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To provide a vertical alignment liquid crystal display device
capable of achieving a high-definition image display. Tilt
directions of liquid crystal molecules when a voltage is
applied are within a plane that is in parallel to a border
between a first pixel and a second pixel, and are different by
180 degrees between the first and second pixels. The first
pixel is constituted with three sub-pixels for R, G, and B
arranged in a direction in parallel to the border. Similarly, the
second pixel is constituted with three sub-pixels for R, G, and
B. The tilt directions of the liquid crystal molecules when a
voltage is applied are different by 180 degrees from each
other between the sub-pixels for R of the first and second
pixels, between the sub-pixels for G of the first and second
pixels, and between the sub-pixels for B of the first and
second pixels.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese patent application No. 2011-
025474, filed on Feb. 8,2011, and Japanese patent application
No. 2011-285586, filed on Dec. 27, 2011, 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 device. More specifically, the present invention relates to
atechnique for achieving a high-definition display in a device
which displays different images towards each of a plurality of
viewpoints.

[0004] 2. Description of the Related Art

[0005] In accordance with developments in mobile phones
and information terminals, size reduction and high-definition
imaging of image display devices are being advanced. In the
meantime, as an image display device having a new added
value, image display devices with which an observer can
visually recognize different images depending on observing
positions, i.e., an image display device with which different
images can be visually recognized at a plurality of viewpoints
and a stereoscopic image display device with which an
observer can visually recognize an image three-dimension-
ally by making different images as parallax images on left and
right sides, are drawing attentions.

[0006] As amethod for proving different images from each
other towards a plurality of viewpoints, there is known a
method which displays an image by interlacing image data
for each of viewpoints on a display panel, separates the dis-
played interlaced image by an optical separating module con-
stituted with a lens and a barrier (a light-shielding plate)
having slits, and provides the images to the respective view-
points. The principle of image separations is implemented by
restricting pixels viewed in each of viewpoint directions by
using an optical module such as a barrier having slits or a lens.
As the image separation module, generally used are a parallax
barrier constituted with a barrier having a great number of
stripe slits and a lenticular lens in which a great number of
cylindrical lenses exhibiting the lens effect in one direction
are arranged.

[0007] The stereoscopic image display device using the
optical image separating module is suited to be loaded on a
terminal device such as a mobile phone in respect that it is not
necessary for users to wear special eyeglasses so that the users
are free from having a trouble of wearing the eyeglasses.
Portable phones on which a stereoscopic image display
device constituted with a liquid crystal panel and a stereo-
scopic image display device have already been developed into
manufactured products.

[0008] With the above-described method, i.e., with the ste-
reoscopic image display device which provides different
images from each other towards a plurality of viewpoints by
using an optical separating module, there are cases where
borders between images are viewed dark when the image to
be visually recognized is switched because the viewpoint
position of the observer is shifted. This phenomenon is
caused due to a fact that a non-display area (a light-shielding
part called as a black matrix in general in a liquid crystal
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panel) between the pixels for each of the viewpoints is visu-
ally recognized. The above-described phenomenon caused in
accordance with the shift in the viewpoint of the observer
does not occur with a general stereoscopic image display
device that has no optical separating module. Thus, the
observer feels a sense of discomfort or deterioration of the
display quality for the above-described phenomenon that
occurs in a multi-viewpoint stereoscopic image display
device or a stereoscopic image display device having an opti-
cal separating module. This is a phenomenon generally called
as “3D moire”.

[0009] In order to improve the issue caused due to the
optical separating module and the light-shielding part, thereis
proposed a stereoscopic image display device which sup-
presses the deterioration of the display quality through devis-
ing shapes and layout of the pixel electrode and the light-
shielding part of the display panel (e.g., Japanese
Unexamined Patent Publication 2005-208567 (FIG. 37, etc.)
(Patent Document 1).

[0010] FIG. 50 is a plan view showing a display panel of a
display device disclosed in Patent Document 1. In FIG. 50,
drawn are cylindrical lenses 10034, first viewpoint pixels
1041, aperture parts 1075, wirings 1070, second viewpoint
pixels 1042, light-shielding parts 1076, longitudinal direction
1011, lateral direction 1012, and the like. In the display device
disclosed in Patent Document 1, the proportion of the light-
shielding parts (the wiring 1070 and the light-shielding part
1076) and the aperture parts 1075 is substantially constant,
when a display panel sectional view is assumed along the
longitudinal direction that is vertical to the arranging direc-
tion of the cylindrical lenses 10034 at an arbitrary point of the
lateral direction 1012.

[0011] Therefore, even when the observer shifts the view-
point in the lateral direction 1012 that is the separating direc-
tion of the image so that the observing direction becomes
changed, the proportion of the light-shielding part to be visu-
ally recognized is substantially constant. That is, the observer
does not observe only the light-shielding part from a specific
direction and, further, the display is not viewed dark. In other
words, deterioration of the display quality caused due to the
light-shielding region can be prevented.

[0012] Now, “3D moire” and “3D crosstalk” will be
described in details. In this Specification, periodic luminance
unevenness (may also mean color unevenness in some cases)
caused when displaying different videos in different angular
directions, particularly fluctuation in the angular direction of
luminance (luminance angular fluctuation), is defined as “3D
moire”, and an amount of leak of a image for the left or the
right eye into the respective other eye is defined as “3D
crosstalk”™.

[0013] In general, a stripe pattern generated when struc-
tures of different periods from each other interfere with each
other is called as “moire fringes”. The moire fringes are an
interference fringes generated depending on the periodicity
and pitch of the structures. In the meantime, “3D moire” is
luminance unevenness generated due to an image forming
characteristic of the image separating module. Thus, in this
Specification, “3D moire” and “moire fringes” are used in a
distinctive manner.

[0014] There may be cases where “3D moire” is not an
issue, depending on the visually recognizing positions. How-
ever, when there is a large fluctuation in the luminance angu-
lar direction, it is considered that there is an influence that is
not preferable for stereoscopic visions. Thus, it is preferable
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to set the luminance fluctuation to be equal to or lower than a
prescribed amount. Further, when the amount of “3D
crosstalk” becomes great, a stereoscopic sense is lost and an
influence may be imposed on the observer such as fatigue of
the eyes. Thus, it is preferable to set the crosstalk amount to be
equal to or lower than a prescribed amount.

[0015] Incidentally, a multi-domain vertical aligned (re-
ferred to as “MVA” hereinafter) method as one of liquid
crystal display modes exhibits a wide viewing angle charac-
teristic, and is used widely (WO 2008069181 (Patent Docu-
ment 4) and Japanese Unexamined Patent Publication 2010-
146008 (Patent Document 5), for example). With this MVA
method, a liquid crystal exhibiting negative dielectric anisot-
ropy is aligned almost vertical to a substrate. Further, it is so
designed that the tilt directions of the liquid crystal when a
voltage is applied are divided into a plurality of different
regions. The liquid crystal molecules in the divided regions
compensate the viewing angle characteristics of each other,
so that wide viewing angles can be acquired. There is Japa-
nese Unexamined Patent Publication 2004-302315 (FIG. 1,
etc.) (Patent Document 2) as an example of implementing a
stereoscopic image display device by using the MVA method.

[0016] FIG. 51 is an explanatory chart of a stereoscopic
image display device according to Patent Document 2. The
right side of FIG. 51 is a lateral sectional schematic view of a
main part of a liquid crystal panel 2017. The left side of FIG.
51 is an optical conceptual view 2018 which shows images
(20104, 20105, 20114, 20115) reflected on the left and right
eyes of the observer who looks at the liquid crystal panel 2017
from the front side. In the liquid crystal panel 2017, a protru-
sion 2006 is provided on a TFT (thin film transistor) substrate
204 as a domain restricting structure for locally restricting the
alignment of liquid crystal molecules 2007. On both of left
and right sides (on top and bottom on the sheet) of the pro-
trusion 2006, pixel electrodes 2009 A and 2009B formed with
divided ITO (indium tin oxide) transparent electrodes are
provided. In the meantime, a common electrode 2008 formed
with an ITO transparent electrode is provided on a surface of
a color filter substrate 2003 opposing to the TFT substrate
2004. A liquid crystal exhibiting negative dielectric anisot-
ropy is inserted between the color filter substrate 2003 and the
TFT substrate 2004. Further, a vertical alignment film (not
shown) is provided to cover the surfaces of both of the oppos-
ing ITO transparent electrodes, respectively. Furthermore,
polarization plates 2001 and 2002 are disposed on the sur-
faces of the color filter 2003 and the TFT substrate 2004,
respectively, in a crossed-Nicol state. Individual signal volt-
ages 2005A and 2005B are applied between the common
electrode 2008 and the pixel electrodes 2009A, 2009B. The
regions corresponding to the pixel electrodes 2009A and
2009B are domains 2000A and 2000B, respectively.

[0017] In a state where a voltage is not applied, the liquid
crystal panel 2017 displays “black” because the liquid crystal
molecules 2007 are aligned vertically on the surface of the
ITO transparent electrodes. In accordance with an applied
voltage, the liquid crystal molecules 2007 are tilted in the
opposite directions from each other with respect to the pro-
trusion 2006 as the domain restricting structure, thereby
forming the domains 2000A and 2000B shown in the draw-
ing. Under such alignment state, light at an angle close to be
in parallel to the length direction of the liquid crystal mol-
ecules 2007 exhibits small deflection caused by the optical
anisotropy. Thus, the transmission amount of the light
becomes small, so that it is radiated as weak light. In the
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meantime, light at an angle close to be vertical to the length
direction of the liquid crystal molecules 2007 exhibits large
deflection caused by the optical anisotropy. Thus, the trans-
mission amount of the light becomes large, so that it is radi-
ated as strong light. In FIG. 51, the weak light radiated from
the domain 2000A is shown by a dotted-line arrow 2013, and
the weak light radiated from the domain 2000B is shown by a
dotted-line arrow 2016. In the meantime, the strong light
radiated from the domain 2000A is shown by a solid-line
arrow 2015, and the strong light radiated from the domain
2000B is shown by a solid-line arrow 2014. Angle 6 of the
radiated light with respect to a normal 2019 of the liquid
crystal panel 2017 is the viewing angle.

[0018] An image signal captured from a camera placed at
the position of the right eye is sent to the domains 2000A of
each pixel via an applied voltage 2005A simultaneously,
while an image signal captured from a camera placed at the
position of the left eye is sent to the domains 2000B of each
pixel via an applied voltage 2005B simultaneously. Upon
this, a bright image 20105 by the strong light 2014 radiated
from each of the domains 2000B and a dark image 2010a by
the weak light 2013 radiated from each of the domains 2000A
are formed simultaneously on the retina of the left eye of the
observer who looks at the liquid crystal panel 2017 from the
front side. In the meantime, a bright image 2011a by the
strong light 2016 radiated from each of the domains 2000A
and a dark image 20115 by the weak light 2016 radiated from
each of the domains 2000B are formed simultaneously on the
retina of theright eye. However, only the bright images 201056
and 2011a on the left and right eyes are fused in the head and
the dark images by the weak light are unconsciously ignored,
so that the observer who looks at the liquid crystal panel 2017
from the front side see an optical illusion as if a stereoscopic
image emerges on the liquid crystal panel 2017. In a moving
picture, this illusion is more prominent. A condition under
which such phenomenon occurs is that the light amount of the
weak light is equal to or less than 2 of the light amount of the
strong light. Desirably, it is equal to or less than Yio.

[0019] In the meantime, as an example of a case which
achieves a multiple view display by using a vertical alignment
as a liquid crystal display mode, there is Japanese Unexam-
ined Patent Publication 2008-261980 (FIG. 1, etc.) (Patent
Document 3).

[0020] A multiple view display 3001 shown in FIG. 52 and
FIG. 53 includes: a liquid crystal panel 3004 including a
display device 302 and an optical device 3003 provided inte-
grally with the display device 3002; and a backlight, not
shown, which radiates planar white light to the display
device. The display device 3002 is formed by interposing a
liquid crystal layer 3007 between an array substrate 3005 and
a counter substrate 3006 disposed by facing the array sub-
strate 3005, which forms a rectangular display region includ-
ing sub-pixels P as a plurality of pixels formed in matrix.
Further, polarization plates 3008 and 3009 are laminated on
the main surfaces on the outer side of the substrates 3005 and
3006, respectively.

[0021] The display device 3002 can display a plurality of
different images by the use of a drive circuit, not shown. That
is, among the plurality of sub-pixels P, two pixel groups are
formed with a pixel group constituted with a plurality of
sub-pixels Pa and a plurality of sub-pixels Pb located alter-
nately by one column each in the direction such as the left-
and-right directions towards which the image is separated by
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the parallax, for example. This makes it possible to display
individual images by each of the pixel groups.

[0022] The array substrate 3005 includes a plurality of scan
lines 3012 and a plurality of signal lines 3014 on a transparent
substrate 3011 in a grating form, and a TFT 3015 is provided
at each intersection between the scan line 3012 and the signal
line 3014. Further, an insulating layer 3016 is provided to
cover the TFT 3015, a pixel electrode 3018 provided on the
insulating layer 3016 is electrically connected to the TFT
3015 via a contact hole 3017 provided to the insulating layer
3016, and a vertical alignment film 3019 for aligning liquid
crystal molecules LC that constitute the liquid crystal layer
3007 is formed on the pixel electrode 3018.

[0023] The pixel electrode 3018 is formed with ITO, and
formed for each sub-pixel. Further, a slit S is formed between
the neighboring pixel electrodes 3018, respectively. The TFT
3015 is constituted with a source electrode 3015s, a drain
electrode 3015d, a gate electrode 3015g, a semiconductor
layer 3015p, and the like.

[0024] In the counter substrate 3006, a color filter layer
3022 having colored layers 3022, 3022g, and 30225 corre-
sponding to the three primary colors RGB is formed on the
transparent substrate 3021. Further, on the color filter layer
3022, a counter electrode 3023 formed with ITO is formed at
positions corresponding to each sub-pixel P. Three sub-pixels
P corresponding to the colored layers 3022r, 3022g, and
30225 of the color filter layer 3022 constitute a single pixel
unit.

[0025] Further, a rib-shaped counter protrusion 3025 is
formed, respectively, at prescribed positions of the counter
electrodes 3023. Furthermore, a vertical alignment film 3026
for aligning the liquid crystal molecules LC is formed by
covering the counter electrodes 3023 and the counter protru-
sions 3025.

[0026] The sectional view of the counter protrusion 3025 is
formed in a triangular shape whose tip is projected towards
the array substrate 3005 side, and formed linearly along the
end of two sub-pixels Pa, Pb which are neighboring to each
other on the left and right sides and corresponding to different
images. Therefore, the counter protrusion 3025 is provided
for every two sub-pixels Pa, Pb.

[0027] The liquid crystal layer 3007 is of an MVA type
which exhibits negative dielectric anisotropy. Further, the
liquid crystal molecules LC among the liquid crystal materi-
als constituting the liquid crystal layer 3007 are designed to
be aligned along the right direction of FIG. 52 for the sub-
pixel Pa and the left direction of FIG. 52 for the sub-pixel Pb,
i.e., along the opposite directions for the neighboring sub-
pixels Pa and Pb, under a state where a voltage is applied
between the pixel electrode 3018 and the counter electrode
3023. In order to achieve such alignment design, utilized are
the existence of the counter protrusions 3025, effects such as
the tilt of the electric field on the outer side of the slits S by the
electric field discretion effect between the pixel electrode
3018 and the counter electrode 3023, etc. That is, The align-
ment directions of the liquid crystal molecules LC is set by
corresponding to the viewing angle directions from which the
different display images are visually recognized, and the lig-
uid crystal layer 3007 is divided into a plurality of domains
for each of the neighboring sub-pixels Pa and Pb.

[0028] In the meantime, the optical device 3003 separates
the image so that each of the images displayed on the display
device 3002 is visually recognized only along prescribed
directions. In the optical device 3003, a parallax barrier layer
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3032 as the light-shielding part and a slit part 3033 as a
transmission part are formed on the transparent substrate
3031. Further, the optical device 3003 is bonded to the display
surface side that is the opposite side of the liquid crystal layer
3007 of the transparent substrate 3021 that constitutes the
counter substrate 3006 via an adjusting layer 3034 as a refrac-
tive index adjusting layer formed by a transparent adhesive or
the like.

[0029] The parallax barrier layer 3032 is for shielding the
light of the images by pixel groups in the direction different
from the viewing angle direction, and it is formed with
chrome as a non-light transmitting metal or a resin into which
a black pigment such as carbon black is dispersed. The par-
allax barrier layer 3032 is formed by corresponding to a
position between the two sub-pixels Pa and Pb which are
neighboring to each other on the left and right sides and
corresponding to different images. Therefore, one each of the
parallax barrier layer 3032 is provided for a single domain at
a position superimposing on (opposing to) the counter pro-
trusion 3025.

[0030] Through writing different signals with a pixel group
constituted with a plurality of sub-pixels Pa and a pixel group
constituted with a plurality of sub-pixels Pb located alter-
nately by each column along the direction (left-and-right
direction of FIG. 52) that separates an image by the parallax,
the state of the liquid crystal molecules LC of each domain
changes from the vertical state to the tilted state according to
the image signals.

[0031] As aresult, when viewed from a prescribed viewing
angle direction L1, an image displayed with the pixel group of
the plurality of sub-pixels Pb with a surface light radiated
from a backlight is shielded at the parallax barrier layer 3032,
and the image displayed with the pixel group of the plurality
of sub-pixels Pais visually recognized from the slit parts 3033
via each of the colored layers 30227, 3022g, and 30225 of the
color filter layer 3022.

[0032] In the meantime, when viewed from a prescribed
viewing angle direction R1, an image displayed with the pixel
group of the plurality of sub-pixels Pa with a surface light
radiated from a backlight is shielded at the parallax barrier
layer 3032, and the image displayed with the pixel group of
the plurality of sub-pixels Pb is visually recognized from the
slit parts 3033 via each of the colored layers 30227, 3022g,
and 30225 of the color filter layer 3022.

[0033] At this time, light passed through the color filter
layer 3022 of each of the colors RGB is visually recognized in
each of the viewing angle directions L1 and R1, so that
images of those colors are mixed and visually recognized as
a color image.

[0034] When the viewing angle is largely shifted and
viewed from the viewing angle directions L2 and R2 shifted
in the left-and-right directions of the drawing with respect to
the viewing angle directions L1 and R1, respectively, the
liquid crystal molecules LC are aligned in the reverse direc-
tions and viewed only as black even when the sub-pixel Pa or
the sub-pixel Pb neighboring to each other comes into the
viewing angle. Thus, it is not likely to be visually recognized
as image crosstalk.

[0035] Withthe stereoscopic image display device depicted
in Patent Document 2, it is not possible to implement the
stereoscopic display intended by the document in a fine man-
ner.

[0036] Regarding the viewing angle characteristics of the
vertical alignment liquid crystal, Patent Document 2 utilizes
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the region where the characteristics become asymmetric
when the angles are fixed to given azimuth directions (e.g.,
0-degree and 180-degree directions, 90-degree and 270-de-
gree directions within a display face) and the angle of depres-
sion (polar angle when expressed as polar coordinates) is
changed. Such azimuthal angle directions normally include
the direction to which the liquid crystal molecules are tilted
by the electric field. Regarding the vertical alignment liquid
crystal of this case, FIG. 54 shows an example of the viewing
angle characteristics in the polar angle direction of the lumi-
nance. In this drawing, shown are the viewing angle charac-
teristics in the polar angle directions (written as the tilt angles
in the drawing) of the luminance when the voltage to be
applied to the liquid crystal is changed as 0V, 2V,3V, 4V, and
5 V. Considering the condition of a voltage of 3 V, the lumi-
nance at the tilt angle of 30 degrees is equal to or higher than
30, and the luminance at the tilt angle 30 degrees is about 3.
When those are used in combination, the condition ofthe light
amount equal to or less than Yo described in the section of
related technique regarding Patent Document 2 can be satis-
fied.

[0037] However, considering the condition of a voltage of 5
V, the luminance at the tilt angle of 30 degrees is equal to or
higher than 30, and the luminance at the tilt angle =30 degrees
is about 25. Thus, even the condition of the light amount equal
to or less than Y2 described in the section of the related
technique cannot be satisfied. Further, considering the condi-
tion of a voltage of 2 V, the luminance at the tilt angle of 30
degrees is about 0.2, and the luminance at the tilt angle -30
degrees is about 5.5. Thus, it is completely opposite charac-
teristic from the condition of the light amount described in the
section of the related technique. As described, for satisfying
the condition of the light amount depicted in Patent Docu-
ment 2 by using the vertical alignment liquid crystal, the
voltages are limited to an extremely narrow range. Therefore,
it is not practical, and a fine stereoscopic display cannot be
achieved.

[0038] With the multiple view display depicted in Patent
Document 3, it is not possible to achieve the multiple views
intended by the document in a fine manner.

[0039] As in the case of Patent Document 2, Patent Docu-
ment 3 utilizes the fact that the viewing angle characteristics
in a given azimuth angle direction of the vertical alignment
liquid crystal become asymmetric. Regarding a case where a
parallax barrier layer is provided in the vertical alignment
liquid crystal as depicted in Patent Document 3, FIG. 55
shows an example of the viewing angle characteristics in the
polar angle direction of the luminance. Note here that in the
barrier layer, the transmission region and the non-transmis-
sion region are arranged to be disposed alternately in the
direction where the pixel Pa and the pixel Pb are disposed
alternately as depicted in the section of the related technique
regarding Patent Document 3. That is, it is so designed that the
transmission region and the non-transmission region of the
barrier layer are arranged alternately in the direction that is
orthogonal to the border between the pixel Pa and the pixel Pb
as a set.

[0040] Inthechart, two conditions of 2V and 5V are shown
as the voltage to be applied to the liquid crystal. A case of
shifting the viewing angle greatly to the angle of 40 degrees or
more will be investigated. The luminanceis closeto 35at5V
between 40 degrees and 45 degrees. In the meantime, the
luminance is about 18 at 5 V between 40 degrees and 50
degrees. The luminance is decreased about to a half from 45

Aug. 9, 2012

degrees to 50 degrees. However, it is not deteriorated down to
a state of black display as mentioned in the section of the
related technique and the image can be fully recognized,
thereby generating image crosstalk. That is, in the vicinity of
45 degrees, the luminance is equal to or higher than 10, and
crosstalk of about 30% for the maximum luminance of about
35 is generated. Further, when the characteristic at a voltage
of 2 V is considered, the luminance from 40 degrees to 45
degrees is about 1.3, while the luminance from 45 degrees to
50 degrees is about 16. This relationship is completely oppo-
site from the characteristic of 5V, and the state of the image
crosstalk becomes greatly different by a halftone. This means
that a proper image cannot be recognized. As described, it is
difficult to satisfy the condition of Patent Document 3 by
using the vertical alignment liquid crystal and the barrier
layer, and a fine multiple view display cannot be achieved.

[0041] A structure which achieves a wide viewing angle
stereoscopic image display by combining the technique
depicted in Patent Document and the MVA method will be
investigated, although it is not a related technique. Consid-
ered is a case of achieving 2-viewpoints color stereoscopic
image display device using a right-eye image and a left-eye
image is achieved by the pixel structure of FIG. 50. In that
case, it is considered to employ a structure that uses a display
unit, which is constituted with six sub-pixels of three colors
lined along the longitudinal direction as the right-eye sub-
pixels and the left-eye sub-pixels as in FIG. 56A by corre-
sponding to each of the colors of red, blue, and green by using
a color filter corresponding to each of those colors, as the
minimum repeating unit. Symbols are allotted to each of the
sub-pixels by using R for the right-eye image, L. for the
left-eye image, r for red, b for blue, and g for green. For
example, Rr is a right-eye red sub-pixel, and Lb is left-eye
blue sub-pixel.

[0042] In a case of employing the MVA method for the
pixel alignment, it is necessary to divide each sub-pixel into
four domains having different liquid crystal alignment. This
is for improving the viewing angle characteristic when view-
ing the display face from the top and bottom as well as
left-and-right directions. That is, a single display unit, i.e., the
six sub-pixels, is divided into twenty-four domains in total.
This divided state can be conceptually shown as in FIG. 56B.
For example, the sub-pixel Lr is constituted with four
domains Lrl, Lr2, Lr3, and Lr4.

[0043] However, each of the regions becomes small with
this structure, so that it is difficult to divide it into different
liquid crystal alignment. This is because it becomes difficult
to control the structure and the processing for dividing to the
different liquid crystal alignment in small regions. For
example, as such structure, there is a structure which controls
the electric fields of the projection structure projected from
the substrate surface, the slit, the projection part, or the like of
the electrodes. As such processing, there are light alignment
processing, surface anisotropic processing, i.e., surface pro-
cessing such as mask rubbing or the like using a mask, etc.
Another reason is that the extremely small divided regions of
different liquid crystal alignment tend to contract the border
towards the minimum energy state so that the energy in the
border between the divisions becomes small. Thus, as the
border is contracted, the divided regions themselves may
rapidly become contracted. Therefore, it is desired for the
divided alignment regions to be in a size of more than a
specific size.
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[0044] As a result, when high definition of the pixels is
advanced, it becomes extremely difficult to employ the MVA
method with the pixel structure of Patent Document 1.
[0045] An exemplary object of the present invention is to
provide a liquid crystal display device which is capable of
achieving a stereoscopic display and a multi-view display
with high definition and in a wide viewing angle range. The
multi-view display is a display with which different images
are observed depending on the observing directions. For
example, it is used in a manner where information viewed
from the right side of a display device and information viewed
from the left side thereof is different. Further, an exemplary
object of the present invention is to provide a liquid crystal
display device which can achieve a stereoscopic display in
which 3D moire and 3D crosstalk are decreased. Another
exemplary object of the present invention is to provide a
liquid crystal display device capable of switching a stereo-
scopic display and a multi-view display to a 2D single display,
which can achieve the wide viewing angle characteristic in
both the stereoscopic display as well as the multi-view dis-
play and the 2D single display. A yet another exemplary
object of the present invention is to provide a liquid crystal
display device capable of achieving a stereoscopic display
and a multi-view display with a wide viewing angle range,
which can be manufactured easily at a reduced cost.

SUMMARY OF THE INVENTION

[0046] The liquid crystal display device according to an
exemplary aspect of the invention is a liquid crystal display
device which is characterized to include a liquid crystal
exhibiting negative dielectric anisotropy sandwiched
between a pair of substrates, wherein liquid crystal molecules
constituting the liquid crystal are initially aligned almost
vertically to the pair of substrates, and display units each
including at least a first pixel for displaying a first-viewpoint
image and a second pixel for displaying a second-viewpoint
image are arranged in matrix. The tilt directions of the liquid
crystal molecules when a voltage is applied are within a plane
that is in parallel to a border between the first pixel and the
second pixel, and are different from each other by 180 degrees
between the first pixel and the second pixel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] FIG. 1A is a plan view showing a liquid crystal
display device according to a first exemplary embodiment,
and FIG. 1B is a schematic view showing a display unit of
FIG. 1A;
[0048]
FIG. 1A;
[0049] FIG. 3 is a graph showing a viewing angle charac-
teristic for describing the operation effects of the liquid crys-
tal display device according to the first exemplary embodi-
ment;

[0050] FIG. 4 is a graph showing a viewing angle charac-
teristic of a structure where a barrier layer is provided to the
liquid crystal display device according to the first exemplary
embodiment, when a same voltage is applied to a first-view-
point sub-pixel and a second-viewpoint sub-pixel;

[0051] FIG. 5 is a graph showing a viewing angle charac-
teristic of a structure where a barrier layer is provided to the
liquid crystal display device according to the first exemplary
embodiment, when different voltages are applied to a first-
viewpoint sub-pixel and a second-viewpoint sub-pixel;

FIG. 2 is a sectional view taken along a line II-II of
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[0052] FIG. 6A is a plan view showing a liquid crystal
display device according to a second exemplary embodiment,
and FIG. 6B is a schematic view showing a display unit of
FIG. 6A;

[0053] FIG. 7 is a graph showing a viewing angle charac-
teristic for describing the operation effects of the liquid crys-
tal display device according to the second exemplary embodi-
ment;

[0054] FIG. 8 is a graph showing a viewing angle charac-
teristic of a structure where a barrier layer is provided to the
liquid crystal display device according to the second exem-
plary embodiment, when a same voltage is applied to a first-
viewpoint sub-pixel and a second-viewpoint sub-pixel;
[0055] FIG. 9 is a graph showing a viewing angle charac-
teristic of a structure where a barrier layer is provided to the
liquid crystal display device according to the second exem-
plary embodiment, when different voltages are applied to a
first-viewpoint sub-pixel and a second-viewpoint sub-pixel;
[0056] FIG. 10A is a plan view showing a liquid crystal
display device according to a third exemplary embodiment,
and FIG. 10B is a schematic view showing a display unit of
FIG. 10A;

[0057] FIG. 11 is a graph showing a viewing angle charac-
teristics of each domain used for describing the operation
effects of the liquid crystal display device according to the
third exemplary embodiment;

[0058] FIG. 12 is a graph showing a viewing angle charac-
teristic of a structure where a barrier layer is provided to the
liquid crystal display device according to the third exemplary
embodiment, when different voltages are applied to a first-
viewpoint sub-pixel and a second-viewpoint sub-pixel;
[0059] FIG. 13 is a graph showing a viewing angle charac-
teristic of a structure where a barrier layer is provided to the
liquid crystal display device according to the third exemplary
embodiment, when a same voltage is applied to a first-view-
point sub-pixel and a second-viewpoint sub-pixel;

[0060] FIG. 14 is a plane view showing a liquid crystal
display device according to a fourth exemplary embodiment;
[0061] FIG. 15 is a plan view for describing the operation
effects of the liquid crystal display device according to the
fourth exemplary embodiment;

[0062] FIG. 16 is a plan view showing a liquid crystal
display device according to a fifth exemplary embodiment;
[0063] FIG. 17 is a plan view showing a liquid crystal
display device according to a sixth exemplary embodiment;
[0064] FIG. 18 is a plan view for describing the operation
effects of the liquid crystal display device according to the
sixth exemplary embodiment;

[0065] FIG. 19 is a plan view showing a liquid crystal
display device according to a seventh exemplary embodi-
ment;

[0066] FIG. 20 is a plan view showing a liquid crystal
display device according to an eighth exemplary embodi-
ment;

[0067] FIG. 21 is a plan view showing a liquid crystal
display device according to a ninth exemplary embodiment;
[0068] FIG. 22 is a plan view showing a liquid crystal
display device according to Example 1;

[0069] FIG. 23 is a sectional view showing a liquid crystal
display device according to Example 1;

[0070] FIG. 24A is a plan view showing a barrier layer
according to Example 1, and FIG. 24B is a plan view showing
arelationship between a liquid crystal alignment region and a
polarization plate of Example 1;
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[0071] FIG. 25 is a plan view showing Comparative
Example 1-1 of the first exemplary embodiment;

[0072] FIG. 26A is a plan view showing a barrier layer
according to Comparative Example 1-1, and FIG. 26B is a
plan view showing a relationship between a liquid crystal
alignment region and a polarization plate of Comparative
Example 1-1;

[0073] FIG. 27 is a graph showing a viewing angle charac-
teristic of Comparative Example 1-1, when a same voltage is
applied to a first-viewpoint sub-pixel and a second-viewpoint
sub-pixel;

[0074] FIG. 28 is a plan view showing Comparative
Example 1-2 of the first exemplary embodiment;

[0075] FIG. 29A is a plan view showing a barrier layer
according to Comparative Example 1-2, and FIG. 26B is a
plan view showing a relationship between a liquid crystal
alignment region and a polarization plate of Comparative
Example 1-2;

[0076] FIG. 30 is a graph showing a viewing angle charac-
teristic of Comparative Example 1-2, when a same voltage is
applied to a first-viewpoint sub-pixel and a second-viewpoint
sub-pixel;

[0077] FIG. 31 is a plan view showing a liquid crystal
display device according to Example 2;

[0078] FIG. 32 is a plan view showing Comparative
Example 2-1 of the second exemplary embodiment;

[0079] FIG. 33 is a graph showing a viewing angle charac-
teristic of Comparative Example 2-1, when a same voltage is
applied to a first-viewpoint sub-pixel and a second-viewpoint
sub-pixel;

[0080] FIG. 34 is a plan view showing Comparative
Example 2-2 of the second exemplary embodiment;

[0081] FIG. 35 is a graph showing a viewing angle charac-
teristic of Comparative Example 2-2, when a same voltage is
applied to a first-viewpoint sub-pixel and a second-viewpoint
sub-pixel;

[0082] FIG. 36 is a plan view showing Comparative
Example 2-3 of the second exemplary embodiment;

[0083] FIG. 37 is a graph showing a viewing angle charac-
teristic of Comparative Example 2-3, when a same voltage is
applied to a first-viewpoint sub-pixel and a second-viewpoint
sub-pixel;

[0084] FIG. 38 is a plan view showing a liquid crystal
display device according to Example 3;

[0085] FIG. 39 is a plan view showing Comparative
Example 3-1 of the third exemplary embodiment;

[0086] FIG. 40 is a graph showing a viewing angle charac-
teristic of Comparative Example 3-1, when a same voltage is
applied to a first-viewpoint sub-pixel and a second-viewpoint
sub-pixel;

[0087] FIG. 41 is a plan view showing Comparative
Example 3-2 of the third exemplary embodiment;

[0088] FIG. 42 is a graph showing a viewing angle charac-
teristic of Comparative Example 3-2, when a same voltage is
applied to a first-viewpoint sub-pixel and a second-viewpoint
sub-pixel;

[0089] FIG. 43 is a plan view showing a liquid crystal
display device according to Example 4;

[0090] FIG. 44 is a plan view showing a liquid crystal
display device according to Example 5;

[0091] FIG. 45 is a plan view showing a liquid crystal
display device according to Example 6;

[0092] FIG. 46 is a plan view showing a liquid crystal
display device according to Example 7;
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[0093] FIG. 47 is a plan view showing a liquid crystal
display device according to Example 8;

[0094] FIG. 48 is a plan view showing a liquid crystal
display device according to Example 9;

[0095] FIG. 49A is an external view showing a mobile
phone using the liquid crystal display device of each exem-
plary embodiment, and FIG. 49B is an external view showing
amobile game machine using the liquid crystal display device
of each exemplary embodiment;

[0096] FIG. 50 is a plan view showing pixels of a stereo-
scopic image display device of Patent Document 1;

[0097] FIG. 51 is a lateral sectional view showing a stereo-
scopic image display device of Patent Document 2;

[0098] FIG. 52 is a longitudinal sectional view showing a
part of a multiple view display of Patent Document 3;
[0099] FIG. 53A is a plan view showing a part of the mul-
tiple view display FIG. 52, and FIG. 53B is an equivalent
circuit diagram showing a part of the multiple view display of
FIG. 52;

[0100] FIG. 54 is a graph showing a viewing angle charac-
teristic of the stereoscopic image display of Patent Document
2;

[0101] FIG. 55 is a graph showing a viewing angle charac-
teristic of the multiple view display of Patent Document 3;
[0102] FIG. 56A is a plan view showing an example of a
display unit of a color stereoscopic image display device
assumed from the pixel structure of Patent Document 1, FIG.
568 is a schematic view showing layout of the regions where
the alignment is different when the MVA method is employed
in the structure of a display unit shown in FIG. 56A;

[0103] FIG. 57 shows plan views, in which FIG. 57A is a
first case, FIG. 57B is a second case, FIG. 57C is a third case,
and FIG. 57D is a fourth case;

[0104] FIG. S8 is a plan view showing a liquid crystal
display device according to a tenth exemplary embodiment;

[0105] FIG. 59 is a schematic view showing a display unit
of FIG. 58;
[0106] FIG. 60 is a plan view showing a liquid crystal

display device according to an eleventh exemplary embodi-
ment;

[0107] FIG. 61 is a schematic view showing a display unit
of FIG. 60;

[0108] FIG. 62 is a plan view showing a liquid crystal
display device according to Example 10;

[0109] FIG. 63 is a schematic view showing a display unit
of FIG. 62;
[0110] FIG. 64 is a plan view showing a liquid crystal

display device according to Example 11;

[0111] FIG. 65 is a schematic view showing a display unit
of FIG. 64,
[0112] FIG. 66 is a plan view showing a liquid crystal

display device according to Example 12;

[0113] FIG. 67 is a schematic view showing a display unit
of FIG. 66; and

[0114] FIG. 68 is a plan view showing a liquid crystal
display device according to Example 13.

DETAILED DESCRIPTIONS OF THE
PREFERRED EMBODIMENTS

[0115] Hereinafter, modes for embodying the present
invention (referred to as “exemplary embodiments” herein-
after) will be described by referring to the accompanying
drawings.

First Exemplary Embodiment

[0116] FIG. 1A is a plan view showing a liquid crystal
display device according to a first exemplary embodiment,
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and FIG. 1B is a schematic view showing a display unit of
FIG. 1A. FIG. 2 is a sectional view taken along a line II-1I of
FIG. 1A. Explanations will be provided based on those draw-
ings.

[0117] In a liquid crystal display device 110 according to
the first exemplary embodiment, a liquid crystal 103 exhibit-
ing negative dielectric anisotropy is sandwiched between a
pair of substrates 101 and 102, liquid crystal molecules 104
constituting the liquid crystal 103 are initially aligned almost
vertically to the pair of substrates 101 and 102, and display
units 10 each including at least a first pixel 11 for displaying
an image for a first viewpoint and a second pixel 12 for
displaying an image for a second viewpoint are arranged in
matrix.

[0118] The tilting directions of the liquid crystal molecules
104 when a voltage is applied are within a plane in parallel to
aborder 13 between the first pixel 11 and the second pixel 12,
and different by 180 degrees from each other between the first
pixel 11 and the second pixel 12.

[0119] The first pixel 11 is constituted with sub-pixels 11R,
11G, and 11B arranged in a direction in parallel to the border
13, and the second pixel 12 is constituted with sub-pixels
12R, 12G, and 12B arranged in the same manner. The tilt
directions of the liquid crystal molecules 104 when a voltage
is applied are different by 180 degrees from each other
between the sub-pixels 11R and 12R, different by 180 degrees
from each other between the sub-pixels 11G and 12G, and
different by 180 degrees from each other between the sub-
pixels 11B and 12B.

[0120] Now, the tilt directions of the liquid molecules 104
will be described by referring to FIG. 57. In FIG. 57A, it is so
defined that a positive direction of Z-axis, i.e., the direction
towards the front side of sheet, as “a sheet upward direction”,
and a negative direction of the Z-axis, i.e., the direction
towards the far side of the sheet, as “a sheet downward direc-
tion”. In this case, a tilt direction 1054 of a liquid crystal
molecule 104a is a direction from one end of the sheet down-
ward direction of the liquid crystal molecule 104a towards the
other end of the sheet upward direction. When the X-axis
direction is taken as a reference, a tilt direction 105a of the
liquid crystal molecule 1044 is 0 degree. Similarly, a tilt
direction 1054 of a liquid crystal molecule 1045 in FIG. 57B
is 90 degrees, a tilt direction 105¢ of a liquid crystal molecule
104¢ in FIG. 57C is 270 degrees, and a tilt direction 1054 of
aliquid crystal molecule 104d in FIG. 57D is 270 degrees. For
example, the tilt direction 1054 and the tilt direction 1055 are
different by 90 degrees, the tilt direction 1054 and the tilt
direction 105¢ are different by 180 degrees, and the tilt direc-
tion 105g and the tilt direction 1054 are different by 90
degrees. Note that “the tilt direction of the liquid crystal
molecules” may sometimes be called as “an alignment direc-
tion of the liquid crystal molecules”.

[0121] Hereinafter, the first exemplary embodiment will be
described in more details.

[0122] FIG. 1A is a plan view showing a part of the liquid
crystal display device 110 of the first exemplary embodiment.
Particularly, FIG. 1 shows display units 10 arranged in matrix.
In this drawing, four display units 10 are illustrated for sim-
plification. However, a greater number of display units are
used normally. In the first exemplary embodiment, the display
units 10 including the sub-pixels 11B, 11G, 11R for display-
ing the image for the first viewpoint and the sub-pixels 12B,
12G, 12R for displaying the image for the second viewpoint
are arranged in matrix. This drawing shows a state where the
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liquid crystal molecules 104 are tilted by applying a voltage.
That is, the alignment of the liquid crystal molecules 104 is
expressed with cylinders, and an oval that is one end face of
the cylinder is observed on the side where the molecules are
tilted and raised from the sheet. At this time, the tilt directions
of the liquid crystal molecules 104 are different by 180
degrees between the sub-pixels 11B, - - - for displaying the
first-viewpoint image and the sub-pixels 12B, - - - for dis-
playing the second-viewpoint image. Further, there are tilt
directions of the liquid crystal molecules 104 within a plane in
parallel to the border 13 between the sub-pixels 11B, - - - for
displaying the first-viewpoint image and the sub-pixels 12B,
- - - for displaying the second-viewpoint image within the
display units 10, i.e., within a plane including the top-and-
bottom direction of the drawing, which is orthogonal to the
sheet.

[0123] Inthis drawing, the three sub-pixels 11B, - - -and the
three sub-pixels 12B are drawn within the display unit 10.
However, the number of sub-pixels is not limited only to such
case. The three sub-pixels 11B, - - - and the three sub-pixels
12B drawn within the display unit 10 can be corresponded to
each of the colors (three colors herein) of a case where the
color display is achieved by using a color filter or the like, for
example. In other words, this can be expressed as follows.
That is, a single display unit 10 corresponds to one pixel to be
selected or fused, a single sub-pixel 11B or a single sub-pixel
12B, for example, corresponding to each color corresponds to
one dotto be selected, and a combination of a single sub-pixel
11B or a single sub-pixel 12B, for example, corresponding to
each color corresponds to one dot to be fused.

[0124] The direction mentioned in the explanations above
can also be defined by an angle measured towards the direc-
tion of the rise of the liquid crystal molecules 104 by the tilt
from the X-axis direction or the Y-axis direction within an
X-Y plane (i.e., within the sheet), provided that the origin of
the right-hand system is taken at the centers of each of the
sub-pixels 11B, - - - in the plan view, the right direction is the
X-axis direction, the upper direction is the Y-axis direction,
and the front direction of the sheet is the Z-axis direction. For
example, in a case of the angle measured from the X-axis
direction, the liquid crystal molecules of each of the sub-
pixels 11B, - - - of FIG. 1A are aligned in the direction of -90
degrees (270 degrees) or 90 degrees. Further, the direction
towards which the liquid crystal molecules 104 of the sub-
pixels 11B, - - - for displaying the first-viewpoint image are
tilted is =90 degrees (270 degrees), and the direction towards
which the liquid crystal molecules 104 of the sub-pixels 12B,
- - - for displaying the second-viewpoint image are tilted is 90
degrees. These directions are different by 180 degrees from
each other.

[0125] FIG. 2 is a sectional view showing a part of the
liquid crystal display device 110. This corresponds to a draw-
ing acquired by observing the section taken along the line II-I1
of FIG. 1A from the bottom-side direction (minus direction of
the Y-axis) of FIG. 1A. In the liquid crystal display device
110, a structure including the sub-pixels 11B, - - - for display-
ing the first-viewpoint image and the sub-pixels 12B, - - - for
displaying the second-viewpoint image can be achieved by
having the liquid crystal 103 sandwiched between the pair of
substrates 101 and 102. For example, the substrate 101 is a
TFT substrate, and the substrate 102 is a counter substrate.
[0126] FIG. 3 will be referred for describing the operation
effects of the liquid crystal display device 110. FIG. 3 is a
graph showing a viewing angle dependency of the luminance,
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when the angle is changed to the angle of depression (polar
angle) of the vertical alignment liquid crystal. This graph
shows the characteristic in a case of fixing to azimuth direc-
tion orthogonal to the tilt direction of the liquid crystal mol-
ecules 104 when a voltage is applied and changing the view-
ing angle to the polar angle direction. That is, in the case
shown in FIG. 1, it is the viewing angle characteristic when
the tilt angle is changed within a plane vertical to the border
13 (i.e., XZ plane) by taking the direction vertical to the sheet
(i.e., the Z-axis direction) within the plane (XZ plane) vertical
to the border 13 between the sub-pixels 11B for displaying the
first-viewpoint image and the sub-pixels 12B, - - - for dis-
playing the second-viewpoint image as the tilt angle of 0
degree. This graph shows the viewing angle characteristics in
the polar angle (written as the tilt angle in the graph) direction
of the luminance under four conditions of 0V, 3V, 4V, and 5
V as the voltages to be applied to the liquid crystal.

[0127] The viewing angle characteristic shown in FIG. 3 is
different by 90 degrees in the azimuth direction with respect
to the viewing angle characteristic shown in FIG. 54
described above. FIG. 54 shows the viewing angle character-
istic on the XZ plane, and the tilt direction of the liquid crystal
molecules is within the XZ plane. The viewing angle charac-
teristic in FIG. 54 is asymmetric on the positive side and the
negative side of the tilt angle, whereas it is symmetric on the
positive side and the negative side of the tilt angle in FIG. 3.
The first exemplary embodiment uses the characteristic of
positive side-negative side shown in FIG. 3 and the charac-
teristic of negative side-positive side shown in FIG. 3 inverted
by 180 degrees therefrom. As a result, a characteristic that is
symmetric on the left and right sides can be acquired when the
viewing angle is tilted in the left-and-right direction for the
structure shown in FIG. 1A.

[0128] When achieving the stereoscopic display or the
multi-view display by using the structure of the first exem-
plary embodiment, there is provided an optical element for
distributing light from the pixels corresponding to each view-
point towards each viewpoint. Described are operation effects
of a case using an element for controlling the traveling direc-
tions of light as such optical element by providing a region
transmitting light and a region not transmitting light, which is
called as a parallax barrier or a barrier layer. The optical
element will be described in details in Example 1 later.
[0129] FIG. 4 shows a characteristic when the viewing
angle is changed to the polar angle direction within the azi-
muth direction (within the X7 plane) of the direction orthogo-
nal to the tilt direction of the liquid crystal molecules when a
voltage is applied in a case where a barrier layer is provided in
the first exemplary embodiment. The barrier layer is disposed
in such a manner that the transmission region and the non-
transmission region are arranged alternately in the direction
(X-axis direction) orthogonal to the plane (YZ plane) that is in
parallel to the border 13 between the sub-pixels 11B, - - - for
displaying the first-viewpoint image and the sub-pixels 12B,
- - - for displaying the second viewpoint image within the
display unit 10. Further, in this graph, a same voltage is
applied to both the first-viewpoint sub-pixel 11B and the
second-viewpoint sub-pixel 12B.

[0130] Regardingthe viewing angle characteristic shownin
FIG. 4 and the viewing angle characteristic shown in FIG. 55,
the alignment directions of the liquid crystal within the
divided liquid crystal alignment regions are different while
the layout of the barrier layers for the observer is the same.
Thereby, the viewing angle characteristic shown in FIG. 4 is
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a symmetric characteristic on the left and right sides of the
graph, in which a change of the luminance is small when the
viewing angle is changed. As a result, it is possible with the
first exemplary embodiment to achieve fine stereoscopic dis-
play and multi-view display with small viewing angle depen-
dency. That is, as can be seen from FIG. 4, low transmittance
is kept low and high transmittance is kept high in a range of
the tilt angle between -30 and 30 degrees. Further, light
separation by the barrier can be done clearly. As a result, the
luminance change depending on the viewing angle is small,
so that reduction of 3D moire and the like is small.

[0131] In FIG. 4, the luminance at each change part
between the transmission part and the light-shielding part of
the barrier layer is little less than 15, which is little less than
a half of the maximum luminance 35. Thus, there is a possi-
bility of having 3D moire remained due to the fall of the
luminance. However, this fall of the luminance is 3D moire
that can be easily adjusted by devising the design of adjust-
ment and the like of a ratio between the width of the trans-
mission part and the width of the light-shielding part of the
barrier layer, and it is not 3D moire determined by the struc-
tureitself, i.e., it is not 3D moire based on the difference in the
transmission characteristic of the transmission part shown in
FIG. 55.

[0132] Next, in order to see the crosstalk between the sub-
pixels, FIG. 5 shows a result acquired by changing the method
for applying the voltage. In this graph, two following voltage
applying conditions are shown. That is, shown are the two
conditions, i.e., a condition under which a voltage of 5V is
applied to the first-viewpoint sub-pixel 11B and a voltage of
0V is applied to the second-viewpoint sub-pixel 12B (marked
with black squares) and a condition under which a voltage of
0 V is applied to the first-viewpoint sub-pixel 11B and a
voltage of 5V is applied to the second-viewpoint sub-pixel
12B (marked with white circles). When a voltage (i.e., 5 V) of
a condition where the luminance is high is applied to each of
the viewpoints, the luminance becomes sufficiently high in a
specific viewing angle range, and the luminance is suffi-
ciently low in the other viewing angle range. As a result, the
crosstalk between the two conditions is extremely small, e.g.,
the low luminance is less than '5 of the high luminance in the
range of the tilt angles between -30 degrees and 30 degrees.
Such fine light separating characteristic is acquired, so that it
can be found that the crosstalk phenomenon such as 3D
crosstalk becomes extremely small with the liquid crystal
display device of the first exemplary embodiment.

[0133] As an exemplary advantage according to the inven-
tion, the present invention makes it possible to achieve a wide
viewing angle and high definition vertical alignment liquid
crystal display device.

Second Exemplary Embodiment

[0134] A liquid crystal display device according to a second
exemplary embodiment is the same as the liquid crystal dis-
play device according to the first exemplary embodiment in
respect to the points that a liquid crystal exhibiting negative
anisotropy is sandwiched between a pair of substrates, liquid
crystal molecules constituting the liquid crystal are initially
aligned almost vertically to the pair of substrates, and display
units each including at least a first pixel for displaying an
image for a first viewpoint and a second pixel for displaying
an image for a second viewpoint are arranged in matrix (see
FIG. 2).
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[0135] FIG. 6A is a plan view showing the liquid crystal
display device according to the second exemplary embodi-
ment, and FIG. 6B is a schematic view showing a display unit
of FIG. 6A. Hereinafter, explanations will be provided by
referring to those drawings.

[0136] Inthe liquid crystal display device 120 according to
the second exemplary embodiment, a display unit 20 is con-
stituted with a first pixel 21 and a second pixel 22. The first
pixel 21 is constituted with sub-pixels 21R, 21G, and 21B
arranged in a direction in parallel to a border 23 between the
first pixel 21 and the second pixel 22. Similarly, the second
pixel 22 is constituted with sub-pixels 22R, 22G, and 22B.
The sub-pixel 21R is constituted with a first domain 21R1 and
a second domain 21R2 arranged in a direction vertical to the
border 23. Similarly, the sub-pixel 21G is constituted with a
first domain 21G1 and a second domain 21G2, the sub-pixel
21B is constituted with a first domain 21B1 and a second
domain 21B2, the sub-pixel 22R is constituted with a first
domain 22R1 and a second domain 22R2, the sub-pixel 22G
is constituted with a first domain 22G1 and a second domain
22(G2, and the sub-pixel 22B is constituted with a first domain
22B1 and a second domain 22B2.

[0137] The tilt direction of the liquid crystal molecules 104
when a voltage is applied is within a plane that is at an angle
of'45 degrees with respect to the border 23. The tilt directions
are different from each other by 90 degrees between the first
pixel 21 and the second pixel 22, and different from each
other by 180 degrees between the first domains 21R1, - - - and
the second domains 21R2, - - - .

[0138] Hereinafter, the second exemplary embodiment will
be described in more details.

[0139] FIG. 6A is a plan view showing a part of the liquid
crystal display device 120 of the second exemplary embodi-
ment. Particularly, FIG. 6A shows the display units 20
arranged in matrix. In this drawing, four display units 20 are
illustrated for simplification. However, a greater number of
display units are used normally. In the second exemplary
embodiment, the display units 20 including the sub-pixels
21B, - - - for displaying the image for the first viewpoint and
the sub-pixels 22B, - - - for displaying the image for the
second viewpoint are arranged in matrix. This drawing shows
a state where the liquid crystal molecules 104 are tilted by
applying a voltage. At this time, in the sub-pixel 21B for
displaying the first-viewpoint image, there are the first
domain 21B1 and the second domain 21B2 where the tilt
directions of the liquid crystal molecules 104 are different. In
the sub-pixel 22B for displaying the second-viewpoint image,
there are also the first domain 22B1 and the second domain
22B2 where the tilt directions of the liquid crystal molecules
104 are different. Further, the tilt directions of the liquid
crystal molecules 104 are different from each other by 180
degrees between the first domain 21B1 and the second
domain 21B2 within the sub-pixels 21B. Similarly, the tilt
directions of the liquid crystal molecules 104 are different
from each other by 180 degrees between the first domain
22B1 and the second domain 22B2 within the sub-pixels 22B.
This is the same for the other sub-pixels 21G, 21R, 22G, and
22R.

[0140] There are the tilt directions of the liquid crystal
molecules 104 within a plane that is at an angle of 45 degrees
with respect to the border 23 between the sub-pixels 21B, - -
- for displaying the image for the first viewpoint and the
sub-pixels 22B, - - - for displaying the image for the second
viewpoint within the display unit 20, i.e., within a plane
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orthogonal to the sheet including a line that is at an angle of 45
degrees clockwise from the top-and-bottom direction of the
drawing or within a plane orthogonal to the sheet including a
line that is at an angle of 45 degrees counterclockwise from
the top-and-bottom direction of the drawing. As a result, the
tilt directions of the liquid crystal molecules 104 at each
viewpoint are different from each other by 90 degrees with
respect to the border 23. In this drawing, the display unit 20 is
divided into the three sub-pixels 21B, - - - and the three
sub-pixels 22B, - - - , and each of the sub-pixels 21B, - - - is
divided into two domains with different alignment. However,
the number of sub-pixels and the number of domains with
different alignment are not limited only to such case.

[0141] FIG. 7 will be referred for describing the operation
effects of the liquid crystal display device 120. FIG. 7 is a
graph showing a viewing angle dependency of the luminance,
when the angle is changed to the angle of depression (polar
angle) of the vertical alignment liquid crystal. In other words,
FIG. 7 shows a characteristic when the viewing angle direc-
tion is changed in the polar angle direction within the azimuth
direction of a direction that is orthogonal to the tilt angle of
the liquid crystal molecules when a voltage is applied. That is,
in the case of FIG. 6, it is the viewing angle characteristic of
a case where the tilt angle is changed by taking the direction
(i.e., Z-axis direction) that is vertical to the sheet within a
plane in parallel to the border 23 as 0 degree within a plane
that is at 135 degrees (or —45 degrees) with respect to the
border 23 between the sub-pixels 21B, - - - for the first
viewpoint and the sub-pixels 22B, - - - for the second view-
point. The plane that is at an angle of 135 degrees (or —45
degrees) with respect to the border 23 is a plane that is rotated
from the YZ plane clockwise by 135 degrees towards the plus
direction of the X-axis direction, and it is also a plane that is
rotated from the XZ plane clockwise by 45 degrees in the
minus direction of the Y-axis direction. This graph shows the
viewing angle characteristic in the polar angle (written as the
tilt angle in the graph) direction of the luminance when four
conditions 0of 0V, 3V, 4V, and 5V as the voltages are applied
to the liquid crystal.

[0142] FIG. 7 shows the viewing angle characteristic of the
direction that is different by 45 degrees in the azimuth direc-
tion of FIG. 54, and the characteristic of the direction that is
different by —45 degrees in the azimuth direction of FIG. 3. As
in the case of F1G. 54, the viewing angle characteristic of FIG.
7 is an asymmetrical characteristic on the positive side and the
negative side of the tilt angle. However, in FIG. 7, the char-
acteristic of 0V, i.e., the characteristic of black display, is
almost symmetric on the positive side and the negative side of
the tilt angle, and the luminance is sufficiently low. The sec-
ond exemplary embodiment uses the characteristic shown in
FIG. 7 and the characteristic in which the azimuth direction is
different by 180 degrees therefrom. That is, the second exem-
plary embodiment uses the characteristic of positive side-
negative side shown in FIG. 7, and the characteristic of nega-
tive side-positive side of FIG. 7 that is inverted by 180 degrees
therefrom. As a result, when the viewing angle is tilted, the
two characteristics compensate with each other.

[0143] Further, the first-viewpoint sub-pixels 21B, - - - and
the second-viewpoint sub-pixels 22B, - - - are in contact with
the border 23 between the first pixel 21 and the second pixel
22 within the display unit 20, respectively. In the second
domains 21B2, 21G2, 21R2 and the first domains 22B1,
22G1, 22R1 in contact with the border 23, the alignment of
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the liquid crystal molecules 104 is different by 90 degrees
from each other by taking the border 23 as the axis of the line
symmetry.

[0144] Such alignment provides the characteristics which
compensate with each other when the viewing angle is tilted
in the left-and-right direction of FIG. 6. Further, the second
domains 22B2, 22G2, 22R2 as well as the first domains 21B1,
21G1, 21R1 separate from the border 23 are in the alignment
of the liquid crystal molecules 104 different by 90 degrees
from each other by taking the border 23 as the axis of the line
symmetry. As a result, when the viewing angle is tilted, those
can compensate with each other. Therefore, particularly when
a same image is displayed on the first pixel 21 and the second
pixel 22, four kinds of domains where the tilt directions of the
liquid crystal molecules 104 are different from each other by
90 degrees exist within the display unit 20. Thus, a wide
viewing angle characteristic of 2D images can be acquired
through compensating the characteristics with each other
among the domains.

[0145] FIG. 8 shows a characteristic of a case where a
barrier layer is provided in the structure of the liquid crystal
display device 120 of the second exemplary embodiment,
when the viewing angle is changed to the polar angle direc-
tion within the azimuth direction (within the XZ plane) of the
direction at an angle of 45 degrees with respect to the tilt
direction of the liquid crystal molecules when a voltage is
applied. The barrier layer is disposed in the same manner as
that of FIG. 4. Further, in this graph, a same voltage is applied
to both the first-viewpoint sub-pixel 21B and the second-
viewpoint sub-pixel 22B. In FIG. 8, the viewing angle char-
acteristic is a symmetric characteristic on the left and right
sides of the graph, in which a change of the luminance is small
when the viewing angle is changed. As a result, it is possible
with the second exemplary embodiment to achieve a fine
stereoscopic display and multi-view display with small view-
ing angle dependency. That is, as can be seen from the graph,
low transmittance is kept low in a range of the tilt angle
between —60 and 60 degrees.

[0146] Next, in order to see the crosstalk between the sub-
pixels, FIG. 5 shows a result acquired by changing the method
for applying the voltage. In this graph, two following voltage
applying conditions are shown. That is, shown are the two
conditions, i.e., a condition under which a voltage of 5V is
applied to the first-viewpoint sub-pixel 21B and a voltage of
0V is applied to the second-viewpoint sub-pixel 22B (marked
with solid black squares) and a condition under which a
voltage of 0V is applied to the first-viewpoint sub-pixel 21B
and a voltage of 5 V is applied to the second-viewpoint
sub-pixel 22B (marked with hollow white circles). When a
voltage (i.e., 5 V) of a condition where the luminance is high
is applied to each of the viewpoints, the luminance becomes
sufficiently high in a specific viewing angle range, and the
luminance is sufficiently low in the other viewing angle
range. As a result, the crosstalk between the two conditions is
extremely small, e.g., the low luminance is less than Y5 of the
high luminance in the range of the tilt angles between —-30
degrees and 30 degrees. Such fine light separating character-
istic is acquired, so that it can be found that the crosstalk
phenomenon such as 3D crosstalk becomes extremely small
with the liquid crystal display device of the second exemplary
embodiment.

[0147] Further, in a case where the right eye and the left eye
are placed at the first viewpoint and the second viewpoint,
changes when the viewing angle is tilted are very small in a
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range between —10 degrees to 10 degrees for both of the
viewpoints. Generally, the luminance tends to decrease as the
viewing angle is tilted in the ranges between 10 degrees to 30
degrees and between —10 degrees and —-30 degrees, etc. In that
case, there is also decrease in the first viewpoint and the
second viewpoint as well. Thus, the luminance for the right
eye and the left eye are to decrease simultaneously. Thereby,
the image viewed with both of the right eye and the left eye is
so observed that the entire luminance becomes decreased as
the viewing angle is increased. Therefore, there is less
uncomfortableness felt in the image observed when the view-
ing angle is changed in a range of angles from 10 degrees to
30 degrees, so that a fine display can be acquired.

Third Exemplary Embodiment

[0148] A liquid crystal display device according to a third
exemplary embodiment is the same as the liquid crystal dis-
play device according to the first exemplary embodiment in
respect to the points that a liquid crystal exhibiting negative
anisotropy is sandwiched between a pair of substrates, liquid
crystal molecules constituting the liquid crystal are initially
aligned almost vertically to the pair of substrates and, and
display units each including at least a first pixel for displaying
an image for a first viewpoint and a second pixel for display-
ing an image for a second viewpoint are arranged in matrix
(see FIG. 2).

[0149] FIG. 10A is a plan view showing the liquid crystal
display device according to the third exemplary embodiment,
and FIG. 10B is a schematic view showing a display unit of
FIG. 10A. Hereinafter, explanations will be provided by
referring to those drawings.

[0150] Inthe liquid crystal display device 130 according to
the third exemplary embodiment, a display unit 30 is consti-
tuted with a first pixel 31 and a second pixel 32. The first pixel
31 is constituted with sub-pixels 31R, 31G, and 31B arranged
in a direction vertical to a border 33 between the first pixel 31
and the second pixel 32. Similarly, the second pixel 32 is
constituted with sub-pixels 32R, 32G, and 32B. The sub-pixel
31R is constituted with a first domain 31R1 and a second
domain 31R2 arranged in a direction in parallel to the border
33. Similarly, the sub-pixel 31G is constituted with a first
domain 31G1 and a second domain 31G2, the sub-pixel 31B
is constituted with a first domain 31B1 and a second domain
31B2, the sub-pixel 32R is constituted with a first domain
32R1 and a second domain 32R2, the sub-pixel 32G is con-
stituted with a first domain 32G1 and a second domain 32G2,
and the sub-pixel 32B is constituted with a first domain 32B1
and a second domain 32B2.

[0151] Thetilt direction of the liquid crystal molecules 104
when a voltage is applied is within a plane that is at an angle
of'45 degrees with respect to the border 33. The tilt directions
are different from each other by 90 degrees between the first
pixel 31 and the second pixel 32, and different from each
other by 180 degrees between the first domains 31R1, - - - and
the second domains 31R2, - - - .

[0152] Hereinafter, the third exemplary embodiment will
be described in more details.

[0153] Inthe first and second exemplary embodiments, the
display unit is close to the structure of the display unit of
Patent Document 1, i.e., a single display unit including the
first-viewpoint sub-pixel and the second-viewpoint sub-pixel
is almost in a square form. In the meantime, the display unit
of'the third exemplary embodiment is in a structure where the
aspect ratio is almost 1:2. In association with the difference in
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the shapes of the display units, the regions within the sub-
pixel where the tilt directions of the alignment are different
are provided in the left-and-right directions in the first and
second exemplary embodiment, while the regions are pro-
vided in the top-and-bottom direction in the third exemplary
embodiment.

[0154] FIG. 10 is a plan view showing a part of the liquid
crystal display device 130 of the third exemplary embodi-
ment. Particularly, FIG. 10 shows the display units 30
arranged in matrix. In this drawing, two display units 30 are
illustrated for simplification. However, a greater number of
display units are used normally. In the third exemplary
embodiment, the display units 30 including the first pixel 31
for displaying the image for the first viewpoint and the second
pixel 32 for displaying the image for the second viewpoint are
arranged in matrix. This drawing shows a state where the
liquid crystal molecules 104 are tilted by applying a voltage.
At this time, in the first pixel 31, there are a plurality of first
domains 31R1, - - - and second domains 31R2, - - - where the
tilt directions of the liquid crystal molecules 104 are different.
In the second pixel 32, there are also a plurality of first
domains 31R1, - - - and second domains 32R2, - - - where the
tilt directions of the liquid crystal molecules 104 are different.
Further, the tilt directions of the liquid crystal molecules 104
are different from each other by 180 degrees between the first
domains 31R1, - - - and the second domains 31R2, - - - .
Similarly, the tilt directions are different from each other by
180 degrees between the first domain 32R1, - - - and the
second domains 32R2.

[0155] Further, there are the tilt directions of the liquid
crystal molecules 104 within a plane that is at an angle of 45
degrees with respect to the border 33 between the first pixel 31
and the second pixel 32 within the display unit 30, i.e., within
a plane orthogonal to the sheet including a line that is at an
angle of 45 degrees clockwise from the top-and-bottom direc-
tion of the drawing or within a plane orthogonal to the sheet
including a line that is at an angle of 45 degrees counterclock-
wise from the top-and-bottom direction of the drawing. As a
result, the tilt directions of the liquid crystal molecules 104 at
each viewpoint are different from each other by 90 degrees
with respect to the border 33.

[0156] In this drawing, the display unit 30 is divided into
sub-pixels 31R, 31G, 31B and sub-pixels 32R, 32G, 32B, and
each of the sub-pixels 31R, - - - is divided into two domains of
different alignment. However, the number of sub-pixels and
the number of domains with different alignment are not lim-
ited only to such case. The sub-pixels 31R, - - - can be
corresponded to each of the colors (three colors herein) of a
case where the color display is achieved by using a color filter
or the like, for example. In other words, this can be expressed
as follows. That is, a single display unit 30 corresponds to one
pixel to be selected or fused, a single sub-pixel 31R or a single
sub-pixel 32R, for example, corresponding to each color cor-
responds to one dot to be selected, and a combination of a
single sub-pixel 31R and a single sub-pixel 32R correspond-
ing to each color corresponds to one dot to be fused.

[0157] Asinthe case ofthe second exemplary embodiment,
the pixels for displaying the images for each viewpoint com-
pensate with each other in the third exemplary embodiment.
However, the viewing angle characteristics are different
between the structure where the barrier layer is provided to
the liquid crystal display device according to the third exem-
plary embodiment and the structure where the barrier layer is
provided to the liquid crystal display device according to the
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second exemplary embodiment. That is, in the second exem-
plary embodiment, the two domains within each sub-pixel
where the tilt directions of the liquid crystal molecules are
different are arranged in the same direction as the direction
(the left-and-right direction or the X-axis direction) along
which the transmission region and the non-transmission
region of the barrier layer are arranged. As a result, when the
viewing angle is tilted at the time of observing an image by
using the barrier layer, the two domains where the tilt direc-
tions of the liquid crystal molecules are different are sepa-
rated to different directions from each other. Thus, the respec-
tive characteristics are to be exhibited for each of the angles,
so that the characteristics thereof compensate with each other
only in a part of the regions. In the meantime, with the third
exemplary embodiment, the two domains within each sub-
pixel where the tilt directions of the liquid crystal molecules
are different are arranged in the direction orthogonal to the
direction (the left-and-right direction or the X-axis direction)
along which the transmission region and the non-transmis-
sion region of the barrier layer are arranged. As a result, when
the viewing angle is tilted at the time of observing an image by
using the barrier layer, the two domains where the tilt direc-
tions of the liquid crystal molecules are different are not
separated to different directions from each other. Thus, the
characteristics thereof compensate with each other.

[0158] Inorder to describe this state in details, the viewing
angle characteristics of the second exemplary embodiment
shown in FIG. 9 are shown in FIG. 11 so that the influences of
the viewing angle characteristics of each domain can be
known. FIG. 11 shows the viewing angle characteristics of
luminance from each domain, when the display units shown
in FIG. 6 of the second exemplary embodiment are defined as
a first domain for the first viewpoint, a second domain for the
first viewpoint, a first domain for the second viewpoint, and a
second domain for the second viewpoint in order from the
left. That is, FIG. 11 corresponds to a chart acquired by
dividing the luminance of each viewpoint in FIG. 9 by each
domain by considering the domains of different tilt directions
of the liquid crystal molecules. Looking at the domains of
each viewpoint in this chart, the luminance of the first domain
and the luminance of the second domain cross with each other
at about 17 in the vicinity of the viewing angle of 5 degrees,
for example. The viewing angle characteristics thereof over-
lap with each other and compensate with each other in the
vicinity of this angle, i.e., in a range of about 5 degrees (e.g.,
from 2 degrees to 8 degrees).

[0159] In the meantime, in the third exemplary embodi-
ment, the viewing angle characteristics of the domains com-
pensate with each other at all times. Thus, the viewing angle
characteristic of the third exemplary embodiment corre-
sponding to FIG. 9 which shows the viewing angle charac-
teristic of the second exemplary embodiment turns out as the
one shown in FIG. 12. It is completely symmetric bilaterally,
and the luminance change within each viewpoint is small. At
the same time, it keeps the feature of the second exemplary
embodiment that the luminance in the first viewpoint and the
luminance in the second viewpoint change in the same man-
ner. Further, the viewing angle characteristic of the third
exemplary embodiment corresponding to FIG. 8 that shows
the viewing angle characteristic of the second exemplary
embodiment is shown in FIG. 13. It is completely symmetric
bilaterally, and the luminance change depending on the view-
ing angle is small. Based on this, it can be found that the issues
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of 3D moire and 3D crosstalk is small in the third exemplary
embodiment, so that a fine display can be acquired.

Fourth Exemplary Embodiment

[0160] FIG. 14 is a plan view showing a part of a liquid
crystal display device according to a fourth exemplary
embodiment. Particularly, FIG. 14 shows two kinds of display
units arranged in matrix. Hereinafter, explanations will be
provided by referring to those drawings.

[0161] A display unit 20 is the same as the display unit
shown in the second exemplary embodiment. In a liquid
crystal display device 140 of the fourth exemplary embodi-
ment, the tilt directions of the liquid crystal molecules 104
when a voltage is applied are different from each other by 90
degrees between first pixels 21 and 41 as well as between
second pixels 22 and 42 in two display units 20 and 40
neighboring to each other in the direction in parallel to a
border 43. Hereinafter, this will be described in more details.
[0162] InFIG. 14, the display units 20 and the display unit
40 are arranged in matrix. In the fourth exemplary embodi-
ment, the display units 40 are provided on the display unit 20.
That is, both of the display units 20 and the display units 40
are arranged in matrix in the fourth exemplary embodiment,
while only the display units 20 are arranged in matrix in the
second exemplary embodiment. At this time, the liquid crys-
tal alignment is different by 90 degrees between the display
unit 20 and the display unit 40. That is, regarding the first
viewpoint (the first pixels 21, 41), the liquid crystal alignment
of'the liquid crystal display unit 40 is different by 90 degrees
(=90 degrees) counterclockwise with respect to the liquid
crystal alignment of the display unit 20. Regarding the second
viewpoint (the second pixels 22, 42), the liquid crystal align-
ment of the liquid crystal display unit 40 is different by 90
degrees (+90 degrees) clockwise with respect to the liquid
crystal alignment of the display unit 20.

[0163] As aresult, as shown in FIG. 15, there is a unit 44 in
which the characteristics can compensate with each other in
the top-and-bottom direction (i.e., the light distributing direc-
tion and the direction orthogonal thereto). In the unit 44, there
are four kinds of domains having the alignment different from
each other by 90 degrees, and those domains compensate with
each other. This makes it possible to acquire a wide viewing
angle characteristic even when the viewing angle is tilted in
the top-and-bottom direction of the drawing.

Fifth Exemplary Embodiment

[0164] FIG. 16 is a plan view showing a part of a liquid
crystal display device according to a fifth exemplary embodi-
ment. Particularly, FIG. 16 shows two kinds of display units
arranged in matrix. Hereinafter, explanations will be pro-
vided by referring to those drawings.

[0165] In a display unit 150 according to the fifth exem-
plary embodiment, a display unit 30 is the same as the display
unit shown in the third exemplary embodiment (FIG. 10). The
tilt directions of the liquid crystal molecules 104 when a
voltage is applied are different from each other by 90 degrees
between first pixels 31 and 51 as well as between second
pixels 32 and 52 in two display units 30 and 50 neighboring to
each other in the direction in parallel to a border 53. Herein-
after, this will be described in more details.

[0166] InFIG.16,thedisplay units 30 and the display units
50 are arranged in matrix. In the fifth exemplary embodiment,
the display units 50 are provided on the display unit 30. That
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is, both of the display units 30 and the display unit 50 are
arranged in matrix in the fifth exemplary embodiment, while
only the display units 30 are arranged in matrix in the third
exemplary embodiment. At this time, the liquid crystal align-
ment is different by 90 degrees between the display unit 30
and the display unit 50. That is, regarding the first viewpoint
(the first pixels 31, 51), the liquid crystal alignment of the
liquid crystal display unit 50 is different by 90 degrees (=90
degrees) counterclockwise with respect to the liquid crystal
alignment of the display unit 30. Regarding the second view-
point (the second pixels 32, 52), the liquid crystal alignment
of'the liquid crystal display unit 50 is different by 90 degrees
(+90 degrees) clockwise with respect to the liquid crystal
alignment of the display unit 30.

[0167] As a result, as in the case of the fourth exemplary
embodiment, it is possible with the fifth exemplary embodi-
ment to acquire a wide viewing angle characteristic even
when the viewing angle is tilted in the top-and-bottom direc-
tion of the drawing.

Sixth Exemplary Embodiment

[0168] FIG. 17 is a plan view showing a part of a liquid
crystal display device according to a sixth exemplary embodi-
ment. Particularly, FIG. 17 shows four kinds of display units
arranged in matrix. Hereinafter, explanations will be pro-
vided by referring to those drawings.

[0169] In a display unit 160 according to the sixth exem-
plary embodiment, display units 20 and 40 are the same as
those shown in the fourth exemplary embodiment (FIG. 14).
[0170] Thedisplay unit 20 is constituted with a first pixel 21
and a second pixel 22, the first pixel 21 is constituted with
sub-pixels 21B, 21G, 21R, and the second pixel 22 is consti-
tuted with sub-pixels 22B, 22G, 22R. The sub-pixel 21B is
constituted with a first domain 21B1 and a second domain
21B2, the sub-pixel 21G is constituted with a first domain
21G1 and a second domain 21G2, and the sub-pixel 21R is
constituted with a first domain 21R1 and a second domain
21R2. The sub-pixel 22B is constituted with a first domain
22B1 and a second domain 22B2, the sub-pixel 22G is con-
stituted with a first domain 22G1 and a second domain 22G2,
and the sub-pixel 22R is constituted with a first domain 22R1
and a second domain 22R2.

[0171] Similarly, the display unit 40 is constituted with a
first pixel 41, a second pixel 42, sub-pixels 41B, 41G, 41R,
sub-pixels 42B, 42G, 42R, a first domain 41B1, a second
domain 41B2, a first domain 41G1, a second domain 41G2, a
first domain 41R1, a second domain 41R2, a first domain
42B1, a second domain 42B2, a first domain 42G1, a second
domain 41G2, a first domain 42R1, and a second domain
42R2.

[0172] Similarly, a display unit 20' is constituted with a first
pixel 21", a second pixel 22', sub-pixels 21B', 21G', 21R’,
sub-pixels 22B', 22G', 22R, a first domain 21B1', a second
domain 21B2', a first domain 21G1', a second domain 21G2',
a first domain 21R1', a second domain 21R2', a first domain
22B1', a second domain 22B2', a first domain 22G1', a second
domain 21G?2', a first domain 22R1', and a second domain
22R2'.

[0173] Similarly, a display unit 40" is constituted with a first
pixel 41', a second pixel 42', sub-pixels 41B', 41G', 41R’,
sub-pixels 42B', 42G', 42R', a first domain 41B1', a second
domain 41B2', a first domain 41G1', a second domain 41G2',
a first domain 41R1', a second domain 41R2', a first domain
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42B1', a second domain 42B2', a first domain 42G1', a second
domain 41G2', a first domain 42R1', and a second domain
42R2'.

[0174] The tilt directions of the liquid crystal molecules
104 when a voltage is applied are different from each other by
90 degrees between the first pixels 21 and 41 as well as
between the second pixels 22 and 42 in the two display units
20 and 40 neighboring to each other in the direction in parallel
to aborder 43. Similarly, the tilt directions of the liquid crystal
molecules 104 when a voltage is applied are different from
each other by 90 degrees between the first pixels 21' and 41' as
well as between the second pixels 22' and 42' in the two
display units 20' and 40' neighboring to each other in the
direction in parallel to a border 43'.

[0175] In addition, the tilt directions of the liquid crystal
molecules 104 when a voltage is applied in the two display
units 20 and 20' neighboring to each other in the direction
vertical to the border 43 are different from each other by 180
degrees between the first pixels 21 and 21' and between the
second pixels 22 and 22'. More specifically, the tilt directions
are different by 180 degrees from each other between the first
domains 21B1 and 21B1', between the first domains 21G1
and 21G1', between the first domains 21R1 and 21R1',
between the second domains 21B2 and 21B2', between the
second domains 21G2 and 21G2', between the second
domains 21R2 and 21R2' of the first pixels 21 and 21', and
between the first domains 22B1 and 22B1', between the first
domains 22G1 and 22G1', between the first domains 22R1
and 22R1', between the second domains 22B2 and 22B2',
between the second domains 22G2 and 22G2', between the
second domains 22R2 and 22R2' of the second pixels 22 and
22, respectively.

[0176] Similarly, the tilt directions of the liquid crystal
molecules 104 when a voltage is applied in the two display
units 40 and 40' neighboring to each other in the direction
vertical to the border 43 are different from each other by 180
degrees between the first pixels 41 and 41' and between the
second pixels 42 and 42'. More specifically, the tilt directions
are different by 180 degrees from each other between the first
domains 41B1 and 41B1', between the first domains 41G1
and 41G1', between the first domains 41R1 and 41R1',
between the second domains 41B2 and 41B2', between the
second domains 41G2 and 41G2', between the second
domains 41R2 and 41R2' of the first pixels 41 and 41', and
between the first domains 42B1 and 42B1', between the first
domains 42G1 and 42G1', between the first domains 42R1
and 42R1', between the second domains 42B2 and 42B2',
between the second domains 42G2 and 42G2', between the
second domains 42R2 and 42R2' of the second pixels 42 and
42'; respectively.

[0177] FIG. 17 shows the display units 20, 20" and the
display unit 40, 40" arranged in matrix. Referring to FIG. 17,
in the sixth exemplary embodiment, the display units 20", 40’
are additionally provided on the right side of the display units
20, 40 of the fourth exemplary embodiment, respectively.
That is, four kinds of the display units 20, 20', 40, 40' are
arranged in matrix in the sixth exemplary embodiment, while
only two kinds of the display units 20, 40 are arranged in
matrix in the fourth exemplary embodiment. At this time, the
liquid crystal alignment is different by 180 degrees between
the display units 20 and 20' and different by 180 degrees
between the display units 40 and 40'.

[0178] As aresult, as shown in FIG. 18, there is a unit 64 in
which the characteristics thereof compensate with each other
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in the left-and-right direction (i.e., the light distributing direc-
tion). Inthe unit 64, there are four kinds of domains having the
alignment different from each other by 90 degrees, and those
domains compensate with each other. This makes it possible
with the sixth exemplary embodiment to acquire a wide view-
ing angle characteristic even when the viewing angle is tilted
in the top-and-bottom direction of the drawing since the char-
acteristics thereof compensate with each other within each
viewpoint.

Seventh Exemplary Embodiment

[0179] FIG. 19 is a plan view showing a part of a liquid
crystal display device according to a seventh exemplary
embodiment. Particularly, FIG. 19 shows four kinds of dis-
play units arranged in matrix. Hereinafter, explanations will
be provided by referring to those drawings.

[0180] In a liquid crystal display device 170 according to
the seventh exemplary embodiment, display units 30 and 50
are the same as those shown in the fifth exemplary embodi-
ment (FIG. 16).

[0181] Thedisplay unit30 is constituted with a first pixel 31
and a second pixel 32. The first pixel 31 is constituted with
sub-pixels 31B, 31G, 31R, and the second pixel 32 is consti-
tuted with sub-pixels 32B, 32G, and 32R. The sub-pixel 31B
is constituted with a first domain 31B1 and a second domain
31B2, the sub-pixel 31G is constituted with a first domain
31G1 and a second domain 31G2, and the sub-pixel 31R is
constituted with a first domain 31R1 and a second domain
31R2. The sub-pixel 32B is constituted with a first domain
32B1 and a second domain 32B2, the sub-pixel 32G is con-
stituted with a first domain 32G1 and a second domain 32G2,
and the sub-pixel 32R is constituted with a first domain 32R1
and a second domain 32R2.

[0182] Similarly, the display unit 50 is constituted with a
first pixel 51, a second pixel 52, sub-pixels 51B, 51G, 51R,
sub-pixels 52B, 52G, 52R, a first domain 51B1, a second
domain 51B2, a first domain 51G1, a second domain 51G2, a
first domain 51R1, a second domain 51R2, a first domain
52B1, a second domain 52B2, a first domain 52G1, a second
domain 51G2, a first domain 52R1, and a second domain
52R2.

[0183] Similarly, a display unit 30' is constituted with a first
pixel 31", a second pixel 32', sub-pixels 31B', 31G', 31R’,
sub-pixels 32B', 32G', 32R, a first domain 31B1', a second
domain 31B2', a first domain 31G1', a second domain 31G2',
a first domain 31R1', a second domain 31R2', a first domain
32B1', a second domain 32B2', a first domain 32G1', a second
domain 31G2', a first domain 32R1', and a second domain
32R2'.

[0184] Similarly, a display unit 50' is constituted with a first
pixel 51', a second pixel 52', sub-pixels 51B', 51G', 51R’,
sub-pixels 52B', 52G', 52R', a first domain 51B1', a second
domain 51B2', a first domain 51G1', a second domain 51G2',
a first domain 51R1', a second domain 51R2', a first domain
52B1', a second domain 52B2', a first domain 52G1', a second
domain 51G2', a first domain 52R1', and a second domain
52R2'.

[0185] The tilt directions of the liquid crystal molecules
104 when a voltage is applied are different from each other by
90 degrees between the first pixels 31 and 51 as well as
between the second pixels 32 and 52 in the two display units
30 and 30' neighboring to each other in the direction in par-
allel to a border 53. Similarly, the tilt directions of the liquid
crystal molecules 104 when a voltage is applied are different
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from each other by 90 degrees between the first pixels 31' and
51' as well as between the second pixels 32' and 52" in the two
display units 30' and 50' neighboring to each other in the
direction in parallel to a border 53'.

[0186] In addition, the tilt directions of the liquid crystal
molecules 104 when a voltage is applied in the two display
units 30 and 30' neighboring to each other in the direction
vertical to the border 53 are different from each other by 180
degrees between the first pixels 31 and 31' and between the
second pixels 32 and 32'. More specifically, the tilt directions
are different by 180 degrees from each other between the first
domains 31B1 and 31B1', between the first domains 31G1
and 31G1', between the first domains 31R1 and 31R1',
between the second domains 31B2 and 31B2', between the
second domains 31G2 and 31G2', between the second
domains 31R2 and 31R2' of the first pixels 31 and 31', and
between the first domains 32B1 and 32B1', between the first
domains 32G1 and 32G1', between the first domains 32R1
and 32R1', between the second domains 32B2 and 32B2',
between the second domains 32G2 and 32G2', between the
second domains 32R2 and 32R2' of the second pixels 32 and
32, respectively.

[0187] Similarly, the tilt directions of the liquid crystal
molecules 104 when a voltage is applied in the two display
units 50 and 50' neighboring to each other in the direction
vertical to the border 53 are different from each other by 180
degrees between the first pixels 51 and 51' and between the
second pixels 52 and 52'. More specifically, the tilt directions
are different by 180 degrees from each other between the first
domains 51B1 and 51B1', between the first domains 51G1
and 51G1', between the first domains 51R1 and 51R1',
between the second domains 51B2 and 51B2', between the
second domains 51G2 and 51G2', between the second
domains 51R2 and 51R2' of the first pixels 51 and 51', and
between the first domains 52B1 and 52B1', between the first
domains 52G1 and 52G1', between the first domains 52R1
and 52R1', between the second domains 52B2 and 52B2',
between the second domains 52G2 and 52G2', between the
second domains 52R2 and 52R2' of the second pixels 52 and
52, respectively.

[0188] InFIG. 19, the display units 30, 30" and the display
units 50, 50" arranged in matrix are shown. In FIG. 19, in the
seventh exemplary embodiment, the display units 30", 50' are
additionally provided on the right side of the display units 30,
50 of the fifth exemplary embodiment, respectively. That is,
four kinds of the display units 30, 30', 50, 50" are arranged in
matrix in the seventh exemplary embodiment, while only two
kinds of the display units 30, 50 are arranged in matrix in the
fourth exemplary embodiment. At this time, the liquid crystal
alignment is different by 180 degrees between the display
units 30 and 30" and also different by 180 degrees between the
display units 50 and 50'. As a result, it is possible with the
seventh exemplary embodiment to acquire a wide viewing
angle characteristic even when the viewing angle is tilted in
the left-and-right direction of the drawing, as in the case of the
sixth exemplary embodiment.

Eighth Exemplary Embodiment

[0189] FIG. 20 is a plan view showing a part of a liquid
crystal display device according to an eighth exemplary
embodiment. Particularly, FIG. 20 shows display units
arranged in matrix. Hereinafter, explanations will be pro-
vided by referring to those drawings.
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[0190] Ina display unit 180 according to the eighth exem-
plary embodiment, a display unit 80 includes two first pixels
81A, 815 and two second pixels 82a, 825. The tilt directions
of the liquid crystal molecules 104 when a voltage is applied
are different from each other by 180 degrees between the first
pixels 81a and 815 as well as between the second pixels 82a
and 825 neighboring to each other in the direction in parallel
to a border 83. The first pixels 81a, 815 and the second pixels
82a, 825 are similar to the display unit of the first exemplary
embodiment (FIG. 1), respectively.

[0191] The first pixel 81a is constituted with sub-pixels
81aB, 814G, 81aR, the first pixel 815 is constituted with
sub-pixels 815B, 815G, 815R, the second pixel 82a is con-
stituted with sub-pixels 82aB, 82aG, 82aR, and the second
pixel 824 is constituted with sub-pixels 826B, 825G, 824R.
The sub-pixel 81aB is constituted with a first domain 81aB1
and a second domain 81aB2, the sub-pixel 81aG is consti-
tuted with a first domain 81aG1 and a second domain 81aG2,
and the sub-pixel 81aR is constituted with a first domain
81aR1 and a second domain 81aR2. The sub-pixel 815B is
constituted with a first domain 815B1 and a second domain
815B2, the sub-pixel 815G is constituted with a first domain
816G1 and a second domain 815G2, and the sub-pixel 816R
is constituted with a first domain 815R1 and a second domain
815R2. The sub-pixel 82aB is constituted with a first domain
82aB1 and a second domain 82aB2, the sub-pixel 82aG is
constituted with a first domain 82aG1 and a second domain
82a(G2, and the sub-pixel 82aR is constituted with a first
domain 82¢R1 and a second domain 82aR2. The sub-pixel
8258 is constituted with a first domain 8256B1 and a second
domain 826B2, the sub-pixel 825G is constituted with a first
domain 8256G1 and a second domain 8256G2, and the sub-
pixel 826R is constituted with a first domain 826R1 and a
second domain 826R2.

[0192] The first pixels 81a, 815 display an image for the
first viewpoint, and the second pixels 82a, 825 displays an
image for the second viewpoint. The tilt directions of the
liquid crystal molecules 104 are different from each other by
180 degrees between the first domains 81aB1, - - - and the
second domains 81aB2, - - - . The tilt directions of the liquid
crystal molecules 104 are different by 180 degrees between
the first pixel 81a and the second pixel 82a neighboring to
each other in the direction vertical to the border 83. Similarly,
the tilt directions of the liquid crystal molecules 104 are
different by 180 degrees between the first pixel 815 and the
second pixel 82b. The tilt directions of the liquid crystal
molecules 104 are different by 180 degrees between the first
pixels 81a and 815 as well as between the second pixels 82a
and 825 neighboring to each other in the direction in parallel
to the border 83, respectively. That is, the alignment direc-
tions are different by 180 degrees between the pixels arranged
on the left and right sides of each other and between the pixels
arranged on the top and bottom sides of each other, respec-
tively. As a result, it is possible with the eighth exemplary
embodiment to acquire a wide viewing angle characteristic
since the characteristics of the pixels compensate with each
other.

Ninth Exemplary Embodiment

[0193] FIG. 21 is a plan view showing a part of a liquid
crystal display device according to a ninth exemplary
embodiment. Particularly, FIG. 21 shows display units
arranged in matrix. Hereinafter, explanations will be pro-
vided by referring to those drawings.
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[0194] A liquid crystal display device according to the
ninth exemplary embodiment is the same as the liquid crystal
display device according to the first exemplary embodiment
inrespect to the points that a liquid crystal exhibiting negative
anisotropy is sandwiched between a pair of substrates, liquid
crystal molecules constituting the liquid crystal are initially
aligned almost vertically to the pair of substrates and, and
display units each including at least a first pixel for displaying
an image for a first viewpoint and a second pixel for display-
ing an image for a second viewpoint are arranged in matrix
(see FIG. 2).

[0195] In a liquid crystal display device 190 according to
the ninth exemplary embodiment, a display unit 90 includes
two first pixels 91a, 915, and two second pixels 92a,925. The
first pixels 91a, 915 display animage for a first viewpoint, and
the second pixels 92a, 9256 display an image for a second
viewpoint. The tilt direction of the liquid crystal molecules
104 when a voltage is applied is within a plane that is at an
angle of 45 degrees with respect to a border 93 between the
first pixels 91a, 915 and the second pixels 92a, 925. The tilt
directions are different from each other by 180 degrees
between the first pixels 91a, 915 and the second pixels 92a,
92b, and different from each other by 180 degrees between
the first pixels 91a and 915 as well as between the second
pixels 92a and 925 neighboring to each other in the direction
in parallel to the border 93. The first pixels 91a, 915 and the
second pixels 92a, 925 are the same as the first pixel and the
second pixel of the eighth exemplary embodiment (FIG. 20),
respectively, except for the tilt directions of the liquid crystal
molecules 104.

[0196] Further, two domains where the tilt directions of the
liquid crystal molecules are different are provided within
each pixel. The liquid crystal alignment is different by 90
degrees between the two domains. Furthermore, the liquid
crystal alignment is different by 180 degrees between each of
the pixels arranged on the left and right sides of each other and
between each of the pixels arranged on the top and bottom
sides of each other. As a result, it is possible to acquire a wide
viewing angle characteristic since the pixels compensate with
each other. In particular, when a same image is inputted to the
first-viewpoint sub-pixel and the second-viewpoint sub-
pixel, four domains where the alignment directions of the
liquid crystal molecules are different are to exist within the
two pixels neighboring to each other in the left-and-right
direction. This makes it possible to acquire a wide viewing
angle characteristic of 2D images.

Tenth Exemplary Embodiment

[0197] A liquid crystal display device according to a tenth
exemplary embodiment is the same as the liquid crystal dis-
play device according to the first exemplary embodiment in
respect to the points that a liquid crystal exhibiting negative
anisotropy is sandwiched between a pair of substrates, and
liquid crystal molecules constituting the liquid crystal are
initially aligned almost vertically to the pair of substrates. In
the tenth exemplary embodiment, there are not only the two
viewpoints of the first and second viewpoints but three or
more viewpoints.

[0198] FIG. 58 is a plan view showing the liquid crystal
display device according to the tenth exemplary embodiment,
and FIG. 59 is a schematic view showing an example of
display units of FIG. 58. In the tenth exemplary embodiment,
shown is a 9-parallax (i.e., nine viewpoints) liquid crystal
display device to which the liquid crystal display device of the
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first exemplary embodiment is applied. In FIG. 58, same
reference numerals as those of the structural elements of FIG.
1 are used for the structural elements that correspond to those
of FIG. 1. However, the number of parallaxes is as many as
nine (i.e., there are nine viewpoints) in the tenth exemplary
embodiment, so that there are more sub-pixels from the sub-
pixels 13B, 13G, 13R for displaying an image for a third
viewpoint to the sub-pixels 19B, 19G, 19R for displaying an
image for a ninth viewpoint in addition to the sub-pixels 11B,
11G, 11R for displaying an image for the first viewpoint and
the sub-pixels 12B, 12G, 12R for displaying an image for the
second viewpoint.

[0199] For example, those sub-pixels from 11B, 11G, 11R
to 19B, 19G, 19R are included in a display unit 210. A pixel
211 which displays an image for the first viewpoint includes
the sub-pixels 11B, 11G, and 11R. While only the display unit
10 exists as the display unit in the first exemplary embodi-
ment, there are two kinds of display units such as 210 and 210'
as the display units of the tenth exemplary embodiment.
[0200] As in the case of the first exemplary embodiment,
regarding the sub-pixels for displaying images for neighbor-
ing two viewpoints, the tilt direction of the liquid crystal
molecules of the sub-pixel which displays the image of one of
the viewpoints is at =90 degrees (270 degrees) when mea-
sured from the X-axis direction, and the tilt direction of the
liquid crystal molecules of the sub-pixel which displays the
image of the other viewpoint is at 90 degrees. These direc-
tions are different from each other by 90 degrees. In FIG. 58,
among the sub-pixels constituting the display unit 210, for
example, the tilt direction of the liquid crystal of the sub-pixel
13B which displays the image of the third viewpoint is =90
degrees (270 degrees), and the tilt directions of the sub-pixel
14B for displaying the image of the fourth viewpoint and the
sub-pixel 12B for displaying the image of the second view-
point neighboring to the sub-pixel 13B are 90 degrees. As a
result, it can be found that the same effects as those of the first
exemplary embodiment can be achieved with the tenth exem-
plary embodiment.

[0201] However, the number of viewpoints is an odd num-
ber, i.e., 9, in the case shown in FIG. 58, so that it is partially
different from that of the first exemplary embodiment. That is,
the tilt direction of the liquid crystal of the sub-pixel for
displaying the first-viewpoint image in the display unit 210 is
-90 degrees (270 degrees), while the tilt direction of the
sub-pixel for displaying the first-viewpoint image in the dis-
play unit 210" is 90 degrees. That is, when the pixels for
displaying the images for the same viewpoint of the neigh-
boring display units are compared, the tilt directions of the
liquid crystal are different by 180 degrees. This is because the
number of viewpoints is an odd number, so that one direction
appears more often than the other direction when there are
two directions and the two different directions along which
the liquid crystal is tilted are arranged alternately. The direc-
tion that appears more often in a given display unit is arranged
to appear less frequently in another display unit neighboring
thereto in the X-direction. This makes it possible to achieve
effective compensation. In this manner, the display unit 210
and the display unit 210' in FIG. 58 compensate with each
other. InFIG. 59, reference numerals 211 to 219 show the first
to ninth pixels, and reference numerals 221 to 228 show
borders between each of the pixels.

Eleventh Exemplary Embodiment

[0202] A liquid crystal display device according to an elev-
enth exemplary embodiment is the same as the liquid crystal
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display device according to the first exemplary embodiment
inrespect to the points that a liquid crystal exhibiting negative
anisotropy is sandwiched between a pair of substrates, and
liquid crystal molecules constituting the liquid crystal are
initially aligned almost vertically to the pair of substrates. In
the eleventh exemplary embodiment, there are not only the
two viewpoints of the first and second viewpoints but three or
more viewpoints.

[0203] FIG. 60 is a plan view showing the liquid crystal
display device according to the eleventh exemplary embodi-
ment, and FIG. 61 is a schematic view showing an example of
a display unit of FIG. 60. In the eleventh exemplary embodi-
ment, shown is a 9-parallax (i.e., nine viewpoints) liquid
crystal display device to which the liquid crystal display
device of the second exemplary embodiment is applied. In
FIG. 61, same reference numerals as those of the structural
elements of FIG. 6 are used for the structural elements that
correspond to those of FIG. 6. However, the number of par-
allaxes is as many as nine (i.e., there are nine viewpoints) in
the eleventh exemplary embodiment, so that there are more
sub-pixels from the sub-pixels 23B, 23G, 23R for displaying
an image for a third viewpoint to the sub-pixels 29B, 29G,
29R for displaying an image for a ninth viewpoint in addition
to the sub-pixels 21B, 21G, 21R for displaying an image for
the first viewpoint and the sub-pixels 22B, 22G, 22R for
displaying an image for the second viewpoint.

[0204] For example, those sub-pixels from 21B, 21G, 21R
to 29B, 29G, 29R are included in a display unit 220. A pixel
221 which displays an image for the first viewpoint includes
the sub-pixels 21B, 21G, and 21R. While only the display unit
20 exists as the display unit in the second exemplary embodi-
ment shown in FIG. 6, there are two kinds of display units
such as 220 and 220' as the display units of the eleventh
exemplary embodiment.

[0205] Asinthecaseofthe second exemplary embodiment,
regarding the sub-pixels for displaying image of neighboring
two viewpoints, there are two regions at 45 degrees and 215
degrees as the tilt directions of the liquid crystal molecules of
the sub-pixel which displays the image of one of the view-
points when measured from the X-axis direction, and there
are two regions at 135 degrees and —45 degrees (315 degrees)
as the tilt directions of the liquid crystal molecules of the
sub-pixel which displays the image of the other viewpoint.
These are different from each other by 90 degrees. In FIG. 60,
among the sub-pixels constituting the display unit 220, for
example, there are two regions at 45 degrees and 215 degrees
as the tilt directions of the liquid crystal of the sub-pixel 23B
which displays the image of the third viewpoint, and there are
two regions at 135 degrees and -45 degrees (315 degrees) as
the tilt directions of the sub-pixel 24B for displaying the
image of the fourth viewpoint and the sub-pixel 22B for
displaying the image of the second viewpoint neighboring to
the sub-pixel 23B. As a result, it can be found that the same
effects as those of the second exemplary embodiment can be
achieved with the eleventh exemplary embodiment.

[0206] However, the number of viewpoints is an odd num-
ber, i.e., 9, in the case shown in FIG. 60, so that it is partially
different from that of the second exemplary embodiment.
That is, there are the two regions at 45 degrees and 215
degrees as the tilt directions of the liquid crystal of the sub-
pixel for displaying the first-viewpoint image in the display
unit 220, while there are the two regions at 135 degrees and
-45 degrees (315 degrees) as the tilt directions of the sub-
pixel for displaying the first-viewpoint image in the display
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unit 220". That is, when the pixels for displaying the images
for the same viewpoint of the neighboring display units are
compared, the tilt directions of the liquid crystal are different
by 90 degrees. This is because the number of viewpoints is an
odd number, so that one direction appears more often than the
other direction when there are the two different directions
along which the liquid crystal is tilted and those are arranged
alternately. The direction that appears more often in a given
display unit is arranged to appear less frequently in another
display unit neighboring thereto in the X-direction. This
makes it possible to achieve effective compensation. In this
manner, the display unit 220 and the display unit 220" in FIG.
60 compensate with each other. In FIG. 61 and FIG. 65,
reference numerals 221 to 229 show the first to ninth pixels,
and reference numerals 231 to 238 show borders between
each of the pixels.

Example 1

[0207] FIG. 22 is a plan view showing a liquid crystal
display device according to Example 1 that is a more concre-
tive example of the liquid crystal display device according to
the first exemplary embodiment. In FIG. 22, same reference
numerals as those of the structural elements of FIG. 1 are used
for the structural elements corresponding to those of FIG. 1.
Sub-pixels 11B, - - - display an image for the first viewpoint
and sub-pixels 12B display an image for the second view-
point. A plural-viewpoints unit 15 is constituted with the
sub-pixels 11B, - - - and the sub-pixels 12B, - - - correspond-
ing to the two viewpoints. Through gathering the plural-
viewpoints unit 15 corresponding to each color, a display unit
10 for displaying information of pixels for one video includ-
ing color information and viewpoint information is consti-
tuted. In Example 1, it is defined that colors are the three
colors of red, green, and blue, and a single display unit 10 is
constituted with the three plural-viewpoints units 15. For
example, a switch 16 constituted with TFT is provided to the
sub-pixels 11B, - - - for displaying the image for each view-
point. A video signal is written to a pixel electrode 17 by
writing a signal as appropriate to gate lines G1, G2, - - - and
datalines D1, D2, - - - . The tilt directions of the liquid crystal
molecules 104 are different by 180 degrees between the first-
viewpoint sub-pixel 11B and the second-viewpoint sub-pixel
12B neighboring to each other. Further, the tilt directions are
within a plane that is in parallel to a border 13 between the
first-viewpoint sub-pixel 11B and the second-viewpoint sub-
pixel 12B.

[0208] FIG. 23 is a sectional view of the liquid crystal
display device of Example 1. There is a liquid crystal 103
between a TFT substrate 207 and a counter substrate 208, and
the liquid crystal display device 110 operates by an electric
field between a counter electrode 209 and a pixel electrode 17
(FIG. 22) on the TFT substrate 207. There are a plurality of
first-viewpoint sub-pixels 11B, - - - and second-viewpoint
sub-pixels 12B, - - - on the TFT substrate 207. Two polariza-
tion plates 206 are provided outside the TFT substrate 207
and the counter substrate 208, respectively. In the drawing, a
backlight 210 is provided on the TFT substrate 207 side, and
a barrier layer 203 is provided on the counter substrate 208
side.

[0209] FIG. 24A shows the structure of the barrier layer,
and FIG. 24B shows a relationship between the polarization
plate and the liquid crystal alignment region. The barrier layer
203 has the structure in which a transmission region 201 and
a non-transmission region 202 are arranged alternately, and
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the arranged direction is the X-axis direction. Further, a trans-
mission-axis directions 205 of the polarization plate 206 are
the directions tilted by 45 degrees from the X-axis direction
and the Y-axis direction as shown in the drawing. Specific
liquid crystal alignment regions 204 are disposed in such a
manner that the tilt directions of the liquid crystal molecules
104 are located in the directions tilted by 45 degrees with
respect to the transmission-axis directions 205 of the polar-
ization plate 206.

[0210] The characteristic acquired by Example 1 is as
shown in FIG. 4 and FIG. 5, which can be found as a suffi-
ciently wide viewing angle characteristic in the X-axis direc-
tion.

Comparative Example 1-1

[0211] Comparative Example 1-1 to be compared with
Example 1 is presented. FIG. 25 is a plan view showing a
liquid crystal display device 110' of Comparative Example
1-1. The liquid crystal display device 110" includes a display
unit 10", sub-pixels 11B', 12B', and the like, and the structure
thereofis the same as the case of Example 1 except that the tilt
directions of the liquid crystal molecules 104 are different.
That s, the tilt direction of the liquid crystal molecules 104 of
Comparative Example 1-1 is different by 90 degrees from that
of Example 1 (FIG. 1). At this time, as shown in FIG. 26, the
transmission-axis directions 205 of the polarization plates
and the layout of the barrier layer 203 are the same as those
shown in FIG. 24, and specific liquid crystal alignment
regions 204' are different from those shown in FIG. 24. The
characteristic of Comparative Example 1-1 is as shown in
FIG. 27, with which the difference of the luminance at the first
viewpoint and the second viewpoint is large, thereby causing
large 3D moire.

Comparative Example 1-2

[0212] Comparative Example 1-2 to be compared with
Example 1 is presented. FIG. 28 is a plan view showing a
liquid crystal display device 110" of Comparative Example
1-1. The liquid crystal display device 110" includes a display
unit 10", sub-pixels 11B", 12B", and the like, and the structure
thereofis the same as the case of Example 1 except that the tilt
directions of the liquid crystal molecules 104 are different.
That is, the tilt direction of the liquid crystal molecules 104 of
Comparative Example 1-1 is different by 90 degrees from that
of Example 1 (FIG. 1). At this time, as shown in FIG. 29, the
layout of the barrier layer 203 is the same as that shown in
FIG. 24, and the transmission-axis directions 205" of the
polarization plates and specific liquid crystal alignment
regions 204" are different from those shown in FIG. 24. The
transmission-axis directions 205" of the polarization plates
are different by 45 degrees from those of FIG. 24. The char-
acteristic of Comparative Example 1-2 is as shown in FIG. 30,
with which the difference of the luminance at the first view-
point and the second viewpoint is large, thereby causing large
3D moire.

Example 2

[0213] FIG. 31 is a plan view showing a liquid crystal
display device according to Example 2 that is a more concre-
tive example of the liquid crystal display device according to
the second exemplary embodiment. In FIG. 31, same refer-
ence numerals as those of the structural elements of FIG. 6 are
used for the structural elements corresponding to those of
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FIG. 6. Sub-pixels 21B, - - - display an image for the first
viewpoint and sub-pixels 22B display an image for the second
viewpoint. A plural-viewpoints unit 25 is constituted with the
sub-pixels 21B, - - - and the sub-pixels 22B, - - - correspond-
ing to the two viewpoints. Through gathering the plural-
viewpoints unit 25 corresponding to each color, a display unit
20 for displaying information of pixels for one video includ-
ing color information and viewpoint information is consti-
tuted. In Example 2, it is defined that colors are the three
colors of red, green, and blue, and a single display unit 20 is
constituted with the three plural-viewpoints units 25. For
example, a switch 26 constituted with TFT is provided to the
sub-pixels 21B, - - - for displaying the image for each view-
point. A video signal is written to a pixel electrode 27 by
writing a signal as appropriate to gate lines G1, G2, - - - and
data lines D1, D2, - - - . As shown in the second exemplary
embodiment, there are two domains where the tilt directions
of'the liquid crystal molecules are different within each of the
first-viewpoint sub-pixels 21B, - - - and the second-viewpoint
sub-pixels 22B, - - - . The tilt directions of the liquid crystal
molecules 104 are different by 180 degrees between the two
domains. The tilt directions are within a plane that is at an
angle of 45 degrees with respect to a border 23 between the
first-viewpoint sub-pixels 21B,; - - - and the second-viewpoint
sub-pixels 22B.

[0214] The sectional structure of the liquid crystal display
device 120 of Example 2 is the same as that of Example 1
(FIG. 23). The structure of the barrier layer and the transmis-
sion axis of the polarization plate are the same as those of
Comparative Example 1-2 (FIG. 29). Referring to FIG. 29, a
transmission region 201 and a non-transmission region 203
are arranged alternately in a barrier layer 203. Further, a
transmission-axis directions 205" of the polarization plate are
the X-axis direction and the Y-axis direction. In specific liquid
crystal alignment regions 204", the tilt directions of the liquid
crystal molecules 104 are located in the directions tilted by 45
degrees with respect to the transmission-axis directions 205
of the polarization plates.

[0215] The characteristic acquired by Example 1 is as
shown in FIG. 8 and FIG. 9, which can be found as a suffi-
ciently wide viewing angle characteristic in the X-axis direc-
tion.

Comparative Example 2-1

[0216] Comparative Example 2-1 to be compared with
Example 2 is presented. FIG. 32 is a plan view showing a
liquid crystal display device 120a of Comparative Example
2-1. In the liquid crystal display device 120aq, the tilt direc-
tions of the liquid crystal molecules 104 within the display
unit 20a (within the sub-pixel) are different by 90 degrees
from the case of Example 2 (FIG. 6). At this time, the trans-
mission-axis directions 205 of the polarization plates and the
barrier layer 203 are disposed as in the case of Comparative
Example 1-2 (FIG. 29). The characteristic of Comparative
Example 2-1 is as shown in FIG. 33, with which the difference
of the luminance at the first viewpoint and the second view-
point is large, thereby causing large 3D moire.

Comparative Example 2-2

[0217] Comparative Example 2-2 to be compared with
Example 2 is presented. FIG. 34 is a plan view showing a
liquid crystal display device 1206 of Comparative Example
2-2. In the liquid crystal display device 1205, the tilt direc-
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tions of the liquid crystal molecules 104 within the display
unit 205 (within the sub-pixel) are different by 90 degrees
from the case of Example 2 (FIG. 6). At this time, the trans-
mission-axis directions 205 of the polarization plates and the
barrier layer 203 are disposed as in the case of Comparative
Example 1-2 (FIG. 29). The characteristic of Comparative
Example 2-2 is as shown in FIG. 35, with which the difference
of the luminance at the first viewpoint and the second view-
point is large, thereby causing large 3D moire.

Comparative Example 2-3

[0218] Comparative Example 2-3 to be compared with
Example 2 is presented. FIG. 36 is a plan view showing a
liquid crystal display device 120¢ of Comparative Example
2-3. In the liquid crystal display device 120c, the tilt direc-
tions of the liquid crystal molecules 104 within the display
unit 205 (within the sub-pixel) are different by 45 degrees
from the case of Example 2 (FIG. 6). At this time, the trans-
mission-axis directions 205 of the polarization plates and the
barrier layer 203 are disposed as in the case of Comparative
Example 1-2 (FIG. 29). The characteristic of Comparative
Example 2-3 is as shown in FIG. 37, with which the difference
of the luminance at the first viewpoint and the second view-
point is large, thereby causing large 3D moire.

Example 3

[0219] FIG. 38 is a plan view showing a liquid crystal
display device according to Example 3 that is a more concre-
tive example of the liquid crystal display device according to
the third exemplary embodiment. In FIG. 38, same reference
numerals as those of the structural elements of FIG. 10 are
used for the structural elements corresponding to those of
FIG. 10. A set of sub-pixels corresponding to two viewpoints,
i.e., aset of a sub-pixel constituting a first pixel 31 for the first
viewpoint and a sub-pixel constituting a second pixel 32 for
the second viewpoint, corresponds to each color. A display
unit 30 for displaying information of pixels for one video
including color information and viewpoint information is
constituted with the first pixel 31 and the second pixel 32. In
Example 3, the display unit 30 is constituted with three colors
of red, green, and blue. For example, a switch 36 constituted
with TFT is provided to the first pixel 31 and the second pixel
32 for displaying images for each viewpoint. A video signal is
written to a pixel electrode 37 by writing a signal as appro-
priate to gate lines G1, G2, - - - and data lines D1, D2, - - - .
[0220] As described in the third exemplary embodiment,
first domains 31R1, - - - and second domains 31R2, - - - where
the tilt directions of the liquid crystal molecules 104 are
different from each other by 180 degrees exist within the first
pixel 31 and the second pixel 32. Further, the tilt directions are
within a plane that is at an angle of 45 degrees with respect to
aborder 33 between the first pixel 31 and the second pixel 32.
[0221] The sectional structure of the liquid crystal display
device 130 of Example 3 is the same as that of Example 1
(FIG. 23). The structure of the barrier layer and the transmis-
sion axis of the polarization plate are the same as those of
Comparative Example 1-2 (FIG. 29). The characteristic
acquired by Example 3 is as shown in FIG. 12 and FIG. 13,
which can be found as a sufficiently wide viewing angle
characteristic in the X-axis direction.

Comparative Example 3-1

[0222] Comparative Example 3-1 to be compared with
Example 3 is presented. FIG. 39 is a plan view showing a
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liquid crystal display device 130a of Comparative Example
3-1. In the liquid crystal display device 130a, the tilt direc-
tions of the liquid crystal molecules 104 within the display
unit 30a (within the sub-pixel) are different by 90 degrees
from the case of Example 3 (FIG. 10). At this time, the
transmission-axis directions 205 of the polarization plates
and the barrier layer 203 are disposed as in the case of Com-
parative Example 1-2 (FIG. 29). The characteristic of Com-
parative Example 3-1 is as shown in FIG. 40, with which the
difference of the luminance at the first viewpoint and the
second viewpoint is large, thereby causing large 3D moire.

Comparative Example 3-2

[0223] Comparative Example 3-2 to be compared with
Example 3 is presented. FIG. 41 is a plan view showing a
liquid crystal display device 1305 of Comparative Example
3-2. In the liquid crystal display device 1305, the tilt direc-
tions of the liquid crystal molecules 104 within the display
unit 3056 (within the sub-pixel) are different by 45 degrees
from the case of Example 3 (FIG. 10). At this time, the
transmission-axis directions 205 of the polarization plates
and the barrier layer 203 are disposed as in the case of Com-
parative Example 1-2 (FIG. 29). The characteristic of Com-
parative Example 3-2 is as shown in FIG. 42, with which the
difference of the luminance at the first viewpoint and the
second viewpoint is large, thereby causing large 3D moire.

Example 4

[0224] FIG. 43 is a plan view showing a liquid crystal
display device according to Example 4 that is a more concre-
tive example of the liquid crystal display device according to
the fourth exemplary embodiment (FIG. 14). In FIG. 43, same
reference numerals as those of the structural elements of FIG.
14 are used for the structural elements corresponding to those
of FIG. 14. A set of sub-pixels corresponding to two view-
points, i.e., a set of a sub-pixel 21B for displaying an image
for the first viewpoint and a sub-pixel 22B for displaying an
image for the second viewpoint, corresponds to each color. A
display unit 20 for displaying information of pixels for one
video including color information and viewpoint information
is constituted with three sub-pixels 21B, - - - and three sub-
pixels 22B. In Example 4, the display unit 20 is constituted
with three colors of red, green, and blue. For example, a
switch 46 constituted with TFT is provided to the sub-pixels
21B, - - - for displaying the image for each viewpoint. A video
signal is written to a pixel electrode 47 by writing a signal as
appropriate to gate lines G1, G2, - - - and data lines D1, D2,
- - - . As described in the fourth and second exemplary
embodiments, a pair of domains where the tilt directions of
the liquid crystal molecules 104 are different from each other
by 180 degrees exists within the sub-pixels 21B, - - - and the
sub-pixels 22B, - - - . Further, the tilt directions are within a
plane that is at an angle of 45 degrees with respect to border
45 between the first-viewpoint pixels (the sub-pixels 21B, - -
- ) and the second-viewpoint pixels (the sub-pixels 22B, - - -
). In Example 4, the liquid crystal alignment of the display
units 20, - - - arranged on the top and bottom sides of the
drawing is different by 90 degrees. As a result, there are four
kinds of domains also in the top-and-bottom direction, so that
an MVA characteristic can be acquired.

[0225] In this drawing, the gate lines G1, G2, and the like
are extended along the top-and-bottom direction and are in a
zigzag form to correspond to the shape of the pixel electrodes
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47. Further, the border between the pair of domains where the
tilt directions of the liquid crystal molecules 104 are different
is oblique with respect to the top-and-bottom direction of the
drawing. Considering the sub-pixels connected along the lon-
gitudinal direction, the sub-pixels are arranged in a zigzag
form like the gate lines. That is, since the gate lines and the
domain borders are arranged obliquely in Example 4, the fall
of luminance when the visual field is shifted in the left-and-
right direction is dispersed compared to the case where those
are arranged linearly on the top-and-bottom direction of the
drawing. As a result, 3D moire is eased with Example 4. The
sectional structure of Example 4 is the same as that of FIG. 23,
and the barrier layer, the polarization plate, and the relation-
ship between the alignment regions are the same as those of
FIG. 29.

[0226] As described, in Example 4, the border between the
pair of domains where the tilt directions of the liquid crystal
molecules 104 are different is oblique with respect to the
top-and-bottom direction. However, the tilt directions of the
domain border with respect to the top-and-bottom direction
are reversed between the pixels neighboring to each other in
the top-and-bottom direction. As a result, the domain borders
are in parallel to the top-and-bottom directions macroscopi-
cally, even though the individual domain borders are oblique.
[0227] It can be found that the characteristic acquired by
Example 4 is a sufficiently wide viewing angle characteristic
in the X-axis direction due to the operation effect acquired
with Example 4. Further, as described above, as a result of
arranging the regions to become dark in the oblique direction,
3D moire can be eased further.

Example 5

[0228] FIG. 44 is a plan view showing a liquid crystal
display device according to Example 5 that is a more concre-
tive example of the liquid crystal display device according to
the fifth exemplary embodiment (FIG. 16). In FIG. 44, same
reference numerals as those of the structural elements of FIG.
16 are used for the structural elements corresponding to those
of FIG. 16. A set of sub-pixels corresponding to two view-
points, i.e., a set of a sub-pixel constituting a first pixel 31 for
the first viewpoint and a sub-pixel constituting a second pixel
32 for the second viewpoint, corresponds to each color. A
display unit 30 for displaying information of pixels for one
video including color information and viewpoint information
is constituted with the first pixel 31 and the second pixel 32.
In Example 5, the display unit 30 is constituted with three
colors of red, green, and blue. For example, a switch 56
constituted with TFT is provided to the first pixels 31, - - - and
the second pixels 32, - - - for displaying the image for each
viewpoint. A video signal is written to a pixel electrode 57 by
writing a signal as appropriate to gate lines G1, G2, - - - and
data lines D1, D2, - - - . As described in the fifth exemplary
embodiment, a pair of domains where the tilt directions of the
liquid crystal molecules 104 are different from each other by
180 degrees exist within the first pixel 31 and the second pixel
32. Further, the tilt directions are within a plane that is at an
angle of 45 degrees with respect to a border 53 between the
first pixel 31 and the second pixel 32. Further, the tilt direc-
tions of the liquid crystal molecules 104 are different by 90
degrees between the first pixel 31 and the second pixel 32.
Furthermore, the tilt directions of the liquid crystal molecules
104 are different by 90 degrees between the first pixels 31 and
between the second pixels 32 connected along the top-and-
bottom direction of the drawing. The sectional structure of
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Example 5 is the same as that of FIG. 23, and the barrier layer,
the polarization plate, and the relationship between the align-
ment regions are the same as those of FIG. 29.

[0229] The characteristic of Example 5 is that the first pixel
31 for the first viewpoint and the second pixel 32 for the
second viewpoint compensate with each other, and the first
pixels 31 as well as the second pixels 32 compensate with
each other due to the operation effects described in the fifth
exemplary embodiment. Thus, it can be found that the char-
acteristic is a sufficiently wide viewing angle characteristic
not only in the X-axis direction but also in the Y-axis direc-
tion. That is, with Example 5, the MVA characteristic is
achieved because the pixels connected on the top and bottom
compensate the characteristics of each other and the four
different liquid crystal alignment regions exist inside the two
pixels arranged on the top and bottom.

Example 6

[0230] FIG. 45 is a plan view showing a liquid crystal
display device of Example 6 that is a first modification
example of Example 5. In Example 6, the structure of
Example 5 is slightly changed to form a transflective liquid
crystal display device 150a. In the structure of Example 6, a
reflection region 250 and a transmission region 251 are pro-
vided within a pixel. In Example 6, the area ratio of those is
1:2. Within the reflection region 250, two domains where the
rise directions of the liquid crystal alignment are different are
formed as a pair within a single pixel as in the case of Example
5 (FIG. 44). Further, the liquid crystal alignment is different
by 90 degrees between the first pixel 31 and the second pixel
32. Furthermore, the tilt directions of the liquid crystal mol-
ecules 104 are different by 90 degrees between the two first
pixels 31 and between the two second pixels 32 connected
along the top-and-bottom direction of the drawing, respec-
tively. As a result, there are four different liquid crystal align-
ment regions in the two pixels placed on the top and bottom in
the reflection region 250, so that the MVA characteristic can
be acquired. In the meantime, in the reflection region 250,
normally a reflection electrode formed by unevenness is pro-
vided on the substrate in order to provide the reflection char-
acteristic. Through the uneven structure, there are various rise
directions in the liquid crystal alignment. Thus, the reflection
region can almost achieve the MVA characteristic only by a
single pixel. Further, when a same signal is inputted to the first
pixel 31 for the first viewpoint and the second pixel 32 for the
second viewpoint, the first pixel 31 and the second pixel 32
compensate with each other. At this time, there are four kinds
of different liquid crystal alignment regions in the pixels (the
first pixel 31 and the second pixel 32) for the two viewpoints
connected in the lateral direction. As a result, it is possible
with Example 6 to achieve the MVA characteristic without
increasing the number of divisions of the alignment regions.
[0231] Inthe meantime, the transflective liquid crystal dis-
play device having the MVA characteristic is normally in a
structure where a pixel is divided into three regions in a size
of about ¥4 of the pixel, so that there are a single reflection
region and two transmission regions. Those regions are elec-
trically connected, for example, and a signal can be written to
the whole regions by a single switch. In such structure, the
shapes of each of the reflection regions and the transmission
regions are almost close to a square shape and are highly
symmetric. Thus, it is easy to control the tilt directions of the
liquid crystal. Compared to the structure of Example 6 (FIG.
45), this normal structure is required to process the pixel
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electrode into a complicated shape, and the size of each liquid
crystal alignment region where the liquid crystal alignment is
divided is small. Therefore, for achieving high-definition
MVA, the limit in patterning the pixel electrode, crush and the
like of the liquid crystal alignment regions become obstacles.
Thus, it is not possible to achieve a fine characteristic.

Example 7

[0232] FIG. 46 is a plan view showing a liquid crystal
display device of Example 7 that is a second modification
example of Example 5. In Example 7, the structure of
Example 5 is slightly changed to form a transflective liquid
crystal display device 1505. In Example 6 (FIG. 45), light
alignment, rubbing of plural times, and the like can be
employed as a method for dividing the liquid crystal align-
ment. In Example 7, it is achieved by protrusions (protruded
portions) provided on the substrate. As shown in FIG. 46, in
the liquid crystal display device 1504, a protrusion 261 on the
TFT substrate and a protrusion 262 on the counter substrate
are provided. With this structure, a single sub-pixel in the
transmission region 251 is divided into three domains.
Among those three domains, the tilt directions of the liquid
crystal alignment in the two domains other than the center
domain are the same. Thus, the three domains on the trans-
mission region are practically constituted with the two
domains where the tilt directions of the liquid crystal align-
ment are different. Considering a first pixel 31 for displaying
an image for the first viewpoint, three sub-pixels are arranged
in the lateral direction of the drawing. The tilt direction of the
liquid crystal of the sub-pixel in the center out of the three
sub-pixels is different by 90 degrees from the liquid crystal
alignment direction of the sub-pixels on the left and right
sides thereof in the drawing. As a result, unlike the case of
Example 5 (FIG. 44), there are four kinds of liquid crystal
alignment regions existing within a pixel for a given view-
point in Example 7, and those regions compensate with each
other. The liquid crystal alignment within the pixel for a given
viewpoint varies between the two sub-pixels and one sub-
pixel among the three sub-pixels. Thus, compensation within
the pixel for a given viewpoint is insufficient. However, the
liquid crystal alignment is different by 90 degrees between
the first pixel 31 for the first viewpoint and the second pixel 32
for the second viewpoint neighboring to each other, so that
those pixels compensate with each other. The liquid crystal
alignment of the pixels connected on the top and bottom of the
drawing is different from each other by 90 degrees, so that
there are four kinds of domains where the tilt directions of the
liquid crystal are different. Thereby, the MVA characteristic
can be achieved. Regarding the reflection region 250, the
MVA characteristic is achieved within a single pixel as
described above.

[0233] FIG. 47 is a plan view showing a liquid crystal
display device of Example 8 that is a third modification
example of Example 5. In FIG. 47, same reference numerals
as those of the structural elements of FIG. 46 are used for the
structural elements corresponding to those of FIG. 46. In
Example 8, the structure of Example 5 is slightly changed to
form a transflective liquid crystal display device 150c. As in
the case of Example 7 (FIG. 46), Example 8 also provides a
transflective liquid crystal display device having the MVA
characteristic by using the protrusion provided on the sub-
strate. The difference of Example 8 with respect to Example
7 is that it uses only the protrusion 262 provided on the
counter substrate. As a result, Example 8 can achieve the
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same characteristic even though the structure thereof is sim-
pler compared to that of Example 7. While the protrusion 262
provided on the counter substrate is used in Example 8, it is
also possible to achieve the same characteristic by using only
the protrusion 261 (FIG. 46) provided on the TFT substrate
instead.

Example 9

[0234] FIG. 48 is a plan view showing a liquid crystal
display device according to Example 9 that is a more concre-
tive example of the liquid crystal display device according to
the ninth exemplary embodiment. In FIG. 48, same reference
numerals as those of the structural elements of FIG. 46 are
used for the structural elements corresponding to those of
FIG. 46. In the liquid crystal display device 190 of Example
9, a display unit 90 is constituted with four pixels, i.e., first
pixels 91a, 915 and second pixels 92a, 925. The first pixels
91a, 915 display an image for the first viewpoint, and the
second pixels 92a, 925 display an image for the second view-
point. Three sub-pixels exist in each pixel, and each sub-pixel
includes a pair of domains where the tilt directions of the
liquid crystal alignment are different from each other by 90
degrees. The tilt directions of the liquid crystal are different
by 180 degrees between the first-viewpoint pixel and the
second-viewpoint pixel neighboring to each other. Further,
the tilt directions of the liquid crystal are different by 180
degrees also between the pixels connected on the top and
bottom sides of the drawing. Such structure makes it possible
to acquire wide viewing angles both in the top-and-bottom
direction and in the left-and-right direction.

[0235] Inparticular, with the structure of Example 9, when
the image for the first viewpoint and the image for the second
viewpoint are different, a same image can be inputted to the
pixels arranged on the top and bottom within the display unit.
That is, data inputted to the data lines D1 and D4 both corre-
spond to a same image. Similarly, data inputted to the data
lines D2 and D5 both correspond to a same image, and data
inputted to the data lines D3 and D6 both correspond to a
same image. Note that the signs of the signals may be inverted
due to polarity reversal or the like. However, the signals
correspond to a same image as image data. Through inputting
image signals, it is possible to achieve a structure close to
FIG. 56A with the four pixels. That is, within almost a square
region, image data in three colors and corresponding to two
viewpoints can be displayed.

[0236] Inthe meantime, when an image is not displayed by
being divided for the first viewpoint and the second view-
point, two kinds of 2D image display methods can be
employed. That is, there are a method which displays a same
image at the pixel for the first viewpoint and the pixel for the
second viewpoint and displays a same image also at the pixels
arranged on the top and bottom within the display unit, and a
method which displays a same image at the pixel for the first
viewpoint and the pixel for the second viewpoint and displays
different images at the pixels arranged on the top and bottom
within the display unit. With the former method, there is no
change in the resolution depending on whether or not the first
viewpoint and the second viewpoint are used. In the mean-
time, with the latter method, the resolution in the top-and-
bottom direction becomes doubled when the first viewpoint
and the second viewpoint are not used.

Example 10

[0237] FIG. 62 is a plan view showing a liquid crystal
display device according to Example 10. FIG. 63 is a sche-
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matic view showing a display unit of FIG. 62. Example 10
presents a 9-parallax liquid crystal display device that is a
more concretive example of the liquid crystal display device
according to the tenth exemplary embodiment. In FIG. 62 and
FIG. 63, same reference numerals as those of the structural
elements of FIG. 58 and FIG. 59 are used for the structural
elements corresponding to those of FIG. 58 and FIG. 59.
[0238] In Example 10, each sub-pixel is in a substantially
parallelogram shape. Further, the tilt of the parallelogram of
the sub-pixels 11R, 12R, - - -, 19R is reversed from that of the
parallelogram of the sub-pixels 11G, 12G, - - - 19G. Thus, the
tilt directions of the display unit 210 and the display unit 210"
are the same. However, the tilt directions of the display unit
210" and the display unit 210" where the columns of the Y
direction are different are different from the tilt direction of
the display unit 210 and the display unit 210". In the mean-
time, the tilt directions of the liquid crystal in the sub-pixel for
displaying a first-viewpoint image in the display unit 210 and
the sub-pixel for displaying a first-viewpoint image in the
display unit 210" are different by 180 degrees. As a result, in
a combination of the tilt of the parallelogram pixels and the
tilt directions of the liquid crystal, there are four kinds of
display units from 210 to 210". In Example 10, the four kinds
of display units as a set are arranged in matrix.

[0239] In Example 10, the neighboring sub-pixels for dis-
playing images for different viewpoints compensate the char-
acteristics of each other. Further, the display units neighbor-
ing to each other in the X-axis direction compensate the
characteristics of each other. As a result, the characteristics
shown in the tenth exemplary embodiment and the first exem-
plary embodiment can be achieved.

Example 11

[0240] FIG. 64 is a plan view showing a liquid crystal
display device according to Example 11. FIG. 65 is a sche-
matic view showing a display unit of FIG. 64. Example 11
presents a 9-parallax liquid crystal display device that is a
more concretive example of the liquid crystal display device
according to the eleventh exemplary embodiment. In FIG. 64
and FIG. 65, same reference numerals as those of the struc-
tural elements of FIG. 60 and FIG. 61 are used for the struc-
tural elements corresponding to those of FIG. 60 and FIG. 61.
[0241] In Example 11, each sub-pixel is in a substantially
parallelogram shape. Further, the tilt of the parallelogram of
the sub-pixels 21R, 22R, - - -, 29R is reversed from that of the
parallelogram of the sub-pixels 21G, 22G, - - -, 29G. Thus,
the tilt directions of the display unit 220 and the display unit
220" are the same. However, the tilt directions of the display
unit 220" and the display unit 220" where the columns of the
Y direction are different are different from the tilt direction of
the display unit 220 and the display unit 220'". In the mean-
time, the tilt directions of the liquid crystal in the sub-pixel for
displaying a first-viewpoint image in the display unit 220 and
the sub-pixel for displaying a first-viewpoint image in the
display unit 220" are different by 180 degrees. As a result, in
a combination of the tilt of the parallelogram pixels and the
tilt directions of the liquid crystal, there are four kinds of
display units from 220 to 220'. In Example 11, the four kinds
of display units as a set are arranged in matrix.

[0242] In Example 11, the neighboring sub-pixels for dis-
playing images for different viewpoints compensate the char-
acteristics of each other. Further, the display units neighbor-
ing to each other in the X-axis direction compensate the
characteristics of each other. As a result, the characteristics
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shown in the eleventh exemplary embodiment and the second
exemplary embodiment can be achieved.

Example 12

[0243] FIG. 66 is a plan view showing a liquid crystal
display device according to Example 12. FIG. 67 is a sche-
matic view showing a display unit of FIG. 66. Example 12
presents a 9-parallax liquid crystal display device that is a
more concretive example of the liquid crystal display device
according to the sixth exemplary embodiment. In FIG. 66,
same reference numerals as those of the structural elements of
FIG. 20 are used for the structural elements corresponding to
those of FIG. 20.

[0244] In Example 12, each sub-pixel is in a substantially
parallelogram shape. Further, the tilt of the parallelogram of
the sub-pixels 81R, 82R, - - -, 89R is reversed from that of the
parallelogram of the sub-pixels 81G, 82G, - - - , 89G. Thus,
the tilt direction of the display unit 280 and that of the display
unit 280" where the columns of the Y direction are different
are different. In Example 12, the two kinds of display units as
a set are arranged in matrix.

[0245] In Example 12, a sub-pixel for displaying an image
for a given viewpoint is divided on the top and bottom sides
(in the Y direction), and there are two regions where the tilt
directions of the liquid crystal are different. In Example 12,
the two regions where the tilt directions of the liquid crystal
are different within the sub-pixel for displaying an image for
a given viewpoint compensate the characteristics of each
other. Further, the display units neighboring to each other in
the Y direction compensate the characteristics of each other.
As a result, the characteristic shown in the sixth exemplary
embodiment can be achieved. In FIG. 67, reference numeral
820 shows the display unit 280 of FIG. 66, reference numerals
821 to 829 show the first to ninth pixels, and reference numer-
als 831 to 838 show the borders between each of the pixels.

Example 13

[0246] FIG. 68 is a plan view showing a liquid crystal
display device according to Example 13. A schematic view
showing a display unit in FIG. 68 is the same as that of FIG.
67. Example 13 presents a 9-parallax liquid crystal display
device that is a more concretive example of the liquid crystal
display device according to the sixth exemplary embodiment.
In FIG. 68, same reference numerals as those of the structural
elements of FIG. 20 or FIG. 66 are used for the structural
elements corresponding to those of FIG. 20 or FIG. 66.
[0247] In Example 13, each sub-pixel is in a substantially
parallelogram shape. Further, the tilt of the parallelogram of
the sub-pixels 81R, 82R, - - -, 89R is reversed from that of the
parallelogram of the sub-pixels 81G, 82G, - - - , 89G. Thus,
the tilt direction of the display unit 280 and that of the display
unit 280" where the columns of the Y direction are different
are different. In Example 13, the two kinds of display units as
a set are arranged in matrix.

[0248] In Example 13, a sub-pixel for displaying an image
for a given viewpoint is divided on the left and right sides (in
the X direction), and there are two regions where the tilt
directions of the liquid crystal are different. Further, the lay-
out of the regions where the tilt directions of the liquid crystal
are different is different between the neighboring sub-pixels.
As a result, the regions where the tilt directions of the liquid
crystal are different are formed in a vertically stripe form by
goring over the unit of sub-pixel.
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[0249] In Example 13, the two regions with different liquid
crystal tilt directions within a sub-pixel for displaying an
image for a given viewpoint compensate the characteristics of
each other. Further, the display units neighboring to each
otherin theY direction compensate the characteristics of each
other. Furthermore, in Example 13, the regions with different
liquid crystal alignment are arranged in a stripe form. Thus,
depending on the method for making the regions with differ-
ent liquid crystal alignment, it is easier to be manufactured
than the case of Example 12.

[0250] In Example 13, the liquid crystal alignment region
group arranged in the longitudinal direction is constituted
with the liquid crystal alignment regions all facing in the same
direction. As aresult, it is possible to use a method which can
simultaneously form the entire liquid crystal alignment
regions arranged in the longitudinal direction when making
the liquid crystal alignment regions, e.g., optical alignment
which adjusts the alignment by radiating light to a specific
region by using a mask extended in the longitudinal direction,
mask rubbing which applies rubbing only on a specific region
by using the same mask. Thus, it is a structure capable of
acquiring a sufficient performance, even though the liquid
crystal alignment regions can be easily made. Regarding the
exemplary embodiments and Examples described above,
there are gaps provided between the four display units 10 in
FIG. 1. These are gaps provided for making it easy to com-
prehend the explanations, and the gap between the display
units is considered the same as the gap between the sub-
pixels. This applies not only in FIG. 1 but also in FIG. 6, FIG.
10, FIG. 14 to FIG. 21, FIG. 25, FIG. 28, FIG. 32, FIG. 34,
FIG. 36, FIG. 39, FIG. 41, and the like in common.

[0251] The sub-pixel 11 and the like shown in the exem-
plary embodiments and Examples can be combined with
color filters. For example, 11R can be combined with a color
filter of red (R), 11G can be combined with a color filter of
green (G), and 11B can be combined with a color filter of blue
(B). This makes it possible to provide a color display. The
combinations of the sub-pixels and the color filters can be
changed as necessary. Further, it is also possible to achieve a
color display by using methods of coloring or developing
colors other than using the color filters.

[0252] In the exemplary embodiments and Examples
described above, the structures where the same-color regions
are arranged in a longitudinal or lateral stripe form are illus-
trated regarding classification of color filters and the like. As
classification of colors, those regions are not arranged only in
the stripe form but may be arranged in other forms as well.
However, in the case of employing the stripe form, it is easy
to fabricate the color classification structure in terms of pro-
cessing steps. Further, regarding the pattern shift and the like,
it simply needs to consider only the shift in the direction (e.g.,
X direction) where the stripe of different color is arranged and
the shift in another direction (e.g., Y direction) gives almost
no influence on the characteristic.

Application Example

[0253] The liquid crystal display devices according to each
of the exemplary embodiments can be preferably utilized for
usages which require high definition, such as mobile phones
and mobile game machines. In a mobile phone 301 shown in
FIG. 49A, a liquid crystal display device 302 according to
each exemplary embodiment is provided on one of the inner
side of a foldable casing, for example. Further, the left-and-
right direction and the like mentioned in this Specification are
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set in accordance with the observing direction of the user.
That is, when the observer uses the top-and-bottom direction
of FIG. 49A as the top-and-bottom direction, the top-and-
bottom direction of FIG. 49A is set to match the top-and-
bottom direction of this Specification. In the meantime, when
the observer sues the left-and-right direction of FIG. 49A as
the top-and-bottom direction, the top-and-bottom direction of
FIG. 49A is set to match the left-and-right direction of this
Specification. By doing such direction setting, the observer
can always observe a fine display. Meanwhile, in a mobile
game machine 303 shown in FIG. 49B, the liquid crystal
display device 302 of each exemplary embodiment may be
placed on both of the two display devices or may be placed
only on one of those.

Supplementary Explanations

[0254] In the explanations provided heretofore, a method
for forming regions where the tilt directions of the liquid
crystal are different is not specifically depicted. However,
various kinds of methods can be used for that. That is, such
regions can be formed by providing a protrusion part pro-
jected inside the liquid crystal layer form the substrate face or
by forming a recessed part that partially widens the space
between the substrates by a structure on the substrate. Fur-
ther; the direction of electric field is controlled by providing
acut, a slit, or a protrusion part when viewed two dimension-
ally in the pixel electrode, counter electrode, gate line, data
line, the storage capacitance line, and the like. Furthermore, it
is also possible to use processing with which the directions of
the initial alignment on the substrate surface become differ-
ent, e.g., a mask rubbing method which applies rubbing by
using a mask in different directions for a plurality of times, a
method for making a plurality of initial alignment directions
by using the alignment direction control using light, an align-
ment control by using a nanostructure for controlling the
alignment direction by making a minute structure of smaller
than microns, and the like. Such various kinds of methods can
be used alone or in combinations.

[0255] Inthe explanations provided heretofore, the barrier
layer is employed as the element for distributing light. How-
ever, the element is not limited only to that. For example, it is
also possible to use a lenticular lens where a plurality of
cylindrical lenses each having an arc-shape protrusion sec-
tion are arranged one dimensionally. Further, it is also pos-
sible to use a fly-eye lens.

[0256] The cylindrical lens does not exhibit the lens effect
in its extending direction but exhibits the lens effect only in
the direction orthogonal to the extending direction. When the
cylindrical lens is used for the present invention, the direction
exhibiting the lens effect is combined with the left-and-right
direction of the present invention. Further, as necessary, the
direction exhibiting the lens effect may be directed to the
direction that is tilted by a prescribed angle from the left-and-
right direction of the present invention.

[0257] Further, regarding the lenticular lens used for the
present invention, there may be a case where the processing
accuracy of the lens hollow sections is lower than that of the
lens convex sections. That is, it is difficult to process the
hollow sections where the cylindrical lenses are disposed
continuously, so that the accuracy thereof becomes poor. As a
result, the light separating performance in the lens hollow
sections is deteriorated compared to the light separating per-
formance in the lens convex sections. Thus, the light passed
through the lens hollow sections is largely defocused. In the
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meantime, the light separating performance is high on the
lens main axis in the lens convex sections, so that it is possible
to provide a stereoscopic display where both 3D moire and
3D crosstalk can be suppressed.

[0258] The structure of the present invention can also be
expressed as follows. The present invention is a display
device in which the liquid crystal is initially aligned almost
vertically to the substrate, and display unit each including the
sub-pixel for displaying the first-viewpoint image and the
sub-pixel for displaying the second viewpoint image are
arranged in matrix. Further, the tilt directions of the liquid
crystal when a voltage is applied are different by 180 degrees
between the sub-pixel for displaying the first-viewpoint
image and the sub-pixel for displaying the second-viewpoint
image. Furthermore, the tilt directions of the liquid crystal are
within a plane that is in parallel to the border between the
sub-pixel for displaying the first-viewpoint image and the
sub-pixel for displaying the second-viewpoint image within
the display unit.

[0259] The effects of the present invention can also be
expressed as follows. The alignment directions of the liquid
crystal are different between the sub-pixels, and the align-
ment directions of the liquid crystal within the sub-pixels are
varied in such a manner that the viewing angle characteristics
of the transmittance are well-balanced in the direction along
which the sub-pixels are arranged. Thus, it is possible to
achieve the vertical alignment liquid crystal display device of
a wide viewing angle and high-definition image, while sup-
pressing the influences of 3D crosstalk and 3D moire to
minimum. It is possible to achieve the image display of a wide
viewing angle and high-definition not only in the light dis-
tributing direction but also in the directions different from the
light distributing direction.

[0260] While the present invention has been described
above by referring to each ofthe exemplary embodiments, the
present invention is not limited only to each of those exem-
plary embodiments. Various changes and modifications
occurred to those skilled in the art can be applied to the
structures and details of the present invention. Further, the
present invention includes combinations of a part of or a
whole part of the structures of each of the above-described
embodiments. A part of or a whole part of the exemplary
embodiments disclosed above can be expressed by the con-
tents depicted in following Supplementary Notes. However, it
is to be noted that the present invention is not limited to those
structures described below.

Supplementary Note 1
First Exemplary Embodiment (FIG. 1)

[0261] A liquid crystal display device which includes a
liquid crystal exhibiting negative dielectric anisotropy sand-
wiched between a pair of substrates, wherein liquid crystal
molecules constituting the liquid crystal are initially aligned
almost vertically to the pair of substrates, and display units
each including at least a first pixel for displaying a first-
viewpoint image and a second pixel for displaying a second-
viewpoint image are arranged in matrix, wherein tilt direc-
tions of the liquid crystal molecules when a voltage is applied
are within a plane that is in parallel to a border between the
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first pixel and the second pixel, and are different from each
other by 180 degrees between the first pixel and the second
pixel.

Supplementary Note 2

Higher-Order Concept of Second and Third Exem-
plary Embodiment

[0262] A liquid crystal display device which includes a
liquid crystal exhibiting negative dielectric anisotropy sand-
wiched between a pair of substrates, wherein liquid crystal
molecules constituting the liquid crystal are initially aligned
almost vertically to the pair of substrates, and display units
each including at least a first pixel for displaying a first-
viewpoint image and a second pixel for displaying a second-
viewpoint image are arranged in matrix, wherein: the first
pixel and the second pixel are constituted with a plurality of
sub-pixels, respectively; the sub-pixel is constituted with a
first domain and a second domain; and tilt directions of the
liquid crystal molecules when a voltage is applied are within
aplanethatis atan angle of45 degrees to a border between the
first pixel and the second pixel, are different from each other
by 90 degrees between the first pixel and the second pixel, and
are different from each other by 180 degrees between the first
domain and the second domain.

Supplementary Note 3
Second Exemplary Embodiment (FIG. 6)

[0263] The liquid crystal display device as depicted in
Supplementary Note 2, wherein: the sub-pixels constituting
the first pixel and the sub-pixels constituting the second pixel
are arranged in a direction in parallel to the border, respec-
tively; and the first domain and the second domain constitut-
ing the sub-pixel are arranged in a direction vertical to the
border.

Supplementary Note 4
Third Exemplary Embodiment (FIG. 10)

[0264] The liquid crystal display device as depicted in
Supplementary Note 2, wherein: the sub-pixels constituting
the first pixel and the sub-pixels constituting the second pixel
are arranged in a direction vertical to the border, respectively;
and the first domain and the second domain constituting the
sub-pixel are arranged in a direction in parallel to the border.

Supplementary Note 5

Fourth Exemplary Embodiment (FIG. 14)

[0265] The liquid crystal display device as depicted in
Supplementary Note 3, wherein the tilt directions of the liquid
crystal molecules when a voltage is applied are different from
each other by 90 degrees between the display units neighbor-
ing to each other in the direction in parallel to the border.

Supplementary Note 6
Fifth Exemplary Embodiment (FIG. 16)

[0266] The liquid crystal display device as depicted in
Supplementary Note 4, wherein the tilt directions of the liquid
crystal molecules when a voltage is applied are different from
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each other by 90 degrees between the display units neighbor-
ing to each other in the direction in parallel to the border.

Supplementary Note 7
Sixth Exemplary Embodiment (FIG. 17)

[0267] The liquid crystal display device as depicted in
Supplementary Note 5, wherein the tilt directions of the liquid
crystal molecules when a voltage is applied are different from
each other by 180 degrees between the display units neigh-
boring to each other in the direction vertical to the border.

Supplementary Note 8
Seventh Exemplary Embodiment (FIG. 19)

[0268] The liquid crystal display device as depicted in
Supplementary Note 6, wherein the tilt directions of the liquid
crystal molecules when a voltage is applied are different from
each other by 180 degrees between the display units neigh-
boring to each other in the direction vertical to the border.

Supplementary Note 9
Eighth Exemplary Embodiment (FIG. 20)

[0269] The liquid crystal display device as depicted in
Supplementary Note 1, wherein the tilt directions of the liquid
crystal molecules when a voltage is applied are different from
each other by 180 degrees between the first pixels and the
second pixels neighboring to each other in the direction in
parallel to the border.

Supplementary Note 10
Ninth Exemplary Embodiment (FIG. 21)

[0270] A liquid crystal display device which includes a
liquid crystal exhibiting negative dielectric anisotropy sand-
wiched between a pair of substrates, wherein liquid crystal
molecules constituting the liquid crystal are initially aligned
almost vertically to the pair of substrates, and display units
each including at least a first pixel for displaying a first-
viewpoint image and a second pixel for displaying a second-
viewpoint image are arranged in matrix, wherein: tilt direc-
tions of the liquid crystal molecules when a voltage is applied
are within a plane that is at an angle of 45 degrees to a border
between the first pixel and the second pixel, are different from
each other by 180 degrees between the first pixel and the
second pixel, and are different from each other by 180 degrees
between the first pixels and between the second pixels neigh-
boring to each other in a direction in parallel to the border,
respectively.

Supplementary Note 11
[0271] The liquid crystal display device as depicted in any

one of Supplementary Notes 1 to 4, wherein an external shape
of the display unit is a square.

Supplementary Note 12

[0272] The liquid crystal display device as depicted in any
one of Supplementary Notes 1 to 10, which further includes
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an optical element for distributing light from the first pixel
and light from the second pixel to different directions.

Supplementary Note 13

[0273] The liquid crystal display device as depicted in any
one of Supplementary Notes 1 to 12, wherein the neighboring
display units compensate transmittance viewing angle char-
acteristics of each other.

Supplementary Note 14

[0274] The liquid crystal display device as depicted in any
one of Supplementary Notes 1 to 13, wherein the first-view-
point image and the second-viewpoint image are set to be a
same image for enabling a 2D image display.

Supplementary Note 15

[0275] A liquid crystal display device which includes an
optical element for distributing light from each sub-pixel of a
display unit constituted with a plurality of sub-pixels in dif-
ferent directions within a plane that includes a direction along
which the sub-pixels are arranged, wherein: liquid crystal
alignment directions are different between each of the sub-
pixels; and the liquid crystal alignment directions within the
sub-pixels are set to be different in such a manner that trans-
mittance viewing angle characteristics in a direction along
which the sub-pixels are arranged become symmetric.

Supplementary Note 16

[0276] A liquid crystal display device which includes an
optical element for distributing light from each sub-pixel of a
display unit constituted with a plurality of sub-pixels in dif-
ferent directions within a plane that includes a direction along
which the sub-pixels are arranged, wherein: liquid crystal
alignment directions are different between each of the
arranged sub-pixels; and at least a pair of sub-pixels among
the arranged sub-pixels compensate transmittance viewing
angle characteristics of each other.

Supplementary Note 17
Tenth Exemplary Embodiment (FIG. 58)

[0277] A liquid crystal display device which includes a
liquid crystal exhibiting negative dielectric anisotropy sand-
wiched between a pair of substrates, wherein liquid crystal
molecules constituting the liquid crystal are initially aligned
almost vertically to the pair of substrates, n is an integer of 3
or larger, and display units each including at least n-pieces of
pixels from a first pixel for displaying a first-viewpoint image,
a second pixel for displaying a second-viewpoint image, to an
n-th pixel for displaying an n-th viewpoint image are arranged
in matrix, wherein tilt directions of the liquid crystal mol-
ecules when a voltage is applied are within a plane that is in
parallel to an average direction along which a plurality of
borders between the first pixel and the second pixel neighbor-
ing thereto are arranged, and are different from each other by
180 degrees between the first pixel and the neighboring sec-
ond pixel.

Supplementary Note 18
Eleventh Exemplary Embodiment (FIG. 60)

[0278] A liquid crystal display device which includes a
liquid crystal exhibiting negative dielectric anisotropy sand-



US 2012/0200795 Al

wiched between a pair of substrates, wherein liquid crystal
molecules constituting the liquid crystal are initially aligned
almost vertically to the pair of substrates, n is an integer of 3
or larger, and display units each including at least n-pieces of
pixels from a first pixel for displaying a first-viewpoint image,
asecond pixel for displaying a second-viewpoint image, to an
n-th pixel for displaying an n-th viewpoint image are arranged
in matrix, wherein: the first to n-th pixels are constituted with
a plurality of sub-pixels, respectively; the sub-pixel is consti-
tuted with a first domain and a second domain; and tilt direc-
tions of the liquid crystal molecules when a voltage is applied
are within a plane that is at an angle of 45 degrees with respect
to an average direction along which a plurality of borders
between the first pixel and the second pixel neighboring
thereto are arranged, are different from each other by 90
degrees between the first pixel and the neighboring second
pixel, and are different by 180 degrees between the first
domain and the second domain.

Supplementary Note 21
First Exemplary Embodiment (FIG. 1)

[0279] A liquid crystal display device which includes a
liquid crystal exhibiting negative dielectric anisotropy sand-
wiched between a pair of substrates, wherein liquid crystal
molecules constituting the liquid crystal are initially aligned
almost vertically to the pair of substrates, and display units
each including at least a sub-pixel for displaying a first-
viewpoint image and a sub-pixel for displaying a second-
viewpoint image are arranged in matrix, wherein tilt direc-
tions of the liquid crystal molecules when a voltage is applied
are different between the sub-pixel for displaying the first-
viewpoint image and the sub-pixel for displaying the second-
viewpoint image, and are within a plane that is in parallel to a
border between the sub-pixel for displaying the first-view-
point image and the sub-pixel for displaying the second-
viewpoint image.

Supplementary Note 22
Second Exemplary Embodiment (FIG. 6)

[0280] A liquid crystal display device which includes a
liquid crystal exhibiting negative dielectric anisotropy sand-
wiched between a pair of substrates, wherein liquid crystal
molecules constituting the liquid crystal are initially aligned
almost vertically to the pair of substrates, and display units
each including at least a sub-pixel for displaying a first-
viewpoint image and a sub-pixel for displaying a second-
viewpoint image are arranged in matrix, wherein: the sub-
pixel for displaying the first-viewpoint image and the sub-
pixel for displaying the second-viewpoint image include a
plurality of regions, respectively; and tilt directions of the
liquid crystal molecules when a voltage is applied are differ-
ent from each other by 180 degrees between the plurality of
regions, and are within a plane that is at an angle of 45 degrees
with respect to a border between the sub-pixel for displaying
the first-viewpoint image and the sub-pixel for displaying the
second-viewpoint image.

Supplementary Note 23
Third Exemplary Embodiment (FIG. 10)

[0281] A liquid crystal display device which includes a
liquid crystal exhibiting negative dielectric anisotropy sand-
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wiched between a pair of substrates, wherein liquid crystal
molecules constituting the liquid crystal are initially aligned
almost vertically to the pair of substrates, and display units
each including at least a pixel for displaying a first-viewpoint
image and a pixel for displaying a second-viewpoint image
are arranged in matrix, wherein: in each of the pixels of the
display unit, tilt directions of the liquid crystal when a voltage
is applied are different by 180 degrees; the pixel for display-
ing the first-viewpoint image and the pixel for displaying the
second-viewpoint image include a plurality of sub-pixels,
respectively; and tilt directions of the liquid crystal molecules
when a voltage is applied are different from each other by 180
degrees between the plurality of pixels, and are within a plane
that is at an angle of 45 degrees with respect to a border
between the pixel for displaying the first-viewpoint image
and the pixel for displaying the second-viewpoint image.

Supplementary Note 24
Fourth Exemplary Embodiment (FIG. 14)

[0282] The liquid crystal display device as depicted in
Supplementary Note 22, which includes a first display unit
and a second display unit as the display unit, wherein: the first
display unit and the second display unit are alternately and
repeatedly arranged in a direction in parallel to the border;
and the tilt directions of the liquid crystal are different from
each other by 90 degrees between the plurality of regions.

Supplementary Note 25
Sixth Exemplary Embodiment (FIG. 17)

[0283] The liquid crystal display device as depicted in
Supplementary Note 24, which further includes a third dis-
play unit and a fourth display unit as the display unit, wherein:
the first display unit and the third display unit are alternately
and repeatedly arranged in a direction orthogonal to the bor-
der, and the tilt directions of the liquid crystal are different
from each other by 180 degrees between the plurality of
regions; and the second display unit and the fourth display
unit are alternately and repeatedly arranged in a direction
orthogonal to the border, and the tilt directions of the liquid
crystal are different from each other by 180 degrees between
the plurality of regions.

Supplementary Note 26
Fifth Exemplary Embodiment (FIG. 15)

[0284] The liquid crystal display device as depicted in
Supplementary Note 23, which includes a first display unit
and a second display unit as the display unit, wherein: the first
display unit and the second display unit are alternately and
repeatedly arranged in a direction in parallel to the border;
and the tilt directions of the liquid crystal are different from
each other by 90 degrees between the plurality of regions.

Supplementary Note 27
Seventh Exemplary Embodiment (FIG. 19)

[0285] The liquid crystal display device as depicted in
Supplementary Note 26, which further includes a third dis-
play unit and a fourth display unit as the display unit, wherein:
the first display unit and the third display unit are alternately
and repeatedly arranged in a direction orthogonal to the bor-
der, and the tilt directions of the liquid crystal are different
from each other by 180 degrees between the plurality of
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regions; and the second display unit and the fourth display
unit are alternately and repeatedly arranged in a direction
orthogonal to the border, and the tilt directions of the liquid
crystal are different from each other by 180 degrees between
the plurality of regions.

Supplementary Note 28

[0286] The liquid crystal display device as depicted in
Supplementary Note 21 or 22, wherein an external shape of
the display unit is a square.

Supplementary Note 29

[0287] The liquid crystal display device as depicted in any
one of Supplementary Notes 21 to 28, which further includes
an optical element for distributing light from the pixel for
displaying the first-viewpoint image and light from the pixel
for displaying the second-viewpoint image to different direc-
tions.

Supplementary Note 30

[0288] A liquid crystal display device which includes an
optical element for distributing light from each sub-pixel of a
display unit constituted with a plurality of sub-pixels in dif-
ferent directions within a plane that includes a direction along
which the sub-pixels are arranged, wherein: liquid crystal
alignment directions are different between each of the sub-
pixels; and the liquid crystal alignment directions within the
sub-pixels are set to be different in such a manner that trans-
mittance viewing angle characteristics in a direction along
which the sub-pixels are arranged become well-balanced.

Supplementary Note 31

[0289] A liquid crystal display device which includes an
optical element for distributing light from each sub-pixel of a
display unit constituted with a plurality of sub-pixels in dif-
ferent directions within a plane that includes a direction along
which the sub-pixels are arranged, wherein: liquid crystal
alignment directions are different between each of the
arranged sub-pixels; and at least a pair of sub-pixels among
the arranged sub-pixels compensate transmittance viewing
angle characteristics of each other.

Supplementary Note 32

[0290] The liquid crystal display device as depicted in any
one of Supplementary Notes 21 to 31, wherein the neighbor-
ing display units compensate transmittance viewing angle
characteristics of each other.

Supplementary Note 33

[0291] The liquid crystal display device as depicted in any
one of Supplementary Notes 21 to 32, wherein the first-
viewpoint image and the second-viewpoint image are set to
be a same image for enabling a 2D image display.

[0292] The present invention can be used for a liquid crystal
display device which displays images different from each
other towards a plurality of viewpoints.

What is claimed is:

1. A liquid crystal display device comprising a liquid crys-
tal exhibiting negative dielectric anisotropy sandwiched
between a pair of substrates, wherein liquid crystal molecules
constituting the liquid crystal are initially aligned almost
vertically to the pair of substrates, and display units each
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including at least a first pixel for displaying a first-viewpoint
image and a second pixel for displaying a second-viewpoint
image are arranged in matrix, wherein

tilt directions of the liquid crystal molecules when a volt-

age is applied are within a plane that is in parallel to a
border between the first pixel and the second pixel, and
are different from each other by 180 degrees between the
first pixel and the second pixel.

2. A liquid crystal display device comprising a liquid crys-
tal exhibiting negative dielectric anisotropy sandwiched
between a pair of substrates, wherein liquid crystal molecules
constituting the liquid crystal are initially aligned almost
vertically to the pair of substrates, and display units each
including at least a first pixel for displaying a first-viewpoint
image and a second pixel for displaying a second-viewpoint
image are arranged in matrix, wherein:

the first pixel and the second pixel are constituted with a

plurality of sub-pixels, respectively;

the sub-pixel is constituted with a first domain and a second

domain; and

tilt directions of the liquid crystal molecules when a volt-

age is applied are within a plane that is at an angle of 45
degrees to aborder between the first pixel and the second
pixel, are different from each other by 90 degrees
between the first pixel and the second pixel, and are
different from each other by 180 degrees between the
first domain and the second domain.

3. The liquid crystal display device as claimed in claim 2,
wherein:

the sub-pixels constituting the first pixel and the sub-pixels

constituting the second pixel are arranged in a direction
in parallel to the border, respectively; and

the first domain and the second domain constituting the

sub-pixel are arranged in a direction vertical to the bor-
der.

4. The liquid crystal display device as claimed in claim 2,
wherein:

the sub-pixels constituting the first pixel and the sub-pixels

constituting the second pixel are arranged in a direction
vertical to the border, respectively; and

the first domain and the second domain constituting the

sub-pixel are arranged in a direction in parallel to the
border.

5. The liquid crystal display device as claimed in claim 3,
wherein

the tilt directions of the liquid crystal molecules when a

voltage is applied are different from each other by 90
degrees between the display units neighboring to each
other in the direction in parallel to the border.

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

the tilt directions of the liquid crystal molecules when a

voltage is applied are different from each other by 90
degrees between the display units neighboring to each
other in the direction in parallel to the border.

7. The liquid crystal display device as claimed in claim 5,
wherein

the tilt directions of the liquid crystal molecules when a

voltage is applied are different from each other by 180
degrees between the display units neighboring to each
other in the direction vertical to the border.

8. The liquid crystal display device as claimed in claim 6,
wherein
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the tilt directions of the liquid crystal molecules when a
voltage is applied are different from each other by 180
degrees between the display units neighboring to each
other in the direction vertical to the border.

9. The liquid crystal display device as claimed in claim 1,

wherein

the tilt directions of the liquid crystal molecules when a
voltage is applied are different from each other by 180
degrees between the first pixels and the second pixels
neighboring to each other in the direction in parallel to
the border.

10. A liquid crystal display device comprising a liquid
crystal exhibiting negative dielectric anisotropy sandwiched
between a pair of substrates, wherein liquid crystal molecules
constituting the liquid crystal are initially aligned almost
vertically to the pair of substrates, and display units each
including at least a first pixel for displaying a first-viewpoint
image and a second pixel for displaying a second-viewpoint
image are arranged in matrix, wherein:

tilt directions of the liquid crystal molecules when a volt-
age is applied are within a plane that is at an angle of 45
degrees to aborder between the first pixel and the second
pixel, are different from each other by 180 degrees
between the first pixel and the second pixel, and are
different from each other by 180 degrees between the
first pixels and between the second pixels neighboring to
each other in a direction in parallel to the border, respec-
tively.

11. The liquid crystal display device as claimed in claim 1

wherein

an external shape of the display unit is a square.

12. The liquid crystal display device as claimed in claim 1,
further comprising an optical element for distributing light
from the first pixel and light from the second pixel to different
directions.

13. The liquid crystal display device as claimed in claim 1,
wherein

the neighboring display units compensate transmittance
viewing angle characteristics of each other.

14. The liquid crystal display device as claimed in claim 1,

wherein

the first-viewpoint image and the second-viewpoint image
are set to be a same image for enabling a 2D image
display.

15. A liquid crystal display device, comprising an optical
element for distributing light from each sub-pixel of a display
unit constituted with a plurality of sub-pixels in different
directions within a plane that includes a direction along which
the sub-pixels are arranged, wherein:

liquid crystal alignment directions are different between
each of the sub-pixels; and

the liquid crystal alignment directions within the sub-pix-
els are set to be different in such a manner that transmit-
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tance viewing angle characteristics in a direction along
which the sub-pixels are arranged become symmetric.

16. A liquid crystal display device, comprising an optical
element for distributing light from each sub-pixel of a display
unit constituted with a plurality of sub-pixels in different
directions within a plane that includes a direction along which
the sub-pixels are arranged, wherein:

liquid crystal alignment directions are different between

each of the arranged sub-pixels; and

at least a pair of sub-pixels among the arranged sub-pixels

compensate transmittance viewing angle characteristics
of each other.

17. A liquid crystal display device comprising a liquid
crystal exhibiting negative dielectric anisotropy sandwiched
between a pair of substrates, wherein liquid crystal molecules
constituting the liquid crystal are initially aligned almost
vertically to the pair of substrates, n is an integer of 3 or larger,
and display units each including at least n-pieces of pixels
from a first pixel for displaying a first-viewpoint image, a
second pixel for displaying a second-viewpoint image, to an
n-th pixel for displaying an n-th viewpoint image are arranged
in matrix, wherein

tilt directions of the liquid crystal molecules when a volt-

age is applied are within a plane that is in parallel to an
average direction along which a plurality of borders
between the first pixel and the second pixel neighboring
thereto are arranged, and are different from each other
by 180 degrees between the first pixel and the neighbor-
ing second pixel.

18. A liquid crystal display device comprising a liquid
crystal exhibiting negative dielectric anisotropy sandwiched
between a pair of substrates, wherein liquid crystal molecules
constituting the liquid crystal are initially aligned almost
vertically to the pair of substrates, n is an integer of 3 or larger,
and display units each including at least n-pieces of pixels
from a first pixel for displaying a first-viewpoint image, a
second pixel for displaying a second-viewpoint image, to an
n-th pixel for displaying an n-th viewpoint image are arranged
in matrix, wherein:

the first to n-th pixels are constituted with a plurality of

sub-pixels, respectively;

the sub-pixel is constituted with a first domain and a second

domain; and

tilt directions of the liquid crystal molecules when a volt-

age is applied are within a plane that is at an angle of 45
degrees with respect to an average direction along which
a plurality of borders between the first pixel and the
second pixel neighboring thereto are arranged, are dif-
ferent from each other by 90 degrees between the first
pixel and the neighboring second pixel, and are different
by 180 degrees between the first domain and the second
domain.
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