
comparison purposes, a simulation result of the distribution
of transmittance in a pixel in a white display state of a modi-
fication of the liquid crystal display device 100 in which the
cruciform opening 22a is omitted from the counter electrode
22 (see, for example, Patent Documents 4 to 6; hereinafter,
sometimes referred to as “comparative example liquid crystal
display device”).

[0082] The pixel used in the simulation has the pixel pitch
0f 25.5 umx40.0 um (aspect ratio 1.6), which corresponds to
2.4-inch VGA. In the FB shape pattern of the pixel electrode
12 shown in FIG. 2, the width of each of the trunk portions
12/ and 12v is 1.5 pm, the number of branch portions in each
region is 10, and [/S=1.5 um/1.5 pum.

[0083] As shown in FIG. 4, when the liquid crystal display
device of the present embodiment is in a white display state,
dark lines are clearly observed which intersect each other and
which are parallel to the absorption axes of the polarizing
plates placed in crossed Nicols (the absorption axes are per-
pendicular to the transmission axes). The other regions, i.e.,
the four liquid crystal domains, are in a substantially uniform
white display state. As understood from this, in the liquid
crystal display device of the present embodiment, the 4D
structure is clearly formed, and almost all of the liquid crystal
molecules in each domain are oriented in a predetermined
director azimuth (an azimuth of 45° relative to the absorption
axes of the polarizing plates).

[0084] On the other hand, as shown in FIG. 5, in the com-
parative example liquid crystal display device, the cruciform
dark lines corresponding to the absorption axes of the polar-
izing plates are spreading and are bent like a windmill. As
understood from this, although the 4D structure is formed
even in the comparative example liquid crystal display
device, the azimuths of the orientations of the liquid crystal
molecules in each domain greatly vary.

[0085] As seen from the comparison between FIG. 4 and
FIG. 5, the luminance in the white display state is higher in the
liquid crystal display device of the present embodiment. This
is because the orientations of the liquid crystal molecules in
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each domain are uniform (conform to the direction of the
director) due to the cruciform slit 22a provided in the counter
electrode 22.

[0086] Next, the optimum value for the width of the cruci-
form opening 22a is described with reference to FIG. 6 and
FIG. 7. FIG. 6 shows graphs which illustrate the distributions
of the azimuths of the orientations of the liquid crystal mol-
ecules for different widths of the opening 22a (widths of
counter slit). For comparison purposes, the distribution in a
structure with no opening is illustrated with the indication of
“slit width O pm”. The pixel pitch is 25.5 pmx40.0 pm as
described above.

[0087] InFIGS. 6(a)to 6(c), the abscissa axis represents the
position along the vertical direction of the pixel and specifi-
cally represents the position on a line passing through the
centers of two domains vertically adjacent to each other.
Assuming that the horizontal slit of the cruciform opening
22q of the counter electrode 22 shown in F1G. 1(a) is identical
with the X-axis and the vertical slit is identical with the
Y-axis, the distributions of the azimuths ofthe orientations of
the liquid crystal molecules of the domains formed in the
second and third quadrants are herein shown. Note that the
azimuthal angle of 135° is expressed as “-45°" which is an
equivalent angle. FIG. 6(a) illustrates the distributions during
application of 2.5 V across the liquid crystal layer (interme-
diate gray scale level display state). FIG. 6(5) illustrates the
distributions during application of 4.5 V across the liquid
crystal layer (white display state). FIG. 6(c) illustrates the
distributions during application of a voltage higher than the
white voltage (10 V).

[0088] First, as shown in FI1G. 6(a), it is understood that a
small number of liquid crystal molecules are oriented in the
azimuth of 45° or —45° when the voltage applied across the
liquid crystallayer is low. When the width of the slitis 6.0 um,
7.0 pm, and 9.0 pm, only a small part of the liquid crystal
molecules near an edge of the pixel electrode and near the slit
are oriented in the azimuth of 45° or -45°.

[0089] Next, as shown in FIG. 6(5), it is understood that,
when the slit width is 3.0 um to 6.0 pm, liquid crystal mol-
ecules oriented in the azimuth of 45° or —45° exist in a wide
range during application of the white display voltage (4.5V).
[0090] As shown in FIG. 6(c), it is understood that, when
the slit width is 3.0 um to 6.0 um, liquid crystal molecules
oriented in the azimuth of 45° or -45° exist in a still wider
range during application of 10 V which is higher than the
white voltage. Even when the slit width is 7.0 um or 9.0 pm,
the liquid crystal molecules oriented in the azimuth of 45° or
-45° exist in a wide range.

[0091] Inastructure which does not have a slit, the propor-
tion of liquid crystal molecules oriented in the azimuth of 45°
or -45° is small in any of FIGS. 6(a) to 6(c). Especially in the
case of FIG. 6(a) in which the applied voltage is low, liquid
crystal molecules oriented in the azimuth of 45° or -45°
rarely exist.

[0092] As described above, the alignment of the liquid
crystal molecules in the respective domains of the 4D struc-
ture can be improved by providing the cruciform slit 224 in
the counter electrode, even when the pixel pitch is relatively
small.

[0093] As described above, by providing the cruciform
opening 224 in the counter electrode 22, the proportion of
liquid crystal molecules oriented in a predetermined azimuth
(45° relative to the transmission axes of the polarizing plates)
is increased, whereby the transmittance (display luminance)
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can be increased. However, as the width of the slit increases,
aregion in which the voltage applied across the liquid crystal
layer is insufficient increases, so that the display luminance
decreases. Now, the results of examinations as to the relation-
ship between the slit width and the transmittance are
described with reference to FIGS. 7(a) and 7(5).

[0094] In the graphs shown in FIGS. 7(a) and 7(b), the
ordinate axis represents the transmittance (arbitrary unit), and
the abscissa axis represents the slit width. Here, for compari-
son purposes, the relationship between the slit width and the
transmittance in the conventional liquid crystal display
device 90B which has the cruciform slit in the counter elec-
trode (see FIG. 10) is shown together. FIG. 7(a) shows the
relationship during application of 4.5 V across the liquid
crystal layer (white display state). FIG. 7(b) shows the rela-
tionship during application of 10 V which is higher than the
white voltage.

[0095] As seen from FIGS. 7(a) and 7(b), in terms of trans-
mittance, the optimum width of the slit is 5.0 um, and the
width of the slit is preferably in the range of 3 wm to 6 um. The
liquid crystal display device 100, which includes the pixel
electrodes having the FB shape pattern of the present embodi-
ment, has a higher transmittance than the conventional liquid
crystal display device 90B.

[0096] Next, a transmission-reflection combination type
(or “transflective type”) liquid crystal display device 200,
which is another embodiment of the present invention, is
described with reference to FIG. 8. In the liquid crystal dis-
play device 200, each pixel includes two subpixel regions.
One of the subpixel regions is a transmission subpixel region
for display in the transmission mode, and the other is a reflec-
tion subpixel region for display in the reflection mode. FIG.
8(a) is a schematic plan view of one pixel of the liquid crystal
display device 200. FIG. 8(b) is a schematic cross-sectional
view taken along line 8B-8B' of FIG. 8(a). Note that compo-
nents which are common among the liquid crystal display
device 200 and the liquid crystal display device 100 shown in
FIG. 1 are indicated by the common reference numerals, and
the description thereof is herein omitted.

[0097] As shown in FIG. 8(«), the pixel electrode 12 of the
liquid crystal display device 200 includes two subpixel elec-
trodes 12a and 125 which are aligned in a line along a column
direction (vertical direction). The subpixel electrode 12a is a
transparent electrode formed of, for example, an ITO film.
The subpixel electrode 125 is a reflection electrode formed of,
for example, an Al film.

[0098] The subpixel electrodes 12a and 125 each have aFB
shape pattern. The counter electrode 22 which opposes the
subpixel electrodes 12a and 125 via the liquid crystal layer
has a cruciform opening 224 at a position opposing the trans-
parent subpixel electrode 12a and a cruciform opening 225 at
aposition opposing the reflection subpixel electrode 1246. The
cruciform openings 22a and 225 are positioned so as to
oppose the cruciform trunk portions of the subpixel electrode
12a and the subpixel electrode 125, respectively.

[0099] Thus, for the reasons described above, when a pre-
determined voltage is applied across the liquid crystal layer
42, the above-described four liquid crystal domains are stably
formed in each of a transmission subpixel region correspond-
ing to the transparent subpixel electrode 124 and a reflection
subpixel region corresponding to the reflection subpixel elec-
trode 124.

[0100] The liquid crystal display device 200 has a retarder
62 in a region opposing the reflection subpixel electrode 125
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as shown in FIG. 8(b). The retarder 62 is provided between
the substrate 11 and the substrate 21 which oppose each other
via the liquid crystal layer 42 and is therefore referred to as
“internal retarder 62”. For example, the phase difference of
the internal retarder 62 is a quarter wavelength. The internal
retarder 62 is disposed such that its slow axis extends in a
direction which forms an angle of 45° relative to the trans-
mission axis of the polarizing plate 525. The internal retarder
62 functions to convert linear polarization transmitted
through the polarizing plate 525 to circular polarization. In
this configuration, to equalize the optical path length for the
light that contributes to the display in the reflection mode and
the optical path length for the light that contributes to the
display in the transmission mode, the thickness of the liquid
crystal layer 42 in the reflection subpixel region is preferably
half the thickness of the liquid crystal layer 42 in the trans-
mission subpixel region. The thickness of the liquid crystal
layer 42 may be adjusted by, for example, providing a trans-
parent resin layer on a side of the internal retarder 62 which is
closer to the substrate 21. The details of the internal retarder
are disclosed in, for example, Japanese Laid-Open Patent
Publication No. 2003-279957. The entire disclosures of this
publication are incorporated by reference in the present speci-
fication.

[0101] Here, the configuration of one pixel which includes
two or more subpixel regions has been described with an
example of the transmission-reflection combination type lig-
uid crystal display device 200, to which the present invention
is however not limited. Even in transmission-type liquid crys-
tal display devices and reflection-type liquid crystal display
devices, a pixel may be divided into a plurality of subpixel
regions.

INDUSTRIAL APPLICABILITY

[0102] The present invention is applicable to liquid crystal
display devices with relatively small pixel pitches, such as
liquid crystal display devices for use in mobile phones.
1. A liquid crystal display device comprising a plurality of
pixels and a pair of polarizing plates placed in crossed Nicols,
the liquid crystal display device being configured to display
an image in a normally black mode, wherein
each of the plurality of pixels includes
a liquid crystal layer including a nematic liquid crystal
material whose dielectric anisotropy is negative,
a pixel electrode and a counter electrode opposing each
other via the liquid crystal layer,
apair of vertical alignment films respectively interposed
between the pixel electrode and the liquid crystal
layer and between the counter electrode and the liquid
crystal layer, and
a pair of alignment sustaining layers formed by a pho-
topolymerized material on respective surfaces of the
pair of alignment films which are closer to the liquid
crystal layer,
the pixel electrode has at least one cruciform trunk portion
which is positioned so as to coincide with polarization
axes of the pair of polarizing plates and a plurality of
branch portions extending from the at least one cruci-
form trunk portion in a direction of approximately 45°,

the counter electrode has at least one cruciform opening
which is positioned so as to oppose the at least one
cruciform trunk portion,

when a predetermined voltage is applied across the liquid

crystal layer, four liquid crystal domains are formed in
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the liquid crystal layer, azimuths of four directors that

are representative of orientations of liquid crystal mol-

ecules included in the four liquid crystal domains being
different from one another, and each of the azimuths of
the four directors being generally parallel to any of the
plurality of branch portions, and

when no voltage is applied across the liquid crystal layer, a

pretilt azimuth of a liquid crystal molecule included in a

region corresponding to each of the four liquid crystal

domains is regulated by the alignment sustaining layers.
2. The liquid crystal display device of claim 1, wherein a
width of the at least one cruciform opening is greater than a
width of part of the trunk portion to which the opening
opposes.
3. The liquid crystal display device of claim wherein
the four liquid crystal domains include a first liquid crystal
domain where an azimuth of a director is a first azimuth,

a second liquid crystal domain where an azimuth of a

director is a second azimuth, a third liquid crystal

domain where an azimuth of a directoris a third azimuth,
and a fourth liquid crystal domain where an azimuth of

a director is a fourth azimuth, a difference between any

two of the first azimuth, the second azimuth, the third

azimuth, and the fourth azimuth being generally equal to
an integral multiple of 90°, and

azimuths of directors of liquid crystal domains which are
adjacent to each other via one of the at least one cruci-
form trunk portion are different by about 90°.

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

the plurality of branch portions include

a first group of a plurality of first branch portions which
are parallel to the first azimuth and which are arranged
in a stripe pattern,

a second group of a plurality of second branch portions
which are parallel to the second azimuth and which
are arranged in a stripe pattern,

athird group of a plurality of third branch portions which
are parallel to the third azimuth and which are
arranged 1n a stripe pattern, and

a fourth group of a plurality of fourth branch portions
which are parallel to the fourth azimuth and which are
arranged in a stripe pattern, and

in each of the first, second, third, and fourth groups, both a
width of each of the plurality of branch portions (1) and

a width of a space between any pair of adjacent branch

portions (S) are in the range of not less than 1.5 pm and

not more than 5.0 pm.

5. The liquid crystal display device of claim 1, wherein

the pixel electrode includes a plurality of subpixel elec-
trodes aligned in a line along a certain direction,

the at least one cruciform trunk portion includes a cruci-
form trunk portion of each of the plurality of subpixel
electrodes,

the at least one cruciform opening of the counter electrode
includes an opening which is positioned so as to oppose
the cruciform trunk portion of each of the plurality of
subpixel electrodes, and

when a predetermined voltage is applied across the liquid
crystal layer, the four liquid crystal domains are formed
in each of a plurality of subpixel regions corresponding
to the plurality of subpixel electrodes on a one-to-one
basis.
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6. The liquid crystal display device of claim 5, wherein the 7. The liquid crystal display device of claim 6, further
plurality of subpixel regions include a transmission subpixel ~ comprising an internal retarder selectively provided only in a
region which performs display in a transmission mode and a region corresponding to the reflection subpixe] region,
reflection subpixel region which performs display in a reflec-

tion mode. Bk k&
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