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(57) ABSTRACT

Each pixel of a multiple view liquid crystal display in a
normally black mode includes a counter electrode provided
with a slit for generating a fringe electric field. An alignment
film subjected to liquid crystal alignment processing in a
predetermined direction is disposed on a surface of a TFT
substrate provided with the counter electrode. An angle
formed by an extending direction of a slit at an end of a pixel
region (a first region) and a direction of the liquid crystal
alignment processing is greater than an angle formed by the
extending direction of the slit in a central part of the pixel
region (a second region) and the direction of the liquid crystal
alignment processing. The first region has a higher transmit-
tance than that in the second region when low luminance
display is carried out.
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MULTIPLE VIEW LIQUID CRYSTAL
DISPLAY

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play and more particularly to a multiple view liquid crystal
display capable ofdisplaying a plurality of images in different
directions from each other.

[0003] 2. Description of the Background Art

[0004] A multiple view liquid crystal display (a plural
screen liquid crystal display) using a parallax barrier is devel-
oped as one of value added technologies of a liquid crystal
display. In particular, there is often proposed a two-screen
liquid crystal display for separating and displaying two dif-
ferent screens at the same time.

[0005] A multiple view liquid crystal display of a parallax
barrier type has a structure including a liquid crystal display
panel (hereinafter referred to as a “liquid crystal panel”) in
which pixels for displaying images are mixed and arranged in
accordance with a predetermined rule, and a light shielding
layer which is provided on a front side (a visual recognition
side) and is referred to as a parallax barrier. The parallax
barrier is disposed to shield light emitted from each pixel of
the liquid crystal panel in a specific direction. Consequently,
the light emitted from the liquid crystal panel is separated in
a plurality of directions, and a plurality of images displayed
by the liquid crystal panel is displayed in different directions
from each other.

[0006] The multiple view liquid crystal display of the par-
allax barrier type has a problem of a crosstalk in which a part
of images to be displayed in a certain direction are observed
with leakage in images displayed in the other direction.
[0007] For example, in the case in which the crosstalk
occurs in the two-screen liquid crystal display of the parallax
barrier type for transversely dividing and displaying two
images, the image (the left image) to be displayed as viewed
from the left side to the screen and the image (the right image)
to be displayed as viewed from the right side thereto are seen
with overlapping. The crosstalk occurs when ranges of view-
ing angles (visual field ranges) of the respective images over-
lap with each other. For this reason, the crosstalk tends to
occur in the vicinity of a boundary between the visual field
ranges of the respective images. In other words, in the two-
screen liquid crystal display, the crosstalk tends to occur as
viewed from the front of the screen, that is, a boundary
between the visual field range of the right image and the
visual field range of the left image. When an image having
much black display (low luminance display) is displayed,
particularly, leakage from the other image is easily recog-
nized visually even though it is very small. Therefore, image
quality is greatly influenced.

[0008] In general, the liquid crystal panel has a structure
including a first substrate provided with a pixel electrode and
a switching element, a signal line or the like for supplying a
pixel signal thereto, a second substrate provided with a black
matrix for defining each pixel region and a color filter (CF),
and a liquid crystal interposed therebetween. In the multiple
view liquid crystal display of the parallax barrier type, the
black matrix for defining the pixel region is formed on an
opposed surface to the first substrate in the second substrate,
and the parallax barrier is formed on an opposite surface (on
the visual recognition side). Consequently, a gap correspond-
ing to a thickness of the second substrate is present between
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the parallax barrier and the black matrix. A size of the gap is
an element for determining a direction and an area of the
visual field range of each of the images to be simultaneously
displayed together with a size of an opening portion of the
parallax barrier, a pitch of a pixel or the like.

[0009] In the multiple view liquid crystal display of the
parallax barrier type, a phenomenon referred to as “reverse
viewing” is caused by the presence of the gap between the
parallax barrier and the black matrix. In the reverse viewing,
an image to be displayed in a reverse direction is seen when
the screen is seen in a direction deviating largely from the
front of the screen. For example, when an observer moves
rightward from the front of the screen with respect to the
two-screen liquid crystal display, the right image s first seen.
When the observer further continues to move rightward, aleft
image is seen within some range. This range is generated
because another pixel is seen adjacently to a pixel to be
originally seen through the opening portion of the parallax
barrier.

[0010] In other words, in the two-screen liquid crystal dis-
play of the parallax barrier type, the visual field range for the
left image due to the reverse viewing phenomenon is present
on an outside of the visual field range for the right image, and
the visual field range for the right image due to the reverse
viewing phenomenon is present on the outside of the visual
field range for the left image. For this reason, the crosstalk of
the rightimage and the left image tends to occur in the vicinity
of outer ends of the respective visual field ranges for the right
image and the left image in addition to the vicinity of the front
of the screen. A crosstalk occurring in the vicinity of the front
of the screen will be referred to as a “front crosstalk” and a
crosstalk caused by the reverse viewing phenomenon occut-
ring in the vicinity of the outer end of the visual field range for
each of the images will be referred to as a “reverse viewing
crosstalk”.

[0011] The front crosstalk and the reverse viewing
crosstalk also become a problem in an optional multiple view
liquid crystal display of a parallax barrier type in addition to
the two-screen liquid crystal display.

[0012] In recent years, in a general liquid crystal display,
there is expanded application of an In Plane Switching mode
(including an FFS (Fringe Field Switching) mode and
referred to as a “horizontal electric field mode”) which is a
method of mainly applying an electric field in a horizontal
direction with respect to a substrate surface to drive a liquid
crystal in place ofa TN (Twisted Nematic) mode in the related
art. A liquid crystal display in the horizontal electric field
mode has a wide visual field range. By application to a mul-
tiple view liquid crystal display assuming observation in dif-
ferent directions, therefore, it is possible to expect consider-
able enhancement in display grade of'the multiple view liquid
crystal display. A structure of the multiple view liquid crystal
display applying the horizontal electric field mode is dis-
closed in the following Japanese Patent Application Laid-
Open No. 2008-064918, for example.

[0013] A crosstalk rate R , indicative of an intensity of a
crosstalk occurring in a two-screen liquid crystal display can
be expressed as follows:

R =(Lys~Lyp) MIN(L,, 1, Lys) Equation (1)

In theequation (1), L, represents a luminance (a black lumi-
nance) on an observation side when black display is carried
out on the observation side and white display is carried out on
the other side (which will be hereinafter referred to as a “black
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luminance in white-black display”), and L,, represents a
luminance (a black luminance) on the observation side when
the black display is carried out on the observation side and the
other side (which will be hereinafter referred to as a “black
luminance in black-black display”). “MIN(L,,.L,,)” is a
function taking a smaller one of values of L, , and L.

[0014] The equation (1) indicates a rate of light leaking
from the other side carrying out the white display toward a
visual field range on the observation side carrying out the
black display. In order to decrease the crosstalk rate, two
types of methods, that is, reduction in the black luminance
L, , in the white-black display and increase in the black lumi-
nance L, in the black-black display are effective. The
method of reducing the black luminance L, , in the white-
black display serves to suppress light leakage from the white
display side, thereby decreasing the crosstalk itself. On the
other hand, the method of increasing the black luminance L,
in the black-black display serves to increase the light leakage
in the black display, thereby making the crosstalk unremark-
able (reducing visibility).

[0015] A relationship between the crosstalk and the liquid
crystal display mode will be considered. The TN mode in the
related art is a normally white (NW) mode, while the hori-
zontal electric field mode is a normally black (NB) mode. For
this reason, the horizontal electric field mode has a higher
contrast ratio (CR) than the TN mode, that is, has a lower
black luminance.

[0016] The present inventor found a new problem. More
specifically, if a liquid crystal panel in the horizontal electric
field mode is used to constitute the multiple view liquid
crystal display of the parallax barrier type, the crosstalk is
deteriorated more greatly due to a low black luminance based
ona high contrast ratio as compared with the case in which the
TN mode is used. If the black luminance is increased in order
to suppress the crosstalk, however, it is impossible to make
the best of an advantage of the horizontal electric field mode,
that is, a high contrast ratio. This problem is also caused in the
multiple view liquid crystal display using the horizontal elec-
tric field mode disclosed in the Japanese Patent Application
Laid-Open No. 2008-064918.

SUMMARY OF THE INVENTION

[0017] Tt is an object of the present invention to suppress
occurrence of a crosstalk without reducing a contrast ratio
within a visual field range on a practical use basis in a multiple
view liquid crystal display in a normally black mode.

[0018] A multiple view liquid crystal display according to
the present invention includes a liquid crystal panel in a
normally black mode and a parallax barrier provided on a
front surface of the liquid crystal panel. Each pixel of the
liquid crystal panel includes a first region and a second region
which have different voltage-transmittance characteristics
from each other. The first region includes an end of the pixel.
The second region includes a central part of the pixel. The first
region has a voltage-transmittance characteristic with a
higher transmittance than that in the second region when low
luminance display is carried out.

[0019] According to the present invention, it is possible to
reduce a crosstalk rate without decreasing a contrast ratio
within a visual field range on a practical use basis.

[0020] These and other objects, features, aspects and
advantages of the present invention will become more appar-
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ent from the following detailed description of the present
invention when taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 is an exploded perspective view showing a
structure of a multiple view liquid crystal display according to
the present invention;

[0022] FIG. 2 is a sectional view showing a liquid crystal
display panel of a parallax barrier type;

[0023] FIG. 3 is a graph showing a simulation result of a
viewing angle characteristic of a standardized aperture ratio
in a two-screen liquid crystal display;

[0024] FIG. 4 is a plan view showing a structure of a pixel
in a multiple view liquid crystal display according to a first
preferred embodiment;

[0025] FIG. 5 is a sectional view showing the structure of
the pixel in the multiple view liquid crystal display according
to the first preferred embodiment;

[0026] FIGS. 6A and 6B are graphs each showing an influ-
ence of an angle formed by an extending direction of a slit and
a rubbing direction in a counter electrode in a liquid crystal
panel in an FFS mode on a transmittance-voltage character-
istic of a liquid crystal layer;

[0027] FIG. 7 is a plan view showing a structure of a pixel
in amultiple view liquid crystal display according to a second
preferred embodiment;

[0028] FIG. 8 is a sectional view showing the structure of
the pixel in the multiple view liquid crystal display according
to the second preferred embodiment;

[0029] FIG. 9 is a plan view showing a structure of a pixel
in a multiple view liquid crystal display according to a third
preferred embodiment;

[0030] FIG. 10 is a sectional view showing the structure of
the pixel in the multiple view liquid crystal display according
to the third preferred embodiment;

[0031] FIGS. 11A and 11B are graphs each showing an
influence of a width of a slit of a counter electrode in a liquid
crystal panel in an FFS mode on a transmittance-voltage
characteristic of a liquid crystal layer;

[0032] FIG. 12 is a plan view showing a structure of a pixel
in a multiple view liquid crystal display according to a fourth
preferred embodiment;

[0033] FIG. 13 is a sectional view showing the structure of
the pixel in the multiple view liquid crystal display according
to the fourth preferred embodiment;

[0034] FIG. 14 is a plan view showing a structure of a pixel
in a multiple view liquid crystal display according to a fifth
preferred embodiment;

[0035] FIG. 15 is a sectional view showing the structure of
the pixel in the multiple view liquid crystal display according
to the fifth preferred embodiment; and

[0036] FIGS. 16A and 16B are graphs each showing an
influence of a thickness of an interlayer insulation film
between a pixel electrode and a counter electrode in a liquid
crystal panel in an FFS mode on a transmittance-voltage
characteristic of a liquid crystal layer.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Preferred Embodiment

[0037] FIG. 1 is an exploded perspective view showing a
schematic structure of a multiple view liquid crystal display
device according to the present invention. As shown in FIG. 1,
the multiple view liquid crystal display is a transmission type
display device in which a linear polarizer 2a, a liquid crystal
panel 10 and a linear polarizer 25 are superposed in order on
a backlight 1 to be a surface light source device including a
light source, a light guide plate and the like. The liquid crystal
panel 10 has a structure in which a liquid crystal 5 is inter-
posed between a TFT (Thin Film Transistor) substrate 4 on
the backlight 1 side and a counter substrate 6 on a front side (a
visual recognition side).

[0038] The counter substrate 6 includes a black matrix 7 on
an opposed surface to the TFT substrate 4, and includes a
parallax barrier 8 on a surface at the visual recognition side of
the counter substrate 6. In other words, in the present pre-
ferred embodiment, the counter substrate 6 provided between
the parallax barrier 8 and the black matrix 7 (more accurately,
a translucent substrate constituting the counter substrate 6)
functions as a gap layer for defining an interval between the
parallax barrier 8 and the black matrix 7. Although an
example in which the counter substrate 6 serves as the gap
layer is described in each preferred embodiment, the gap
layer may be provided separately from the counter substrate
6. Forexample, the parallax barrier layer, the black matrix and
the gap layer therebetween (a resin layer formed by coating in
a predetermined thickness or the like) may be provided at an
inside of the counter substrate 6 (for instance, an opposed
surface to the TFT substrate 4 in the counter substrate 6).
[0039] In the liquid crystal panel 10, the TFT substrate 4
and the counter substrate 6 are stuck together through a seal-
ing material applied to a peripheral edge part thereof, and the
liquid crystal 5 is sealed in a region surrounded by the sealing
material.

[0040] Herein, there is shown an example in which the
present invention is applied to the liquid crystal panel 10 in an
FFS mode. In other words, in the liquid crystal panel 10, the
TFT substrate 4 has both of a pixel electrode and a counter
electrode, and a slit (an opening portion) is provided on one of
the electrodes.

[0041] TheTFT substrate 4 has a translucent substrate such
as a glass substrate on which there are provided a pixel elec-
trode of each pixel, a TFT to be a switching element for
supplying a pixel signal to the pixel electrodes, a gate wiring
(a scanning signal wiring) for supplying a driving signal to a
gate electrode of the TFT, a source wiring (a display signal
wiring) for supplying an image signal to a source electrode of
the TFT, a counter electrode disposed opposite to each pixel
electrode, and the like, and furthermore, includes an align-
ment film on an outermost surface at the liquid crystal 5 side.
[0042] The counter substrate 6 is formed by providing an
overcoat layer constituted by a transparent resin film, a color
filter constituted by a colored layer having each of red (R),
green () and blue (B) colors, a black matrix 7 to be a light
shielding film for defining a region of each pixel by shielding
light between pixels and the like on a surface at the liquid
crystal 5 side in the translucent substrate such as the glass
substrate. Moreover, the parallax barrier 8 is provided on the
surface at the visual recognition side of the counter electrode
6. Accordingly, the gap between the black matrix 7 and the

Aug.7,2014

parallax barrier 8 corresponds to a thickness of the counter
substrate 6 (a thickness of the translucent substrate).

[0043] The linear polarizers 2a and 25 are films for selec-
tively transmitting specific linearly polarized light (P polar-
ized light or S polarized light). In the present preferred
embodiment, the linear polarizers 2a and 25 to be used are of
an absorption type for absorbing the linearly polarized light
ofapolarization axis (an absorption axis) which is orthogonal
to the linear polarized light to be transmitted with a TAC
(cellulose triacetate) film used as a substrate. The linear polar-
izers 2a and 25 to be used may be of a reflection type for
reflecting the linearly polarized light of the polarization axis
which is orthogonal to the linearly polarized light to be trans-
mitted.

[0044] In the present preferred embodiment, a two-screen
liquid crystal display is shown as an example of the multiple
view liquid crystal display. The two-screen liquid crystal
display serves to display two different images by dividing
them into right and left side images from the front of the
display. However, the present invention can be widely applied
to a multiple view liquid crystal display of a parallax barrier
type which displays at least two images in different direc-
tions.

[0045] FIG. 2 is a sectional view showing the structure of
the liquid crystal panel 10 to be used in the two-screen liquid
crystal display. A pixel PR (a right pixel) constituting an
image (a right image) to be displayed toward a visual field
range from a right side to the front of the screen and a pixel PL
(a left pixel) constituting an image (a left image) to be dis-
played toward a visual field range from a left side to the front
of the screen are mixed and provided in accordance with a
predetermined rule in the liquid crystal panel 10 of the two-
screen liquid crystal display. The parallax barrier 8 separates
light of the right pixel PR and light of the left pixel PL into the
right and left sides to the front of the screen respectively,
thereby separating the right image and the left image and
displaying them in different directions respectively.

[0046] The parallax barrier 8 is a light shielding film for
shielding the light of the left pixel PL with respect to the right
side from the front of the screen and shielding the light of the
right pixel PR with respect to the left side from the front of the
screen. In other words, the parallax barrier 8 is a light shield-
ing film having an opening portion 80 for transmitting only
the light of the right pixel PR rightward from the front of the
screen and transmitting only the light of the left pixel PL
leftward from the front of the screen.

[0047] A pattern of the parallax barrier 8 is determined
depending on an array pattern of the right pixel PR and the left
pixel PL in the liquid crystal panel 10. If the parallax barrier
8isdesigned to accurately enable display of a right side image
rightward from the front of the screen and a left side image
leftward from the front of the screen respectively, the pattern
may be optional. For example, the opening portion 80 may be
disposed on the parallax barrier 8 like a checker pattern (in
zigzag) or the opening portion 80 is disposed on the parallax
barrier 8 like a stripe.

[0048] Withreferenceto FIG. 2, description will be given to
the principle for separating two images in the two-screen
liquid crystal display. As described above, the liquid crystal
panel 10 has the structure in which the liquid crystal 5 is
interposed between the TFT substrate 4 on a back side (the
backlight 1 side) and the counter substrate 6 on the front side
(the visual recognition side) (FIG. 2 schematically shows a
liquid crystal molecule 51 in the liquid crystal 5). The TFT
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substrate 4 is provided with a pixel electrode of each pixel, a
counter electrode, a TFT, a gate wiring, a source wiring and
the like. In FIG. 2, only a source wiring 12 is shown.

[0049] Theblack matrix 7 is formed on the opposed surface
to the TFT substrate 4 in the counter substrate 6, and the
parallax barrier 8 is formed on the surface at the visual rec-
ognition side. Although a color filter or the like is actually
formed in addition to the black matrix 7 on the opposed
surface to the TFT substrate 4 in the counter substrate 6, they
are not shown in FIG. 2.

[0050] Theblack matrix 7 is a light shielding film including
an opening portion (a pixel opening portion) 70 for defining a
region of each pixel. Herein, it is assumed that the left pixel
PL and the right pixel PR are alternatively disposed every
pixel string. In other words, the pixel string of the right pixel
PR and that of the left pixel PL are alternately disposed like a
stripe in plan view.

[0051] Thepixel opening portion 70 is provided in a shifted
position from the opening portion 80 of the parallax barrier 8.
In other words, a light shielding portion 71 of the black matrix
7 is provided just under the opening portion 80 of the parallax
barrier 8. The right pixel PR and the left pixel PL which are to
be visually recognized from the same opening portion 80 of
the parallax barrier 8 are provided to interpose the light
shielding portion 71 therebetween. Moreover, a light shield-
ing portion 72 of the black matrix 7 is disposed between the
right pixel PR and the left pixel PL which are adjacent to each
other also in a region covered with the light shielding portion
of the parallax barrier 8. The light shielding portion 71 pro-
vided just under the opening portion 80 of the parallax barrier
8 will be referred to as a “first light shielding portion” and the
second light shielding portion 72 having an uppermost part
covered with the parallax barrier 8 will be referred to as a
“second light shielding portion”.

[0052] In the present preferred embodiment, the pixel
string of the right pixel PR and the pixel string of the left pixel
PL are alternately disposed like a stripe. For this reason, the
pixel opening portions 70 are disposed on the black matrix 7
like a stripe. At this time, the light shielding portion of the
black matrix 7 has a pattern in which the first light shielding
portion 71 and the second light shielding portion 72 are altet-
nately disposed with the pixel opening portion 70 interposed
therebetween as shown in FIG. 2.

[0053] The opening portion 80 of the parallax barrier 8 and
the pixel opening portion 70 of the black matrix 7 have the
positional relationship described above. Consequently, the
right image generated by the right pixel PR is displayed
rightward from the front of the screen and the left image
generated by the left pixel PL is displayed leftward from the
front of the screen. With reference to FIG. 2, the right image
generated by the right pixel PR can be recognized visually
from a visual field range IR | and the left image generated by
the left pixel PL can be recognized visually from a visual field
range IL,.

[0054] In a position in which the visual field range IR, of
the right image and the visual field range IL, of the left image
overlap with each other, a crosstalk occurs. For this reason,
the gap between the black matrix 7 and the parallax barrier 8
and the positions or diameters of the pixel opening portion 70
and the opening portion 80 of the parallax barrier 8 are
designed in such a manner that they do not overlap with each
other as much as possible in the liquid crystal panel 10.
[0055] Inthe multiple view liquid crystal display according
to the present preferred embodiment, the gap between the
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black matrix 7 and the parallax barrier 8 and the respective
positions and diameters of the pixel opening portion 70 of the
black matrix 7 and the opening portion 80 of the parallax
barrier 8 are designed in such a manner that the visual field
range IR of the right image and the visual field range IT. of the
left image are separated from each other.

[0056] A wholethickness ofthe counter substrate 6 is deter-
mined depending on a condition of a viewing angle and a
pixel size which are required for the display device. For
example, when the pixel size is 200 pm and the condition for
each of view angle ranges from the front of the screen to the
right and left is up to 60 degrees, a maximum thickness of the
counter substrate 6 which is permitted is approximately 0.09
mm.

[0057] FIG. 3 is a graph showing a simulation result of a
viewing angle characteristic of a standardized aperture ratio
in a multiple view liquid crystal display designed based on the
condition. Referring to the standardized aperture ratio, the
case in which a total width of a pixel can be utilized as a light
transmitting portion is set to be “1”. A graph shown ina dotted
line indicates a standardized aperture ratio for a right image
and a graph shown in a solid line indicates a standardized
aperture ratio for a left image.

[0058] The standardized aperture ratio of the right image
has a peak in the vicinity of a position of 30 degrees rightward
from the front and the standardized aperture ratio of the left
image has a peak in the vicinity of a position of 30 degrees
leftward from the front of the screen. Moreover, the vicinity
of the front surface (0°) is a region in which the standardized
apertureratios of both of the right image and the left image are
zero, that is, neither the right image nor the left image can be
seen. This implies that the visual field range IR, of the right
image and the visual field range IL, of the left image are
separated from each other and a front crosstalk does not occur
according to calculations.

[0059] However, the front crosstalk actually occurs in the
vicinity of the front of the screen (0°) due to a light diffraction
phenomenon in the opening portion of the parallax barrier 8§,
alight scattering phenomenon in the liquid crystal panel 10 or
the like.

[0060] The crosstalkis the most remarkable within a visual
field range to which an end of the opening portion 80 of the
parallax barrier 8 contributes, that is, a visual field range in
which an image is switched. For example, the front crosstalk
is the most remarkable within a visual field range in the
vicinity of the front of the screen in which the right image and
the left image are switched (in the vicinity of a boundary
between the visual field range IR of the right image and the
visual field range IL, of the left image).

[0061] Among light emitted from each pixel, only light
emitted from an end of the pixel opening portion 70 of the
black matrix 7 and transmitted through the end of the opening
portion 80 of the parallax barrier 8 contributes to display in
the vicinity of the front surface of the screen, and light emitted
from a central part of the pixel opening portion 70 does not
contribute. With reference to FIG. 2, for example, only light
emitted from a left end of the right pixel PR, is transmitted
from the right pixel PR, toward the vicinity of the front
surface of the screen. Similarly, only light emitted from a
right end of the left pixel PL, is transmitted from the left pixel
PL, toward the vicinity of the front surface of the screen.
Thus, only light emitted from an end of each pixel (an end on
aclose side to the opening portion 80 of the parallax barrier 8)
contributes to the front crosstalk.
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[0062] A reverse viewing crosstalk is also the same. In
other words, the reverse viewing crosstalk is the most remark-
able within a visual field range in the vicinity of a boundary
between the visual field range IR, of the right image and the
visual field range IL, of the left image on an outside thereof,
and a visual field range in the vicinity of a boundary between
the visual field range IL, of the left image and the visual field
range IR, of the right image on the outside.

[0063] Among light emitted from each pixel, only light
emitted from the end of the pixel opening portion 70 of the
black matrix 7 and transmitted through the end of the opening
portion 80 of the parallax barrier 8 contributes to display in
their visual field ranges, and light emitted from the central
part of the pixel opening portion 70 does not contribute. With
reference to FIG. 2, for example, only light emitted from the
right end of the right pixel PR, is transmitted from the right
pixel PR, toward the vicinity of the boundary between the
visual field range IR | and the visual field range IL,. Similarly,
only light emitted from the left end of the left pixel PL, is
transmitted from the left pixel PL, toward the vicinity of the
boundary between the visual field range 1L, and the visual
field range IR,. Thus, only light emitted from an end of each
pixel (an end on a distant side from the opening portion 80 of
the parallax barrier 8) contributes to the reverse viewing
crosstalk.

[0064] FIGS. 4 and 5 are views showing the structure of the
pixel in the multiple view liquid crystal display according to
the first preferred embodiment. FIG. 41is a plan view showing
the pixel and FIG. 5 is a sectional view taken along a C-C line
illustrated in FIG. 4. In FIG. 4, the liquid crystal 5 and the
counter substrate 6 are not shown. For this reason, a planar
structure of a pixel portion in the TFT substrate 4 is shown. On
the other hand, FIG. 5 shows the liquid crystal 5 and the
counter substrate 6 in addition to the TFT substrate 4.
[0065] The TFT substrate 4 is provided with gate wirings
11 which are parallel with each other and source wirings 12
which are parallel with each other. The gate wirings 11 and
the source wirings 12 cross each other in plan view, and a
pixel region is disposed corresponding to an individual region
surrounded by the gate wiring 11 and the source wiring 12.
[0066] The gate wiring 11 is formed on a translucent sub-
strate 40 constituting the TFT substrate 4, and an upper part
thereof is covered with a gate insulation film 18. A semicon-
ductor thin film 15 serving as a channel layer of the TFT is
formed on the gate insulation film 18 so as to overlap with the
gate wiring 11, and asource electrode 13 and a drain electrode
14 of the TFT are formed thereon. An overlapping portion
with the semiconductor thin film 15 in the gate wiring 11
functions as a gate electrode of the TFT. Moreover, the source
electrode 13 is connected to the source wiring 12.

[0067] Furthermore, a pixel electrode 162 constituted by a
transparent conductive film is formed in almost the whole
pixel region. A part of the pixel electrode 162 is provided over
the drain electrode 14 so that both of them are electrically
connected to each other.

[0068] A counter electrode 161 constituted by a transparent
conductive film having a plurality of slits 200 is formed above
the pixel electrode 162 through an interlayer insulation film
19. A predetermined electric potential (a common potential)
is supplied from a common wiring 17 to the counter electrode
161. The common wiring 17 and the gate wiring 11 are
provided on the same layer, and the counter electrode 161 is
connected to the common wiring 17 through a contact hole
20.
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[0069] An alignment film subjected to rubbing processing
is formed on an outermost surface at the liquid crystal 5 side
in the TFT substrate 4, which is not shown. An arrow RB
shown in FIG. 4 indicates a rubbing direction of the alignment
film.

[0070] On the other hand, the counter substrate 6 includes
the black matrix 7 formed on the opposed surface to the TFT
substrate 4 in a translucent substrate 60 and the parallax
barrier 8 formed on an opposite surface thereto (the visual
recognition side). Accordingly, the gap between the black
matrix 7 and the parallax barrier 8 is defined by a thickness of
the translucent substrate 60. Moreover, a colored layer 73
having each of red, green and blue colors and an overcoat
layer 74 for covering the colored layer 73 are further formed
on the opposed surface to the TFT substrate 4 in the translu-
cent substrate 60.

[0071] The multiple view liquid crystal display according
to the first preferred embodiment includes regions in which
the slits 200 of the counter electrode 161 are designed differ-
ently from each other in the respective pixel regions. In other
words, a first region in which an angle formed by an extending
direction (a direction along a long side (a longitudinal direc-
tion)) of the slit 200 and the rubbing direction RB is repre-
sented by A1 and a second region in which an angle formed by
the extending direction of the slit 200 and the rubbing direc-
tion RB is represented by A2 are provided in each of the pixel
regions. The first region is disposed on the left and right ends
of the pixel region and the second region is disposed in the
central part of the pixel region. As shown in F1G. 5, “the end
of the pixel region” in which the first region is disposed is
mainly covered with the black matrix 7 (the first light shield-
ing portion 71 or the second light shielding portion 72).
[0072] As shown in FIG. 4, the angle Al formed by the
extending direction of the slit 200 and the rubbing direction
RB in the first region is set to be greater than the angle A2
formed by the extending direction of the slit 200 and the
rubbing direction RB in the second region (that is, A1>A2). In
the present preferred embodiment, the rubbing directions RB
are set to be identical to each other in the first region and the
second region, and the extending directions of the slits 200 are
set to be different from each other in the first region and the
second region. Thus, the relationship is obtained. Moreover,
each slit 200 takes a shape of a polygonal line which is
continuous from the vicinity of a right end to the vicinity of a
left end in the counter electrode 161 and is bent on the bound-
ary between the first region and the second region.

[0073] Herein, a separating direction of an image in the
multiple view liquid crystal display is assumed to be a hori-
zontal direction. For example, in the case in which the sepa-
rating direction of the image is equivalent to a vertical direc-
tion, the first region is disposed on upper and lower ends of the
pixel region and the second region is disposed therebetween.
In other words, the first region is disposed on the end in the
separating direction of the image in the pixel region.

[0074] FIGS. 6A and 6B are graphs each showing an influ-
ence of an angle formed by an extending direction of a slitand
a rubbing direction in a counter electrode on a relationship
between a driving voltage of a liquid crystal and a transmit-
tance of the liquid crustal (a transmittance-voltage character-
istic) in a liquid crystal panel in an FFS mode. A graph of FIG.
6B is obtained by enlarging a portion shown in an elliptical
dotted line (a range in which a driving voltage is 0V to 2V) in
the graph of FIG. 6A. FIGS. 6A and 6B show respective
graphs in the case in which the angle formed by the extending



US 2014/0218670 Al

direction of the slit and the rubbing direction in the counter
electrode is 5 degrees, the case in which the angle is 10
degrees and the case in which the angle is 15 degrees. A
standardized transmittance taken as ordinate axes in the
graphs of FIGS. 6 A and 6B indicates a transmittance in which
“1” represents the case in which all incident light is transmit-
ted light.

[0075] The liquid crystal panel in the FFS mode has a
feature that an inclination of the transmittance-voltage char-
acteristic is decreased if the angle formed by the extending
direction of the slit and the rubbing direction in the counter
electrode is increased. For this reason, within a range in which
the driving voltage of the liquid crystal is low, the transmit-
tance of the liquid crystal is increased with increase in the
angle formed by the extending direction of the slit and the
rubbing direction as shown in FIG. 6B. With the pixel having
the slit 200 shown in FIG. 4, accordingly, the transmittance is
higher at the end (the first region) in the pixel region having a
large angle formed by the extending direction of the slit 200
and the rubbing direction than the central part having the
small angle when the driving voltage of the liquid crystal is
low.

[0076] The liquid crystal panel 10 according to the present
preferred embodiment is set into a normally black mode. For
this reason, black display (low luminance display) is carried
out within a range in which the driving voltage of the liquid
crystal is low. In other words, with the pixel of FIG. 4, the
central part has a higher luminance at the end than that in the
central part when the black display is carried out.

[0077] As described with reference to the equation (1), a
method of decreasing a crosstalk in the multiple view liquid
crystal display includes a method of increasing a black lumi-
nance (L,,). However, there is a problem in that it is impos-
sible to make the best of the feature of a horizontal electric
field mode, that is, a contrast ratio is increased (a black lumi-
nance is reduced) when the black luminance is increased in
the multiple view liquid crystal display in the horizontal
electric field mode in the related art.

[0078] Inthe present preferred embodiment, it is noted that
the crosstalk is easily recognized visually in the black display
and only the light emitted from the end of the pixel contributes
to the crosstalk, and the luminance on the end of each pixel
(the first region) is made higher than that in the central part
(the second region) in the black display. Consequently, the
method of increasing the black luminance is carried out at the
end of the pixel contributing to the crosstalk while the black
luminance is maintained to be low in the central part of the
pixel. In the multiple view liquid crystal display according to
the present preferred embodiment, accordingly, it is possible
to reduce the crosstalk while preventing the feature of the
horizontal electric field mode, that is, a high contrast ratio,
from being damaged.

[0079] 1t is preferable that the angle Al formed by the
extending direction of the slit 200 and the rubbing direction
RB in the first region and the angle A2 formed by the extend-
ing direction of the slit 200 and the rubbing direction RB in
the second region should be 0 degree<A1<15 degrees and 5
degrees<A2<30 degrees, respectively.

[0080] Description will be given to a method of manufac-
turing the TFT substrate 4 according to the present preferred
embodiment.

[0081] First of all, a metal film is formed on the translucent
substrate 40 such as a glass substrate by sputtering and is
subjected to patterning by a photomechanical process and
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etching so that the gate wiring 11 and the common wiring 17
are formed. Then, the gate insulation film 18 is formed to
cover the gate wiring 11 and the common wiring 17.

[0082] Subsequently. a semiconductor thin film including
an intrinsic semiconductor layer (an i layer) to be a lower
layer and an n-type semiconductor layer to be an upper layer
are formed on the gate insulation film 18. Then, the semicon-
ductor thin film is subjected to the patterning so that the
semiconductor thin film 15 serving as the channel layer of the
TFT is formed. Furthermore, a metal film is formed by the
sputtering and is then subjected to the patterning so that the
source wiring 12, the source electrode 13 and the drain elec-
trode 14 are formed. In etching for the patterning, the whole
n layer in the semiconductor thin film 15 portion exposed
between the source wiring 12 and the source electrode 13 and
apart of the i layer are removed (back channel etch). Conse-
quently, the TFT is formed.

[0083] Then, an ITO to be a transparent conductive film is
formed and is subjected to the patterning so that the pixel
electrode 162 is formed. Furthermore, the interlayer insula-
tion film 19 is formed so that the contact hole 20 reaching the
common wiring 17 is formed on the interlayer insulation film
19. Thereafter, the ITO is formed by the sputtering again and
is subjected to the patterning so that the counter electrode 161
having the slit 200 is formed. At this time, a part of the counter
electrode 161 is connected to the common wiring 17 through
the contact hole 20.

[0084] Throughthe steps, the TFT substrate 4 is completed.

[0085] Inthe present preferred embodiment, in the pattern-
ing step for the counter electrode 161, the extending direction
of the slit 200 to be provided on the counter electrode 161 is
made different at the end (the first region) and the central part
(the second region) in the pixel. Consequently, the angle
formed by the extending direction of the slit 200 in the
counter electrode 161 and the direction (the rubbing direction
RB) of the rubbing processing to be then executed can be
different between the first region and the second region (so as
to obtain A1>A2).

[0086] The alignment film for controlling the alignment of
the liquid crystal 5 is provided on the respective surfaces
(surfaces on the liquid crystal 5 side) of the completed TFT
substrate 4 and the counter substrate 6 fabricated separately.
The alignment film is formed by coating a material such as a
polyimide resin and executing predetermined liquid crystal
alignment processing over the surface. In the present pre-
ferred embodiment, a rubbing method of rubbing the surface
of the alignment film in one direction (the rubbing direction
RB) with a cloth provided on a surface of a rotary roller or the
like is used as the liquid crystal alignment processing.

[0087] The liquid crystal alignment processing to be
executed over the alignment film is not restricted to the rub-
bing method. For example, it is also possible to use an optical
alignment method of carrying out liquid crystal alignment
processing by irradiating the surface of the alignment film
with light such as ultraviolet rays. Also in the case in which an
optical alignment method is used, the direction of the liquid
crystal alignment processing may be the same as that in the
case in which the rubbing method is used (the same as the
rubbing direction RB). Second to fifth preferred embodi-
ments which will be described below are also carried out in
the same manner.
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Second Preferred Embodiment

[0088] FIGS. 7 and 8 are views showing a structure of a
pixel in a multiple view liquid crystal display according to a
second preferred embodiment. FIG. 7 is a plan view showing
the pixel and FIG. 8 is a sectional view taken along a C-C line
illustrated in FIG. 7. InF1G. 7, a liquid crystal 5 and a counter
substrate 6 are not shown. For this reason, a planar structure
of a pixel portion in a TFT substrate 4 is shown. On the other
hand, FIG. 8 shows the liquid crystal 5 and the counter sub-
strate 6 in addition to the TFT substrate 4.

[0089] Asshownin FIG. 7, in the pixel of the multiple view
liquid crystal display according to the second preferred
embodiment, a slit to be provided on a counter electrode 161
is separated into a first region portion and a second region
portion. In other words, a slit 201 and a slit 202 are indepen-
dently provided on the counter electrode 161 respectively.
The slit 201 is provided on an end of a pixel region (the first
region) and the slit 202 is provided on a central part of the
pixel region (the second region).

[0090] The other structures are the same as those in the first
preferred embodiment. In other words, the slits 201 and 202
are laid out in such a manner that an angle Al formed by an
extending direction of the slit 201 in the first region and a
rubbing direction RB is greater than an angle A2 formed by an
extending direction of'the slit 202 in the second region and the
rubbing direction RB (A1>A2). More specifically, the rub-
bing direction RB is set to be identical in the first region and
the second region, and the extending direction of the slit 201
and that of the slit 202 are set to be different from each other.
Thus, the relationship of A1>A2 is obtained.

[0091] Also in the second preferred embodiment, it is pos-
sible to obtain the same effect as that in the first preferred
embodiment. By individually disposing the slit in the first
region and the second region, moreover, it is possible to
generally lessen a region in which the slit cannot be disposed
in a rectangle pixel region, thereby providing a slit 200 over
the whole pixel region (in comparison between FIGS. 4 and 7,
an area occupied by the slit of the counter electrode 161 is
larger in FIG. 7). Consequently, a transmittance of the liquid
crystal 5in the first region can be brought into a more uniform
state. In addition, it is also possible to obtain an effect for
increasing a light utilization efficiency.

[0092] Furthermore, the counter electrode 16 has a grid-
like pattern. Consequently, redundancy of the counter elec-
trode 161 is increased. For example, even though a pattern
defect is caused in formation of the counter electrode 161, a
portion to which a common potential is not supplied is rarely
generated in the counter electrode 161.

[0093] Itis also possible to use the combination of the slits
201 and 202 according to the present preferred embodiment
with the slit 200 according to the first preferred embodiment.
Forexample, in FIG. 4, the slit 201 or 202 may be provided in
a region in which the slit 200 cannot be disposed. Conse-
quently, it is also possible to obtain the same effect as that in
the second preferred embodiment.

[0094] Since a method of manufacturing the TFT substrate
4 according to the second preferred embodiment may be the
same as that in the first preferred embodiment except for a
difference in the pattern of the slit to be provided on the
counter electrode 161, description will be omitted.

Third Preferred Embodiment

[0095] FIGS. 9 and 10 are views showing a structure of a
pixel in a multiple view liquid crystal display according to a
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third preferred embodiment. FIG. 9 is a plan view showing the
pixel and FIG. 10 is a sectional view taken along a C-C line
illustrated in FIG. 9. InF1G. 9, a liquid crystal 5 and a counter
substrate 6 are not shown. For this reason, a planar structure
of a pixel portion in a TFT substrate 4 is shown. On the other
hand, FIG. 10 shows the liquid crystal 5 and the counter
substrate 6 in addition to the TFT substrate 4.

[0096] In the third preferred embodiment, an extending
direction of a slit 200 in a counter electrode 161 is set to be a
direction which is different from a separating direction of an
image in the multiple view liquid crystal display, that is, a
vertical direction. Also in the present preferred embodiment,
a region in which the design of the slit 200 in the counter
electrode 161 is mutually different is provided in each pixel
region. A first region and a second region are disposed. In the
first region, a slit 203 having a great width is provided. In the
second region, a slit 204 having a small width is provided. In
other words, a relationship of W1>W?2 is obtained, wherein
the width of the slit 203 in the first region is represented by
W1 and the width of the slit 204 in the second region is
represented by W2. The first region is disposed on left and
right ends in the pixel region (ends in the separating direction
of the image), and the second region is disposed in the central
part of the pixel region.

[0097] FIGS. 11A and 11B are graphs each showing an
influence of the width of the slit of the counter electrode on a
relationship between a driving voltage of a liquid crystal and
a transmittance of the liquid crustal (a transmittance-voltage
characteristic) in a liquid crystal panel in an FFS mode. A
graph of FIG. 11B is obtained by enlarging a portion shown in
an elliptical dotted line (a range in which a driving voltage is
0Vto 2V)in the graph of FIG. 11A. FIGS. 11A and 11B show
respective graphs in the case in which the width of the slit of
the counter electrodeis 3.5 pm and the case in which the width
is 7.0 um.

[0098] Intheliquidcrystal panel in the FFS mode, when the
width of the slit of the counter electrode is increased, the
transmittance of the liquid crystal with a low driving voltage
is increased. With the pixel having the slits 203 and 204
shown in FIG. 9, accordingly, the transmittance is higher at
the end of the pixel region provided with the slit 203 having
the great width (the first region) than the central part provided
with the slit 204 having the small width when black display is
carried out. Therefore, it is possible to obtain the same effect
as that in the first preferred embodiment.

[0099] Since a method of manufacturing the TFT substrate
4 according to the third preferred embodiment may be the
same as that in the first preferred embodiment except for a
difference in the pattern of the slit to be provided on the
counter electrode 161, description will be omitted.

Fourth Preferred Embodiment

[0100] FIGS. 12 and 13 are views showing a structure of a
pixel in a multiple view liquid crystal display according to a
fourth preferred embodiment. FIG. 12 is a plan view showing
the pixel and FIG. 13 is a sectional view taken along a C-C
line illustrated in FIG. 12. In FIG. 12, a liquid crystal 5 and a
counter substrate 6 are not shown. For this reason, a planar
structure of a pixel portion in a TFT substrate 4 is shown. On
the other hand, FIG. 13 shows the liquid crystal 5 and the
counter substrate 6 in addition to the TFT substrate 4.

[0101] In the fourth preferred embodiment, a slit 200 of a
counter electrode 161 is caused to take a linear shape which is
continuous from the vicinity of a right end to the vicinity of a
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left end in the counter electrode 161, and a rubbing direction
is varied in a first region and a second region. In other words,
an extending direction of the slit 200 is set to be identical in
the first region and the second region, and a rubbing direction
RBI in the first region is made different from a rubbing
direction RB2 in the second region. Similarly, the first region
is disposed at left and right ends in a pixel region (ends in a
separating direction of an image) and the second region is
disposed in a central part of the pixel region.

[0102] In the fourth preferred embodiment, the rubbing
direction is varied in the first region and the second region to
cause an angle Al formed by the extending direction of the
slit 200 in the first region and the rubbing direction RB1 to be
greater than an angle A2 formed by the extending direction of
the slit 200 in the second region and the rubbing direction
RB2 (that is, A1>A2).

[0103] As a result, in the same manner as in the first pre-
ferred embodiment, a transmittance is higher at the end of the
pixel region having the greater angle formed by the extending
direction of the slit 200 and the rubbing direction (the first
region) than the central part having the smaller angle when
the black display is carried out. Accordingly, it is possible to
obtain the same effect as that in the first preferred embodi-
ment.

[0104] Moreover, the shape of the slit 200 can be linear. In
arectangular pixel region, therefore, it is possible to generally
lessen a region in which the slit cannot be disposed, thereby
providing the slit 200 in the whole pixel region. The effect can
also be obtained in the second preferred embodiment. How-
ever, it is not necessary to divide the slit in the first region and
the second region and the slit is also provided in a boundary
portion between the first region and the second region. Refer-
ring to uniformity of the transmittance of the liquid crystal 5
in the first region and increase in a light utilization efficiency,
therefore, it is possible to expect a greater effect than that in
the second preferred embodiment.

[0105] Inthe same manner as in the first preferred embodi-
ment, it is preferable that the angle A1 formed by the extend-
ing direction of the slit 200 and the rubbing direction RB in
the first region and the angle A2 formed by the extending
direction of the slit 200 and the rubbing direction RB2 in the
second region should be 0 degree<Al1<l5 degrees and 5
degrees<A2<30 degrees, respectively.

[0106] A method of manufacturing the TFT substrate 4
according to the fourth preferred embodiment may be the
same as that in the first preferred embodiment except for a
difference in the pattern of the slit provided in the counter
electrode 161. However, it is necessary to carry out liquid
crystal alignment processing in different direction for the first
region and the second region over an alignment film provided
on the surface of the TFT substrate 4. For example, in the case
in which rubbing processing is executed as the liquid crystal
alignment processing for the alignment film, it is possible to
use a mask rubbing method of performing selective rubbing
processing by providing a mask every region. Also in the case
in which an optical alignment method or the like other than
the rubbing method is used, moreover, it is possible to employ
a selective method using the mask.

Fifth Preferred Embodiment

[0107] FIGS. 14 and 15 are views showing a structure of a
pixel in a multiple view liquid crystal display according to a
fifth preferred embodiment. FIG. 14 is a plan view showing
the pixel and FIG. 15 is a sectional view taken along a C-C
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line illustrated in FIG. 14. In FIG. 14, a liquid crystal 5 and a
counter substrate 6 are not shown. For this reason, a planar
structure of a pixel portion in a TFT substrate 4 is shown. On
the other hand, FIG. 15 shows the liquid crystal 5 and the
counter substrate 6 in addition to the TFT substrate 4.
[0108] In the fifth preferred embodiment, a thickness of an
interlayer insulation film 19 between a pixel electrode 162
and a counter electrode 161 is varied in a first region and a
second region, and a thickness T1 of an interlayer insulation
film 19 in the first region is set to be smaller than a thickness
T2 of the interlayer insulation film 19 in the second region
(T1<T2). In the present preferred embodiment, the interlayer
insulation film 19 in the first region is set to have a single layer
structure of an insulation film 194 and the interlayer insula-
tion film 19 in the second region is set to have a two-layer
structure in which an insulation film 1954 1s superposed on the
insulation film 19a. Thus, the relationship of T1<T2 can be
obtained.

[0109] FIGS. 16A and 16B are graphs each showing an
influence of the thickness of the interlayer insulation film
between the pixel electrode and the counter electrode on a
relationship between a driving voltage of a liquid crystal and
a transmittance of the liquid crustal (a transmittance-voltage
characteristic) in a liquid crystal panel in an FFS mode. A
graph of FIG. 16B is obtained by enlarging a portion shown in
an elliptical dotted line (a range in which a driving voltage is
0Vto 2V)in the graph of FIG. 16 A. FIGS. 16 A and 16B show
respective graphs in the case in which the thickness of the
interlayer insulation film is 0.4 um and the case in which the
thickness is 0.6 um.

[0110] Inthe liquid crystal panel in the FFS mode, when the
interlayer insulation film 19 is thinner (a distance between the
counter electrode 161 and the pixel electrode 162 is smaller),
an electric field intensity generated in application of the same
voltage to the pixel electrode 162 is increased. Therefore,
alignment of a liquid crystal is changed with a lower voltage
so that a transmittance is increased. In a pixel having the
interlayer insulation film 19 shown in FIG. 15, therefore, the
transmittance is higher at the end of the pixel region provided
with the thin interlayer insulation film 19 (the first region)
than the central part provided with the thick interlayer insu-
lation film 19 when black display is carried out. Therefore, it
is possible to obtain the same effect as that in the first pre-
ferred embodiment.

[0111] A method of manufacturing the TFT substrate 4
according to the fifth preferred embodiment may be the same
as that in the first preferred embodiment except for a differ-
ence in the pattern of the slit to be provided on the counter
electrode 161 and a difference in the thickness of the inter-
layer insulation film 19. In the present preferred embodiment,
a method of causing the interlayer insulation film 19 to have
a two-layer structure including insulation films 19a and 194
and carrying out patterning over the insulation films 194 and
195 into different shapes from each other is employed for the
method of forming the thicker interlayer insulation film 19 in
the second region than that in the first region. In other words,
the insulation film 194 is formed on the insulation film 19a
and the insulation film 195 is then subjected to patterning in
such a manner that the insulation film 194 is left only in the
second region.

[0112] Also in the case in which the insulation film 194 is
previously subjected to the patterning to be left only in the
second region and the insulation film 195 is formed in the
whole pixel region (both of the first region and the second
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region) in order to cover the insulation film 194 subjected to
the patterning, alternatively, it is possible to form the inter-
layer insulation film 19 which is thicker in the second region
than the first region.

[0113] Although an end face of the insulation film 195 left
in the second region is almost perpendicular to an upper
surface of the insulation film 19¢ in FIG. 15, it may be
inclined to some degree. In the case in which a difference
between the thicknesses T1 and T2 is set to be great, particu-
larly, a step in that portion is enlarged so that the alignment
processing is badly influenced. For this reason, it is preferable
to incline the end face of the insulation film 195 in order to
relieve the bad influence. In other words, it is preferable that
the thick portion of the interlayer insulation film 19 should
take a taper shape in which a bottom part is wider than an
upper part. This is the same as in the case in which one of the
insulation films 19a and 195 is subjected to the patterning.

[0114] <Variant>

[0115] In the first to fifth preferred embodiments, there are
shown the examples in which the present invention is applied
to the liquid crystal panel in the FFS mode in which the
counter electrode 161 having the slit (the opening portion) is
disposed above the plate-shaped pixel electrode 162 through
the interlayer insulation film 19. Referring to the liquid crys-
tal panel in the FFS mode, conversely, it is also supposed to
employ a structure in which the pixel electrode 162 having the
slit (the opening portion) is disposed above the plate-shaped
counter electrode 161. The present invention can also be
applied to the latter structure in addition to the former struc-
ture.

[0116] In the case of the latter structure, by setting the
relationship between the extending direction of the slit pro-
vided on the pixel electrode 162 and the rubbing direction to
be the same as the relationship between the extending direc-
tion of the slit provided on the counter electrode 161 and the
rubbing direction in the first to fourth preferred embodiments,
it is possible to obtain the same effects as those in the first to
fourth preferred embodiments. If the thickness of the inter-
layer insulation film provided between the counter electrode
161 to be the lower layer and the pixel electrode 162 to be the
upper layer is set to be greater in the central part of the pixel
region (the second region), moreover, it is possible to obtain
the same effect as that in the fifth preferred embodiment.

[0117] In other words, the first to fifth preferred embodi-
ments can be applied to a liquid crystal panel with a structure
(the FFS mode) including an electrode to be a lower layer and
an electrode to be an upper layer having a slit for generating
a fringe electric field therewith in each pixel region.

[0118] Moreover, the present invention can also be applied
to a liquid crystal panel in a horizontal electric field mode
other than the FFS mode or a liquid crystal panel in a VA
(Vertical Alignment) mode. In other words, also in the mul-
tiple view liquid crystal display of the parallax barrier type
using the liquid crystal panel in the normally black mode, it is
possible to reduce the visibility of a crosstalk without
decreasing a contrast ratio within a visual field range on a
practical use basis by defining a first region (an end of a pixel
region) for emitting light contributing to the crosstalk and a
second region (a central part of the pixel region) for emitting
light in a front direction of a screen in each pixel based on a
positional relationship between a parallax barrier and an
opening and regulating voltage-transmittance characteristics
in the first region and the second region in such a manner that
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aluminance in the first region is higher than that in the second
region when black display is carried out.

[0119] While the invention has been shown and described
in detail, the foregoing description is in all aspects illustrative
and not restrictive. It is therefore understood that numerous
modifications and variations can be devised without depart-
ing from the scope of the invention.

What is claimed is:

1. A multiple view liquid crystal display comprising:

a liquid crystal panel in a normally black mode; and

a parallax barrier provided on a front surface of said liquid

crystal panel,

wherein each pixel of said liquid crystal panel includes a

first region and a second region which have different
voltage-transmittance characteristics from each other;
said first region includes an end of said pixel,

said second region includes a central part of said pixel, and

said first region has a voltage-transmittance characteristic

having a higher transmittance than that in said second
region when low luminance display is carried out.

2. The multiple view liquid crystal display according to
claim 1, wherein said liquid crystal panel includes a black
matrix for defining a region of each pixel, and

said first region is disposed under a light shielding portion

of said black matrix.

3. The multiple view liquid crystal display according to
claim 1, wherein said pixel includes an electrode provided
with a slit for generating a fringe electric field,

said liquid crystal panel includes two substrates interpos-

ing a liquid crystal therebetween and said substrate on a
side where said electrode is disposed is provided with an
alignment film subjected to liquid crystal alignment pro-
cessing in a predetermined direction, and

an angle formed by an extending direction of said slit in

said first region and a direction of said liquid crystal
alignment processing is greater than an angle formed by
an extending direction of said slit in said second region
and a direction of said liquid crystal alignment process-
ing.

4. The multiple view liquid crystal display according to
claim 3, wherein said direction of said liquid crystal align-
ment processing is identical in said first region and said sec-
ond region, and

said extending direction of said slit is different between

said first region and said second region.

5. The multiple view liquid crystal display according to
claim 3, wherein said slit is bent in a boundary between said
first region and said second region.

6. The multiple view liquid crystal display according to
claim 3, wherein said slit provided in said first region and said
slit provided in said second region are separated from each
other.

7. The multiple view liquid crystal display according to
claim 3, wherein said extending direction of said slit is iden-
tical in said first region and said second region, and

said direction of said liquid crystal alignment processing is

different between said first region and said second
region.

8. The multiple view liquid crystal display according to
claim 1, wherein said pixel includes an electrode provided
with a slit for generating a fringe electric field,

said liquid crystal panel includes two substrates interpos-

ing a liquid crystal therebetween and said substrate on a
side where said electrode is disposed is provided with an



US 2014/0218670 Al Aug. 7,2014
10

alignment film subjected to liquid crystal alignment pro-
cessing in a predetermined direction, and
a width of said slit provided in said first region is greater
than a width of said slit provided in said second region.
9. The multiple view liquid crystal display according to
claim 1, wherein said pixel includes a first electrode provided
with a slit for generating a fringe electric field, and a second
electrode disposed opposite to said first electrode through an
insulation film, and
a thickness of said insulation film in said first region is
smaller than a thickness of said insulation film in said
second region.
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