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57 ABSTRACT
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(IP) In a liquid crystal display apparatus in which a liquid crystal
layer is twist-aligned when no electric field is applied, And
(73) Assignee: MITSUBISHI ELECTRIC value of aliquid crystal layer in a wavelength of 550 nm is 300
CORPORATION, Chiyoda-ku (JP) to 400 nm, each of directions of polarizing axes of pair of
linear polarizers is substantially parallel or vertical to the
21y Apol. No.: 13/012,177 alignment direction of liquid crystal molecules in each end
(21) Appl. No face of the liquid crystal layer that is closer to each of linear
oo polarizers, and the angle between polarizing axes of the pair
(22)  Filed: Jan. 24,2011 of linear polarizers is 85° or larger and smaller than 90°. In a
. . . liquid crystal display apparatus in which a liquid crystal layer
(30) Foreign Application Priority Data is aligned to be substantially vertical when no electric field is
. applied, the angle between polarizing axes of the pair of linear
Sep. 16,2010 (JP) wcoeviiiiiiiciciiics 2010-207821 polarizers is 85° or larger and smaller than 90°. In a liquid
. . . crystal display apparatus of a lateral electric field drive sys-
Publication Classification tem, a uniaxial alignment angle of a liquid crystal layer when
(51) Int.Cl no electric field is applied is larger than —45° and -40° or
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smaller, or +40° or larger and smaller than +45°.
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LIQUID CRYSTAL DISPLAY APPARATUS

INCORPORATION BY REFERENCE

[0001] This application is based upon and claims the ben-
efit of priority from Japanese patent application No. 2010-
207821, filed on Sep. 16, 2010, the disclosure of which is
incorporated herein in its entirety by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play apparatus.

[0004] 2. Description of Related Art

[0005] A liquid crystal display apparatus is used as a moni-
tor of a personal computer (PC), a personal digital assistant
device and the like, or a display apparatus of a TV, taking
advantages of its low power consumption or reduced size and
light weight. A liquid crystal display apparatus includes a
plurality of pixels arranged in matrix, and displays images by
performing light modulation for each pixel.

[0006] An active matrix type liquid crystal display appara-
tus using a thin film transistor (TFT) as a switching element is
widely used as a liquid crystal display apparatus.

[0007] Japanese Unexamined Patent Application Publica-
tion No. 2004-312780 (patent document 1) and Japanese
Unexamined Patent Application Publication No. 2008-8934
(patent document 2) each disclose a liquid crystal display
apparatus of parallax barrier system with multi screen that
includes a parallax barrier layer in a viewing side of a liquid
crystal panel and is capable of displaying different images at
the same time to a plurality of observers in different visual
directions by one liquid crystal display apparatus.

[0008] Referring to FIG. 13, a basic configuration of a TFT
liquid crystal display apparatus of conventional parallax bar-
rier system is described. FIG. 13 shows a schematic cross
sectional view. This example will be described taking a right
and left two-screen display as an example that displays dif-
ferent images to observers in the left side and the right side
with respect to the display screen.

[0009] A liquid crystal display apparatus 3 shown in FIG.
13 includes a liquid crystal panel 4 in which a TFT substrate
204 and an opposed substrate (CF substrate) 206 are bonded
to each other with a liquid crystal layer 205 interposed ther-
ebetween. The TFT substrate 204 includes a pixel electrode
(not shown) and a TFT (not shown) formed for each pixel.
The TFT substrate 204 further includes a plurality of signal
lines 210 including a plurality of gate lines (scan signal lines)
and a plurality of source lines (display signal lines) to drive
the display apparatus at each pixel, and a plurality of lead-out
lines (not shown) connected to the plurality of signal lines
210. The opposed substrate 206 includes an opposed elec-
trode (common electrode), a colored layer (color filter layer,
not shown) ofred (R)/green (G)/blue (B), and a light shielding
layer (BM) 207A that shields the light between adjacent
pixels formed therein.

[0010] In FIG. 13, the reference symbol 205X schemati-
cally shows liquid crystal molecules in the liquid crystal layer
205.

[0011] In the opposed substrate 206, a clearance between
adjacent light shielding layers (BM) 207A is a pixel opening
part 207B.
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[0012] In the liquid crystal panel 4, the plurality of pixels
arranged in matrix are divided into pixels PL that display data
for left visual field with respect to the display screen and
pixels PR that display data for right visual field with respect to
the display screen.

[0013] As shown in FIG. 13, when seen in the cross-sec-
tional view, the pixel PL for left visual field and the pixel PR
for right visual field are alternately arranged.

[0014] For example, seen in a plane view, a pixel group for
left visual field in line composed of a plurality of pixels PL for
left visual field arranged in line and a pixel group for right
visual field in line composed of a plurality of pixels PR for
right visual field arranged in line are alternately arranged in
stripe.

[0015] A parallax barrier layer 208 including a light shield-
ing part 208A and an opening part 208B is formed in a
viewing side of the opposed substrate 206.

[0016] The position of the pixel opening part 207B formed
between adjacent light shielding layers (BM) 207A and the
position of the opening part 208B formed in the parallax
barrier layer 208 are deviated from each other. Specifically,
the opening part 208B of the parallax barrier layer 208 is
positioned between the pixel opening part 207B of the pixel
PL for left visual field and the pixel opening part 207B of the
pixel PR for right visual field that are adjacent to each other.

[0017] Intheliquid crystal display apparatus 3, display data
from the pixel PL for left visual field passes through the pixel
opening part 207B of the pixel PL for left visual field and the
opening part 208B of the parallax barrier layer 208, and is
selectively emitted to the left side with respect to the display
screen. Hence, a display image IL for left visual field can be
observed by an observer in the left side with respect to the
display screen.

[0018] Similarly, display data from the pixel PR for right
visual field passes through the pixel opening part 207B of the
pixel PR for right visual field and the opening part 208B of the
parallax barrier layer 208, and is selectively emitted to the
right side with respect to the display screen. Hence, a display
image IR for right visual field can be observed by an observer
in the right side with respect to the display screen.

[0019] Intheliquid crystal display apparatus 3, the distance
between the light shielding layer (BM) 207 A and the parallax
barrier layer 208, and the opening position and the opening
diameter of the pixel opening part 207B and the opening part
208B of'the parallax barrier layer 208 are designed so that the
plurality of images IL. and IR are displayed while being sepa-
rated in angle as described above.

[0020] A liquid crystal display apparatus of parallax barrier
system with right and left two screens has a problem of
crosstalk, which means the incomplete isolation of the dis-
play image IL for left visual field and the display image IR for
right visual field so that a part of a display image leaks into the
other display image.

[0021] Inparticular, onedisplay image tends to leak into the
other display image in the range of the visual angle in the
neighborhood of the boundary of two display images. Fur-
thermore, particularly in a display image with much black
display, even a small amount of leakage of the other display
image tends to be visualized as leaked image.

[0022] When the level of crosstalk is high, a part of the
display image that should be seen by one observer in one side
with respect to the display screen enters the display image that
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should be seen by the other observer in the other side with
respect to the display screen. Thus, display defects occur in
which the two display images are overlapped.

[0023] The above-stated problem is not limited in the liquid
crystal display apparatus with right and left two screens, but
the same problem occurs in any liquid crystal display appa-
ratus of parallax barrier system with multi screen.

[0024] To address with the problem of crosstalk stated
above in which a plurality of display images are mixed in a
liquid crystal display apparatus of parallax barrier system
with multi screen, patent document 1 discloses a crosstalk
correction image generation method to estimate the influence
of crosstalk in advance and write the crosstalk corrected
potential based on this data into a pixel electrode (see e.g.,
Claims 1 to 4, and Abstract).

[0025] Further, patent document 2 arranges a plurality of
parallax barrier layers (33, 36) to reduce crosstalk (see, e.g.,
Claim 1 and FIG. 1).

[0026] However, the method of patent document 1 does not
suppress the occurrence of crosstalk itself. It is required in the
method of patent document 1 to calculate the correction
amount by estimating the crosstalk in advance and to execute
the calculated correction amount in a drive circuit, which
complicates the circuit configuration.

[0027] The method of patent document 2 requires arrange-
ment of a plurality of parallax barrier layers, which increases
the cost.

[0028] Further, a liquid crystal display apparatus typically
has visual angle dependencies, and display properties such as
a contrast ratio (CR) are different between a case in which the
display screen is seen from the front and a case in which the
display screen is seen from a slanted direction. A liquid crys-
tal display apparatus with single screen typically used in TVs
or PC monitors has smaller CR with increasing angle from the
front with respect to the display screen.

[0029] It is not usually assumed that the liquid crystal dis-
play apparatus of parallax barrier system with multi screen is
used in the frontal visual field. It is usually assumed that the
liquid crystal display apparatus is used in the slanted direc-
tion. For example, in a liquid crystal display apparatus with
right and left two screens, a desired visual field may often be
the range in which the visual angle is moved by about 20 to
50° in the left side and the right side from the front.

[0030] Accordingly, when the above typical liquid crystal
display apparatus with single screen in which the CR
decreases in the slanted visual field is directly applied to the
liquid crystal display apparatus with multi screen, display
properties such as CR and gamma characteristic are degraded
since the liquid crystal display apparatus is used with low CR
of the liquid crystal display apparatus itself in the slanted
visual field, which is supposed to be the main state of usage.
[0031] Theproblem state above that the CR decreases in the
slanted visual field can be solved to some extent by using a
lateral electric field drive system of IPS (In-Plane Switching)
mode or FFS (Fringe Field Switching) mode having the most
excellent viewing angle characteristic.

[0032] However, when a liquid crystal mode of a lateral
electric field drive system in which excellent CR can be
obtained in a wide range of visual field is applied to the liquid
crystal display apparatus with multi screen, this causes visual
fields with degraded display properties due to the crosstalk of
a plurality of display images. This is because, when a part of
the display image that should be seen by one observer in one
side with respect to the display screen enters the display
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image that should be seen by the other observer in the other
side with respect to the display screen, the influence of the
mixed display image increases if the luminance level of the
display image which should be seen by the observer is low.

SUMMARY OF THE INVENTION

[0033] The present invention has been made in view of
those circumstances, and aims to provide a liquid crystal
display apparatus of parallax barrier system that is capable of
reducing crosstalk in a plurality of display images in a desired
visual field, without complicating the circuit configuration
and without requiring a plurality of parallax barrier layers,
with low cost, high contrast ratio, and excellent visibility.
[0034] While the present invention is effective for a liquid
crystal display apparatus of parallax barrier system, it is
applicable to any liquid crystal display apparatus with a
desired visual field of the slanted direction with respect to the
display screen.

[0035] A first exemplary aspect of an embodiment of the
present invention is a liquid crystal display apparatus includ-
ing a liquid crystal layer; a pair of substrates that are arranged
opposite to each other with the liquid crystal layer interposed
therebetween, each of the substrates including an electrode to
apply an electric field to the liquid crystal layer; and a pair of
linear polarizers that are arranged outside the pair of sub-
strates, each of the linear polarizers selectively transmitting
specific linearly-polarized light, in which the liquid crystal
layer is twist-aligned when no electric field is applied, and has
a And value of 300 nm or larger and 400 nm or smaller, the
And value being a product of a refractive anisotropy An and a
thickness ofaliquid crystal layer d in a wavelength of 550 nm,
each of directions of polarizing axes of the pair of linear
polarizers is substantially parallel or substantially vertical to
the alignment direction of liquid crystal molecules in each
end face of the liquid crystal layer that is closer to each of the
linear polarizers, and the angle between the polarizing axes of
the pair of linear polarizers is 85° or larger and smaller than
90°.

[0036] In this specification, “a polarizing axis of a linear
polarizer” indicates a polarizing axis of a specific linearly-
polarized light that is selectively transmitted.

[0037] In this specification, unless otherwise noted, “sub-
stantially parallel” is defined to be within the range of +5°
with respect to the state of complete parallel, and “substan-
tially vertical” is defined to be within the range of +5° with
respect to the state of complete vertical.

[0038] Furthermore, unless otherwise specified, “about” in
angle notations refers to the range of +5° of the angle that is
described.

[0039] A second exemplary aspect of an embodiment ofthe
present invention is a liquid crystal display apparatus includ-
ing a liquid crystal layer; a pair of substrates that are arranged
opposite to each other with the liquid crystal layer interposed
therebetween, each of the substrates including an electrode to
apply an electric field to the liquid crystal layer; and a pair of
linear polarizers that are arranged outside the pair of sub-
strates, each of the linear polarizers selectively transmitting
specific linearly-polarized light, in which the liquid crystal
layer is aligned to be substantially vertical when no electric
field is applied, and the angle between polarizing axes of the
pair of linear polarizers is 85° or larger and smaller than 90°.
[0040] A third exemplary aspect of an embodiment of the
present invention is a liquid crystal display apparatus of a
lateral electric field drive system including a liquid crystal
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layer; a pair of substrates that are arranged opposite to each
other with the liquid crystal layer interposed therebetween; a
pair of linear polarizers that are arranged outside the pair of
substrates, each of the linear polarizers selectively transmit-
ting specific linearly-polarized light; and a pair of electrodes
that are included in one substrate of the pair of substrates, the
electrodes applying lateral electric field to the liquid crystal
layer, in which the liquid crystal layer is uniaxially aligned
when no electric field is applied, and the uniaxial alignment
angleis larger than —-45° and —-40° or smaller, or +40° or larger
and smaller than +45° (the “angle” here is a value based on 0°
which is the direction of three-o’clock of a clock seen from a
front with respect to a display screen, the counterclockwise
direction from 0° being “+”, and the clockwise direction from
0° being “-"), and the direction of the polarizing axes of the
pair of linear polarizers is substantially parallel or substan-
tially vertical to the uniaxial alignment direction of the liquid
crystal layer.

[0041] The liquid crystal display apparatus of the lateral
electric field drive system includes, for example, a liquid
crystal display apparatus of IPS (In-Plane Switching) mode
or FFS (Fringe Field Switching) mode.

[0042] According to the first to third exemplary aspects of
the present invention, the liquid crystal display apparatus is
preferably applicable to a display apparatus of parallax bar-
rier system with multi screen including at least one parallax
barrier layer provided in a substrate in a viewing side of the
pair of substrates, the parallax barrier layer performing
adjustment so that each display data from each of pixels
forming the liquid crystal display apparatus is selectively
emitted to a visual field of a specific angle range, to perform
adjustment so that different display images are displayed on a
plurality of visual fields having different angle ranges.

[0043] The present invention aims to provide a liquid crys-
tal display apparatus of parallax barrier system that is capable
of reducing crosstalk in a plurality of display images in a
desired visual field, without complicating the circuit configu-
ration and without requiring a plurality of parallax barrier
layers, with low cost, high contrast ratio, and excellent vis-
ibility.

[0044] While the present invention is effective for a liquid
crystal display apparatus of parallax barrier system, it is
applicable to any liquid crystal display apparatus with a
desired visual field of the slanted direction with respect to the
display screen, and is capable of providing a liquid crystal
display apparatus with high contrast ratio and excellent vis-
ibility.

[0045] The above and other objects, features and advan-
tages of the present invention will become more fully under-
stood from the detailed description given hereinbelow and the
accompanying drawings which are given by way of illustra-
tion only, and thus are not to be considered as limiting the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] FIG. 1 is a schematic exploded perspective view of
a liquid crystal display apparatus of parallax barrier system
with multi screen according to a first exemplary embodiment
of the present invention;

[0047] FIG. 2 is a schematic cross sectional view specifi-
cally showing main constitutional elements ofthe liquid crys-
tal display apparatus shown in FIG. 1;

Mar. 22, 2012

[0048] FIG.3A isadiagram showing an example of a plane
pattern of a parallax barrier layer of the liquid crystal display
apparatus shown in FIG. 1;

[0049] FIG. 3B is adiagram showing an example of a plane
pattern of the parallax barrier layer of the liquid crystal dis-
play apparatus shown in FIG. 1;

[0050] FIG. 4 is an exploded perspective view specifically
showing main constitutional elements of the liquid crystal
display apparatus shown in FIG. 1;

[0051] FIG. 5 shows schematic views of a pair of linear
polarizers that are in a cross-nicol relationship in the normal
TN mode seen from a frontal visual field and from a slanted
visual field;

[0052] FIG. 6 shows schematic views of a pair of linear
polarizers in the liquid crystal display apparatus shown in
FIG. 1 seen from a frontal visual field and from a slanted
visual field;

[0053] FIG. 7 is a graph showing a calculation result of a
viewing angle characteristic of a transmission ratio of a liquid
crystal display apparatus upon display of black in the liquid
crystal display apparatus shown in FIG. 1;

[0054] FIG. 8 is a graph showing a calculation result of a
viewing angle characteristic of a CR in the liquid crystal
display apparatus shown in FIG. 1;

[0055] FIG. 9 is a graph showing a calculation result of a
viewing angle characteristic of a transmission ratio of a liquid
crystal display apparatus upon display of black in a normal
TN mode;

[0056] FIG. 10 is a graph showing a calculation result of a
viewing angle characteristic of a CR in the normal TN mode;
[0057] FIG. 11 is a graph showing a calculation result of a
viewing angle characteristic of a CR in a liquid crystal display
apparatus of parallax barrier system with multi screen accord-
ing to a second exemplary embodiment of the present inven-
tion;

[0058] FIG. 12 is a graph showing a calculation result of a
viewing angle characteristic ofa CR in a liquid crystal display
apparatus of parallax barrier system with multi screen accord-
ing to a third exemplary embodiment of the present invention;
and

[0059] FIG. 13 is a schematic cross sectional view of a
liquid crystal display apparatus of parallax barrier system
with multi screen according to a related art.

DESCRIPTION OF THE EXEMPLARY
EMBODIMENTS

First Exemplary Embodiment

[0060] Referring to the drawings, a liquid crystal display
apparatus of parallax barrier system with multi screen accord-
ing to a first exemplary embodiment of the present invention
will be described. The first exemplary embodiment will be
described taking a right and left two-screen display as an
example. The first exemplary embodiment will be described
taking an active matrix type liquid crystal display apparatus
using a TFT as a pixel switching element as an example.
[0061] FIG. 1 is a schematic exploded perspective view of
a liquid crystal display apparatus according to the first exem-
plary embodiment. FIG. 2 is a schematic cross sectional view
specifically showing main constitutional elements of the lig-
uid crystal display apparatus according to the first exemplary
embodiment. FIGS. 3A and 3B each show an example of a
plane pattern of a parallax barrier layer.
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[0062] The arrows shown in FIG. 1 indicate a direction in
which a liquid crystal layer 105 is aligned, absorption axes of
linear polarizers 102a and 1024, and a direction in which
viewing angle compensation films 103a and 1035 are aligned.
[0063] For the sake of clear illustration, each constitutional
element is not drawn to scale and its position is different from
actual one, and a part of the constitutional elements is omit-
ted. Hatching is omitted in the cross sectional view as appro-
priate.

[0064] As shown in FIG. 1, a liquid crystal display appara-
tus 1 according to the first exemplary embodiment is a trans-
missive liquid crystal display apparatus including a back light
(BL) 101 including a light source, a light-guide plate and the
like. The liquid crystal display apparatus 1 according to the
first exemplary embodiment includes a liquid crystal panel 2
of twisted nematic liquid crystal (TN) mode in which the
liquid crystal layer 105 is twist-aligned by about 90° when no
electric field is applied. As shown in FIG. 2, the liquid crystal
panel 2 includes a plurality of pixels PL. and PR arranged in
matrix.

[0065] As shown in FIGS. 1 and 2, the liquid crystal panel
2 includes a TFT substrate 104 in the side of the BL 101, an
opposed substrate (CF substrate) 106 in the viewing side, and
a liquid crystal layer 105 disposed between the pair of sub-
strates. The TFT substrate 104 and the opposed substrate 106
are bonded with a seal material (not shown) applied to periph-
eral parts of these substrates, and the liquid crystal layer 105
is included inside the seal material.

[0066] The TFT substrate 104 includes, for each of the
pixels, a pixel electrode (not shown) and a TFT (Thin Film
Transistor, not shown) as a switching element formed on a
translucent substrate such as a glass substrate. The TFT sub-
strate 104 further includes a plurality of signal lines 110
composed of a plurality of gate lines (scan signal lines) and a
plurality of source lines (display signal lines) to drive the
display apparatus at each pixel, and a plurality of lead-out
lines (not shown) connected to the plurality of signal lines
110. Further, the TFT substrate 104 includes an alignment
film (not shown) formed on the outermost surface on the side
of the liquid crystal layer 105.

[0067] The opposed substrate 106 includes an opposed
electrode (common electrode, not shown), a colored layer
(color filter layer, not shown) of red (R)/green (G)/blue (B),
and a light shielding layer (BM) 107A that shields light
between adjacent electrodes formed on a translucent sub-
strate such as a glass substrate. Further, the opposed substrate
106 includes an alignment film (not shown) formed on the
outermost surface on the side of the liquid crystal layer 105.
[0068] In the opposed substrate 106, a pixel opening part
107B is formed between adjacent light shielding layers (BM)
107A.

[0069] The whole thickness of the opposed substrate 106 is
about 0.1 mm, and a parallax barrier layer 108 is provided in
the viewing side of the opposed substrate 106 (opposite side
to the liquid crystal layer 105).

[0070] The alignment of liquid crystal molecules 105X in
the end face of the liquid crystal layer 105 in the BL side
(lower end face in FIG. 2) is defined by the direction of
rubbing of the alignment film on the side of the TFT substrate
104 when no electric field is applied. Similarly, the alignment
of the liquid crystal molecules 105X in the end face of the
liquid crystal layer 105 in the viewing side (upper end face in
FIG. 2) is defined by the direction of rubbing of the alignment
film on the side of the opposed substrate 106 when no electric
field is applied.
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[0071] In FIG. 2, the symbol 105X schematically shows
liquid crystal molecules in the liquid crystal layer 105. While
being simplified in FIG. 2, the liquid crystal molecules 105X
in the liquid crystal layer 105 are actually twist-oriented by
about 90° in the thickness direction when no electric field is
applied.

[0072] When an electric field is applied between the pixel
electrode of the TFT substrate 104 and the opposed electrode
(common electrode) of the opposed substrate 106, the align-
ment of the liquid crystal molecules 105X in the liquid crystal
layer 105 is changed.

[0073] Asshown in FIG. 2, in the liquid crystal panel 2, the
plurality of pixels arranged in matrix are divided into pixels
PL displaying left visual field data with respect to the display
screen, and pixels PR displaying right visual field data with
respect to the display screen.

[0074] Inthe first exemplary embodiment, pixels PL for left
visual field and pixels PR for right visual field are alternately
arranged when seen in a cross sectional view.

[0075] The plane patterns of the pixels PL for left visual
field and the pixels PR for right visual field are not particu-
larly limited. For example, a pixel group for left visual field in
line composed of a plurality of pixels PL for left visual field
arranged in line and a pixel group for right visual field in line
composed of a plurality of pixels PR for right visual field
arranged in line are alternately arranged in stripe.

[0076] In the viewing side of the opposed substrate 106,
there is formed a parallax barrier layer 108 including a light
shielding part 108 A and an opening part 108B. Although only
one parallel barrier layer 108 is provided in the first exem-
plary embodiment, a plurality of parallel barrier layers 108
may be provided as required as in the patent document 2.
[0077] The parallax barrier layer 108 adjusts each display
data from each of the pixels PL. and PR forming the liquid
crystal display apparatus 1 to be selectively emitted to the
visual field of a specific angle range, so as to be able to display
different display images on a plurality of visual fields having
different angle ranges.

[0078] Intheliquid crystal display apparatus 1, the position
of'the pixel opening part 107B formed between adjacent light
shielding layers (BM)107A and that of the opening part 108B
in the parallax barrier layer 108 are deviated from each other.
More specifically, the opening part 108B of the parallax bar-
rier layer 108 is positioned between the pixel opening part
107B of the pixel PL for left visual field and the pixel opening
part 107B of the pixel PR for right visual field that are adja-
cent to each other.

[0079] Inthe liquid crystal display apparatus 1, the display
data from the pixel PL for left visual field passes through the
pixel opening part 107B of the pixel PL for left visual field
and the opening part 108B of the parallax barrier layer 108,
and is selectively emitted to the left side with respect to the
display screen. Hence, a display image IL for left visual field
can be observed by an observer in the left side with respect to
the display screen. For example, the display image IL is
observed in the range in which the visual angle is moved by
about 20 to 50° in the left side from the front.

[0080] Similarly, the display data from the pixel PR for
right visual field passes through the pixel opening part 107B
ofthe pixel PR forright visual field and the opening part 108B
of'the parallax barrier layer 108, and is selectively emitted to
the right side with respect to the display screen. Hence, a
display image IR for right visual field can be observed by an
observer in the right side with respect to the display screen.
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For example, the display image IR is observed in the range in
which the visual angle is moved by about 20 to 50° in the right
side from the front.

[0081] Intheliquid crystal display apparatus 1, the distance
between the light shielding layer (BM) 107 A and the parallax
barrier layer 108, and the opening position and the opening
diameter of the pixel opening part 107B and the opening part
108B of the parallax barrier layer 108 are designed such that
the display data from the pixel PL for left visual field and the
display data from the pixel PR for right visual field are emit-
ted while being separated in angle.

[0082] In the first exemplary embodiment, as shown in
FIGS. 1 and 3A, the parallax barrier layer 108 has a plane
pattern including a plurality of opening parts 108B formed in
a dotted checkered pattern and light shielding part 108 A that
is the other area than the opening parts 108B.

[0083] The plane pattern of the parallax barrier layer 108 is
not limited to the example stated above, but may be any
pattern as long as the patterns of the light shielding part 108A
and the opening part 108B are designed such that the display
image IL for left visual field is observed by the observer in the
left side with respect to the display screen and the display
image IR for right visual field is observed by the observer in
the right side with respect to the display screen.

[0084] More specifically, it is only required that the open-
ing part 108B of the parallax barrier layer 108 is positioned
between the pixel opening part 107B of the pixel PL for left
visual field and the pixel opening part 107B of the pixel PR for
right visual field that are adjacent to each other. For example,
as shown in FIG. 3B, the parallax barrier layer 108 may have
a pattern in which a plurality of opening parts 108B are
formed in stripe and the other area than the opening parts
108B is the light shielding part 108A.

[0085] As shown in FIG. 1, the liquid crystal display appa-
ratus 1 according to the first exemplary embodiment further
includes the linear polarizer 1024 that selectively transmits a
specific linearly-polarized light (P polarized light or S polar-
ized light), and the viewing angle compensation film (Wide
Viewing (WV) film) 1034 that performs compensation so as
to expand the view angle in this order from the side of the BL
101 between the BL 101 and the liquid crystal panel 2.

[0086] The liquid crystal display apparatus 1 according to
the first exemplary embodiment further includes the viewing
angle compensation film (Wide Viewing (WV) film) 1035
that performs compensation so as to expand the view angle,
and the linear polarizer 1025 that selectively transmits a spe-
cific linearly-polarized light (P polarized light or S polarized
light) in this order from the side of the liquid crystal panel 2 in
the viewing side of the liquid crystal panel 2.

[0087] In the first exemplary embodiment, each of the lin-
ear polarizers 102a and 1025 is an absorption-type linear
polarizer that selectively transmits specific linearly-polarized
light, and absorbs the linearly-polarized light in the polarizing
axis that is orthogonal thereto. In the absorption-type linear
polarizer, the polarizing axis (=polarizing axis of specific
linearly-polarized light that is selectively transmitted) and the
absorption axis (=polarizing axis of specific linearly-polar-
ized light that is selectively absorbed) are orthogonal to each
other.

[0088] Each of'the linear polarizers 102a and 1025 may be
a reflective-type linear polarizer that selectively transmits
specific linearly-polarized light, and reflects the linearly-po-
larized light in the polarizing axis that is orthogonal thereto.
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[0089] In the first exemplary embodiment, each of the lin-
ear polarizers 102a and 1025 includes a substrate of cellulose
triacetate film (TAC, not shown).

[0090] Each of the viewing angle compensation films 103a
and 1035 is a phase difference compensation element such as
a M4 plate (where “A” indicates wavelength of light).

[0091] Inthe normal TN mode, the twist angle of the liquid
crystal layer is set to 90°, and each direction of the polarizing
axes of the pair of linear polarizers is designed to be substan-
tially parallel or substantially vertical to the alignment direc-
tion of the liquid crystal molecules in each end face of the
liquid crystal layer that is closer to each of the linear polariz-
ers (the definition of “substantially parallel or substantially
vertical” is described above).

[0092] Inthe first exemplary embodiment, the liquid crystal
layer 105 is twist-aligned by about 90° when no electric field
is applied, and has a And value of 300 nm or larger and 400 nm
or smaller, the And value being a product of a refractive
anisotropy An and a thickness of a liquid crystal layer d in a
wavelength of 550 nm, each of the directions of the polarizing
axes of the pair of linear polarizers 102a and 1025 is substan-
tially parallel or substantially vertical to the alignment direc-
tion of the liquid crystal molecules 105X in each end face of
the liquid crystal layer 105 that is closer to each of the linear
polarizers 102a and 1025, and the angle between the polar-
izing axes of the pair of linear polarizers 102a and 1025 is
designed to be 85° or larger and smaller than 90°.

[0093] In the first exemplary embodiment, it is possible to
obtain the liquid crystal display apparatus 1 in which the CR
in the frontal visual field and the neighboring visual field is
relatively low and the CR in a desired slanted visual field (for
example, a range in which the visual angle is moved by about
20 to 50° in the left side and the right side from the front) is
relatively high by setting the design conditions as stated
above.

[0094] Table 1 shows design examples of angles of the
absorption axes of the linear polarizers 102a and 1025, align-
ment angles of the viewing angle compensation films 103a
and 1035, and alignment angles of the liquid crystal layer 105
when no electric field is applied (=rubbing angle of the align-
ment film) in the liquid crystal display apparatus 1 according
to the first exemplary embodiment.

TABLE 1
PHASE
DIFFERENCE
(OPTICAL DATA
WITH
WAVELENGTH
ANGLE(%) OF 550 nm)
LINEAR POLARIZER ABSORPTION
102b AXIS: +43
SUBSTRATE TAC OF SLOW AXIS: +43  Re=4nm,
LINEAR POLARIZER Rth =40 nm
102b
VIEWING ANGLE ALIGNMENT Re=43nm,
COMPENSATION FILM ANGLE: +43 Rth = 155 nm
103b
LIQUID CRYSTAL ALIGNMENT And = 375 nm
LAYER 105 ANGLE (VIEWING
SIDE): +43
ALIGNMENT
ANGLE (BL
SIDE): -43



US 2012/0069276 Al

TABLE 1-continued

PHASE
DIFFERENCE
(OPTICAL DATA
WITH
WAVELENGTH
ANGLE(°) OF 550 nm)

VIEWING ANGLE ALIGNMENT Rth =43 nm,

COMPENSATION FILM ANGLE: -43 Rth =155 nm

103a

SUBSTRATE TAC OF SLOW AXIS: 43 Re=4nm,

LINEAR POLARIZER Rth =40 nm

102a

LINEAR POLARIZER ABSORPTION

102a AXIS: 43

[0095] The definitions of the terms “angle” and “And

value” in this specification are described above.

[0096] In this specification, unless otherwise noted, “Re”
indicates a retardation value in the plane having a wavelength
of 550 nm, and “Rth” indicates a retardation value in the
thickness direction of the same wavelength.

[0097] Referring to FIGS. 4 to 6, the reason will be
described why it is possible to obtain the liquid crystal display
apparatus 1 in which the CR around the front is relatively low
and the CR in the direction of the desired visual field (for
example, a range in which the visual angle is moved by about
20 to 50° in the left side and the right side from the front) is
relatively high by designing the above parameters.

[0098] FIG. 4 is an exploded perspective view specifically
showing main constitutional elements of the liquid crystal
display apparatus 1 shown in FIG. 1.

[0099] The left view of FIG. 5 is a schematic view of the
pair of linear polarizers that are in a cross-nicol relationship in
the normal TN mode seen from the frontal visual field, and the
right view of FIG. 5 is a schematic view of the pair of linear
polarizers that are in a cross-nicol relationship in the normal
TN mode seen from the slanted visual field. FIG. 5 shows the
pair of linear polarizers that are overlapped with each other.
The arrows in FIG. 5 show the absorption axes of the pair of
linear polarizers.

[0100] In the liquid crystal display apparatus with single
screen in the normal TN mode, the gradation inversion direc-
tion of blocked up shadows is generated in a direction in
which liquid crystal molecules are raised. Thus, both of the
alignment angle of the liquid crystal layer 105 in the BL side
and the alignment angle of the liquid crystal layer 105 in the
viewing side when no electric field is applied are typically set
to the direction of about +45° or —45°, so as to set the grada-
tion inversion direction in the vertical direction. Otherwise,
the gradation inversion occurs in any one of the right and left
directions, which emphasizes asymmetry of right and left
views.

[0101] Accordingly, even in a display apparatus with right
and left two screens including the main visual angle area in
the lateral direction, it is preferable that both of the alignment
angle of the liquid crystal layer 105 in the BL side and the
alignment angle of the liquid crystal layer 105 in the viewing
side when no electric field is applied are set to the direction of
about +45° or to the direction of about —-45°.

[0102] In the first exemplary embodiment, both of the
alignment angle of the liquid crystal layer 105 in the BL side
and the alignment angle of the liquid crystal layer 105 in the
viewing side when no electric field is applied are set to the
direction of about +45° or —45°.
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[0103] In the design example shown in Table 1, the align-
ment angle of the liquid crystal layer 105 in the BL side and
the alignment angle of the liquid crystal layer 105 in the
viewing side when no electric field is applied are set to —43°
and +43°, respectively.

[0104] In the TN mode, the polarizing axis of the linear
polarizer 1024 in the BL side needs to be made substantially
parallel to or substantially orthogonal to the direction in
which the liquid crystal molecules 105X are aligned (=lon-
gitudinal direction of liquid crystal molecules) in the end face
of'the liquid crystal layer 105 in the BL side when no electric
field is applied. The polarizing axis of the linear polarizer
1025 in the viewing side needs to be made substantially
parallel to or substantially orthogonal to the direction in
which the liquid crystal molecules 105X are aligned in the
end face of the liquid crystal layer 105 in the viewing side
when no electric field is applied.

[0105] In the typical TN mode, the absorption axis of the
linear polarizer in the BL side is often made substantially
parallel to the direction in which the liquid crystal molecules
are aligned in the end face of the liquid crystal layer in the BL,
side when no electric field is applied, and the absorption axis
of the linear polarizer in the viewing side is often made
substantially parallel to the direction in which the liquid crys-
tal molecules are aligned in the end face of the liquid crystal
layer in the viewing side when no electric field is applied.
Accordingly, both of the absorption axes of the linear polar-
izers in the BL side and the viewing side are often set to the
direction of about +45° or -45° in accordance with the align-
ment angle of the liquid crystal layer. Further, it is typical in
the normal TN mode that the pair of linear polarizers are
arranged such that the polarizing axes are orthogonal to each
other (cross-nicol arrangement).

[0106] Inthe first exemplary embodiment, each angle of the
absorption axes of the pair of linear polarizers 1024 and 1026
is made coincide with the alignment angle of the liquid crystal
molecules 105X in each end face of the liquid crystal layer
105 that is closer to each of the linear polarizers 102a and
1025 when no electric field is applied.

[0107] In the design example shown in Table 1, the angle
between the absorption axis of the linear polarizer 102a in the
BL side is set to —43° in accordance with the alignment angle
of'the liquid crystal layer 105 when no electric field is applied,
and the angle between the absorption axis of the linear polar-
izer 1024 in the viewing side is set to +43° in accordance with
the alignment angle of the liquid crystal layer 105 when no
electric field is applied.

[0108] In the typical TN mode, it is generally performed
that the absorption axes of the pair of linear polarizers are
made orthogonal with each other (cross-nicol relationship),
the liquid crystal molecules in the end face of the liquid
crystal layer in the BL side when no electric field is applied
are aligned substantially parallel to the absorption axis of the
linear polarizer in the BL side, and the liquid crystal mol-
ecules in the end face of the liquid crystal layer in the viewing
side when no electric field is applied are aligned substantially
parallel to the absorption axis of the linear polarizer in the
viewing side.

[0109] When an electric field is applied to the liquid crystal
layer that is aligned as above, the liquid crystal molecules are
aligned to be substantially vertical to the substrate, which
loses optical rotation of liquid crystals, and the linearly-po-
larized light that passes through the linear polarizer in the BL
side is completely shielded by the other linear polarizer in the
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viewing side having the cross-nicol relationship. The absorp-
tion axes of the pair of linear polarizers are made orthogonal
to each other (cross-nicol relationship) in order to increase
CR in the frontal visual field.

[0110] Inthe first exemplary embodiment, when seen from
the front, the angle between the absorption axes of the pair of
linear polarizers 1024 and 10254 is deviated from 90° (cross-
nicol relationship). Thus, the CR in the neighborhood of the
front decreases compared to that in the normal TN mode.
[0111] In the normal TN mode, as shown in FIG. 5, in the
visual angle in the slanted direction, when the visual angle is
moved in the lateral direction from the front in the direction
that is intermediate between the absorption axes of the pair of
linear polarizers (direction calculated by rotating one absorp-
tion axis by 45°), the apparent angle of the absorption axes of
the pair of linear polarizers from the frontal visual field varies.
When the angle between the absorption axes of the pair of
linear polarizers in the frontal visual field is 90° (cross-nicol
relationship), the angle between the absorption axes of the
pair of linear polarizers in the slanted visual field apparently
becomes wider than 90°, the cross-nicol relationship is lost,
light leakage occurs in the visual angle, which lowers the CR.
[0112] In the first exemplary embodiment, the angle
between the absorption axes of the pair of linear polarizers
102a and 10254 is designed to be 85° or larger and smaller than
90°.

[0113] Assume that, in such a design condition, in the
visual angle in the slanted direction, the visual angle is moved
from the front in the direction that is intermediate between the
absorption axes of the pair of linear polarizers 1024 and 1025
(direction rotated by 45° from one absorption axis). Then, the
angle between the absorption axes of the pair of linear polar-
izers 102a and 1025 apparently approaches 90° (cross-nicol
relationship) as shown in FIG. 6. The angle between the
absorption axes of the pair of linear polarizers 102a and 1025
can be made completely 90° (cross-nicol relationship) or
extremely close to 90° in a desired slanted visual field. In this
case, light leakage does not occur in the visual angle range,
and the CR can be made high in a desired slanted visual field.
[0114] It is only required that the alignment angle of the
liquid crystal molecules 105X in each of the upper and lower
end faces of the liquid crystal layer 105 when no electric field
is applied is substantially parallel or substantially vertical to
each of the absorption axes of the linear polarizers 102a and
1025 that is closer thereto. It is made substantially parallel in
the first exemplary embodiment.

[0115] Assume that, in the design example shown in Table
1, the alignment angle of the liquid crystal molecules 105X in
each of the upper and lower end faces of the liquid crystal
layer 105 when no electric field is applied is set to the same
angle of each of the absorption axes of the linear polarizers
102a and 1025 that is closer thereto. However, the alignment
angle may be deviated from the angle between each of the
absorption axes of the linear polarizers 102a and 1025 that is
closer thereto by the range of £5°. Such a deviation does not
give any influence on the optical properties.

[0116] Thecell gap in the first exemplary embodiment may
be the same range as that of the TN mode according to the
related art, and the And value in the wavelength of 550 nm of
the liquid crystal layer 105 is designed to be 300 nm or larger
and 400 nm or smaller. The And value is set to 375 nm in the
design condition shown in Table 1.

[0117] The calculation results of the viewing angle charac-
teristics when the liquid crystal display apparatus 1 is
designed under the condition of Table 1 are shown in FIGS. 7
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and 8. As a comparative example, the calculation results of the
viewing angle characteristics of the liquid crystal display
apparatus in the TN mode according to the related art are
shown in FIGS. 9 and 10.

[0118] In the liquid crystal display apparatus in the TN
mode according to the related art, calculation is made by
setting the twist angle of the liquid crystal to 90°, the angle
between the absorption axes of the pair of linear polarizers to
90°, and the And value to 375 nm. The calculation is made in
the liquid crystal display apparatus 1 under the same condi-
tion as that of the liquid crystal display apparatus according to
the related TN mode except the design conditions shown in
Table 1.

[0119] FIGS. 7 and 9 are calculation results of visual angle
dependencies of a transmission ratio of the liquid crystal
display apparatus upon display of black. FIGS. 8 and 10 are
calculation results of visual angle dependencies of CR. In
each diagram, the visual angle direction is the lateral direc-
tion.

[0120] As shown in FIGS. 7 to 10, in the frontal visual field
and the neighboring visual field, the liquid crystal display
apparatus 1 according to the first exemplary embodiment has
a relatively high transmission ratio upon display of black,
which results in the relatively low CR in the frontal visual
field and the neighboring field. Although the degree of mixing
the two display images IL and IR is relatively high in the
frontal visual field, the mixed image is hardly visualized since
the CR is low even if the other image is mixed.

[0121] Intheslanted visual field in which the visual angle is
moved by about 20 to 50° in the lateral direction from the
frontal visual field, the liquid crystal display apparatus 1 in
the first exemplary embodiment has higher CR than that of the
related TN mode. Accordingly, the slanted visual field in
which the image is most likely to be observed in the two-
screen display device achieves display properties with high
CR and small deviation of gamma characteristic.

[0122] As stated above, in the first exemplary embodiment,
the degree that the two display images I and IR are mixed is
large especially in the frontal visual field and the neighboring
visual field. Accordingly, CR is reduced in the frontal visual
field and the neighboring visual field, and even when the other
display image is mixed with the display image which should
be visualized by the user, the luminance level of the display
image which should be visualized is made higher than the
luminance level of the mixed display image, whereby the
mixed display image is hardly visualized by the user. On the
other hand, excellent display properties with high CR can be
obtained in a desired slanted visual field.

[0123] Inthe first exemplary embodiment, there is no need
to calculate the correction amount by estimating the crosstalk
in advance and to reflect the correction amount in the drive
circuit unlike the patent document 1. Furthermore, there is no
need to provide a plurality of parallax barrier layers unlike the
patent document 2.

[0124] Hence, according to the first exemplary embodi-
ment, it is possible to provide the liquid crystal display appa-
ratus 1 of parallax barrier system which is capable of reducing
crosstalk in the plurality of display images in a desired visual
field without complicating the circuit configuration, without
requiring a plurality of parallax barrier layers, with low cost,
high contrast ratio, and excellent visibility.

[0125] As described above, although it is not necessary to
provide a plurality of parallax barrier layers 108 in the first
exemplary embodiment, a plurality of parallax barrier layers
108 may be arranged as in the patent document 2.
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[0126] While the first exemplary embodiment is effective
for a liquid crystal display apparatus of parallax barrier sys-
tem, it is applicable to any liquid crystal display apparatus
with the desired visual field of the slanted direction with
respect to the display screen, and it is possible to provide a
liquid crystal display apparatus with high contrast ratio and
excellent visibility.

Second Exemplary Embodiment

[0127] A liquid crystal display apparatus of parallax barrier
system with multi-screen display according to a second
exemplary embodiment of the present invention will be
described. The second exemplary embodiment will also be
described taking a display apparatus with right and left two
screens as an example.

[0128] Theliquid crystal display apparatus according to the
second exemplary embodiment has the similar basic configu-
ration as that in the first exemplary embodiment, and is a
transmissive liquid crystal display apparatus including a back
light (BL) as is similar to the first exemplary embodiment.
The liquid crystal display apparatus in the second exemplary
embodiment is different from that in the first exemplary
embodiment in that the mode is the VA (Vertical Alignment)
mode in which the liquid crystals are aligned in the substan-
tially vertical direction when no electric field is applied.
[0129] Since the basic configuration in the second exem-
plary embodiment is similar to that in the first exemplary
embodiment, description will be made with reference to the
drawings and signals in the first exemplary embodiment.
[0130] Although the VA mode has the advantage that the
CR in the frontal visual field can be made extremely high, this
advantage may cause a disadvantage in the display apparatus
of parallax barrier system with multi screen. This is because,
as described in the “Description of Related Art”, especially in
the neighborhood of the boundary that separates a plurality of
display images (in case of a right and left two-screen display,
a visual angle in the front or in a small angle that is close to the
front), there is a high possibility that the other display image
that should not be visualized leaks into the display image that
should be visualized. In this case, when the other bright image
is mixed to the visual field that displays black image, the
mixed bright image tends to be relatively visualized because
high CR results in low luminance of black that should be
observed.

[0131] The second exemplary embodiment achieves the
characteristic in which the CR is relatively low in the frontal
visual field and the neighboring visual field with small angle
and the CR is relatively high in a desired slanted visual field
when the VA mode is applied to the display apparatus with
right and left two screens of parallax barrier system.

[0132] In the second exemplary embodiment, the liquid
crystal layer 105 is aligned substantially vertically when no
electric field is applied, and the angle between the polarizing
axes of the pair of linear polarizers 102a and 1025 is designed
to be 85° or larger and smaller than 90°.

[0133] Inthe typical liquid crystal display apparatus in the
VA mode, each angle of the absorption axes of the pair of
linear polarizers is set to 0° or 90°, and the angle between the
absorption axes of the pair of linear polarizers is designed to
be 0° or +90° (the definition of “angle” in this specification is
described above).

[0134] Inthesecond exemplary embodiment, each angle of
the absorption axes of the pair of linear polarizers 1024 and
1025 is designed to be about +45 or -45°, and the angle
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between the absorption axes of the pair of linear polarizers
102a and 1025 is designed to be 85° or larger and smaller than
90°.

[0135] Inthe second exemplary embodiment, it is possible
to obtain the liquid crystal display apparatus in which the CR
in the frontal visual field and the neighboring visual field is
relatively low and the CR in a desired slanted visual field (the
range that moves the visual angle by about 20 to 50° in the left
side and the right side from the front, for example) is rela-
tively high by setting the design conditions as stated above.
The reason thereof is similar to that described in the first
exemplary embodiment.

[0136] A design example in the second exemplary embodi-
ment will be shown in Table 2.
TABLE 2
PHASE
DIFFERENCE
(OPTICAL DATA
WITH
WAVELENGTH
ANGLE(®) OF 550 nm)
LINEAR POLARIZER ABSORPTION
102b AXIS: +44
SUBSTRATE TAC OF SLOW AXIS: +44  Re=10nm,
LINEAR POLARIZER Rth = 70 nm
102b
LIQUID CRYSTAL NO ALIGNMENT  And = 270 nm
LAYER 105 ANGLE BECAUSE
OF VERTICAL
SUBSTRATE TAC OF SLOW AXIS: 44  Re =10 nm,
LINEAR POLARIZER Rth = 70 nm
102a
LINEAR POLARIZER ABSORPTION
102a AXIS: 44
[0137] The definitions of “angle”, “Re”, “Rth”, and “And”

in this specification are described above.

[0138] FIG. 11 shows a calculation result of a viewing
angle characteristic of CR (lateral direction) when the liquid
crystal display apparatus is designed in the conditions shown
in Table 2. In FIG. 11, calculation is performed in the VA
mode with the lowest cost with only TAC compensation,
based on the multi-domain VA mode divided by four. Since
both of the angles of the absorption axes of the pair of linear
polarizers 102a and 1025 are set to the direction of about 45°,
the calculation is performed in four directions of 0°, 45°, 90°,
and 135°, the directions indicating the liquid crystal mol-
ecules being inclined when the electric field is applied. While
the CR is low in the frontal visual field and the neighboring
visual field, the CR is high in the point moving the visual
angle by about 20° in the lateral direction from the front.
Thus, display properties with high CR and small deviation of
gamma characteristic can be obtained in a desired slanted
visual field.

[0139] According to the second exemplary embodiment, it
is possible to provide a liquid crystal display apparatus of
parallax barrier system which is capable of reducing crosstalk
in the plurality of display images in the desired visual field
without complicating the circuit configuration, without
requiring a plurality of parallax barrier layers, with low cost,
high contrast ratio, and excellent visibility.

[0140] As described above, although it is not necessary to
provide a plurality of parallax barrier layers 108 in the second
exemplary embodiment, a plurality of parallax barrier layers
108 may be arranged as in the patent document 2.
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[0141] While the second exemplary embodiment is effec-
tive for a liquid crystal display apparatus of parallax barrier
system, it is applicable to any liquid crystal display apparatus
with the desired visual field of the slanted direction with
respect to the display screen, and it is possible to provide a
liquid crystal display apparatus with high contrast ratio and
excellent visibility.

Third Exemplary Embodiment

[0142] A liquid crystal display apparatus of parallax barrier
system with multi-screen display according to a third exem-
plary embodiment of the present invention will be described.
The third exemplary embodiment will also be described tak-
ing a display apparatus with right and left two screens as an
example.

[0143] A basic configuration of the liquid crystal display
apparatus according to the third exemplary embodiment is
similar to that of the first exemplary embodiment. The liquid
crystal display apparatus according to the third exemplary
embodiment is a transmissive liquid crystal display apparatus
including a back light (BL) as is similar to the first exemplary
embodiment. The liquid crystal display apparatus according
to the third exemplary embodiment is different from that of
the first exemplary embodiment in that the mode is the IPS
(In-Plane Switching) mode or the FFS (Fringe Field Switch-
ing) mode which is the liquid crystal mode of the lateral
electric field drive system. In these modes, both of the pixel
electrode and the opposed electrode are formed in one sub-
strate side.

[0144] Since the basic configuration of the third exemplary
embodiment is similar to that of the first exemplary embodi-
ment, description will be made with reference to the drawings
and the symbols of the first exemplary embodiment.

[0145] TheIPS mode or the FFS mode has the advantage of
high CR viewing angle characteristic. However, it has high
CR in the frontal visual field and the neighboring visual field.
Thus, when it is used as the display apparatus of parallax
barrier system with multi screen, as described in the
“Description of Related Art”, crosstalk of a plurality of dis-
play images is easily visualized according to the related con-
figuration.

[0146] The third exemplary embodiment achieves the char-
acteristic in which the CR in the frontal visual field and the
visual field with small angle that is close to the front is
relatively low and the CR in a desired slanted visual field is
relatively high when the IPS mode or the FFS mode is used in
the display apparatus with multi screen.

[0147] Inthe third exemplary embodiment, the liquid crys-
tal layer 105 is uniaxially aligned when no electric field is
applied, the uniaxial alignment angle is larger than —45° and
-40° or smaller, or +40° or larger and smaller than +45° (the
definition of “angle” is described above), and the direction of
the polarizing axes of the pair of linear polarizers 102a and
1025 is designed to be substantially parallel or substantially
vertical with respect to the uniaxial alignment direction of the
liquid crystal layer 105.

[0148] Inthe liquid crystal display apparatus of normal IPS
mode or FFS mode, each angle of the absorption axes of the
pair of linear polarizers is designed to be 0° or +90°. In the
third exemplary embodiment, each angle of the absorption
axes of the pair of linear polarizers is designed substantially to
be +45° or -45°.

[0149] Inthe third exemplary embodiment, it is possible to
obtain the liquid crystal display apparatus in which the CR in
the frontal visual field and the neighboring visual field is
relatively low and the CR in a desired slanted visual field (the
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range of moving the visual angle by about 20 to 50° in the left
side and the right side from the front, for example) is rela-
tively high by setting the design conditions as stated above.

[0150] A design example in the third exemplary embodi-
ment will be shown in Table 3.
TABLE 3
ANGLE(®) PHASE DIFFERENCE

LINEAR POLARIZER ~ ABSORPTION
102b AXIS: +43
SUBSTRATE TAC OF  SLOW AXIS: +43  Re =5 nm, Rth =35 nm
LINEAR POLARIZER
102b
LIQUID CRYSTAL ALIGNMENT And =270 nm
LAYER 105 ANGLE: +43 (CORRESPONDING

WAVELENGTH:

550 nm)
SUBSTRATE TAC OF SLOW AXIS: -43 Re =5 nm, Rth =35 nm
LINEAR POLARIZER
102a
LINEAR POLARIZER  ABSORPTION
102a AXIS: -43
[0151] The definitions of “angle”, “Re”, “Rth”, and “And”

in this specification are described above.

[0152] The principle that the CR in the frontal visual field
and the neighboring visual field is relatively low and the CR
in the desired slanted visual field is relatively high is different
from that in the first and second exemplary embodiments.
[0153] Since the phase difference (And value) of the liquid
crystal layer 105 is designed to be extremely larger (e.g., 270
nm) in the IPS mode or the FFS mode than other modes, the
influence of the phase difference (And value) of the liquid
crystal layer 105 becomes large in the slanted visual field in
which the phase difference of the liquid crystal layer 105
increases.

[0154] The angle between the absorption axes of the pair of
linear polarizers 102a and 1025 is the dominant factor of the
design parameter that makes the CR in the frontal visual field
and the neighboring visual field lower and makes the CR in
the desired slanted visual field higher in the first exemplary
embodiment in the TN mode and the second exemplary
embodiment in the VA mode. In the IPS mode or the FFS
mode, the dominant factor is the uniaxial alignment angle of
theliquid crystal layer 105 when no electric field is applied. In
the third exemplary embodiment, the uniaxial alignment
angle of the liquid crystal layer 105 when no electric field is
applied is designed to be substantially the direction of +45° or
-45°.

[0155] It is only required that the absorption axes of the
linear polarizers 1024 and 1025 are substantially parallel to or
substantially vertical to the uniaxial alignment direction of
the liquid crystal layer 105 when no electric field is applied.
Although the absorption axes of the pair of linear polarizers
1024 and 1025 are set to the value that is equal to the uniaxial
alignment angle of the liquid crystal layer 105 when no elec-
tric field is applied in the design example shown in Table 3, it
may be deviated in the range of +5°. Such a slight deviation of
this range hardly gives an influence on the optical properties.
[0156] FIG. 12 shows a calculation result of a viewing
angle characteristic (lateral direction) ofa CR when the liquid
crystal display apparatus is designed in the conditions shown
in Table 3. While the CR is relatively low in the frontal visual
field and the neighboring visual field, high CR is obtained in
the point moving the visual field by about 30° in the lateral
direction from the frontal visual field. Hence, display prop-
erties can be obtained with high CR and small deviation of
gamma characteristic in the desired slanted visual field.
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[0157] According to the third exemplary embodiment, it is
possible to provide a liquid crystal display apparatus of par-
allax barrier system which is capable of reducing crosstalk in
the plurality of display images in the desired visual field
without complicating the circuit configuration, without
requiring a plurality of parallax barrier layers, with low cost,
high contrast ratio, and excellent visibility.

[0158] As described above, although it is not necessary to
provide a plurality of parallax barrier layers 108 in the third
exemplary embodiment, a plurality of parallax barrier layers
108 may be arranged as in the patent document 2.

[0159] While the third exemplary embodiment is effective
for a liquid crystal display apparatus of parallax barrier sys-
tem, it is applicable to any liquid crystal display apparatus
with the desired visual field of the slanted direction with
respect to the display screen, and it is possible to provide a
liquid crystal display apparatus with high contrast ratio and
excellent visibility.

Design Changes

[0160] The present invention is not limited to the above-
described exemplary embodiments, but its design may be
changed without departing from the spirit of the present
invention.
[0161] From the invention thus described, it will be obvious
that the embodiments of the invention may be varied in many
ways. Such variations are not to be regarded as a departure
from the spirit and scope of the invention, and all such modi-
fications as would be obvious to one skilled in the art are
intended for inclusion within the scope of the following
claims.
What is claimed is:
1. A liquid crystal display apparatus comprising:
a liquid crystal layer;
apair of substrates that are arranged opposite to each other
with the liquid crystal layer interposed therebetween,
each of the substrates comprising an electrode to apply
an electric field to the liquid crystal layer; and
a pair of linear polarizers that are arranged outside the pair
of substrates, each of the linear polarizers selectively
transmitting specific linearly-polarized light, wherein
the liquid crystal layer is twist-aligned when no electric
field is applied, and has a And value of 300 nm or larger
and 400 nm or smaller, the And value being a product of
a refractive anisotropy An and a thickness of a liquid
crystal layer d in a wavelength of 550 nm,
each of directions of polarizing axes of the pair of linear
polarizers is substantially parallel or substantially verti-
cal to the alignment direction of liquid crystal molecules
in each end face of the liquid crystal layer that is closer
to each of the linear polarizers, and
the angle between the polarizing axes of the pair of linear
polarizers is 85° or larger and smaller than 90°.
2. A liquid crystal display apparatus comprising:
a liquid crystal layer;
apair of substrates that are arranged opposite to each other
with the liquid crystal layer interposed therebetween,
each of the substrates comprising an electrode to apply
an electric field to the liquid crystal layer; and
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a pair of linear polarizers that are arranged outside the pair
of substrates, each of the linear polarizers selectively
transmitting specific linearly-polarized light, wherein

the liquid crystal layer is aligned to be substantially vertical
when no electric field is applied, and

the angle between polarizing axes of the pair of linear
polarizers is 85° or larger and smaller than 90°.

3. A liquid crystal display apparatus of a lateral electric

field drive system comprising:

a liquid crystal layer;

a pair of substrates that are arranged opposite to each other
with the liquid crystal layer interposed therebetween;

a pair of linear polarizers that are arranged outside the pair
of substrates, each of the linear polarizers selectively
transmitting specific linearly-polarized light; and

a pair of electrodes that are included in one substrate of the
pair of substrates, the electrodes applying lateral electric
field to the liquid crystal layer, wherein

the liquid crystal layer is uniaxially aligned when no elec-
tric field is applied, and the uniaxial alignment angle is
larger than —45° and —40° or smaller, or +40° or larger
and smaller than +45° (the “angle” here is a value based
on 0° which is the direction of three-o’clock of a clock
seen from a front with respect to a display screen, the
counterclockwise direction from 0° being “+”, and the
clockwise direction from 0° being “~""), and

the direction of the polarizing axes of the pair of linear
polarizers is substantially parallel or substantially verti-
cal to the uniaxial alignment direction of the liquid crys-
tal layer.

4. The liquid crystal display apparatus according to claim

1, comprising at least one parallax barrier layer provided in a
substrate in a viewing side of the pair of substrates, the par-
allax barrier layer performing adjustment so that each display
data from each of pixels forming the liquid crystal display
apparatus is selectively emitted to a visual field of a specific
angle range, to perform adjustment so that different display
images are displayed on a plurality of visual fields having
different angle ranges.

5. The liquid crystal display apparatus according to claim

2, comprising at least one parallax barrier layer provided in a
substrate in a viewing side of the pair of substrates, the par-
allax barrier layer performing adjustment so that each display
data from each of pixels forming the liquid crystal display
apparatus is selectively emitted to a visual field of a specific
angle range, to perform adjustment so that different display
images are displayed on a plurality of visual fields having
different angle ranges.

6. The liquid crystal display apparatus according to claim

3, comprising at least one parallax barrier layer provided in a
substrate in a viewing side of the pair of substrates, the par-
allax barrier layer performing adjustment so that each display
data from each of pixels forming the liquid crystal display
apparatus is selectively emitted to a visual field of a specific
angle range, to perform adjustment so that different display
images are displayed on a plurality of visual fields having
different angle ranges.

* * #* ok %



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

patsnap

RBEREKE

US20120069276A1 NI (»&E)B 2012-03-22

US13/012177 RiEH 2011-01-24

=i att

=it

=i ot

[#R1 &% BB A ISHIKAWA YOSHIMITSU

KBEAN ISHIKAWA, YOSHIMITSU

IPCH%5 GO2F1/1335

CPCH¥EF G02B27/2214 G02F1/133528 G02F2001/133638 G02F2001/133531 G02F1/1396 G02B30/27

k54X 2010207821 2010-09-16 JP

Hfth 23 FF 32k US8395728

SNERaE Espacenet USPTO

WE(F) e -

EEERMBZNREERBENEONRBEREESD , KKS50nmiyiE _ \M 103

fmEHANd{E 7 300~400nm , X miIRH 5 EL&ERIRESNNES '\*M

BRENEMFETRRGED TRHNFAER L PTREE , AR, o8

BENENMNTAERESMNEMRIRS , HEZNLMERIRSNFIRH 108

ZEINAERSS HERTFMNTFI0°, ESREHEMEBIZIEEEERE ««W 198

EHINAREREEFR , ZNEAMRIRENRIRMZBNAERSS R on—1 / 104

BEARFENTFI, EEEBHEHRENRBETREEDR , HREEM |

7R | WEENEHME G A K TF-45°F-40°HE /) |, S+ 40°HE KM .

BN+ 459, ——— .
— . 101



https://share-analytics.zhihuiya.com/view/32f4026f-921f-4b46-b7e7-bdd711b6cf74
https://worldwide.espacenet.com/patent/search/family/045769083/publication/US2012069276A1?q=US2012069276A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220120069276%22.PGNR.&OS=DN/20120069276&RS=DN/20120069276

