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LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application is based upon and claims the ben-
efit of priority from the prior Japanese Patent Application No.
2008-277372, filed Oct. 28, 2008, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device wherein liquid crystal molecules are aligned sub-
stantially in parallel with a substrate surface by rotation con-
trol.

[0004] 2. Description of the Related Art

[0005] Liquid crystal display devices using an in-plane
switching type are well known. A liquid crystal layer of these
devices is provided between a pair of substrates placed oppo-
site to each other at a given distance, ensuring that liquid
crystal molecules are aligned substantially in parallel to a
substrate surface, with their long axes aligned in a certain
direction. On the internal surface of one of the substrate pair,
pixel electrodes and a common electrode are formed, insu-
lated from each other, to generate electric field. The electric
field controls each liquid crystal molecule to align substan-
tially in parallel to the substrate surface. For example, a thin-
film transistor is placed in each region enclosed with top and
bottom scanning lines and right and left data lines, a control
electrode of the thin-film transistor is connected to a scanning
line, an input electrode of the thin-film transistor is connected
to a data line, and an output electrode of the thin-film transis-
tor is connected to the pixel electrode. Data lines and pixel
electrodes are formed on an interlevel insulating layer con-
taining a gate insulating film. The common electrode is pro-
vided above pixel electrodes and the interlevel insulating
layer via another interlevel insulating layer. The common
electrode has a plurality of slits, namely openings penetrating
in the thickness direction. The method of generating an in-
plane electric field between the edge of each slit and the solid
pixel electrode may be called the fringe field switching (FFS)
method. In FFS method, a structure extending slits in parallel
to a scanning line or data line and a dog-leg structure extend-
ing not in parallel to a scanning line or data line (FIG. 12 of
JP2007-233317 and JP2005-107535) are known. With the
latter, the electric field applied between the common elec-
trode and the pixel electrode acts in the direction obliquely
crossing the long axes of the liquid crystal molecules in the
initial alignment state, aligning the direction of the liquid
crystal in the initial alignment state and thus ensuring uniform
brightness. In addition, this structure forms multiple domains
that divide the alignment direction of liquid crystal molecules
in one pixel, further expanding viewing angle, which is why
this structure is often adopted.

[0006] In the liquid crystal display device having a non-
parallel structure described above, the area enclosed with the
top and bottom scanning lines and the left and right data lines
is approximately in a rectangular shape, whereas the slits have
the shape of a hanger or a dog leg, not a long rectangular shape
extending in the column direction. Consequently, if slits are
arranged on the common electrode in the column or row
direction, there is some area on which hanger or dog-leg-
shaped openings cannot be formed. Liquid crystal molecules
existing in this area, namely a residual area, are relatively not
affected by an in-plane electric field generated between the
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pixel electrode and the common electrode, and therefore do
not contribute to display. As a result, not only transmittance
from the back side to the front side of the liquid crystal display
device but also aperture ratio itself decreases, which is a
problem. The same problem arises when slits are formed
linearly but not in parallel with the column or row direction.

SUMMARY OF THE INVENTION

[0007] A purpose of the present invention is to provide a
liquid crystal display device with enhanced light transmit-
tance per pixel.

[0008] One aspect of the present invention provides the
liquid crystal display device comprising: a liquid crystal layer
provided between a first substrate and a second substrate; first
electrodes, which are formed above the first substrate as a first
layer, each first electrode having a side which extends in the
direction in parallel with the extending direction of data lines,
each first electrode electrically connected to corresponding
data line via corresponding switching device; and a second
electrode, which is formed above the first substrate as a sec-
ond layer, having a first slit and a second slitin each part of the
area overlapping with corresponding first electrode; wherein
the first slit has a first elongated portion extending in a direc-
tion inclining toward the extending direction of the side at a
given angle, a second elongated portion extending in a direc-
tion inclining toward the extending direction of the side at an
angle symmetrical to the given angle with respect to the first
elongated portion, and a bent portion that connects the first
elongated portion with the second elongated portion; and the
second slit has a third elongated portion which is formed in
parallel with the first elongated portion, and a fourth elon-
gated portion which is formed in parallel with the second
elongated portion and separated from the third elongated
portion.

[0009] Another aspect of the present invention provides the
liquid crystal display device comprising: a liquid crystal layer
provided between a first substrate and a second substrate;
pixel electrodes, which are formed above the first substrate as
a first layer, each pixel electrode having a side which extends
in the direction in parallel with the extending direction of data
lines, each pixel electrode electrically connected to corre-
sponding data line via corresponding thin film transistor; and
a common electrode, which is formed above the first substrate
as a second layer, having a first slit and a second slit in each
part of the area overlapping with corresponding pixel elec-
trode; wherein the first slit has a first elongated portion
extending in a direction inclining toward the extending direc-
tion of the side at a given angle, a second elongated portion
extending in a direction inclining toward the extending direc-
tion of the side at an angle symmetrical to the given angle with
respect to the first elongated portion, and a bent portion that
connects the first elongated portion with the second elongated
portion; and the second slit has a third elongated portion
which is formed in parallel with the first elongated portion,
and a fourth elongated portion which is formed in parallel
with the second elongated portion and separated from the
third elongated portion.

[0010] Another aspect of the present invention provides the
liquid crystal display device comprising: a liquid crystal layer
provided between a first substrate and a second substrate, first
electrodes, which are formed above the first substrate as a first
layer, each first electrode having a side which extends in the
direction in parallel with the extending direction of data lines,
each first electrode electrically connected to corresponding
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data line via corresponding switching device; and a second
electrode, which is formed above the first substrate as a sec-
ond layer, having a first slit, a second slit, and a third slit in
each part of the area overlapping with corresponding first
electrode; wherein the first slit has a first elongated portion
extending in a direction inclining toward the extending direc-
tion of the side at a given angle, a second elongated portion
extending in a direction inclining toward the extending direc-
tion of the side at an angle symmetrical to the given angle with
respect to the first elongated portion, and a first bent portion
that connects the first elongated portion with the second elon-
gated portion; and the second slit has a third elongated por-
tion, which is formed in parallel with the first elongated
portion and is shorter than the first elongated portion, and a
fourth elongated portion, which is formed in parallel with the
second elongated portion and is shorter than the second elon-
gated portion, the fourth elongated portion separated from the
third elongated portion; and the third slit has a fifth elongated
portion, which is formed in parallel with the first elongated
portion and is shorter than the first elongated portion, a sixth
elongated portion, which is formed in parallel with the second
elongated portion and is shorter than the second elongated
portion, and a second bent portion that connects the firth
elongated portion with the sixth elongated portion.

[0011] A liquid crystal display device according to the
present invention provides enhanced light transmittance by
pixel.

[0012] Additional objects and advantages of the invention

will be set forth in the description which follows, and in part
will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly pointed out
hereinafter.

BRIEF DESCRIPTION OF THE DRAWING

[0013] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
embodiments of the invention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the invention.

[0014] FIG. 1 is a plan view of a liquid crystal display
device according to the first embodiment of the present inven-
tion.

[0015] FIG. 2is a cross-sectional view taken along the line
of II-1T of FIG. 1.

[0016] FIG. 3 is a cross-sectional view taken along the line
of II-IIT of FIG. 1.

[0017] FIG.4isacross-sectional view according to a varia-
tion of the liquid crystal display device of FIG. 2.

[0018] FIG. 5 is a plan view of a liquid crystal display
device according to the second embodiment of the present
invention.

[0019] FIG. 6 is a plan view of a liquid crystal display
device according to the third embodiment of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS
First Embodiment

[0020] FIGS. 1 to 3 illustrate a first embodiment of the
present invention. FIG. 1 is a plan view of the liquid crystal
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display device, FIG. 2 is a cross-sectional view of FIG. 1
along the line II-I1, and FIG. 3 is a cross-sectional view of
FIG. 1 along the line III-1II.

[0021] A liquid crystal display device related to the first
embodiment of the present invention includes a pair of sub-
strates 1 and 2 placed opposite to each other at a certain
distance, a liquid crystal layer 3 provided between the pair of
substrates 1 and 2 in parallel with the substrate surface, with
the long axes of liquid crystal molecules aligned in a specified
direction, a plurality of scanning lines 4 extending in the row
direction on the side of one of the substrate pair (on the side of
the first substrate 1 in the figure), a plurality of data lines 5
extending in the column direction crossing the scanning lines
4 on the side of one of the substrate pair, a plurality of
switching devices 6, each of which is provided in an area
enclosed by the top and the bottom scanning lines 4 and the
right and the left data lines 5 (referred to as “unit area” or
“display pixel area”), a plurality of pixel electrodes 7, each of
which is formed in each unit area and connected to a corre-
sponding switching device 6, an interlevel insulating layer 8
formed on the pixel electrodes 7, data lines 5, and switching
devices 6, and a common electrode 9 formed on the interlevel
insulating layer 8 on the side of the liquid crystal layer 3.
[0022] Each switching device 6 has a gate electrode (con-
trol electrode) 64, a source electrode (input electrode) 65, and
a drain electrode (output electrode) 6¢ in each area enclosed
by the top and the bottom scanning lines 4 and the right and
left data lines 5. The gate electrode 6a is connected to a
corresponding scanning line 4, whereas the source electrode
6b is connected to a corresponding data line 5. A thin-film
transistor (TFT) is used as a switching device 6, for example.
[0023] Each TFT 6 includes a gate insulating film 64 form-
ing part of the insulating layer 10, which covers the entire
surface of the first substrate 1 over a gate electrode 6a formed
on the first substrates 1, an i-type semiconductor layer 6e
formed on the gate insulating film 64 facing opposite to the
gate electrode 64, an etching stopper layer 6f for protecting
the channel area of the i-type semiconductor layer 6e, ohmic
contact layers 6g and 6/ formed of n-type semiconductor
facing opposite to each other and partially covering the etch-
ing stopper layer 6/, a source electrode 65 formed on one of
the ohmic contact layers 6g, and a drain electrode 6¢ formed
on the other ohmic contact layer 6/.

[0024] Each scanning line 4 is connected to the gate elec-
trode 6a of each TFT 6 placed in a corresponding row. Each
dataline 5 is connected to the source electrode 65 of each TFT
placed in a corresponding column.

[0025] Each pixel electrode 7, made of a transparent con-
ductive film such as indium tin oxide (ITO) film, is formed on
the insulating layer 10 in each of the rectangular-shaped unit
area specified in advance, partially covering the drain elec-
trode 6¢ of the TFT 6. The pixel electrode 7 has at least a side
7a or 7b that extends in the direction in parallel with the
extending direction of the data lines 5.

[0026] The interlevel insulating layer 8 is formed, covering
the pixel electrode 7, TFT 6, and data lines 5 over the entire
surface, on the side of one of the substrates 1. A common
electrode 9 is formed on this interlevel insulating layer 8. The
interlevel insulating layer 8 may not be provided above the
TFT 6. The pixel electrode 7 and the common electrode 9 are
electrically insulated from each other.

[0027] The common electrode 9, made of a transparent
conductive film for example ITO, has a vertical edge 9a that
covers the left and the right edges 7a and 75 of the pixel
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electrode 7 and the data lines 5 via the interlevel insulating
layer 8, extending over the adjacent unit areas, a horizontal
edge 95 that covers the upper and the lower edges 7¢ and 7d
of the pixel electrode 7 via the interlevel insulating layer 8,
except for the area over the TFT 6, extending over the adja-
cent unit areas, and a main portion 9¢ that covers the pixel
electrode 7 via the interlevel insulating layer 8. The main
portion 9¢ has a plurality of first slits 17, a second slit 18, and
a third slit 19. When a voltage is applied between the pixel
electrode 7 and each edge of the first slits 17, the second slit
18, the third slit 19, the vertical edge 9a, and the horizontal
edge 95, a horizontal electric field is generated to control the
alignment direction of each liquid crystal molecule of the
liquid crystal layer 3.

[0028] Detailed description of the common electrode 9 will
be given below. The common electrode has at least one first
slit17, second slit 18, and third slit 19. As shown in the figure,
a plurality of other slits having the same shape as the first slit
17 are formed on the common electrode 9 in parallel to the
first slit 17. In the following description, both the first slit 17
and other slits having the same shape as the first slit 17 are
defined as the first slits 17.

[0029] A plurality of first slits 17, a pair of second slits 18,
and a third slit 19 are formed on the common electrode 9.
[0030] Each of the first slits 17, having hanger-shaped, is
provided to extend in the column direction and parallely
arranged in the row direction. Specifically, each of the first slit
17 includes a bent portion 17a formed at the position closest
to the right data line 5, an elongated portion 175 that extends
obliquely upward from the bent portion 17a, and another
elongated portion 17¢ that extends obliquely downward from
the bent portion 17a. Both top and bottom edges of the elon-
gated portions 176 and 17¢ are bent to form further slanted
portions 17d and 17e. In other words, each of the first slits 17
is slanted not in parallel either to the scanning lines 4 or to the
data lines 5.

[0031] The elongated portion 17¢ extends obliquely down-
ward from the bent portion 174, forming an angle with the
extending direction of the data lines 5, which is the same as
the angle formed between the elongated portion 175, which
extends upward from the bent portion 174, and the data line 5.
[0032] The elongated portion 17¢ extending obliquely
downward from the bent portion 174 has the same length as
the elongated portion 175 extending obliquely upward from
the bent portion 17a.

[0033] A second slit 18 is formed in an area of the main
portion 9¢ in which the first slits 17 are not provided, in the
area between the rightmost first slit 17, of all the first slits 17,
and the right edge of the main portion 9¢ that is closest to the
right data line S in the example shown in the figure. The
second slit 18 has two subslits separated from each other. One
of the two subslits is formed on the side of one of the two
adjacent scanning lines 4, on the side of the upper scanning
line 4 in the figure shown, and the other subslit is formed on
the side of the other scanning line 4, on the side of the lower
scanning line 4 in the figure shown. The second slit 18 has the
same shape as a portion of the first slits 17, namely the shape
ofthe elongated portions 1756 and 17¢, which does not include
the bent portion 174 but include the further slanted portions
17d and 17e, respectively. The second slit 18 does not have a
bent portion 17a included in the first slits 17. Of the two
sub-slits, one is formed closer to one of the two adjacent
scanning lines (on the side of the upper scanning line 4 in the
figure shown), with the upper edge of the elongated portion
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186 bent counterclockwise. The other sub-slit is formed
closer to the other scanning line (on the side of the lower
scanning line 4 in the figure shown), with the lower edge of
the elongated portion 18¢ bent clockwise.

[0034] The third slit 19 is formed in an area of the main
portion 9¢ where the first slits 17 are not provided, between
the leftmost first slit 17 of all the first slits 17 and the left edge
ofthe main portion 9¢, which is close to the left data line 5, in
the example shown in the figure. The third slit 19 has the same
shape as a portion of the first slits 17 not including the further
slanted portions, with the elongated portions 196 and 19¢
connected at the bent portion 19a. Specifically, the third slit
19 has the same shape as the first slits 17 except that the third
slit 19 does not include the further slanted portions 174 and
17e.

[0035] As described above, in the first embodiment of the
present invention, hanger-shaped first slits 17 extending in the
column direction are arranged in the row direction. A second
slit 18 having the identical shape as the top and the bottom
portions of the hanger-shaped first slits 17 is formed on the
right of the first slits 17, whereas a third slit 19 having the
identical shape as a part of the hanger-shaped first slits 17,
which is different from the shape of the second slit 18, is
formed on the left of the first slits 17.

[0036] That is, the main portion 9¢ of the common elec-
trode 9 includes a plurality of hanger-shaped first slits 17,
second slit 18, which has the same shape as a portion of the
first slits 17, including the top portion 174 and the bottom
portion 17¢ but not including the bent portion 17a and a third
slit 19, which has the same shape as a portion of the first slits
17, including the bent portion 17a but not extending as long as
the top and the bottom portions 174 and 17e.

[0037] When a voltage is applied between the pixel elec-
trode 7 and the common electrode 9, a horizontal electric field
is generated in each gap between the first slits 17, the second
slit 18 and the third slit 19 formed on the common electrode
9. This horizontal electric field causes each molecule in the
liquid crystal layer 3 to rotate on the plane. Consequently, not
only the molecules in the liquid crystal layer 3 on the first slits
17 but also those on the second slit 18 and the third slit 19
contribute to display, thus improving transmittance.

[0038] As described above, the pixel electrodes 7 have left
and right edges 7a and 75 that linearly extend along the left
and right data lines 5 and 5 on the same plane as the left and
right data lines 5 and 5.

[0039] Asshown in FIGS. 2 and 3, on the side of one of the
substrates 1, an alignment layer 20 is formed, covering the
common electrode 9 and the interlevel insulating layer 8, to
align each liquid crystal molecule of the liquid crystal layer 3
in parallel with the substrate surface. A deflector 21 is pro-
vided under the other substrate 2, and then an alignment layer
22 is provided between the deflector 21 and the liquid crystal
layer 3. A light shield layer 23 is provided in a specified area
between the deflector 21 and the substrate 2 to cover the area
where the switching device 6 is formed, thus preventing mal-
function of the switching device 6.

[0040] In the first embodiment, each of the pixel electrode
7 and the common electrode 9 may be formed into a shape
symmetrical to the one shown in FIG. 1. In this case, the third
slit 19 is formed between the right data line 5 and the right-
most first slit 17. The second slit 18 is formed in an area
enclosed by the left data line 5, the upper scanning line 4, and
the leftmost first slit 17, and in an area enclosed by the left
data line 5, the lower scanning line 4, and the leftmost first slit
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17, respectively, separated from each other. In this case, the
second slit 18 and the third slit 19 have a shape symmetrical
to the one shown in FIG. 1.

[0041] In the example shown in the figure, the common
electrode 9 is formed on the interlevel insulating layer 8, and
the pixel electrode 7 is formed on the lower side of the
interlevel insulating layer 8. However, the vertical relation of
the pixel electrode 7 and the common electrode 9 with respect
to the interlevel insulating layer 8 can be reversed, with a pixel
electrode 7 having the first slits, the second slit, and the third
slit formed on the interlevel insulating layer, and a solid
common electrode 9 on the lower side of the interlevel insu-
lating layer 8. In this case, as shown in FIG. 4, a variation of
FIG. 2, the drain electrode 6¢ and the pixel electrode 7 are
connected with a pillar interconnect 7f.

Second Embodiment

[0042] FIG. 5 is a plan view of a liquid crystal display
device according to the second embodiment of the present
invention. The same reference characters are assigned to the
portions identical to those in the first embodiment. The cross-
sectional view taken along the line of II-II and the line III-I1I
of FIG. 5 are the same as those shown in FIGS. 2 and 3
respectively.

[0043] The pattern of the slits on the common electrode in
the second embodiment is different from that of the first
embodiment. In detail, in the second embodiment, the first
slits formed on the main portion 9¢ of the common electrode
9 extend in the column direction, forming a dog-leg shape.
Namely, it differs in not having a bent portion shown in FIG.
1.

[0044] Each of'the first slits 27 extends in the column direc-
tion, forming a generally dog-leg shape. The first elongated
portion 275 and the second elongated portion 27¢ that extend
in different slanting directions are connected at the bent por-
tion 27a. In other words, the main portion 9¢ of the common
electrode 9 has the first slits 27 that bend in the middle of the
column direction, extending toward the top and the bottom at
specified angles of inclination. The first slits 27 are arranged
in the row direction in each unit area.

[0045] As in the first embodiment, the second slit 28 in the
second embodiment is formed between the rightmost first slit
27 and the right edge of the main portion 9¢. The second slit
28 is a pair of sub-slits separated from each other. One of the
sub-slits 28 has the shape of a portion of each of the first slits
27, excluding the bent portion 27a but including the edge
portion of the first elongated portion 275, and is formed on the
side of one of the two adjacent scanning lines 4. Other slit 28
has the shape of a portion of each of the first slits 27, exclud-
ing the bent portion 27a but including the edge portion of the
second elongated portion 27¢, and is formed on the side of the
other of the two adjacent scanning lines 4.

[0046] As inthe firstembodiment, the third slit 29 is formed
between the leftmost first slit 27 and the left edge of the main
portion 9¢. The third slit 29 has a bent portion 29a, as in the
case of the bent portion 27a of the first slits 27, but does not
include the edge portions of the first and the second elongated
portions 275 and 27¢ of the first slits 27.

[0047] In the second embodiment, when a voltage is
applied between the pixel electrode 7 and the common elec-
trode 9, an electric field is generated in the horizontal direc-
tion in each gap between the first slits 27, the second slit 28
and the third slit 29 formed on the common electrode 9. This
horizontal electric field causes each molecule in the liquid
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crystal layer 3 to rotate on the plane. Consequently, not only
the molecules in the liquid crystal layer 3 on the first slits 27
but also those on the second slit 28 and the third slit 29
contribute to display, thus improving transmittance.

[0048] The pixel electrode 7 and the common electrode 9 in
the second embodiment may be formed into a shape sym-
metrical to the one shown in FIG. 5. In this case, the second
slit 28 is formed, with sub-slit separated from each other, in an
area enclosed by the left data line 5, upper scanning line 4, and
the leftmost first slit 27, and in an area enclosed by the left
dataline 5, lower scanning line 4, and the leftmost first slit 27
in the plan view. The third slit 29 is formed between the right
data line 5 and the rightmost first slit 27. The second slit 28
and the third slit 29 have a pattern symmetrical to the one
shown in the figure.

[0049] In the example shown in the figure, the common
electrode 9 is formed on the interlevel insulating layer 8 and
the pixel electrode 7 is formed under the interlevel insulating
layer 8. However, as in the case of the first embodiment, this
vertical relation between the pixel electrode 7 and the com-
mon electrode 9 with respect to the interlevel insulating layer
8 can be reversed, with the pixel electrode 7 having the first
slits, the second slit, and the third slit formed on the interlevel
insulating layer 8, and with a solid common electrode 9 under
the interlevel insulating layer 8.

[0050] Both in the first and the second embodiments, each
of'the first slit 17 and 27 extend with the longest dimension in
the column direction. The sub-slits of the second slit 18 and
28 is shorter than each of the first slits 17 and 27 respectively,
extending close to each of the upper and the lower scanning
lines 4 as in the case of the first slits 17 and 27, but not
extending up to the bent portion 17a and 27a of the first slits
17 and 27. On the other hand, the third slit 19 and 29 does not
extend close to the upper or lower end of the first slits 17 and
27. The sub-slits of the second slit 18 and 28 and the third slit
19 and 29 are thus formed in an area of the common electrode
9 where the first slits 17 and 27 are not provided to use that
area effectively.

Third Embodiment

[0051] The third embodiment of the present invention is
described below. The slit pattern on the common electrode in
the third embodiment is different from that of the first and the
second embodiments. Description of all the other aspects,
which are the same as the first and the second embodiments,
will be omitted.

[0052] FIG. 6 is a plan view of a liquid crystal display
device according to the third embodiment of the present
invention. The same reference characters are assigned to the
portions identical to those in FIGS. 1 and 5. As in the first and
the second embodiments, the common electrode 9 in the third
embodiment has a vertical edge portion 9a, horizontal edge
portion 96, and main portion 9¢. The cross-sectional structure
of the third embodiment is also approximately the same as
that of the first and the second embodiments.

[0053] In the third embodiment, the first slits 30 having
pairs of first openings 31 and second openings 32, a second
slit 33, and a third slit 35 are formed on the main portion 9¢ of
the common electrode 9.

[0054] Withregard to the first slits, the first openings 31 and
second openings 32 extend in the row direction, with the first
openings 31 aligned in parallel to each other, and likewise
with the second openings 32 aligned in parallel to each other,
in each unit area enclosed by two adjacent scanning lines 4,
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that is by the lower scanning line 4 and the upper scanning line
4 in the figure shown. The edges 31a and 32a of the first
openings 31 and the second openings 32 are on the side of one
of the two adjacent data lines 5, on the side of the right data
line 5 as shown in the figure. The other edges 315 and 324 are
on the side of the other data line 5, on the side of the left data
line 5 in the figure. Each of the first openings 31 extends to
incline along the scanning line 4, toward upper left in the
figure, with the edge 3154 closer to the other scanning line, the
upper scanning line 4 in the figure, than the edge 31a. Each of
the second openings 32 extends to incline along the scanning
line 4, toward lower left in the figure, with the edge 32a closer
to the other scanning line, the upper scanning line 4 in the
figure, than the edge 3254. Each of the first openings 31 is
aligned sequentially along the two adjacent data lines 5. Like-
wise, each of the second openings 32 is aligned sequentially
along the two adjacent data lines 5.

[0055] The second slit 33 has a pair of openings. One of the
opening 33a is formed between the first opening 31 that is
closest to one of the two adjacent scanning lines, the lower
scanning line 4 in the figure shown, and the lower edge of the
main portion 9¢. Meanwhile, the other opening 335 is formed
between the second opening 32 that is closest to the other
scanning line and the upper edge of the main portion 9¢. One
of the subslits of the second slit 33a has the shape including a
portion of the first opening 31, or the edge 315, and excluding
the edge 31a. The other subslit 335 has the shape including a
portion of the second opening 32, or the edge 325, excluding
the other edge 32a.

[0056] The third slit 35 is formed between the first opening
31 that is closest to the second openings 32 of all the first
openings 31 formed sequentially along the two adjacent data
lines 5, and the second opening 32 that is closest to the first
openings 31 of all the second openings 32 formed along the
two adjacent data lines 5. The third slit 35 has two separate
edges 35a and 3554 on the side of one of the two adjacent data
lines 5. One side of the third slit 35 extends from one of its
edges 35a in parallel with the first openings 31 along the row
direction, whereas the other side extends from the other edge
3554 in parallel with the second openings 32 along the row
direction. The opposite edge of the edge 35a are connected
with the opposite edge other edge 355 at a distance from the
two adjacent data lines 5. Each width of the first slits 30 is
longer than that of the second slit 33 with regard to the row
direction. In the example shown in the figure, a pair of the
second slit 33 extends close to the left data line 5, but does not
extend close to the right data line 5. The third slit 35 as shown
in the figure is formed in V shape on the side of the right data
line 5.

[0057] Inthe third embodiment also, the second slit 33 and
the third slit 35 are formed in areas where first slits 30 are not
formed. Consequently, a horizontal electric field is generated
between the pixel electrode 7 and each of the first slits 30, the
second slit 33, the third slit 35. These horizontal electric fields
allow each molecule in the liquid crystal layer 3 to rotate on
the plane. Therefore, not only the molecules in the liquid
crystal layer 3 on the first slits 30 but also those on the second
slit 33 and the third slit 35 contribute to display, thus improv-
ing transmittance.

[0058] Inthe third embodiment also, each of the pixel elec-
trode 7 and the common electrode 9 may be formed into a
shape symmetrical to the one shown in FIG. 6. In this case, the
third slit 35 is provided in the area enclosed by the left data
line 5, the first opening 31 and the second opening 32 which
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are oppositely disposed at the position close to the left data
line 5. The second slit 33 is formed in the area enclosed by the
right data line 5, bottom scanning line 4, and the first opening
31 of'the first slits 30 closest to the bottom scanning line 4, and
in the area enclosed by the right data line 5, top scanning line
4, and the second opening 32 of the first slits 30 closest to the
top scanning line 4 respectively.

[0059] In the example shown in the figure, the common
electrode 9 is formed on the interlevel insulating layer 8, and
the pixel electrode 7 is formed under the interlevel insulating
layer 8. However, as in the case of the first and second
embodiments, this vertical relation between the pixel elec-
trode 7 and the common electrode 9 with respect to the inter-
level insulating layer 8 can also be reversed, with the pixel
electrode 7 having the first slits, the second slit, and the third
slit formed on the interlevel insulating layer 8, and a solid
common electrode 9 under the interlevel insulating layer 8.
[0060] Several embodiments have been described. The
opening pattern of the pixel electrode 7, the number of the first
slits in particular, is not limited to those shown in the figures.
The opening pattern can be determined, for example, accord-
ing to the distance between adjacent scanning lines 4 or
between adjacent data lines 5.

[0061] For example, in the embodiment shown in FIG. 1,
the pixel electrode may be formed to protrude over the bottom
scanning line 4.

What is claimed is:
1. A liquid crystal display device comprising:
a liquid crystal layer provided between a first substrate and
a second substrate;

first electrodes, which are formed above the first substrate
as a first layer, each first electrode having a side which
extends in the direction in parallel with the extending
direction of data lines, each first electrode electrically
connected to corresponding data line via corresponding
switching device; and

a second electrode, which is formed above the first sub-

strate as a second layer, having a first slit and a second
slit in each part of the area overlapping with correspond-
ing first electrode;

wherein the first slit has a first elongated portion extending

in a direction inclining toward the extending direction of
the side at a given angle, a second elongated portion
extending in a direction inclining toward the extending
direction of the side at an angle symmetrical to the given
angle with respect to the first elongated portion, and a
bent portion that connects the first elongated portion
with the second elongated portion; and

the second slit has a third elongated portion which is

formed in parallel with the first elongated portion, and a
fourth elongated portion which is formed in parallel with
the second elongated portion and separated from the
third elongated portion.

2. The liquid crystal display device as set forth in claim 1,
wherein other slits having the same shape as the first slit are
formed on the second electrode in parallel to the first slit.

3. The liquid crystal display device as set forth in claim 2,
wherein the other slits having the same shape as the first slit
are formed in an area overlapping with the first electrode.

4. The liquid crystal display device as set forth in claim 2,
wherein the other slits having the same shape as the first slit
are formed on the side opposite to the side on which the
second slit is formed.
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5. The liquid crystal display device as set forth in claim 1,
comprising scanning lines which extend in the direction
orthogonal to the data lines, each scanning line connected to
the corresponding switching device, wherein the first slit has
the first elongated portion closer to corresponding scanning
line than the second elongated portion thereof.
6. The liquid crystal display device as set forth in claim 1,
comprising scanning lines which extend in the direction
orthogonal to the data lines, each scanning line connected to
the corresponding switching device, wherein each second slit
has the third elongated portion formed closer to the corre-
sponding scanning line than the fourth elongated portion
thereof.
7. The liquid crystal display device as set forth in claim 1,
wherein each first electrode is not overlapped with corre-
sponding data line.
8. The liquid crystal display device as set forth in claim 1,
wherein an insulating film is provided between the first layer
and the second layer as a third layer, and the first electrodes
and the second electrode are electrically insulated from each
other.
9. The liquid crystal display device as set forth in claim 1,
wherein the second layer is formed closer to the liquid crystal
layer than the first layer.
10. The liquid crystal display device as set forth in claim 1,
wherein the first and second electrode is made of indium tin
oxide.
11. The liquid crystal display device as set forth in claim 1,
wherein each of first electrode is formed in corresponding
display pixel.
12. The liquid crystal display device as set forth in claim 1,
wherein the first elongated portion has the same length as the
second elongated portion.
13. The liquid crystal display device as set forth in claim 1,
wherein the third elongated portion has the same length as the
fourth elongated portion.
14. The liquid crystal display device as set forth in claim 1,
wherein the first elongated portion of each of the first slit is
longer than the third elongated portion of the second slit.
15. The liquid crystal display device as set forth in claim 1,
wherein the first elongated portion, the bent portion, and the
second elongated portion are serially connected.
16. The liquid crystal display device as set forth in claim 1,
wherein control of voltage that is applied between each of the
first electrode and the second electrode leads to a change in
alignment direction of each of the liquid crystal molecules in
the liquid crystal layer.
17. A liquid crystal display device comprising:
aliquid crystal layer provided between a first substrate and
a second substrate;

pixel electrodes, which are formed above the first substrate
as a first layer, each pixel electrode having a side which
extends in the direction in parallel with the extending
direction of data lines, each pixel electrode electrically
connected to corresponding data line via corresponding
thin film transistor; and

a common electrode, which is formed above the first sub-

strate as a second layer, having a first slit and a second
slit in each part of the area overlapping with correspond-
ing pixel electrode;

wherein the first slit has a first elongated portion extending

in a direction inclining toward the extending direction of
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the side at a given angle, a second elongated portion
extending in a direction inclining toward the extending
direction of the side at an angle symmetrical to the given
angle with respect to the first elongated portion, and a
bent portion that connects the first elongated portion
with the second elongated portion; and

the second slit has a third elongated portion which is
formed in parallel with the first elongated portion, and a
fourth elongated portion which is formed in parallel with
the second elongated portion and separated from the
third elongated portion.

18. A liquid crystal display device comprising:
a liquid crystal layer provided between a first substrate and
a second substrate,

first electrodes, which are formed above the first substrate
as a first layer, each first electrode having a side which
extends in the direction in parallel with the extending
direction of data lines, each first electrode electrically
connected to corresponding data line via corresponding
switching device; and

a second electrode, which is formed above the first sub-
strate as a second layer, having a first slit, a second slit,
and a third slit in each part of the area overlapping with
corresponding first electrode,

wherein the first slit has a first elongated portion extending
in a direction inclining toward the extending direction of
the side at a given angle, a second elongated portion
extending in a direction inclining toward the extending
direction of the side at an angle symmetrical to the given
angle with respect to the first elongated portion, and a
first bent portion that connects the first elongated portion
with the second elongated portion; and

the second slit has a third elongated portion, which is
formed in parallel with the first elongated portion and is
shorter than the first elongated portion, and a fourth
elongated portion, which is formed in parallel with the
second elongated portion and is shorter than the second
elongated portion, the fourth elongated portion sepa-
rated from the third elongated portion; and

the third slit has a fifth elongated portion, which is formed
in parallel with the first elongated portion and is shorter
than the first elongated portion, a sixth elongated por-
tion, which is formed in parallel with the second elon-
gated portion and is shorter than the second elongated
portion, and a second bent portion that connects the firth
elongated portion with the sixth elongated portion.

19. The liquid crystal display device as set forth in claim
18, wherein the first slit is interposed between the second slit
and the third slit.

20. The liquid crystal display device as set forth in claim
18, comprising scanning lines which extend in the direction
orthogonal to the data lines, each scanning line connected to
the corresponding switching device, wherein each of the third
slit has the fifth elongated portion closer to the corresponding
scanning line than the sixth elongated portion thereof.
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