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(57) ABSTRACT

A liquid crystal display panel includes: a pair of substrates
which are opposed to each other; and a liquid crystal layer
which is interposed between the pair of substrates, wherein
one of the pair of substrates is provided with a plurality of
scanning lines and a plurality of signal lines which are
arranged in a matrix shape in a display area, lower electrodes
which are each formed in each of sub-pixel areas partitioned
by the plurality of scanning lines and the plurality of signal
lines, an insulating film which is formed in the display area so
as to cover the lower electrodes, upper electrodes which are
formed in the display area through the insulating film and
each have a plurality of slits in each of the sub-pixel area, and
an alignment film which is formed on the upper electrodes
and slit-shaped openings close to the liquid crystal layer,
wherein the other of the pair of substrates is provided with
light-shielding films which are formed at locations overlap-
ping with the scanning lines and the signal lines in plan view,
wherein each of the upper electrodes overlaps with each of the
light-shielding films in at least a partial portion in plan view,
wherein each of the slit-shaped openings extends along any
one of the signal line or the scanning line and has a main
portion extending in an direction inclined at a predetermined
angle with respect to a rubbing direction of the alignment film
and a front end portion, and wherein an edge of the circum-
ference of at least one of the slit-shaped openings formed on
both sides of the light-shielding film so as to dispose the
light-shielding film therebetween in plan view does not over-
lap with the light-shielding film disposed between the slit-
shaped openings in plan view.

108

RUBBING DIRECTION




US 2010/0079712 Al

Apr.1,2010 Sheet1of 7

Patent Application Publication

FIG. 1

AR LI At S
A O AT A S AED'

—— e :
B AT

s

SRR %ﬂr‘ﬁ&fﬂf:wm&ﬁﬁ&ﬁu,

T s e o A T Y 2

)

i &’
s

4

t‘tzuu..rﬁt;

T

R o
ilr;!ﬁ;.mﬁlﬁmrﬁ”.. e e —

e
-
e OIS —

S S . .

NOILLO3HIQ ONIg8Nd

25

TFT



Patent Application Publication Apr. 1,2010 Sheet2 of 7 US 2010/0079712 A1

iﬁ §%§§ﬁ§meu§ y
L§§\’1Wﬁf“”’ \
“INJHINENT ]
AU flf!Ii!!E'\ NN
\Z\!iﬂfiu\ N
/ /N;hiﬁ /\ \
ASENIHHINANT L
A TR IN N
\/\,fi““m\ \
A TN N
“NIHINANT L
5 A NLN N
o~ = \%\’;iipg” N\
0 NG
g A Z\'i:i'!“q\ \ /\
NN LN
NN
ZAIRZ i
. 2 ,§|:!'[i|! /\ \
NN
NN
727 W iR C N
Nz ~',:fyit"\ \/\ I
/ \Z\,i“h”!l %_a(/\ .
ST TF LT HIN
/\7\,;”1ilfg\ N A
\ N N | ©
s N ANA T




Patent Application Publication Apr. 1,2010 Sheet3of 7 US 2010/0079712 A1

FIG. 3

24 30 31 27
10A \ 2{ 27¢ \
NN > N //V N >\‘ N0
|29
134 AN S
| 32
S L A N W W W W W W W WA W W - A Rk
e e S A
r jm“i"i””i“””?m T s e f%ij 28
\ \V/}//}///\/\\ /}///\/ /\IJ/}///\///\/II \ ‘»—-_/26
12<////////{\'§g
- . 19
A A EAVES
L
/
21
FIG. 4 31 24 25 30 27

13 z \&/\\\ NN

N T e S N
‘ A AN N NS S NSRS NN RSN S AN NSNS “\\‘;;‘:“;\/\/{/‘::\ ’vza
125 A~—23
e ‘ - - 19
L INT S N N N S IN
VANV AW S A A A AV
L] | g

;o] 7

S20GD 22

| N —



Patent Application Publication Apr. 1,2010 Sheet4 of 7 US 2010/0079712 A1

FORWARD
FIG. 5 BACKWARD ROTATION

ROTATION

FORWARD
ROTATION

RUBBING DIRECTION

FORWARD
ROTATION

BACKWARD
ROTATION

FORWARD
ROTATION



Patent Application Publication Apr. 1,2010 Sheet5Sof7 US 2010/0079712 A1

FIG. 6A 27 .
\NANARANTRANNS S 31
N N N N N N W N NI I NP S

23

ELECTRIC
FIELD
DIRECTION

ELECTRIC
FIELD
DIRECTION

FIG. 6C

(BRIGHTNESS)

TRANSMISSIVITY

K ‘i\\\\\ \\\l \1
e ~ iy ~ 7 N,
27 27a 27 27a




US 2010/0079712 Al

Apr.1,2010 Sheet 6 of 7

Patent Application Publication

FIG. 7

10B

W
A s
e T e R

T S

3
e e ST

e R

NOILO3HIT ONIgany



Patent Application Publication Apr. 1,2010 Sheet7 of 7 US 2010/0079712 A1

FIG. 8 BACKWARD FORWARD
ROTATION ROTATION

FORWARD

ROTATION

-ab

BRIGHT «—» DARK

RUBBING DIRECTION

BACKWARD
ROTATION

‘ FORWARD
~-af ROTATION



US 2010/0079712 Al

LIQUID CRYSTAL DISPLAY PANEL

BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to a transverse electric

field mode liquid crystal display panel. Specifically, the
present invention relates to a transverse electric mode liquid
crystal display panel in which slits of an upper electrode
extends along a signal line or a scanning line.

[0003] 2. Related Art

[0004] The liquid crystal display panel has been used as a
display unit in numerous electronic apparatuses since the
liquid crystal display panel has features such as lightness,
thinness, low power consumption in comparison to a CRT
(Cathode Ray Tube). The liquid crystal display panel is a
device which displays an image in such a manner that a
direction of liquid crystal molecules aligned in a predeter-
mined direction by performing a rubbing process on an align-
ment film is changed by an electric field and an amount of
transmitted light or an amount of reflected light is varied.
[0005] As amethod of applying the electric field to a liquid
crystal layer of the liquid crystal display panel, there are a
longitudinal electric field mode and a transverse electric field
mode. The longitudinal electric field mode liquid crystal dis-
play panel mainly applies an electric field oriented in a ver-
tical direction to liquid crystal molecules by a pair of elec-
trodes disposed with the liquid crystal layer interposed
therebetween. As the longitudinal electric field mode liquid
crystal display panel, there are known a TN (Twisted Nem-
atic) mode liquid crystal display panel, a VA (Vertical Align-
ment) mode liquid crystal display panel, a MVA (Multi-do-
main Vertical Alignment) mode liquid crystal display panel,
and the like. In addition, the transverse electric field mode
liquid crystal display panel mainly applies an electric field
oriented in a horizontal direction to liquid crystal molecules
by providing a pair of electrodes so as to be insulated from
each other in the inside of one of a pair of substrates disposed
with a liquid crystal layer interposed therebetween. As the
transverse electric field mode liquid crystal display panel,
there are known an IPS (In-Plane Switching) mode liquid
crystal display panel in which a pair of electrodes do not
overlap with other in plan view and a FFS (Fringe Field
Switching) mode liquid crystal display panel in which a pair
of electrodes overlap with each other in plan view. Since the
transverse electric field mode liquid crystal display panel has
anadvantage ofrealizing a wide viewing angle, the transverse
electric field mode liquid crystal display panel has widely
been used in recent years.

[0006] In the transverse electric field mode liquid crystal
display panel, slit-shaped openings extend so as to be slightly
inclined in a rubbing direction and the liquid crystal mol-
ecules rotate in the same direction. In addition, in a color
display liquid crystal display panel, it is possible to reduce a
variation in colors in accordance with a viewing angle by
realizing a multi-domain in which an inclination angle of the
slit-shaped openings is divided into two positive and negative
domains. However, an electric field cannot be generated in a
desired direction in both ends of the slit-shaped openings.
Therefore, when the slit-shaped openings extending in differ-
ent directions are separated, an aperture ratio is reduced.
Accordingly, the multi-domain having a high aperture ratio is
realized by connecting the slit-shaped openings extending in
the different directions to each other.
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[0007] In the color display liquid crystal display panel,
however, three sub-pixels of R (red), G (green), and B (blue)
colors are normally formed in line and each one pixel is
formed by a combination of the three sub-pixels. Since each
one pixel normally has a substantial square, each one sub-
pixel has a vertically long rectangle. Therefore, in the FFS
mode liquid crystal display panel, since an electric field can-
not be formed in the desired direction in both the ends of the
slit-shaped openings provided in an upper electrode, a
method of reducing a reduction in the aperture ratio by dis-
posing the slit-shaped openings to extend in a vertical direc-
tion has been considered. When the slit-shaped openings
extending in the different directions are connected to each
other and the slit-shaped openings are disposed to extend in
the vertical direction, the slit-shaped openings have a “<”
shape (or a chevron shape).

[0008] In the color display liquid crystal display panel,
when the slit-shaped opening of the sub-pixel having the
vertically long rectangle is formed in the “<” shape, an area
where no slit-shaped opening exits is broadened in upper and
lower portions of the sub-pixel, thereby deteriorating the
aperture ratio. In order to solve this problem, a liquid crystal
display panel which has a zigzag shape formed by connecting
aplurality of the slit-shaped openings having the “<” shape to
each other is disclosed in FIG. 68 of JP-A-2002-14374. In
addition, a liquid crystal display panel which has the “<”
shape formed by matching a signal line to the slit-shaped
opening, that is, the “<” shape bent by matching the shape of
the sub-pixel in a lengthwise direction to the slit-shaped open-
ing is disclosed in FIG. 28 of JP-A-2008-70838.

[0009] Inrecent years, there has been devised a FFS mode
liquid crystal display panel in which a lower electrode oper-
ates as a pixel electrode and an upper electrode operates as a
common electrode by forming an inter-electrode insulating
film on the lower electrode and forming the upper electrode
having slit-shaped openings on the surface of the inter-elec-
trode insulating film across all the sub-pixels. Since the FFS
mode liquid crystal display panel having this configuration
has an advantage of considerably improving brightness and
contrast, the FFS mode liquid crystal display panel has been
applied to a device which includes a slit-shaped opening
having the “<” shape.

[0010] However, in this liquid crystal display panel, a way
of disposing the slit-shaped opening when the slit-shaped
opening having the “<” shape extending in the same direction
as that of a signal line in a light-shielding film (black matrix)
of a color filter substrate is formed in the upper electrode
formed across the signal lines is not taken into consideration.
On the other hand, in a liquid crystal display panel in which
the upper electrode having the slit-shaped opening is not
formed across the signal line and the upper electrode operates
as a pixel electrode, the width of the light-shielding film is
equal to or larger than that of the signal line. When a color
filter substrate which includes the light-shielding film having
this configuration is applied to a liquid crystal display panel in
which the upper electrode operates as a common electrode,
and particularly, when the slit-shaped opening is formed close
to the signal line in order to make the aperture ratio larger, a
problem occurs in that a brightly displayed region of the
circumference of the slit-shaped opening is shielded from
light by the light-shielding film and thus brightness deterio-
rates.

SUMMARY

[0011] An advantage of some aspects of the invention is
that it provides a transverse electric field mode liquid crystal
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display panel capable of preventing bright regions of the
circumferences of slit-shaped openings of an upper electrode
formed across each signal line from being shielded from light
due to a light-shielding film and capable of realizing a bright
display.

[0012] According to an aspect of the invention, there is
provided a liquid crystal display panel including: a pair of
substrates which are opposed to each other; and a liquid
crystal layer which is interposed between the pair of sub-
strates, wherein one of the pair of substrates is provided with
a plurality of scanning lines and a plurality of signal lines
which are arranged in a matrix shape in a display area, lower
electrodes which are each formed in each of sub-pixel areas
partitioned by the plurality of scanning lines and the plurality
of signal lines, an insulating film which is formed in the
display area so as to cover the lower electrodes, upper elec-
trodes which are formed in the display area through the insu-
lating film and each have a plurality of slits in each of the
sub-pixel area, and an alignment film which is formed on the
upper electrodes and slit-shaped openings close to the liquid
crystal layer, wherein the other of the pair of substrates is
provided with light-shielding films which are formed at loca-
tions overlapping with the scanning lines and the signal lines
in plan view, wherein each of the upper electrodes overlaps
with each of the light-shielding films in at least a partial
portion in plan view, wherein each of the slit-shaped openings
extends along any one of the signal line or the scanning line
and has a main portion extending in an direction inclined at a
predetermined angle with respect to a rubbing direction of the
alignment film and a front end portion, and wherein an edge
of the main portion of at least one of the slit-shaped openings
formed on both sides of the light-shielding film so as to
dispose the light-shielding film therebetween in plan view
does not overlap with the light-shielding film disposed
between the slit-shaped openings in plan view.

[0013] In the liquid crystal display panel according to this
aspect of the invention, the edges of the circumferences of the
slit-shaped openings do not overlap with the light-shielding
film in plan view in a transverse electric field mode liquid
crystal display panel in which the lower electrodes operates as
a pixel electrode and the upper electrode operates as a com-
mon electrode. In the transverse electric field mode liquid
crystal display panel, the vicinities of the edges of the slit-
shaped openings are the brightest and regions getting away
from the edges become darker at the drive time. Accordingly,
in the liquid crystal display panel according to this aspect of
the invention, at least one among the bright areas of the
vicinities of the edges in the main portions of the slit-shaped
openings of the upper electrodes formed between the signal
lines can be prevented from being shielded from light by the
light-shielding film. Therefore, it is possible to obtain the
liquid crystal display panel realizing a bright display.

[0014] In the liquid crystal display panel according to this
aspect of the invention, the edges of the main portions of the
slit-shaped openings may not overlap with the light-shielding
film in plan view in the slit-shaped openings formed on both
the sides of the light-shielding film so as to dispose the light-
shielding film therebetween in plan view.

[0015] In the liquid crystal display panel according to this
aspect of the invention, the both of the bright areas of the
circumferences of the slit-shaped openings of the upper elec-
trode located on both sides of the light-shielding film are not
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shielded from light by the light-shielding film. Therefore, it is
possible to obtain the liquid crystal display panel realizing a
more bright display.

[0016] In the liquid crystal display panel according to this
aspect of the invention, on the assumption that a relation of
0°<y1<90° is satisfied and an inclination in one arbitrary
direction is positive with respect to the rubbing direction, the
slit-shaped opening may include a first main portion extend-
ing to be inclined at an angle +y1 and a second main portion
extending to be inclined at an angle —y1.

[0017] In the liquid crystal display panel according to this
aspect of the invention, since so-called two domains are
formed in the liquid crystal display panel, it is possible to
obtain the liquid crystal display panel reducing a color varia-
tion made in accordance with a viewing angle.

[0018] In the liquid crystal display panel according to this
aspect of the invention, on the assumption that a relation of
v1<y2<90° is satisfied, the slit-shaped opening further may
include a third main portion extending to be inclined at an
angle +y2 with respect to the rubbing direction and a fourth
main portion extending to be inclined at an angle —y2 with
respect to the rubbing direction.

[0019] In the liquid crystal display panel according to this
aspect of the invention, the slit-shaped openings formed in the
upper electrode have the double “<” shape. Accordingly, in
the liquid crystal display panel according to this aspect of the
invention, a ripple problem rarely occur when the surface of
the liquid crystal display panel is pressed, as well as obtaining
the advantages of those of the liquid crystal display panel.
[0020] In the liquid crystal display panel according to this
aspect of the invention, on the assumption that a direction of
the same inclination as that of the main portion of the slit-
shaped opening is positive with respect to the rubbing direc-
tion, the front end portion of the slit-shaped opening may have
a curve in which a direction of a tangent line positive and a
curve in which a direction of a tangent line negative. The
length of the curve in which the direction of the tangent line
is negative may be shorter than the length of the curve in
which the direction of the tangent line is the positive direc-
tion. At least a part of the curve in which the direction of the
tangent line is negative may overlap with the light-shielding
film in plan view.

[0021] A reverse twist domain where a good image display
cannot be made occurs in the end portions of the slit-shaped
openings. In the liquid crystal display panel according to this
aspect of the invention, the length of the curve of the portion
in which the reverse twist domain occurs is made shorter.
Therefore, since the reverse twist domain in the end portions
of the slit-shaped openings can be made narrow, it is possible
to obtain the liquid crystal display panel capable of realizing
a good display quality.

[0022] In the liquid crystal display panel according to this
aspect of the invention, the light-shielding film and the signal
line or the light-shielding film and the scanning line may
extend to be parallel to the edge of the slit-shaped opening.
[0023] When the light-shielding film and the signal line
extend or the light-shielding film and the scanning line extend
to be parallel to the edge of the slit-shaped opening, an area
which is not used to make a display is reduced, compared to
a case where the light-shielding film and the signal line or the
light-shielding film and the scanning line are not parallel to
the edge of the slit-shaped opening. Moreover, when the
light-shielding film and the signal line extend or the light-
shielding film and the scanning line extend to be parallel to
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the edge of the slit-shaped opening, a possibility of covering
the vicinity of the brightest edge of the slit-shaped opening
with the light-shielding film and the signal line or the light-
shielding film and the scanning line is reduced even in con-
sideration of a manufacture error of the liquid crystal display
panel. Accordingly, in the liquid crystal display panel accord-
ing to this aspect of the invention, it is possible to realize a
large aperture ratio, a bright display, and a small deviation in
brightness.

[0024] In the liquid crystal display panel according to this
aspect of the invention, than the width of the upper electrode
overlapping with the light-shielding film may be twice or less
larger the width of the light-shielding film.

[0025] With such a configuration, the width of the upper
electrode in the formed portion of the light-shielding film can
be set so as to efficiently obtain a bright display.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Theinvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0027] FIG.1is a front view illustrating three sub-pixels of
aliquid crystal display panel according to a first embodiment.

[0028] FIG.2is asectional view taken along the line II-11 of
FIG. 1.

[0029] FIG. 3 is a sectional view taken along the line III-II1
of FIG. 1.

[0030] FIG. 4 is a sectional view taken along the line IV-IV
of FIG. 1.

[0031] FIG. 5 is a diagram illustrating a rotation state of a
liquid crystal molecule in a slit-shaped opening of the liquid
crystal display panel according to the first embodiment.
[0032] FIG. 6A is an explanatory diagram schematically
illustrating an alignment state of the liquid crystal molecules
in a cross-section direction of the liquid crystal molecules.
[0033] FIG. 6B is an explanatory diagram schematically
illustrating a plane alignment state of the liquid crystal mol-
ecules.

[0034] FIG. 6Cisan explanatory diagram illustrating trans-
missivity in the alignment state of the liquid crystal mol-
ecules.

[0035] FIG. 7 is a front view illustrating three sub-pixels of
a liquid crystal display panel according to a second embodi-
ment.

[0036] FIG. 8 is a diagram illustrating a rotation state of a
liquid crystal molecule in a slit-shaped opening of the liquid
crystal display panel according to the second embodiment.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0037] Hereinafter, preferred embodiments of the inven-
tion will be described with reference to the drawings. The
embodiments described below are just examples of a liquid
crystal display panel for embodying a technical spirit of the
invention and are not intended to limit the invention to this
liquid crystal display panel. However, the invention is simi-
larly applicable to other embodiments included in claims of
the invention. In addition, in the drawings used to make
description in the specification, layers and constituent ele-
ments are shown with different scales in order to allow the
layers and the constituent elements to be recognizable in the
drawings, and thus are not necessarily shown in proportion to
the actual sizes thereof.
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[0038] FIG.1is a front view illustrating three sub-pixels of
aliquid crystal display panel according to a first embodiment.
FIG. 2 is a sectional view taken along the line II-1I of FIG. 1.
FIG. 3 is a sectional view taken along the line III-IIT of FIG.
1.FIG. 4 is a sectional view taken along the line IV-IV of FIG.
1. FIG. 5 is a diagram illustrating a rotation state of a liquid
crystal molecule in a slit-shaped opening of the liquid crystal
display panel according to the first embodiment. FIG. 7 is a
front view illustrating three sub-pixels of a liquid crystal
display panel according to a second embodiment. FIG. 8 is a
diagram illustrating a rotation state of a liquid crystal mol-
ecule in a slit-shaped opening of the liquid crystal display
panel according to the second embodiment.

First Embodiment

[0039] A liquid crystal display panel 10A according to the
first embodiment will be described with reference to FIGS. 1
to 5. The liquid crystal display panel 10A includes an array
substrate 12 and a color filter substrate 13, and a liquid crystal
layer 11 interposed between the array substrate 12 and the
color filter substrate 13, as shown in FIGS. 2 and 3. Even
though not illustrated, the thickness of the liquid crystal layer
11 is uniformly maintained by a spacer. On the rear surface of
the array substrate 12, a first polarizing plate 14 is formed. On
the front surface of the color filter substrate 13, a second
polarizing plate 15 is formed. On the rear surface of the array
substrate 12, a backlight unit 16 emitting light is disposed.
[0040] First, the configuration of the array substrate 12 will
be described. The array substrate 12 includes a substrate main
body 17 as a base substrate made of a material such as glass,
quartz, or plastic. On a side of the substrate main body 17 of
the array substrate 12 close to the liquid crystal layer 11,
scanning lines 18 from which gate electrodes G are individu-
ally diverged extend in an X-axis direction of FIG. 1 and a
gate insulating film 19 is formed so as to cover the gate
electrodes G and the scanning lines 18. On the gate insulating
film 19, individual semiconductor layers 20 formed of amor-
phous silicon, for example, are formed so as to be opposed to
the individual gate electrodes G. In addition, a source elec-
trode S and a drain electrode D are formed so as to partially
cover each of the semiconductor layers 20. The semiconduc-
tor layer 20, the gate electrode G, the source electrode S, and
the drain electrode D form a thin film transistor TFT as a
switching element. The source electrode S is diverged from a
signal line 21. The signal line 21 extends in a Y-axis direction
of FIG. 1.

[0041] A passivation film 22 made of a material such as
silicon oxide or silicon nitride is formed so as to cover the
semiconductor layers 20, the sources electrodes S, and the
drain electrodes D. The passivation film 22 is covered with a
resin layer 23. The resin layer 23 is covered with lower elec-
trodes 24 which are made of a transparent conductive material
such as ITO (Indium Tin Oxide) or IZO (Indium Zinc Oxide)
and individually formed in each of sub-pixels in an indepen-
dent manner. Each of contact holes 25 which is formed
through the passivation film 22 and the resin layer 23 and
reaches each of the drain electrodes D. The lower electrode 24
and the drain electrode D are electrically connected to each
other through the contact hole 25. With such a configuration,
the lower electrode 24 operates as a pixel electrode in the
liquid crystal display panel 10 A according to the first embodi-
ment.

[0042] Aninter-electrode insulating film 26 made of silicon
oxide or silicon nitride manufactured at a low temperature is
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formed so as to cover the lower electrodes 24. Upper elec-
trodes 27 made of a transparent conductive material such as
ITO or IZO are formed on the surface of the inter-electrode
insulating film 26 close to the liquid crystal layer 11. The
upper electrodes 27 are formed on all the sub-pixels and
operate as a counter electrode. Each of the upper electrodes
27 includes a plurality of strip-shaped electrodes 275 formed
by a plurality of slit-shaped openings 27a approximately
extending in the Y-axis direction of FIG. 1. The slit-shaped
openings 27a are formed by etching the upper electrode 27 by
a photolithographic method. The inter-electrode insulating
film 26 interposed between the lower electrode 24 and the
upper electrode 27 becomes a dielectric film and thus forms
storage capacitance between the lower electrode 24 and the
upper electrode 27. The upper electrodes 27 and the inter-
electrode insulating film 26 is covered with a first alignment
film 28 made of polyimide, for example. The first alignment
film 28 is subjected to a rubbing process in a predetermined
direction.

[0043] Next, the color filter substrate 13 will be described.
The color filter substrate 13 includes a substrate main body 29
as a base substrate made of a material such as glass, quartz, or
plastic. The substrate main body 29 is provided with CF
(color filter) layers 30 through which different color light (for
example, R, G, B, and non-color) pass in each of the sub-
pixels and BM (black matrix) layers 31 made of a light-
shielding material. A protective resin layer 32 is formed so as
to cover the CF layers 30 and the BM layers 31. In addition,
a second alignment film 33 made of polyimide, for example,
is formed so as to cover the protective resin layer 32. The
second alignment film 33 is subjected to a rubbing process in
a direction reverse to that of the first alignment film 28.

[0044] A transmission axis of the first polarizing plate 14 of
the array substrate 12 is perpendicular to a transmission axis
of the second polarizing plate 15 of the color filter substrate
13. The transmission axis of the second polarizing plate 15 is
parallel to the Y-axis of FIG. 1. The direction (hereinafter,
referred to as “a rubbing direction”) in which the first align-
ment film 28 is subjected to the rubbing process is parallel to
the transmission axis of the second polarizing plate 15. The
rubbing direction of the first alignment film 28 is a direction
intersecting a main direction of an electric field generated
between the upper electrode 27 and the lower electrode 24.
The liquid crystal molecules aligned parallel to the rubbing
direction in an initial alignment state rotate to be aligned in
the main direction of the electric field by applying a voltage
between the upper electrode 27 and the lower electrode 24.
Bright and dark displays of the sub-pixels are made on the
basis of a difference between the initial alignment state and
the alignment state formed at the time of applying a voltage.
In this way, a driving display of the sub-pixels is made. Even
though not illustrated, the liquid crystal layer 11 is sealed in a
sealing area formed by a sealing member provided between
the array substrate 12 and the color filter substrate 13.

[0045] Next, the slit-shaped openings 27a of the upper elec-
trode 27 will be described in detail with reference to FIG. 5.
The slit-shaped openings 27a extend in a vertical direction
(the Y-axis direction of FIG. 1). Each of the slit-shaped open-
ings 27a includes a first end portion E1, a first main portion
S1, a second main portion S2, and a second end portion E2 in
communication order from a lower direction of FIG. 5.
Assuming that a clockwise direction is a direction of a posi-
tive angle and an angle a1 is an acute angle in 0°<a1<90°, the
first main portion S1 extends so as to be inclined at an angle
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+al (for example, about 5° to about 15°) with respect to the
rubbing direction and the second main portion S2 extends to
be inclined so as to be inclined at an angle —o1 with respect to
the rubbing direction. The first main portion SI and the second
main portion S2 communicate with each other and are bent at
an angle $1=180°-a1x2 to be formed in a “<” shape (or a
chevron shape), where the angle “o1” corresponds to an angle
“y1” in claims.

[0046] The first end portion E1 has a first straight line
portion Ela, a curve portion E15, and a second straight line
portion Elc¢ in the communication order in its circumference.
Assuming that a relation of al<a2<a3<90° is satisfied, the
first straight line portion Ela extends from the inside of the
“<”shape of the first main portion S1 so as to be inclined at the
angle +a.2 with respect to the rubbing direction. The second
straight line portion Elc extends from the outside of the “<”
shape of the first main portion S1 so as to be inclined at the
angle +a3 with respect to the rubbing direction. Since
a2<a3, the firstend portion E1 extends so as to have a tapered
edge. The curve portion E15 is a curve connecting the first
straight line portion Ela to the second straight line portion
Elc. A curvature radius of the first straight line portion Ela is
smaller than a curvature radius of the second straight line
portion Elec.

[0047] Since the slit-shaped opening 27a has a substan-
tially line-symmetric shape, the second end portion E2 has the
similar shape as that of the first end portion E1. The first
straight line portion E2a extends from the inside of the “<”
shape of the second main portion 52 so as to be inclined at the
angle —a.2 with respect to the rubbing direction. The second
straight line portion E2¢ extends from the outside of the “<”
shape of the second main portion S2 so as to be inclined at the
angle —a3 with respect to the rubbing direction. Since
a2<a3, the second end portion E2 extends so as to have a
tapered edge. The curve portion E24 is a curve connecting the
first straight line portion E2a to the second straight line por-
tion E2¢. A curvature radius of the first straight line portion
E2a is smaller than a curvature radius of the second straight
line portion E2c.

[0048] Here, arotational direction of the liquid crystal mol-
ecules ofthe liquid crystal layer 11 in the slit-shaped openings
27a will be described. An electric field to be applied to the
liquid crystal layer 11 is generated by a potential difference
between the upper electrode 27 and the lower electrode 24
located in the slit-shaped openings 27a. The electric field is
generated so as to be substantially parallel to the surface of the
array substrate 12. A direction of the electric field in plan view
is anormal line direction of the side of the slit-shaped opening
27a. When there is no potential difference between the upper
electrode 27 and the lower electrode 24, that is, when the
electric field is in an OFF state, an alignment direction of the
liquid crystal molecules is the rubbing direction. When the
electric field is in an ON state, the alignment direction of the
liquid crystal molecules is the normal line direction of the side
of the slit-shaped opening 27a. When the electric field is
changed from the OFF state to the ON state, the liquid crystal
molecules rotate in a direction in which the rotational direc-
tion is smaller. Accordingly, when the potential difference
between the upper electrode 27 and the lower electrode 24 is
changed from the OFF state to the ON state, the liquid crystal
molecules rotate in a counterclockwise direction in the first
main portion S1 and rotate in a clockwise direction in the
second main portion S2, as show in FIG. 5.
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[0049] Inthe first end portion El, the relation of al<a2<a3
is satisfied. Therefore, when the potential difference between
the upper electrode 27 and the lower electrode 24 is changed
from the OFF state to the ON state, a rotational angle of the
liquid crystal molecules in the first straight line portion Ela
and a rotational angle of the liquid crystal molecules in the
second straight line portion Elc are smaller than a rotational
angle of the liquid crystal molecules in the first main portion
S1. Since the liquid crystal molecules rotate by the same
potential difference, the liquid crystal molecules in the first
straight line portion Ela in which the rotational angle thereof
is small have a rotational force larger than that of the liquid
crystal molecules in the first main portion S1. Accordingly, in
the liquid crystal display panel 10A according to the first
embodiment, it is easy for the liquid crystal molecules in the
first straight line portion Ela to be aligned so as to maintain
the location in a direction of the electric field. Therefore, even
when the liquid crystal display panel is pressed from the
outside and thus the alignment of the liquid crystal molecules
is changed, it is easy for the liquid crystal molecules to be
aligned so as to return to the location in the direction of the
electric field. In addition, the same phenomenon also occurs
in the first straight line portion E2a and the second straight
line portion E2¢ of the second end portion E2.

[0050] The curve portion E15 of the first end portion E1 has
an area where an angle o4 in a direction of a tangent line with
respect to the rubbing direction is negative. In this area, the
normal line direction of a curve with respect to the rubbing
direction is a direction reverse to the normal line direction of
the first main portion S1. Therefore, the liquid crystal mol-
ecules rotate in the direction reverse to that of the first main
portion S1. That is, since this area becomes a reverse twist
domain, a normal display cannot be made, thereby causing
deterioration in an aperture ratio. The same is applied to the
curve portion E25 of the second end portion E2. In the liquid
crystal display panel 10A according to the first embodiment,
by allowing a curvature radius to be smaller in an inside angle
of the “<” shape, the length of a curve potion in which the
direction of the electric field with respect to the rubbing
direction is reverse to that of the first main portion S1 and the
second main portion S2 is made shorter than the length of a
curve portion in which the direction of the electric field is the
same. Accordingly, in the liquid crystal display panel 10A
according to the first embodiment, it is possible to reduce the
reverse twist domain in the first end portion E1 and the second
end portion E2 of the slit-shaped opening 27a.

[0051] The color sub-pixels have a vertically long shape.
Therefore, when the slit-shaped openings 27a extend in a
horizontal direction, the number of both ends of the slit-
shaped openings 274 is increased. Accordingly, in the liquid
crystal display panel 10A according to the first embodiment,
a reduction in the aperture ratio is decreased by disposing the
slit-shaped openings 27a to extend in the vertical direction
(the Y-axis direction) and decreasing the number of the end
portions of the slit-shaped openings 27a, as shown in FIG. 1.

[0052] When all the slit-shaped openings 27a are disposed
in the clockwise direction or the counterclockwise direction,
the liquid crystal molecules are twisted in one direction. For
this reason, a phenomenon that colors are varied in accor-
dance with a viewing angle occurs. That is because retarda-
tion is apparently varied depending on a direction of viewing
the liquid crystal molecules. In order to reduce the phenom-
enon, the liquid crystal display panel 10A according to the
first embodiment is provided with a domain where the extend-
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ing direction of the slit-shaped openings 27a is inclined at the
angle +a.1 in the clockwise direction and a domain where the
extending direction thereof is inclined at the angle —a1 in the
clockwise direction. That is, there are provided the plurality
of domains. In the liquid crystal display panel 10A according
to the first embodiment, the two domains where the alignment
direction is different from each other are provided. However,
numerous domains where the alignment direction is different
may be additionally provided. In the liquid crystal display
panel 10A according to the first embodiment, there are pro-
vided the domain where the extending direction of the slit-
shaped openings 27a is inclined at the angle +al and the
domain where the extending direction thereof is inclined at
the angle —a.1. In this case, the angle “<” in the angles +al
and —a1 described above includes the completely same angle
(that is, +5° and -5°, for example) and also slightly different
angles such as +5° and -8° in consideration of manufacture
deviation or the like. The same is applied to the angles such as
a2 and a3 described in this embodiment.

[0053] Inthe liquid crystal display panel 10A according to
the first embodiment, the domains where the alignment direc-
tion is different are formed by bending the slit-shaped open-
ings 27a in the “<” shape. Since an area which cannot nor-
mally display an image is reduced in comparison to a case of
separating the slit-shaped openings 27a by bending the slit-
shaped openings 27a in the “<” shape in this manner, the
aperture ratio can be made larger. Moreover, as shown in FIG.
1, the signal line 21 extends so as to be parallel to the long first
main portion S1 and the long second main portion S2 of the
slit-shaped opening 27a.

[0054] Next, a relation between the slit-shaped openings
27a of the upper electrode 27 and the BM layers 31 will be
described. The upper electrode 27 is formed across all the
sub-pixels and portions which are not illustrated by a diagonal
line in FIG. 1 are the slit-shaped openings 27a of the upper
electrode 27. In addition, hatched portions are the BM layers
31. As shown in FIGS. 1 and 3, the upper electrode 27 over-
laps with the BM layer 31 in plan view. Circumferences 27¢
(edges) of all the first main portions S1 and the second main
portions S2 of the slit-shaped openings 27a do not overlap
with the BM layer 31 in plan view. The BM layer 31 and the
signal line 21 are parallel to the first main portions S1 and the
second main portions S2 of the slit-shaped openings 27a.

[0055] However, the circumferences 27¢ of the slit-shaped
openings 27a are the brightest and regions getting away from
the circumference 27¢ become darker Accordingly, in the
liquid crystal display panel 10 according to the first embodi-
ment, the aperture ratio can be improved by forming the
signal line 21 and the BM layer 31 so as to be parallel to the
shape of the slit-shaped openings 27a, since the area which
cannot display an image is reduced in comparison to a liquid
crystal display panel in which the signal line is formed so as
to be parallel to the Y-axis. Moreover, since the signal line 21
and the BM layer 31 extend to be parallel to the edges of the
slit-shaped openings 27a, a possibility of covering the vicini-
ties of the brightest edges of'the slit-shaped openings 27a with
the signal line 21 and the BM layer 31 is decreased even
though a manufacture error of the liquid crystal display panel
10A is taken into consideration. In consequence, since the
brightest edges of the slit-shaped openings 27a do not overlap
with the BM layer 31 as a light-shielding film and thus are not
shielded from light, the liquid crystal display panel 10A
capable of realizing a bright display can be provided.
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[0056] Here, the reason that the circumferences 27¢ (the
edges) of the first main portion S1 and the second main
portion S2 of the slit-shaped openings 27a formed so as not to
overlap with the BM layer 31 in plan view are the brightest
will be described with reference to FIG. 6. FIG. 6A is an
enlarged diagram illustrating a part of the liquid crystal dis-
play panel 10A shown in FIG. 3 and an explanatory diagram
schematically illustrating an alignment state of the liquid
crystal molecules in a cross-section direction of the liquid
crystal layer 11 when an electric field is applied to the liquid
crystal layer 11. FIG. 6B is a plan view when FIG. 6A is
viewed from the second alignment film 33 and an explanatory
diagram schematically illustrating a plane alignment state of
the liquid crystal molecules when the electric field is applied
to the liquid crystal layer 11. FIG. 6C is an explanatory
diagram illustrating transmissivity of the upper electrode 27,
the first main portion S1 or the second main portion S2 of the
slit-shaped opening 27a, and the circumference 27¢ (the
edge) in the alignment state of the liquid crystal molecules
when the electric field is applied to the liquid crystal layer 11.

[0057] Asshownin FIG. 6A, the circumferences 27¢ of the
upper electrodes 27 are disposed so as to overlap with the
lower electrodes 24 in plan view. With such a configuration, in
the circumferences 27¢, a uniform electric field (indicated by
an arrow A in the drawing) is generated in accordance with a
voltage applied between the upper electrode 27 and the lower
electrode 24. A horizontal-direction electric field generated
along the substrate surface of the substrate main body 29 or
the like is the strongest near the circumferences 27¢, in that
the electric field becomes stronger as a space distance
between the upper electrode 27 and the lower electrode 24 is
physically shorter.

[0058] In this case, as shown in FIG. 6B, liquid crystal
molecules ES of the liquid crystal layer 11 respectively rotate
atangles corresponding to the magnitudes of the electric field
from the rubbing direction (the Y-axis direction) as the initial
alignment direction to a direction which is a direction of the
horizontal-direction electric field which is almost perpen-
dicular to the extending direction of the circumferences 27¢
(the edges) of the first main portions S1 or the second main
portions S2 of the slit-shaped openings 27a and is a direction
of the horizontal-direction electric field generated in a direc-
tion oriented along the substrate surface. At this time, as
described above, the transversely generated electric field is
the strongest near the circumferences 27¢. Accordingly, a
rotational angle from the initial alignment direction (the
Y-axis direction) of the liquid crystal molecules EB is indi-
cated by the direction of the electric field or a rotational angle
K1 close to the direction of the electric field near the circum-
ferences 27¢, as shown in FIG. 6B. Originally, since the
horizontal-direction electric field generated near the middle
of the width of the slit-shaped opening 27a and near the
middle of the width of the strip-shaped electrode 275 is weak,
the alignment directions of the liquid crystal molecules EB
are indicated by a rotational angle K2 and a rotational angle
K3 smaller than the rotational angle K1. In general, the rota-
tional angle K2 is larger than the rotational angle K3 in many
cases.

[0059] In this embodiment, however, it is configured that
the transmissivity become the maximum when the direction
in which the rotational angle of the liquid crystal molecules
ED is the largest becomes the direction of the horizontal-
direction electric field (transverse electric field) roughly gen-
erated. In consequence, as shown in FIG. 6C, the transmis-
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sivity of the liquid crystal display panel 10A has the largest
value in the vicinities of the circumferences 27¢ where the
rotational angle of the liquid crystal molecules EB is the
largest and the transmissivity of the liquid crystal display
panel 10A becomes smaller away from the vicinities of the
circumferences 27c. Accordingly, the vicinities of the cir-
cumferences 27¢ are the brightest since much light transmits
through the vicinities from the backlight unit and regions
getting away from the circumferences 27¢ become darker. As
described above, the BM layer 31 does not overlap with the
circumferences (the edges) 27¢ of the brightest slit-shaped
openings 27a and thus does not shield the circumferences 27¢
from light, as shown in FIG. 6C. Therefore, it is possible to
provide the liquid crystal display panel 10A capable of real-
izing a bright display.

[0060] Inthe liquid crystal display panel 10A according to
the first embodiment, parts of the end portions E1 and E2 of
the slit-shaped openings 27a where the liquid crystal mol-
ecules rotate backward overlap with the BM layer 31 in plan
view, as shown in FIG. 1. In this way, by shielding the portions
as the reverse twist domains from light, it is possible to obtain
the liquid crystal display panel 10A capable of realizing a
good display quality.

[0061] Inthe liquid crystal display panel 10A according to
the first embodiment, the circumference 27¢ of at least one
slit-shaped opening 27a of the slit-shaped openings 27a
formed on the both sides of the BM layer 31 so as to dispose
the BM layer 31 therebetween in plan view may not overlap
with the BM layer 31 in plan view. With such a configuration,
since at least one of the bright areas ofthe circumferences 27¢
of'the slit-shaped openings 27a of the upper electrode located
on the both sides of the light-shielding film can be prevented
from being shielded from light by the light-shielding film, itis
possible to provide the liquid crystal display panel 10A
capable of realizing a bright display.

[0062] In an actual liquid crystal display panel, a gap
between the sub-pixels is made small to enlarge a display area
of'the pixels in order to realize a bright display in some cases.
In this case, due to a manufacturing cause, the width of the
SM layer 31 formed between the sub-pixels may be larger
than the width of the upper electrode 27 overlapping with the
BM layer 31. Then, it is preferable that the BM layer 31 is
formed such that the circumference 27¢ of at least one slit-
shaped opening 27a of the slit-shaped openings 27a formed
on the both sides of the BM layer 31 does not overlap with the
BM layer 31 in plan view so as to dispose the BM layer 31
therebetween in plan view.

[0063] In general, when the width of the BM layer 31 is
formed so as to be narrower than the width of the upper
electrode 27 overlapping with the BM layer 31, the BM layer
31 can be formed so as not to overlap with the circumference
27¢ of one slit-shaped opening 27a in plan view even in
consideration of a manufacturing error of the liquid crystal
display panel 10A. However, when the width of the BM layer
31 is too narrower than the width of the upper electrode 27
overlapping with the BM layer 31, that is, the width of the
upper electrode 27 overlapping with the BM layer 31 is too
larger than the width of the BM layer 31, a region where the
transmissivity of the upper electrode 27 is lower may be
increased, as known from FIG. 6C (therefore, when the width
of'the upper electrode 27 overlapping with the BM layer 31 is
too larger than the width of the BM layer 31, forming the
slit-shaped opening 27a additionally in the space is efficient
in improving the transmissivity). For this reason, it is prefer-
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able that the width of the upper electrode 27 overlapping with
the BM layer 31 is twice or less larger than the width of the
BM layer 31. Specifically, when the width of the BM layer 31
is 6.0 pm, it is preferable that the width of the upper electrode
27 overlapping with the BM layer 31 is 12.0 um or less and it
is more preferable that the width of the upper electrode 27
approaches the width of the BM layer 31 as close as possible
(for example, 6.1 um). In this way, it is possible to realize a
bright display efficiently.

Second Embodiment

[0064] A liquid crystal display panel 10B according to a
second embodiment will be described with reference to FIGS.
7 and 8. A difference between the liquid crystal display panel
10A according to the first embodiment and the liquid crystal
display panel 10B according to the second embodiment is that
the slit-shaped opening is formed in a double “<” shape, and
the remaining configuration is the same as that of the liquid
crystal display panel 10A according to the first embodiment.
Inthe liquid crystal display panel 10B according to the second
embodiment, the same reference numerals are given to the
same constituent elements as those of the liquid crystal dis-
play panel 10A according to the first embodiment and
detailed description is omitted. If necessary, FIGS. 2 to 4 are
referred.

[0065] When the slit-shaped openings 27a are connected to
each other, a ripple problem occurs in that domains where
alignment directions are different from each other come and
go in the connection portions. The configuration of the liquid
crystal display panel 10B according to the second embodi-
ment makes it possible to reduce the ripple problem. In the
liquid crystal display panel 10B according to the second
embodiment, the slit-shaped openings 41a formed in the
upper electrode 41 have the double “<” shape (or a chevron
shape), as shown in FIGS. 7 and 8. Each of the slit-shaped
openings 41a having the double “<” shape includes a first end
portion E1, a first main portion S3, a third main portion S5, a
fourth main portion S6, a second main portion S4, and a
second end portion E2 in communication order from a lower
direction of FIG. 8. Assuming that a clockwise direction is a
direction of a positive angle and a relation of 0°<a5<a6<90°
is satisfied, the first main portion S3 extends so as to be
inclined at an angle +a5 with respect to the rubbing direction,
the second main portion S4 extends so as to be inclined at an
angle —a5 with respect to the rubbing direction, the third main
portion S5 extends so as to be inclined at an angle +0.6 with
respect to the rubbing direction, and the fourth main portion
S3 extends so as to be inclined at an angle —0.6 with respect to
the rubbing direction. The first main portion S3 and the sec-
ond main portion S4 form an angle $2=180°-a5x2 and the
third main portion S5 and the fourth main portion S6 form an
angle f3=180°-a6x2, where the angle “a5” and “0.6” corre-
spond to an angle “y1” and “y2” in claims, respectively.
[0066] When apotential difference between the upper elec-
trode 41 and the lower electrode 24 (see FIGS. 2 to 4) is
changed from an OFF state to an ON state, a rotational angle
of'the third main portion S5 and the fourth main portion S6 is
smaller than a rotational angle of the first main portion S3 and
the second main portion S4 due to a.5<a6. Since the liquid
crystal molecules rotate in accordance with the same poten-
tial difference, the third main portion S5 and the fourth main
portion S6 of which the rotational angle is smaller have a
rotational force larger than that of the first main portion S3
and the second main portion S4. Accordingly, in the liquid
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crystal display panel 10B according to the second embodi-
ment, domains where the alignment directions are different
rarely come and go in the connection portion, thereby sup-
pressing the ripple problem.

[0067] The upper electrode 41 is formed across all the
sub-pixels and portions which are not illustrated by a diagonal
line in FIG. 7 are the slit-shaped openings 41a of the upper
electrode 41. In addition, hatched portions are the BM layers
31. As shown in FIG. 7, the upper electrode 41 overlaps with
the BM layer 31 in plan view. Circumferences 41c¢ (edges) of
all the first main portions S3 to the fourth main portions S6 of
the slit-shaped openings 41a do not overlap with the SM layer
31 in plan view. Since the circumferences 41c¢ of the slit-
shaped openings 41a are the brightest and regions getting
away from the circumferences 41¢ become darker, it is pos-
sible to prevent the brightest circumferences of the slit-
shaped openings 41a from being shielded from light by the
BM layer 31. In addition, the BM layer 31 and the signal line
42 extend parallel to the first main portion S3 to the fourth
main portion S6 of the slit-shaped openings 41a. Accord-
ingly, in the liquid crystal display panel 10B according to the
second embodiment, the same advantages as those obtained
in the liquid crystal display panel 10A according to the first
embodiment can be substantially obtained.

[0068] Theentiredisclosure of Japanese Patent Application
Nos. 2008-249785, filed Sep. 29, 2008 and 2009-028195,
Feb. 10, 2009 are expressly incorporated by reference herein.

What is claimed is:

1. A liquid crystal display panel comprising:

a pair of substrates which are opposed to each other; and

a liquid crystal layer which is interposed between the pair
of substrates,

wherein one of the pair of substrates is provided with a
plurality of scanning lines and a plurality of signal lines
which are arranged in a matrix shape in a display area,
lower electrodes which are each formed in each of sub-
pixel areas partitioned by the plurality of scanning lines
and the plurality of signal lines, an insulating film which
is formed in the display area so as to cover the lower
electrodes, upper electrodes which are formed in the
display area through the insulating film and each have a
plurality of slits in each of the sub-pixel area, and an
alignment film which is formed on the upper electrodes
and slit-shaped openings close to the liquid crystal layer,

wherein the other of the pair of substrates is provided with
light-shielding films which are formed at locations over-
lapping with the scanning lines and the signal lines in
plan view,

wherein each of the upper electrodes overlaps with each of
the light-shielding films in at least a partial portion in
plan view,

wherein each of the slit-shaped openings extends along any
one of the signal line or the scanning line and has a main
portion extending in an direction inclined at a predeter-
mined angle with respect to a rubbing direction of the
alignment film and a front end portion, and

wherein an edge of the main portion of at least one of the
slit-shaped openings formed on both sides of the light-
shielding film so as to dispose the light-shielding film
therebetween in plan view does not overlap with the
light-shielding film disposed between the slit-shaped
openings in plan view.

2. The liquid crystal display panel according to claim 1,

wherein in the slit-shaped openings formed on both the sides
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ofthe light-shielding film so as to dispose the light-shielding
film therebetween in plan view, the edges of the main portions
of the slit-shaped openings do not overlap with the light-
shielding film in plan view.

3. The liquid crystal display panel according to claim 1,
wherein on the assumption that a relation of 0°<y1<90° is
satisfied and an inclination in one arbitrary direction is posi-
tive with respect to the rubbing direction, the slit-shaped
opening includes a first main portion extending to be inclined
at an angle +y1 and a second main portion extending to be
inclined at an angle —y1.

4. The liquid crystal display panel according to claim 3,
wherein on the assumption that a relation of y1<y2<90° is
satisfied, the slit-shaped opening further includes a third main
portion extending to be inclined at an angle +y2 with respect
to the rubbing direction and a fourth main portion extending
to be inclined at an angle —y2 with respect to the rubbing
direction.

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

wherein on the assumption that a direction of the same

inclination as that of the main portion of the slit-shaped
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opening is positive with respect to the rubbing direction,
the front end portion of the slit-shaped opening has a
curve in which a direction of a tangent line positive and
a curve in which a direction of a tangent line negative,

wherein the length of the curve in which the direction of the
tangent line is negative is shorter than the length of the
curve in which the direction of the tangent line is the
positive direction, and

wherein at least a part of the curve in which the direction of

the tangent line is negative overlaps with the light-
shielding film in plan view.

6. The liquid crystal display panel according to claim 1,
wherein the light-shielding film and the signal line or the
light-shielding film and the scanning line extend to be parallel
to the edge of the slit-shaped opening.

7. The liquid crystal display panel according to claim 1,
wherein the width of the upper electrode overlapping with the
light-shielding film is twice or less larger than the width ofthe
light-shielding film.
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