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(57) ABSTRACT

According to an aspect, a liquid-crystal display device
includes a first substrate, a second substrate, and a liquid-
crystal layer. The first substrate includes a first electrode and
a second electrode, and one of the first electrode and the
second electrode is a pixel electrode provide, the first
electrode includes an electrode base portion extending in a
first direction and comb tooth portions extending in a second
direction and protruding in a comb teeth shape from the
electrode base portion with a predetermined distance inter-
posed therebetween, and adjacent comb tooth portions
include adjacent comb tooth portions having a relation in
which a first long side of one comb tooth portion closest to
a boundary between pixels is not parallel to a first long side
of the other comb tooth portion.
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LIQUID-CRYSTAL DISPLAY DEVICE AND
ELECTRONIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation of U.S. appli-
cation Ser. No. 14/564,327, filed Dec. 9, 2014, which claims
priority to Japanese Application No. 2013-256467, filed
Dec. 11, 2013, the disclosures of which are hereby incor-
porated by reference herein.

BACKGROUND

1. Technical Field

The present invention relates to a liquid-crystal display
device provided with liquid crystals and to an electronic
apparatus including the liquid-crystal display device pro-
vided with liquid crystals.

2. Description of the Related Art

There have been developed systems (modes) for driving
liquid crystals, including a liquid-crystal driving system that
uses an electric field generated in a longitudinal direction
between substrates, that is, a longitudinal electric field.
Examples of a liquid-crystal display device that drives liquid
crystals using a longitudinal electric field include, but are not
limited to, longitudinal-electric-field liquid-crystal display
devices provided with a twisted nematic (TN) system, a
vertical alignment (VA) system, an electrically controlled
birefringence (ECB) system, etc. As disclosed in Japanese
Patent Application Laid-open Publication No. 2008-52161
(JP-A-2008-52161), there has also been developed a liquid-
crystal driving system that uses an electric field generated in
a direction parallel to substrates (lateral direction), that is, a
lateral electric field. Examples of a liquid-crystal display
device that drives liquid crystals using a lateral electric field
include, but are not limited to, lateral-electric-field liquid-
crystal display devices provided with a fringe field switching
(FFS) system, an in-plane switching (IPS) system, etc.

In the IPS mode, a first electrode and a second electrode
are provided on the same layer, and an electric field is
generated mainly in a direction parallel to the substrate
surface. This configuration makes the electric field unlikely
to be generated in an area above the first electrode, thereby
making liquid-crystal molecules in the area unlikely to be
driven.

In the FFS mode, a pixel electrode and a common
electrode overlap in a direction perpendicular to the sub-
strate surface with a dielectric film interposed therebetween.
This configuration generates an electric field extending
mainly in a direction oblique to the substrate surface or a
parabolic electric field (also referred to as a fringe electric
field). As a result, liquid-crystal molecules in an area above
the pixel electrode are likely to be driven. In other words, the
FFS mode can provide a higher aperture ratio than the IPS
mode does.

The lateral-electric-field liquid-crystal device generates
an electric field between the first electrode and the second
electrode in a direction parallel to the substrate, thereby
rotating the liquid-crystal molecules in a plane parallel to the
substrate surface. The liquid-crystal device uses a change in
the light transmittance corresponding to the rotation of the
liquid-crystal molecules, thereby performing display. Such
lateral-electric-field liquid-crystal display devices are
required to achieve a higher response speed of the liquid-
crystals.
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Japanese Patent Application Laid-open Publication No.
2013-109309 (JP-A-2013-109309) discloses a liquid-crystal
display device having a higher response speed of liquid
crystals than the liquid-crystal device disclosed in JP-A-
2008-52161 does.

The liquid-crystal device disclosed in JP-A-2013-109309
has a higher response speed of liquid crystals. In the
liquid-crystal device, however, the rotation direction may
possibly be unstable at a boundary portion between pixels,
resulting in variation in the orientation of the liquid crystals.

For the foregoing reasons, there is a need for a liquid-
crystal display device and an electronic apparatus including
the liquid-crystal display device that achieve a higher
response speed and higher orientation stability of liquid
crystals at a boundary between pixels and have higher
in-plane display quality.

SUMMARY

According to an aspect, a liquid-crystal display device
includes: a first substrate; a second substrate facing the first
substrate; and a liquid-crystal layer between the first sub-
strate and the second substrate. The first substrate includes
a first electrode and a second electrode, and one of the first
electrode and the second electrode is a pixel electrode
provide to each pixel, the first electrode includes an elec-
trode base portion extending in a first direction and a
plurality of comb tooth portions extending in a second
direction different from the first direction and protruding in
a comb teeth shape from the electrode base portion with a
predetermined distance interposed therebetween, and adja-
cent comb tooth portions include adjacent comb tooth por-
tions having a relation in which a first long side of one comb
tooth portion closest to a boundary between pixels is not
parallel to a first long side of the other comb tooth portion.

According to another aspect, an electronic apparatus
includes the liquid-crystal display device.

Additional features and advantages are described herein,
and will be apparent from the following Detailed Descrip-
tion and the figures.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a block diagram of an exemplary system
configuration of a liquid-crystal display device according to
a first embodiment;

FIG. 2 is a circuit diagram of a drive circuit that drives
pixels of the liquid-crystal display device according to the
first embodiment;

FIG. 3 is a plan view for explaining the pixels of the
liquid-crystal display device according to the first embodi-
ment;

FIG. 4 is a schematic of a section along line A1-A2 in
FIG. 3;

FIG. 5 is a schematic for explaining the relation between
the shape of a first electrode and an aperture according to the
first embodiment;

FIG. 6 is a schematic for explaining the relation between
the shape of the first electrode and a shaded position
according to the first embodiment;

FIG. 7 is a schematic for explaining orientation of liquid
crystals in a state where no voltage to generate an electric
field between the first electrode and a second electrode is
applied in the liquid-crystal display device according to the
first embodiment;

FIG. 8 is a schematic of a section along line B1-B2 in FIG.
7,
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FIG. 9 is a schematic for explaining orientation of the
liquid crystals in a state where voltage to generate an electric
field between the first electrode and the second electrode is
applied in the liquid-crystal display device according to the
first embodiment;

FIG. 10 is a schematic of a section along line C1-C2 in
FIG. 9;

FIG. 11 is a schematic for explaining in detail the shape
of the first electrode in a pixel according to the first embodi-
ment;

FIG. 12 is a schematic for explaining the shape of the first
electrode in a pixel and the shape of the first electrode
between pixels according to the first embodiment;

FIG. 13 is a schematic of a modification of the section
along line A1-A2 in FIG. 3;

FIG. 14 is a schematic for explaining a modification of the
relation between the shape of the first electrode and the
aperture according to the first embodiment;

FIG. 15 is a plan view for explaining pixels of a liquid-
crystal display device according to a second embodiment;

FIG. 16 is a schematic of a section along line E1-E2 in
FIG. 15;

FIG. 17 is a schematic for explaining the shape of a first
electrode in a pixel and the shape of the first electrode
between pixels according to the second embodiment;

FIG. 18 is a schematic for explaining the relation between
the shape of the first electrode and an aperture according to
a first modification of the second embodiment;

FIG. 19 is a schematic of a modification of the section
along line E1-E2 in FIG. 15;

FIG. 20 is a schematic for explaining a modification of the
relation between the shape of the first electrode and the
aperture according to a third modification of the second
embodiment;

FIG. 21 is a schematic for explaining the shape of the first
electrode in a pixel and the shape of the first electrode
between pixels according to a fourth modification of the
second embodiment;

FIG. 22 is a schematic for explaining the relation between
the shape of the first electrode and a shaded position
according to the fourth modification of the second embodi-
ment;

FIG. 23 is a view for explaining an example of in-plane
luminance distribution in FIG. 22;

FIG. 24 is a diagram for explaining brilliance distribution
of a section along line F1-F2 in FIG. 23;

FIG. 25 is a diagram for explaining the relation between
a protrusion length of a comb tooth portion and an array
pitch (a slit pitch) in a case where an inclination angle 6 of
a long side of the comb tooth portion is 0 degrees;

FIG. 26 is a diagram for explaining the relation between
the protrusion length of the comb tooth portion and the array
pitch (slit pitch) in a case where the inclination angle 6 of the
long side of the comb tooth portion is 0.5 degrees;

FIG. 27 is a diagram for explaining the relation between
the protrusion length of the comb tooth portion and the array
pitch (slit pitch) in a case where the inclination angle 6 of the
long side of the comb tooth portion is 1 degree;

FIG. 28 is a diagram for explaining the relation between
the array pitch (slit pitch) and a response time;

FIG. 29 is a diagram for explaining the relation between
the inclination angle 6 of the long side of the comb tooth
portion and the protrusion length of the comb tooth portion;

FIG. 30 is a diagram for explaining transmittance at a
position of a tip of the comb tooth portion;

FIG. 31 is a diagram for explaining the relation between
retardation and a cell thickness;
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FIG. 32 is a diagram for explaining the relation between
retardation and brilliance (transmittance);

FIG. 33 is a diagram for explaining an elastic property of
the liquid crystals;

FIG. 34 is a diagram for explaining the relation between
the width of the comb tooth portion and the maximum
transmittance;

FIG. 35 is a diagram for explaining the relation between
a plurality of widths of the comb tooth portion and a voltage
assuming the transmittance in the case where the width of
the comb tooth portion being 3 pm is defined as brilliance of
I

FIG. 36 is a partially enlarged view of FIG. 35;

FIG. 37 is a schematic of an example of an electronic
apparatus to which the liquid-crystal display device accord-
ing to the first and the second embodiments and the modi-
fications thereof (the embodiments and the modifications are
collectively referred to as the present embodiment) is
applied,

FIG. 38 is a schematic of an example of an electronic
apparatus to which the liquid-crystal display device accord-
ing to the present embodiment is applied,;

FIG. 39 is a schematic of an example of an electronic
apparatus to which the liquid-crystal display device accord-
ing to the present embodiment is applied,

FIG. 40 is a schematic of an example of an electronic
apparatus to which the liquid-crystal display device accord-
ing to the present embodiment is applied,;

FIG. 41 is a schematic of an example of an electronic
apparatus to which the liquid-crystal display device accord-
ing to the present embodiment is applied,

FIG. 42 is a schematic of an example of an electronic
apparatus to which the liquid-crystal display device accord-
ing to the present embodiment is applied,;

FIG. 43 is a schematic of an example of an electronic
apparatus to which the liquid-crystal display device accord-
ing to the present embodiment is applied,

FIG. 44 is a schematic of an example of an electronic
apparatus to which the liquid-crystal display device accord-
ing to the present embodiment is applied;

FIG. 45 is a schematic of an example of an electronic
apparatus to which the liquid-crystal display device accord-
ing to the present embodiment is applied,

FIG. 46 is a schematic for explaining a case where an
array pitch of a first comb tooth portion closest to a boundary
between pixels is different from an array pitch of a second
comb tooth portion in a pixel according to the present
embodiment; and

FIG. 47 is a schematic for explaining a case where an
array pitch of a first comb tooth portion closest to a boundary
between pixels is different from an array pitch of a second
comb tooth portion in a pixel according to the present
embodiment.

DETAILED DESCRIPTION

Exemplary aspects (embodiments) according to the pres-
ent invention are described below in detail with reference to
the accompanying drawings. The contents described in the
embodiments are not intended to limit the present invention.
Components described below include components easily
conceivable by those skilled in the art and components
substantially identical therewith. Furthermore, the compo-
nents described below can be appropriately combined. The
disclosure is given by way of example only. Various changes
and modifications made without departing from the spirit of
the invention and easily conceivable by those skilled in the
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art are naturally included in the scope of the invention. The
drawings may possibly illustrate the width, the thickness, the
shape, and the like of each unit more schematically than the
actual aspect to simplify the explanation. These elements,
however, are given by way of example only and are not
intended to limit interpretation of the invention. In the
specification and the figures, components similar to those
previously described with reference to a preceding figure are
denoted by like reference numerals, and overlapping expla-
nation thereof will be appropriately omitted.

1. EMBODIMENTS

1-1. First embodiment

FIG. 1 is a block diagram of an exemplary system
configuration of a liquid-crystal display device according to
a first embodiment. A display device 1 corresponds to a
specific example of the “liquid-crystal display device” of the
present invention.

The display device 1 is a transmissive liquid-crystal
display device and includes a display panel 2 and a driver
integrated circuit (IC) 3. The display device 1 is not limited
to a transmissive liquid-crystal display device and may be a
reflective liquid-crystal display device. Flexible printed cir-
cuits (FPCs), which are not illustrated, transmit an external
signal to the driver I1C 3 or drive electric power for driving
the driver IC 3. The display panel 2 includes translucent
insulation substrates such as glass substrates 11, a display
area 21, a vertical driver (a vertical drive circuit) 22, and a
horizontal driver (a horizontal drive circuit) 23. The display
area 21 is provided on the surface of the glass substrates 11
and is formed of a number of pixels each including a
liquid-crystal cell arranged in a matrix (rows and columns).
The glass substrates 11 include a first substrate and a second
substrate. In the first substrate, a number of pixel circuits
each including an active element (e.g., a transistor) are
arranged in a matrix. The second substrate is arranged facing
the first substrate with a predetermined gap interposed
therebetween. The gap between the first substrate and the
second substrate is maintained to a predetermined gap by
photo spacers arranged at respective positions on the first
substrate. The space between the first substrate and the
second substrate is sealed with liquid crystals. The photo
spacers may be arranged on the side of the second substrate.

Exemplary System Configuration of the Liquid-Crystal
Display Device

The display device 2 includes the display area 21, the
driver IC 3 having functions of an interface (I/F) and a
timing generator, the vertical driver 22, and the horizontal
driver 23 on the glass substrate 11.

The display area 21 has a matrix (row-and-column)
structure in which MxN pixels Vpix each including a
liquid-crystal layer are arranged. Each pixel Vpix is a unit
serving as one pixel on display. In the present specification,
a row indicates a pixel row including N pixels Vpix arrayed
in a direction. A column indicates a pixel column including
M pixels Vpix arrayed in a direction orthogonal to the
direction in which the row extends. The values of M and N
are determined depending on display resolution in the ver-
tical direction and that in the horizontal direction, respec-
tively. In the display area 21, with respect to the array of
MxN pixels Vpix, scanning lines 24,, 24,, 24, . . ., 24, ,are
arranged for each row, and signal lines 25, 25,, 25,, .. .,
25, are arranged for each column. In the first embodiment,
the scanning lines 24, 24,, 245, . . ., 24,, may be collec-
tively referred to as a scanning line 24, whereas the signal
lines 25, 25,, 25,, . . ., 25,, may be collectively referred to
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as a signal line 25. In the first embodiment, a certain
scanning line of the scanning lines 24, 24,, 24,, . . ., 24,,
may be referred to as a scanning line 24a+1 (O=a=<M),
whereas a certain signal line of the signal lines 25,
25, 25;, .. ., 25, may be referred to as a signal line 250 +1
(0=p=N).

The display device 1 receives a master clock, a horizontal
synchronizing signal, and a vertical synchronizing signal,
which are external signals from the outside. These signals
are supplied to the driver IC 3. The driver IC 3 converts the
level of the master clock, the horizontal synchronizing
signal, and the vertical synchronizing signal at voltage
amplitude of an external power source into a level at voltage
amplitude of an internal power source required for driving
the liquid-crystals. Thus, the driver IC 3 generates a master
clock, a horizontal synchronizing signal, and a vertical
synchronizing signal. The driver IC 3 supplies the generated
master clock, the generated vertical synchronizing signal,
and the generated horizontal synchronizing signal to the
vertical driver 22 and the horizontal driver 23. The driver IC
3 generates a common potential to be supplied to pixels in
common, and supplies the common potential to the display
area 21. More specifically, the common potential is a poten-
tial common to pixels supplied to a common electrode COM
of each pixel Vpix, which will be described later.

The vertical driver 22 sequentially samples and latches, in
one horizontal scanning period, display data output from the
driver IC 3 in synchronization with a vertical clock pulse.
The vertical driver 22 sequentially outputs and supplies the
latched digital data of one line as a vertical scanning pulse
to the scanning lines 24, , 24, ., 24 .. . .. of the display
area 21. Thus, the vertical driver 22 sequentially selects
pixels Vpix row by row. The vertical driver 22, for example,
outputs the digital data to the scanning lines 24 , 24 .,
24, .., ... from the top of the display area 21, that is, the
upper side in the vertical scanning, to the bottom of the
display area 21, that is, the lower side in the vertical
scanning. Alternatively, the vertical driver 22 may output the
digital data to the scanning lines 24,,,24,,,,,24,,.,, . .. from
the bottom of the display area 21, that is, the lower side in
the vertical scanning, to the top of the display area 21, that
is, the upper side in the vertical scanning in order.

The horizontal driver 23 is supplies with 6-bit digital
video data Vsig of R (red), G (green), and B (blue), for
example. The horizontal driver 23 writes display data to the
pixels Vpix of the row selected in the vertical scanning
performed by the vertical driver 22 in units of a pixel, a
plurality of pixels, or all the pixels via the signal line 25.

In the display device 1, continuous application of a direct
current (DC) voltage of the same polarity to the liquid-
crystal elements may possibly deteriorate resistivity (sub-
stance-specific resistance) and the like of the liquid crystals.
To suppress deterioration in the resistivity (substance-spe-
cific resistance) and the like of the liquid crystals, the display
device 1 employs a driving method for reversing the polarity
of video signals at a predetermined period based on the
common potential of drive signals.

Some types of methods for driving a liquid-crystal display
panel are known, including line inversion, dot inversion, and
frame inversion driving methods. The line inversion driving
method is a method for reversing the polarity of video
signals at a time period of 1H (H represents a horizontal
scanning period) corresponding to one line (one pixel row).
The dot inversion driving method is a method for alternately
reversing the polarity of video signals for pixels vertically
and horizontally adjacent to each other. The frame inversion
driving method is a method for reversing the polarity of
video signals to be written to all the pixels in one frame
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corresponding to one screen with the same polarity at a time.
The display device 1 may employ any one of the driving
methods described above.

FIG. 2 is a circuit diagram of a drive circuit that drives the
pixels of the display device according to the first embodi-
ment. In the display area 21, wiring of the signal lines 25,,
25,,,, 25, and the scanning lines 24, , 24 . 24 . are
formed, for example. The signal lines 25, 25, ,,, 25, .,
supply pixel signals to thin film transistor (TFT) elements Tr
in respective pixels Vpix as display data. The scanning lines
24,24 ..,24 ., drive respective TFT elements Tr. The
signal lines 25,, 25, ,,, 25, , , extend on a plane parallel to the
surface of the glass substrate 11 and supply the pixel signals
for displaying an image on the pixels Vpix. The pixels Vpix
each include the TFT element Tr and a liquid-crystal capaci-
tor LC. The TFT element Tr is formed of a TFT, and
specifically of an n-channel metal oxide semiconductor
(MOS) TFT in this example. One of the source and the drain
of the TFT element Tr is coupled to the corresponding one
of the signal lines 25,, 25,,,, 25,,,, the gate thereof is
coupled to the corresponding one of the scanning lines 24,
24, .., 24,.,,, and the other of the source and the drain
thereof is coupled to a first end of the liquid-crystal capacitor
LC. The first end of the liquid-crystal capacitor LC is
coupled to the other of the source and the drain of the TFT
element Tr, whereas a second end thereof is coupled to the
corresponding common electrode COM.

The pixel Vpix is coupled to other pixels Vpix belonging
to the same row in the display area 21 by the corresponding
one of the scanning lines 24, , 24 .. 24, .. The scanning
lines 24,24, ,, 24, ., are coupled to the vertical driver 22
and are supplied with the vertical scanning pulses of scan-
ning signals from the vertical driver 22. The pixel Vpix is
further coupled to other pixels Vpix belonging to the same
column in the display area 21 by the corresponding one of
the signal lines 25, 25, , |, 25, ,,. The signal lines 25 , 25, ,,,
25, ., are coupled to the horizontal driver 23 and are sup-
plied with pixel signals from the horizontal driver 23. The
pixel Vpix is further coupled to the other pixels Vpix
belonging to the same column in the display area 21 by the
corresponding common electrode COM. The common elec-
trodes COM are coupled to a drive electrode driver, which
is not illustrated, and are supplied with drive signals from
the drive electrode driver.

The vertical driver 22 illustrated in FIG. 1 applies vertical
scanning pulses to the gate of the TFT element Tr of pixels
Vpix via the scanning lines 24, 24, .. 24, illustrated in
FIG. 2. Thus, the vertical driver 22 sequentially selects a row
(a horizontal line) out of the rows of the pixels Vpix
arranged in a matrix in the display area 21 as a target of
display drive. The horizontal driver 23 illustrated in FIG. 1
supplies pixel signals to the respective pixels Vpix forming
each horizontal line sequentially selected by the vertical
driver 22 via the corresponding one of the signal lines 25,
25,.,,,25,,, illustrated in FI1G. 2. These pixels Vpix perform
display of the horizontal line based on the supplied pixel
signals. The drive electrode driver applies drive signals,
thereby driving common electrodes COM in each drive
electrode block including a predetermined number of com-
mon electrodes COM.

As described above, the vertical driver 22 in the display
device 1 drives the scanning lines 24, 24,,,,, 24, ., so as
to sequentially scan the scanning lines 24, , 24, ., 24, .,,
thereby sequentially selecting a horizontal line. The hori-
zontal driver 23 in the display device 1 supplies the pixel
signals to the pixels Vpix belonging to the horizontal line,
thereby performing display of the horizontal line. To per-
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form the display operation, the drive electrode driver applies
the drive signals to the common electrode COM correspond-
ing to the horizontal line.

The display area 21 includes a color filter, a grid-shaped
black matrix 76a and apertures 765. The black matrix 76a is
formed to cover the outer periphery of the pixel Vpix as
illustrated in FIG. 2. In other words, the black matrix 76a is
arranged at a boundary between the pixels Vpix that are
two-dimensionally arranged and thus is formed into a grid
shape. The black matrix 764 is made of a material having a
high light absorption rate. The aperture 765 serves as an
aperture formed by the grid shape of the black matrix 76a
and is arranged at a position corresponding to the pixel Vpix.

The aperture 765 includes color areas colored with three
colors of R, G, and B, for example. The color areas of the
color filter of the three colors of R, G, and B are periodically
arrayed in the respective apertures 765, for example. Thus,
a set of the color areas in the three colors of R, G, and B
corresponds to each pixel Vpix as illustrated in FIG. 2.

The color filter may be a combination of other colors as
long as it is colored with difference colors. Typically, in the
color filter, the luminance of the color area of G is higher
than that of the color areas of R and B. The display area 21
may be provided with no color filter. In this case, the
aperture 765 produces a white color. Alternatively, the color
filter may be made of a transmissive resin to produce a white
color.

Viewed in a direction orthogonal to the front surface, the
scanning line 24 and the signal line 25 in the display area 21
are arranged at an area overlapping with the black matrix
76a of the color filter. In other words, the scanning line 24
and the signal line 25 are hidden behind the black matrix 76a
viewed in a direction orthogonal to the front surface. In the
display area 21, an area in which the black matrix 76a is not
arranged corresponds to the aperture 765.

In FIG. 2, the scanning lines 24,, 24 .., 24 ., are
arranged at regular intervals, and the signal lines 25,, 25, ;,
25, are also arranged at regular intervals. The pixels Vpix
are arranged at the respective areas sectioned by the scan-
ning lines 24,24, .24, ., and the signal lines 25,25, .,
25, facing in the same direction. Adjacent scanning lines
24 do not necessarily have a regular interval therebetween,
and adjacent signal lines 25 do not necessarily have a regular
interval therebetween either.

FIG. 3 is a plan view for explaining the pixels of the
liquid-crystal display device according to the first embodi-
ment. In each pixel Vpix, the aperture 765 is formed on the
lower side in the vertical scanning direction (lower side in
FIG. 3). The TFT element Tr is arranged on the left on the
upper side in the vertical scanning direction (upper side in
FIG. 3). A contact 90H is formed on the right on the upper
side in the vertical scanning direction (upper side in F1G. 3).
The contact 90H is used to couple a pixel electrode to the
drain electrode of the TFT element Tr. The drain of the TFT
electrode Tr includes a part of a semiconductor layer (an
active layer) and a drain electrode 90. Similarly, the source
of the TFT electrode Tr includes another part of the semi-
conductor layer (active layer) and a source electrode 91. For
example, color filters 76R, 76G, and 76B are colored with
the three colors of R, G, and B, respectively. The color areas
of the color filters 76R, 76G, and 76B are arranged in the
apertures 764 periodically. Thus, the color areas in the three
colors of R, G, and B are formed in the respective pixels
Vpix illustrated in FIG. 2.

FIG. 4 is a schematic of a section along line A1-A2 in
FIG. 3. As illustrated in FIG. 4, the display device 1 includes
a pixel substrate (the first substrate) 70A, a counter substrate
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(the second substrate) 70B, and a liquid-crystal layer 70C.
The counter substrate 70B is arranged facing a direction
perpendicular to the surface of the pixel substrate 70A. The
liquid-crystal layer 70C is inserted between the pixel sub-
strate 70A and the counter substrate 70B. The surface of the
pixel substrate 70A on the side opposite to the liquid-crystal
layer 70C is provided with a lighting device, such as a
backlight (not illustrated). Photo spacers (not illustrated)
maintain the gap between the pixel substrate 70A and the
counter substrate 70B to a predetermined gap. The lighting
device may be a front light that outputs light from the
counter substrate (second substrate) 70B side to the liquid-
crystal layer 70C, for example.

The liquid-crystal layer 70C according to the first embodi-
ment generates an electric field (a lateral electric field)
between a first electrode 31 and a second electrode 32
laminated in a direction (a Z-direction) perpendicular to the
surface of a TFT substrate 71 of the pixel substrate 70A in
a direction parallel to the TFT substrate 71. As a result, the
liquid-crystal molecules in the liquid-crystal layer 70C
rotate in a plane parallel to the substrate surface. The display
device 1uses a change in the light transmittance correspond-
ing to the rotation of the liquid-crystal molecules, thereby
performing display. The second electrode 32 illustrated in
FIG. 4 is the pixel electrode, whereas the first electrode 31
is the common electrode COM, for example. As illustrated
in FIG. 4, a first orientation film 73a is provided between the
liquid-crystal layer 70C and the pixel substrate 70A,
whereas a second orientation film 735 is provided between
the liquid-crystal layer 70C and the counter substrate 70B.

The counter substrate 70B includes a glass substrate 72
and the light-blocking black matrix 76a formed on one
surface of the glass substrate 72. The black matrix 76a faces
the liquid-crystal layer 70C in a direction perpendicular to
the pixel substrate 70A. The explanation has been made of
a case where the black matrix 76a and the color filters 76R,
76G, and 76B are formed on the counter substrate 70B side.
Alternatively, the black matrix 764 and the color filters 76R,
76G, and 76B may be formed on the pixel substrate 70A
side.

The pixel substrate 70A includes the TFT substrate 71
serving as a circuit substrate. The scanning line 24, illus-
trated in FIG. 3 is formed on the TFT substrate 71. A gate
electrode 93 is electrically coupled to the scanning line 24,
While the scanning line 24,, and the gate electrode 93 are
formed in difference layers in FIGS. 3 and 4, the scanning
line 24, and the gate electrode 93 may be integrally formed.

A semiconductor layer 92 containing amorphous silicon
(a-Si) and forming the TFT element Tr is formed in an upper
layer of the gate electrode 93. The semiconductor layer 92
is coupled to the source electrode 91 forming the TFT
element Tr. The source electrode 91 is an electric conductor
and is electrically coupled to a part of the semiconductor
layer 92. The source electrode 91 is electrically coupled to
the signal line 25, illustrated in FIG. 3 (not illustrated in
FIG. 4). The semiconductor layer 92 is coupled to the drain
electrode 90 forming the TFT element Tr. The drain elec-
trode 90 is electrically coupled to another part of the
semiconductor layer 92. While the signal line 25, and the
source electrode 91 are formed in difference layers in FIG.
3, the signal line 25, and the source electrode 91 may be
integrally formed.

An insulation layer 74 is formed of laminated insulation
films, which are an insulation film 741 between the scanning
line 24,, and the semiconductor layer 92, an insulation film
742 between the semiconductor layer 92 and the signal line
25,, an insulation film 743 between the signal line 25, and
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the second electrode 32, and an insulation film 744 between
the second electrode 32 and the first electrode 31, for
example. The insulation films 741, 742, 743, and 744 may
be made of the same insulation material, or any one thereof
may be made of a different insulation material. For example,
the insulation film 743 is made of an organic insulation
material such as a polyimide resin and the other insulation
films (insulation films 741, 742, and 744) are made of an
inorganic insulation material such as silicon nitride and
silicon oxide.

The contact 90H made of a conductive metal is formed in
what is called a contact hole. The contact 90H couples the
drain electrode 90 and the second electrode 32. The first
electrode 31 serves as the common electrode COM and is
supplied with a common potential to be supplied to the
pixels in common. The first electrode 31 and the second
electrode 32 are translucent electrodes made of a translucent
conductive material (a translucent conductive oxide) such as
indium tin oxide (ITO).

FIG. 5 is a schematic for explaining the relation between
the shape of the first electrode and the aperture according to
the first embodiment. As illustrated in FIG. 5, the first
electrode 31 has a comb teeth shape formed by slits S, which
are areas with no conductive material provided. The first
electrode 31 includes a plurality of comb tooth portions 131
protruding from an electrode base portion 132 extending in
the Y-direction. The comb tooth portions 131 include comb
tooth portions 131a and comb tooth portions 1315 extending
in opposite directions from the electrode base portion 132.
Adjacent comb tooth portions 131a protrude from the elec-
trode base portion 132 with a predetermined distance inter-
posed therebetween. Similarly, adjacent comb tooth portions
1315 protrude from the electrode base portion 132 with a
predetermined distance interposed therebetween. From a
single electrode base portion 132, the comb tooth portions
131a extend in the X-direction, whereas the comb tooth
portions 1315 extend in a direction opposite to the X-direc-
tion. Similarly to the comb tooth portions 131« or the comb
tooth portions 1315, the electrode base portion 132 is made
of a translucent conductive material (a translucent conduc-
tive oxide) such as 1TO.

Orientation direction

The first orientation film 734 is subjected to orientation
processing in an orientation direction ORI (a first orientation
direction) illustrated in FIGS. 3 and 5 such that the liquid-
crystal molecules have predetermined initial orientation in
the X-direction. The second orientation film 735 is subjected
to orientation processing in a direction (a second orientation
direction) antiparallel to the orientation direction ORI of the
first orientation film 73a. The orientation directions of the
first orientation film 73« and the second orientation film 735
are antiparallel to each other. As described above, the comb
tooth portions 131a extend in the X-direction, and the comb
tooth portions 1315 extend in the direction opposite to the
X-direction. The orientation direction ORI is parallel to the
direction in which the comb tooth portions 131a and the
comb tooth portions 1315 extend. The orientation direction
ORI is assumed to be parallel as long as it is sufficiently
parallel to maintain the rotation direction of liquid-crystal
molecules LCQ illustrated in FIG. 9, which will be
described later. More specifically, the orientation direction
ORI allows a manufacturing error of 0 degrees to 0.5
degrees. To provide predetermined orientation to the liquid-
crystal molecules, the following orientation films may be
used: an orientation film formed by performing rubbing on
an organic film such as a polyimide; or an optical orientation
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film that can be provided with a specific liquid-crystal
orientation capability by irradiating the film with light such
as ultraviolet rays.

Shaded position

FIG. 6 is a schematic for explaining the relation between
the shape of the first electrode and a shaded position
according to the first embodiment. The black matrix 76a
simply needs to shade the pixel Vpix to the position of a
width 76/1a illustrated in FIG. 6, thereby hiding the contact
90H. An electric field applied to the endmost slit Sw
between the comb tooth portion 1315 closest to the edge of
the aperture 765 and the contact 90H has different distribu-
tion from that of an electric field applied to the slit S between
adjacent comb tooth portions 131a or between adjacent
comb tooth portions 1315. If the black matrix 76a shades the
pixel Vpix to the position of a width 76/15 illustrated in
FIG. 6 to hide the contact 90H and more than half of the
endmost slit Sw, the rate of change in the transmittance of
the endmost slit Sw can be made closer to that of the slit S.
Alternatively, if the black matrix 76a shades the pixel Vpix
to the position of a width 76/1¢ illustrated in FIG. 6 to hide
the contact 90H and the endmost slit Sw, it is not necessary
to consider the difference between the rates of change in the
transmittance of the endmost slit Sw and the slit S. This
structure can make the luminance in the aperture 76b
uniform.

FIG. 7 is a schematic for explaining orientation of the
liquid crystals in a state where no voltage to generate an
electric field between the first electrode and the second
electrode is applied in the liquid-crystal display device
according to the first embodiment. FIG. 8 is a schematic of
a section along line B1-B2 in FIG. 7. FIG. 9 is a schematic
for explaining orientation of the liquid crystals in a state
where a voltage to generate an electric field between the first
electrode and the second electrode is applied in the liquid-
crystal display device according to the first embodiment.
FIG. 10 is a schematic of a section along line C1-C2 in FIG.
9. FIG. 11 is a schematic for explaining in detail the shape
of the first electrode in a pixel according to the first embodi-
ment.

As described above, the first orientation film 73a is
subjected to orientation processing in the orientation direc-
tion ORI illustrated in FIGS. 3 and 5 such that the liquid-
crystal molecules have predetermined initial orientation in
the X-direction. In a case where no voltage to generate an
electric field between the first electrode 31 and the second
electrode 32 is applied, the long-axis direction of liquid-
crystal molecules Lem in the liquid-crystal layer 70C tends
to be aligned parallel to the direction in which the comb
tooth portions 131¢ and the comb tooth portions 1315
extend as illustrated in FIG. 7. As a result, the liquid-crystal
molecules Lem are initially oriented parallel to the direction
in which the comb tooth portions 131a and the comb tooth
portions 1315 extend at neighboring areas of a right long
side 131R and a left long side 1310 of the comb tooth
portions 131a and the comb tooth portions 1315 facing in the
width direction of the slit S. The liquid-crystal molecules
Lem illustrated in FIG. 8 are initially oriented along the
orientation direction ORI and upward in the orientation
direction ORI so as to have a pretilt angle 0p with respect to
the surface of the TFT substrate 71.

When a voltage to generate an electric field between the
first electrode 31 and the second electrode 32 is applied, the
liquid crystals Lem rotate in a liquid-crystal rotation direc-
tion LCQ as illustrated in FIG. 9. In other words, the
liquid-crystal rotation direction LCQ is a direction of twist
or rotation of the liquid-crystals in the X-Y plane. The
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liquid-crystal molecules Lem positioned at the neighboring
area of the right long side 131R and those at the neighboring
area of the left long side 1311 are affected by electric fields
in opposite directions and thus are likely to rotate in opposite
directions.

As described above, in a case where a voltage is applied
to the first electrode 31 and the second electrode 32, in the
liquid-crystal layer 70C of the display device 1 according to
the first embodiment, the liquid-crystal molecules Lem
rotate in the neighboring area of the right long side 131R and
in the neighboring area of the left long side 1311 in opposite
directions. The right long side 131R is one of the sides of
adjacent comb tooth portions 131a (1315) facing in the
width direction of the slit S, whereas the left long side 1311
is the other of the sides. The liquid-crystal molecules Lem
respond to a change in the electric field between the first
electrode 31 and the second electrode 32 at higher speed in
the display device 1 according to the first embodiment than
in the FFS-mode display device disclosed in JP-A-2008-
52161. As a result, the display device 1 according to the first
embodiment achieves a higher response speed.

The response speed is a speed at which the transmittance
of the liquid-crystals is shifted between predetermined levels
when a voltage is applied to the first electrode 31 and the
second electrode 32. In other words, the response speed is
specified by a time required to shift the transmittance from
a state where no voltage is applied (e.g., transmittance=0) to
a state where a voltage is applied (transmittance=1) or a time
required to shift the transmittance from the state where a
voltage is applied to the state where no voltage is applied.

When a voltage to generate an electric field between the
first electrode 31 and the second electrode 32 is applied, the
long-axis direction of the liquid-crystal molecules Lem
rotates in a plane (X-Y plane) parallel to the surface of the
pixel substrate 70A (TFT substrate 71) and changes also in
the Z-direction as illustrated in FIG. 10. The first electrode
31 and the second electrode 32 are arranged facing each
other in a direction perpendicular to the surface of the pixel
substrate 70A (TFT substrate 71). Therefore, the electric
field generated between the first electrode 31 and the second
electrode 32 serves as a fringe electric field passing through
the slits S. The fringe electric field causes the long axis of the
liquid-crystal molecules Lem to rotate in the liquid-crystal
rotation directions LCQ (clockwise and counterclockwise)
in the X-Y plane illustrated in FIG. 9 and to rise in the
direction (Z-direction) perpendicular to the surface of the
pixel substrate 70A (TFT substrate 71). The liquid-crystal
rotation directions LCQ may possibly be mixed at the center
area of the slits S.

As illustrated in FIG. 10, the long-axis direction of the
liquid-crystal molecules Lem has an angle 6p2 larger than
the pretilt angle Op in a slit area Rs between the comb tooth
portions 1315. The long-axis direction of the liquid-crystal
molecules Lem has an angle 0p1 opposite to the pretilt angle
Op in a slit area Ls between the comb tooth portions 131a.
The long-axis direction of the liquid-crystal molecules Lcm
in the slit area Ls is less likely to rise and has lower
responsiveness than the long-axis direction of the liquid-
crystal molecules Lem in the slit area Rs does.

By specifying the shape of the first electrode 31 more
finely as illustrated in FIG. 11, it is possible to improve the
responsiveness of the display device 1 according to the first
embodiment. As illustrated in FIG. 11, L0 represents a total
slit length between the electrode base portions 132 in the
X-direction, for example. L1 represents a comb tooth pro-
trusion length of the comb tooth portions 131¢ in the
X-direction. The comb tooth protrusion length L1 corre-
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sponds to a length from a position x1 of a tip 131af of the
comb tooth portions 131a to a protrusion start position x0 in
the electrode base portion 132. Similarly, L2 represents a
comb tooth protrusion length of the comb tooth portions
1315 in the X-direction. The comb tooth protrusion length
L2 corresponds to a length from a position x1 of a tip 13151
of the comb tooth portions 1315 to a protrusion start position
x0 in the electrode base portion 132. The width of the tip
131af of the comb tooth portions 131a and the tip 13151 of
the comb tooth portions 1315 in the Y-direction is w1. It is
preferable that the total slit length L0 is 10 pm to 60 pm, for
example. It is more preferable that the total slit length L0 is
smaller than 40 um, specifically to 20 um, for example. In
the display device 1 according to the first embodiment, a
decrease in the total slit length 1O improves the orientation
stability of the liquid crystals, whereas an increase in the
total slit length L0 increases the luminance.

As described above, the long-axis direction of the liquid-
crystal molecules Lem in the slit area Ls in FIG. 10 may
possibly be less likely to rise and have lower responsiveness
than the long-axis direction of the liquid-crystal molecules
Lem in the slit area Rs does. To make the slit area Ls smaller
than the slit area Rs, the comb tooth protrusion length .1
illustrated in FIG. 11 is made smaller than the comb tooth
protrusion length 12 of the comb tooth portions 1315
positioned on the upstream of the comb tooth portions 131a
in the orientation direction ORI. Thus, the display device 1
according to the first embodiment can increase the response
speed.

The width w1 of the tip 131af of the comb tooth portions
131a and the tip 1315/ of the comb tooth portions 1315 in
the Y-direction is may be 2 pm to 5 pm, for example. Setting
the width w1 smaller can increase the response speed.

An array pitch (a slit pitch) p between adjacent comb
tooth portions 131« is equal to an array pitch between
adjacent comb tooth portions 1315. The tip 131af of the
comb tooth portions 131a and the tip 1315/ of the comb
tooth portions 1315 are arranged alternately in the Y-direc-
tion. With this structure, the right long side 131R of the
comb tooth portions 131a and the right long side 131R of the
comb tooth portions 1315 are aligned in the X-direction as
illustrated in FI1G. 9. With this structure, the left long side
131L of the comb tooth portions 131a and the left long side
131L of the comb tooth portions 1315 are also aligned in the
X-direction as illustrated in FIG. 9. As a result, the liquid-
crystal rotation directions LCQ in which the liquid-crystal
molecules Lem rotate are the same direction viewed in the
X-direction, thereby stabilizing the rotation behavior of the
liquid-crystal molecules Lem. Because a decrease in the
array pitch p increases the response speed, it is preferable
that the array pitch p is smaller than 9 um.

The gap between the tip 131af of the comb tooth portions
131a and the tip 1315/ of the comb tooth portions 1315
illustrated in FIG. 11 corresponds to a width W in the
X-direction of a communicating aperture extending in a
longitudinal slit. It is preferable that the width W is a smaller
value. The width W of the communicating aperture in the
X-direction may be 7 um or smaller, for example, and more
preferably be 4 pm or smaller. The width W of the commu-
nicating aperture in the X-direction may be 0 or smaller. In
a case where W=0 is satisfied, for example, the tip 131af of
the comb tooth portions 131a and the tip 1315/ of the comb
tooth portions 1315 are aligned in the Y-direction. In this
case, the tips are arranged with gaps interposed therebe-
tween in the Y-direction, whereby a plurality of slits S
communicate with one another. In a case where W<0 is
satisfied, the tip 131af of the comb tooth portions 131a and
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the tip 1315/ of the comb tooth portions 1315 enter into
respective slits S adjacent thereto in the X-direction. In other
words, the comb tooth portions 131a and the comb tooth
portion 1315 are alternately engaged.

The width of the comb tooth portions 131¢ in the Y-di-
rection at the protrusion start position x0 in the electrode
base portion 132 is represented by w2 and is larger than the
width w1 of the tip 1314/ of the comb tooth portions 131a
in the Y-direction. Thus, the comb tooth portions 131a have
a trapezoidal shape. A long side 1314/l and a long side
131al2 of the comb tooth portions 131a are oblique to a
reference direction of a vertical line 131ac passing through
the center of the comb tooth portions 131a (X-direction in
which the comb tooth portions 131a extend) by an angle 0.
Setting the angle 6 larger than 0.5 degrees can facilitate
alignment of the liquid-crystal rotation directions LCQ in
which the liquid-crystal molecules Lem rotate, thereby sta-
bilizing the behavior of the liquid-crystal molecules Lem.

Similarly, the width of the comb tooth portions 131sb in
the Y-direction at the protrusion start position x0 in the
electrode base portion 132 is represented by w2 and is larger
than the width w1 of the tip 1315/ of the comb tooth portions
1315 in the Y-direction. Thus, the comb tooth portions 1315
have a trapezoidal shape. A long side 1315/1 and a long side
131512 of the comb tooth portions 1315 are oblique to a
reference direction of a vertical line 131A¢ passing through
the center of the comb tooth portions 1315 (X-direction in
which the comb tooth portions 1315 extend) by an angle 6.
Setting the angle 6 larger than 0.5 degrees can facilitate
alignment of the liquid-crystal rotation directions LCQ in
which the liquid-crystal molecules Lem rotate, thereby sta-
bilizing the behavior of rotation of the liquid-crystal mol-
ecules Lem. Because the liquid-crystal rotation directions
are aligned in lines adjacent to each other in the X-direction
and aligned on the X-direction line in the display device 1
according to the first embodiment, high orientation stability
can be achieved.

In a case where the comb tooth protrusion length L1 of the
comb tooth portions 131a or the comb tooth protrusion
length L2 of the comb tooth portions 1315 is long, it is
necessary to increase the angle 0. As the angle 0 increases,
the difference between the width w1 and the width w2
increases. Therefore, the array pitch p is limited. In a case
where the angle 6 is 0.5 degrees to 1.0 degree, for example,
it is preferable that the comb tooth protrusion length L1 of
the comb tooth portions 131a or the comb tooth protrusion
length L2 of the comb tooth portions 1315 is 45 pm or
smaller.

Because the electrode base portion 132 does not contrib-
ute to transmission of light, it is preferable that a width D1
of the electrode base portion 132 in the X-direction (direc-
tion orthogonal to the extending direction of the electrode
base portion 132) is a smaller value. It is preferable that the
width D1 is larger than 0 um and equal to or smaller than 4
wm. Setting the width D1 larger than O um can increase the
conductivity, whereas setting the width D1 equal to or
smaller than 4 um can suppress reduction in the transmit-
tance. In a case where the width D1 is larger than 0 um and
equal to or smaller than 4 pm and where the comb tooth
protrusion length L1 of the comb tooth portions 131a or the
comb tooth protrusion length [.2 of the comb tooth portions
1315 is 45 um or smaller, the display area 21 can serve as
a high-definition screen of 160 pixels per inch (ppi) or
higher. Assuming the width w1 is 0.5 pm, for example, it is
preferable that the width w2 is 1 um or larger to ensure the
quality throughout the comb tooth protrusion length L1 of
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the comb tooth portions 131a or the comb tooth protrusion
length L2 of the comb tooth portions 1315.

As described above, the smaller the array pitch p is, the
faster the response speed is. A decrease in the array pitch p,
however, increases the width of the comb tooth portions
131a and the comb tooth portions 1315 in the Y-direction,
for example, resulting in an increase in the area that does not
contribute to transmission of light. To improve the trans-
mittance, it is effective to increase the comb tooth protrusion
length L1 of the comb tooth portions 131a or the comb tooth
protrusion length L2 of the comb tooth portions 1315.
However, this structure may possibly make the liquid-crystal
rotation directions LCQ in which the liquid-crystal mol-
ecules Lem rotate unlikely to align, resulting in instability in
the behavior of the liquid-crystal molecules Lem. To address
this, the comb tooth portions 131a or the comb tooth
portions 1315 preferably have oblique sides at a larger angle
0. If the angle 6 of all the comb tooth portions 131« or the
comb tooth portions 1315 in the pixel Vpix is increased and
the array pitch p is small, the area of the slits S may not
possibly be secured.

FIG. 12 is a schematic for explaining the shape of the first
electrode in a pixel and the shape of the first electrode
between pixels according to the first embodiment. As
described above, an area around a comb tooth portion 134
closest to a boundary between pixels Vpix is hidden by the
black matrix 76a. An electric field applied to the endmost slit
Sw has different distribution from that of an electric field
applied to the slit S between adjacent comb tooth portions
131a or between adjacent comb tooth portions 1315. The
difference may possibly result in instability in the orientation
of the liquid-crystals around the comb tooth portion 134.
According to an analysis on the orientation stability in the
pixel Vpix, it was found that instability in the orientation
around the comb tooth portion 134 closest to the boundary
between the pixels Vpix affects the orientation in the comb
tooth portion 131a or the comb tooth portion 1315 adjacent
to the comb tooth portion 134 in the pixel Vpix. To address
this, the first electrode 31 according to the first embodiment
is configured to improve the orientation stability of the
liquid crystals near the comb tooth portion 134, thereby
reducing the influence on the comb tooth portion 131a or the
comb tooth portion 1315 in the pixel Vpix.

A long side (a first long side) 1345/1 of the comb tooth
portion 134 is oblique to the reference direction by an angle
.. One long side (a first long side) 1315/1 out of the long
sides of the comb tooth portions 1315 is a long side on the
same side as that of the long side 134b/1. The angle « is
larger than an angle f formed by the long side 1315/1 of the
comb tooth portions 1315 with respect to the reference
direction. As a result, the long side 134571 of the comb tooth
portion 134 is not parallel to the long side 1315/1 of the
comb tooth portions 1315. Similarly, the first long side of the
comb tooth portion 134 closest to the boundary between the
pixels Vpix has a larger angle with respect to the reference
direction than the first long side of the comb tooth portions
131a in the pixel does.

An angle formed by the other long side (a second long
side) 131512 of the comb tooth portions 1315 with respect to
the reference direction is preferably equal to the angle f.
This structure can make the stability of the liquid-crystals
uniform between both of the long side 1315/1 and the long
side 131512 of the comb tooth portions 1315.

As described above, the liquid-crystal display device 1
according to the first embodiment includes the pixel sub-
strate 70A serving as the first substrate and the counter
substrate 70B serving as the second substrate, which face
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each other, and the liquid-crystal layer 70C interposed
therebetween. The pixel substrate 70A includes the first
electrode 31 and the second electrode 32. One of the first
electrode 31 and the second electrode 32 is a pixel electrode
sectioned by each pixel Vpix. The first electrode 31 includes
the electrode base portion 132 and the comb tooth portions
131a,1315, and 134. The electrode base portion 132 extends
in a first direction. The comb tooth portions 131a, 1315, and
134 each extend in a second direction different from the first
direction and protrude in a comb teeth shape from the
electrode base portion 132 with a predetermined distance
interposed between the teeth. Adjacent comb tooth portions
have the relation in which the first long side 13451 of the
comb tooth portion 134 closest to the boundary between the
pixels Vpix is not parallel to the first long side 1315/1 of the
comb tooth portions 131 in the pixel Vpix. The angle o
formed by the long side 1345/1 of the comb tooth portions
134 with respect to the reference direction is larger than the
angle f formed by the long side 1315/1 of the comb tooth
portions 1315 with respect to the reference direction. This
structure improves the orientation stability of the liquid
crystals near the comb tooth portion 134. As a result, it is
possible to suppress an influence of the liquid-crystal ori-
entation around the comb tooth portion 134 closest to the
boundary between the pixels Vpix on the liquid-crystal
orientation of the comb tooth portion 131a or the comb tooth
portion 1315 adjacent to the comb tooth portion 134 in the
pixel Vpix and to improve in-plane display quality. Setting
the angle [ smaller than the angle o. facilitates securing the
area of the slits S. Setting the angle § smaller than the angle
o can narrow the array pitch p. This structure can increase
the response speed of the liquid crystals in the pixel Vpix.
The orientation direction ORI (first orientation direction)
may be used as the reference direction, for example.

The angle §§ formed by the long side 131511 of all the
comb tooth portions 1315 may vary in the pixel Vpix. The
angle f} formed by the long side 1315/1 of the comb tooth
portions 1315 in the pixel Vpix with respect to the reference
direction may be larger in order of proximity to the comb
tooth portion 134 closest to the boundary between the pixels
Vpix. This structure can improve the orientation stability of
the liquid crystals at the boundary between the pixels Vpix.

In the comb tooth portions 131a or the comb tooth
portions 1315 according to the first embodiment, it is
preferable that the width w2 in the Y-direction at the
protrusion start position x0 in the electrode base portion 132
is smaller than a value obtained by multiplying the array
pitch p of adjacent comb tooth portions 131a or adjacent
comb tooth portions 1316 by 0.5 as illustrated in FIG. 11.
This structure can suppress reduction in the maximum
transmittance of light passing through the pixel Vpix even in
a case where the width w2 in the Y-direction varies depend-
ing on the conditions of manufacturing the comb tooth
portions 131a or the comb tooth portions 1315. This struc-
ture can suppress reduction in the maximum transmittance
of light passing through the pixel Vpix also in a case where
the array pitch p varies depending on the conditions of
manufacturing the comb tooth portions 131a or the comb
tooth portions 1314.

In the comb tooth portions 131a¢ or the comb tooth
portions 1315 according to the first embodiment, the width
w2 in the Y-direction at the protrusion start position x0 in the
electrode base portion 132 is smaller than a value obtained
by multiplying the array pitch p of adjacent comb tooth
portions 131a or adjacent comb tooth portions 1315 by 0.45.
This structure can reduce variation in the transmittance
depending on a voltage applied to the comb tooth portions
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131a or the comb tooth portions 1315. As a result, it is
possible to decrease reduction in the maximum transmit-
tance of light passing through the pixel Vpix even in a case
where the width w2 in the Y-direction varies with respect to
the comb tooth portions 131a or the comb tooth portions
1315 to which the same voltage is applied.

In terms of the array pitch p, an array pitch PL of the comb
tooth portion 134 closest to the boundary between the pixels
Vpix may be different from an array pitch ps of a comb tooth
portion in the pixel Vpix as illustrated in FIGS. 46 and 47,
which will be described later. In other words, in the liquid-
crystal display device 1 according to the first embodiment,
the array pitch ps of the comb tooth portions 131a or the
comb tooth portions 1315 in the pixel Vpix may be larger
than the array pitch PL corresponding to the area around the
comb tooth portion 134.

Manufacturing Method

The method for manufacturing the display device 1
according to the first embodiment includes the following
process, for example. A manufacturing apparatus performs a
first substrate preparation process to prepare a glass sub-
strate, which is a translucent substrate, as the TFT substrate
71 of the pixel substrate (first substrate) 70A.

Subsequently, the manufacturing apparatus forms the
scanning line 24,, and the gate electrode 93 on the TFT
substrate 71. The manufacturing apparatus then forms the
insulation film 741 between the scanning line 24, and the
gate electrode 93, and the semiconductor layer 92 to be
formed, on the TFT substrate 71. The manufacturing appa-
ratus then forms the layer of the source electrode 91, the
drain electrode 90, and the semiconductor layer 92, for
example. The manufacturing apparatus then forms the insu-
lation film 742 between the semiconductor layer 92 and the
signal line 25, to be formed. The manufacturing apparatus
then forms the signal line 25 , and couples the signal line 25,
to the source electrode 91. The manufacturing apparatus
then forms the insulation film 743 between the signal line
25, and the second electrode 32 to be formed.

Subsequently, the manufacturing apparatus forms the
second electrode 32 serving as a pixel electrode by sputter-
ing or etching, for example. The manufacturing apparatus
then couples the drain electrode 90 and the second electrode
32 via the conductive contact 90H. The thickness of the
second electrode 32 is 10 nm to 100 nm, for example. The
manufacturing apparatus then forms the insulation film 744
on the second electrode 32 by plasma-enhanced chemical
vapor deposition (CVD), for example.

Subsequently, the manufacturing apparatus forms the first
electrode 31 by sputtering or etching, for example. The
manufacturing apparatus then couples the first electrode 31
to the common electrode COM. The thickness of the first
electrode 31 is 10 nm to 100 nm, for example. The first
electrode 31 is formed into a comb teeth shape with the slits
S. The manufacturing apparatus then forms the first orien-
tation film 73a by performing processing in the orientation
direction ORI on a polymeric material such as a polyimide
on the first electrode 31. Thus, the manufacturing apparatus
performs the manufacturing process of the first substrate.

The manufacturing apparatus performs a second substrate
preparation process to prepare a glass substrate, which is a
translucent substrate, as the glass substrate 72 of the counter
substrate (second substrate) 70B.

The manufacturing apparatus forms the layer of the color
filters 76R, 76G, and 76B and the black matrix 76a on the
glass substrate 72 and then forms an overcoat layer and the
like on the layer. The manufacturing apparatus then forms
the second orientation film 735 by performing processing
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antiparallel (in an opposite direction) to the orientation
direction ORI on a polymeric material such as a polyimide
on the overcoat layer. Thus, the manufacturing apparatus
performs the manufacturing process of the second substrate.

The manufacturing apparatus causes the pixel substrate
70A and the counter substrate 70B to face each other. The
manufacturing apparatus injects liquid crystals between the
substrates and seals the liquid crystal section with the frame
edge, thereby forming the liquid-crystal layer 70C. The back
surface of the pixel substrate 70A is provided with a polar-
izing plate and a backlight, whereas the front surface thereof
is provided with a polarizing plate and the like. The driver
IC3 is coupled to an electrode terminal on the frame edge.
Thus, the display device 1 is manufactured.

While the first embodiment uses a-Si as the semiconduc-
tor layer 92 forming the TFT element Tr, it is not limited
thereto. The embodiment may use polycrystalline silicon
(poly-Si) as the semiconductor layer 92. The embodiment
may use another semiconductor material (e.g., germanium
(Ge)) instead of silicon or a material obtained by adding
another material to silicon (e.g., silicon germanium (SiGe)).
The embodiment may use an oxide semiconductor material
as the semiconductor layer 92. Examples of the oxide
semiconductor material include, but are not limited to, an
oxide semiconductor material including indium (In), etc.

In the first embodiment, the TFT element Tr is a bottom
gate TFT in which the gate electrode 93 is provided below
the semiconductor layer 92. The first embodiment may use
a top gate TFT in which the gate electrode 93 is provided
above the semiconductor layer 92 if possible. In the case of
using a top gate TFT as the TFT element Tr, the manufac-
turing apparatus manufactures: the semiconductor layer 92,
the scanning line 24, and the gate electrode 93, and the
signal line 25, in this order; or the semiconductor layer 92,
the signal line 25, and the scanning line 24, and the gate
electrode 93 in this order, instead of the manufacturing
process described above.

First Modification Of The First Embodiment

A display device 1 according to a first modification of the
first embodiment will be described. FIG. 13 is a schematic
of a modification of the section along line A1-A2 in FIG. 3.
Components identical to those described in the first embodi-
ment are denoted by like reference numerals, and overlap-
ping explanation thereof will be omitted.

The display device 1 according to the first modification of
the first embodiment generates an electric field (a lateral
electric field) between the first electrode 31 and the second
electrode 32 laminated in a direction (Z-direction) perpen-
dicular to the surface of the TFT substrate 71 of the pixel
substrate 70A in a direction parallel to the TFT substrate 71.
As a result, liquid-crystal molecules in the liquid-crystal
layer 70C rotate in a plane parallel to the substrate surface.
The display device 1 uses a change in the light transmittance
corresponding to the rotation of the liquid-crystal molecules,
thereby performing display. The second electrode 32 illus-
trated in FIG. 13 is the common electrode COM, whereas the
first electrode 31 is the pixel electrode, for example. The first
electrode 31 is coupled to the drain electrode 90 via the
conductive contact 90H, for example. The first electrode 31
is sectioned by each area of the pixel Vpix and has an
independent pattern electrically insulated from the first
electrode 31 in an area of the pixel Vpix adjacent thereto.

Second Modification Of The First Embodiment

A display device 1 according to a second modification of
the first embodiment will be described. FIG. 14 is a sche-
matic for explaining a modification of the relation between
the shape of the first electrode and the aperture according to
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the first embodiment. Components identical to those
described in the first embodiment are denoted by like
reference numerals, and overlapping explanation thereof
will be omitted.

The first electrode 31 includes the comb tooth portions
131 protruding from the electrode base portion 132 extend-
ing in the X-direction. The comb tooth portions 131 include
the comb tooth portions 131a and the comb tooth portions
1315 extending in opposite directions from the electrode
base portion 132. Adjacent comb tooth portions 131a pro-
trude from the electrode base portion 132 with a predeter-
mined distance interposed therebetween. Similarly, adjacent
comb tooth portions 1315 protrude from the electrode base
portion 132 with a predetermined distance interposed ther-
ebetween. From a single electrode base portion 132, the
comb tooth portions 1314 extend in the Y-direction, whereas
the comb tooth portions 1315 extend in a direction opposite
to the extending direction of the comb tooth portions 131a
in the Y-direction.

The first orientation film 73« is subjected to orientation
processing in the orientation direction ORI illustrated in
FIG. 14 such that the liquid-crystal molecules have prede-
termined initial orientation in the Y-direction. The second
orientation film 735 is subjected to orientation processing
antiparallel to the orientation direction ORI of the first
orientation film 73a. The orientation directions of the first
orientation film 73« and the second orientation film 735 are
antiparallel to each other.

1-2. Second Embodiment

Adisplay device 1 according to a second embodiment will
be described. FIG. 15 is a plan view for explaining pixels of
the liquid-crystal display device according to the second
embodiment. FIG. 16 is a schematic of a section along line
E1-E2 in FIG. 15. FIG. 17 is a schematic for explaining the
shape of a first electrode in a pixel and the shape of the first
electrode between pixels according to the second embodi-
ment. Components identical to those described in the first
embodiment are denoted by like reference numerals, and
overlapping explanation thereof will be omitted.

As illustrated in FIG. 15, the semiconductor layer 92 is
poly-Si forming the TFT element Tr. The semiconductor
layer 92 is a double-gate transistor forming a channel with
two areas.

As illustrated in FIGS. 15 and 16, the display device 1
according to the second embodiment generates an electric
field (a lateral electric field) between the first electrode 31
and the second electrode 32 laminated in a direction (Z-di-
rection) perpendicular to the surface of the TFT substrate 71
of the pixel substrate 70A in a direction parallel to the TFT
substrate 71. As a result, liquid-crystal molecules in the
liquid-crystal layer 70C rotate in a plane parallel to the
substrate surface. The display device 1 uses a change in the
light transmittance corresponding to the rotation of the
liquid-crystal molecules, thereby performing display. The
second electrode 32 illustrated in FIG. 16 is the common
electrode COM, whereas the first electrode 31 is the pixel
electrode, for example. The first electrode 31 is coupled to
the conductive drain electrode 90, for example. The first
electrode 31 is sectioned by each area of the pixel Vpix and
has an independent pattern electrically insulated from the
first electrode 31 in an area of the pixel Vpix adjacent
thereto.

As illustrated in FIG. 17, the first electrode 31 has a comb
teeth shape formed by slits S, which are areas with no
conductive material provided. The first electrode 31 includes
the comb tooth portions 131 protruding from the electrode
base portion 132 extending in the Y-direction. Unlike the
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first embodiment, the comb tooth portions 131 include comb
tooth portions 131¢ extending in one direction from the
electrode base portion 132. Adjacent comb tooth portions
131c¢ protrude from the electrode base portion 132 with a
predetermined distance interposed therebetween. From a
single electrode base portion 132, the comb tooth portions
131¢ may extend in a direction opposite to the extending
direction of the comb tooth portions 131¢ illustrated in FIG.
22 in the X-direction. From a single electrode base portion
132, the comb tooth portions 131¢ may extend in the
X-direction.

The first orientation film 73« is subjected to orientation
processing in the orientation direction ORI illustrated in
FIGS. 3 and 5 such that the liquid-crystal molecules have
predetermined initial orientation in the X-direction. The
second orientation film 7354 is subjected to orientation pro-
cessing antiparallel to the orientation direction ORI of the
first orientation film 73a. The orientation directions of the
first orientation film 73a and the second orientation film 735
are antiparallel to each other.

Similarly to the display device 1 according to the first
embodiment, in a case where a voltage is applied to the first
electrode 31 and the second electrode 32, the liquid-crystal
layer 70C of the display device 1 according to the second
embodiment rotates the liquid-crystal molecules in the
neighboring area of the right long side 131R and those in the
neighboring area of the left long side 131L in opposite
directions. The right long side 131R is one of the sides of
adjacent comb tooth portions 131¢ facing in the width
direction of the slit S, whereas the left long side 131L is the
other of the sides. Thus, the liquid-crystal molecules respond
to a change in the electric field between the first electrode 31
and the second electrode 32 at higher speed in the display
device 1 according to the second embodiment than in the
FFS-mode display device disclosed in JP-A-2008-52161. As
a result, the display device 1 according to the second
embodiment achieves a higher response speed.

Similarly to the comb tooth protrusion length L2 of the
comb tooth portions 1315, in a case where a comb tooth
protrusion length L3 of the comb tooth portions 131¢ is long,
it is necessary to increase the angle 8. As the angle 0
increases, the difference between the width w1 and the width
w2 increases. Therefore, the array pitch p is limited. In a
case where the angle 8 is 0.5 degrees to 1.0 degree, for
example, it is preferable that the comb tooth protrusion
length L3 of the comb tooth portions 131c is 45 pm or
smaller.

Because the electrode base portion 132 does not contrib-
ute to transmission of light, it is preferable that the width D1
of the electrode base portion 132 in the X-direction (direc-
tion orthogonal to the extending direction of the electrode
base portion 132) is a smaller value. It is preferable that the
width D1 is larger than 0 um and equal to or smaller than 4
wm. Setting the width D1 larger than 0 um can improve the
conductivity, whereas setting the width D1 equal to or
smaller than 4 um can suppress reduction in the transmit-
tance. In a case where the width D1 is larger than 0 um and
equal to or smaller than 4 pm and where the comb tooth
protrusion length L3 of the comb tooth portions 131c¢ is 45
wm or smaller, the display area 21 can serve as a high-
definition screen of 160 ppi or higher. Assuming the width
w1l is 0.5 um, for example, it is preferable that the width w2
is 1 um or larger to ensure the quality throughout the comb
tooth protrusion length of the comb tooth portions 131c.

As described above, the smaller the array pitch p is, the
faster the response speed is. A decrease in the array pitch p,
however, increases the width of the comb tooth portions
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131c in the Y-direction, for example, resulting in an increase
in the area that does not contribute to transmission of light.
To improve the transmittance, it is effective to increase the
comb tooth protrusion length L3 of the comb tooth portions
131c. However, this structure may possibly make the liquid-
crystal rotation directions LCQ in which the liquid-crystal
molecules Lem rotate unlikely to align, resulting in insta-
bility in the behavior of the liquid-crystal molecules Lem. To
address this, the comb tooth portions 131¢ preferably have
oblique sides at a larger angle 3. If the angle § of all the
comb tooth portions 131c in the pixel Vpix is increased and
the array pitch p is small, the area of the slits S may not
possibly be secured.

As illustrated in FIG. 17, an electric field applied to the
endmost slit Sw has different distribution from that of an
electric field applied to the slit S between adjacent comb
tooth portions 131¢, which may possibly result in instability
in the orientation. According to an analysis on the orienta-
tion stability in the pixel Vpix, it was found that instability
in the orientation around the comb tooth portion 134 closest
to the boundary between the pixels Vpix affects the orien-
tation in the comb tooth portion 131¢ adjacent to the comb
tooth portion 134 in the pixel Vpix. To address this, the first
electrode according to the second embodiment is configured
to improve the orientation stability of the liquid crystals near
the comb tooth portion 134, thereby reducing the influence
on the comb tooth portion 131¢ in the pixel Vpix.

A long side (a first long side) 134¢/1 of the comb tooth
portion 134 is oblique to the reference direction by an angle
a. The angle o is larger than the angle f§ formed by a long
side (a first long side) 131¢/l of the comb tooth portions
131c¢ with respect to the reference direction. As a result, the
long side 134¢{1 of the comb tooth portion 134 is not parallel
to the long side 131¢/1 of the comb tooth portions 131c. It
is also preferable that the angle of a long side (a second long
side) 131¢12 of the comb tooth portions 131¢ is equal to the
angle . By making an array pitch p of the comb tooth
portions 131¢ in the pixel Vpix larger than an array pitch P
of the area around the comb tooth portion 134, it is possible
to stabilize the orientation. Because the angle 3 is smaller
than the angle a., the area of the slits S can be secured, and
the array pitch p can fall within a predetermined range. This
structure can increase the response speed of the liquid
crystals in the pixel Vpix as a whole.

In the liquid-crystal display device 1 according to the
second embodiment, the first electrode 31 includes the
electrode base portion 132 and the comb tooth portions 131¢
and 134. The electrode base portion 132 extends in a first
direction. The comb tooth portions 131¢ and 134 each
extend in a second direction different from the first direction
and protrude in a comb teeth shape from the electrode base
portion 132 with a predetermined distance interposed
between the teeth. The first long side 134¢/1 of the comb
tooth portion 134 closest to the boundary between the pixels
Vpix is not parallel to the first long side 131¢/1 of the comb
tooth portions 131¢ in the pixel Vpix. The angle « is larger
than the angle f§ formed by the long side 131¢/1 of the comb
tooth portions 1315 with respect to the reference direction.
This structure improves the orientation stability of the liquid
crystals near the comb tooth portion 134. As a result, it is
possible to suppress an influence of the liquid-crystal ori-
entation around the comb tooth portion 134 closest to the
boundary between the pixels Vpix on the liquid-crystal
orientation of the comb tooth portion 131¢ adjacent to the
comb tooth portion 134 in the pixel Vpix and to improve
in-plane display quality. Setting the angle § smaller than the
angle a facilitates securing the area of the slits S with a
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smaller array pitch p. This structure can increase the
response speed of the liquid crystals in the pixel Vpix.

In the comb tooth portions 131¢ according to the second
embodiment, the width w2 in the Y-direction at the protru-
sion start position x0 in the electrode base portion 132 is
smaller than a value obtained by multiplying the array pitch
p of adjacent comb tooth portions 131¢ by 0.5 as illustrated
in FIG. 17. This structure can suppress reduction in the
maximum transmittance of light passing through the pixel
Vpix even in a case where the width w2 in the Y-direction
varies depending on the conditions of manufacturing the
comb tooth portions 131c. This structure can suppress
reduction in the maximum transmittance of light passing
through the pixel Vpix also in a case where the array pitch
p varies depending on the conditions of manufacturing the
comb tooth portions 131c.

In the comb tooth portions 131¢ according to the second
embodiment, the width w2 in the Y-direction at the protru-
sion start position x0 in the electrode base portion 132 is
smaller than a value obtained by multiplying the array pitch
p of adjacent comb tooth portions 131c¢ by 0.45. This
structure can reduce variation in the transmittance depend-
ing on a voltage applied to the comb tooth portions 131¢. As
a result, it is possible to decrease reduction in the maximum
transmittance of light passing through the pixel Vpix even in
a case where the width w2 in the Y-direction varies with
respect to the comb tooth portions 131¢ to which the same
voltage is applied.

In terms of the array pitch p, an array pitch PL of the comb
tooth portion 134¢ closest to the boundary between the
pixels Vpix may be different from an array pitch ps of the
comb tooth portion 131¢ in the pixel Vpix as illustrated in
FIGS. 46 and 47, which will be described later. In other
words, the liquid-crystal display device 1 according to the
second embodiment may be the array pitch ps of the comb
tooth portions 131¢ in the pixel Vpix larger than the array
pitch PL corresponding to the area around the comb tooth
portion 134c.

First Modification Of The Second Embodiment

A display device 1 according to a first modification of the
second embodiment will be described. FIG. 18 is a sche-
matic for explaining the relation between the shape of the
first electrode and the aperture according to the first modi-
fication of the second embodiment. Components identical to
those described in the first and the second embodiments are
denoted by like reference numerals, and overlapping expla-
nation thereof will be omitted.

The display device 1 according to the first modification of
the second embodiment generates an electric field (a lateral
electric field) between the first electrode 31 and the second
electrode 32 laminated in a direction (Z-direction) perpen-
dicular to the surface of the TFT substrate 71 of the pixel
substrate 70A in a direction parallel to the TFT substrate 71.
As a result, liquid-crystal molecules in the liquid-crystal
layer 70C rotate in a plane parallel to the substrate surface.
The display device 1 uses a change in the light transmittance
corresponding to the rotation of the liquid-crystal molecules,
thereby performing display. The first electrode 31 illustrated
in FIG. 18 is the pixel electrode, whereas the second
electrode 32 is the common electrode COM, for example.
The first electrode 31 is coupled to the drain electrode 90 via
the conductive contact 90H, for example. The first electrode
31 includes a plurality of comb tooth portions 131d pro-
truding from an electrode base portion 132 extending in the
Y-direction. Adjacent comb tooth portions 131d protrude
from the electrode base portion 132 with a predetermined
distance interposed therebetween. From a single electrode
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base portion 132, the comb tooth portions 1314 extend in a
direction ORIf. The direction ORIf in which the comb tooth
portions 1314 extend has an angle Om with respect to the
X-direction (or the Y-direction).

In the display device 1 according to the first modification
of the second embodiment, one of the first electrode 31 and
the second electrode 32 serves as a pixel electrode sectioned
by each pixel Vpix. The pixel electrodes are arrayed in a
matrix in the X-direction and the Y-direction. The direction
ORIf in which the comb tooth portions 131d extend is
different from the direction in which the pixel electrodes are
arrayed in row or column. A user possibly views a display
area 21 of the display device 1 according to the first
modification of the second embodiment using polarized
sunglasses to facilitate viewing an image or protect the eves.
In such a case, this structure can suppress a phenomenon in
which the polarized sunglasses block almost all the light and
reduce the contrast, thereby making the screen darker and
harder to view.

Second Modification Of The Second Embodiment

A display device 1 according to a second modification of
the second embodiment will be described. FIG. 19 is a
schematic of a modification of the section along line E1-E2
in FIG. 15. Components identical to those described in the
first and the second embodiments are denoted by like
reference numerals, and overlapping explanation thereof
will be omitted.

The display device 1 according to the second modification
of the second embodiment generates an electric field (a
lateral electric field) between the first electrode 31 and the
second electrode 32 laminated in a direction (Z-direction)
perpendicular to the surface of the TFT substrate 71 of the
pixel substrate 70A in a direction parallel to the TFT
substrate 71. As a result, liquid-crystal molecules in the
liquid-crystal layer 70C rotate in a plane parallel to the
substrate surface. The display device 1 uses a change in the
light transmittance corresponding to the rotation of the
liquid-crystal molecules, thereby performing display. The
first electrode 31 illustrated in FIG. 19 is the common
electrode COM, whereas the second electrode 32 is the pixel
electrode, for example. The first electrode 31 is coupled to
the drain electrode 90 via the conductive contact 90H, for
example.

Third Modification Of The Second Embodiment

A display device 1 according to a third modification of the
second embodiment will be described. FIG. 20 is a sche-
matic for explaining a modification of the relation between
the shape of the first electrode and the aperture according to
the third modification of the second embodiment. Compo-
nents identical to those described in the first and the second
embodiments are denoted by like reference numerals, and
overlapping explanation thereof will be omitted.

The first electrode 31 includes the comb tooth portions
131c protruding from the electrode base portion 132 extend-
ing in the X-direction. The comb tooth portions 131¢ extend
in a direction opposite to the Y-direction from the electrode
base portion 132. Adjacent comb tooth portions 131¢ pro-
trude from the electrode base portion 132 with a predeter-
mined distance interposed therebetween.

The first orientation film 73a is subjected to orientation
processing in the orientation direction ORI illustrated in
FIG. 20 such that the liquid-crystal molecules have prede-
termined initial orientation in the Y-direction. The second
orientation film 735 is subjected to orientation processing
antiparallel to the orientation direction ORI of the first
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orientation film 73a. The orientation directions of the first
orientation film 73a and the second orientation film 735 are
antiparallel to each other.

Fourth Modification Of The Second Embodiment

A display device 1 according to a fourth modification of
the second embodiment will be described. FIG. 21 is a
schematic for explaining the shape of the first electrode in a
pixel and the shape of the first electrode between pixels
according to the fourth modification of the second embodi-
ment. Components identical to those described in the first
and the second embodiments are denoted by like reference
numerals, and overlapping explanation thereof will be omit-
ted.

In the display device 1 according to the fourth modifica-
tion of the second embodiment, the long side 134¢/1 of the
comb tooth portion 134 has a bend portion 134Q. A long side
134c¢i1 of the comb tooth portion 134 is oblique to the
reference direction by an angle a. The angle a is larger than
the angle § formed by the long side 131¢/1 of the comb tooth
portions 131¢ with respect to the reference direction. A long
side 134¢/2 of the comb tooth portion 134 is oblique to the
reference direction by an angle y. The angle y is larger than
the angle § formed by the long side 131¢/1 of the comb tooth
portions 131¢ with respect to the reference direction. With
the bend portion 134Q, the angle o and the angle y can be
made larger than the angle f.

As described above, the long side 134¢/1 of the comb
tooth portion 134 closest to the boundary between the pixels
Vpix has the bend portion 134Q) that makes at least one of
the angle o and the angle y with respect to the reference
direction larger than the angle . This structure improves the
orientation stability of the liquid crystals near the comb
tooth portion 134. As a result, it is possible to suppress an
influence of the liquid-crystal orientation around the comb
tooth portion 134 closest to the boundary between the pixels
Vpix on the liquid-crystal orientation of the comb tooth
portion 131¢ adjacent to the comb tooth portion 134 in the
pixel Vpix and to improve in-plane display quality.

The following describes evaluation results of a first evalu-
ation example to a sixth evaluation example.

First Evaluation Example

FIG. 22 is a schematic for explaining the relation between
the shape of the first electrode and a shaded position
according to the second modification of the second embodi-
ment. The black matrix 76a simply needs to shade the comb
tooth portion 134 to a position al of a width h1d illustrated
in FIG. 22, thereby hiding the contact 90H. An electric field
is applied to the endmost slit Sw between the comb tooth
portion 134 coupled to the contact 90H and closest to the
edge of the aperture 765 and the comb tooth portion 131c.
The electric field has different distribution from that of an
electric field applied to the slit S between adjacent comb
tooth portions 131¢. If the black matrix 76a shades the comb
tooth portion 134 to the position of the width 76/15 illus-
trated in FIG. 6 to hide the entire comb tooth portion 134, the
rate of change in the transmittance of the endmost slit Sw
can be made closer to that of the slit S. If the black matrix
76a shades the comb tooth portion 134 from a peripheral end
al to a position a2 of the contact 90H to hide the contact
90H, at least reduction or disturbance in the brilliance can be
reduced. This structure can make the luminance in the
aperture 76 uniform. FIG. 23 is a view for explaining an
example of in-plane luminance distribution in FIG. 22.

As illustrated in FIG. 23, the portion corresponding to the
slits S has high luminance. According to the first evaluation
example, distribution of high luminance is highly uniform,
and disorder in the luminance is small in an area Vpixh in
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the Y-direction of the pixel Vpix except for the ends.
Although the area outside of the area Vpixh has low uni-
formity, the black matrix 76a shading the area can reduce an
influence on the area Vpixh.

FIG. 24 is a diagram for explaining brilliance distribution
of a section along line F1-F2 in FIG. 23. The brilliance
(transmittance) decreases at the position of the comb tooth
portion 134 illustrated in FIG. 22, for example. From the
first evaluation example, in the display device according to
the second modification of the second embodiment, it is
preferable that a distance H between the position al and the
position a2 illustrated in FIG. 22 is larger than a range in
which the brilliance (transmittance) decreases illustrated in
FIG. 24. The brilliance (transmittance) illustrated in F1G. 24
is transmittance where the incident light is 1 and the polar-
izing plate efficiency is 0.5.

FIG. 25 is a diagram for explaining the relation between
the protrusion length of the comb tooth portion and the array
pitch (a slit pitch) in a case where the inclination angle 6 of
the long side of the comb tooth portion is 0 degrees. FIG. 26
is a diagram for explaining the relation between the protru-
sion length of the comb tooth portion and the array pitch (slit
pitch) in a case where the inclination angle 8 of the long side
of the comb tooth portion is 0.5 degrees. FIG. 27 is a
diagram for explaining the relation between the protrusion
length of the comb tooth portion and the array pitch (slit
pitch) in a case where the inclination angle 8 of the long side
of the comb tooth portion is 1 degree. In the evaluation
results illustrated in FIGS. 25 to 27, a point indicated by a
circle represents an evaluation of stability of the orientation.
A point indicated by a triangle represents a boundary
between stability and instability of the orientation. A point
indicated by a cross represents an evaluation of instability.

As illustrated in FIG. 25, setting the angle 6 to 0 degrees
can secure the area of the slits even if the array pitch is
reduced. An increase in the slit length (comb tooth protru-
sion length described above), however, makes the orienta-
tion of the liquid crystals unstable. Because the slit length
(comb tooth protrusion length) fails to be increased, the
transmittance is hard to improve. As illustrated in FIG. 26,
by setting the angle 6 larger, the orientation of the liquid
crystals stabilize. However, if the array pitch (slit pitch) is
smaller than a virtual line ssl connecting a combination of an
array pitch (slit pitch) of 5 um and a slit length 0f 30 um and
a combination of an array pitch (slit pitch) of 6 um and a slit
length of 60 pm, the orientation of the liquid crystals
becomes unstable. As illustrated in FIG. 27, setting the angle
0 to 1 degree can stabilize the orientation of the liquid
crystals even if the array pitch (slit pitch) is smaller than the
virtual line ssl connecting the combination of an array pitch
(slit pitch) of 6 um and a slit length of 60 pm. In a case where
the angle 0 is 1 degree as illustrated in FIG. 27, however, it
1s difficult to secure the area of the slits. To address this, the
angle o formed by the long side 134¢/1 of the comb tooth
portion 134 closest to the boundary between the pixels with
respect to the reference direction is set to 1 degree, and the
angle f formed by the long side 131¢/1 of the comb tooth
portions 131c¢ in the pixel with respect to the reference
direction is set to 0.5 degrees. Because the angle a (1
degree) is larger than the angle {3 (0.5 degrees) formed by the
long side 131c¢/1 of the comb tooth portions 1315, the
orientation stability of the liquid crystals near the comb
tooth portion 134 improves. As a result, it is possible to
suppress an influence of the liquid-crystal orientation around
the comb tooth portion 134 closest to the boundary between
the pixels Vpix on the liquid-crystal orientation of the comb
tooth portion 131¢ adjacent to the comb tooth portion 134 in
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the pixel Vpix and to improve in-plane display quality.
Setting the angle f (0.5 degrees) smaller than the angle o (1
degree) facilitates securing the area of the slits S with a
smaller array pitch p.

As illustrated in FIGS. 25 to 27, for example, in a case
where the slit length is 30 um, the comb tooth portions 131¢
in the pixel is formed such that the angle f formed by the
long side 131¢/1 with respect to the reference direction is 0.5
degrees and such that the array pitch (slit pitch) is smaller
than the virtual line ssl, specifically, the array pitch is 4.5
um. By contrast, the comb tooth portion 134 closest to the
boundary between the pixels is formed such that the angle @
formed by the long side 134¢/1 with respect to the reference
direction is 1 degree and such that the array pitch (slit pitch)
is larger than the virtual line ssl, specifically, the array pitch
is 8 um or 9 pm. This structure can improve the orientation
stability in the entire pixel Vpix. Because the array pitch (slit
pitch) of the comb tooth portions 131¢ in the pixel occupies
a large part of the entire pixel, this structure can reduce the
pitch p as a whole, thereby increasing the response speed.

In the comb tooth portions 131¢ in the pixel and the comb
tooth portion 134 closest to the boundary between the pixels,
the angle o may be larger than the angle p. In addition, the
array pitch (slit pitch) and the slit length (comb tooth
protrusion length) may be different between the comb tooth
portions 131¢ in the pixel and the comb tooth portion 134
closest to the boundary between the pixels. For example, the
comb tooth portions 131c in the pixel may have the follow-
ing configuration: the angle  formed by the long side
131¢/1 with respect to the reference direction is 0.5 degrees;
the array pitch (slit pitch) is an array pitch (slit pitch) equal
to or smaller than the virtual line ssl illustrated in FIG. 26;
and the slit length (comb tooth protrusion length) is a slit
length (comb tooth protrusion length) equal to or larger than
the virtual line ssl. The comb tooth portion 134 closest to the
boundary between the pixels may have the following con-
figuration: the angle o formed by the long side 134¢{1 with
respect to the reference direction is 1 degree; the array pitch
(slit pitch) is an array pitch (slit pitch) equal to or larger than
the virtual line ssl illustrated in FIG. 27; the slit length (comb
tooth protrusion length) is a slit length (comb tooth protru-
sion length) equal to or larger than the virtual line ssl, and
at least one of the array pitch (slit pitch) and the slit length
(comb tooth protrusion length) is different from that of the
comb tooth portions 131¢ in the pixel. This structure can
improve the orientation stability in the entire pixel Vpix.
Because the array pitch (slit pitch) of the comb tooth
portions 131¢ in the pixel occupies a large part of the entire
pixel, this structure can reduce the pitch p as a whole,
thereby increasing the response speed.

Second Evaluation Example

FIG. 28 is a diagram for explaining the relation between
the array pitch (slit pitch) and a response time. In the second
evaluation example illustrated in FI1G. 28, the display device
1 according to the first embodiment operates at temperatures
of 25 degrees C. and 0 degrees C. In FIG. 28, a point
indicated by a lozenge (ton25) represents an evaluation
result obtained by plotting a response time (second) at a
temperature of 25 degrees C. and when the voltage is ON
(from the OFF state to the ON state) for each array pitch. In
FIG. 28, a point indicated by a triangle (ton0) represents an
evaluation result obtained by plotting a response time (sec-
ond) at a temperature of 0 degrees C. and when the voltage
is ON (from the OFF state to the ON state) for each array
pitch. An increase in the slit pitch (p) decreases the response
speed. Assuming a response time (T) of the conventional
FFS system disclosed in JP-A-2008-52161 is defined as 1,
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setting the array pitch p smaller than 9 um can make the
response time smaller than 1 in the operation at both
temperatures of 25 degrees C. and 0 degrees C.

Third Evaluation Example

FIG. 29 is a diagram for explaining the relation between
the inclination angle 6 of the long side of the comb tooth
portion and the protrusion length of the comb tooth portion.
The third evaluation example illustrated in FIG. 29 was
obtained by evaluating the pixel Vpix while varying the
comb tooth protrusion length [.2 and the angle 0 illustrated
in FIG. 11 in the display device 1 according to the first
embodiment. The orientation stability was determined as the
evaluation criterion. To determine the orientation stability,
the quality (e.g., uniformity) of luminance distribution on
display (in a plan view) was checked. The determination was
made as follows: a double circle represents a case where the
liquid-crystal molecules stably rotate in an in-plane direction
clockwise in the neighboring area of one of the long sides of
the comb tooth portions facing in the width direction of the
slit and counterclockwise in the neighboring area of the
other of the long sides; a cross represents a case where the
rotation direction is biased toward the clockwise direction or
the counterclockwise direction; and a triangle represents a
case where the rotation direction is unstable and varies in the
neighboring area of one of the long sides of the comb tooth
portions facing in the width direction of the slit or the
neighboring area of the other of the long sides.

According to the evaluation result illustrated in FIG. 29,
a case where the comb tooth protrusion length 1.2 is 15 pm
and the angle 6 is 0 degrees was evaluated to be a double
circle. According to the evaluation result illustrated in FIG.
29, a case where the comb tooth protrusion length L2 is 15
um and the angle 6 is 0.55 degrees was evaluated to be a
double circle.

According to the evaluation result illustrated in FIG. 29,
a case where the comb tooth protrusion length 1.2 is 30 pm
and the angle 0 is 0.00 degrees was evaluated to be a cross.
A case where the comb tooth protrusion length .2 is 30 pm
and the angle 0 is 0.22 degrees was evaluated to be a cross.
A case where the comb tooth protrusion length .2 is 30 pm
and the angle 6 is 0.55 degrees was evaluated to be a
triangle. A case where the comb tooth protrusion length L2
is 30 pm and the angle 6 is 0.62 degrees was evaluated to be
a double circle. A case where the comb tooth protrusion
length L2 is 30 pm and the angle 6 is 0.70 degrees was
evaluated to be a triangle. A case where the comb tooth
protrusion length L.2 is 30 um and the angle 6 is 1.01 degrees
was evaluated to be a double circle.

According to the evaluation result illustrated in FIG. 29,
a case where the comb tooth protrusion length L.2 is 62.5 pm
and the angle 6 is 0.00 degrees was evaluated to be a cross.
A case where the comb tooth protrusion length L2 is 62.5 pm
and the angle 6 is 0.69 degrees was evaluated to be a double
circle.

As described above, setting the angle 6 larger than 0.5
degrees can facilitate alignment of the liquid-crystal rotation
directions LCQ in which the liquid-crystal molecules Lem
rotate regardless of the comb tooth protrusion length 1.2,
thereby stabilizing the behavior of the liquid-crystal mol-
ecules Lcm. In a case where the angle 0 is larger than 0.5
degrees, the display device 1 according to the first embodi-
ment can allow a deviation in the angle 0 even if the
orientation direction (ORI) is a little deviated from the
X-direction (0 degrees) by manufacturing errors. Thus, the
display device 1 can maintain the orientation stability.
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Fourth Evaluation Example

FIG. 30 is a diagram for explaining transmittance at a
position of a tip of the comb tooth portion. The brilliance
(transmittance) illustrated in FIG. 30 is transmittance where
the incident light is 1 and the polarizing plate efficiency is
0.5. The fourth evaluation example illustrated in FIG. 30
was obtained by evaluating the transmittance of the section
along line C1-C2 in FIG. 9 in the display device 1 according
to the first embodiment. The position x1 illustrated in FIG.
30 corresponds to a position of the tip 131af of the comb
tooth portions 131a. As illustrated in FIG. 30, the brilliance
(transmittance) starts to approach 0 (black) from the vicinity
of x1 in the slit area Ls. As illustrated in FIG. 30, for
example, the brilliance (transmittance) is substantially 0 at a
position equal to or larger than 3.5 pm beyond the position
x1 in the silt area Rs. Because an increase in the commu-
nicating aperture decreases the brilliance (transmittance), it
is preferable that the width W illustrated in FIG. 11 is a
smaller value. As illustrated in the fourth evaluation
example, it is preferable that the width W illustrated in FIG.
11 is 7 um or smaller. Specifically, in a case where the width
W illustrated in FIG. 11 is 4 pm or smaller, the brilliance
(transmittance) is less likely to be reduced.

FIG. 31 is a diagram for explaining the relation between
retardation and a cell thickness. FIG. 32 is a diagram for
explaining the relation between retardation and brilliance
(transmittance). The brilliance (transmittance) illustrated in
FIG. 32 is transmittance where the incident light is 1 and the
polarizing plate efficiency is 0.5. The following describes
characteristics of And (retardation R=Anxd) in the liquid-
crystal layer 70C with reference to FIGS. 31 and 32. A cell
thickness d is a thickness in the Z-direction of the liquid-
crystal layer 70C illustrated in FIG. 4. A refractive index
difference of the liquid crystals in the liquid-crystal layer
70C is n, and An=(ne-no) is satisfied. In a refractive index
(ne.no) of nematic liquid crystals, ne denotes an extraordi-
nary light refractive index (a refractive index parallel to the
long-axis direction of the liquid-crystal molecules), whereas
no denotes an ordinary light refractive index (a refractive
index vertical to the long-axis direction of the liquid-crystal
molecules). Assuming the refractive index difference of the
liquid-crystal layer 70C is An, the retardation R corresponds
to a phase difference generated when light passes through
the liquid-crystal layer 70C having birefringence (also
referred to as refractive index anisotropy). The retardation R
can be expressed by R=Anxd. The intensity of the transmit-
ted light in the liquid-crystal layer 70C reaches the maxi-
mum when R (And)=mA (m is an integer, and A is a light
wavelength) is satisfied.

As illustrated in FIG. 31, the display device 1 according
to the first embodiment has the optimum R (And) varying
depending on the cell thickness d of the liquid-crystal layer
70C. According to the fourth evaluation example illustrated
in FIG. 31, a function of y=0.11x is obtained by plotting the
cell thickness d on the x-axis and R (And) on the y-axis.

In FIG. 32, the brilliance is plotted on the y-axis, whereas
the retardation R is plotted on the x-axis. In FIG. 32, a point
indicated by a square represents an evaluation result
obtained by plotting the brilliance and the retardation R in a
case where d is 2.9 pm. A point indicated by a lozenge
represents an evaluation result obtained by plotting the
brilliance and the retardation R in a case where d is 2.5 pm.
Here, And has wavelength dependence as follows: an
increase in the wavelength tends to decrease And, whereas
a decrease in the wavelength tends to increase And. The
relation between And and the brilliance is proportional to a
value obtained by dividing And by the wavelength. As
illustrated in FIG. 32, higher brilliance tends to make the
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color of the pixel yellow, whereas lower brilliance tends to
make the color of the pixel blue. Therefore, the liquid-crystal
layer 70¢ preferably has R (And) lower than the maximum
transmittance of each color of the pixel (color filters 76R,
76G, and 76B), for example. R (And) is preferably set to a
value equal to or larger than the dotted line in FIG. 32 at
brilliance (transmittance) of approximately 80%. In other
words, a preferable condition for R (And) is R (And)=0.11x
d. For example, in the case of d being 2.5 um, R=0.275 pm
is satisfied. In the case of d being 2.9 um, R=0.319 um is
satisfied. Based on the condition of R, An and the cell
thickness d of the liquid crystals in the liquid-crystal layer
70C are determined.

Fifth Evaluation Example

FIG. 33 is a diagram for explaining an elastic property of
the liquid crystals. The evaluation result illustrated in FIG.
33 indicates the relation between a time (ms) and brilliance
depending on an elastic constant (specifically, K22) of the
liquid crystals in the liquid-crystal layer 70C. An elastic
constant K of the liquid-crystal molecules (nematic liquid
crystals) in the liquid-crystal layer 70C is assumed to be a
twist elastic constant K22. The twist elastic constant K22
corresponds to an elastic constant of the liquid-crystal
molecules rotating (twisting) in the X-Y plane.

FIG. 33 illustrates a graph of the relation between a time
(ms) and brilliance depending on each value of the elastic
constant K22. The time is a response time required to shift
the brilliance (transmittance) from the voltage-OFF state to
the voltage-ON state, that is, a time required for rotation of
the liquid-crystal molecules. The maximum brilliance is
defined as 1. In FIG. 33, a group of curves in a case where
the elastic constant K22 is larger than 7.2 and a curve in a
case where the elastic constant K22 is 7.2 are plotted.

As described above, the display device 1 according to the
first and the second embodiments increases the response
speed by actively using the elastic energy of the liquid
crystals. The display device 1 according to the first and the
second embodiments uses rotation of the liquid-crystal mol-
ecules Lem illustrated in FIG. 9. Therefore, it is preferable
that the elastic constant K (specifically, K22) is as large as
possible. In a case where K22 is too small, for example,
where K22 is 7.2, the response speed decreases compared
with the case where K22 is larger than 7.2 as illustrated in
FIG. 33.

Sixth Evaluation Embodiment

FIG. 34 is a diagram for explaining the relation between
the width of the comb tooth portion and the maximum
transmittance. The evaluation result in FIG. 34 illustrates the
relation between the width w2 illustrated in FIG. 11 and the
maximum transmittance (%) in the display device 1 accord-
ing to the first embodiment. The sixth evaluation example is
obtained by evaluating the brilliance (transmittance) with
respect to the electrode width (width of the comb tooth
portion) in a case where d is 2.5 pm and R (And) is 0.3
illustrated in FIG. 32. The maximum transmittance is com-
pared in cases where the array pitch (slit pitch) p illustrated
in FIG. 11 is 5.5 um and where the width w2 is 2.25 um, 2.5
pm, 2.75 um, and 3 pm. As illustrated in FIG. 34, the
maximum transmittance is less likely to vary in the cases
where the width w2 illustrated in FIG. 11 is 2.25 pm, 2.5 pm,
and 2.75 um. By setting the width w2 to 2.75 um or smaller
with respect to the array pitch (slit pitch) p, it is possible to
reduce an influence of manufacturing variation. In the comb
tooth portions 1314 or the comb tooth portions 1315 accord-
ing to the first embodiment, the width w2 in the Y-direction
at the protrusion start position x0 in the electrode base
portion 132 is smaller than a value obtained by multiplying
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the array pitch p of adjacent comb tooth portions 131a or
adjacent comb tooth portions 1315 by 0.5. In a case where
the width w2 in the Y-direction at the protrusion start
position x0 in the electrode base portion 132 is smaller than
a value obtained by multiplying the array pitch p of adjacent
comb tooth portions 131a or adjacent comb tooth portions
1315 by 0.5 in the comb tooth portions 131a or the comb
tooth portions 1315 according to the first embodiment, for
example, variation in the maximum transmittance can be
reduced.

FIG. 35 is a diagram for explaining the relation between
a plurality of widths of the comb tooth portion and a voltage
assuming the transmittance in the case of the width of the
comb tooth portion being 3 um is defined as brilliance of 1.
FIG. 36 is a partially enlarged view of FIG. 35. Based on the
evaluation result of the sixth evaluation example, an evalu-
ation was made on the relation between the applied voltage
and each of the cases where the width w2 illustrated in FIG.
11 is 2.25 pm, 2.5 pum, and 2.75 pm. In the cases where the
width w2 illustrated in FIG. 11 is 2.25 um and 2.5 um, the
shift amount of the voltage was small. As illustrated in FIG.
36, the graphs of the cases where the width w2 illustrated in
FIG. 11 is 2.25 pm and 2.5 pm substantially overlap with
each other. According to the evaluation result of the sixth
evaluation example, it is preferable that the width w2 in the
Y-direction at the protrusion start position x0 in the electrode
base portion 132 is smaller than a value obtained by mul-
tiplying the array pitch p of adjacent comb tooth portions
131a or adjacent comb tooth portions 1315 by 0.45 in the
comb tooth portions 131a or the comb tooth portions 1314
according to the first embodiment. This structure can reduce
variation in the transmittance to the voltage applied to the
comb tooth portions 131a or the comb tooth portions 1315.
As a result, it is possible to decrease reduction in the
maximum transmittance of light passing through the pixel
Vpix even in a case where the width w2 in the Y-direction
varies with respect to the comb tooth portions 131a or the
comb tooth portions 1315 to which the same voltage is
applied.

2. Application Examples

The following describes application examples of the
display device 1 explained in the first and the second
embodiments and the modifications thereof with reference to
FIG. 37 to FIG. 45. The first and the second embodiments
and the modifications thereof are hereinafter referred to as
the present embodiment. FIG. 37 to FIG. 45 are schematics
of examples of an electronic apparatus to which the liquid-
crystal display device according to the present embodiment
is applied. The display device 1 according to the present
embodiment is applicable to electronic apparatuses of all
fields, such as portable electronic apparatuses including
mobile phones and smartphones, television apparatuses,
digital cameras, notebook personal computers, video cam-
eras, and meters provided to a vehicle. In other words, the
display device 1 according to the present embodiment is
applicable to electronic apparatuses of all fields that display
video signals received from the outside or video signals
generated inside thereof as an image or video. The electronic
apparatus includes a controller that supplies video signals to
the display device 1 and controls the operation of the display
device 1.

First Application Example

An electronic apparatus illustrated in FIG. 37 is a televi-
sion apparatus to which the display device 1 according to the
present embodiment is applied. The television apparatus has
a video display screen 510 including a front panel 511 and
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a filter glass 512, for example. The video display screen 510
corresponds to the display device 1 according to the present
embodiment.

Second Application Example

An electronic apparatus illustrated in FIGS. 38 and 39 is
a digital camera to which the display device 1 according to
the present embodiment is applied. The digital camera
includes a light emitting unit 521 for flash, a display unit
522, a menu switch 523, and a shutter button 524, for
example. The display unit 522 corresponds to the display
device 1 according to the present embodiment. As illustrated
in FIG. 38, the digital camera includes a lens cover 525.
Sliding the lens cover 525 exposes a photographing lens.
The digital camera captures light entering through the pho-
tographing lens, thereby taking a digital picture.

Third Application Example

An electronic apparatus illustrated in FI1G. 40 is a video
camera to which the display device 1 according to the
present embodiment is applied. The video camera includes
a main body 531, a lens 532 provided to the front side
surface of the main body 531 and used for photographing a
subject, a start/stop switch 533 used in photographing, and
a display unit 534, for example. The display unit 534
corresponds to the display device 1 according to the present
embodiment.

Fourth application example

An electronic apparatus illustrated in FIG. 41 is a note-
book personal computer to which the display device 1
according to the present embodiment is applied. The note-
book personal computer includes a main body 541, a key-
board 542 used for input of characters and the like, and a
display unit 543 that displays an image, for example. The
display unit 543 corresponds to the display device 1 accord-
ing to the present embodiment.

Fifth Application Example

An electronic apparatus illustrated in FIGS. 42 and 43 is
a mobile phone to which the display device 1 is applied.
FIG. 42 is a front view of the mobile phone in an unfolded
state. F1G. 43 is a front view of the mobile phone in a folded
state. The mobile phone includes an upper housing 551 and
a lower housing 552 connected by a connection (hinge) 553,
for example. The mobile phone further includes a display
554, a sub-display 555, a picture light 556, and a camera
557. The display 554 is provided with the display device 1.
The display 554 of the mobile phone may also have a
function to detect a touch besides a function to display an
image.

Sixth Application Example

An electronic apparatus illustrated in F1G. 44 operates as
a mobile computer, a multifunctional mobile phone, a
mobile computer capable of making a voice call, or a mobile
computer capable of performing communications. The elec-
tronic apparatus is a portable information terminal, which
may be called a smartphone or a tablet terminal. The
portable information terminal includes a display unit 562 on
the surface of a housing 561, for example. The display unit
562 corresponds to the display device 1 according to the
present embodiment.

Seventh Application Example

FIG. 45 is a schematic of a configuration of a meter unit
according to the present embodiment. An electronic appa-
ratus illustrated in FIG. 45 is a meter unit mounted on a
vehicle. A meter unit (electronic apparatus) 570 illustrated in
FIG. 45 includes a plurality of display devices 1 according
to the present embodiment, such as a fuel gauge, a water
temperature gauge, a speed meter, and a tachometer, as

10

15

20

25

30

35

40

45

50

55

60

65

32
liquid-crystal display devices 571. The liquid-crystal display
devices 571 are covered with an exterior panel 572.

The liquid-crystal display devices 571 illustrated in FIG.
45 each include a combination of a liquid-crystal panel 573
serving as a liquid-crystal display unit and a movement
mechanism serving as an analog display unit. The movement
mechanism includes a motor serving as a drive unit and an
indicator 574 rotated by the motor. As illustrated in FIG. 45,
the liquid-crystal display device 571 can display a gauge, a
warning, and the like on the display surface of the liquid-
crystal panel 573. The liquid-crystal display device 571 can
also rotate the indicator 574 of the movement mechanism on
the display surface of the liquid-crystal panel 573.

While the liquid-crystal display devices 571 are provided
on the exterior panel 572 in FIG. 45, the embodiment is not
limited thereto. One liquid-crystal display device 571 may
be provided on an area covered with the exterior panel 572
and display a fuel gauge, a water temperature gauge, a speed
meter, and a tachometer, for example.

Aspects Of The Array Pitch

FIGS. 46 and 47 are schematics for explaining a case
where an array pitch of a comb tooth portion closest to the
boundary between pixels is different from an array pitch of
a comb tooth portion in a pixel according to the present
embodiment. As described above, the array pitch PL of the
comb tooth portion closest to the boundary between the
pixels Vpix may be different from the array pitch ps of the
comb tooth portion in the pixel Vpix. As illustrated in FIG.
46, the array pitch PL of the comb tooth portion closest to
the boundary between the pixels Vpix includes a width Pal
of the comb tooth portions closest to the boundary between
the pixels Vpix and a distance Pb1 between the comb tooth
portion closest to the boundary and the comb tooth portion
that is adjacent to the comb tooth portion closest to the
boundary. The array pitch ps of the comb tooth portion in the
pixel Vpix includes a width pal of the comb tooth portions
in the pixel Vpix and a distance pb1 between the comb tooth
portions. To make the array pitch PL of the comb tooth
portion closest to the boundary between the pixels Vpix
different from the array pitch ps of the comb tooth portion
in the pixel Vpix, the width Pal may be larger than the width
pal, and the distance Pbl may be equal to the distance pbl
as illustrated in FIG. 46. Alternatively, to make the array
pitch PL of the first comb tooth portion closest to the
boundary between the pixels Vpix different from the array
pitch ps of the second comb tooth portion in the pixel Vpix,
the width Pal may be equal to the width pal, and the
distance Pbl may be larger than the distance pb1 as illus-
trated in FIG. 47.

Various types of changes and modifications can be made
by those skilled in the art without departing from the spirit
of the present invention. These changes and modifications
are assumed to be included in the scope of the invention.
Modifications, for example, include adding or removing a
component, changing the design, adding or omitting a
process, and changing the conditions in the embodiments
above made by those skilled in the art as appropriate. These
modifications are included in the scope of the invention as
long as they do not depart from the spirit of the invention.
In terms of other advantageous effects achieved by the
aspects according to the present embodiment, effects natu-
rally understandable from the present specification or effects
appropriately conceivable by those skilled in the art are
assumed to be obviously achieved by the invention.

It should be understood that various changes and modi-
fications to the presently preferred embodiments described
herein will be apparent to those skilled in the art. Such
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changes and modifications can be made without departing
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 comprising:

a liquid-crystal layer;

a plurality of pixels; and

a pixel electrode for each of the plurality of pixels,
wherein

the pixel electrode includes an electrode base portion
extending in a first direction and a plurality of comb
tooth portions extending in a second direction different
from the first direction and protruding from the elec-
trode base portion, each of the comb tooth portions
having a tip portion distant from the electrode base
portion and an end portion close to the electrode base
portion,

the comb tooth portions include a first comb tooth portion,
a second comb tooth portion, a third comb tooth
portion, a fourth comb tooth portion, and a fifth comb
tooth portion,

the first comb tooth portion is closest to a boundary
between adjacent pixels of the plurality of pixels,

the first comb tooth portion and the second comb tooth
portion are adjacent to each other,

the third comb tooth portion and the fourth comb tooth
portion are adjacent to each other,

the fourth comb tooth portion and the fifth comb tooth
portion are adjacent to each other,

a first distance between the tip portion of the first comb
tooth portion and the tip portion of the second comb
tooth portion is a first width,

a second distance between the tip portion of the third
comb tooth portion and the tip portion of the fourth
comb tooth portion is a second width,

a third distance between the tip portion of the fourth comb
tooth portion and the tip portion of the fifth comb tooth
portion is the second width,

the first width is different from the second width,

a fourth distance between the end portion of the first comb
tooth portion and the end portion of the second comb
tooth portion is a third width,

a fifth distance between the end portion of the third comb
tooth portion and the end portion of the fourth comb
tooth portion is a fourth width,

a sixth distance between the end portion of the fourth
comb tooth portion and the end portion of the fifth
comb tooth portion is the fourth width, and

a difference between the first width and the third width is
greater than a difference between the second width and
the fourth width.

2. The liquid-crystal display device according to claim 1,

wherein

the first width is greater than the second width.

3. The liquid-crystal display device according to claim 1,

wherein

the third width is greater than the fourth width.

4. The liquid-crystal display device according to claim 1,

wherein

the first comb tooth portion has a first electrode width,

the second comb tooth portion has a second electrode
width,

the third comb tooth portion has a third electrode width,
and
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the first electrode width is greater than the second elec-
trode width and the third electrode width.
5. The liquid-crystal display device according to claim 1,

wherein

the pixel electrode further includes a sixth comb tooth
portion between the second comb tooth portion and the
third comb tooth portion,

a seventh distance between the second comb tooth portion
and the sixth comb tooth portion or a eighth distance
between the sixth comb tooth portion and the third
comb tooth portion is a fifth width less than the first
width and greater than the second width.

6. The liquid-crystal display device according to claim 1,

wherein

the second comb tooth portion, the third comb tooth
portion, the fourth comb tooth portion, and the fifth
comb tooth portion each have a trapezoidal shape.

7. The liquid-crystal display device according to claim 1,

wherein

the second direction is substantially equal to an initial
orientation direction of the liquid-crystal layer.

8. A liquid-crystal display device comprising:

a liquid-crystal layer;

a plurality of pixels; and

a pixel electrode for each of the plurality of pixels,
wherein

the pixel electrode includes an electrode base portion
extending in a first direction and a plurality of comb
tooth portions extending in a second direction different
from the first direction and protruding from the elec-
trode base portion, each of the comb tooth portions
having a tip portion distant from the electrode base
portion and an end portion close to the electrode base
portion,

the comb tooth portions include a first comb tooth portion,
a second comb tooth portion, a third comb tooth
portion, and a fourth comb tooth portion,

the first comb tooth portion is closest to a boundary
between adjacent pixels of the plurality of pixels,

the first comb tooth portion and the second comb tooth
portion are adjacent to each other,

the second comb tooth portion and the third comb tooth
portion are adjacent to each other,

the third comb tooth portion and the fourth comb tooth
portion are adjacent to each other,

a first distance between the tip portion of the first comb
tooth portion and the tip portion of the second comb
tooth portion is a first width,

a second distance between the tip portion of the second
comb tooth portion and the tip portion of the third comb
tooth portion is a second width,

a third distance between the tip portion of the third comb
tooth portion and the tip portion of the fourth comb
tooth portion is the second width,

the first width is different from the second width,

a fourth distance between the end portion of the first comb
tooth portion and the end portion of the second comb
tooth portion is a third width,

a fifth distance between the end portion of the second
comb tooth portion and the end portion of the third
comb tooth portion is a fourth width,

a sixth distance between the end portion of the third comb
tooth portion and the end portion of the fourth comb
tooth portion is the fourth width, and

a difference between the first width and the third width is
greater than a difference between the second width and
the fourth width.
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9. The liquid-crystal display device according to claim 8,
wherein
the first width is greater than the second width.
10. The liquid-crystal display device according to claim 8,
wherein
the third width is greater than the fourth width.
11. The liquid-crystal display device according to claim 8,
wherein
the first comb tooth portion has a first electrode width,
the second comb tooth portion has a second electrode
width,
the third comb tooth portion has a third electrode width,
and
the first electrode width is greater than the second elec-
trode width and the third electrode width.
12. The liquid-crystal display device according to claim 8,
wherein
the second comb tooth portion, the third comb tooth
portion, and the fourth comb tooth portion each have a
trapezoidal shape.
13. The liquid-crystal display device according to claim 8,
wherein
the second direction is substantially equal to an initial
orientation direction of the liquid-crystal layer.
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