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(57) ABSTRACT

In a liquid crystal display (10) having a curved display sur-
face, long sides of pixel structures (11) are arranged along the
curve direction (Y) of the display surface and on a side of
counter substrate provided is a black matrix having a black
matrix opening (41a) whose length in the curve direction (Y)
is not longer than B-L {(T1/2)+(T2/2)+d}/R, assuming that
the length of the display surface in the curve direction (Y) is
L, thethickness ofan array substrate is T1, the thickness of the
counter substrate is T2, the size of the gap between the array
substrate and the counter substrate is d, the radius of curvature
of the curved display surface is R and the length ofa long side
of a pixel electrode (29) provided in each of the pixel struc-
tures (11) is E. It thereby becomes possible to suppress dis-
play unevenness resulting from positional misalignment of
the two substrates due to curvature and provide a liquid crys-
tal display achieving a high-quality display image.
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LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play having a curved display surface.

[0003] 2. Description of the Background Art

[0004] A transmission type liquid crystal display in the
background art consists of a liquid crystal panel in which fluid
liquid crystal is sealed between a pair of flat glass substrates
and polarizing plates are disposed on respective external sur-
faces of the glass substrates and a backlight, which are
stacked, and its display surface is flat. By using a flexible
substrate having a thickness of 0.3 mm or less, such as a thin
glass substrate, a plastic film or the like, in this transmission
type liquid crystal display, a liquid crystal display having a
curved display surface can be achieved. Such a liquid crystal
display having a curved display surface has a great degree of
freedom in design and achieves excellent functions in practi-
cal utility. If the display surface has a particular curved form,
for example, it is possible to effectively suppress reflection of
extraneous light (see, e.g., Japanese Patent Application Laid
Open Gazette No. 6-3650).

[0005] In manufacturing a liquid crystal display using thin
glass substrates, in order to keep the pattern accuracy of
various microstructures formed on surfaces of the substrates
and ensure easy handling in transfer or the like, thick glass
substrates are used till halfway in the manufacturing process,
and the two glass substrates are pasted together and then
thinned by etching or polishing (see, e.g., Japanese Patent
Application Laid Open Gazette No. 2005-128411).

[0006] In such a case as above where flat glass substrates
are pasted together and then thinned and curved, disadvanta-
geously, luminance unevenness occurs in displaying an
image and display unevenness thereby occurs. This is caused
by the fact that the curvatures of the two glass substrates vary
by almost the thicknesses of the substrates and the relative
positions of pixel structures arranged on these substrates
become misaligned in the curve direction. Such positional
misalignment is caused not only in the case where thin glass
substrates are used but also in the case where plastic films are
used as substrates, when flat substrates are pasted together
and then curved.

[0007] Another method of manufacturing a liquid crystal
display using flexible thin glass substrates is proposed, where
awall structure of resin is formed in aliquid crystal layer and
two substrates are bonded by the wall structure, to suppress
the positional misalignment (see, e.g., Japanese Patent Appli-
cation Laid Open Gazette No. 2004-219769). In the method
disclosed in the above Patent Document, since a photocurable
resin is mixed into liquid crystal and the wall structure and the
substrates are bonded by light emission, uncured components
are sometimes left in the liquid crystal as impurities. When
the uncured components are left in the liquid crystal as impu-
rities, it disadvantageously becomes easier to cause display
failures such as burn-in and the like.

[0008] Still another method is proposed, where pixel struc-
tures such as color filters, black matrixes and the like which
are usually formed on a counter substrate are formed on the
side of an array substrate (see, e.g., Japanese Patent Applica-
tion Laid Open Gazette No. 2007-94102). In such a method,
however, since a process of manufacturing color filters, black
matrixes and the like is added to the process of manufacturing
the array substrate, though these processes are usually per-
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formed concurrently, the time period required to manufacture
the whole liquid crystal display disadvantageously becomes
longer.

SUMMARY OF THE INVENTION

[0009] The present invention is intended for a liquid crystal
display. According to a first aspect of the present invention,
the liquid crystal display includes an array substrate, a
counter substrate and a liquid crystal layer. The array sub-
strate has a plurality of rectangular pixel structures which are
arranged in matrix. The counter substrate is opposed to the
array substrate and has a color filter and a black matrix. The
liquid crystal layer is held between the array substrate and the
counter substrate. Further, the liquid crystal display has a
curved display surface formed of the array substrate and the
counter substrate both being curved. Long sides of the pixel
structures are arranged along a curve direction of the display
surface. A rectangular pixel electrode is provided in each of
the pixel structures, with its long side being arranged along
the long side of the pixel structure. The length of an opening
sectioned by the black matrix in the curve direction is not
longer than E-L {(T1/2)+(T2/2)+d}/R, where L is the length
of the display surface in the curve direction, T1 is the thick-
ness of the array substrate, T2 is the thickness of the counter
substrate, d is the size of a gap between the array substrate and
the counter substrate, R is the radius of curvature of the
curved display surface and E is the length of the long side of
the pixel electrode provided in each of the pixel structures.
[0010] The liquid crystal display of the present invention
can suppress a light leak occurring around the pixel electrode
provided in each of the pixel structures and suppress display
unevenness resulting from positional misalignment between
the array substrate and the counter substrate due to curvature.
[0011] Further, the liquid crystal display can suppress a
decrease in luminance as compared with a case where short
sides of the pixel structures are arranged along the curve
direction of the display surface.

[0012] Therefore, it 1s possible to provide a liquid crystal
display achieving a high-quality image display with less dis-
play unevenness and high luminance.

[0013] According to a second aspect of the present inven-
tion, the liquid crystal display includes an array substrate, a
counter substrate and a liquid crystal layer. The array sub-
strate has a plurality of rectangular pixel structures which are
arranged in matrix. The counter substrate is opposed to the
array substrate and has a color filter and a black matrix. The
liquid crystal layer is held between the array substrate and the
counter substrate. Further, the liquid crystal display has a
curved display surface formed of the array substrate and the
counter substrate both being curved. Long sides of the pixel
structures are arranged along a curve direction of the display
surface. The length of an opening sectioned by the black
matrix in the curve direction is not longer than P-L {(T1/2)+
(T2/2)+d}/R, where L is the length of the display surface in
the curve direction, T1 is the thickness of the array substrate,
T2 is the thickness of the counter substrate, d is the size of a
gap between the array substrate and the counter substrate, R is
the radius of curvature of the curved display surface and P is
the length of the long side of each of the pixel structures.
[0014] The liquid crystal display of the present invention
can suppress a light leak occurring around the pixel electrode
provided in each of the pixel structures and suppress display
unevenness resulting from positional misalignment between
the array substrate and the counter substrate due to curvature.
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[0015] Further, the liquid crystal display can suppress a
decrease in luminance as compared with the case where short
sides of the pixel structures are arranged along the curve
direction of the display surface.

[0016] Therefore, it is possible to provide a liquid crystal
display achieving a high-quality image display with less dis-
play unevenness and high luminance.

[0017] Tt is an object of the present invention to suppress
display unevenness resulting from positional misalignment
between two substrates due to curvature and to thereby pro-
vide a liquid crystal display achieving a high-quality display
image.

[0018] These and other objects, features, aspects and
advantages of the present invention will become more appar-
ent from the following detailed description of the present
invention when taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG.11sa plan view showing pixel structures 11 in
aliquid crystal display 10 of a first preferred embodiment of
the present invention;

[0020] FIG.2isacross section viewed from the section line
X2-X2 of FIG. 1,

[0021] FIG. 3 is a plan view showing a constitution of a
liquid crystal panel 50 in the liquid crystal display 10 before
being curved,;

[0022] FIG. 4 is a perspective view showing the liquid
crystal panel 50 with its display surface being curved con-
cavely;

[0023] FIG.5isaplan view showing pixel structures 11a in
a first display area M1 of the liquid crystal panel 50;

[0024] FIG. 6isaplan view showing pixel structures 115in
a second display area M2 of the liquid crystal panel 50;
[0025] FIG.71sa plan view showing pixel structures 11c in
a third display area M3 of the liquid crystal panel 50;

[0026] FIG. 8isacross sectionviewed from the plane of an
array substrate 12 and a counter substrate 13 along the curve
direction'Y as the liquid crystal panel 50 is curved,

[0027] FIG.9is across section viewed from the section line
X9-X9 of FIG. 4;

[0028] FIG. 10 is a cross section viewed from the section
line X10-X10 of FIG. 4;

[0029] FIG. 11 is a plan view showing a structure of a pixel
structure in the array substrate 12;

[0030] FIG.12is aplan view showing a black matrix open-
ing 41a of the first preferred embodiment of the present
invention;

[0031] FIG.13is aplan view showing a black matrix open-
ing 415 that is another example of black matrix opening;
[0032] FIG. 14 is a cross section showing a method of
manufacturing the counter substrate 13;

[0033] FIG. 15 is a cross section showing a method of
manufacturing the array substrate 12;

[0034] FIG. 16 is an end elevation at the section line X16-
X16 of F1G. 17,

[0035] FIG.17 is a plan view showing a main seal 52 and a
dummy seal 61 on a glass substrate;

[0036] FIG. 18 is a cross section showing a structure in a
state where liquid crystal is injected between two glass sub-
strates 20 and 40,
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[0037] FIG. 19 is a cross section showing a structure in a
state where an array substrate-side polarizing plate 33 and a
counter substrate-side polarizing plate 46 are pasted to the
structure of FIG. 18;

[0038] FIG. 20 is a cross section showing a structure in a
state where the liquid crystal panel 50 and a support plate 66
are pasted together;

[0039] FIG. 21 is a cross section showing a structure of the
liquid crystal display 10 in a horizontal direction;

[0040] FIG. 22 is a perspective view simply showing the
structure of the liquid crystal display 10 in the horizontal
direction;

[0041] FIG. 23 is a perspective view showing the liquid
crystal panel 50 with its display surface being curved con-
vexly;

[0042] FIG. 24 is a plan view showing pixel structures 114

in a first display area M11 of the liquid crystal panel 50;
[0043] FIG. 25 is a plan view showing pixel structures 11e
in a second display area M12 of the liquid crystal panel 50;
[0044] FIG. 26 is a plan view showing pixel structures 111
in a third display area M13 of the liquid crystal panel 50;
[0045] FIG. 27 is a cross section viewed from the plane of
the array substrate 12 and the counter substrate 13 along the
curve direction Y as the liquid crystal panel 50 is curved;
[0046] FIG. 28 is aplan view showing pixel structures 70 in
aliquid crystal display of a third preferred embodiment of the
present invention;

[0047] FIG.29isaplanview showing a structure of a liquid
crystal panel 75 of the liquid crystal display before being
curved;

[0048] FIG. 30 is a perspective view showing the liquid
crystal panel 75 with its display surface being curved con-
vexly;

[0049] FIG. 31 is a plan view showing pixel structures 70a

in a first display area N1 of the liquid crystal panel 75,
[0050] FIG. 32 is a plan view showing pixel structures 705
in a second display area N2 of the liquid crystal panel 75;
[0051] FIG. 33 is a plan view showing pixel structures 70¢
in a third display area N3 of the liquid crystal panel 75;
[0052] FIG. 34 is a cross section viewed from the plane of
the array substrate 12 and the counter substrate 13 along the
curve direction Y as the liquid crystal panel 75 is curved,
[0053] FIG. 35 is a cross section viewed from the plane of
the array substrate 12 and the counter substrate 13 along the
curve directionY in a case where the display surface is curved
with different curvatures;

[0054] FIG. 36 is a cross section viewed from the plane of
the array substrate 12 and the counter substrate 13 along the
curve directionY in a case where the display surface is curved
concavely and convexly;

[0055] FIG. 37 is a cross section viewed from the plane of
the array substrate 12 and the counter substrate 13 along the
curve direction Y in another example in the case where the
display surface is curved concavely and convexly; and
[0056] FIG. 38 is a plan view showing the black matrix
opening 41a in a case where the left and right sides of the
display surface are curved in reverse directions.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The First Preferred Embodiment

[0057] FIG. 1is a plan view showing pixel structures 11 in
aliquid crystal display 10 ofthe first preferred embodiment of
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the present invention. FIG. 2 is a cross section viewed from
the sectionline X2-X2 of FIG. 1. Ina display area of the liquid
crystal display 10 of the first preferred embodiment, a plural-
ity of rectangular pixel structures 11 are arranged in matrix.
Further, the pixel structures 11 are arranged with their long
sides along the curve directionY that is a direction in which a
display surface for displaying an image thereon is curved.
FIG. 1 shows three pixel structures 11, for easy understand-
ing. In the image display device 10, each pixel is combined
with any one of color filters 42 of red (R), green (G) and blue
(B) and color display is performed with three pixels used as
oneunit. In the first preferred embodiment, the color filters 42
of these colors are formed like a strip, extending in the curve
direction Y, and aligned in a direction orthogonal to the curve
direction Y, being arranged in a stripe manner.

[0058] Each pixel structure 11 is formed of an array sub-
strate 12, a counter substrate 13 and a liquid crystal layer 14
held between the array substrate 12 and the counter substrate
13.

[0059] The array substrate 12 comprises a glass substrate
20, a scanning wire 21 and a common wire 22 which are
disposed on a display surface of the glass substrate 20 on one
side in its thickness direction, that is to say. on the display
surface of the glass substrate 20 on the side of the liquid
crystal layer 14, a signal wire 23, a gate electrode (part of the
scanning wire 21 in FIGS. 1 and 2), a source electrode 24, a
drain electrode 25. a semiconductor layer (amorphous silicon
film) 26, an auxiliary capacitance electrode 27, a contact hole
28, a pixel electrode 29, a first insulating film 30, a second
insulating film 31 and an array substrate-side orientation film
32 which are provided on one side of the glass substrate 20 in
its thickness direction and an array substrate-side polarizing
plate 33 disposed on a display surface of the glass substrate 20
onthe other side in its thickness direction, thatisto say, on one
of the two display surfaces of the glass substrate 20 in its
thickness direction on a side opposite to the side on which the
scanning wire 21 and the common wire 22 are disposed.
[0060] In FIG. 1, for easier understanding, the scanning
wire 21, the common wire 22, the signal wire 23, the source
electrode 24, the drain electrode 25, the semiconductor layer
26, the auxiliary capacitance electrode 27 and the contact hole
28 are hatched. The pixel electrode 29 has arectangular shape
and is disposed with its long side along the curve direction Y,
that is to say, along the long side of the pixel structure 11.
[0061] Thecounter substrate 13 comprises a glass substrate
40, a black matrix 41 disposed on a display surface of the
glass substrate 40 on one side in its thickness direction, that is
to say, on the display surface of the glass substrate 40 on the
side of the liquid crystal layer 14, a color filter 42 provided on
display surfaces of the black matrix 41 and the glass substrate
40 on one side in their thickness direction, an overcoat film
43, a counter electrode 44 and a counter substrate-side orien-
tation film 45 which are provided on one side of the glass
substrate 40 in its thickness direction, and a counter substrate-
side polarizing plate 46 disposed on a display surface of the
glass substrate 40 on the other side in its thickness direction,
that is to say, on one of the two display surfaces of the glass
substrate 40 in its thickness direction on a side opposite to the
side on which the black matrix 41 is disposed.

[0062] The black matrix 41 is so provided as to cover the
scanning wire 21, the common wire 22, the signal wire 23, a
TFT (Thin Film Transistor) switching element and the auxil-
iary capacitance electrode 27 which are provided on the array
substrate 12, in other words, as to be superimposed on the
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scanning wire 21, the common wire 22, the signal wire 23, the
TFT switching element and the auxiliary capacitance elec-
trode 27 in the thickness direction of the array substrate 12,
and a black matrix opening 41a is formed therein to expose
the pixel electrode 29 therefrom. In FIG. 1, for easy under-
standing, the reference sign for the black matrix 41 is omitted
and the black matrix opening 41a is shown with its reference
sign.

[0063] The black matrix opening 41¢ has a substantially
rectangular shape and is arranged with its long side along the
curve direction Y. In more detail, the black matrix opening
41a is formed correspondingly to the shape of the TFT
switching element, with one end portion thereof in a longitu-
dinal direction along the curve direction Y and in a lateral
(shorter) direction orthogonal to the longitudinal direction
being cut out. Hereinafter, among the lengths of the black
matrix opening 41a in the curve direction Y, the longest length
is referred to as the length of the black matrix opening 41a in
the curve direction Y.

[0064] Thepixel structures on the side of the array substrate
12 and on the side of the counter substrate 13 are formed with
their shapes projected on one virtual plane perpendicular to
the thickness direction of these substrates 12 and 13 being
rectangles of the same size. Among the wires and the elec-
trodes provided on the array substrate 12 and the counter
substrate 13, the scanning wire 21, the common wire 22, the
signal wire 23, the gate electrode, the source electrode 24, the
drain electrode 25 and the auxiliary capacitance electrode 27
are formed of opaque metal materials such as aluminum (Al),
molybdenum (Mo) and the like. The pixel electrode 29 and
the counter electrode 44 are formed of transparent conductive
materials such as indium tin oxide (ITO) and the like.

[0065] Next, discussion will be made on function and
operation of each structure disposed in each pixel structure
11. When a pulse-like selection voltage is applied to the
scanning wire 21, the pixels of the same row which are
aligned in a direction parallel to the scanning wire 21, in other
words, in a vertical direction of the paper in FIG. 1 are
selected. During the selection period while the selection volt-
ageis applied to the scanning wire 21, animage signal voltage
is applied to the signal wire 23. During the above selection
period, the TFT switching element constituted of the gate
electrode, the source electrode 24, the drain electrode 25, the
semiconductor layer 26 and the first insulating film 30 is
turned on, and the image signal voltage is applied from the
source electrode 24 connected to the signal wire 23 to the
drain electrode 25 and the image signal voltage is applied
from the source electrode 24 to the pixel electrode 29 con-
nected to the drain electrode 25 through the contact hole 28.
Thus, the image signal voltage is applied to the pixel elec-
trodes 29 in the same row in unison.

[0066] Subsequently. the selection voltage is applied to an
adjacent scanning wire 21 and the above operation is thereby
repeated. Through repetition of this operation, the respective
image signal voltages are applied to all the pixel electrodes 29
in the display area. In a pixel during the non-selection period
while the selection voltage is not applied, since the TFT
switching element is turned off and there is a high resistance
between the source electrode 24 and the drain electrode 25,
the potential of the pixel electrode 29 is maintained. In order
to reduce the variation in potential of the pixel electrode 29
during the non-selection period (sustain period), an auxiliary
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capacitance is formed between the auxiliary capacitance elec-
trode 27 connected to the common wire 22 and the pixel
electrode 29.

[0067] A predetermined voltage is applied to the counter
electrode 44 provided in the counter substrate 13, and the
voltage applied across the pixel electrode 29 and the counter
electrode 44 varies the orientation state of liquid crystal mol-
ecules in the liquid crystal layer 14 held therebetween. The
level of voltage across the pixel electrode 29 and the counter
electrode 44 adjusts the birefringent property of the liquid
crystal layer 14, and the transmittance of light passing
through each pixel is controlled with the combination of the
array substrate-side polarizing plate 33 provided in the array
substrate 12 and the counter substrate-side polarizing plate 46
provided in the counter substrate 13.

[0068] The transmission light of each pixel is colored with
any one of red (R), green (G) and blue (B) by the color filter
42 disposed in the counter substrate 13. On a display surface
of the color filter 42 on one side in its thickness direction, the
transparent overcoat film 43 is disposed, and this overcoat
film 43 flattens the display surface of the counter substrate 13
on the side of the liquid crystal layer 14 and cuts off diffusion
of impurities from the color filter 42 to the liquid crystal layer
14.

[0069] At that time, the voltage corresponding to an image
signal is applied across the pixel electrode 29 and the counter
electrode 44 in each pixel structure 11, but the voltage corre-
sponding to the image signal is not applied to a portion with-
out the pixel electrode 29 on the side of the array substrate 12
and desired transmittance can not be achieved. The portion
without the pixel electrode 29 is light-shielded by providing
the black matrix 41 in a predetermined position correspond-
ing thereto on the side of the counter substrate 13.

[0070] Next, discussion will be made on a constitution of
the liquid crystal panel 50 in the liquid crystal display 10 of
the first preferred embodiment. FIG. 3 is a plan view showing
a constitution of the liquid crystal panel 50 in the liquid
crystal display 10 before being curved. In a display area 51
shown in FIG. 3, a plurality of pixel structures 11 shown in
FIG. 1 are arranged in matrix. The array substrate 12 and the
counter substrate 13 are pasted together by using a main seal
52 disposed around display area 51 so that the pixel structures
11 of the array substrate 12 and those of the counter substrate
13 can be overlapped one another.

[0071] The counter electrode 44 of the counter substrate 13
is electrically connected to wires on the side of the array
substrate 12 by using a not-shown transfer agent disposed
outside the main seal 52. In the main seal 52 on one of the two
short sides of the array substrate 12, specifically on the short
side on the right hand of FIG. 3 in this preferred embodiment,
an opening (hereinafter, referred to as “liquid crystal inlet”)
53 for injection of the liquid crystal is formed. The external
side of the liquid crystal inlet 53 is closed with a sealing agent
54.

[0072] In the array substrate 12, one of the two short sides
which is opposite to the side on which the liquid crystal inlet
53 is provided, specifically the short side on the left hand of
FIG. 3 extends off, not overlapping the counter substrate 13,
as viewed from one side in the thickness direction of the
counter substrate 13. The wires routed to this extending por-
tion are connected to an external circuit substrate 56 with
flexible substrates 55.

[0073] In the interface between the array substrate 12 and
the liquid crystal layer 14 and the interface between the
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counter substrate 13 and the liquid crystal layer 14, the array
substrate-side orientation film 32 and the counter substrate-
side orientation film 45 for controlling the orientation state of
the liquid crystal molecules are disposed, respectively. In the
first preferred embodiment, a display surface of the counter
substrate-side orientation film 45 on the side of the liquid
crystal layer 14 is subjected to an orientation process by a
rubbing method in the direction indicated by the arrow a in
FIG. 3, and a display surface of the array substrate-side ori-
entation film 32 on the side of the liquid crystal layer 14 is
subjected to the orientation process by the rubbing method in
the direction indicated by the arrow b in FIG. 3, which is
orthogonal to the direction a of the orientation process of the
counter substrate-side orientation film 45.

[0074] By using a liquid crystal material with left-handed
chirality, the twist orientation of 90 degrees ina counterclock-
wise direction is achieved from the side of the counter sub-
strate 13 toward the side of the array substrate 12, specifically
from the front side toward thee backside of the paper in FIG.
3. Further, by arranging the optical axes, i.¢., the transmission
axes or the absorbing axes of the counter substrate-side polar-
izing plate 46 and the array substrate-side polarizing plate 33
parallel to the respective orientation process directions of the
array substrate 12 and the counter substrate 13, brightness
control can be achieved so that it will be “dark” when the
voltage is applied to the liquid crystal layer 14 and “bright”
when not applied.

[0075] In the constitution of the liquid crystal panel 50
shown in FIG. 3, in a state where the liquid crystal panel 50 is
disposed so that the direction orthogonal to the curve direc-
tion is a vertical direction, since the liquid crystal molecules
rise from the upper direction relative to the surface of the
array substrate 12, specifically from the direction of 12
o’clock in applying the voltage, this is called a TN (Twisted
Nematic) mode of 12 o’clock viewing angle. In the TN mode
of 12 o’clock viewing angle, a wide viewing angle character-
istic is achieved in the curve direction Y which is the lateral
direction, i.e., a horizontal direction of the display surface,
and a tone inversion phenomenon occurs in the upper direc-
tion.

[0076] By curving the liquid crystal panel 50 in the hori-
zontal direction as discussed above and providing a backlight
67 shown in F1G. 21 discussed later on a rear side of the array
substrate 12, the liquid crystal display 10 having a curved
display surface is achieved. Both when the display surface is
curved convexly and when curved concavely, the curve direc-
tionY coincides with the direction of wide viewing angle in
the TN mode.

[0077] Though FIG. 3 shows the constitution of the liquid
crystal panel 50 in the TN mode of 12 o’clock viewing angle,
a wide viewing angle is achieved in the lateral direction also
in the TN mode of 6 o’clock viewing angle. In the case of 6
o’clock viewing angle, both the orientation process directions
of the orientation films in the array substrate 12 and the
counter substrate 13 are opposite to those in the TN mode of
12 o’clock viewing angle and the tone inversion phenomenon
occurs in the lower direction.

[0078] Next, discussion will be made on the pixel structures
11 in the case where the liquid crystal panel 50 in the liquid
crystal display 10 is curved. FIG. 4 is a perspective view
showing the liquid crystal panel 50 with its display surface
being curved concavely. FIG. 5 is a plan view showing pixel
structures 11a in a first display area M1 of the liquid crystal
panel 50. FIG. 6 is a plan view showing pixel structures 115
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in a second display area M2 of the liquid crystal panel 50.
FIG. 7 is a plan view showing pixel structures 11¢ in a third
display area M3 of the liquid crystal panel 50.

[0079] FIG. 4 schematically shows the liquid crystal panel
50 only with the array substrate 12 and the counter substrate
13. The respective structures of the pixel structures 11a to 11¢
shown in FIGS. 5 to 7 are similar to the structure of the pixel
structures 11 shown in FIG. 1, but only the positions of the
black matrix openings 41a are different from that of FIG. 1.
Therefore, herein discussion will be made only on the posi-
tions of the black matrix openings 41a in the pixel structures
11ato 11c of FIGS. 5 to 7, and constituent elements identical
to those in F1G. 1 are represented by the same reference signs
and the same description as in FIG. 1 will be omitted.

[0080] The second display area M2 of the liquid crystal
panel 50 is around the center portion of the display area, and
as to the pixel structures 115 ofthe second display area M2, as
shown in FIG. 6, the positional relation between those of the
array substrate 12 and the counter substrate 13 is maintained,
as it is when the display surface is flat, not being curved.

[0081] The first display area M1 and the third display area
M3 of'the liquid crystal panel 50 are areas on both ends of the
display area, and as to the pixel structures 11a and 11¢ of the
first and third display areas M1 and M3, as shown in FIGS. 5
and 7, the pixel structures of the counter substrate 13 are
deviated outside in the lateral direction. More specifically, as
shown in FIGS. 5 and 7, the black matrix openings 41a are
deviated laterally.

[0082] Next, discussion will be made on a mechanism of
causing a positional misalignment of the pixel structures of
the array substrate 12 and the counter substrate 13. FIG. 8 is
across section viewed from the plane of the array substrate 12
and the counter substrate 13 along the curve directionY as the
liquid crystal panel 50 is curved. FIG. 8 shows the positional
misalignment caused when the array substrate 12 and the
counter substrate 13 are curved concavely. Though originally
the array substrate 12 and the counter substrate 13 are pasted
together by the main seal 52 all around except the liquid
crystal inlet 53, the main seal 52 in FIG. 8 only serves to keep
the gap (hereinafter, sometimes referred to as “panel gap”)
between the array substrate 12 and the counter substrate 13
and FIG. 8 shows a cross section in a case where it is assumed
that the array substrate 12 and the counter substrate 13 freely
move along the curve direction Y.

[0083] When the liquid crystal panel 50 is curved so that the
surface of the counter substrate 13 may become concave with
its radius of curvature R, assuming that the thickness of the
counter substrate 13 is T1, the thickness of the array substrate
12 15 T2 and the panel gap is d, the neutral plane of the counter
substrate 13, i.e., the neutral plane 13C of the counter sub-
strate 13 in its thickness direction and the neutral plane of the
array substrate 12, i.e., the neutral plane 12¢ of the array
substrate 12 in its thickness direction are different from each
other in radius of curvature by {(T1/2)+(T2/2)}+d. This dif-
ference in radius of curvature between the array substrate 12
and the counter substrate 13 causes the positional misalign-
ment. Assuming that the length of the display area in the curve
directionY is L, the length S of the positional misalignment in
the case where there occurs uniform misalignment on both
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sides in the curve direction Y is expressed by the following
Eq. (D).

TI T2 ] Eq. 1)

B 7+7+d

n
<

[0084] Since the thickness T1 of the counter substrate 13 is
so much smaller than the radius of curvature R, R>>T1.
Therefore, the length S of the positional misalignment is
approximate to L {(T1/2)+(T2/2)+d}/2R. If the thickness of
the array substrate 12 and that of the counter substrate 13 are
equal, the length S of the positional misalignment is
expressed by the following Eq. (2) assuming that each thick-
ness of the array substrate 12 and the counter substrate 13 is
T.

_UT+d) (Eq. 2)

N
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[0085] In an actual liquid crystal panel 50, however, since
the display area is strongly bonded almost all around by the
main seal 52, the condition is different a little from the case of
FIG. 8.

[0086] FIG.9is across section viewed from the section line
X9-X9 of FIG. 4, and FIG. 10 is a cross section viewed from
the section line X10-X10 of FIG. 4. FIGS. 9 and 10 show
cross sections in the curve direction in the case where an
actual liquid crystal panel 50 is curved so that the surface of
the counter substrate 13 may become concave and schemati-
cally show only the array substrate 12, the counter substrate
13 and the pixel structures on the inner surfaces of the array
substrate 12 and the counter substrate 13.

[0087] Inan area near the main seal 52 in one side portion
ofthe display area 51 ofthe liquid crystal panel 50 in its width
direction, as to thearray substrate 12 and the counter substrate
13, the positional misalignment between the pixel structures
(hereinafter, sometimes referred to as “array substrate-side
pixel structure”) 81 of the array substrate 12 and the pixel
structures (hereinafter, sometimes referred to as “counter
substrate-side pixel structure”) 82 of the counter substrate 13
is controlled entirely in the curve direction by the main seal 52
in the neighborhood, as shown in FIG. 9. Also in the area near
the main seal 52 in another side portion of the display area 51
of the liquid crystal panel 50 in its width direction, similarly,
the positional misalignment between the array substrate-side
pixel structure 81 and the counter substrate-side pixel struc-
ture 82 is controlled.

[0088] In contrast to this, since the array substrate 12 and
the counter substrate 13 are fixed by the main seal 52 only at
both end portions of the display area 51 of the liquid crystal
panel 50 in the longitudinal direction in an area near the center
portion of the display area 51 of the liquid crystal panel 50 in
its width direction, there occurs larger positional misalign-
ment due to the difference in radius of curvature between the
two substrates 12 and 13 as the distance from the area near the
center portion of the display area 51 of the liquid crystal panel
50 in its width direction increases, as shown in FIG. 10. Since
the two substrates 12 and 13 are fixed at both end portions of
the display area 51 of the liquid crystal panel 50 in its longi-
tudinal direction, the positional misalignment sharply
decreases near both the end portions in its longitudinal direc-
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tion. Since the compression stress in the inner-side counter
substrate 13 significantly increases at both the end portions of
the counter substrate 13 in its longitudinal direction, the cur-
vature at both the end portions in the longitudinal direction
decreases, or as the liquid crystal panel 50 is curved in the
reverse direction, the stress in the counter substrate 13 is
relieved. FI1G. 10 exaggeratedly shows one end portion in the
longitudinal direction. Though the shape of the end portion
has a curvature that is different from the original one, it is
difficult to control the shape of the end portion as discussed
later.

[0089] In an actual liquid crystal panel 50, the positional
misalignment due to the difference in radius of curvature
between the array substrate 12 and the counter substrate 13
occurs in the first display area M1 and the third display area
M3 shown in FIG. 4. Though the amount of positional mis-
alignment varies with mechanical properties of the substrates
such as Young’s modulus or the like or an environmental
temperature, its maximum value is the length expressed by
above-discussed Eq. (1) or Eq. (2).

[0090] Next, on the basis of the mechanism of causing
positional misalignment of the respective pixel structures of
the array substrate 12 and the counter substrate 13, discussion
will be made on the shape of the black matrix opening 41a for
preventing display unevenness resulting from the positional
misalignment.

[0091] The display unevenness resulting from the posi-
tional misalignment is caused when the black matrix opening
41a extends off outside the pixel electrode 29. Outside the
pixel electrode 29, a desired voltage is applied to the liquid
crystal layer 14. In the normally white TN mode where it is
“dark” when the voltage is applied and “bright” when no
voltage is applied, a transparent portion outside the pixel
electrode 29 is a light leak during dark display.

[0092] FIG. 11 is a plan view showing a structure of a pixel
structure in the array substrate 12. In FIG. 11, an area repre-
sented by the reference sign “48” and enclosed by a thick line
is the area in which the light leak occurs. Even in the normally
black TN mode where dark display is given when no voltage
is applied, a light leak is caused by the voltage which is
applied to the scanning wire 21 and the signal wire 23, though
less than in the normally white TN mode. Among the four
sides 1.e., upper, lower, left and right sides of the pixel elec-
trode 29, the right side is disposed, slightly overlapping the
scanning wire 21 in the adjacent pixel, specifically by about a
few micron, and this avoids a light leak.

[0093] Therefore, when the black matrix opening 41a is
shifted toward the adjacent scanning wire 21, specifically,
rightward in FIG. 11, there occurs no light leak. Since part of
the black matrix opening 41a, however, is light-shielded by
the scanning wire 21, the transmittance is thereby lowered.
The left side of the pixel electrode 29 does not overlap its
scanning wire 21. This is for preventing the pixel electrode
potential from largely varying by the voltage applied to the
scanning wire 21. The variation in pixel electrode potential
due to the capacitance between the pixel electrode 29 and its
scanning wire 21 is called a feedthrough voltage ora kickback
voltage.

[0094] The upper and lower sides of the pixel electrode 29
also do not overlap the signal wire 23. This is for suppressing
an effect on a pixel electrode potential of the same row to
which the image signal voltage is applied from the signal wire
23, which is produced when these sides overlap the signal
wire 23, in other words, suppressing a crosstalk phenomenon.
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[0095] Though the positional misalignment of the black
matrix openings 41a occurs in the lateral direction of FIG. 11
since the pixel structures 11 in the liquid crystal display 10 of
the first preferred embodiment are arranged with their long
sides along the curve direction Y, in the first preferred
embodiment, the length of the black matrix opening 41a in
the curve direction Y is determined in consideration of the
maximum value S of the amount of positional misalignment,
to control the occurrence of light leak.

[0096] FIG. 12 is a plan view showing the black matrix
opening 41a of the first preferred embodiment of the present
invention. The length A of the black matrix opening 41a inthe
curve direction Y is shorter than the length E of the pixel
electrode 29 in the curve direction Y by not less than twice the
maximum value S of the length of the positional misalign-
ment. Thus, since the length of the black matrix opening 41a
in the curve direction Y is shorter than a predetermined length
in the pixel structure 11 in the liquid crystal display 10 of the
first preferred embodiment, the black matrix opening 41a is
always disposed inside the pixel electrode 29 regardless of the
position of the display area 51. Therefore, it is possible to
achieve a uniform display entirely in the display area 51.
[0097] When the liquid crystal display 10 having a curved
display surface is viewed from the front, though the angle for
viewing the display surface varies depending on the position
of the display surface, in the constitution of the liquid crystal
panel 50 of the present invention, a uniform display can be
achieved entirely in the display area viewed from the front
since the black matrix opening 41a is always disposed inside
the pixel electrode 29 as discussed above and this makes it
possible to suppress the light leak. The display surface of the
liquid crystal display 10 of the present invention is curved in
one direction (herein in the horizontal direction) and not
curved in the other direction (herein in the vertical direction).
[0098] The black matrix opening 41a is disposed away
from the light leak position between the pixel electrode 29
and its scanning wire 21 and from the boundary position with
the adjacent scanning wire 21 with the same distance S'. The
black matrix opening 41a has such a shape as to prevent a
decrease in transmittance which is caused by exposure of the
opaque drain electrode 25 from the black matrix opening 41a
if the black matrix opening 41a is shifted leftward. From the
viewpoint of suppressing the display unevenness, though the
arrangement of the black matrix opening 41a shown in FIG.
12 is most preferable, only if the occurrence of light leak can
be suppressed, the display unevenness of a low tone image is
particularly improved.

[0099] FIG. 13 is a plan view showing a black matrix open-
ing 415 that is another example of black matrix opening. The
length A of the black matrix opening 415 shown in FIG. 13 in
the curve direction Y is shorter than the pitch P of the pixel
structures 11 in the curve directionY by notless than twice the
maximum value S of the length of the positional misalign-
ment. Further, the black matrix opening 415 is disposed at a
position between the pixel electrode 29 and its scanning wire
21, specifically disposed away from the light leak positions of
laterally adjacent two pixels with the same distance S'.
[0100] Theblack matrix opening 415 has such a shape as to
shield the drain electrode 25 against light and prevent expo-
sure of the TFT switching element if the black matrix opening
415 is shifted rightward of the paper in FIG. 13. If the TFT
switching element is exposed, when the TFT switching ele-
ment is exposed to extraneous light, the resistance of the
semiconductor layer 26, in other words, the resistance
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between the source electrode 24 and the drain electrode 25
decreases and this causes display unevenness. If the black
matrix opening 416 has a substantial T-shape with parts of the
rectangle at both ends in the longitudinal direction and at one
end in the width direction being cut out as shown in FIG. 13,
the occurrence of light leak can be suppressed, butif the black
matrix opening 415 is shifted rightward of the paper in FIG.
13, since the opaque scanning wire 21 is exposed from the
black matrix opening 415 in accordance with the amount of
shift, the transmittance decreases. Therefore, when the liquid
crystal panel 50 is curved in the same manner as shown in
FIG. 4, there exists an area having slightly low luminance
only on the right side of the display area 51.

[0101] As discussed above, by determining the length of
the black matrix opening 415, the display unevenness result-
ing from the positional misalignment can be resolved. As
compared with the case where the black matrix opening 415
is formed in accordance with the shape of the pixel electrode
29, however, the area of the black matrix opening 415 is
reduced and the transmittance decreases.

[0102] Then, in the first preferred embodiment, in order to
suppress the reduction in area of the black matrix opening 415
to minimum, the long sides of the pixel structures 11 are
arranged along the curve direction Y. If the short sides of the
pixel structures 11 are arranged along the curve direction Y,
the size B of the black matrix 41 in its width direction (see
FIG. 12) is narrowed by not less than twice the maximum
value S of the length of the positional misalignment and the
numerical aperture significantly decreases.

[0103] Furtherinthe first preferred embodiment, in order to
suppress the decrease in transmittance to minimum, the signal
wire 23 is disposed along the curve direction Y and the scan-
ning wire 21 and the common wire 22 are disposed along the
direction orthogonal to the curve direction Y Conversely, if
the scanning wire 21 and the common wire 22 are disposed
along the curve direction Y, the two wires are disposed in the
long side direction of the pixel structure 11 and the area ratio
of the opaque wires to the pixel increases. This is not prefer-
able.

[0104] Inthe first preferred embodiment, it is assumed that
the size of the pixel structure 11 in its longitudinal direction is
330 pm and the size of the pixel structure 11 in its width
direction is 110 um, and 640 pixel structures are arranged in
the lateral direction and 360x3 pixel structures are arranged in
the lengthwise direction. The size of the display area 511s 211
mm wide and 119 mm long (9.5 inches diagonally). The
thicknesses of the glass substrates 20 and 40 in the array
substrate 12 and the counter substrate 13 are each 0.15 mm.
The panel gap d is 4.5 um. In the first preferred embodiment,
the surface of the counter substrate 13 is concave and curved
like an arch with the radius of curvature of 500 mm. In this
case, it is found from Eq. (2) that the maximum value S of the
positional misalignment between the array substrate 12 and
the counter substrate 13 is a little less than 33 pm. The length
ofthe pixel electrode 29 in the curve directionY is 310 um and
the length A of the black matrix opening 415 in the curve
direction Y is 240 um (<310°33%2 pum).

[0105] Next, discussion will be made on a method of manu-
facturing the liquid crystal display 10. In the first preferred
embodiment, the array substrate 12 and the counter substrate
13 which have predetermined pixel structures 11 are manu-
factured by using two flat glass substrates each having a
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thickness of 0.5 mm, and after these substrates 12 and 13 are
pasted together, these substrates 12 and 13 are so thinned as to
have a thickness of 0.15 mm.

[0106] FIG. 14 is a cross section showing a method of
manufacturing the counter substrate 13. FIG. 15 is a cross
section showing a method of manufacturing the array sub-
strate 12. In the first preferred embodiment, fourliquid crystal
displays 10 are manufactured by using a pair of glass sub-
strates. First, onthe surface of the glass substrate 40, the black
matrix 41 having a predetermined shape, the color filter 42,
the overcoat film 43 and the counter electrode 44 are stacked
in this order (see FIG. 2). On the counter electrode 44, the
counter substrate-side orientation film 45 is formed and an
orientation process is performed in a predetermined direc-
tion. As the counter substrate-side orientation film 45, a poly-
meric material such as polyimide or the like is used, and the
orientation process is performed by the rubbing method
where the surface of the counter substrate-side orientation
films 45 is rubbed by a piece of rayon cloth or the like. After
the orientation process, a spherical resin spacer agent 60 is
sprayed onto the surface of the counter substrate-side orien-
tation film 45. Herein, a spacer agent having a diameter 0of4.5
Jun is used.

[0107] On the surface of the array substrate 12, the wires
21, 22 and 23, the electrodes 24, 25 and 29 and the like are
formed and pixels are arranged in matrix (see FI1G. 2). The
array substrate-side orientation film 32 is formed thereon, and
an orientation process is performed in a predetermined direc-
tion. The material of the array substrate-side orientation film
32 and the method of performing the orientation process are
the same as those of the counter substrate-side orientation
film 45. After the orientation process, the main seal 52 is so
applied as to surround the display area 51 consisting of a
plurality of pixels arranged in matrix. Further, a dummy seal
61 is applied inside the outermost perimeter of the two glass
substrates 20 and 40. As the main seal 52 and the dummy seal
61, a thermosetting resin such as an epoxy resin or the like is
used. Subsequently, the two glass substrates 20 and 40 are
pasted together so that the surface of the array substrate-side
orientation film 32 and the surface of the counter substrate-
side orientation film 45 are opposed to each other, and a
thermal compression bonding is performed to harden the
main seal 52 and the dummy seal 61.

[0108] FIG. 16 is an end elevation at the section line X16-
X16 of FIG. 17. FIG. 17 is a plan view showing the main seal
52 and the dummy seal 61 on the glass substrates. FIG. 16
shows the state where the two glass substrates 20 and 40 are
pasted together. In the main seal 52 which is so applied as to
surround the display area 51 as discussed above, provided is
the liquid crystal inlet 53 which is an opening for injection of
the liquid crystal. Subsequently, the two glass substrates 20
and 40 pasted together are immersed into an etching solution
ofhydrofluoric acid (HF) or buffered hydrofluoric acid (BHF:
HF+NH4F), being etched, to be thinned. By controlling the
concentration of the etching solution and the immersion time,
the glass substrates 20 and 40 are each thinned to have a
thickness of about 0.15 mm. It is preferable that each thick-
ness of the glass substrates 20 and 40 ranges from 0.05 mm to
0.3 mm. If the glass substrates are too thin, the glass sub-
strates becomes easier to break in manufacturing process
steps after thinning, such as process steps of injecting the
liquid crystal, pasting the polarizing plates and the like dis-
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cussed later, and if the glass substrates are too thick, the glass
substrates becomes harder to curve and easier to break in a
step of curving it.

[0109] After the glass substrates 20 and 40 are thinned, by
using a glass scriber or the like, the glass substrates are cut at
acutting position indicated by the reference sign “62” in FIG.
17 into four parts each of which is for one liquid crystal
display. Further, at the side having a wiring terminal to be
connected to an external image signal output part, the counter
substrate 13 is cut inside the array substrate 12 on which a
connection terminal is formed.

[0110] Next, the pasted glass substrates which are cut out as
discussed above and the liquid crystal are put into a vacuum
vessel, being evacuated, and then the liquid crystal inlet 53 is
brought into contact with the liquid crystal. When the vacuum
vessel is put under atmospheric pressure again, the liquid
crystal is injected from the liquid crystal inlet 53. FIG. 18 isa
cross section showing a structure in a state where the liquid
crystal is injected between the two glass substrates 20 and 40.
Herein, a nematic liquid crystal with left-handed chirality,
having positive dielectric anisotropy, is used. The birefrin-
gence of the liquid crystal ranges from 0.085 to 0.090 (at a
wavelength of 589 nm). After injection of the liquid crystal,
the liquid crystal inlet 53 is closed with the sealing agent 54.
[0111] Next, the counter substrate-side polarizing plate 46
is pasted on the outer surface of the counter substrate 13, and
the array substrate-side polarizing plate 33 is pasted on the
outer surface of the array substrate 12. Polyvinyl alcohol
(PVA) dyed with iodine is stretched and inserted between two
cellulose triacetates (TAC), and this is used as the array sub-
strate-side polarizing plate 33 and the counter substrate-side
polarizing plate 46. A film-like adhesive is used for pasting
the array substrate-side polarizing plate 33 and the counter
substrate-side polarizing plate 46. FIG. 19 is a cross section
showing a structure in a state where the array substrate-side
polarizing plate 33 and the counter substrate-side polarizing
plate 46 are pasted to the structure of FIG. 18. After pasting of
the array substrate-side polarizing plate 33 and the counter
substrate-side polarizing plate 46, the wires on the array
substrate 12 are connected to the external circuit substrate 56
with the flexible substrate 55. Thus, the liquid crystal panel 50
of the liquid crystal display 10 is manufactured.

[0112] FIG. 20 is a cross section showing a structure in a
state where the liquid crystal panel 50 and a support plate 66
are pasted together. As shown in FIG. 20, while the liquid
crystal panel 50 is pressed against the support plate 66 with a
roller 65, the liquid crystal panel 50 and the support plate 66
are pasted together by using a sheet-like adhesive film. A
transparent resin such as acrylic, polycarbonate or the like is
molded in a shape curved with a predetermined curvature, in
other words, with a radius of curvature obtained by adding the
thickness of the liquid crystal panel 50 to a radius of curvature
of a desired display surface, and this is used as the support
plate 66. At the end portion of the liquid crystal panel 50 in the
curve direction Y, however, since the stress of the inner-side
counter substrate 13 is too strong and a predetermined curva-
ture can not be achieved as discussed above, the liquid crystal
panel 50 is slightly deformed together with the whole support
plate 66.

[0113] FIG. 21 is a cross section showing a structure of the
liquid crystal display 10 in the horizontal direction. FIG. 22 is
a perspective view simply showing the structure of the liquid
crystal display 10 in the horizontal direction. The liquid crys-
tal panel 50 and the support plate 66 which are curved as
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discussed above are stacked on the backlight 67, and an
enclosure 68 further covers this structure from the side of the
counter substrate 13, to complete the liquid crystal display 10.
The backlight 67 has a stacked structure, like a backlight of
the conventionally well-known liquid crystal display, consist-
ing of a reflection sheet, a light guide board, a diffusion sheet
and a lamp. A transparent protection plate 69 is disposed ona
portion which corresponds to a display surface of the enclo-
sure 68.

[0114] The liquid crystal display 10 of the first preferred
embodiment is designed so that the long sides of the pixel
structures 11 are arranged along the curve direction Y and
assuming that the length of the display surface in the curve
direction Y is L, the thickness of the array substrate 12 is T1,
the thickness of the counter substrate 13 is T2, the size of the
gap between the array substrate 12 and the counter substrate
13 is d, the radius of curvature of the curved display surface is
R and the length of the long side of the pixel electrode 29
provided in the pixel structure is E, the length of the black
matrix opening 41a which is an opening sectioned by the
black matrix 41 in the curve direction is not longer than E-L
{(T1/2)+(T2/2)+d}/R.

[0115] Thus, since the length of the black matrix opening
41a in the curve direction Y is not longer than E-L {(T1/2)+
(T2/2)+d}/R, itis possible to suppress the light leak occurring
around the pixel electrode 29 provided in the pixel structure
and then suppress the display unevenness resulting from the
positional misalignment between the array substrate 12 and
the counter substrate 13 due to the curvature. Further, since
the pixel structures 11 are arranged with their long sides along
the curve direction Y of the display surface, it is possible to
suppress a decrease in luminance due to the setting of the
length of the black matrix opening 414 in the curve direction
Y to be not longer than E-L {(T1/2)+(T2/2)+d}/R, as com-
pared with a case where the pixel structures 11 are arranged
with their short sides along the curve direction Y. Therefore, it
is possible to provide a liquid crystal display 10 achieving a
high-quality image display with less display unevenness and
high luminance.

[0116] Further, in the case of adopting the black matrix
opening 415 shown in FIG. 13, the length of the black matrix
opening 415 in the curve direction Y is determined not longer
than P-L {(T1/2)+(T2/2)+d}/R. This makes it possible to
suppress the light leak occurring around the pixel electrode 29
provided in the pixel structure 11 and then suppress the dis-
play unevenness resulting from the positional misalignment
between the array substrate 12 and the counter substrate 13
due to the curvature. Further, as discussed above, since the
pixel structures 11 are arranged with their long sides along the
curve direction Y of the display surface, it is possible to
suppress a decrease in luminance due to the setting of the
length of the black matrix opening 415 in the curve direction
Y to be not longer than P-1, {(T1/2)+(T2/2)+d}/R, as com-
pared with the case where the pixel structures 11 are arranged
with their short sides along the curve direction Y. Therefore, it
is possible to provide a liquid crystal display 10 achieving a
high-quality image display with less display unevenness and
high luminance.

[0117] Furthermore, in the first preferred embodiment,
since the liquid crystal layer 14 is inthe twisted nematic mode
of 12 o’clock viewing angle and the curve directionY is the
horizontal direction of the display surface, it is possible to
provide a liquid crystal display 10 achieving an easy-to-view
image display with less variation in luminance entirely in the
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curve direction Y as viewed from the front. Though it is not
the present preferred embodiment, also when the liquid crys-
tal layer 14 is in the twisted nematic mode of 6 o’clock
viewing angle, itis possible to provide a liquid crystal display
10 achieving an easy-to-view image display with less varia-
tion in luminance entirely in the curve direction Y as viewed
from the front, like in the present preferred embodiment.
[0118] Still further, in the liquid crystal display 10 of the
first preferred embodiment, the signal wire 23 is disposed
along the curve direction Y and the scanning wire 21 and the
common wire 22 are disposed in the direction orthogonal to
the curve direction Y. Since the long sides of the pixel struc-
tures 11 are arranged along the curve direction Y, the signal
wire 23 is disposed along the long sides of the pixel structures
11 and the scanning wire 21 and the common wire 22 are
disposed along the short sides of the pixel structures 11. It is
thereby possible to reduce the ratio of the area to the pixel
structure 11, which is occupied by the opaque wire, that is to
say, the wire having no transparency in the direction of a short
side which is relatively small side of four sides constituting
the pixel structures 11, as compared with a case where the
scanning wire 21 and the common wire 22 are disposed along
the long sides of the pixel structures 11 and the signal wire 23
is disposed along the short sides of the pixel structures 11.
Therefore, since this allows high numerical aperture, it is
possible to provide a liquid crystal display 10 achieving a
bright image display with high luminance.

The Second Preferred Embodiment

[0119] Next, discussion will be made on a liquid crystal
display of the second preferred embodiment of the present
invention. In the above-discussed first preferred embodiment,
the liquid crystal display 10 having the display surface curved
concavely has been discussed. In the second preferred
embodiment, a liquid crystal display having a display surface
curved convexly will be discussed. In the liquid crystal dis-
play of the second preferred embodiment, constitutions of the
pixel structure and the liquid crystal panel 50 before being
curved are the same as those in the liquid crystal display 10 of
the above-discussed first preferred embodiment. Therefore,
description will be made only on constituent elements differ-
ent from those in the liquid crystal display 10 and the corre-
sponding elements are represented by the same reference
signs and discussion thereof will be omitted.

[0120] FIG. 23 is a perspective view showing the liquid
crystal panel 50 with its display surface being curved con-
vexly. FIG. 24 is a plan view showing pixel structures 114 in
a first display area M11 of the liquid crystal panel 50. FIG. 25
is a plan view showing pixel structures 11e ina second display
area M12 of the liquid crystal panel 50. FIG. 26 is a plan view
showing pixel structures 11fin a third display area M13 of the
liquid crystal panel 50. FIG. 23 schematically shows the
liquid crystal panel 50 only with the two substrates, i.e., the
array substrate 12 and the counter substrate 13.

[0121] Like in the case of FIG. 4 where the liquid crystal
panel 50 is curved concavely, the second display area M12 of
the liquid crystal panel 50 is around the center portion of the
display area, and as to the pixel structures 11e of the second
display area M12, as shown in FIG. 25, the positional relation
between those of the array substrate 12 and the counter sub-
strate 13 is maintained, as it is when the display surface is flat,
not being curved.

[0122] Thefirst display area M11 and the third display area
M13 of the liquid crystal panel 50 are areas on both ends of the
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display area, and as to the pixel structures 11d and 11f'of the
first and third display areas M11 and M13, as shown in FIGS.
24 and 26, the pixel structures of the counter substrate 13 are
deviated inside in the lateral direction. In other words, the
direction of deviation is reversed as compared with the case of
concave curvature.

[0123] Since the length of the black matrix opening 41a in
the curve directionY is shorter than a predetermined length in
the pixel structures 114, 11e and 11/in the liquid crystal panel
50 of the second preferred embodiment, the black matrix
opening 41a is always disposed inside the pixel electrode 29
regardless of the position of the display area 51. Therefore, it
is possible to achieve a uniform display entirely in the display
area 51, like in the case where the display surface is curved
concavely.

[0124] FIG. 27 is a cross section viewed from the plane of
the array substrate 12 and the counter substrate 13 along the
curve directionY as the liquid crystal panel 50 is curved. FIG.
27 shows positional misalignment caused when the array
substrate 12 and the counter substrate 13 are curved convexly.
Since the radius of curvature is determined by the surface of
the counter substrate 13 which is an outermost surface when
the display surface is curved convexly as shown in FIG. 27,
the maximum value of the positional misalignment in the case
where the display surface is curved convexly is expressed by
Eq. (3) a little different from Eq. (1).

(Eq. 3)

[0125] Since the thickness T1 of the counter substrate 13,
the thickness T2 of the array substrate 12, the panel gap d are
each so much smaller than the radius of curvature R, the
maximum value S of the positional misalignment is expressed
by the above-discussed Eq. (2) like in the case of concave
curvature.

[0126] Therefore, like in the above-discussed firs preferred
embodiment, by setting the length of the black matrix open-
ing 41a in the curve direction Y to be not longer than E-L
{(T1/2)+(T2/2)+d}/R, it is possible to suppress the light leak
occurring around the pixel electrode 29 provided in the pixel
structure and then suppress the display unevenness resulting
from the positional misalignment between the array substrate
12 and the counter substrate 13 due to the curvature. Further,
since the pixel structures 11 are arranged with their long sides
along the curve directionY of the display surface, it is pos-
sible to suppress a decrease in luminance due to the setting of
the length of the black matrix opening 414 in the curve direc-
tion Y to be in the above range, as compared with the case
where the pixel structures 11 are arranged with their short
sides along the curve direction Y. Therefore, it is possible to
provide a liquid crystal display achieving a high-quality
image display with less display unevenness and high lumi-
nance.

The Third Preferred Embodiment

[0127] Next, discussion will be made on a liquid crystal
display of the third preferred embodiment of the present
invention. In the third preferred embodiment, a case where
the display surface is curved in a lengthwise direction as the
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liquid crystal display is viewed from the front will be dis-
cussed. The constitution of the liquid crystal display of the
third preferred embodiment is similar to the above-discussed
liquid crystal display 10 of the first preferred embodiment.
Therefore, description will be made only on constituent ele-
ments different from those in the liquid crystal display 10 and
the corresponding elements are represented by the same ref-
erence signs and discussion thereof will be omitted.

[0128] FIG.28isaplanview showing pixel structures 70 in
the liquid crystal display of the third preferred embodiment of
the present invention. Each of the pixel structures 70 has a
rectangular shape extending in the lengthwise direction since
the curve direction'Y is the lengthwise direction. The size of
the pixel structure 70 in its width direction (lateral direction)
is 110 pm and the size in its longitudinal direction (lengthwise
direction) is 330 um. The length of the pixel electrode 29 in
the curve direction Y is 310 pm, like in the first and second
preferred embodiments. 360x3 pixels are arranged in the
lateral direction and 640 pixels are arranged in the lengthwise
direction. The size of the display area 511is 119 mm wide and
211 mm long (9.5 inches diagonally). The thicknesses of the
glass substrates in the array substrate 12 and the counter
substrate 13 are each 0.15 mm. The panel gap d is 4.5 um.

[0129] Inthe third preferred embodiment, the surface of the
counter substrate 13 is convex and curved like an arch with the
radius of curvature of 500 mm. In this case, the maximum
value S of the positional misalignment between the array
substrate 12 and the counter substrate 13 is a little less than 33
um, from Eq. (2). Therefore, the length of the black matrix
opening 415 in the curve direction'Y is 240 pm (<310-33x2
um).

[0130] FIG.29isaplan view showing a structure ofa liquid
crystal panel 75 of the liquid crystal display before being
curved. In the third preferred embodiment, like in the first and
second preferred embodiments, it is in the TN mode of 12
o’clock viewing angle. FIG. 30 is a perspective view showing
the liquid crystal panel 75 with its display surface being
curved convexly. FIG. 31 is a plan view showing pixel struc-
tures 70a in a first display area N1 of the liquid crystal panel
75. FIG. 32 is a plan view showing pixel structures 705 in a
second display area N2 of the liquid crystal panel 75. FIG. 33
is a plan view showing pixel structures 70c in a third display
area N3 of the liquid crystal panel 75.

[0131] FIG.30schematically shows the liquid crystal panel
75 only with the array substrate 12 and the counter substrate
13. The second display area N2 of the liquid crystal panel 75
is around the center portion of the display area, and as to the
pixel structures 705 of the second display area N2, as shown
in FIG. 32, the positional relation between those of the array
substrate 12 and the counter substrate 13 is maintained, as it
is when the display surface is flat, not being curved.

[0132] The first display area N1 and the third display area
N3 of'the liquid crystal panel 75 are areas on both ends of the
display area, and as to the pixel structures 70a and 70¢ of the
first and third display areas N1 and N3, as shown in FIGS. 31
and 33, the pixel structures of the counter substrate 13 are
deviated inside in the vertical direction.

[0133] Since the length of the black matrix opening 41a in
the curve directionY is shorter than a predetermined length in
the pixel structures 70a, 705 and 70c in the liquid crystal
panel 75 of the third preferred embodiment, the black matrix
opening 41a is always disposed inside the pixel electrode 29
regardless of the position of the display area 51. Therefore, it
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is possible to achieve a uniform display entirely in the display
area 51, like in the case where the display surface is curved
concavely.

[0134] Whenthe liquid crystal display of the third preferred
embodiment is viewed from the front, however, a lower por-
tion of the display area 51 is viewed from a slightly upper
direction relative to the surface of the liquid crystal panel 75.
Since this direction is a direction in which the tone inversion
phenomenon of the TN mode of 12 o’clock viewing angle
occurs, the luminance in bright display is slightly darker and
the luminance in dark display is slightly brighter as compared
with the center portion and the upper portion of the display
area 51.

[0135] Inthe above preferred embodiments, the case where
the entire display surface of the liquid crystal display is
curved with the same curvature in a specific direction. Even in
other cases where part of the display surface is curved, where
the display surface is curved with different curvatures and
where the display surface is curved concavely and convexly,
the effect of suppressing the light leak can be produced by
determining the shape of the black matrix opening 41a in
consideration of the maximum value of the amount of posi-
tional misalignment.

[0136] FIG. 34 is a cross section viewed from the plane of
the array substrate 12 and the counter substrate 13 along the
curve direction'Y as the liquid crystal panel 75 is curved. In
the preferred embodiment shown in FIG. 34, the long sides of
the pixel structures 11 are arranged along the curve direction
Y of the display surface. FIG. 34 shows positional misalign-
ment occurring when part of the display surface having a
length of T.1 is curved concavely with the radius of curvature
R1. The length of the remaining part of the display surface
other than the above part (hereinafter, referred to as “curved
part”) is L.2 and the remaining part is flat, not being curved.
The remaining part is hereinafter referred to as “flat part”.
[0137] FIG. 34 shows a cross section in a case where it is
assumed that the main seal 52 only serves to keep the panel
gap and the array substrate 12 and the counter substrate 13
freely move along the curve direction. When the array sub-
strate 12 and the counter substrate 13 are fixed at a right end
of the flat part, i.e., a right end of the display surface of FIG.
34, the maximum value of the length of positional misalign-
ment at a left end of the curved part, i.e., a left end of the
display surface, in other words, the maximum value S1 of the
amount of positional misalignment is expressed by Eq. (4)
assuming that each thickness of the array substrate 12 and the
counter substrate 13 is T and the panel gap is d.

LT +d) (Eq. 4)

Sl =
R1

[0138] Therefore, in the third preferred embodiment, the
length of the black matrix opening 414 in the curve direction
Y has only to be shorter than the length E of the long side of
the pixel electrode 29 by not less than the maximum value S1
of the amount of positional misalignment. Specifically, the
length of the black matrix opening 414 in the curve direction
Y has only to be not longer than E-L1(T+d)/R1.

[0139] Like in the first preferred embodiment, this makes it
possible to suppress the light leak occurring around the pixel
electrode 29 provided in the pixel structure 11 and then sup-
press the display unevenness resulting from the positional
misalignment between the array substrate 12 and the counter
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substrate 13 due to the curvature. Further, since the pixel
structures 11 are arranged with their long sides along the
curve direction Y of the display surface, it is possible to
suppress a decrease in luminance due to the setting of the
length of the black matrix opening 41a in the curve direction
Y to be in the above range, as compared with the case where
the pixel structures 11 are arranged with their short sides
along the curve directionY. Therefore, it is possible to provide
a liquid crystal display achieving a high-quality image dis-
play with less display unevenness and high luminance.
[0140] FIG. 35 is a cross section viewed from the plane of
the array substrate 12 and the counter substrate 13 along the
curve directionY in a case where the display surface is curved
with different curvatures. Also in the preferred embodiment
shown in FIG. 35, the long sides of the pixel structures 11 are
arranged along the curve direction Y of the display surface.
FIG. 35 shows positional misalignment caused when the dis-
play surface is curved concavely with different curvatures on
leftand right sides ofthe display surface. Specifically, FIG. 35
shows a case where part of the display surface having a length
of L1 is curved concavely with the radius of curvature R1 and
the remaining par of the display surface other than the above
part (hereinafter, referred to as “the first curved part”) is
curved in the same direction as that of the first curved part
with the radius of curvature R2 different from the radius of
curvature of the first curved part. The remaining part is here-
inafter referred to as “the second curved part”, and the length
of the second curved part in the curve direction Y is L.2.
[0141] Like FIG. 34, FIG. 35 shows a cross section in the
case where it is assumed that the main seal 52 only serves to
keep the panel gap and the array substrate 12 and the counter
substrate 13 freely move along the curve direction Y. When
the array substrate 12 and the counter substrate 13 are fixed at
a position where the radius of curvature is changed, i.e., a
connection position of the first curved part and the second
curved part, the maximum value S1 of the amount of posi-
tional misalignment that is the maximum value of the length
of positional misalignment at a left end of the display surface,
ie., at a left end of the first curved part, is expressed by
above-discussed Eq. (4), and the maximum value S2 of the
amount of positional misalignment that is the maximum
value of the length of positional misalignment ata right end of
the display surface, i.e., at a right end of the second curved
part, is expressed by Eq. (5) assuming that each thickness of
the array substrate 12 and the counter substrate 13 is T and the
panel gap is d.

AT +d)

Eq. 5
2=—%

[0142] Therefore, in this preferred embodiment, the length
of the black matrix opening 41« in the curve directionY has
only to be shorter than the length E of the long side of the pixel
electrode 29 by not less than the sum (S1+S2) of the maxi-
mum value S1 of the amount of positional misalignment at the
first curved part and the maximum value S2 of the amount of
positional misalignment at the second curved part. Specifi-
cally, the length of the black matrix opening 41« in the curve
direction Y has only to be not longer than E-{L1(T+d)/R1+
L2(T+dyR2}.

[0143] Like in the first preferred embodiment, this makes it
possible to suppress the light leak occurring around the pixel
electrode 29 provided in the pixel structure 11 and then sup-
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press the display unevenness resulting from the positional
misalignment between the array substrate 12 and the counter
substrate 13 due to the curvature. Further, since the pixel
structures 11 are arranged with their long sides along the
curve direction Y of the display surface, it is possible to
suppress a decrease in luminance due to the setting of the
length of the black matrix opening 41a in the curve direction
Y to be in the above range, as compared with the case where
the pixel structures 11 are arranged with their short sides
along the curve directionY. Therefore, it is possible to provide
a liquid crystal display achieving a high-quality image dis-
play with less display unevenness and high luminance.
[0144] In the case where the curvature is asymmetrical on
the right and left sides of the display surface, like the two
cases shown in FIGS. 34 and 35, including a case where the
left side or the right side of the display surface is flat, the
positional misalignment occurs nonuniformly on the left and
right sides of the display surface and depends on the curva-
tures R1 and R2 and the lengths .1 and 1.2 on the left and right
sides of the display surface. Therefore, in this case, the length
of the black matrix opening 41a along the curve direction Y
has only to be the above predetermined length and the relative
position of the array substrate 12 and the counter substrate 13
has only to be set in consideration of the positional misalign-
ment to be caused in the case where the display surface is
actually curved. Specifically, the paste position of the array
substrate 12 and the counter substrate 13 has only to be
controlled in consideration of the positional misalignment to
be caused in the case where the display surface is actually
curved.

[0145] FIG. 36 is a cross section viewed from the plane of
the array substrate 12 and the counter substrate 13 along the
curve directionY in a case where the display surface is curved
concavely and convexly. Also in the preferred embodiment
shown in FIG. 36, the long sides of the pixel structures 11 are
arranged along the curve direction Y of the display surface.
FIG. 36 shows positional misalignment caused when the dis-
play surface is curved in reverse directions on left and right
sides of the display surface. Specifically, FIG. 36 shows a case
where one half of the display surface having a length of 1 is
curved concavely with the radius of curvature RI and the
remaining halfof the display surface other than the above half
(hereinafter, referred to as “the concavely-curved part”) is
curved in a direction reverse to the direction in which the
concavely-curved part is curved, specifically, curved con-
vexly with the same radius of curvature as that of the con-
cavely-curved part. The remaining part which is curved con-
vexly is hereinafter referred to as “the convexly-curved part”,
and the length of the convexly-curved part in the curve direc-
tionY is L1.

[0146] Like FIG. 35, FIG. 36 shows a cross section in the
case where it is assumed that the main seal 52 only serves to
keep the panel gap and the array substrate 12 and the counter
substrate 13 freely move along the curve direction Y. When
the array substrate 12 and the counter substrate 13 are fixed at
a position where the direction of curvature is changed, i.e., a
connection position of the concavely-curved part and the
convexly-curved part, the maximum value S1 of the amount
of positional misalignment that is the maximum value of the
length of positional misalignment at both ends of the display
surface in the curve direction Y is expressed by above-dis-
cussed Eq. (4).

[0147] As shown in FIG. 36, when the display surface is
curved in reverse directions on its left and right sides, the
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direction of positional misalignment does not change on its
leftand right sides. In an actualliquid crystal panel, since both
the left and right ends of the display area of the array substrate
12 and the counter substrate 13 are fixed by the main seal 52,
in the convexly-curved part on the right side of FIG. 36, the
pixel structures 11 on the side of the counter substrate 13 are
shifted rightward and the maximum value S1 ofthe amount of
positional misalignment is expressed by above-discussed Eq.
(4). Further, in the concavely-curved part on the left side of
FIG. 36, the pixel structures 11 on the side of the counter
substrate 13 are shifted leftward and the maximum value S1
of the amount of positional misalignment is expressed by
above-discussed Eq. (4).

[0148] Therefore, in this preferred embodiment, the length
of the black matrix opening 41« in the curve direction Y has
only to be shorter than the length E of the long side of the pixel
electrode 29 by not less than the maximum value S1 of the
amount of positional misalignment in either the convexly-
curved part or the concavely-curved part. Specifically, the
length of the black matrix opening 41a in the curve direction
Y has only to be not longer than E-L1(T+d)/R1.

[0149] Like in the first preferred embodiment, this makes it
possible to suppress the light leak occurring around the pixel
electrode 29 provided in the pixel structure 11 and then sup-
press the display unevenness resulting from the positional
misalignment between the array substrate 12 and the counter
substrate 13 due to the curvature. Further, since the pixel
structures 11 are arranged with their long sides along the
curve direction Y of the display surface, it is possible to
suppress a decrease in luminance due to the setting of the
length of the black matrix opening 414 in the curve direction
Y to be in the above range, as compared with the case where
the pixel structures 11 are arranged with their short sides
along the curve directionY. Therefore, it is possible to provide
a liquid crystal display achieving a high-quality image dis-
play with less display unevenness and high luminance.
[0150] FIG. 37 is a cross section viewed from the plane of
the array substrate 12 and the counter substrate 13 along the
curve direction Y in another example in the case where the
display surface is curved concavely and convexly. Also in the
preferred embodiment shown in FIG. 37, the long sides of the
pixel structures 11 are arranged along the curve direction Y of
the display surface. FIG. 37 shows positional misalignment
caused when the display surface is curved in reverse direc-
tions on left and right sides of the display surface with differ-
ent curvatures. Specifically, FIG. 37 shows a case where part
of the display surface having a length of L1 is curved con-
cavely with the radius of curvature R1 and the remaining part
of the display surface other than the above part (hereinafter,
referred to as “the concavely-curved part”) is curved convexly
with the radius of curvature R2 different from that of the
concavely-curved part. The remaining part which is curved
convexly is hereinafter referred to as “the convexly-curved
part”, and the length of the convexly-curved part in the curve
direction'Y 1s L.2.

[0151] Like FIG. 36, FIG. 37 shows a cross section in the
case where it is assumed that the main seal 52 only serves to
keep the panel gap and the array substrate 12 and the counter
substrate 13 freely move along the curve direction Y. When
the array substrate 12 and the counter substrate 13 are fixed at
a position where the direction of curvature is changed, i.e., a
connection position of the concavely-curved part and the
convexly-curved part, the maximum value S1 of the amount
of positional misalignment that is the maximum value of the
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length of positional misalignment at the left end of the display
surface in FIG. 37, ie., at the concavely-curved part is
expressed by above-discussed Eq. (4), and the maximum
value S2 of the amount of positional misalignment that is the
maximum value of the length of positional misalignment at
the right end of the display surface, i.e., at the convexly-
curved part is expressed by above-discussed Eq. (5).

[0152] Like in the preferred embodiment shown in FIG. 36,
also in the preferred embodiment shown in FIG. 37, the
direction of positional misalignment does not change on the
left and right sides, and the maximum value of the amount of
positional misalignment in the entire liquid crystal panel is a
larger one of the maximum value S1 of the amount of posi-
tional misalignment in the concavely-curved part and the
maximum value S2 of the amount of positional misalignment
in the convexly-curved part. The length of the black matrix
opening 41 in the curve direction Y has only to be shorter
than the length E of the long side of the pixel electrode 29 by
not less than the maximum value of the amount of positional
misalignment in the entire liquid crystal panel. If the maxi-
mum value S1 of the amount of positional misalignment in
the concavely-curved part is equal to or larger than the maxi-
mum value S2 of the amount of positional misalignment in
the convexly-curved part (S1=S2), the length of the black
matrix opening 41a in the curve direction Y has only to be
shorter than the length E of the long side of the pixel electrode
29 by not less than the maximum value S1 of the amount of
positional misalignment in the concavely-curved part, and
specifically, the length of the black matrix opening 41a in the
curve direction Y has only to be not longer than E-L1(T+d)/
R1.

[0153] Likein the first preferred embodiment, this makes it
possible to suppress the light leak occurring around the pixel
electrode 29 provided in the pixel structure 11 and then sup-
press the display unevenness resulting from the positional
misalignment between the array substrate 12 and the counter
substrate 13 due to the curvature. Further, since the pixel
structures 11 are arranged with their long sides along the
curve direction Y of the display surface, it is possible to
suppress a decrease in luminance due to the setting of the
length of the black matrix opening 414 in the curve direction
Y to be in the above range, as compared with the case where
the pixel structures 11 are arranged with their short sides
along the curve directionY. Therefore, it is possible to provide
a liquid crystal display achieving a high-quality image dis-
play with less display unevenness and high luminance.

[0154] FIG. 38 is a plan view showing the black matrix
opening 41a in a case where the left and right sides of the
display surface are curved in reverse directions. Like the
above two cases shown in FIGS. 36 and 37, in the case where
the left and right sides of the display surface are curved in
reverse directions, the positional misalignment occurs in one
direction of left and right of the display surface. Therefore, as
shown in FIG. 38, by disposing one end portion of the black
matrix opening 41a in the curve directionY to be aligned with
the one end portion of the pixel electrode 29 and setting the
length of the black matrix opening 41a in the curve direction
Y to be in the above range, it is possible to suppress the light
leak due to the positional misalignment. For example, if the
pixel structures 11 on the side of the counter substrate 13 are
shifted rightward of FIG. 38, as shown in FIG. 38, the black
matrix opening 41a has only to be arranged with its one end
portion in the curve direction Y being aligned with one end
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portion of the pixel electrode 29, thereby being deviated to the
left side of the pixel electrode 29.

[0155] 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 liquid crystal display comprising:

an array substrate having a plurality of rectangular pixel
structures which are arranged in matrix;

a counter substrate opposed to said array substrate, having
a color filter and a black matrix; and

aliquid crystal layer held between said array substrate and
said counter substrate,

said liquid crystal display having a curved display surface
formed of said array substrate and said counter substrate
both being curved,

wherein long sides of said pixel structures are arranged
along a curve direction of said display surface,

a rectangular pixel electrode is provided in each of said
pixel structures, with its long side being arranged along
the long side of the pixel structure, and

assuming that the length of said display surface in said
curve direction is L, the thickness of said array substrate
is T1, the thickness of said counter substrate is T2, the
size of a gap between said array substrate and said
counter substrate is d, the radius of curvature of the
curved display surface is R and the length of the long
side of the pixel electrode provided in each of said pixel
structures is E, the length of an opening sectioned by
said black matrix in said curve direction is not longer
than E-L {(T1/2)+(T2/2)+d}/R.

2. A liquid crystal display comprising:

an array substrate having a plurality of rectangular pixel
structures which are arranged in matrix;
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a counter substrate opposed to said array substrate, having
a color filter and a black matrix; and

a liquid crystal layer held between said array substrate and
said counter substrate,

said liquid crystal display having a curved display surface
formed of said array substrate and said counter substrate
both being curved,

wherein long sides of said pixel structures are arranged
along a curve direction of said display surface, and

assuming that the length of said display surface in said
curve direction is L, the thickness of said array substrate
is T1, the thickness of said counter substrate is T2, the
size of a gap between said array substrate and said
counter substrate is d, the radius of curvature of the
curved display surface is R and the length of the long
side of each of said pixel structures is P, the length of an
opening sectioned by said black matrix in said curve
direction is not longer than P-L {(T1/2)+(T2/2)+d}/R.

3. The liquid crystal display according to claim 1, wherein

said liquid crystal layer is in a twisted nematic mode of 6
o’clock viewing angle or 12 o’clock viewing angle
toward said display surface, and said curve directionis a
horizontal direction of said display surface.

4. The liquid crystal display according to claim 2, wherein

said liquid crystal layer is in a twisted nematic mode of 6
o’clock viewing angle or 12 o’clock viewing angle
toward said display surface, and said curve directionis a
horizontal direction of said display surface.

5. The liquid crystal display according to claim 1, wherein

a signal wire is disposed along said curve direction and a
scanning wire and a common wire are disposed in a
direction orthogonal to said curve direction.

6. The liquid crystal display according to claim 2, wherein

a signal wire is disposed along said curve direction and a
scanning wire and a common wire are disposed in a
direction orthogonal to said curve direction.
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