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(57)  Afringe field switching liquid crystal display de-
vice, in which a plurality of pixels (3), each of which is
formed of two or more sub-pixels (4R,4G,4B) thatrespec-
tively correspond to different colors from one another,
are arranged in a matrix in a pixel region on a substrate,
includes pixel electrodes (16), a common electrode (26),
aninsulatinglayer (45), and aliquid crystal material (50a).
Each of the pixel electrodes is formed in correspondence
with the sub-pixel on the substrate. The common elec-
trode is formed above the pixel electrodes on the sub-
strate so that at least part of the common electrode over-
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Fringe field switching liquid crystal display device

laps each of the pixel electrodes in plan view. The insu-
lating layer is formed on the substrate between the pixel
electrodes and the common electrode. The material is
driven by an electric field that is generated on the basis
of a difference in electric potential between each of the
pixel electrodes and the common electrode. The com-
mon electrode has a plurality of slits (27) that at least
partly overlap the pixel electrodes in plan view. At least
a portion of the slits are respectively provided continu-
ously over a plurality of the sub-pixels. Each of the sub-
pixels corresponding to the same colorincludes the same
numbers of end portions (28) of the plurality of slits.
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Description
BACKGROUND
1. Technical Field

[0001] The presentinvention relates to an electric field
driving device and an electronic apparatus.

2. Related Art

[0002] Aliquid crystal device is one of electricfield driv-
ing devices and modulates transmitted light by driving a
liquid crystal using an electric field. One embodiment of
the liquid crystal device has been known as an FFS
(Fringe Field Switching) mode liquid crystal device that
drives a liquid crystal by a lateral electric field that is par-
allel to the substrates, which is described in JP-A-
2002-296611. The liquid crystal device includes pixel
electrodes and acommon electrode. The pixel electrodes
are provided on a face of one of the substrates, which
faces the liquid crystal. The common electrode is lami-
nated on the pixel electrodes via an insulating layer.
Among these electrodes, the common electrode has a
large number of slits formed therein. In the above de-
scribed configuration, as a driving voltage is applied be-
tween the pixel electrodes and the common electrode,
an electric field that has a line of electric force, extending
from the upper face of the common electrode through
the slits to the upper face of the pixel electrodes, is gen-
erated. At this time, liquid crystal molecules are driven
by a component of the electric field, which is parallel to
the substrates (lateral electric field) and generated above
the common electrode, and thereby the alignment direc-
tion of the liquid crystal molecules are changed. In this
manner, the FFS mode liquid crystal device drives the
liquid crystal molecule and modulates incident light using
the polarization conversion function.

[0003] The pixel region of the FFS mode liquid crystal
device is, for example, collectively formed of sub-pixels
that contribute to display corresponding to any one of
red, green, and blue. Then, the lengths of slits provided
in the common electrode are set smaller than the widths
of the sub-pixels, and the slits are generally provided for
each of the sub-pixels.

[0004] Inthe above described configuration, however,
a large number of end portions of the slits (ends of the
slits in the longitudinal direction) are included in each of
the sub-pixels. For this reason, there is a problem that,
in proximity to the above end portions of the slits, an
electricfield is disturbed and, thereby, an alignment state
of the liquid crystal is disturbed to thereby produce a do-
main, or the like, resulting in a decrease in display quality.
In addition, when the number of end portions of the slits
is different among a plurality of the sub-pixels corre-
sponding to the same color, there occurs a problem that
the display quality varies because a disturbance of an
electric field is different among the sub-pixels.
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SUMMARY

[0005] An advantage of some aspects of the invention
is to implement the following aspects or application ex-
amples. First Application Example

[0006] An aspect of the invention provides an electric
field driving device in which a plurality of pixels, each of
which is formed of two or more sub-pixels that respec-
tively correspond to different colors from one another,
are arranged in a matrix in a pixel region on a substrate.
The electric field driving device includes pixel electrodes,
a common electrode, an insulating layer, and a material.
Each of the pixel electrodes is formed in correspondence
with the sub-pixel on the substrate. The common elec-
trode is formed above the pixel electrodes on the sub-
strate so that at least part of the common electrode over-
laps each of the pixel electrodes in plan view. The insu-
lating layer is formed on the substrate between the pixel
electrodes and the common electrode. The material is
driven by an electric field that is generated on the basis
of a difference in electric potential between each of the
pixel electrodes and the common electrode. The com-
mon electrode has a plurality of slits that at least partly
overlap the pixel electrodes in plan view. Atleast a portion
of the slits are respectively provided continuously over a
plurality of the sub-pixels. Each of the sub-pixels corre-
sponding to the same color includes the same numbers
of end portions of the plurality of slits.

[0007] According to the above configuration, the slits
extend continuously over a plurality of the sub-pixels, so
that, in comparison with the configuration in which the
slits are provided separately for each sub-pixel, it is pos-
sible to reduce the number of end portions of the slits
that disturb an electric field. In this manner, it is possible
to improve the display quality of the electric field driving
device. In addition, the number of end portions of the slits
included in each of the sub-pixels corresponding to the
same color is made equal, so that there is no difference
in disturbance of an electric field due to the end portions
of the slits among the sub-pixels corresponding to the
same color. Thus, it is possible to prevent a decrease in
display quality due to chrominance non-uniformity,
roughness, or the like. Note that, in the description, the
end portions of the slit mean ends of the slit in the longi-
tudinal direction. Accordingly, when the common elec-
trode may be regarded as an electrode that is formed of
strip portions that extend along one of the sides of the
sub-pixel (extend along the longitudinal direction of the
slit) and connecting portions that connect the adjacent
strip portions, portions in proximity to the connecting por-
tions correspond to the end portions of the slits.

Second Application Example

[0008] Inthe above electricfield driving device, the pix-
el region may be configured so that a pixel block formed
of m pixels that are arranged along the longitudinal di-
rection of the slits is set as a minimum unit for repeated
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arrangement, wherein the common electrode may have
m x n slits in each of the sub-pixels, and wherein each
of the slits may have a length that is substantially equal
to the width of the pixel block and the end portions of the
slits may be arranged so as to coincide with a boundary
between the adjacent pixels. Then, m is natural number
and equal to or more than two, and n is a maximum
number of end portions of the slits included in each of
the sub-pixels.

[0009] According to the above configuration, the same
numbers (up to n) of end portions of the slits are arranged
in each of the sub-pixels corresponding to the same color.
In other words, n end portions of the slits are arranged
in each of the sub-pixels that are arranged at both sides
of each pixel. Thus, each of the pixels equally includes
2n end portions of the slits. In this manner, there is no
difference in disturbance of an electric field due to the
end portions of the slits among the sub-pixels corre-
sponding to the same color. Thus, itis possible to prevent
a decrease in display quality due to chrominance non-
uniformity, roughness, or the like.

Third Application Example

[0010] In the above electric field driving device, posi-
tions of the end portions of the slits, which are arranged
in each of the sub-pixels, may be in symmetry in a direc-
tion perpendicular to the longitudinal direction of the slits.
[0011] According to the above configuration, a distur-
bance of an electric field is not clustered on the upper or
lower side of each sub-pixel. Thus, it is possible to pre-
vent a decrease in display quality due to chrominance
non-uniformity, roughness, or the like. In the above de-
scription, the word upper or lower indicates a direction
perpendicular to the longitudinal direction of the slits.
Fourth Application Example

[0012] Intheabove electricfield driving device, the end
portions of the slits may be arranged so as to coincide
with a boundary between the adjacent pixels, wherein
each of the pixels at least may include the end portions
ofthe two adjacent slits provided in the pixel, and wherein
the end portions may be respectively located at opposite
sides of the pixel.

[0013] According to the above configuration, the posi-
tions of the end portions of the adjacent slits may be
configured to be offset by one pixel. Thus, between the
adjacent pixels, it is less likely to abruptly change a po-
sition at which a disturbance of an electric field is pro-
duced. Thus, it is possible to prevent a decrease in dis-
play quality due to chrominance non-uniformity, rough-
ness, or the like.

Fifth Application Example

[0014] Inthe above electricfield driving device, the end
portions of the slits may be arranged so as to coincide
with a boundary between the adjacent sub-pixels, where-
in at least a portion of the slits may have a length that is
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equal to or larger than the width of four sub-pixels.
[0015] According to the above configuration, the at
least portion of the slits continuously extend over at least
four sub-pixels. Thus, in the two sub-pixels of these four
sub-pixels, excluding both ends, each of the slits is
formed to continuously extend from one end of the two
sub-pixels to the other end opposite the one end. As a
result, the number of end portions of the slits that disturb
an electric field is reduced. In addition, the end portions
of the slits are arranged so as to coincide with a boundary
between the adjacent sub-pixels, so that it is possible to
prevent a disturbance of an electric field from being pro-
duced in proximity to the central portion of each sub-pixel.
In this manner, itis possible to improve the display quality
and/or improve the transmittance ratio.

Sixth Application Example

[0016] In the above electric field driving device, each
of the pixels may be formed of at least four sub-pixels
that respectively correspond to different colors from one
another and that are arranged along the longitudinal di-
rection of the slits.

[0017] According to the above configuration, in the
electric field driving device that includes pixels, each of
which is formed of sub-pixels that respectively corre-
spond to four or more colors, by reducing the number of
end portions of the slits, itis possible to achieve improve-
mentin transmittance ratio and/orimprovementin display
quality. Seventh Application Example

[0018] In the above electric field driving device, each
of the slits may have a length that is substantially equal
to the width of the pixel, wherein the end portions of the
slits may be arranged so as to coincide with a boundary
between the adjacent pixels.

[0019] According to the above configuration, each of
the slits continuously extends over all the sub-pixels in-
cluded in each of the pixels, but does not continuously
extend to the pixel adjacent thereto. Therefore, each of
the pixels has the slits, each of which has four sides that
are surrounded by the members of the common electrode
and which are separately formed in each of the pixels.
Thus, the layout of the members, including the common
electrode, in the pixel region is configured so that the
pixel is set as a minimum unit for repeated arrangement.
Thus, the number of end portions of the slits included in
each of the pixels is reduced to improve the transmittance
ratio and/or improve the display quality, while making it
possible to easily design the pixel region.

Eighth Application Example

[0020] An aspect of the invention provides an electric
field driving device in which a plurality of sub-pixels are
arranged in a matrix in a pixel region on a substrate. The
electric field driving device includes pixel electrodes, a
common electrode, and a material. Each of the pixel elec-
trodes is formed in correspondence with the sub-pixel.
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The common electrode is laminated on the pixel elec-
trodes via an insulating layer. The material is driven by
an electric field that is generated on the basis of a differ-
ence in electric potential between each of the pixel elec-
trodes and the common electrode. The common elec-
trode has a plurality of slits. The plurality of slits include
at least two slits that are parallel to each other. The at
least two parallel slits are formed continuously in the pixel
region.

[0021] According to the above configuration, because
there are no end portions of the slits (ends of the slits in
the longitudinal direction) that disturb an electric field in
the pixel region, it is possible to suppress a disturbance
of an electric field in the pixel region. In addition, because
there is no end portions of the slits in each of the sub-
pixels, the effective display area is the same among the
sub-pixels and the width of a region that does not con-
tribute to display between the adjacent sub-pixels (a re-
gion between the adjacent pixels) is also the same. Thus,
it is possible to prevent a decrease in display quality due
to chrominance non-uniformity, roughness, or the like.
Furthermore, even when the sub-pixels that respectively
correspond to different colors are provided, there is no
difference in disturbance of an electric field due to the
end portions of the slits among the sub-pixels corre-
sponding to the same color. Thus, itis possible to prevent
a decrease in display quality due to chrominance non-
uniformity, roughness, or the like. According to the above
configuration, it is less likely that a decrease in image
quality occurs because of a disturbance of an electric
field and, hence, the electric field driving device that has
a high transmittance ratio is obtained.

Ninth Application Example

[0022] Intheabove electricfield driving device, dummy
pixels may be further provided outside the pixel region
so as to be arranged adjacent to the pixel region, wherein
at least a portion of the slits may continuously extend
from the inside of the pixel region to the dummy pixels.

[0023] According to the above configuration, it is pos-
sible to uniform a disturbance of an electric field between
the sub-pixels that are arranged at the outermost side of
the pixel region and the other sub-pixels that are arranged
in the pixel region.

Tenth Application Example

[0024] Intheabove electricfield driving device, the ma-
terial may be a liquid crystal, wherein an angle that an
alignment direction of the liquid crystal, when no voltage
is applied, makes with the longitudinal direction of the
slits may be equal to or more than one degree and equal
to or less than ten degrees.

[0025] Inthis manner,itis possible to rotate liquid crys-
tal molecules in the same rotational direction when a driv-
ing voltage is applied between the pixel electrode and
the common electrode. Thus, it is possible to suppress
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generation of a domain due to ununiform rotational di-
rections of the liquid crystal molecules. Eleventh Appli-
cation Example

[0026] In the above electric field driving device, the
common electrode may be electrically connected to a
wiring that supplies a common electric potential outside
the pixel region.

[0027] According to the above configuration, without
reducing the effective display area of the pixel region, it
is possible to supply a common electric potential to the
common electrode.

Twelfth Application Example

[0028] Inthe above electricfield driving device, a scan-
ning line or scanning lines that are arranged parallel to
the longitudinal direction of the slits in the pixel region
may be further provided.

[0029] According to the above configuration, it is pos-
sible to arrange the scanning line or scanning lines with-
out reducing the effective display area in the pixel region.

Thirteenth Application Example

[0030] An aspect of the invention provides an electric
field driving device in which a plurality of pixels, each of
which is formed of two or more sub-pixels that respec-
tively correspond to different colors from one another,
are arranged in a matrix in a pixel region on a substrate.
The electric field driving device includes pixel electrodes,
a common electrode, an insulating layer, and a material.
Each of the pixel electrodes is formed in correspondence
with the sub-pixel on the substrate. The common elec-
trode is formed above the pixel electrodes on the sub-
strate so that at least part of the common electrode over-
laps each of the pixel electrodes in plan view. The insu-
lating layer is formed on the substrate between the pixel
electrodes and the common electrode. The material is
driven by an electric field that is generated on the basis
of a difference in electric potential between each of the
pixel electrodes and the common electrode. The com-
mon electrode has strip portions, connecting portions,
and a plurality of slits. Each of the connecting portions
connects the adjacent strip portions. Each of the plurality
of slits is surrounded by the strip portions and the con-
necting portions. At least a portion of the slits overlap the
pixel electrodes in plan view. Each of the sub-pixels that
correspond to the same color includes the same numbers
of the connecting portions. The number of the connecting
portions included in each of the pixels, where the number
of the strip portions included in the pixel is p and the
number of the sub-pixels included in the pixel is q, is
smaller than (p- 1) x(q + 1).

[0031] According to the above configuration, because
the number of connecting portions included in each of
the pixels is smallerthan (p- 1) x(q + 1), atleast a portion
of the slits continuously extend over the plurality of sub-
pixels. Thus, in comparison with the configuration in
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which the slits are provided separately for each sub-pixel,
itis possible to reduce the number of end portions of the
slits that disturb an electric field. In this manner, it is pos-
sible to improve the display quality of the electric field
driving device. In addition, the number of end portions of
the slits included in each of the sub-pixels corresponding
to the same color is made equal, so that there is no dif-
ference in disturbance of an electric field due to the end
portions of the slits among the sub-pixels corresponding
to the same color. Thus, it is possible to prevent a de-
crease in display quality due to chrominance non-uni-
formity, roughness, or the like.

Fourteenth Application Example

[0032] Anaspectofthe invention provides an electron-
ic apparatus that uses the electric field driving device as
a display portion.

[0033] According to the above configuration, the elec-
tronic apparatus that has a high transmittance ratio and
that is able to perform high-quality display may be ob-
tained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The invention will be described with reference
tothe accompanying drawings, wherein like numbers ref-
erence like elements.

[0035] FIG. 1A is a schematic perspective view of a
liquid crystal device, which serves as an electric field driv-
ing device, and FIG. 1B is a cross-sectional view that is
taken along the line IB-IB in FIG. 1A.

[0036] FIG.2isan enlarged plan view of a pixel region.
[0037] FIG.3isanequivalentcircuitdiagram of various
elements, wirings, and the like, provided in a plurality of
sub-pixels that constitute the pixel region.

[0038] FIG. 4 is a plan view that specifically shows a
portion corresponding to one sub-pixel formed in an el-
ement substrate.

[0039] FIG. 5 is a cross-sectional view that is taken
along the line V-V in FIG. 4.

[0040] FIG. 6is a schematic view that shows the state
ofanelectricfield thatis generated when a driving voltage
is applied between a common electrode and a pixel elec-
trode.

[0041] FIG. 7 is a plan view that shows the shape of
the common electrode over the entire pixel region.
[0042] FIG. 8 is a plan view that specifically shows a
portion corresponding to adjacent two pixels within the
pixel region of a liquid crystal device according to a sec-
ond embodiment.

[0043] FIG. 9 is a plan view that specifically shows a
portion of the pixel region of a liquid crystal device ac-
cording to a third embodiment.

[0044] FIG. 10is a plan view that specifically shows a
portion of the pixel region of the liquid crystal device ac-
cording to the third embodiment.

[0045] FIG. 11 is a plan view that specifically shows a
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portion of the pixel region of a liquid crystal device ac-
cording to a fourth embodiment.

[0046] FIG. 12 is a plan view that specifically shows a
portion of the pixel region of the liquid crystal device ac-
cording to the fourth embodiment.

[0047] FIG. 13 is a plan view that specifically shows a
portion of the pixel region of a liquid crystal device ac-
cording to a fifth embodiment.

[0048] FIG. 14 is a plan view that specifically shows a
portion of the pixel region of the liquid crystal device ac-
cording to the fifth embodiment.

[0049] FIG. 15A to FIG. 15D are plan views that spe-
cifically show a portion of the pixel region of a liquid crystal
device according to a sixth embodiment.

[0050] FIG. 16 is a plan view that specifically shows a
portion of the pixel region of a liquid crystal device ac-
cording to a fifth alternative embodiment.

[0051] FIG.17isaperspective view of a cellular phone,
which serves as an electronic apparatus.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0052] Hereinafter, embodiments of an electric field
driving device and an electronic apparatus will be de-
scribed with reference to the accompanying drawings.
Note that, in the accompanying drawings, to make it eas-
ier to recognize the components in the drawings, the di-
mensions and ratio of the components are appropriately
varied from those of the actual components.

First Embodiment

[0053] FIG. 1A is a schematic perspective view of a
liquid crystal device, which serves as an electric field driv-
ing device, and FIG. 1B is a cross-sectional view that is
taken along the line IB-IB in FIG. 1A. The liquid crystal
device 1 includes an element substrate 10a and an op-
posite substrate 20a, which are opposed and adhered to
each other through a frame-shaped seal material 52. The
element substrate 10a includes a glass substrate 10 as
aone substrate, and the opposite substrate 20a includes
a glass substrate 20. A liquid crystal 50 is sealed in a
space surrounded by the element substrate 10a, the op-
posite substrate 20a and the seal material 52. The ele-
ment substrate 10a is larger than the opposite substrate
20a, and is adhered to the opposite substrate 20a in a
state where part of the element substrate 10a extends
beyond the outer periphery of the opposite substrate 20a.
A driver IC 51 that drives the liquid crystal 50 is mounted
on the above extended portion. The liquid crystal 50 cor-
responds to a "material that is driven by an electric field
that is generated by a difference in electric potential be-
tween the pixel electrodes and the common electrode.”
[0054] Alarge number of sub-pixels 4 (see FIG. 2) that
contribute to image display are arranged in a matrix in a
region in which the liquid crystal 50 is sealed. Hereinafter,
the region that is collectively formed of the sub-pixels 4
is termed as a pixel region 5.
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[0055] FIG. 2 is an enlarged plan view of the pixel re-
gion 5. A large number of the rectangular sub-pixels 4
are arranged in the pixel region 5. Each of the sub-pixels
4 contributes to color display of one of red, green and
blue. Hereinafter, the sub-pixels that display red, green
and blue colors are particularly termed as sub-pixels 4R,
4G, 4B, respectively. In FIG. 1B, a light shielding layer
13 and color filters (not shown) are formed on the surface,
adjacent to the liquid crystal 50, of the glass substrate
20 that constitutes the opposite substrate 20a. The light
shielding layer 13 is formed between any adjacent sub-
pixels 4. The color filters are formed of resin that is able
to colorthe transmitted light by absorbing a specific wave-
length component of incident light. The red, green and
blue color filters are arranged in the sub-pixels 4R, 4G,
4B, respectively. Hereinafter, even when any one of the
sub-pixels 4R, 4G, 4B is specified, a sub-pixel may be
simply termed as "sub-pixel 4" when it is not necessary
to specify the corresponding color.

[0056] The sub-pixels 4 are arranged in a matrix. Here-
inafter, the directions that define the matrix of the sub-
pixels 4, that is, two orthogonal directions in which the
adjacent sub-pixels 4 are arranged are termed as row
direction and column direction. The sub-pixels 4 that are
arranged in a certain column all have the same color. In
other words, the sub-pixels 4 are arranged so that the
corresponding colors are aligned in a stripe. In addition,
each pixel 3 is formed of a set of three adjacent sub-
pixels 4R, 4G, 4B that are aligned in the row direction.
The pixel 3 is a minimum unit (pixel) of display. The liquid
crystal device 1 is able to display various colors by ad-
justing the balance of luminance of the sub-pixels 4R,
4G, 4B in each pixel 3.

[0057] FIG.3isanequivalentcircuitdiagram of various
elements, wirings, and the like, provided in the plurality
of sub-pixels 4 that constitute the pixel region 5. In the
pixel region 5, a plurality of gate electrode lines 12 and
a plurality of signal lines 14 are wired so as to intersect
with one another, and pixel electrodes 16 are arranged
in a matrix in regions that are defined by the gate elec-
trode lines 12 and the signal lines 14. Then, a TFT (Thin
Film Transistor) 30 is arranged for each of the sub-pixels
4 in proximity to a position of intersection of the corre-
sponding gate electrode line 12 and the corresponding
signal line 14. In addition, the pixel electrode 16 is elec-
trically connected to the drain region of each TFT 30. The
gate electrode line 12 corresponds to a scanning line.
[0058] The TFTs 30 turn on by ON signals included in
scanning signals G1, G2, ..., Gm supplied from the gate
electrode lines 12, and, at this time, supply the corre-
sponding pixel electrodes 16 with image signals S1,
S2, ..., Sn supplied to the signal lines 14. Then, as an
electric field corresponding to a voltage applied between
the pixel electrode 16 and the common electrode 26 (see
FIG. 4 and FIG. 5) is applied to the liquid crystal 50, the
alignment state of the liquid crystal 50 changes. The liquid
crystal device 1 performs displaying by modulating trans-
mitted light using a polarization conversion function
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based on the alignment state of the liquid crystal 50 and
a polarization selection function of a polarizer (not shown)
arranged on the outer side of the liquid crystal device 1.
[0059] A storage capacitor 70 is electrically connected
to the drain region of each TFT 30 in parallel with the
corresponding pixel electrode 16. Each of the storage
capacitors 70 is electrically connected to a capacitor line
72 that is set to a constant electric potential. By means
of the storage capacitors 70, the voltages of the pixel
electrodes 16 are maintained over a period of time that
is, for example, three digits longer than a period of time
during which a source voltage is applied. When the volt-
age holding characteristic is thus improved, the contrast
ratio of display is improved. The above various elements,
wirings, and the like, are formed mainly on the element
substrate 10a.

[0060] Next, components of each sub-pixel 4 will be
described with reference to FIG. 4 and FIG. 5. FIG. 4 is
a plan view that specifically shows a portion correspond-
ing to one sub-pixel 4 formed in the element substrate
10a. FIG. 5 is a cross-sectional view that is taken along
the line V-V in FIG. 4. In the following description, "upper
layer" or "lower layer" indicates a layer that is formed
relatively on the upper side or on the lower side in FIG. 5.
[0061] As shown in FIG. 4, the gate electrode line 12
and the signal line 14 are arranged to intersect with each
other in the sub-pixel 4, and the TFT 30 is formed at a
position corresponding to the intersection. In addition,
the substantially rectangular pixel electrode 16 is electri-
cally connected to the TFT 30.

[0062] As shown in FIG. 5, a semiconductor layer 31
is laminated on the glass substrate 10. The semiconduc-
tor layer 31 may be, for example, formed of a polysilicon
layer, and includes a channel region, in which a channel
is formed by an electric field from the gate electrode line
12, and a source region and a drain region, which inter-
pose the channel region therebetween. In addition, in
order to further reduce a leakage current, the semicon-
ductor layer 31 preferably has an LDD (lightly doped
drain) structure in which a lightly doped region is partly
provided in the source region and in the drain region. A
base insulating film, or the like, may be further formed
between the semiconductor layer 31 and the glass sub-
strate 10.

[0063] Inthe upperlayer formed on the semiconductor
layer 31, the gate electrode line 12 formed of a high melt-
ing point metal, such as titanium, chromium, tungsten,
tantalum, and molybdenum, or an alloy containing one
of these metals is laminated via a gate insulating film 42
formed of silicon oxide, or the like. The gate electrode
line 12 is arranged parallel to the longitudinal direction
of slits 27 of the common electrode 26, which will be
described later. The TFT 30 is formed of the above sem-
iconductor layer 31, the gate insulating film 42, and the
gate electrode line 12. The semiconductor layer 31 ac-
cording to the present embodiment has a U shape as
viewed in the direction of normal to the glass substrate
10, and the gate electrode line 12 is formed in a direction
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that crosses the U-shaped portion of the semiconductor
layer 31. Thus, the TFT 30 has a double gate structure
in which the gate electrode line 12 and the semiconductor
layer 31 are opposite each other at different positions.
[0064] In the upper layer formed on the gate electrode
line 12, the signal line 14 is laminated via an interlayer
insulating film 43 formed of silicon oxide, or the like.
The signal line 14 is formed of metal, such as aluminum,
chromium, and tungsten, or an alloy containing one of
these metals, and has a light shielding property. The sig-
nal line 14 is, as shown in FIG. 4, arranged so as to be
perpendicular to the gate electrode line 12, and is elec-
trically connected to the semiconductor layer 31 at one
of distal ends of the U-shaped portion. More specifically,
the signal line 14 is electrically connected to the source
region of the semiconductor layer 31 through a contact
hole thatis provided to extend through the gate insulating
film 42 and the interlayer insulating film 43.

[0065] A relay electrode 15 formed of the same mate-
rial as that of the signal line 14 is formed in the same
layer as the signal line 14. The relay electrode 15 is elec-
trically connected to the drain region of the semiconduc-
tor layer 31 through a contact hole 22 that is provided to
extend through the gate insulating film 42 and the inter-
layer insulating film 43 at the other distal end of the U-
shaped portion.

[0066] In the upper layer formed on the signal line 14
and the relay electrode 15, the pixel electrode 16 formed
of translucent ITO (indium tin oxide) is laminated via an
interlayer insulating film 44 formed of silicon oxide. The
pixel electrode 16 is electrically connected to the relay
electrode 15 through a contact hole 23 that is formed in
the interlayer insulating film 44. Thus, the pixel electrode
16 is electrically connected to the drain region of the sem-
iconductor layer 31 through the relay electrode 15.
[0067] Inthe upper layer formed on the pixel electrode
16, the translucent common electrode 26 formed of ITO
is formed via aninterlayer insulating film 45, which serves
as an insulating layer and is formed of silicon oxide, or
the like. The common electrode 26 is arranged in strip
regions that are indicated by dots in FIG. 4. That is, the
common electrode 26 is formed on the pixel electrode
16 so that at least part of the common electrode 26 over-
laps the pixel electrode 16 in plan view. In addition, the
interlayer insulating film 45 is formed between the pixel
electrode 16 and the common electrode 26. A large
number of the slits 27 that are parallel to the short side
of the sub-pixel 4 are provided at a portion of the common
electrode 26, which overlaps the pixel electrode 16 in
plan view. In other words, the slits 27 are arranged par-
allel to a horizontal array direction (row direction or ex-
tending direction of the short side) in which the plurality
of sub-pixels 4 are arranged in a matrix. The slits 27 are
parallel to one another and are arranged at constant in-
tervals. In FIG. 4, all the slits 27 that are arranged in the
sub-pixel 4 are parallel to one another; however, it is ap-
plicable that at least two slits 27 that are parallel to each
other are included in the sub-pixel 4 and other slits that
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are not parallel to these two slits 27 may be further pro-
vided. Here, the pixel electrode 16, the common elec-
trode 26 and the interlayer insulating film 45 held between
the electrodes serve as the storage capacitor 70 shown
in FIG. 3. In addition, the interlayer insulating film 45 cor-
responds to an insulating layer.

[0068] An alignment layer 18 formed of polyimide is
laminated on the common electrode 26. The alignment
layer 18 is a member that is in contact with the liquid
crystal 50 (see FIG. 1B). By rubbing the alignment layer
18, it is possible to align the liquid crystal 50 along the
direction of rubbing when no driving voltage is applied.
An angle that the rubbing direction (that is, the alignment
direction of the liquid crystal 50 when no voltage is ap-
plied) makes with the longitudinal direction of the slits 27
is preferably equal to or larger than one degree and equal
to or lower than 10 degrees. In this manner, as will be
described later, it is possible to rotate the liquid crystal
molecules 50a (see FIG. 6)in the same rotational direc-
tion when a driving voltage is applied between the pixel
electrode 16 and the common electrode 26. Thus, it is
possible to suppress generation of a domain due to un-
uniform rotational directions of the liquid crystal mole-
cules.

[0069] FIG. 6is a schematic view that shows the state
ofanelectricfield thatis generated when a driving voltage
is applied between the common electrode 26 and the
pixel electrode 16 in the above described configuration.
When the driving voltage is applied and a difference in
electric potential is produced between the common elec-
trode 26 and the pixel electrode 16, an electric field that
has a line of electric force, extending from the upper face
of the common electrode 26 through the slits 27 to the
upper face of the pixel electrode 16, is generated. At this
time, above the common electrode 26, that is, in the layer
of the liquid crystal 50, an electric field that is parallel to
the glass substrate 10 is generated. The liquid crystal
molecules 50a contained in the liquid crystal 50 change
their alignment directions in a plane parallel to the glass
substrate 10 in accordance with the lateral electric field.
As a result, the relative angle of the liquid crystal mole-
cules 50a with respect to the polarization axes of polar-
izers (not shown) arranged respectively outside the ele-
ment substrate 10a and the opposite substrate 20a
change and, thereby, transmitted light is modulated on
the basis of the polarization conversion function in ac-
cordance with the relative angle.

[0070] The above described liquid crystal mode is
termed as an FFS mode. In the FFS mode, the liquid
crystal molecules are always maintained in a substan-
tially parallel relation to the glass substrate 10, so that it
is possible to reduce a variation in retardation in accord-
ance with a viewing angle and possible to perform dis-
playing with a wide viewing angle.

[0071] Note that, when the slits 27 provided in the com-
mon electrode 26 have end portions (ends of the slits 27
in the longitudinal direction), an electric field generated
in proximity to the end portions differs in direction from
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an electric field generated in other regions. This distur-
bance of an electric field produces a disturbance of the
alignment state of the liquid crystal 50. As a result, a
domain is produced in the liquid crystal 50, or the like, to
cause a decrease in display quality of the liquid crystal
device 1; however, in the present embodiment, this in-
convenience may be avoided.

[0072] FIG. 7 is a plan view that shows the shape of
the common electrode 26 over the entire pixel region 5.
The slits 27 provided in the common electrode 26 extend
continuously in the pixel region 5. That is, each of the
slits 27 is formed to continuously extend from one end
of the pixel region 5 to the other end opposite the one end.
In addition, dummy pixels 6 are arranged adjacent to the
pixel region 5 outside the pixel region 5, and the slits 27
are formed to continuously extend from the inside of the
pixel region 5 to the dummy pixels 6. For this reason, the
end portions 28 of the slits 27 are present only in the
dummy pixels 6 and no end portions are present in the
pixel region 5.

[0073] According to the above configuration, because
there are no end portions 28 of the slits 27 that disturb
the alignment state of the liquid crystal 50 in the pixel
region 5, itis possible to suppress generation of a domain
of the liquid crystal 50 in the pixel region 5 and also pos-
sible to improve the transmittance ratio. In addition, be-
cause there is no end portions 28 of the slits 27 in each
of the sub-pixels 4, the effective display area is the same
among the sub-pixels 4 and the width of a region that
does not contribute to display between the adjacent sub-
pixels 4 (a region between adjacent pixels) is also the
same. Thus, itis possible to prevent a decrease in display
quality due to chrominance non-uniformity, roughness,
or the like. Moreover, because there is no difference in
disturbance of the alignment state of the liquid crystal 50
due to the end portions 28 of the slits 27 among the sub-
pixels 4 corresponding to the same color, it is possible
to prevent a decrease in display quality due to chromi-
nance non-uniformity, roughness, or the like.

[0074] In addition, the common electrode 26 is electri-
cally connected to a wiring that supplies a common elec-
tric potential through a contact hole 24, which is provided
outside the pixel region 5. In this manner, without reduc-
ing the effective display area of the pixel region 5, it is
possible to supply acommon electric potential to the com-
mon electrode 26.

Second Embodiment

[0075] Next, a second embodiment will be described.
The liquid crystal device 1 according to the present em-
bodiment differs from that of the first embodiment in that
the arrangement of the common electrode 26 and slits
27 and the configuration of the pixels 3 are modified, and
the other portions are the same as those of the first em-
bodiment. In the drawings used in the following descrip-
tion, the same reference numerals are assigned to the
same components as those of the first embodiment, and
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the description thereof is omitted.

[0076] FIG. 8 is a plan view that specifically shows a
portion corresponding to adjacent two pixels 3 within the
pixel region 5 of the liquid crystal device 1 according to
the present embodiment. Each of the pixels 3 according
to the present embodiment is configured so that four-
color sub-pixels 4 are arranged along the longitudinal
direction of the slits 27. More specifically, each of the
pixels 3 is formed of sub-pixels 4R, 4G, 4B, 4C that con-
tribute to display of red, green, blue, and cyan. Thus,
color filters (not shown) of red, green, blue, and cyan are
respectively formed at portions corresponding to the sub-
pixels 4R, 4G, 4B, 4C on the opposite substrate 20a.
[0077] Nine slits 27 of the common electrode 26 are
provided in each of the sub-pixels 4, and each of the slits
27 has a length that is substantially equal to the width of
four sub-pixels 4. In other words, each of the slits 27 has
alength that is substantially equal to the width of the pixel
3. In addition, the end portions 28 of the slits 27 are ar-
ranged so as to coincide with the boundary between the
adjacent pixels 3. Accordingly, there are nine end por-
tions 28 of the slits 27 respectively at one side of the sub-
pixel 4R and at one side of the sub-pixel 4C, and there
are no end portions 28 in the sub-pixels 4G, 4B. Accord-
ing to the above configuration, in comparison with the
configuration in which the slits 27 are provided separately
for each sub-pixel 4, it is possible to reduce the number
of end portions 28 of the slits 27 that disturb the alignment
state of the liquid crystal 50. In this manner, it is possible
to reduce the area in which a domain is produced and,
hence, the transmittance ratio of the liquid crystal device
1 may be improved.

[0078] Furthermore, the number of end portions 28 of
the slits included in the sub-pixels 4R, 4G, 4B, 4C are
respectively 9, 0, 0, 9, and this characteristic is the same
among all the pixels 3. Thus, the number of end portions
28 included in each of the sub-pixels 4 corresponding to
the same color is equal. According to the above config-
uration, because there is no difference in disturbance of
the alignment state of the liquid crystal 50 due to the end
portions 28 among the sub-pixels 4 corresponding to the
same color, it is possible to prevent a decrease in display
quality due to chrominance non-uniformity, roughness,
or the like.

[0079] Inthe meantime, the common electrode 26 may
be regarded as an electrode that is formed of strip por-
tions 26a and connecting portions 26b. The strip portions
26a are parallel to the short side of the sub-pixel 4 (par-
allel to the longitudinal direction of the slits 27, that is,
parallel to the horizontal array direction (row direction or
extending direction of the short side) in which the plurality
of sub-pixels 4 are arranged in a matrix. The connecting
portions 26b connect the adjacent strip portions 26a. In
view of this point, the slits 27 are opening portions that
are surrounded by the strip portions 26a and the con-
necting portions 26b, and the end portions 28 of the slits
27 correspond to portions in proximity to the connecting
portions 26b. In addition, the end portions 28 of the slits



15 EP 1970 752 A1 16

27 are arranged so as to coincide with the boundary be-
tween the adjacent pixels 3. This corresponds to that the
connecting portions 26b are arranged at the boundary
between the adjacent pixels 3. In FIG. 8, the connecting
portions 26b are provided only at the boundary between
the adjacent pixels 3 and are continuously arranged at
right and left sides of each pixel 3. In other words, the
slits 27 continuously extend across all the sub-pixels 4
included in each of the pixels 3 but do not continuously
extend to the adjacent pixels 3. Therefore, each of the
pixels 3 is configured to include the slits 27, each of which
has four sides that are surrounded by the members of
the common electrode 26 (the strip portions 26a or the
connecting portions 26b) and which are separately
formed in each of the pixels 3. Thus, the layout of the
members, including the common electrode 26, in the pix-
el region 5 is configured so that the pixel 3 is set as a
minimum unit for repeated arrangement. Thus, the
number of end portions 28 of the slits 27 included in each
of the pixels 3 is reduced to improve the transmittance
ratio and/or improve the display quality, while making it
possible to easily design the pixel region 5.

[0080] Note that, in the above description, each of the
pixels 3 is formed of the sub-pixels 4R, 4G, 4B, 4C that
are arranged in a horizontal line; however, the arrange-
ment of the four-color sub-pixels 4 is not limited to it. For
example, the sub-pixels 4R, 4G, 4B, 4C may be arranged
in a two-by-two matrix. In this case, the sub-pixels 4R,
4G are repeatedly arranged in one pixel line, and the
sub-pixels 4B, 4C are repeatedly arranged in the upper
and lower pixel lines relative to the one pixel line. In this
case, the length of the slits 27 may be equal to the width
of two sub-pixels 4. In this manner, each of the sub-pixels
4 includes nine end portions 28 of the slits 27. Thus,
because there is no difference in disturbance of the align-
ment state of the liquid crystal 50 due to the end portions
28 among the sub-pixels 4 corresponding to the same
color, itis possible to prevent a decrease in display quality
due to chrominance non-uniformity, roughness, or the
like.

[0081] In addition, the configuration in which four
colors corresponding to red, green, blue, and cyan are
displayed is described; however, a combination of four
colors may be changed, or a configuration in which five
or more colors are displayed may be employed. An ex-
ample of another combination of four colors may be four
colors corresponding to red, yellowish green, blue, and
emerald green. Other than the above, it may be selected
so that a combination of four colors consisting of a display
of blue-based hue, a display of red-based hue, and dis-
plays of two kinds of hues selected from the hues ranging
from blue to yellow, among a visible light region (380 to
780 nm) in which the hue varies on the basis of a wave-
length. Here, the word "based" is used; for example, blue-
based color is not limited to the hue of pure blue, but it
also includes bluish purple, greenish blue, and the like.
In addition, red-based hue is not limited to red, but it in-
cludes orange. When each of the pixels 3 is formed of
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five or more color (that is, five or more) sub-pixels 4, the
length of the slits 27 may be substantially equal to the
width of five sub-pixels 4.

Third Embodiment

[0082] Next, athirdembodiment will be described. The
present embodiment also differs from the first embodi-
ment in that the arrangement of the common electrode
26 and slits 27 and the configuration of the pixels 3 are
modified, and the other portions are the same as those
of the first embodiment.

[0083] FIG. 9 is a plan view that specifically shows a
portion of the pixel region 5 of the liquid crystal device 1
according to the present embodiment. Each of the pixels
3inthis drawing is configured so that two-color sub-pixels
4 are arranged along the longitudinal direction of the slits
27. More specifically, each of the pixels 3 is formed of
sub-pixels 4R, 4G that contribute to displays of red and
green.

[0084] In the present embodiment, a set of two pixels
3 that are arranged along the longitudinal direction of the
slits 27 is termed as a pixel block 2. The layout of the
pixel region 5, including the patterns of the common elec-
trode 26 and slits 27, is configured so that the pixel block
2 is set as a minimum unit for repeated arrangement.
[0085] Nine strip portions 26a of the common electrode
26 are provided for each of the sub-pixels 4. Thus, eight
slits 27 that are interposed between the adjacent strip
portions 26a are provided for each of the sub-pixels 4.
Each of the slits 27 has a length that is substantially equal
to the width of the pixel block 2. Because each of the
pixel blocks 2 is formed of four sub-pixels 4, the length
of each slit 27 is substantially equal to the width of four
sub-pixels 4. In addition, the end portions 28 of the slits
27 are arranged so as to coincide with the boundary be-
tween the adjacent pixels 3. Then, the adjacent slits 27
that are arranged in a vertical direction in FIG. 9 are ar-
ranged so that the positions of the end portions 28 are
offset in the row direction by the width of one pixel 3. In
other words, at least the end portions 28 of the two slits
27 that are provided for the pixel 3 and arranged adjacent
to each other in the vertical direction are included in each
of the pixels 3, and the end portions 28 are located at the
right or left sides of the pixel 3.

[0086] When the slits 27 are arranged as described
above, each of the sub-pixels 4R, 4G includes four end
portions of the slits 27. Here, a product of m (= 2), which
is the number of pixels 3 included in each of the pixel
blocks 2, and n (= 4), which is the maximum number of
end portions 28 of the slits 27 included in each of the
sub-pixels 4, is equal to the number (= 8) of slits 27 formed
in each of the sub-pixels 4. On the other hand, when the
number of slits 27 formed in each of the sub-pixels 4 is
set to m x n (that is, the number of strip portions 26a
formed in each of the sub-pixels 4 is settom x n + 1),
the above described arrangement may be implemented.
[0087] Here, the arrangement of the strip portions 26a
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and connecting portions 26b, both of which constitute the
common electrode 26, will be specifically described. As
described above, in each of the pixels 3, nine strip por-
tions 26a are arranged to extend along the row direction.
In addition, in each of the pixels 3, four connecting por-
tions 26b are arranged in a region of boundary with one
pixel arranged adjacent to each other in the row direction,
and four connecting portions 26b are also arranged in a
region of boundary with the other pixel 3 arranged adja-
cent to each other in the row direction. When focusing
on one slit 27 included in each of the pixels 3, the con-
necting portion 26b is arranged only on one side of the
above boundary region. In addition, the connecting por-
tion 26b and the closest other connecting portion 26b in
the column direction at least interpose one slit 27 there-
between. In FIG. 9, each of the connecting portions 26b
is provided in correspondence with every other slit 27. In
addition, two connecting portions 26b that are located at
one pixel distance from each other in the row direction
are arranged offset in the column direction by a pitch of
arrangement of the slits 27. Accordingly, each of the pix-
els 3 includes eight connecting portions 26b. The number
of connecting portions 26b included in each of the pixels
3, where the number of strip portions 26a included in
each of the pixels 3 is p (= 9) and the number of sub-
pixels 4 included in each of the pixels 3 is q (= 2), is
smaller than (p - 1) x (g + 1) (= 24).

[0088] According to the above arrangement, by reduc-
ing the number of connecting portions 26b (the number
of end portions 28) included in each of the pixels 3, itis
possible to suppress a disturbance of an electric field in
the pixels 3 and, hence, possible to improve the display
quality. In addition, the number of end portions 28 includ-
ed in each of the sub-pixels 4 corresponding to the same
color is equal. Moreover, because there is no difference
in disturbance of the alignment state of the liquid crystal
50 due to the end portions 28 of the slits 27 among the
sub-pixels 4 corresponding to the same color, it is pos-
sible to prevent a decrease in display quality due to
chrominance non-uniformity, roughness, or the like.
[0089] Moreover, the positions of the end portions 28
of the slits 27 that are located adjacent to each other in
the vertical direction are configured to be offset in the
row direction by one pixel, so that, between the adjacent
pixels 3, it is less likely to abruptly change a position at
which a domain of the liquid crystal 50 is produced. Thus,
it is possible to prevent a decrease in display quality due
to chrominance non-uniformity, roughness, or the like.
[0090] Note that, in the above description, each of the
pixels 3 is formed of two-color sub-pixels 4R, 4G; how-
ever, in place of the above configuration, for example,
each of the pixels 3 may be formed of three-color sub-
pixels 4R, 4G, 4B, as shown in FIG. 10. In this case, there
are four end portions 28 of the slits 27 respectively at one
side of each sub-pixel 4R and at one side of each sub-
pixel 4B, and there are no end portions 28 in each sub-
pixel 4G. Furthermore, the number of end portions 28 of
the slits included in the sub-pixels 4R, 4G, 4B are respec-
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tively 4, 0, 4, and this characteristic is the same among
all the pixels 3. Thus, the number of end portions 28 in-
cluded in each of the sub-pixels 4 corresponding to the
same color is equal.

[0091] Inthis case as well, each of the pixels 3 includes
eight connecting portions 26b. The number of connecting
portions 26b included in each of the pixels 3, where the
number of strip portions 26a included in each of the pixels
3 is p (= 9) and the number of sub-pixels 4 included in
each of the pixels 3 is q (= 3), is smaller than (p - 1) x (q
+ 1) (=32).

[0092] According to the above configuration, because
there is nodifference in disturbance of the alignment state
of the liquid crystal 50 due to the end portions 28 among
the sub-pixels 4 corresponding to the same color, it is
possible to prevent a decrease in display quality due to
chrominance non-uniformity, roughness, or the like.

Fourth Embodiment

[0093] Next, a fourth embodiment will be described.
The present embodiment also differs from the third em-
bodiment in that the arrangement of the common elec-
trode 26 and slits 27 and the configuration of the pixels
3 are modified, and the other portions are the same as
those of the third embodiment.

[0094] FIG. 11 is a plan view that specifically shows a
portion of the pixel region 5 of the liquid crystal device 1
according to the present embodiment. Each of the pixels
3inthis drawing is configured so that two-color sub-pixels
4 are arranged along the longitudinal direction of the slits
27. More specifically, each of the pixels 3 is formed of
sub-pixels 4R, 4G that contribute to displays of red and
green.

[0095] In the present embodiment, a set of four pixels
3 that are arranged along the longitudinal direction of the
slits 27 is termed as a pixel block 2. The layout of the
pixel region 5, including the patterns of the common elec-
trode 26 and slits 27, is configured so that the pixel block
2 is set as a minimum unit for repeated arrangement.
[0096] Nine strip portions 26a of the common electrode
26 are provided for each of the sub-pixels 4. Thus, eight
slits 27 that are interposed between the adjacent strip
portions 26a are provided for each of the sub-pixels 4.
Each of the slits 27 has a length that is substantially equal
to the width of the pixel block 2. Because each of the
pixel blocks 2 is formed of eight sub-pixels 4, the length
of each slit 27 is substantially equal to the width of eight
sub-pixels 4. In addition, the end portions 28 of the slits
27 are arranged so as to coincide with the boundary be-
tween the adjacent pixels 3. Then, the adjacent slits 27
that are arranged in a vertical direction in FIG. 11 are
arranged so that the positions of the end portions 28 are
offset in the row direction by the width of one pixel 3. In
other words, at least the end portions 28 of the two slits
27 that are provided for the pixel 3 and arranged adjacent
to each other in the vertical direction are included in each
of the pixels 3, and the end portions 28 are located at the
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right or left sides of the pixel 3.

[0097] When the slits 27 are arranged as described
above, each of the sub-pixels 4R, 4G includes two end
portions of the slits 27. Here, as in the case of the third
embodiment, a product of m (= 4), which is the number
of pixels 3 included in each of the pixel blocks 2, and n
(= 2), which is the maximum number of end portions 28
ofthe slits 27 included in each of the sub-pixels 4, is equal
to the number (= 8) of slits 27 formed in each of the sub-
pixels 4.

[0098] Here, the arrangement of the strip portions 26a
and connecting portions 26b, both of which constitute the
common electrode 26, will be specifically described. As
described above, in each of the pixels 3, nine strip por-
tions 26a are arranged to extend along the row direction.
In addition, in each of the pixels 3, two connecting por-
tions 26b are arranged in a region of boundary with one
pixel arranged adjacent to each other in the row direction,
and two connecting portions 26b are also arranged in a
region of boundary with the other pixel 3 arranged adja-
cent to each other in the row direction. When focusing
on one slit 27 included in each of the pixels 3, the con-
necting portion 26b is arranged at most only on one side
of the above boundary region. In addition, the connecting
portion 26b and the closest other connecting portion 26b
in the column direction at least interpose one slit 27 ther-
ebetween. In FIG. 11, the connecting portions 26b are
arranged in the column direction so as to interpose three
slits 27 between the adjacent connecting portions 26b.
In addition, two connecting portions 26b that are located
at one pixel distance from each other in the row direction
are arranged offset in the column direction by a pitch of
arrangement of the slits 27. Accordingly, each of the pix-
els 3 includes four connecting portions 26b. The number
of connecting portions 26b included in each of the pixels
3, where the number of strip portions 26a included in
each of the pixels 3 is p (= 9) and the number of sub-
pixels 4 included in each of the pixels 3 is q (= 2), is
smaller than (p- 1) x (q + 1) (= 24).

[0099] According to the above arrangement, by reduc-
ing the number of connecting portions 26b (the number
of end portions 28) included in each of the pixels 3, it is
possible to suppress a disturbance of an electric field in
the pixels 3 and, hence, possible to improve the display
quality. In addition, the number of end portions 28 includ-
ed in each of the sub-pixels 4 corresponding to the same
color is equal. Thus, because there is no difference in
disturbance of the alignment state of the liquid crystal 50
due to the end portions 28 among the sub-pixels 4 cor-
responding to the same color, it is possible to prevent a
decrease in display quality due to chrominance non-uni-
formity, roughness, or the like.

[0100] Note that, in the above description, each of the
pixels 3 is formed of two-color sub-pixels 4R, 4G; how-
ever, in place of the above configuration, for example,
each of the pixels 3 is formed of three-color sub-pixels
4R, 4G, 4B, as shown in FIG. 12. In this case, there are
two end portions 28 of the slits 27 respectively at one
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side of each sub-pixel 4R and at one side of each sub-
pixel 4B, and there are no end portions 28 in each sub-
pixel 4G. Furthermore, the number of end portions 28 of
the slits included in the sub-pixels 4R, 4G, 4B are respec-
tively 2, 0, 2, and this characteristic is the same among
all the pixels 3. Thus, the number of end portions 28 in-
cluded in each of the sub-pixels 4 corresponding to the
same color is equal.

[0101] Inthis case as well, each of the pixels 3 includes
four connecting portions 26b. The number of connecting
portions 26b included in each of the pixels 3, where the
number of strip portions 26a included in each of the pixels
3 is p (= 9) and the number of sub-pixels 4 included in
each of the pixels 3 is q (= 3), is smaller than (p - 1) x (q
+ 1) (= 32).

[0102] According to the above configuration, because
there is nodifference in disturbance of the alignment state
of the liquid crystal 50 due to the end portions 28 among
the sub-pixels 4 corresponding to the same color, it is
possible to prevent a decrease in display quality due to
chrominance non-uniformity, roughness, or the like.

Fifth Embodiment

[0103] Next, a fifth embodiment will be described. The
present embodiment also differs from the fourth embod-
iment in that the arrangement of the common electrode
26 and slits 27 and the configuration of the pixels 3 are
modified, and the other portions are the same as those
of the fourth embodiment.

[0104] FIG. 13 is a plan view that specifically shows a
portion of the pixel region 5 of the liquid crystal device 1
according to the present embodiment. Each of the pixels
3inthis drawing is configured so that two-color sub-pixels
4 are arranged along the longitudinal direction of the slits
27. More specifically, each of the pixels 3 is formed of
sub-pixels 4R, 4G that contribute to displays of red and
green.

[0105] In the present embodiment, a set of six pixels
3 that are arranged along the longitudinal direction of the
slits 27 is termed as a pixel block 2. The layout of the
pixel region 5, including the patterns of the common elec-
trode 26 and slits 27, is configured so that the pixel block
2 is set as a minimum unit for repeated arrangement.
[0106] Nine strip portions 26a of the common electrode
26 are provided for each of the sub-pixels 4. Thus, eight
slits 27 that are interposed between the adjacent strip
portions 26a are provided for each of the sub-pixels 4.
The end portions 28 of the slits 27 are arranged so as to
coincide with the boundary between the adjacent pixels
3. Then, the arrangement positions of the end portions
28 of the slits 27 in each of the sub-pixels 4 are in sym-
metry in the vertical direction (a direction perpendicular
to the longitudinal direction of the slits 27) in FIG. 13.
[0107] In this manner, when the slits 27 are arranged
so that the end portions 28 are in vertical symmetry, do-
mains of the liquid crystal 50 are not clustered on the
upperor lower side of each sub-pixel 4. Thus, itis possible
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to prevent a decrease in display quality due to chromi-
nance non-uniformity, roughness, or the like.

[0108] Furthermore, the adjacent slits 27 that are ar-
ranged in a vertical direction in FIG. 13 are arranged so
that the positions of the end portions 28 are offset in the
row direction by the width of one pixel 3. In other words,
at least the end portions 28 of the two slits 27 that are
provided for the pixel 3 and arranged adjacent to each
other in the vertical direction are included in each of the
pixels 3, and the end portions 28 are located at the right
or left sides of the pixel 3.

[0109] According to the above arrangement, by reduc-
ing the number of connecting portions 26b (the number
of end portions 28) included in each of the pixels 3, itis
possible to suppress a disturbance of an electric field in
the pixels 3 and, hence, possible to improve the display
quality. In addition, between the adjacent pixels 3, it is
less likely to abruptly change a position at which a domain
of the liquid crystal 50 is produced. Thus, it is possible
to prevent a decrease in display quality due to chromi-
nance non-uniformity, roughness, or the like.

[0110] In addition, each of the sub-pixels 4R, 4G in-
cludes two end portions 28 of the slits 27, and the number
of end portions 28 included in each of the sub-pixels 4
corresponding to the same color is equal. Thus, because
there is no difference in disturbance of the alignment state
of the liquid crystal 50 due to the end portions 28 among
the sub-pixels 4 corresponding to the same color, it is
possible to prevent a decrease in display quality due to
chrominance non-uniformity, roughness, or the like.
[0111] Note that, in the above description, each of the
pixels 3 is formed of two-color sub-pixels 4R, 4G; how-
ever, in place of the above configuration, for example,
each of the pixels 3 is formed of three-color sub-pixels
4R, 4G, 4B, as shown in FIG. 14. In this case, there are
two end portions 28 of the slits 27 respectively at one
side of each sub-pixel 4R and at one side of each sub-
pixel 4B, and there are no end portions 28 in each sub-
pixel 4G. Furthermore, the number of end portions 28 of
the slits included in the sub-pixels 4R, 4G, 4B are respec-
tively 2, 0, 2, and this characteristic is the same among
all the pixels 3. Thus, the number of end portions 28 in-
cluded in each of the sub-pixels 4 corresponding to the
same color is equal.

According to the above configuration, there is no differ-
ence in disturbance of the alignment state of the liquid
crystal 50 due to the end portions 28 among the sub-
pixels 4 corresponding to the same color. In addition, as
in the case where each of the pixels 3 is formed of two-
color sub-pixels 4R, 4G, the end portions 28 of the slits
27 are arranged in vertical symmetry, and the slits 27
arranged adjacent to each other in the vertical direction
are arranged so thatthe end portions 28 are located offset
in the row direction by one pixel. In this manner, it is
possible to prevent a decrease in display quality due to
chrominance non-uniformity, roughness, or the like.
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Sixth Embodiment

[0112] Next, asixth embodimentwill be described. The
present embodiment also differs from the first embodi-
ment in that the arrangement of the common electrode
26 and slits 27 and the configuration of the pixels 3 are
modified, and the other portions are the same as those
of the first embodiment.

[0113] FIG. 15A to FIG. 15D are plan views that spe-
cifically show a portion of the pixel region 5 of the liquid
crystal device 1 according to the present embodiment.
Each of the pixels 3 in this drawing is formed of three-
color sub-pixels 4R, 4G, 4B. In addition, in each of FIG.
15A to FIG. 15D, the slits 27 of the common electrode
26 are provided parallel to the long side of the sub-pixel
4. In other words, the slits 27 in each of the drawings are
arranged parallel to a vertical array direction (the long
side) in which the plurality of sub-pixels 4 are arranged
in a matrix.

[0114] In FIG. 15A, each of the slits 27 has a length
substantially equal to twice the long side of the sub-pixel
4 (that is, twice the width of the pixel 3 in the vertical
direction), and the end portions 28 of the slits 27 that are
arranged adjacent to each other in the horizontal direc-
tion in the drawing (a direction perpendicular to the lon-
gitudinal direction of the slits 27) are arranged offset by
the width of one pixel 3. As a result, each of the sub-
pixels 4R, 4G, 4B includes four end portions 28.

[0115] In FIG. 15B, each of the slits 27 has a length
substantially equal to four times the long side of the sub-
pixel 4 (that is, four times the width of the pixel 3 in the
vertical direction), and the end portions 28 of the slits 27
that are arranged adjacent to each other in the horizontal
direction in the drawing are arranged offset by the width
of two pixels 3. As a result, each of the sub-pixels 4R,
4G, 4B includes two end portions 28.

[0116] In FIG. 15C, each of the slits 27 has a length
that is substantially equal to the long side of the sub-pixel
4 (that is, the width of the pixel 3 in the vertical direction).
In addition, the connecting portions 26b of the common
electrode 26 are arranged to be continuous at the upper
and lower sides of each pixel 3.

[0117] In FIG. 15D, the slits 27 are continuous inside
the pixel region 5 and have no end portions 28 in the
pixel region 5. That is, the above configuration corre-
sponds to a configuration that the configuration of FIG.
7 is modified by rotating only the common electrode 26
by 90 degrees.

[0118] According to the configurations of FIG. 15A to
FIG. 15D, because there is no difference in disturbance
of the alignment state of the liquid crystal 50 due to the
end portions 28 among the sub-pixels 4 corresponding
to the same color, it is possible to prevent a decrease in
display quality due to chrominance non-uniformity,
roughness, or the like.
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Electronic Apparatus

[0119] Theabove describedliquid crystal device 1 may
be, for example, used for a cellular phone 100, which
serves as an electronic apparatus, shown in FIG. 17. The
cellular phone 100 has a display portion 110 and opera-
tion buttons 120. The display portion 110 is able to per-
form high-quality display without chrominance non-uni-
formity, roughness, or the like, in regard to various pieces
of information, including data that are input by the oper-
ation buttons 120 and incoming information, by the built-
in liquid crystal device 1.

[0120] Note thatthe liquid crystal device 1 may be used
for various electronic apparatuses, such as a mobile
computer, a digital camera, a digital video camera, an in-
vehicle equipment, or an audio instrument, in addition to
the above cellular phone 100.

[0121] The above described embodiments may be
modified into various forms. For example, the following
alternative embodiments are applicable.

First Alternative Embodiment

[0122] Inthe above third to fifth embodiments, each of
the sub-pixels 4 includes eight slits 27; however, the as-
pects of the invention are not limited to it. It is only nec-
essary that the number of slits 27 may be a product of
the number n of the pixels 3 included in each of the pixel
blocks 2 and the maximum number n of the end portions
28 of the slits 27 included in each of the sub-pixels 4, that
is, m x n. According to the above configuration, as in the
case of the above embodiments, it is possible to imple-
ment the arrangement in which the number of end por-
tions 28 included in each of the sub-pixels 4 correspond-
ing to the same color is equal.

Second Alternative Embodiment

[0123] Each of the sub-pixels 4 need not be rectangu-
lar. The shape of the sub-pixels 4 may be, for example,
based on a rectangle, formed so that one pair of two
opposite sides among four sides are made non-parallel
to each other to form a trapezoid, any one of the four
sides is curved, one of four corners of the rectangle is
cutout, it is formed in a parallelogram, or the like.

Third Alternative Embodiment

[0124] The slits 27 need not be parallel to the sides of
the sub-pixel 4. In this manner, the slits 27 are inclined
relative to the direction of each side of the sub-pixel 4.
For example, when the rubbing direction is parallel to any
one of the sides of the sub-pixel 4, it is possible to align
the rotational directions of the liquid crystal molecules
50a when a driving voltage is applied. In addition, each
of the slits 27 at this time obliquely connects two opposite
sides of the sub-pixel 4, so that the length is slightly great-
er than the length of one side of the sub-pixel 4.
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Fourth Alternative Embodiment

[0125] Inthe above embodiments, the liquid crystal de-
vice 1 is described as one example of the electric field
driving device, but the aspects of the invention are not
limited to it. It is only necessary that the electric field driv-
ing device drives a material by an electric field generated
by a difference in electric potential (driving voltage) ap-
plied between the pixel electrode 16 and the common
electrode 26; the electric field driving device is not limited
to the liquid crystal device.

Fifth Alternative Embodiment

[0126] The strip portions 26a or the slits 27 that form
the common electrode 26 may be partly formed non-par-
allel to each other in the pixel 3 or in the sub-pixel 4. FIG.
16 is a plan view that specifically shows a portion of the
pixel region 5 of the liquid crystal device 1 according to
this alternative embodiment. In each of the pixels 3 or in
each of the sub-pixels 4, slits 27a and slits 27b are non-
parallel to each other. According to the above configura-
tion as well, the number of end portions 28 included in
each of the sub-pixels 4 corresponding to the same color
is made equal, so that, as in the case of the above em-
bodiments, it is possible to prevent a decrease in display
quality due to chrominance non-uniformity, roughness,
or the like.

[0127] Note that, in FIG. 16, the slits 27a or the slits
27b are parallel to one another; however, these may be
non-parallel to one another, or the slits 27 included in the
same pixel 3 or in the same sub-pixel 4 may be all non-
parallel to one another.

Claims

1. An electric field driving device in which a plurality of
pixels, each of which is formed of two or more sub-
pixels that respectively correspond to different colors
from one another, are arranged in a matrix in a pixel
region on a substrate, comprising:

pixel electrodes, each of which is formed in cor-
respondence with the sub-pixel on the sub-
strate;

a common electrode that is formed above the
pixel electrodes on the substrate so that at least
part of the common electrode overlaps each of
the pixel electrodes in plan view;

an insulating layer that is formed on the sub-
strate between the pixel electrodes and the com-
mon electrode; and

a material that is driven by an electric field that
is generated on the basis of a difference in elec-
tric potential between each of the pixel elec-
trodes and the common electrode, wherein

the common electrode has a plurality of slits that
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atleast partly overlap the pixel electrodes in plan
view, wherein

at least a portion of the slits are respectively pro-
vided continuously over a plurality of the sub-
pixels, and wherein

each of the sub-pixels corresponding to the
same color includes the same numbers of end
portions of the plurality of slits.

The electric field driving device according to Claim
1, wherein

the pixel region is configured so that a pixel block
formed of m pixels that are arranged along the lon-
gitudinal direction of the slits is set as a minimum
unit for repeated arrangement, wherein

the common electrode has m x n slits in each of the
sub-pixels, and wherein

each of the slits has a length that is substantially
equal to the width of the pixel block and the end por-
tions of the slits are arranged so as to coincide with
a boundary between the adjacent pixels, where mis
natural number and equal to or more than two, and
n is a maximum number of end portions of the slits
included in each of the sub-pixels.

The electric field driving device according to Claim
1 or Claim 2, wherein positions of the end portions
of the slits, which are arranged in each of the sub-
pixels, are in symmetry in a direction perpendicular
to the longitudinal direction of the slits.

The electric field driving device according to Claim
2 or Claim 3, wherein

the end portions of the slits are arranged so as to
coincide with a boundary between the adjacent pix-
els, and wherein

each of the pixels at least includes the end portions
of the two adjacent slits provided in the pixel, the end
portions being respectively located at opposite sides
of the pixel.

The electric field driving device according to any one
of preceding Claims 2-4, wherein

the end portions of the slits are arranged so as to
coincide with a boundary between the adjacent sub-
pixels, and wherein

at least a portion of the slits have a length that is
equal to or larger than the width of four sub-pixels.

The electric field driving device according to Claim
5, wherein each of the pixels is formed of at least
four sub-pixels that respectively correspond to dif-
ferent colors from one another and that are arranged
along the longitudinal direction of the slits.

The electric field driving device according to Claim
6, wherein
each of the slits has a length that is substantially

10

15

20

25

30

35

40

45

50

55

14

EP 1970 752 A1

9.

10.

1.

12,

13.

26

equal to the width of the pixel, and wherein

the end portions of the slits are arranged so as to
coincide with a boundary between the adjacent pix-
els.

An electric field driving device in which a plurality of
sub-pixels are arranged in a matrix in a pixel region
on a substrate, comprising:

pixel electrodes, each of which is formed in cor-
respondence with the sub-pixel;

acommon electrode that is laminated on the pix-
el electrodes via an insulating layer; and

a material that is driven by an electric field gen-
erated on the basis of a difference in electric
potential between each of the pixel electrodes
and the common electrode, wherein

the common electrode has a plurality of slits,
wherein

the plurality of slits include at least two slits that
are parallel to each other, and wherein

the at least two parallel slits are formed contin-
uously in the pixel region.

The electric field driving device according to any one
of preceding Claims 1-8, further comprising:

dummy pixels that are provided outside the pixel
region so as to be arranged adjacent to the pixel
region, wherein

at least a portion of the slits continuously extend
from the inside of the pixel region to the dummy
pixels.

The electric field driving device according to any one
of preceding Claims 1-9, wherein the material is a
liquid crystal, and wherein an angle that an alignment
direction of the liquid crystal, when no voltage is ap-
plied, makes with the longitudinal direction of the slits
is equal to or more than one degree and equal to or
less than ten degrees.

The electric field driving device according to any one
of preceding Claims 1-10, wherein the common elec-
trode is electrically connected to a wiring that sup-
plies a common electric potential outside the pixel
region.

The electric field driving device according to any one
of preceding Claims 1-11, further comprising:

a scanning line or scanning lines that are ar-
ranged parallel to the longitudinal direction of
the slits in the pixel region.

An electric field driving device in which a plurality of
pixels, each of which is formed of two or more sub-
pixels that respectively correspond to different colors
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from one another, are arranged in a matrix in a pixel
region on a substrate, comprising:

pixel electrodes, each of which is formed in cor-
respondence with the sub-pixel on the sub- &
strate;

a common electrode that is formed above the
pixel electrodes on the substrate so that at least

part of the common electrode overlaps each of

the pixel electrodes in plan view; 10
an insulating layer that is formed on the sub-
strate between the pixel electrodes and the com-
mon electrode; and

a material that is driven by an electric field that

is generated on the basis of a difference inelec- 15
tric potential between each of the pixel elec-
trodes and the common electrode, wherein

the common electrode has strip portions, con-
necting portions, each of which connects the ad-
jacent strip portions, and a plurality of slits, each 20
of which is surrounded by the strip portions and

the connecting portions, wherein at least a por-

tion of the slits overlap the pixel electrodes in
plan view, wherein

each of the sub-pixels that correspond to the 25
same color includes the same numbers of the
connecting portions, and wherein

the number of the connecting portions included

in each of the pixels, where the number of the
strip portions included in the pixel is p and the 30
number of the sub-pixels included in the pixel is

q, is smaller than (p- 1) x (q + 1).

14. An electronic apparatus comprising the electric field
driving device according to any one of preceding 35
Claims 1-13 as a display portion.
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