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LIQUID CRYSTAL DISPLAY DEVICE AND
ELECTRONIC APPARATUS

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present application is a Continuation of U.S.
application Ser. No. 12/560,839, filed on Sep. 16, 2009,
which claims priority to Japanese Patent Application JP
2008-264870 filed in the Japanese Patent Office on Oct. 14,
2008, and Japanese Patent Application JP 2008-264871 filed
in the Japanese Patent Office on Oct. 14, 2008, the entire
contents of which is being incorporated herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to a liquid crystal dis-

play device and an electronic apparatus.

[0004] 2. Related Art

[0005] As aliquid crystal display device, a vertical electric
field mode liquid crystal display device such as a Twisted
Nematic (TN) mode, a Vertical Alignment (VA) mode or a
Multi-domain Vertical Alignment (MVA) mode is widely
used, but a lateral electric field mode liquid crystal display
device including electrodes on one substrate is also known. In
the lateral electric field mode liquid crystal display device, the
operation principle of an In-Plane Switching (IPS) mode
liquid crystal display device will be described with reference
to FIGS. 22 and 23 (for example, see JP-A2003-140188).
[0006] FIG. 22 is a schematic plan view of one pixel seen
through a color filter substrate CF of'a known IPS mode liquid
crystal display device 150 FIG. 23 is a cross-sectional view
taken along line XXIII-XXIII of FIG. 22.

[0007] This IPS mode liquid crystal display device 150
includes an array substrate AR and a color filter substrate CF.
Inthe array substrate AR, a plurality of scanning lines 154 and
common lines 156 is provided in parallel on the surface of a
first transparent substrate 152, and a plurality of signal lines
158 is provided in a direction crossing the scanning lines 154
and the common lines 156. On a central portion of each pixel,
for example, a comb teeth-shaped counter electrode (also
referred to as a “common electrode”) 160 is provided from
each of the common lines 156 in a band shape and a comb
teeth-shaped pixel electrode 162 is provided so as to be fitted
into the counter electrode 160. The surfaces of the counter
electrode 160 and the pixel electrode 162 are, for example,
covered by a protective insulating film 164 formed of silicon
nitride and an alignment film 166 formed of a polyimide or
the like.

[0008] Inaddition, a Thin Film Transistors (TFT) function-
ing as a switching element is formed at an intersection of each
of the scanning lines 154 and each of the signal lines 158. In
this TFT, a semiconductor layer 168 is disposed between each
of the scanning lines 154 and each of the signal lines 158, a
portion of each of the signal lines on the semiconductor layer
168 configures a source electrode S of the TFT, a portion of
each of the scanning lines 154 under the semiconductor layer
168 configures a gate electrode G, a conductive layer partially
overlapping with a portion of the semiconductor layer 168
configures a drain electrode D, and this drain electrode D is
connected to the pixel electrode 162.

[0009] In the color filter substrate CF, a color filter layer
172, an overcoat layer 174 and an alignment film 176 are
provided on the surface of a second transparent substrate 170.
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The array substrate AR and the color filter substrate CF face
each other such that the pixel electrode 162 and the counter
electrode 160 of the array substrate AR and the color filter
layer 172 of the color filter substrate CF face each other.
Subsequently, liquid crystal LC is filled between the array
substrate AR and the color filter substrate CF, and polariza-
tion plates 178 and 180 are arranged on the outsides of both
substrates such that the polarization directions thereof cross
each other, thereby forming the IPS mode liquid crystal
device 150.

[0010] As shown in FIG. 23, in the IPS mode liquid crystal
display device 150, if an electric field is generated between
the pixel electrode 162 and the counter electrode 160, the
liquid crystal aligned in a horizontal direction turns in the
horizontal direction such that the transmission amount of
light incident from a backlight can be controlled.

[0011] Next, the operation principle of a Fringe Field
Switching (FFS) mode liquid crystal display device will be
described with reference to FIGS. 24 and 25 (for example, see
2001-56476).

[0012] FIG. 24 is a schematic plan view of one pixel seen
through a color filter substrate CF of a known FFS mode
liquid crystal display device 190. FIG. 25 is a cross-sectional
view taken along line XXV-XXV of FIG. 24.

[0013] This FFS mode liquid crystal display device 190
includes an array substrate AR and a color filter substrate CF.
Inthearray substrate AR, a plurality of scanning lines 194 and
common lines 196 is provided in parallel on the surface of a
first transparent substrate 192, and a plurality of signal lines
198 is provided in a direction crossing the scanning lines 194
and the common lines 196. A counter electrode (also referred
to as a “common electrode”) 200 formed of a transparent
material, such as Indium Tin Oxide (ITO) or Indium Zinc
Oxide (IZ0), and connected to each of the common lines 196
s0 as to cover a region partitioned by each of the scanning
lines 194 and each of the signal lines 198 is provided. A pixel
electrode 206 formed of a transparent material such as ITO
and having a plurality of slits 204 formed therein in a stripe
shape is provided on the surface of the counter electrode 200
with an insulating film 202 interposed therebetween. The
surfaces of the pixel electrode 206 and the plurality of slits
204 are covered by an alignment film 208.

[0014] ATFT functioning as a switching element is formed
in the vicinity of an intersection of each of the scanning lines
194 and each of the signal lines 198. In this TFT, a semicon-
ductor layer 210 is disposed on the surface of each of the
scanning lines 194, aportion of each of the scanning lines 198
extends so as to cover a portion of the surface of the semicon-
ductor layer 210 such that a source electrode S is configured,
aportion of each of the scanning lines under the semiconduc-
tor layer 210 configures a gate electrode G, a conductive layer
partially overlapping with a portion of the semiconductor
layer 210 configures a drain electrode D, and this drain elec-
trode D is connected to the pixel electrode 206.

[0015] In the color filter substrate CF, a color filter layer
214, an overcoat layer 216 and an alignment film 218 are
provided on the surface of a second transparent substrate 212.
The array substrate AR and the color filter substrate CF face
each other such that the pixel electrode 206 and the counter
electrode 200 of the array substrate AR and the color filter
layer 214 of the color filter substrate CF face each other.
Subsequently, liquid crystal LC is filled between the array
substrate AR and the color filter substrate CF, and polariza-
tion plates 220 and 222 are arranged on the outsides of both
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substrates such that polarization directions thereof cross each
other, thereby forming the FFS mode liquid crystal device
190.

[0016] Inthe FFS modeliquid crystal display device 190, if
an electric field is generated between the pixel electrode 206
and the counter electrode 200, as shown in FIG. 25, this
electric field is directed to the counter electrode 200 at both
sides of the pixel electrode 206. Accordingly, the liquid
present on the pixel electrode 206 as well as the liquid crystal
present in the slits 204 may move.

[0017] However, in the IPS mode liquid crystal display
device 150, it is difficult to twist liquid crystal molecules on
the electrodes by the size of the electric field strength such
that brightness of display deteriorates. In the FF'S mode liquid
crystal display device 190, it is difficult to twist liquid crystal
molecules on the electrodes or between the electrodes by the
size of the electric field strength such that brightness of dis-
play deteriorates.

SUMMARY
[0018] The following aspects of the invention can be real-
ized.
[0019] According to an aspect of the invention, there is

provided a liquid crystal display device including: first and
second substrates with a liquid crystal layer interposed ther-
ebetween; a first electrode formed on the liquid crystal layer
side of the first substrate and having linear portions; a second
electrode having linear portions formed along the linear por-
tions of the first electrode and adjacent to the linear portions
ofthe first electrode at a gap in plan view; and a third electrode
formed on the liquid crystal layer side of the second substrate
and having linear portions overlapping with the linear por-
tions of the second electrode in plan view, wherein electric
fields of different directions are generated between the first
electrode and the second electrode and between the first elec-
trode and the third electrode.

[0020] The linear portions of the first electrode and the
second electrode are formed adjacent to each other at a gap in
plan view, and respectively correspond to a pixel electrode
and a counter electrode of an IPS mode liquid crystal display
device. In addition, in the invention, the term “parallel” is not
necessarily completely parallel if the electrodes do not cross
each other, and includes a “<” shape, a zigzag shape and so
on.

[0021] The linear portions of the second electrode and the
linear portions of the third electrode are formed so as to
overlap with each other in plan view, and the electric field is
generated between the first electrode and the third electrode.
Accordingly, in addition to the lateral electric field between
the linear portions of the first electrode and the linear portions
of the second electrode, the liquid crystal molecules may
move by the electric field between the linear portions of the
first electrode and the linear portions of the third electrode,
and thus a bright display can be realized without increasing a
driving voltage. Accordingly, the liquid crystal display device
capable of enhancing (improving) the brightness or improv-
ing the driving voltage (low driving voltage) is provided.
[0022] In the liquid crystal display device, the third elec-
trode may be formed of a transparent conductive material.
[0023] Since the third electrode is formed ofthe transparent
conductive material, in particular, the light from the backlight
is not shielded by the third electrode and thus a liquid crystal
display device capable of realizing a bright display is
obtained. In addition, the first electrode and the second elec-
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trode may be formed of a metallic material like the known IPS
mode liquid crystal display device, but is preferably formed
of the transparent conductive material in view of luminance
rise. In addition, a known material such as ITO or IZO may be
used as the transparent conductive material.

[0024] Inthe liquid crystal display device, a potential ofthe
third electrode may be at least one of a potential of the second
electrode, an intermediate potential between the voltage of
the first electrode and the voltage of the second electrode, a
fixed potential or a floating state in potential.

[0025] By setting the potential of the third electrode to a
defined potential, it is possible to prevent the linear portions
of the third electrodes from disturbing the alignment of the
liquid crystal.

[0026] In the liquid crystal display device, the linear por-
tions of the third electrode may have a longitudinal direction
along the scanning lines or signal lines formed on the first
substrate.

[0027] Since the third electrode can be efficiently formed in
the vicinity of the switching element or the like, a numerical
aperture can be enlarged without waste.

[0028] The liquid crystal display device may further
include a fourth electrode having linear portions formed
nearer the first substrate side than the first electrode and the
second electrode with an insulating film interposed therebe-
tween, and a fifth electrode having linear portions formed
along the linear portions of the fourth electrode and adjacent
to the linear portions of the fourth electrode at a gap in plan
view, the first electrode may be formed such that the linear
portions thereof overlap with those of one of the fourth elec-
trode and the fifth electrode in plan view, and the second
electrode may be formed such that the linear portions thereof
overlap with those of the other of the fourth electrode and the
fifth electrode in plan view, and the first electrode may be
electrically connected to the other of the fourth electrode and
the fifth electrode, and the second electrode may be electri-
cally connected to one of the fourth electrode and the fifth
electrode.

[0029] The first electrode is formed such that the linear
portions thereof overlap with those of one of the fourth elec-
trode and the fifth electrode in plan view, and the second
electrode is formed such that the linear portions thereof over-
lap with those of the other of the fourth electrode and the fifth
electrode in plan view. In addition, the fourth electrode is
electrically connected to the other of the first electrode and the
second electrode and the fifth electrode is electrically con-
nected to one of the first electrode and the second electrode.
Accordingly, two pairs of electrodes overlapping with each
other in plan view with the insulating film interposed ther-
ebetween have the same arrangement relationship as the FFS
mode liquid crystal display device and the pairs of electrodes
adjacent on the same plane have the same arrangement rela-
tionship as the IPS mode liquid crystal display device.
[0030] Capacitors are formed in the two pairs of electrodes
overlapping with each other in plan view with the insulating
film interposed therebetween, and the capacitors are con-
nected in parallel. As a result, since the storage capacitor
larger than that of the known FFS mode liquid crystal display
device is formed, a liquid crystal display device with less
flickers is obtained. In addition, since the driving of the liquid
crystal in the FFS mode can be realized in all the electrodes,
abright display can be realized, an intermediate configuration
of the IPS mode and the FFS mode is obtained with respect to
symmetry of the electrodes, generation of a DC component is
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reduced, and a burn-in phenomenon is improved. The FFS
mode liquid crystal display device having the IPS mode prop-
erty, in which the burn-in phenomenon or flicker is hard to
occur, the numerical aperture is large and a bright display is
realized, and is obtained.

[0031] Inthe liquid crystal display device, the widths of the
linear portions of the fourth electrode and the linear portions
of the fifth electrode may be larger than those of the linear
portions of the first electrode and the linear portions of the
second electrode, respectively.

[0032] Since the characteristics of the FFS mode liquid
crystal display device appears strongly, ahigh applied voltage
is necessary. However, since good fringe field effect is gen-
erated in all the electrodes, a liquid crystal display device
capable of realizing a brighter display is obtained. In addition,
since allowance for pair shifting is increased when the liquid
crystal display device of this aspect is manufactured, the
liquid crystal display device is easily manufactured.

[0033] Inthe liquid crystal display device, the widths of the
linear portions of the fourth electrode and the linear portions
of the fifth electrode may be equal to those of the linear
portions of the first electrode and the linear portions of the
second electrode, respectively.

[0034] By this configuration, the allowance for misalign-
ment of a mask upon manufacture is decreased but the applied
voltage may be low. In addition, since the fringe field is
generated in all the electrodes, a liquid crystal display device
capable of realizing a bright display is obtained.

[0035] According to another aspect of the invention, there
is provided a liquid crystal display device including a plural-
ity of sub pixel regions, the device including;: first and second
substrates with a liquid crystal layer interposed therebetween;
a first electrode formed on the liquid crystal layer side of the
first substrate; a second electrode formed nearer the liquid
crystal layer side than the first electrode with an insulating
film interposed therebetween and having a plurality of linear
portions in a region overlapping with the first electrode in
plan view, wherein a third electrode having a plurality of
linear portions is formed on the liquid crystal layer side of the
second substrate, the linear portions of the third electrode do
not overlap with the linear portions of the second electrode in
plan view and have portions formed along the linear portions
of the second electrode, and electric fields are generated
between the second electrode and the third electrode and
between the second electrode and the first electrode.

[0036] The linear portions of the first electrode and the
second electrode are formed with the insulating film inter-
posed therebetween, and correspond to the pixel electrode
and the counter electrode of the FFS mode liquid crystal
display device.

[0037] The linear portions of the second electrode and the
linear portions of the third electrode are formed so as not to
overlap with each other in plan view, and the electric field is
generated between the second electrode and the third elec-
trode. Accordingly, in addition to the lateral electric field
between the first electrode and the second electrode, the lig-
uid crystal molecules may move by the electric field between
the linear portions of the second electrode and the linear
portions of the third electrode, and thus a bright display can be
realized without increasing the driving voltage. As a result,
the transmissivity can be improved without decreasing the
space between the linear portions of the second electrode on
the first substrate side. In addition, the driving voltage can be
decreased by the electrode configuration (the width between
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the electrodes or the width of the counter electrode) or the
electrode location. Accordingly, the liquid crystal display
device capable of enhancing (improving) brightness or
improving the driving voltage (low driving voltage) is pro-
vided.

[0038] In the liquid crystal display device, the third elec-
trode may be formed of a transparent conductive material.
[0039] Since the third electrode is formed of the transparent
conductive material, in particular, the light from the backlight
is not shielded by the third electrode and thus a liquid crystal
display device capable of realizing a bright display is
obtained. In addition, the second electrode may be formed of
a metal material like the known FFS mode liquid crystal
display device, but is preferably formed of the transparent
conductive material in view of luminance rise. In addition, a
known material such as ITO or IZO may be used as the
transparent conductive material.

[0040] Inthe liquid crystal display device, a potential of the
third electrode may be at least one of a potential of the second
electrode, an intermediate potential between the voltage of
the first electrode and the voltage of the second electrode, a
fixed potential or a floating state in potential.

[0041] By setting the potential of the third electrode to a
defined potential, it is possible to prevent the linear portions
of the third electrodes from disturbing the alignment of the
liquid crystal.

[0042] In the liquid crystal display device, the linear por-
tions of the third electrode may have a longitudinal direction
along scanning lines or signal lines formed on the first sub-
strate.

[0043] Since the third electrode can be efficiently formed in
the vicinity of the switching element or the like, a numerical
aperture can be enlarged without waste.

[0044] In the liquid crystal display device, gaps between
the linear portions of the third electrode may be different in at
least one of the sub pixel regions.

[0045] Since allowance for pair shifting when the first and
second substrates are assembled is increased, it is possible to
reduce deterioration of transmissivity due to pair shifting.
[0046] According to another aspect of the invention, there
is provided an electronic apparatus including the above-de-
scribed liquid crystal display device in a display unit.

[0047] By including the liquid crystal display device in the
display unit, it is possible to realize high-quality display in the
display unit.

[0048] Additional features and advantages are described
herein, and will be apparent from the following Detailed
Description and the figures.

BRIEF DESCRIPTION OF THE FIGURES

[0049] Theinvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0050] FIG. 1isa circuit diagram of a plurality of sub pixel
regions formed in a matrix configuring a liquid crystal display
device according to a first embodiment of the invention.
[0051] FIG. 2 is a plan view of any one sub pixel seen
through a color filter substrate of the liquid crystal display
device according to the first embodiment of the invention.
[0052] FIG. 3 is a partial cross-sectional view taken along
line III-1IT of FIG. 2.

[0053] FIG. 4 is a partial cross-sectional view taken along
line IV-IV of FIG. 2.
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[0054] FIG.5isa graph of T-V characteristics of the liquid
crystal display device according to the first embodiment of
the invention and a known IPS structure.

[0055] FIG. 6 is a plan view of any one sub pixel seen
through a color filter substrate of a liquid crystal display
device according to a second embodiment of the invention.
[0056] FIG. 7 is a partial cross-sectional view taken along
line VII-VII of FIG. 6.

[0057] FIG. 8 is a partial cross-sectional view taken along
line VIII-VIII of FIG. 6.

[0058] FIG.9isa graph of T-V characteristics of the liquid
crystal display device according to the second embodiment of
the invention and a known FFS structure.

[0059] FIG. 10 is a plan view of any one sub pixel seen
through a color filter substrate of a liquid crystal display
device according to a third embodiment of the invention.
[0060] FIG. 11 is a plan view of any one sub pixel seen
through a color filter substrate of a liquid crystal display
device according to a fourth embodiment of the invention.
[0061] FIG.12 is a partial cross-sectional view taken along
line XTI-XII of FIG. 11.

[0062] FIG.13 is a partial cross-sectional view taken along
line XTI-XIII of FIG. 11.

[0063] FIG. 14 is a plan view of any one sub pixel seen
through a color filter substrate of a liquid crystal display
device according to a fifth embodiment of the invention.
[0064] FIG.15 s a partial cross-sectional view taken along
line XV-XV of FIG. 14.

[0065] FIG. 16 is a partial cross-sectional view taken along
line XVI-XVI of FIG. 14.

[0066] FIG.171isagraphof T-V characteristics of the liquid
crystal display device according to the fifth embodiment of
the invention and a known FFS structure.

[0067] FIG. 18 is a plan view of any one sub pixel seen
through a color filter substrate of a liquid crystal display
device according to a sixth embodiment of the invention.
[0068] FIG. 19 is a cross-sectional view of a liquid crystal
display device according to a seventh embodiment of the
invention.

[0069] FIG.20isaview explaining linear portions ofa third
electrode according to the seventh embodiment of the inven-
tion.

[0070] FIG. 21 is a perspective view of a mobile telephone
which is an example of an electronic apparatus in which the
liquid crystal display device according to the present embodi-
ment is mounted in a display unit.

[0071] FIG. 22 is a schematic plan view of one pixel seen
through a color filter substrate of a known IPS mode liquid
crystal display device.

[0072] FIG. 23 is a cross-sectional view taken along line
XXII-XXTII of FIG. 22.

[0073] FIG. 24 is a schematic plan view of one pixel seen
through a color filter substrate of a known FFS mode liquid
crystal display device.

[0074] FIG. 25 is a cross-sectional view taken along line
XXV-XXV of FIG. 24.

DETAILED DESCRIPTION

[0075] Hereinafter, liquid crystal display devices according
to embodiments of the invention will be described with ref-
erences to the accompanying drawings. In each view used for
the embodiments, the scale of each layer or each member is
differentiated from each other in order that each layer or each
member has a size capable of being identified in the view.
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First Embodiment

[0076] FIG. 1isa circuit diagram of a plurality of sub pixel
regions formed in a matrix configuring a liquid crystal display
device 2 according to the present embodiment.

[0077] Inanimage display region of the liquid crystal dis-
play device 2 according to the present embodiment, a plural-
ity of sub pixels regions is arranged in a matrix. In each of the
sub pixel regions, a first electrode 10 and a TFT 12 for con-
trolling switching of the first electrode 10 are formed. Each of
signal lines 16 extending from a signal line driving circuit 14
is electrically connected to a source of the TFT 12. The signal
line driving circuit 14 supplies image signals Si, S2, . .., and
Sn to pixels via the signal lines 16. The image signals Si to Sn
may be line-sequentially supplied in this order or may be
supplied to a group of a plurality of adjacent signal lines 16.
[0078] Each of scanning lines 20 extending from a scan-
ning line driving circuit 18 is electrically connected to a gate
of the TFT 12. The scanning line driving circuit 18 supplies
scanning signals G1, G2, . .., and Gm to the scanning lines 20
at predetermined timings in a pulsed manner. Each of the
scanning signals G1 to Gm are line-sequentially applied to
the gate of the TFT 12 in this order. The first electrode 10 is
electrically connected to a drain of the TFT 12. The TFT 12
functioning as the switching element is turned on only during
a predetermined period by the input of each of the scanning
signals G1, G2, . . ., and Gm such that each of the image
signals S1, S2, .. ., and Sn supplied from the signal lines 16
1s written in the first electrode 10 at a predetermined timing.
[0079] Eachoftheimage signals S1,S2,.. ., and Sn having
a predetermined level and written in the liquid crystal via the
first electrode 10 is held by a liquid crystal capacitor formed
between the first electrode 10 and a common electrode during
a predetermined period. In order to prevent the held image
signal from being leaked, a storage capacitor 22 is formed in
parallel to the liquid crystal capacitor. The storage capacitor
22 is interposed between the drain of the TFT 12 and a
capacitive line 24.

[0080] Next, the planar and cross-sectional configurations
of the liquid crystal display device 2 will be described with
reference to FIGS. 2 to 4.

[0081] FIG. 2 is a plan view of any one sub pixel seen
through a color filter substrate CF of the liquid crystal display
device 2 according to the present embodiment. FIG. 3 is a
partial cross-sectional view taken along line III-I1I of FIG. 2,
and FIG. 4 is a partial cross-sectional view taken along line
IV-IV of FIG. 2.

[0082] In each of the sub pixel regions of the liquid crystal
display device 2 according to the present embodiment, the
color filter layer 26 having the substantially same planar
shape as the sub pixel region is provided. A columnar spacer
28 for separating the array substrate AR and the color filter
substrate CF at a predetermined gap and constantly holding a
liquid crystal layer thickness (cell gap) is erected on a right
lower corner of each of the sub pixel regions.

[0083] Theliquid crystal display device 2 includes the array
substrate (first substrate) AR and the color filter substrate
(second substrate) CF. In the array substrate AR, a plurality of
scanning lines 20 and signal lines 16 is formed in a matrix on
the surface of a display region of a first transparent substrate
30 such as a glass substrate so as to cross each other in a state
of being insulated from each other by a gate insulating film
32, and a common line 34 is formed at a peripheral edge
portion of the display region. Each of regions surrounded by
the scanning lines 20 and the signal lines 16 forms each pixel
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(also referred to as a “sub pixel”). On the first transparent
substrate 30, the TFT 12 is, for example, formed in each pixel
as the switching element. In this TFT 12, a semiconductor
layer 36 is disposed on the surface of each of the scanning
lines 20, a portion of each of the signal lines 16 extends so as
to cover a portion of the surface of the semiconductor layer 36
such that a source electrode S is configured, a portion of each
of the scanning lines under the semiconductor layer 36 con-
figures a gate electrode G, a conductive layer partially over-
lapping with a portion of the semiconductor layer 36 config-
ures a drain electrode D, and this drain electrode D is
connected to the first electrode 10. A passivation film 38
formed of, for example, a silicon nitride layer or a silicon
oxide layer is coated over the entire surface of the first trans-
parent substrate 30 including the TFT 12.

[0084] A planarization film 40 formed of an organic mate-
rial is formed on the surface of the passivation film 38, and an
insulating film 42 formed of a silicon nitride layer or a silicon
oxide layer is formed on the surface of the planarization film
40 over the entire surface of the first transparent substrate 30.
A first contact hole 44 is formed in the insulating film 42, the
planarization film 40 and the passivation film 38 at a location
corresponding to the drain electrode Dofthe TFT 12. The first
electrode 10 and a second electrode 48 respectively having
linear portions 10a and 48a extending along the signal lines
16 are formed on the surface of the insulating film 42 with a
first separation region 46 interposed therebetween (so as to be
adjacent to each other at a gap in plan view) in parallel in each
pixel. The first electrode 10 has a plurality of linear portions
10a and has a longitudinal direction in a Y-axis direction
(extending direction of the signal lines 16/the lines for sup-
plying the signals). The second electrode 48 has a plurality of
linear portions 484 and has a longitudinal direction in the
Y-axis direction. The first electrode 10 and the second elec-
trode 48 are preferably formed of a transparent conductive
material such as ITO or IZO, in order to enlarge a numerical
aperture so as to realize a bright display, but may be formed of
a metal material such as aluminum.

[0085] The first electrode 101s electrically connected to the
drain electrode D of the TFT 12 via the first contact hole 44,
and the second electrode 48 is electrically connected to the
common line 34 via a second contact hole 50 formed in the
insulating film 42. Accordingly, in the liquid crystal display
device 2, the first electrode 10 functions as a pixel electrode
and the second electrode 48 functions as a counter electrode.
[0086] Accordingly, a pair of the linear portions 10a of the
first electrode 10 and the linear portions 48a of the second
electrode 48 which are adjacent to each other on the same
plane has the arrangement relationship of an IPS mode liquid
crystal display device. Any one of the first electrode 10 and
the second electrode 48 is arbitrarily set as the pixel electrode.
However, the pair of electrodes which are adjacent to each
other on the same plane needs to be a pair of the pixel elec-
trode and the counter electrode. [0001] A first alignment film
52 is formed over the entire display region including the
surfaces of the first electrode 10 and the second electrode 48.
[0087] In addition, in the color filter substrate CF, a light
shielding film 56 is formed on the surface of a second trans-
parent substrate 54 such as a glass substrate so as to cover
locations corresponding to the scanning lines 20, the signal
lines 16, the first contact hole 44, the second contact hole 50
and the TFT 12 of the array substrate AR. A color filter layer
26 having a predetermined color is formed on the surface of
the second transparent substrate 54 surrounded by the light
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shielding film 56. In addition, an overcoat layer 58 is formed
so as to cover the surfaces of the light shielding film 56 and the
color filter layer 26.

[0088] A patterned third electrode 60 formed of an ITO film
is formed on the overcoat layer 58 in each pixel. By this
configuration, the third electrode 60 formed on the surface of
the overcoat layer 58, for example, equalizes irregularities
due to the presence of the color filter layer 26 or the like so as
to become flat, and thus a cell gap becomes uniform. There-
fore, according to the liquid crystal display device 2 of the
present embodiment, a liquid crystal display device having
good display quality is obtained. The third electrode 60 has a
plurality of linear portions 60a and has a longitudinal direc-
tion in the Y-axis direction. The linear portions 60a of the
third electrode 60 are arranged so as to overlap with the linear
portions 48a of the second electrode 48 in plan view. The third
electrode 60 has slits formed herein so as to overlap with the
linear portions 10a of the first electrode 10 in plan view. By
this configuration, since the third electrode 60 can be effi-
ciently formed even in the vicinity of the TFT 12 or the like,
the numerical aperture can be enlarged without waste.
[0089] As the potential ofthe third electrode 60, at least one
of the same potential as the second electrode 48, an interme-
diate potential of the first electrode 10 and the second elec-
trode 48, a fixed potential, a floating state and so on is applied.
By this configuration, by setting the potential of the third
electrode 60 to a defined potential, it is possible to prevent the
linear portions 60a of the third electrode 60 from disturbing
the alignment of the liquid crystal LC. In addition, a potential
having a pulse shape may be applied to the third electrode 60.
By this configuration, it is possible to permit high-speed
response.

[0090] A predetermined potential may be applied to such a
third electrode 60, instead of the case where the third elec-
trode is brought into a floating state in potential. When the
predetermined potential is applied to the third electrode 60,
the third electrode 60 formed on the side of the liquid crystal
LC of the color filter substrate CF and the lines (not shown)
formed on the array substrate AR are electrically connected.
In contrast, when the third electrode 60 is brought into the
floating state, the conduction between the substrates is omit-
ted. The third electrode 60 is preferably formed of a transpar-
ent conductive material such as ITO or IZO in order to enlarge
the numerical aperture so as to realize a bright display, but
may be formed of a metal material such as aluminum.
[0091] A second alignment film 64 is formed on the sur-
faces of the overcoat layer 58 and the third electrode 60.
[0092] The array substrate AR and the color filter substrate
CF face each other such that the linear portions 48a of the
second electrode 48 of the array substrate AR and the linear
portions 604 of the third electrode 60 of the color filter sub-
strate CF face each other, and the liquid crystal LC is filled
therebetween As the material of the liquid crystal LC, any one
of aliquid crystal material having negative dielectric constant
anisotropy or a liquid crystal material having positive dielec-
tric constant anisotropy may be used, but the liquid crystal
material of negative dielectric constant anisotropy is prefer-
ably used. If the liquid crystal material with negative dielec-
tric constant anisotropy is used, a viewing angle under appli-
cation of a selective voltage (voltage on) widens and the
display characteristics of the display device are not damaged.
In addition, by using the liquid crystal having negative dielec-
tric constant anisotropy, the influence of a vertical electric
field due to pair shifting can be reduced and thus allowance
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for pair shifting can be improved. In addition, in the linear
portions 60a ofthe third electrode 60, in order to minimize the
influence of pair shifting, an electrode for applying a potential
by pair shifting may be selected. In addition, the gap between
the linear portions 60a of the third electrode 60 in one pixel
may be arbitrarily shifted such that the influence of pair
shifting is minimized.

[0093] A first polarization plate 66 and a backlight device
(not shown) are disposed outside the array substrate AR, and
a second polarization plate 68 is disposed outside the color
filter substrate CF, thereby completing the liquid crystal dis-
play device 2. A retardation film may be disposed between the
substrates AR and CF and the polarization plates 66 and 68, if
necessary.

[0094] Next, the operation of the liquid crystal display
device 2 will be described.

[0095] In the liquid crystal display device 2, the first elec-
trode 10 functions as the pixel electrode, and the second
electrode 48 and the third electrode 60 function as the counter
electrode. In addition, the linear portions 48a of the second
electrode 48 and the linear portions 60a of the third electrode
60 overlap with each other in plan view with the first align-
ment film 52, the liquid crystal LC and the second alignment
film 64 interposed therebetween. Accordingly, when the lig-
uid crystal display device 2 is activated, as shown in FIG. 3, an
electric field E1 is applied between the linear portions 10a of
the first electrode 10 and the linear portions 48a of the second
electrode 48, and an electric field E2 is applied between the
linear portions 10a of the first electrode 10 and the linear
portions 60a of the third electrode 60.

[0096] The liquid crystal molecules may move by the elec-
tric field E2 applied between the linear portions 10a of the
first electrode 10 and the linear portions 60a of the third
electrode 60. In addition, the operation by the electric field E1
applied between the linear portions 10a of the first electrode
10 and the linear portions 48a of the second electrode 48 is
equal to that of the known IPS mode liquid crystal display
device 150 shown in FIGS. 15 and 16. Accordingly, the liquid
crystal display device 2 operates as the IPS mode liquid
crystal display device between the linear portions 10a of the
first electrode 10 and the linear portions 48a of the second
electrode 48.

Comparison of Transmissivity-Driving Voltage
Characteristics

[0097] FIG.5is a graph of transmissivity T-driving voltage
V characteristics of the liquid crystal display device 2 accord-
ing to the present embodiment and the known IPS mode
liquid crystal display device. In addition, a graph 1.1 denotes
the transmissivity T-driving voltage V characteristics of the
liquid crystal display device 2 and a graph [.2 denotes the
transmissivity T-driving voltage V' characteristics of the
known IPS mode liquid crystal display device.

[0098] When the graphs L1 and 1.2 of the transmissivity
T-driving voltage V characteristics are compared, the light
transmissivity under application of the selective voltage Vs of
the liquid crystal display device 2 is higher than that of the
known IPS mode liquid crystal display device.

[0099] According to the present embodiment, inaddition to
the lateral electric field E1 between the linear portions 10a of
the first electrode 10 and the linear portions 48a of the second
electrode 48, the liquid crystal molecules may move by the
electric field E2 between the linear portions 10a of the first
electrode 10 and the linear portions 60« of the third electrode
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60, and thus a bright display can be realized without increas-
ing the driving voltage. As a result, the transmissivity can be
improved without decreasing the first separation region 46 on
the side of the array substrate AR. Accordingly, the liquid
crystal display device 2 capable of enhancing (improving)
brightness or improving the driving voltage (low driving volt-
age) is provided.

Second Embodiment

[0100] Next, aliquid crystal display device 4 according to a
second embodiment will be described with reference to FIGS.
6108

[0101] FIG. 6 is a plan view of any one sub pixel seen
through a color filter substrate CF of the liquid crystal display
device 4 according to the present embodiment. FIG. 7 is a
partial cross-sectional view taken along line VII-VII of FIG.
6. FIG. 8 is a partial cross-sectional view taken along line
VII-VIII of FIG. 6. In addition, in FIGS. 6 to 8, the same
components as the liquid crystal display device 2 of the first
embodiment shown in FIGS. 2 to 4 are denoted by the same
reference numerals and the detailed description thereof will
be omitted.

[0102] The liquid crystal display device 4 according to the
present embodiment is different from the liquid crystal dis-
play device 2 according to the first embodiment in that fourth
and fifth electrodes 70 and 72 of lower electrodes are formed
in addition to the first and second electrodes 10 and 48 on the
side of the array substrate AR with an insulating film 42
interposed therebetween.

[0103] In the liquid crystal display device 4, the fourth
electrode 70 and the fifth electrode 72 respectively having
linear portions 70a and 72a extending along the signal lines
16 in parallel with a second separation region 74 interposed
therebetween in each pixel are formed on the surface of the
planarization film 40. The fourth electrode 70 has the plural-
ity of linear portions 70a and has a longitudinal direction in
the Y-axis direction. The fifth electrode 72 has the plurality of
linear portions 724 and has a longitudinal direction in the
Y-axis direction. One of the pair of the fourth electrode 70 and
the fifth electrode 72 may be formed of a metal material such
as aluminum, but at least one of the electrodes is preferably
formed of a transparent conductive material such as ITO or
170, in order to increase the numerical aperture.

[0104] Thefifthelectrode 72is electrically connected to the
drain electrode D of the TFT 12 via a first contact 44, and the
fourth electrode 70 is electrically connected to the common
line 34. Accordingly, the fifth electrode 72 functions as the
pixel electrode and the fourth electrode 70 functions as the
counter electrode.

[0105] The insulating film 42 formed of a silicon nitride
layer or a silicon oxide layer is formed on the entire surface of
the first transparent substrate 30 on which the fourth electrode
70 and the fifth electrode 72 are formed. The first electrode 10
and the second electrode 48 respectively having the linear
portions 10a and 484 extending along the signal lines 16 in
parallel with the first separation region 46 interposed therebe-
tweenin each pixel are formed on the surface of the insulating
film 42. The linear portions 10 of the first electrode 10 and
the linear portions 48a of the second electrode 48 are formed
so as to overlap with the linear portions 72a of the fifth
electrode 72 and the linear portions 70a of the fourth elec-
trode 70 in plan view.

[0106] The widths of the linear portions 70a of the fourth
electrode 70 and the linear portions 72a of the fifth electrode
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72 is larger than those of the linear portions 10« of the first
electrode 10 and the linear portions 48a of the second elec-
trode 48. By this configuration, since allowance for misalign-
ment of a mask when the first electrode 10 and the second
electrode 48 are formed on the surface of the insulating film
42 by a photolithography is increased, manufacture of the
device is facilitated. In addition, the widths of the linear
portions 70a of the fourth electrode 70 and the linear portions
72aof the fifth electrode 72 may be equal to those of the linear
portions 10a of the first electrode 10 and the linear portions
48a of the second electrode 48. By this configuration, the
allowance for misalignment of the mask upon manufacture is
decreased, but an applied voltage may be low and a fringe
field is generated in all the electrodes. Thus, the liquid crystal
display device 4 with a bright display is obtained. In particu-
lar, the mutual change of the widths of the linear portions 70a
of the fourth electrode 70 and the linear portions 72a of the
fifth electrode 72 and the mutual change of the widths of the
linear portions 10a of the first electrode 10 and the linear
portions 484 of the second electrode 48 do not have an advan-
tage. Accordingly, the widths of the linear portions 70a of the
fourth electrode 70 and the linear portions 72a of the fifth
electrode 72 may be substantially equal to each other, and the
widths of the linear portions 10a of the first electrode 10 and
the linear portions 48¢ of the second electrode 48 may be
substantially equal to each other.

[0107] Thefifthelectrode 72 is electrically connected to the
drain electrode D of the TFT 12 via the first contact hole 44,
and is electrically connected to the first electrode 10. In addi-
tion, the fourth electrode 70 is electrically connected to the
second electrode 48 via the second contact hole 50.

[0108] Accordingly, the pair formed of the linear portions
10a of the first electrode 10 and the linear portions 70a of the
fourth electrode 70 overlapping with each other in plain view
and the pair formed of the linear portions 484 of the second
electrode 48 and the linear portions 72a of the fifth electrode
72 have the same arrangement relationship as the known FFS
modeliquid crystal display device 190 shownin FIGS. 17 and
18. In addition, the pair formed of the linear portions 10a of
the first electrode 10 and the linear portions 48a of the second
electrode 48 adjacent to each other on the same plane and the
pair formed of the linear portions 70a of the fourth electrode
70 and the linear portions 72a of the fifth electrode 72 have the
same arrangement relationship as the known IPS mode liquid
crystal display device 150 shown in FIGS. 15 and 16.
[0109] In addition, in the color filter substrate CF, the third
electrode 60 formed of an ITO film is formed on the light
shielding film 56 and the color filter layer 26.

[0110] Next, the operation of the liquid crystal display
device 4 will be described.

[0111] In the liquid crystal display device 4, the first elec-
trode 10 and the fifth electrode 72 function as the pixel elec-
trode, and the second electrode 48, the fourth electrode 70 and
the third electrode 60 function as the counter electrode. In
addition, the linear portions 10a of the first electrode 10 and
the linear portions 70a of the fourth electrode 70 overlap with
each other in plan view with the insulating film 42 interposed
therebetween, the linear portions 48a of the second electrode
48 and the linear portions 72a of the fifth electrode 72 overlap
with each other in plan view with the insulating film 42
interposed therebetween, and the linear portions 48a of the
second electrode 48 and the linear portions 60a of the third
electrode 60 overlap with each other in plan view with the first
alignment film 52, the liquid crystal L.C and the second align-
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ment film 64 interposed therebetween. Accordingly, when the
liquid crystal display device 4 is activated, as shown in FIG.
7, an electric field E1 is applied between the linear portions
10q of the first electrode 10 and the linear portions 484 of the
second electrode 48, an electric field E2 is applied between
the linear portions 104 of the first electrode 10 and the linear
portions 60a of the third electrode 60, and an electric field E3
is applied between the linear portions 10a of the first electrode
10 and the linear portions 70a of the fourth electrode 70. In
addition, an electric field E4 is applied between the linear
portions 72a of the fifth electrode 72 and the linear portions
48a of the second electrode 48 in the reverse direction to the
electric field E3.

[0112] The liquid crystal molecules may move by the elec-
tric field E2 applied between the linear portions 10a of the
first electrode 10 and the linear portions 60a of the third
electrode 60. In addition, the operation by the electric field E1
applied between the linear portions 10a of the first electrode
10 and the linear portions 48a of the second electrode 48 is
equal to that of the known IPS mode liquid crystal display
device shown in FIGS. 15 and 16. Accordingly, the liquid
crystal display device 4 operates as the IPS mode liquid
crystal display device between the linear portions 10a of the
first electrode 10 and the linear portions 48a of the second
electrode 48. In addition, the operation by theelectric field E3
applied between the linear portions 10a of the first electrode
10 and the linear portions 70a of the fourth electrode 70 and
the operation by the electric field E4 applied between the
linear portions 72a of the fifth electrode 72 and the linear
portions 48a of the second electrode 48 are equal to that of the
known FFS mode liquid crystal display device shown in
FIGS. 17 and 18. Accordingly, the liquid crystal display
device operates as the FFS mode liquid crystal display device
between the linear portions 10a of the first electrode 10 and
the linear portions 70a of the fourth electrode 70 and between
the linear portions 48a of the second electrode 48 and the
linear portions 72a of the fifth electrode 72.

Comparison of Transmissivity-Driving Voltage
Characteristics

[0113] FIG. 9is a graph of transmissivity T-driving voltage
V characteristics of the liquid crystal display device 4 accord-
ing to the present embodiment and the known FFS mode
liquid erystal display device. In addition, a graph L3 denotes
the transmissivity T-driving voltage V characteristics of the
liquid crystal display device 4 and a graph L4 denotes the
transmissivity T-driving voltage V' characteristics of the
known FFS mode liquid crystal display device.

[0114] When the graphs .3 and L[4 of the transmissivity
T-driving voltage V characteristics are compared, the light
transmissivity under application of the selective voltage Vs of
the liquid crystal display device 4 is higher than that of the
known FFS mode liquid crystal display device.

[0115] According to the present embodiment, the linear
portions 10a of the first electrode 10 overlap with the linear
portions 70a of the fourth electrode 70 in plan view and the
linear portions 48a of the second electrode 48 overlap with
the linear portions 72a of the fifth electrode 72 in plan view.
In addition, the fourth electrode 70 is electrically connected to
the second electrode 48, and the fifth electrode 72 is electri-
cally connected to the first electrode 10. Accordingly, the two
pairs of electrodes overlapping with each other in plain view
with the insulating film 42 interposed therebetween have the
same arrangement relationship as the FFS mode liquid crystal
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display device, and the pair of electrodes adjacent to each
other on the same plane has the same arrangement relation-
ship as the IPS mode liquid crystal display device.

[0116] Capacitors are formed in the two pairs of electrodes
overlapping with each other in plan view with the insulating
film 42 interposed therebetween and are connected in paral-
lel. Accordingly, as a result, since a storage capacitor larger
than that of the known FF'S mode liquid crystal display device
is formed, the liquid crystal display device 4 with less flickers
1s obtained. In addition, since the driving of the liquid crystal
in the FFS mode can be realized in all the electrodes, a bright
display can be realized, an intermediate configuration of the
IPS mode and the FFS mode is obtained with respect to
symmetry of the electrodes, generation of a DC component is
reduced, and a burn-in phenomenon is improved. The FFS
mode liquid crystal display device 4 having the IPS mode
property, in which the burn-in phenomenon or flicker is hard
to occur, the numerical aperture is large and a bright display
is realized, is obtained.

Third Embodiment

[0117] Next, a liquid crystal display device 6 according to a
third embodiment will be described with reference to FIG. 10.

[0118] FIG. 10 is a plan view of any one sub pixel seen
through a color filter substrate CF of the liquid crystal display
device 6 according to the present embodiment. In FIG. 10, the
same components as the liquid crystal display device 4 of the
second embodiment shown in FIG. 6 are denoted by the same
reference numerals and the detailed description thereof will
be omitted. The cross-sectional views of FIG. 10 correspond-
ing to line VII-VII and VIII-VIII of FIG. 6 are equal to FIGS.
7 and 8 and thus showing and detailed description thereof will
be omitted.

[0119] The liquid crystal display device 6 according to the
present embodiment is different from the liquid crystal dis-
play device 4 according to the second embodiment in that,
whereas the linear portions 10a of the first electrode 10 and
the linear portions 48a of the second electrode 48 straightly
extend along the signal lines 16 in the liquid crystal display
device 4 according to the second embodiment, the center
portions of the linear portions 10a of the first electrode 10, the
linear portions 48a of the second electrode 48, the linear
portions 70a of the fourth electrode 70 and the linear portions
72a of the fifth electrode 72 are bent in the liquid crystal
display device 6 according to the present embodiment. The
linear portions 60a of the third electrode 60 disposed so as to
overlap with the linear portions 48a of the second electrode
48 in plan view are also bent.

[0120] The liquid crystal display device 6 is a so-called
dual-domain device in which the linear portions 10a, 48a,
60a, 70a and 72q of the first to fifth electrodes 10, 48, 60, 70
and 72 are bent using the central portion of each pixel as a
border. The rotation direction of the liquid crystal molecules
in anupper halfregion when viewed from a front side of paper
and the rotation direction of the liquid crystal molecules in a
lower half region when viewed from the front side of paper
are opposite to each other, using the central portion of the
pixel as a border.

[0121] According to the present embodiment, by providing
a dual-domain electrode structure, color shift such as yellow-
ish tone or bluish tone can be suppressed by a viewing angle.
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Fourth Embodiment

[0122] Next, aliquid crystal display device 8 according to a
fourth embodiment will be described with reference to FIGS.
110 13.

[0123] FIG. 11 is a plan view of any one sub pixel seen
through the color filter substrate CF of the liquid crystal
display device 8 according to the present embodiment. FIG.
12 is a partial cross-sectional view taken along line XII-X1II of
FIG. 11. FIG. 13 is a partial cross-sectional view taken along
line XIII-XIII of FIG. 11. In addition, in FIGS. 11 to 13, the
same components as the liquid crystal display device 6 of the
third embodiment shown in FIGS. 10, 7 and 8 are denoted by
the same reference numerals and the detailed description
thereof will be omitted.

[0124] The liquid crystal display device 8 according to the
present embodiment is different from the liquid crystal dis-
play device 6 according to the third embodiment in that a sixth
electrode 78 for applying a potential different from that of the
third electrode 60 is formed on the side of the color filter
substrate CF in addition to the configuration of the liquid
crystal display device 6 according to the third embodiment.
[0125] In the liquid crystal display device 8, the patterned
sixth electrode 78 formed of an ITO film is formed on the
overcoat layer 58 in each pixel. The sixth electrode 78 has a
plurality of linear portions 78« and has a longitudinal direc-
tion in the Y-axis direction. The linear portions 78a of the
sixth electrode 78 extend along the signal lines 16 in parallel
with the linear portions 60a of the third electrode 60 and a
third separation region 80 interposed therebetween. The lin-
ear portions 78a of the sixth electrode 78 are disposed so as to
overlap with the linear portions 10a of the first electrode 10 in
plan view. The sixth electrode 78 has slits formed therein so as
to overlap with the linear portions 484 of the second electrode
48 in plan view.

[0126] As thepotential of the sixth electrode 78, at least one
of the same potential as the first electrode 10, an intermediate
potential of the first electrode 10 and the second electrode 48,
a fixed potential, a floating state and so on is applied. By this
configuration, by setting the potential of the sixth electrode 78
to a defined potential, it is possible to prevent the linear
portions 78a of the sixth electrode 78 from disturbing the
alignment of the liquid crystal LC. In addition, a potential
having a pulse shape may be applied to the sixth electrode 78.
By this configuration, it is possible to permit high-speed
response.

[0127] A predetermined potential may be applied to such a
sixth electrode 78, instead of the case where the sixth elec-
trode is brought into a floating state in potential. When the
predetermined potential is applied to the sixth electrode 78,
the sixth electrode 78 formed on the side of the liquid crystal
LC of the color filter substrate CF and the lines (not shown)
formed on the array substrate AR are electrically connected.
In contrast, when the sixth electrode 78 is brought into the
floating state, the conduction between the substrates is omit-
ted. The sixth electrode 78 is preferably formed of a transpar-
ent conductive material such as ITO or IZO in order to enlarge
the numerical aperture so as to realize a bright display, but
may be formed of a metal material such as aluminum. In the
linear portions 78a of the sixth electrode 78, in order to
minimize the influence of pair shifting, an electrode for
applying a potential by pair shifting may be selected. In
addition, the gap between the linear portions 78a of the sixth
electrode 78 in one pixel may be arbitrarily shifted such that
the influence of pair shifting is minimized.
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[0128] A second alignment film 64 is formed on the sur-
faces of the overcoat layer 58, the third electrode 60, and the
sixth electrode 78.

[0129] The array substrate AR and the color filter substrate
CF face each other such that the linear portions 104 of the first
electrode 10 and the linear portions 48a of the second elec-
trode 48 of the array substrate AR and the linear portions 78a
of the sixth electrode 78 and the linear portions 60a of the
third electrode 60 of the color filter substrate CF respectively
face each other, and the liquid crystal LC is filled therebe-
tween.

[0130] Next, the operation of the liquid crystal display
device 8 will be described.

[0131] In the liquid crystal display device 8, the first elec-
trode 10, the fifth electrode 72 and the sixth electrode 78
function as the pixel electrode and the second electrode 48,
the fourth electrode 70 and the third electrode 60 function as
the counter electrode. In addition, the linear portions 10a of
the first electrode 10 and the linear portions 70a of the fourth
electrode 70 overlap with each other in plan view with the
insulating film 42 interposed therebetween, the linear por-
tions 48a of the second electrode 48 and the linear portions
72a of the fifth electrode 72 overlap with each other in plan
view with the insulating film 42 interposed therebetween, the
linear portions 10a of the first electrode 10 and the linear
portions 78a of the sixth electrode 78 overlap with each other
in plan view with the first alignment film 52, the liquid crystal
LC and the second alignment film 64 interposed therebe-
tween, and the linear portions 48a of the second electrode 48
and the linear portions 60a of the third electrode 60 overlap
with each other in plan view with the first alignment film 52,
the liquid crystal LC and the second alignment film 64 inter-
posed therebetween. Accordingly, when the liquid crystal
display device 8 is activated, as shown in FIG. 12, an electric
field E1 is applied between the linear portions 10a of the first
electrode 10 and the linear portions 484 of the second elec-
trode 48, an electric field E2 is applied between the linear
portions 10a of the first electrode 10 and the linear portions
60a of the third electrode 60, an electric field E3 is applied
between the linear portions 10a of the first electrode 10 and
the linear portions 70a of the fourth electrode 70, an electric
field E4 is applied between the linear portions 72a of the fifth
electrode 72 and the linear portions 48a of the second elec-
trode 48 in a reverse direction to the electric field E3, and an
electric field E5 is applied between the linear portions 60a of
the third electrode 60 and the linear portions 78a of the sixth
electrode 78. In addition, an electric field E6 is applied
between the linear portions 784 of the sixth electrode 78 and
the linear portions 48a of the second electrode 48 in the
reverse direction to the electric field E2.

[0132] The liquid crystal molecules may move by the elec-
tric field E2 applied between the linear portions 10a of the
first electrode 10 and the linear portions 60a of the third
electrode 60. In addition, the liquid crystal molecules may
move by the electric field E6 applied between the linear
portions 78a of the sixth electrode 78 and the linear portions
48a of the second electrode 48. In addition, the operation by
the electric field E1 applied between the linear portions 10a of
the first electrode 10 and the linear portions 48a of the second
electrode 48 and the operation by the electric field E5 applied
between the linear portions 78« of the sixth electrode 78 and
the linear portions 60a of the third electrode 60 are equal to
that of the known IPS mode liquid crystal display device
shown in FIGS. 15 and 16. Accordingly, the liquid crystal
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display device 8 operates as the IPS mode liquid crystal
display device between the linear portions 10a of the first
electrode 10 and the linear portions 48a of the second elec-
trode 48 and between the linear portion 78a of the sixth
electrode 78 and the linear portions 60a of the third electrode
60. In addition, the operation by the electric field E3 applied
between the linear portions 10a of the first electrode 10 and
the linear portions 70a of the fourth electrode 70 and the
operation by the electric field E4 applied between the linear
portions 724 of the fifth electrode 72 and the linear portions
48a of the second electrode 48 are equal to that of the known
FFS mode liquid crystal display device shown in FIGS. 17
and 18. Accordingly, the liquid crystal display device oper-
ates as the FFS mode liquid crystal display device between
the linear portions 10a of the first electrode 10 and the linear
portions 70a of the fourth electrode 70 and between the linear
portions 48a ofthe second electrode 48 and the linear portions
72a of the fifth electrode 72.

[0133] According to the present embodiment, the liquid
crystal molecules may move by the electric field ES between
the linear portions 60a of the third electrode 60 and the linear
portions 78a of the sixth electrode 78 on the side of the color
filter substrate CF and the electric field E6 between the linear
portions 78a of the sixth electrode 78 and the linear portions
48a of the second electrode 48. Accordingly, a bright display
can be realized without increasing the driving voltage.

Fifth Embodiment

[0134] Next, the planar and cross-sectional configurations
of the liquid crystal display device 2 will be described with
reference to FIGS. 14 to 16.

[0135] FIG. 14 is a plan view of any one sub pixel seen
through the color filter substrate CF of the liquid crystal
display device 2 according to the fifth embodiment. FIG. 15 is
apartial cross-sectional view taken along line XV-XV of FIG.
14. FIG. 16 is a partial cross-sectional view taken along line
XVI-XVI of FIG. 14.

[0136] In each of the sub pixel regions of the liquid crystal
display device 2 according to the fifth embodiment, the color
filter layer 26 having the substantially same planar shape as
the sub pixel region is provided. In addition, the columnar
spacer 28 for separating the array substrate AR and the color
filter substrate CF at a predetermined gap and constantly
holding aliquid crystal layer thickness (cell gap) 1s erected on
a right lower corner of each of the sub pixel regions.

[0137] Theliquid crystal display device 2 includes the array
substrate (first substrate) AR and the color filter substrate
(second substrate) CF In the array substrate AR, the plurality
of scanning lines 20 and signal lines 16 is formed in a matrix
on the surface of the display region of the first transparent
substrate 30 such as a glass substrate so as to cross each other
in a state of being insulated from each other by the gate
insulating film 32, and the common line 34 is formed at a
peripheral edge portion of the display region. Each of regions
surrounded by the scanning lines 20 and the signal lines 16
forms each pixel (also referred to as a “sub pixel”). On the first
transparent substrate 30, the TFT 12 is, for example, formed
in each pixel as the switching element. In this TFT 12, the
semiconductor layer 36 is disposed on the surface of each of
the scanning lines 20, a portion of each of the signal lines 16
extends so as to cover a portion of the surface of the semicon-
ductor layer 36 such that a source electrode S is configured, a
portion of each of the scanning lines under the semiconductor
layer 36 configures a gate electrode G, a conductive layer



US 2014/0146281 Al

partially overlapping with a portion of the semiconductor
layer 36 configures a drain electrode D, and this drain elec-
trode D is connected to the first electrode 10. The passivation
film 38 formed of, for example, a silicon nitride layer or a
silicon oxide layer is coated over the entire surface of the first
transparent substrate 30 including the TFT 12.

[0138] The planarization film 40 formed of an organic
material is formed on the surface of the passivation film 38,
and the first electrode 10 is formed on the surface of the
planarization film 40. The first electrode 10 has a rectangular
shape in plan view and has a longitudinal direction in the
Y-axis direction (extending direction of the signal lines 16/the
lines for supplying the signals). The insulating film 42 formed
of a silicon nitride layer or a silicon oxide layer is formed on
the surface of the first electrode 10 and the planarization film
40 over the entire surface of the first transparent substrate 30.
The first contact hole 44 is formed in the insulating film 42,
the planarization film 40 and the passivation film 38 at a
location corresponding to the drain electrode D of the TFT 12.
The second electrode 48 having the linear portions 48a
extending along the signal lines 16 in each pixel is formed on
the surface of the insulating film 42. The second electrode 48
has the plurality of linear portions 48« and has a longitudinal
direction in the Y-axis direction. The first electrode 10 and the
second electrode 48 are preferably formed of a transparent
conductive material such as ITO or IZQ, in order to enlarge
the numerical aperture so as to realize a bright display, but
may be formed of a metal material such as aluminum.
[0139] Thefirst electrode 10is electrically connected to the
drain electrode D of the TFT 12 via the first contact hole 44,
and the second electrode 48 is electrically connected to the
common line 34 via the second contact hole 50 formed in the
insulating film 42. Accordingly, in the liquid crystal display
device 2, the first electrode 10 functions as the counter elec-
trode and the second electrode 48 functions as the pixel elec-
trode.

[0140] Accordingly, a pair of the first electrode 10 and the
linear portions 48a of the second electrode 48 which overlap
with each other with the insulating film 42 interposed ther-
ebetween is in the arrangement relationship of an FFS mode
liquid crystal display device. Any one of'the first electrode 10
and the second electrode 48 is arbitrarily set as the pixel
electrode. However, the pair of electrodes which overlap with
each other with the insulating film 42 interposed therebe-
tween needs to be a pair of the pixel electrode and the counter
electrode.

[0141] The first alignment film 52 is formed over the entire
display region including the surface of the second electrode
48.

[0142] In addition, in the color filter substrate CF, a light
shielding film 56 is formed on the surface of the second
transparent substrate 54 such as aglass substrate so as to cover
locations corresponding to the scanning lines 20, the signal
lines 16, the first contact hole 44, the second contact hole 50
and the TFT 12 of the array substrate AR. The color filter layer
26 having a predetermined color is formed on the surface of
the second transparent substrate 54 surrounded by the light
shielding film 56. In addition, the overcoat layer 58 is formed
so as to cover the surfaces ofthe light shielding film 56 and the
color filter layer 26.

[0143] The patterned third electrode 60 formed of an ITO
film is formed on the overcoat layer 58 in each pixel. By this
configuration, the third electrode 60 formed on the surface of
the overcoat layer 58, for example, equalizes irregularities
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due to the presence of the color filter layer 26 or the like so as
to become flat, and thus a cell gap becomes uniform. There-
fore, according to the liquid crystal display device 2 of the
present embodiment, a liquid crystal display device having
good display quality is obtained. The third electrode 60 has a
plurality of linear portions 60« and has a longitudinal direc-
tion in the Y-axis direction. The linear portions 60a of the
third electrode 60 are arranged so as not to overlap with the
linear portions 48a of the second electrode 48 in plan view.
[0144] The linear portions 60a of the third electrode 60 are
located between the linear portions 48a of the second elec-
trode 48 in plan view. The third electrode 60 has slits formed
therein so as to overlap with the linear portions 48a of the
second electrode 48 in plan view. By this configuration, since
the third electrode 60 can be efficiently formed even in the
vicinity of the TFT 12 or the like, the numerical aperture can
be enlarged without waste. The third electrode 60 is formed so
as to traverse the plurality of sub pixel regions.

[0145] As thepotential of the third electrode 60, at least one
of the same potential as the first electrode 10, an intermediate
potential of the first electrode 10 and the second electrode 48,
a fixed potential, a floating state and so on is applied. By this
configuration, by setting the potential of the third electrode 60
to a defined potential, it is possible to prevent the linear
portions 60a of the third electrode 60 from disturbing the
alignment of the liquid crystal LC. In addition, a potential
having a pulse shape may be applied to the third electrode 60.
By this configuration, it is possible to permit high-speed
response.

[0146] A predetermined potential may be applied to such a
third electrode 60, instead of the case where the third elec-
trode is brought into a floating state in potential. When the
predetermined potential is applied to the third electrode 60,
the third electrode 60 formed on the side of the liquid crystal
LC of the color filter substrate CF and the lines (not shown)
formed on the array substrate AR are electrically connected.
In contrast, when the third electrode 60 is brought into the
floating state, the conduction between the substrates is omit-
ted. The third electrode 60 is preferably formed of a transpar-
ent conductive material such as ITO or IZO in order to enlarge
the numerical aperture so as to realize a bright display, but
may be formed of a metal material such as aluminum.
[0147] The second alignment film 64 is formed on the sur-
faces of the overcoat layer 58 and the third electrode 60.
[0148] The array substrate AR and the color filter substrate
CF face each other such that the linear portions 48a of the
second electrode 48 of the array substrate AR and the linear
portions 60a of the third electrode 60 of the color filter sub-
strate CF do not overlap with each other, and the liquid crystal
LC is filled therebetween. As the material of the liquid crystal
LC, any one of a liquid crystal material having negative
dielectric constant anisotropy or a liquid crystal material hav-
ing positive dielectric constant anisotropy may be used, but
the liquid crystal material having negative dielectric constant
anisotropy is preferably used. If the liquid crystal material
having negative dielectric constant anisotropy is used, a view-
ing angle under application of a selective voltage (voltage on)
widens and the display characteristics of the display device
are not damaged. In addition, by using the liquid crystal
having negative dielectric constant anisotropy, the influence
of a vertical electric field due to pair shifting can be reduced
and thus allowance for pair shifting can be improved.

[0149] The first polarization plate 66 and the backlight
device (not shown) are disposed outside the array substrate
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AR, and the second polarization plate 68 is disposed outside
the color filter substrate CF, thereby completing the liquid
crystal display device 2. A retardation film may be disposed
between the substrates AR and CF and the polarization plates
66 and 68, if necessary.

[0150] Next, the operation of the liquid crystal display
device 2 will be described.

[0151] In the liquid crystal display device 2, the first elec-
trode 10 and the third electrode 60 function as the counter
electrode, and the second electrode 48 functions as the pixel
electrode. In addition, the linear portions 48a of the second
electrode 48 and the linear portions 60« of the third electrode
60 do not overlap with each other in plan view with the first
alignment film 52, the liquid crystal LC and the second align-
ment film 64 interposed therebetween. Accordingly, when the
liquid crystal display device 2 is activated, as shown in FIG.
15, an electric field E1 is applied between the first electrode
10 and the linear portions 48a of the second electrode 48, and
an electric field E2 is applied between the linear portions 48a
of the second electrode 48 and the linear portions 60a of the
third electrode 60.

[0152] The liquid crystal molecules may move by the elec-
tric field E2 applied between the linear portions 48a of the
second electrode 48 and the linear portions 60a of the third
electrode 60. In addition, the operation by the electric field E1
applied between the first electrode 10 and the linear portions
48a of the second electrode 48 is equal to that of the known
FFS mode liquid crystal display device 190 shown in FIGS.
17 and 18. Accordingly, the liquid crystal display device 2
operates as the FFS mode liquid crystal display device
between the first electrode 10 and the linear portions 48a of
the second electrode 48.

Comparison of Transmissivity-Driving Voltage
Characteristics

[0153] FIG. 17 is a graph of transmissivity T-driving volt-
age V characteristics of the liquid crystal display device 2
according to the fifth embodiment and the known FFS mode
liquid crystal display device. In addition, a graph 1.1 denotes
the transmissivity T-driving voltage V characteristics of the
liquid crystal display device 2 and a graph [.2 denotes the
transmissivity T-driving voltage V characteristics of the
known FFS mode liquid crystal display device.

[0154] When the graphs L1 and 1.2 of the transmissivity
T-driving voltage V characteristics are compared, the light
transmissivity under application of the selective voltage Vs of
the liquid crystal display device 2 is higher than that of the
known FFS mode liquid crystal display device.

[0155] According to the fifth embodiment, in addition to
the lateral electric field E1 between the first electrode 10 and
the linear portions 48a of the second electrode 48, the liquid
crystal molecules may move by the electric field E2 between
the linear portions 48« of the second electrode 48 and the
linear portions 60« of the third electrode 60, and thus a bright
display can be realized without increasing the driving volt-
age. As a result, the transmissivity can be improved without
decreasing the space between the linear portions 48a of the
second electrode 48 on the side of the array substrate AR In
addition, the driving voltage can be decreased by the elec-
trode configuration (the width between the electrodes or the
width of the counter electrode) or the electrode location.
Accordingly, the liquid crystal display device 2 capable of
enhancing (improving) brightness or improving the driving
voltage (low driving voltage) is provided.
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Sixth Embodiment

[0156] Next, aliquid crystal display device 4 accordingto a
sixth embodiment will be described with reference to FIG.
18.

[0157] FIG. 18 is a plan view of any one sub pixel seen
through a color filter substrate CF of the liquid crystal display
device 4 according to the sixth embodiment. In addition, in
FIG. 18, the same components as the liquid crystal display
device 2 of the fifth embodiment shown in FIG. 14 are
denoted by the same reference numerals and the detailed
description thereof will be omitted. In FIG. 18, the cross-
sectional views of the portions corresponding to the lines
XV-XV and XVI-XVI of FIG. 14 are equal to FIGS. 15 and 16
and thus showing and detailed description thereof will be
omitted.

[0158] The liquid crystal display device 4 according to the
sixth embodiment is different from the liquid crystal display
device 2 according to the fifth embodiment in that, whereas
the linear portions 48a of the second electrode 48 straightly
extends along the signal lines 16 in the liquid crystal display
device 2 according to the fifth embodiment, the center por-
tions of the linear portions 48a of the second electrode 48 are
bent in the liquid crystal display device 4 according to the
sixth embodiment. The linear portions 60a of the third elec-
trode 60 disposed so as not to overlap with the linear portions
48a of the second electrode 48 in plan view are also bent.

[0159] The liquid crystal display device 4 is a so-called
dual-domain device in which the linear portions 48a of the
second electrode 48 and the linear portions 60a of the third
electrode 60 are bent using the central portion of each pixel as
aborder. The rotation direction of the liquid crystal molecules
in anupper halfregion when viewed from a front side of paper
and the rotation direction of the liquid crystal molecules in a
lower half region when viewed from the front side of paper
are opposite to each other, using the central portion of the
pixel as a border.

[0160] According to the sixth embodiment, by providing a
dual-domain electrode structure, color shift such as yellowish
tone or bluish tone can be suppressed by a viewing angle.

Seventh Embodiment

[0161] Next, aliquid crystal display device 6 accordingto a
seventh embodiment will be described with reference to
FIGS. 19 and 20.

[0162] FIG. 19 is across-sectional view of the liquid crystal
display device 6 according to the seventh embodiment. FIG.
20 is a view explaining the linear portions 60a of the third
electrode 60 according to the seventh embodiment. In addi-
tion, in FIG. 19, the same components as the liquid crystal
display device 2 of the fifth embodiment shown in FIG. 15 are
denoted by the same reference numerals and the detailed
description thereof will be omitted.

[0163] The liquid crystal display device 6 according to the
seventh embodiment is different from the liquid crystal dis-
play device 2 according to the fifth embodiment in that,
whereas the linear portions 60a of the third electrode 60 does
not overlap with the linear portions 48« of the second elec-
trode 48 in plan view in the liquid crystal display device 2
according to the fifth embodiment, the gaps between the
linear portions 60a of the third electrode 60 are different in
one pixel in the liquid crystal display device 6 according to the
present embodiment.
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[0164] In the liquid crystal display device 6, the gaps
between the linear portions 60a of the third electrode 60 are
different in at least one pixel. The gaps between the linear
portions 60a of the third electrode 60 may be arbitrarily
shifted in one pixel. For example, as shown in FIG. 19, the
relationship between the gap Si and the gap S2 between the
linear portions 60a of the third electrode 60 is expressed as the
gap Si>the gap S2. In detail, as shown in FIG. 20, compared
with the imaginary linear portions 605 disposed at the same
gap S3, the linear portions 60a located at the left side of the
central linear portion 60a when viewed from the front side of
paper has a relationship of the gal Si>the gap S3, and the
linear portion 60a located at the right side has a relationship of
the gap S2>the gap S3.

[0165] According to the seventh embodiment, since allow-
ance for pair shifting when the array substrate AR and the
color filter substrate CF are assembled is increased, it is
possible to reduce the deterioration of transmissivity due to
pair shifting. Inaddition, in the linear portions 60a of the third
electrode 60, in order to minimize the influence of the pair
shifting, an electrode for applying a potential by pair shifting
may be selected.

Electronic Apparatus

[0166] Next, an electronic apparatus including the above-
described liquid crystal display device will be described.

[0167] FIG. 21 is a perspective view of a mobile telephone
100 which is an example of an electronic apparatus in which
the liquid crystal display device according to the present
embodiment is mounted in a display unit.

[0168] The mobile telephone 100 according to the present
embodiment includes the liquid crystal display device
according to each of the above-described embodiments as a
small-sized display unit 102, and includes a plurality of
operation buttons 104, an ear piece 106 and a mouthpiece
108. Since the mobile telephone 100 includes the liquid crys-
tal display device according to each of the above-described
embodiments, an electronic apparatus with excellent display
quality can be provided.

[0169] The liquid crystal display device according to each
of the above-described embodiments may be suitably used as
an image display unit of an electronic book, a personal com-
puter, a digital still camera, a liquid crystal TV set, a view-
finder-type or direct-view monitor type video tape recorder, a
car navigation system, a pager, an electronic organizer, an
electronic calculator, a word processor, a workstation, a
videophone, a POS terminal, or a touch-panel equipped
device, in addition to the mobile telephone. The above-de-
scribed electronic apparatus can be implemented as a display
unit of such exemplary electronic devices. Even in any elec-
tronic apparatus, an electronic apparatus with excellent dis-
play quality can be provided.

[0170] Although the embodiments are described, for

example, the following modified examples may be consid-
ered.

MODIFIED EXAMPLE 1

[0171] Although the linear portions 60a of the third elec-
trode 60 (the linear portions 78« of the sixth electrode 78)
have the longitudinal direction along the signal lines 16 in the
liquid crystal display device according to each of the above-
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described embodiments, the same effects are obtained even
when the linear portions have the longitudinal direction along
the scanning lines 20.

MODIFIED EXAMPLE 2

[0172] Although a shield electrode generally used on the
color filter substrate side is not included in the liquid crystal
display device according to each of the above-described
embodiment, the color filter substrate may have the shield
electrode. For example, since a conductor is not included on
the color filter substrate side of a general lateral electric field
type liquid crystal display device, the shield electrode needs
to be provided for an antistatic countermeasure. However,
since the electrode is provided on the side of the liquid crystal
LC of'the color filter substrate CF in the present embodiment,
the shield electrode is unnecessary. Even when the shield
electrode for preventing electrification due to static electricity
in the color filter substrate CF is not formed, since the pat-
terned linear portions 60a of the third electrode 60 are
formed, the electrification due to static electricity is hard to
occur in the color filter substrate CF, and the alignment of the
liquid crystal is not disturbed even when electricity occurs. In
addition, since the patterned linear portions 60a of the third
electrode 60 are formed on the side of the liquid crystal LC of
the color filter substrate CF, the electrodes patterned in the
substrate state before the liquid crystal panel is assembled can
be formed.

MODIFIED EXAMPLE 3

[0173] Although the liquid crystal display device according
to each of the above-described embodiments is a transmissive
type liquid crystal display device, the invention is not limited
thereto. For example, a reflective type or transflective and
reflective type liquid crystal display device may be used.
[0174] It should be understood that various changes and
modifications to the presently preferred embodiments
described herein will be apparent to those skilled in the art.
Such changes and modifications can be made without depart-
ing from the spirit and scope of the present subject matter and
without diminishing its intended advantages. It is therefore
intended that such changes and modifications be covered by
the appended claims.

The invention is claimed as follows:

1. A liquid crystal display device including a plurality of

sub pixel regions, the device comprising:

first and second substrates with a liquid crystal layer inter-
posed therebetween:;

a first electrode formed on the liquid crystal layer side of
the first substrate;

a second electrode formed nearer the liquid crystal layer
side than the first electrode with an insulating film inter-
posed therebetween and having a plurality of linear por-
tions in a region overlapping with the first electrode in
plan view,

wherein a third electrode having a plurality of linear por-
tions is formed on the liquid crystal layer side of the
second substrate, the linear portions of the third elec-
trode do not overlap with the linear portions of the sec-
ond electrode in plan view and have portions formed
along the linear portions of the second electrode, and
electric fields are generated between the second elec-
trode and the third electrode and between the second
electrode and the first electrode.
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2. The liquid crystal display device according to claim 1,
wherein the third electrode is formed of a transparent con-
ductive material.

3. The liquid crystal display device according to claim 1,
wherein a potential of the third electrode may be at least one
of apotential of the second electrode, an intermediate poten-
tial between the voltage of the first electrode and the voltage
of the second electrode, a fixed potential or a floating state in
potential.

4. The liquid crystal display device according to claim 1,
wherein the linear portions of the third electrode have a lon-
gitudinal direction along scanning lines or signal lines formed
on the first substrate.

5. The liquid crystal display device according to claim 1,
wherein gaps between the linear portions of the third elec-
trode are different in at least one of the sub pixel regions.

6. A liquid crystal display device comprising:

first and second substrates with a liquid crystal layer inter-

posed therebetween;

a first electrode formed on the liquid crystal layer side of

the first substrate and having linear portions;

asecond electrode having linear portions formed along the

linear portions of the first electrode and adjacent to the
linearportions of the first electrode at a gap in plan view;

a third electrode formed on the liquid crystal layer side of

the second substrate and having linear portions overlap-

ping with the linear portions of the second electrode in

plan view,

the third electrode being formed of a transparent con-
ductive material,

the linear portions of the third electrode having a longi-
tudinal direction

along scanning lines or signal lines formed on the first
substrate, and a potential of the third electrode being
at least one of a potential of the second electrode, an
intermediate potential between the voltage of the first
electrode and the voltage of the second electrode, a
fixed potential, and a floating state in potential;
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a fourth electrode having linear portions formed nearer the
first substrate side than the first electrode and the second
electrode,
the fourth electrode being formed such that the linear por-
tions thereof overlap the linear portions of the first elec-
trode in plan view with an insulating film interposed
therebetween, and the fourth electrode being electrically
connected to the second electrode; and
a fifth electrode having linear portions formed along the
linear portions of the fourth electrode and adjacent to the
linear portions of the fourth electrode at a gap in plan
view,
the fifth electrode being on a same layer of the linear
portions of the fourth electrode,

the fifth electrode being formed such that the linear
portions thereof overlap with those ofthe second elec-
trode in plan view, and

the fifth electrode being electrically connected to the
first electrode,

wherein electric fields are generated between the first and
second electrodes, the first and third electrodes, and the
first and fourth electrodes, and the electric fields have
different directions for each other.

7. The liquid crystal display device according to claim 6,
wherein a width of the linear portions of the fourth electrode
is larger than a width of the linear portions of the first elec-
trode, and a width of the linear portions of the fifth electrode
is larger than a width of the linear portions of the second
electrode.

8. The liquid crystal display device according to claim 6,
wherein a width of the linear portions of the fourth electrode
1s equal to a width of the linear portions of the first electrode,
and a width of the linear portions of the fifth electrode is equal
to a width of the linear portions of the second electrode.

9. An electronic apparatus comprising the liquid crystal
display device according to claim 6 in a display unit.
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