US 20180196319A1

12) Patent Application Publication (o) Pub. No.: US 2018/0196319 Al

a9y United States

Kurasawa et al.

43) Pub. Date: Jul. 12, 2018

(54) DISPLAY DEVICE AND ELECTRONIC
APPARATUS

(71) Applicant: Japan Display Inc., Tokyo (JP)

(72) Inventors: Hayato Kurasawa, Tokyo (IP);
Toshiharu Matsushima, Tokyo (JP)

(21)  Appl. No.: 15/916,337
(22) Filed: Mar. 9, 2018

Related U.S. Application Data

(63) Continuation of application No. 15/614,457, filed on
Jun, 5, 2017, now Pat. No. 9,946,126, which is a
continuation of application No. 14/263,201, filed on
Apr. 28, 2014, now Pat. No. 9,696,599.

(30) Foreign Application Priority Data
May 28, 2013 (JP) .o 2013-111590

Publication Classification

(51) Int.CL
GO2F 1/1343 (2006.01)
GO2F 1/1337 (2006.01)

(52) US.CL
CPC .. GO2F 1/134336 (2013.01); GO2F 1/134363
(2013.01); GO2F 2001/134381 (2013.01);
GO2F 2201/124 (2013.01); GO2F 2201/128
(2013.01); GO2F 1/133707 (2013.01)

(57) ABSTRACT

According to an aspect, a display device has a first electrode,
a second electrode and liquid crystal layer. When a voltage
is not applied to the first and second electrodes, the major
axes of the liquid crystal molecules are oriented in a third
direction. When a voltage is applied between the first and
second electrodes, the major axes are oriented so as to rise
in a direction perpendicular to a first substrate while rotating
clockwise in a vicinity of one of long sides of comb tooth
portion that face each other and counterclockwise in a
vicinity of the other of the long sides. An angle between an
electrode base-side portion of a long side of each comb tooth
portions and the third direction is larger than an angle
between a distal end-side portion of the long side of each
comb tooth portions and the third direction.
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DISPLAY DEVICE AND ELECTRONIC
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a Continuation of appli-
cation Ser. No. 15/614,457, filed Jun. 5, 2017, which is a
Continuation of application Ser. No. 14/263,201, filed Apr.
28, 2014, now U.S. Pat. No. 9,696,599 issued on Jul. 4,
2017, which claims priority from Japanese Application No.
2013-111590, filed on May 28, 2013, the contents of which
are incorporated by reference herein in its entirety.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to a display device
having a liquid crystal. The present disclosure also relates to
an electronic apparatus including a display device having a
liquid crystal.

2. Description of the Related Art

[0003] As a system (mode) for driving a liquid crystal,
there has been known a liquid crystal driving system using
a so-called vertical electric field which is generated in a
vertical direction between substrates. As a liquid crystal
display device that uses such a vertical electric field to drive
the liquid crystal, there have been known a twisted nematic
(TN) liquid crystal display (LCD) device, a vertical align-
ment (VA) LCD device, and an electrically controlled bire-
fringence (ECB) LCD device. There is also known a liquid
crystal driving system which uses a so-called transverse
electric field generated in a direction (transverse direction)
parallel to the substrate as disclosed in Japanese Patent
Application Laid-open Publication No. 2008-52161 (JP-A-
2008-52161). As a liquid crystal display device that uses
such a transverse electric field to drive a liquid crystal, there
have been known a fringe field switching (FFS) LCD device
and an in-plane switching (IPS) LCD device.

[0004] Inthe above-described liquid crystal display device
of the transverse electric field-type, an electric field is
generated between a first electrode and a second electrode in
a direction parallel to the substrate, so that liquid crystal
molecules are rotated in a plane parallel to the substrate
surface. Display operation is performed by using a change in
optical transmittance corresponding to the rotation of the
liquid crystal molecules. It is demanded to improve response
speed of the liquid crystal in the liquid crystal display device
of the transverse electric field type. In order to improve the
response speed, the first electrode or the second electrode
may be formed into a certain shape that may possibly
compromise the stability in liquid crystal molecular orien-
tation and/or may degrade optical transmittance. The stabil-
ity in liquid crystal molecular orientation being compro-
mised means that the liquid crystal molecules are likely to be
aligned in the direction opposite to a desired direction.

[0005] For the foregoing reasons, there is a need for a
display device and an electronic apparatus including the
display device that can improve the response speed while
harmonizing the improvement of stability in liquid crystal
molecular orientation and the improvement of optical trans-
mittance.
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SUMMARY

[0006] According to an aspect, a display device includes:
a first substrate that has a first electrode and a second
electrode, the first electrode including an electrode base
extending in a first direction and a plurality of comb tooth
portions having comb-teeth-like shape, which extend in a
second direction different from the first direction, and which
protrude from the electrode base at constant intervals from
each other by slits, each of the comb tooth portions having
ajoint portion with the electrode base being laminated on an
upper or lower side thereof; a second substrate that faces the
first substrate; and a liquid crystal layer disposed between
the first substrate and the second substrate. When a voltage
1s not applied to the first electrode and the second electrode,
the major axes of the liquid crystal molecules are oriented so
as to be aligned in a third direction parallel to the second
direction. Whereas when a voltage is applied between the
first electrode and the second electrode, the major axes of the
liquid crystal molecules are oriented so as to rise in a
direction perpendicular to the first substrate while rotating in
an in-plane direction of the first substrate, clockwise in a
vicinity of one of long sides of the comb tooth portions that
face each other in a width direction of the slits and coun-
terclockwise in a vicinity of the other of the long sides. An
angle formed between an electrode base-side portion of a
long side of each of the comb tooth portions and the third
direction is larger than an angle formed between a distal
end-side portion of the long side of each of the comb tooth
portions and the third direction.

[0007] According to another aspect, a first substrate that
has a first electrode and a second electrode, the first elec-
trode including an electrode base extending in a first direc-
tion and a plurality of comb tooth portions having comb-
teeth-like shape, which extend in a second direction different
from the first direction, and which protrude from the elec-
trode base like teeth of a comb at constant intervals from
each other by slits, each of the comb tooth portions having
ajoint portion with the electrode base being laminated on an
upper or lower side thereof; a second substrate that faces the
first substrate; and a liquid crystal layer disposed between
the first substrate and the second substrate. When a voltage
is not applied to the first electrode and the second electrode,
the major axes of the liquid crystal molecules are oriented so
as to be aligned in a third direction orthogonal to the second
direction. Whereas when a voltage is applied between the
first electrode and the second electrode, the major axes of the
liquid crystal molecules are oriented so as to rise in a
direction perpendicular to the first substrate while rotating,
in an in-plane direction of the first substrate, clockwise in a
vicinity of one of long sides of the comb tooth portions that
face each other in a width direction of the slits and coun-
terclockwise in a vicinity of the other of the long sides. An
angle formed between an electrode base-side portion of a
long side of each of the comb tooth portions and the second
direction is larger than an angle formed between a distal
end-side portion of the long side of each of the comb tooth
portions and the second direction.

[0008] According to another aspect, an electronic appara-
tus includes: one of the display devices; and a controller that
supplies an input signal to the display device.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a block diagram illustrating a system
configuration example of a display device according to a
first embodiment;

[0010] FIG. 2 is a circuit diagram illustrating a drive
circuit that drives pixels of the display device according to
the first embodiment;

[0011] FIG. 3 is a plan view for explaining the pixels of the
display device according to the first embodiment;

[0012] FIG. 4 is a schematic view illustrating a cross
section of FIG. 3 taken along line A1-A2;

[0013] FIG. 5 is a schematic view for explaining the
relationship between the shape of a first electrode and an
opening according to the first embodiment;

[0014] FIG. 6 is a schematic view for explaining the
relationship between the shape of the first electrode and a
light shielding portion according to the first embodiment;
[0015] FIG. 7 is an explanatory view for explaining liquid
crystal molecular orientation in the display device according
to the first embodiment, when a positive-type liquid crystal
is used and a voltage for forming an electric field is not
applied between the first electrode and the second electrode;
[0016] FIG. 8 is a schematic view illustrating a cross
section of FIG. 7 taken along line B1-B2;

[0017] FIG. 9 is an explanatory view for explaining liquid
crystal molecular orientation in the display device according
to the first embodiment, when a positive-type liquid crystal
is used and a voltage for forming an electric field is applied
between the first electrode and the second electrode;
[0018] FIG. 10 is a schematic view illustrating a cross
section of FIG. 9 taken along line C1-C2;

[0019] FIG. 11 is an explanatory view for explaining
liquid crystal molecular orientation in the display device
according to the first embodiment, when a negative-type
liquid crystal is used and a voltage for forming an electric
field is not applied between the first electrode and the second
electrode;

[0020] FIG. 12 is an explanatory view for explaining
liquid crystal molecular orientation in the display device
according to the first embodiment, when a negative-type
liquid crystal is used and a voltage for forming an electric
field is applied between the first electrode and the second
electrode;

[0021] FIG. 13 is a schematic view for explaining the
shape of the first electrode according to the first embodiment
in detail;

[0022] FIG. 14 is a schematic view for explaining the first
electrode according to the first embodiment in detail;
[0023] FIG. 15 is a schematic view illustrating a cross
section of FIG. 14 taken along line F1-E2;

[0024] FIG. 16 is a schematic view for explaining a
modification of the first electrode according to the first
embodiment in detail;

[0025] FIG. 17 is a schematic view illustrating a cross
section of FIG. 15 taken along line F1-F2;

[0026] FIG. 18 is a schematic view illustrating a modifi-
cation of the cross section of FIG. 3 taken along line A1-A2;
[0027] FIG. 19 is a schematic view for explaining a
modification of the relationship between the shape of the
first electrode and the opening according to the first embodi-
ment;
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[0028] FIG. 20 is a schematic view for explaining a
modification of the relationship between the shape of the
first electrode and the opening according to the first embodi-
ment;

[0029] FIG. 21 is a schematic view for explaining a
modification of the relationship between the shape of the
first electrode and the opening according to the first embodi-
ment;

[0030] FIG. 22 is a schematic view for explaining a
modification of the relationship between the shape of the
first electrode and the opening according to the first embodi-
ment;

[0031] FIG. 23 is a schematic view for explaining a
modification of the relationship between the shape of the
first electrode and the opening according to the first embodi-
ment;

[0032] FIG. 24 is a plan view for explaining pixels of a
display device according to a second embodiment;

[0033] FIG. 25 is a schematic view illustrating a cross
section of FIG. 24 taken along line G1-G2;

[0034] FIG. 26 is a schematic view for explaining the
relationship between the shape of a first electrode and an
opening according to the second embodiment;

[0035] FIG. 27 is a schematic view for explaining the
relationship between the shape of the first electrode and a
light shielding portion according to the second embodiment;
[0036] FIG. 28 is a schematic view for explaining the first
electrode according to the second embodiment in detail;
[0037] FIG. 29 is a schematic view illustrating a cross
section of FIG. 28 taken along line H1-H2;

[0038] FIG. 30 is a schematic view for explaining a
modification of the first electrode according to the second
embodiment in detail;

[0039] FIG. 31 is a schematic view illustrating a cross
section of FIG. 30 taken along line J1-J2;

[0040] FIG. 32 is a schematic view illustrating a modifi-
cation of the cross section of FIG. 24 taken along line
G1-G2;

[0041] FIG. 33 is a schematic view for explaining a
modification of the relationship between the shape of the
first electrode and the opening according to the second
embodiment;

[0042] FIG. 34 is a schematic view for explaining a
modification of the relationship between the shape of the
first electrode and the opening according to the second
embodiment;

[0043] FIG. 35 is a schematic view for explaining a
modification of the relationship between the shape of the
first electrode and the opening according to the second
embodiment;

[0044] FIG. 36 is a view illustrating one example of an
electronic apparatus to which the display device according
to any of the embodiments is applied,

[0045] FIG. 37 is a view illustrating one example of the
electronic apparatus to which the display device according
to any of the embodiments is applied;

[0046] FIG. 38 is a view illustrating one example of the
electronic apparatus to which the display device according
to any of the embodiments is applied;

[0047] FIG. 39 is a view illustrating one example of the
electronic apparatus to which the display device according
to any of the embodiments is applied;
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[0048] FIG. 40 is a view illustrating one example of the
electronic apparatus to which the display device according
to any of the embodiments is applied;

[0049] FIG. 41 is a view illustrating one example of the
electronic apparatus to which the display device according
to any of the embodiments is applied;

[0050] FIG. 42 is a view illustrating one example of the
electronic apparatus to which the display device according
to any of the embodiments is applied;

[0051] FIG. 43 is a view illustrating one example of the
electronic apparatus to which the display device according
to any of the embodiments is applied;

[0052] FIG. 44 is a view illustrating one example of the
electronic apparatus to which the display device according
to any of the embodiments is applied;

[0053] FIG. 45 is a view illustrating one example of the
electronic apparatus to which the display device according
to any of the embodiments is applied;

[0054] FIG. 46 is a view illustrating one example of the
electronic apparatus to which the display device according
to any of the embodiments is applied;

[0055] FIG. 47 is a view illustrating one example of the
electronic apparatus to which the display device according
to any of the embodiments is applied;

[0056] FIG. 48 is a view illustrating one example of the
electronic apparatus to which the display device according
to any of the embodiments is applied; and

[0057] FIG. 49 is a view illustrating one example of the
electronic apparatus to which the display device according
to any of the embodiments is applied.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0058] The modes (embodiments) for carrying out the
present disclosure will be described in detail with reference
to the accompanying drawings. It should be understood that
the present disclosure is not limited by the details of the
following embodiments. Constituent elements described
hereinbelow include those easily perceived by a person
skilled in the art and those substantially identical. Further,
the constituent elements described hereinbelow can appro-
priately be combined as necessary. The description will be
given in the order shown below:

[0059] 1. Embodiments (display device)
[0060] 2. Application examples (electronic apparatus)
[0061] Examples of applying the display device according

to any of the embodiments to the electronic apparatus
1. Embodiments (Display Device)

1-1. First Embodiment

[0062] FIG. 1 is a block diagram illustrating a system
configuration example of a display device according to a
first embodiment. A display device 1 corresponds to one
illustrative example of “the display device” of the present
disclosure.

[0063] The display device 1 is a transmissive or semi-
transmissive liquid crystal display device. The display
device 1 includes a display panel 2 and a driver IC 3. A
flexible printed circuit (FPC) not illustrated transfers an
external signal or driving power that drives the driver IC 3
to the driver IC 3. The display panel 2 includes a light-
transmitting insulating substrate such as a glass substrate 11,
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a display area section 21 provided on the surface of the glass
substrate 11 so as to have a large number of pixels each
including a liquid crystal cell arranged in a matrix, a
horizontal driver (horizontal drive circuit) 23, and a vertical
driver (vertical drive circuit) 22. The glass substrate 11
includes a first substrate in which a large number of pixel
circuits each including an active element (such as a transis-
tor) are arranged and formed in a matrix, and a second
substrate disposed so as to face the first substrate with a
predetermined gap. The predetermined gap is maintained
between the first substrate and the second substrate with
photospacers which are arranged and formed at respective
positions on the first substrate. A liquid crystal is enclosed
between the first substrate and the second substrate.

System Configuration Example of Display Device

[0064] The display panel 2 includes, on the glass substrate
11, the display area section 21, the driver IC 3 having the
function of an interface (I/F) and a timing generator, the
vertical driver 22, and the horizontal driver 23.

[0065] The display area section 21 has a matrix structure
in which pixels Vpix, each including a liquid crystal layer,
arranged in M rows and N columns, each of the pixels Vpix
constituting a unit of one pixel to be displayed. In this
specification, a row refers to a pixel row having N pixels
Vpix arranged in one direction. A column refers to a pixel
column having M pixels Vpix arranged in the direction
orthogonal to the one direction. Values of M and N are
determined in accordance with vertical display resolution
and horizontal display resolution. With respect to the
arrangement of pixels Vpix with M rows and N columns,
scanning lines 24,, 24,, 24, . . . 24, , are wired for each row,
and signal lines 25,, 25,, 25,, . . . 25, are wired for each
column. In the embodiments described below, the scanning
lines 24, 4,, 24, . . . 24,,may be collectively referred to as
scanning lines 24, and the signal lines 25,, 25,, 255, ... 25,
may be collectively referred to as signal lines 25. In the
embodiments, three arbitrary scanning lines among the
scanning lines 24,, 24,, 24,. . . . 24,, are referred to as
scanning lines 24, 24,,,,, and 24, (provided that m is a
natural number that satisfies m=sM-2), and four arbitrary
signal lines among the scanning lines 25, 25, 25,, ... 25,
are referred to as signal lines 25,, 25, ,, 25,,,, and 25,
(provided that n is a natural number that satisfies n<N-3).

[0066] External signals including a master clock, a hori-
zontal synchronizing signal, and a vertical synchronizing
signal are inputted into the display device 1 from the outside,
and these external signals are provided to the driver IC 3.
The driver IC 3 performs a level conversion of the master
clock, the horizontal synchronizing signal, and the vertical
synchronizing signal that have a voltage amplitude of an
external power source, thus generating a master clock, a
horizontal synchronizing signal, and a vertical synchroniz-
ing signal that have a voltage amplitude of an internal power
source necessary for driving the liquid crystal. The driver IC
3 provides these generated master clock, horizontal synchro-
nizing signal, and vertical synchronizing signal to the ver-
tical driver 22 and the horizontal driver 23. The driver IC 3
generates a common potential VCOM to be commonly
applied to each of the pixels through common electrodes
COM prepared for the respective pixels Vpix. The generated
common potential VCOM is provided to the display area
section 21.
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[0067] In synchronization with a vertical clock pulse, the
vertical driver 22 samples and latches display data outputted
from the driver IC 3 in sequence in one horizontal period.
The vertical driver 22 sequentially outputs digital data of
latched one line as a vertical scanning pulse, and provides
the digital data to the scanning lines 24, . 24, . ,,24, . ..
. in the display area section 21, so that the pixels Vpix are
selected row by row. For example, the vertical driver 22
outputs the digital data to the scanning lines 24 , 24 .,
24, ., ... in order from the upper side of the display area
section 21, i.e., the upper side in a vertical scanning direc-
tion, to the lower side of the display area section 21, i.e., the
lower side in the vertical scanning direction. The vertical
driver 22 may also output the digital data to the scanning
lines 24, 24,,.,,24, ., . . . in order from the lower side of
the display area section 21, i.e., the lower side in the vertical
scanning direction, to the upper side of the display area
section 21, i.e., the upper side in the vertical scanning
direction.

[0068] The horizontal driver 23 receives, for example,
6-bit digital image data Vsig of R (Red), G (Green), and B
(Blue). The horizontal driver 23 writes the display data onto
each of the pixels Vpix in a row selected by vertical scanning
performed by the vertical driver 22. The data write is
performed in units of one pixel, in units of a plurality of
pixels, or in units of all the pixels through the signal lines 25.
[0069] When a same polarity direct current is continuously
applied to the liquid crystal, a specific resistance (resistance
value specific to a substance) and the like of the liquid
crystal may be deteriorated in the display device 1. In order
to prevent the specific resistance (resistance value specific to
a substance) and the like of the liquid crystal from being
deteriorated, the display device 1 adopts a driving system in
which the polarity of a picture signal is inverted based on the
common potential VCOM of a driving signal in a specified
period.

[0070] As a driving system of the liquid crystal display
panel, systems such as line inversion, dot inversion, and
frame inversion driving schemes are known. The line inver-
sion driving system is a system that inverts the polarity of a
picture signal in a time period of 1H (H represents a
horizontal period) corresponding to one line (one pixel row).
The dot inversion driving system is a system that inverts the
polarity of the picture signal alternately in units of pixels
adjacent to each other in the vertical and horizontal direc-
tions. The frame inversion driving system is a system that
collectively inverts the polarity of the picture signal to be
written onto all the pixels all at once, in units of one frame
corresponding to one screen. The display device 1 may
adopt any one of the above-described driving systems.
[0071] FIG. 2 is a circuit diagram illustrating a drive
circuit that drives pixels of the display device according to
the first embodiment. The display area section 21 has wiring
such as signal lines 25,, 25, ., and 25, , that supply a pixel
signal as display data to a thin-film transistor (TFT) element
Tr in each of the pixels Vpix. The display area section 21
also has wiring such as scanning lines 24,24, ,,,and 24, ,
that drive each of the TFT elements Tr. Thus, the signal lines
25,, 25,,,, and 25, , are arranged extendedly on a plane
parallel to the surface of the aforementioned glass substrate
11 to supply a pixel signal for displaying an image to the
pixels Vpix. Each of the pixels Vpix includes a TFT element
Tr and a liquid crystal element LC. The TFT element Tr is
formed of a thin-film transistor. In this example, the TFT
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element Tr is formed of an n-channel metal oxide semicon-
ductor (MOS) TFT. One of the source and the drain of the
TFT elements Tr is coupled to the signal lines 25, 25, ,,
and 25, ,. The gate of the TFT elements Tr is coupled to the
scanning line 24, , 24, ., and 24, ,,. The other of the source
and the drain of the TFT elements Tr is coupled to one end
of the liquid crystal element LC. One end of the liquid
crystal element L.C is coupled to the other of the source and
the drain of the TFT elements Tr, while the other end is
coupled to the common electrodes COM.

[0072] The pixels Vpix belonging to the same row in the
display area section 21 are coupled to each other through the
scanning lines 24, 24, .., and 24, .. The scanning lines
24 24 ... and 24 ., are coupled to the vertical driver 22
to receive a vertical scanning pulse Vgate that is a scanning
signal supplied from the vertical driver 22. The pixels Vpix
belonging to the same column in the display area section 21
are coupled to each other through the signal lines 25, , 25, ,,
and 25, ,,. The signal lines 25,, 25, , |, and 25,,, are coupled
to the horizontal driver 23 to receive a pixel signal supplied
from the horizontal driver 23. Further, the pixels Vpix
belonging to the same column in the display area section 21
are coupled to each other through the common electrodes
COM. The common electrodes COM are coupled to a drive
electrode driver not illustrated, and the drive electrode driver
supplies a driving signal.

[0073] The vertical driver 22 illustrated in FIG. 1 applies
a vertical scanning pulse to the gate of the TFT elements Tr
in the pixels Vpix via the scanning lines 24,,, 24,,,,, and
24, ., illustrated in FIG. 2. As a result, the vertical driver 22
sequentially selects one row (one horizontal line) at a time
of the pixels Vpix formed in a matrix in the display area
section 21 as a display driving target. The horizontal driver
23 illustrated in FIG. 1 supplies a pixel signal to each of the
pixels Vpix included in one horizontal line sequentially
selected by the vertical driver 22 via the signal lines 25,
25,,,, and 25, illustrated in FIG. 2. In these pixels Vpix,
display of one horizontal line is performed in response to the
supplied pixel signal. The drive electrode driver applies a
driving signal to drive the common electrodes COM in units
of a drive electrode block including a specified number of
commor electrodes COM.

[0074] As described in the foregoing, in the display device
1, the vertical driver 22 drives the scanning lines 24, ,24, .,
and 24, ., by sequential scanning to select horizontal lines
line by line. Also in the display device 1, the horizontal
driver 23 supplies a pixel signal to the pixels Vpix which
belong to one horizontal line. As a result, horizontal lines are
displayed line by line. When the display operation is pet-
formed, the drive electrode driver applies a driving signal to
the common electrodes COM corresponding to the one
horizontal line.

[0075] The display area section 21 has a color filter. The
color filter has a lattice-like black matrix 76a and openings
76b. The black matrix 764 is formed so as to cover the outer
circumferences of the pixels Vpix as illustrated in FIG. 2.
More specifically, the black matrix 76a is disposed in the
boundaries between the pixels Vpix which are disposed in a
two-dimensional manner. As a result, the black matrix 76a
is formed like a lattice. The black matrix 764 is made of a
material having a high optical absorptance. The openings
764 are formed by the lattice form of the black matrix 76a.
The openings 765 are arranged so as to correspond to the
pixels Vpix.



US 2018/0196319 A1

[0076] For example, the openings 765 include color
regions colored in three colors of red (R), green (G), and
blue (B). The color regions of the color filter colored in three
colors of, for example, red (R), green (G), and blue (B) are
cyclically arranged in the openings 765. These three color
regions of R, G, and B for the respective pixels Vpix are
considered as one set, and the one set of the color regions is
associated with each of pixels Pix illustrated in FIG. 2.
[0077] The color combination of the color filter may be
other combinations as long as the color regions are colored
in different colors. In the color filter, the luminance in the
color region of green (G) is generally higher than the
luminance in the color regions of red (R) and blue (B). The
color filter may be omitted. If the color filter is omitted, the
emission light is white. Alternatively, a light transmissive
resin may be used to form a color filter to make the emission
light white.

[0078] When the display area section 21 is viewed from
the direction orthogonal to the front surface, the scanning
lines 24 and the signal lines 25 are arranged in the regions
overlapping the black matrix 76a of the color filter. In short,
the scanning lines 24 and the signal lines 25 are hidden
behind the black matrix 764 when they are viewed from the
direction orthogonal to the front surface. In the display area
section 21, the regions where the black matrix 76a is not
disposed serve as the openings 764.

[0079] As illustrated in FIG. 2, the scanning lines 24,
24, .., and 24, , are disposed at equal intervals, while the
signal lines 25, 25, , |, and 25, are also disposed at equal
intervals. The respective pixels Vpix are disposed in regions
sectioned by the scanning lines 24, 24,,,,, and 24, ,,, and
the signal lines 25,, 25, , |, and 25, ., in the same orientation.
[0080] FIG. 3 is a plan view for explaining the pixels of
the display device according to the first embodiment. In each
of the pixels Vpix. the openings 765 are formed on the lower
side in the vertical scanning direction (in the lower side in
FIG. 3). The TFT elements Tr are disposed on a left upper
side in the vertical scanning direction (upper side in F1G. 3),
and contacts 90H each coupling a drain electrode of the TFT
element Tr to a pixel electrode are formed on a right upper
side in the vertical scanning direction (upper direction in
FIG. 3). The drain of each TFT element Tr includes part of
a semiconductor layer (active layer) and a drain electrode
90. Similarly, the source of the TFT element Tr includes
another part of the semiconductor layer (active layer) and a
source electrode 91. The color filter (including 75R, 75G,
and 75B) is configured by cyclically arranging color regions
colored in, for example, three colors of red (R), green (G),
and blue (B) in the openings 764, so that the color regions
colored in R, G, and B are formed for the corresponding
pixels Vpix illustrated in FIG. 2.

[0081] FIG. 4 is a schematic view illustrating a cross
section of FIG. 3 taken along line A1-A2. As illustrated in
FIG. 4, the display device 1 includes a pixel substrate (first
substrate) 70A, a counter substrate (second substrate) 70B
disposed to face the surface of the pixel substrate 70A in a
direction perpendicular to the surface of the pixel substrate
70A, and a liquid crystal layer 70C interposed between the
pixel substrate 70A and the counter substrate 70B. A back-
light (not illustrated) is disposed on the surface of the pixel
substrate 70A opposite to the liquid crystal layer 70C.
Photospacers (not illustrated) are provided between the pixel
substrate 70A and the counter substrate 70B to maintain a
predetermined gap therebetween.
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[0082] In the liquid crystal layer 70C according to the first
embodiment, an electric field (transverse electric field) is
generated between a first electrode 31 and a second elec-
trode 32 which are laminated in a direction (Z direction)
perpendicular to the surface of a TFT substrate 71 of the
pixel substrate 70A. Since the electric field is generated in
a direction parallel to the TFT substrate 71, the liquid crystal
molecules in the liquid crystal layer 70C are caused to rotate
in a plane parallel to the substrate surface. Display operation
is performed by using the change in optical transmittance in
response to the rotation of the liquid crystal molecules. For
example, the second electrode 32 illustrated in FIG. 4
corresponds to the aforementioned pixel electrode, and the
first electrode 31 corresponds to the aforementioned com-
mon electrode COM. As illustrated in FIG. 4A, a first
orientation film 73a is provided between the liquid crystal
layer 70C and the pixel substrate 70A, and a second orien-
tation film 735 is provided between the liquid crystal layer
70C and the counter substrate 70B.

[0083] The counter substrate 70B includes a glass sub-
strate 72 and a light-shielding 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 perpendicu-
lar to the pixel substrate 70A.

[0084] The pixel substrate 70A includes a TFT substrate
71 as a circuit board. A scanning lines 24,, illustrated in FIG.
3 is formed on the TFT substrate 71. The scanning line 24,
is electrically coupled to a gate electrode 93.

[0085] A semiconductor layer 92 containing amorphous
silicon (a-Si1) serving as an active layer of the TFT element
Tr is formed above the gate electrode 93. The semiconductor
layer 92 is coupled to the source electrode 91 which con-
stitutes the TFT element Tr. The source electrode 91 is an
electric conductor which is electrically coupled to part of the
semiconductor layer 92. The source electrode 91 is electri-
cally coupled to a signal line 25, illustrated in FIG. 3. The
semiconductor layer 92 is coupled to the drain electrode 90
which constitutes the TFT element Tr. The drain electrode 90
is electrically coupled to another part of the semiconductor
layer 92.

[0086] An insulating layer 74 is formed by laminating, for
example, an insulating film 741 between the scanning line
24, and the semiconductor layer 92, an insulating film 742
between the semiconductor layer 92 and the signal line 25,
an insulating film 743 between the signal line 25, and the
second electrode 32, and an insulating film 744 between the
second electrode 32 and the first electrode 31. The insulating
films 741 to 744 may be made of an identical insulating
material, or any one of them may be made of an insulating
material different from the others. For example, the insulat-
ing film 743 is made of an organic insulating material such
as a polyimide resin, and the other insulating films (the
insulating films 741, 742, and 744) are made of an inorganic
insulating material such as silicon nitride or oxidized silicon.

[0087] The contact 90H made of a conductive metal is
formed in a so-called contact hole so as to couple the drain
electrode 90 and the second electrode 32. As the common
electrode COM, the first electrode receives a common
potential VCOM which is commonly provided to the respec-
tive pixels. The second electrode 32 is a light-transmitting
electrode made of a light-transmitting conductive material
(light-transmitting conductive oxide) such as indium tin
oxide (ITO).
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[0088] FIG. 5 is a schematic view for explaining the
relationship between the shape of the first electrode and an
opening according to the first embodiment. As illustrated in
FIG. 5, the first electrode 31 is formed like teeth of a comb
due to the presence of slits S that are regions without the
conductive material. The first electrode 31 includes a plu-
rality of comb tooth portions 131 protruding from an elec-
trode base 132 extending in a Y direction. The comb tooth
portions 131 include comb tooth portions 131a and comb
tooth portions 1315 which extend from the electrode base
132 in directions opposite to each other. The plurality of
adjacent comb tooth portions 131¢ protrude from the elec-
trode base 132 at constant intervals. Similarly, the plurality
of adjacent comb tooth portions 1315 protrude from the
electrode base 132 at constant intervals. From one electrode
base 132, the comb tooth portions 131a extend in an X
direction and the comb tooth portions 1315 extend also in
the X direction but are directed in a direction opposite to the
direction of the comb tooth portions 131a.

Rubbing Direction

[0089] A rubbing treatment is applied to the first orienta-
tion film 73a in a rubbing direction Rub (first rubbing
direction) illustrated in FIGS. 3 and 5 so that the first
orientation film 734 has a predetermined initial orientation
in the X direction. The rubbing treatment is applied to the
second orientation film 735 in a direction (second rubbing
direction) antiparallel to the rubbing direction Rub of the
first orientation film 73a. The rubbing directions of the first
orientation film 73a and the second orientation film 735 are
in a relation antiparallel to each other. As described in the
foregoing, the comb tooth portions 131a extend in the X
direction, and the comb tooth portions 1315 extend also in
the X direction but are directed in a direction opposite to the
direction of the comb tooth portions 131a. The rubbing
direction Rub is parallel to the direction in which the comb
tooth portions 131a or the comb tooth portions 1315 extend.
The term “parallel” used herein means that the rubbing
direction Rub is parallel enough to maintain the rotation
directions LCQ of later-described liquid crystal molecules
illustrated in FIG. 9. More specifically, a manufacture error
of 0 to 0.5 degrees is included.

[0090] It should be noted that in the present embodiment,
the rubbing treatment has been described as an orientation
treatment for imparting initial orientation to the liquid
crystal molecules of the liquid crystal layer 70C; however,
the present disclosure is not limited thereto. As the orienta-
tion treatment, photo alignment treatment may be used
instead of the rubbing treatment. The photo alignment
treatment involves irradiation of polymer film with light
such as linearly polarized ultraviolet light. The irradiation
induces selective reaction of polymer chains in a polariza-
tion direction, which generates anisotropy so as to provide
liquid crystal molecular orientation. In the case of perform-
ing the photo alignment treatment, photo-alignment films
may be used as the first orientation film 734 and the second
orientation film 734.

Light Shielding Portion

[0091] FIG. 6 is a schematic view for explaining the
relationship between the shape of the first electrode and a
light shielding portion according to the first embodiment.
The black matrix 76a is required to shield light up to the
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position of a width 76/1a illustrated in FIG. 6 to hide the
contact 90H. An electric field applied to an endmost slit Sw
between a comb tooth portion 1315 close to the edge of the
opening 765 and the contact 90H is different in distribution
from an electric field applied to the slits S formed between
the adjacent comb tooth portions 131a or between the
adjacent comb tooth portions 1315. Accordingly, the black
matrix 76a shields light at least up to the position of a width
76/15 illustrated in FIG. 6 to hide the contact 90H and half
or more of the endmost slit Sw. This makes it possible to
approximate the change rate of transmittance in the endmost
slit Sw to that in the slits S. If the black matrix 764 shields
light up to the position of a width 76/1c illustrated in FIG.
6 to hide the contact 90H and the endmost slit Sw, it
becomes unnecessary to take into consideration the differ-
ence between the change rates of transmittance in the
endmost slit Sw and the slits S. With this configuration, the
luminance in the openings 765 can be made uniform.
[0092] Examples of liquid crystals may include a positive-
type liquid crystal (liquid crystal with positive dielectric
anisotropy) and a negative-type liquid crystal (liquid crystal
with negative dielectric anisotropy). A description will now
be given of a case of the positive-type liquid crystal and a
case of the negative-type liquid crystal.

[0093] FIG. 7 is an explanatory view for explaining liquid
crystal molecular orientation in the display device according
to the first embodiment, when a positive-type liquid crystal
is used and a voltage for forming an electric field is not
applied between the first electrode and the second electrode.
FIG. 8 is a schematic view illustrating a cross section of FIG.
7 taken along line B1-B2. FIG. 9 is an explanatory view for
explaining liquid crystal molecular orientation in the display
device according to the first embodiment, when a positive-
type liquid crystal is used and a voltage for forming an
electric field is applied between the first electrode and the
second electrode. FIG. 10 is a schematic view illustrating a
cross section of FIG. 9 taken along line C1-C2. FIG. 11 is
an explanatory view for explaining liquid crystal molecular
orientation in the display device according to the first
embodiment, when a negative-type liquid crystal is used and
a voltage for forming an electric field is not applied between
the first electrode and the second electrode. FIG. 12 is an
explanatory view for explaining liquid crystal molecular
orientation in the display device according to the first
embodiment, when a negative-type liquid crystal is used and
a voltage for forming an electric field is applied between the
first electrode and the second electrode. FIG. 13 is a sche-
matic view for explaining the shape of the first electrode
according to the first embodiment in detail.

[0094] In the positive-type liquid crystal (liquid crystal
with positive dielectric anisotropy), a dielectric anisotropy
direction Lema and a refractive index anisotropy Lemb of
liquid crystal molecules Lem extend along a major axis
direction of the liquid crystal molecules Lem as illustrated in
FIG. 7.

[0095] As described in the foregoing, the rubbing treat-
ment is applied to the first orientation film 73« in the rubbing
direction Rub illustrated in FIGS. 3 and 5 so that the first
orientation film 734 has a predetermined initial orientation
in the X direction. Accordingly, as illustrated in FIG. 7,
when a voltage for forming an electric field is not applied
between the first electrode 31 and the second electrode 32,
the major axis direction of the liquid crystal molecules Lem
in the liquid crystal layer 70C tend to extend and align in
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parallel with the direction in which the comb tooth portions
131a and 1315 extend. Accordingly, in a vicinity of a right
long side 131R and a left long side 131L of the comb tooth
portions which face each other in a width direction of the
slits S, the liquid crystal molecules L.cm are initially oriented
in parallel with the direction in which the comb tooth
portions 131« and the comb tooth portions 1315 extend. The
liquid crystal molecules Lem illustrated in FIG. 8 extend
along the rubbing direction Rub, and are also initially
oriented upward to have a pre-tilt angle 8p with respect to
the surface of the TFT substrate 71 along the rubbing
direction Rub.

[0096] As illustrated in FIG. 9, when a voltage for forming
an electric field is applied between the first electrode 31 and
the second electrode 32, the liquid crystal molecules Lem
rotate in liquid crystal rotation directions LCQ. More spe-
cifically, the liquid crystal rotation directions LCQ represent
directions of twist or rotation of the liquid crystal on an X-Y
plane. The liquid crystal molecules Lem in the vicinity of the
right long side 131R and in the vicinity of the left long side
131L tend to rotate in respective directions opposite to each
other due to the influence of electric fields opposite in
direction from each other.

[0097] Thus, in the liquid crystal layer 70C of the display
device 1 according to the first embodiment, when a voltage
is applied to the first electrode 31 and the second electrode
32, the liquid crystal molecules in the vicinity of the right
long side 131R, which is one of facing sides of the comb
tooth portions 131a (13156) adjacent in a width direction of
the slits S, rotate in the direction opposite to the rotation
direction of the liquid crystal molecules in the vicinity of the
left long side 1311 which is the other of the facing sides of
the adjacent comb tooth portions 131a (1315). Accordingly,
as compared with the FFS-mode display device disclosed in
JP-A-2008-52161, the display device according to the first
embodiment is configured so that the liquid crystal mol-
ecules Lem react to changes in the electric fields between the
first electrode 31 and the second electrode 32 at high speed.
This improves the response speed of the display device 1
according to the first embodiment.

[0098] The response speed herein refers to a speed at
which the transmittance of the liquid crystal is shifted
between specified levels when a voltage is applied to the first
electrode 31 and the second electrode 32. More specifically,
the response speed is specified by the time required to shift
from the state where a voltage is not applied (for example,
transmittance=0) to the state where a voltage is applied
(transmittance=1) or vice versa.

[0099] When the voltage for forming an electric field is
applied between the first electrode 31 and the second elec-
trode 32, the major axis direction of the liquid crystal
molecules Lem changes in 7 direction, while rotating in a
plane (X-Y plane) parallel to the surface of the pixel
substrate 70A (TFT substrate 71) as illustrated in FIG. 10.
Since the first electrode 31 and the second electrode 32 are
disposed so as to face each other in the direction perpen-
dicular to the surface of the pixel substrate 70A (TFT
substrate 71), the electric field formed between the first
electrode 31 and the second electrode 32 turns into a fringing
field which passes the slits S. Due to the fringing field, the
major axes of the liquid crystal molecules Lem rise in the
direction (7 direction) perpendicular to the surface of the
pixel substrate 70A (TFT substrate 71), while rotating in the
respective liquid crystal rotation directions LCQ (clockwise,
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counterclockwise) on the X-Y plane illustrated in FIG. 9. In
a center region of the slit S, the liquid crystal rotation
directions LCQ may be intermingled.

[0100] As illustrated in FIG. 10, in a slit region Rs
between the comb tooth portions 1315, the major axis
direction of the liquid crystal molecules Lem forms an angle
0p2 which is larger than the pre-tilt angle Op. In a slit region
Ls between the comb tooth portions 131a, the major axis
direction of the liquid crystal molecules Lem forms an angle
Op1 which is in a direction opposite to the pre-tilt angle 6p.
The major axis direction of the liquid crystal molecules Lcm
in the slit region Ls may have more difficulty in rising and
have lower responsiveness than the major axis direction of
the liquid crystal molecules Lem in the slit region Rs.
[0101] In the negative-type liquid crystal (liquid crystal
with negative dielectric anisotropy), the dielectric anisot-
ropy direction Lema of liquid crystal molecules Lem
extends along a minor axis direction of the liquid crystal
molecules Lem, while the refractive index anisotropy Lemb
extend along the major axis direction of the liquid crystal
molecules Lem as illustrated in FIG. 11.

[0102] As described in the foregoing, the rubbing treat-
ment is applied to the first orientation film 73a in the rubbing
direction Rub illustrated in FIGS. 3 and 5 so that the first
orientation film 734 has a predetermined initial orientation
in the Y direction. Accordingly, as illustrated in FIG. 11,
when a voltage for forming an electric field is not applied
between the first electrode 31 and the second electrode 32,
the major axis direction of the liquid crystal molecules Lem
in the liquid crystal layer 70C tend to extend and align at
right angles to the direction in which the comb tooth portions
1314 and the comb tooth portions 1315 extend. Accordingly,
in the vicinity of the right long side 131R and the left long
side 131L of the comb tooth portions which face each other
in the width direction of the slits S, the liquid crystal
molecules Lem are initially oriented at right angles to the
direction in which the comb tooth portions 131a and the
comb tooth portions 1315 extend. The liquid crystal mol-
ecules Lem extend at right angles to the rubbing direction
Rub, and are also initially oriented upward to have a pre-tilt
angle Op with respect to the surface of the TFT substrate 71
at right angles to the rubbing direction Rub.

[0103] As illustrated in FIG. 12, when a voltage for
forming an electric field is applied between the first elec-
trode 31 and the second electrode 32, the liquid crystal
molecules Lem rotate in the liquid crystal rotation directions
LCQ. More specifically, the liquid crystal rotation directions
LCQ represent the directions of twist or rotation of the liquid
crystal on the X-Y plane. The liquid crystal molecules Lem
in the vicinity of the right long side 131R and in the vicinity
of the left long side 131L tend to rotate in respective
directions opposite to each other due to the influence of
electric fields opposite in direction from each other.

[0104] Thus, in the liquid crystal layer 70C of the display
device 1 according to the first embodiment, when a voltage
is applied to the first electrode 31 and the second electrode
32, the liquid crystal molecules in the vicinity of the right
long side 131R, which is one of facing sides of the comb
tooth portions 131a (1315) adjacent in the width direction of
the slits S, rotate in the direction opposite to the rotation
direction of the liquid crystal molecules in the vicinity of the
left long side 1311 which is the other of the facing sides of
the adjacent comb tooth portions 131a (1315). Accordingly,
as compared with the FFS-mode display device disclosed in
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JP-A-2008-52161, the display device 1 according to the first
embodiment is configured so that the liquid crystal mol-
ecules Lem react to changes in electric fields between the
first electrode 31 and the second electrode 32 at high speed.
This improves the response speed of the display device 1
according to the first embodiment.

[0105] When the voltage for forming an electric field is
applied between the first electrode 31 and the second elec-
trode 32, the major axis direction of the liquid crystal
molecules Lem changes in the 7 direction, while rotating in
the plane (X-Y plane) parallel to the surface of the pixel
substrate 70A (TFT substrate 71). Since the first electrode 31
and the second electrode 32 are disposed so as to face each
other in the direction perpendicular to the surface of the
pixel substrate 70A (TFT substrate 71), the electric field
formed between the first electrode 31 and the second elec-
trode 32 turns into a fringing field which passes the slits S.
Due to the fringing field, the major axes of the liquid crystal
molecules Lem rise in the direction (7 direction) perpen-
dicular to the surface of the pixel substrate 70A (TFT
substrate 71), while rotating in the respective liquid crystal
rotation directions LCQ (clockwise, counterclockwise) on
the X-Y plane illustrated in FIG. 12. In the center region of
the slit S, the liquid crystal rotation directions LCQ may be
intermingled.

[0106] As illustrated in FIG. 13, the display device 1
according to the first embodiment can improve responsive-
ness and orientation stability by specifying the details of the
shape of the first electrode 31. For example, as illustrated in
FIG. 13, a total slit length between the electrode bases 132
in the X direction is represented by L0. A comb tooth
protruding length of the comb tooth portions 1314 in the X
direction is represented by L.1. The comb tooth protruding
length L1 is a length from a position x1 at a distal end 131af
of the comb tooth portion 131a to a protruding starting
position x0 of the electrode base 132. Similarly, a comb
tooth protruding length of the comb tooth portions 1315 in
the X direction is represented by L2. The comb tooth
protruding length L2 is a length from a position x1 at a distal
end 1315f of the comb tooth portion 1315 to a protruding
starting position x0 of the electrode base 132. A width of the
distal end 131af of the comb tooth portion 131a and the
distal end 13151 of the comb tooth portion 1315 in the Y
direction is represented by wl. For example, the total slit
length L0 is preferably 10 pm to 60 um. The total slit length
L0 is preferably less than 40 um, namely 20 pm for example.
In the display device 1 according to the first embodiment,
the orientation stability of the liquid crystal becomes higher
with a shorter total slit length L0, whereas the luminance
becomes higher with a longer total slit length L0.

[0107] As described in the foregoing, the major axis
direction of the liquid crystal molecules Lem in the slit
region Ls illustrated in FIG. 10 may have more difficulty in
rising and have lower responsiveness than the major axis
direction of the liquid crystal molecules Lem in the slit
region Rs. In order to make the slit region Ls smaller than
the slit region Rs, the comb tooth protruding length 11
illustrated in FIG. 13 is made smaller than the comb tooth
protruding length 1.2 of the comb tooth portion 1315 which
is downstream of the comb tooth portion 1314 in the rubbing
direction Rub. As a consequence, the display device 1
according to the first embodiment can improve the response
speed.
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[0108] The width w1 of the distal end 131af of the comb
tooth portion 131a and the distal end 1315f of the comb
tooth portion 1315 in the Y direction may be set at, for
example, 2 um to 5 um. The response speed can become
higher with a smaller width w1.

[0109] An array pitch p of the adjacent comb tooth por-
tions 131a is identical to an array pitch of the adjacent comb
tooth portions 1315. The distal end 131af'of the comb tooth
portion 131a and the distal end 13154 of the comb tooth
portion 1315 are alternately arranged in the Y direction.
According to this configuration, the right long side 131R of
the comb tooth portion 131« and the right long side 131R of
the comb tooth portion 1315 are aligned in the X direction
as illustrated in FIG. 9. According to this configuration, the
left long side 131L of the comb tooth portion 131« and the
left long side 131L of the comb tooth portion 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 identical as viewed in the
X direction, so that rotating behavior of the liquid crystal
molecules Lem is stabilized. Since a smaller array pitch p
leads to a higher response speed, it is preferable to set the
array pitch p to be smaller than 9 pum.

[0110] A space between the distal end 131af of the comb
tooth portion 131a and the distal end 1315/ of the comb
tooth portion 1315 illustrated in FIG. 13 forms a commu-
nicating opening portion extending into a vertical slit, and a
width W thereof in the X-direction is preferably smaller. For
example, the width W of the communicating opening por-
tion in the X direction is 7 pm or less. The width W of the
communicating opening portion in the X direction is more
preferably 4 pm or less.

[0111] At the protruding starting position x0 of the elec-
trode base 132, the comb tooth portion 131a has a width w2
in the Y direction, which is larger than the width w1 of the
distal end 131af of the comb tooth portion 131a in the Y
direction. The right long side of the comb tooth portion 131a
is made up of a part 1314/11 on the electrode base 132 side
(hereinafter referred to as “base side”) and a part 131a/12 on
a distal end side (hereinafter referred to as “distal end side”)
of the comb tooth portion 131a with a point 131apl as a
bending point. The part 131a/11 forms an oblique side that
inclines by an angle 62 with respect to an imaginary line
131ac (X direction in which the comb tooth portion 131a
extends) passing through the center of the comb tooth
portion 131a. The part 131a4/12 is an oblique side that
inclines by an angle 61 with respect to the imaginary line
131ac. The angle 61 and the angle 82 are in a relation of
01<62.

[0112] The angles 61 and 62 have characteristics that (A)
smaller angles cause lower stability in liquid crystal molecu-
lar orientation, whereas larger angles cause higher stability
in liquid crystal molecular orientation. If the angles 61 and
02 are larger than 0.5 degrees, the liquid crystal rotation
directions L.CQ in which the liquid crystal molecules Lcm
rotate tend to align and the behavior of the liquid crystal
molecules Lem is stabilized. The angles 01 and 02 have
characteristics that (B) smaller angles cause higher optical
transmittance, whereas larger angles cause lower optical
transmittance. In short, smaller 61 and 02 have both a merit
and a demerit, while larger 81 and 02 also have both a merit
and a demerit. Accordingly, the display device 1 balances the
above-described merit and the demerit by setting the angles
of the base-side part 131a/11 and the distal end-side part
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131al12 of the right long side of the comb tooth portion
131a with respect to the imaginary line 131ac to be different
from each other. In short, in the display device 1, the angle
02 between the base-side part 131a/11, which is low in
contribution to optical transmittance, and the imaginary line
131ac is made larger to regulate the liquid crystal molecular
orientation and to trigger the liquid crystal rotation, so that
the stability in liquid crystal molecular orientation is
improved. At the same time, in the display device 1, the
angle 01 between the distal end-side part 131¢/12 and the
imaginary line 131ac is made smaller, so that the optical
transmittance is improved. As a consequence, the display
device 1 can harmonize the improvement in stability of
liquid crystal molecular orientation and improvement in
optical transmittance.

[0113] Although the right long side of the comb tooth
portion 131a has one bending point 131ap1 in this embodi-
ment, the right long side may have two or more bending
points. As described later, the right long side of the comb
tooth portion 131a may have no bending point but have a
continuously varied shape (like a curve).

[0114] Similarly, the left long side of the comb tooth
portion 131a is made up of a base-side part 131a/21 and a
distal end-side part 131422 with a point 131ap2 as a
bending point. The part 131a/21 forms an oblique side that
inclines by an angle 04 with respect to the imaginary line
131ac. The part 131a/22 forms an oblique side that inclines
by an angle 03 with respect to the imaginary line 131ac. The
angle 03 and the angle 64 are in a relation of 63<04. In the
display device 1, the angle 04 between the base-side part
131a/21, which is low in contribution to optical transmit-
tance, and the imaginary line 13lac is made larger to
regulate the liquid crystal molecular orientation and to
trigger the liquid crystal rotation, so that the stability in
liquid crystal molecular orientation is improved. At the same
time, in the display device 1, the angle 63 between the distal
end-side part 131¢/22 and the imaginary line 131ac is made
smaller, so that the optical transmittance is improved. As a
consequence, the display device 1 can harmonize the
improvement in stability of liquid crystal molecular orien-
tation and improvement in optical transmittance.

[0115] Although the left long side of the comb tooth
portion 131a has one bending point 131ap2 in this embodi-
ment, the left long side may have two or more bending
points. As described later, the left long side of the comb
tooth portion 1312 may have no bending point but have a
continuously varied shape (like a curve).

[0116] Similarly, at the protruding starting position x0 of
the electrode base 132, the comb tooth portion 1315 has a
width w2 in the Y direction, which is larger than the width
w1 of the distal end 1315/ of the comb tooth portion 1315
in the Y direction. Further, the right long side of the comb
tooth portion 1315 is made up of a base-side part 1315711
and a distal end-side part 131512 with a point 1316p1 as a
bending point. The part 1315/11 forms an oblique side that
inclines by an angle 86 with respect to the imaginary line
131ac. The part 1315/12 is an oblique side that inclines by
an angle 85 with respect to the imaginary line 131ac. The
angle 05 and the angle 06 are in a relation of 65<06. In the
display device 1, the angle 66 between the base-side part
1315/11, which is low in contribution to optical transmit-
tance, and the imaginary line 13lac is made larger to
regulate the liquid crystal molecular orientation and to
trigger the liquid crystal rotation, so that the stability in
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liquid crystal molecular orientation is improved. At the same
time, in the display device 1, the angle 85 between the distal
end-side part 1315/12 and the imaginary line 131ac is made
smaller, so that the optical transmittance is improved. As a
consequence, the display device 1 can harmonize the
improvement in stability of liquid crystal molecular orien-
tation and improvement in optical transmittance.

[0117] Although the right long side of the comb tooth
portion 1315 has one bending point 1315p1 in this embodi-
ment, the right long side may have two or more bending
points. As described later, the right long side of the comb
tooth portion 1315 may have no bending point but have a
continuously varied shape (like a curve).

[0118] Similarly, the left long side of the comb tooth
portion 1315 is made up of a base-side part 1315/21 and a
distal end-side part 131622 with a point 1315p2 as a
bending point. The part 1315/21 forms an oblique side that
inclines by an angle 68 with respect to the imaginary line
131ac. The part 1315/22 forms an oblique side that inclines
by an angle 687 with respect to the imaginary line 131ac. The
angle 67 and the angle 68 are in a relation of 67<68. In the
display device 1, the angle 68 between the base-side part
1315121, which is low in contribution to optical transmit-
tance, and the imaginary line 13lac is made larger to
regulate the liquid crystal molecular orientation and to
trigger the liquid crystal rotation, so that the stability in
liquid crystal molecular orientation is improved. At the same
time, in the display device 1, the angle 67 between the distal
end-side part 131522 and the imaginary line 131ac is made
smaller, so that the optical transmittance is improved. As a
consequence, the display device 1 can harmonize the
improvement in stability of liquid crystal molecular orien-
tation and improvement in optical transmittance.

[0119] Although the left long side of the comb tooth
portion 1315 has one bending point 1315p2 in this embodi-
ment, the left long side may have two or more bending
points. As described later, the left long side of the comb
tooth portion 1315 may have no bending point but have a
continuously varied shape (like a curve).

[0120] Thus, the display device 1 according to the first
embodiment is configured so that the liquid crystal rotation
directions are aligned among the columns adjacent in the X
direction and on the lines in the X-direction, so that high
orientation stability is achieved.

[0121] Since the electrode base 132 does not contribute to
the light transmission, a width D1 of the electrode base 132
in the X direction (the direction orthogonal to the direction
in which the electrode base 132 extends) is preferably small.
However, the plurality of comb tooth portions 131a or the
plurality of comb tooth portions 1315 protrude from one side
or both the sides of the electrode base 132. Accordingly,
when the electrode base 132 is formed concurrently with the
comb tooth portions 131a or the comb tooth portions 1315,
the width D1 of the electrode base 132 in the X direction
tends to be larger than the width w2 due to surroundingly
sneaking of exposure light. Particularly when the electrode
base 132 is formed as a light-transmitting electrode made of
a light-transmitting conductive material (light-transmitting
conductive oxide) such as indium tin oxide (ITO), like the
comb tooth portions 1314 or the comb tooth portions 1315,
the width D1 of the electrode base 132 in the X direction
tends to be larger than the width w2 due to infiltration of
exposure light.
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[0122] FIG. 14 is a schematic view for explaining the first
electrode according to the first embodiment in detail. FIG.
15 is a schematic view illustrating a cross section of FIG. 14
taken along line E1-E2. As illustrated in FIGS. 14 and 15,
the comb tooth portions 131 (the comb tooth portions 131a
or the comb tooth portions 131%) according to the first
embodiment have joint portions 135 laminated below the
electrode base 132. Because of this configuration, a layer in
which the comb tooth portions 131a or the comb tooth
portions 1315 are formed by exposure and a layer in which
the electrode base 132 is formed by exposure are not formed
at once. Accordingly, the exposure light used at the time of
forming the comb tooth portions 131a or the comb tooth
portions 1315 has less influence on the formation of the
electrode base 132. As a result, the width D1 of the electrode
base 132 in the X direction can be made equal to or smaller
than the width w2. Consequently, the display device 1
according to the first embodiment can improve the response
speed while reducing a light transmission loss caused by the
first electrode 31.

[0123] The electrode base 132 is more preferably made of
a conductive metallic material different from the light-
transmitting conductive material (light-transmitting conduc-
tive oxide) such as indium tin oxide (ITO) as in the comb
tooth portions 131a or the comb tooth portions 1315.
Examples of the conductive metallic material to be used may
include aluminum (Al) and molybdenum (Mo). When the
electrode base 132 is made of a metallic material, the electric
resistance of the electrode base 132 decreases, so that the
width w2 can be made smaller. When the electrode base 132
is made of a metallic material, it becomes easy to apply a dry
etching process which can make the electrode base 132
narrower. Accordingly, when the electrode base 132 is made
of a metallic material, finer wiring is easily achieved.

[0124] As illustrated in FIG. 15, in the vicinity of the joint
portions 135, it is hard to form the electrode base 132 on the
corners of the comb tooth portions 131, and this causes the
tendency of a reduced thickness d of an upper layer. The
reduced thickness d may cause disconnection. When the
electrode base 132 is disconnected, the disconnection may
also simultaneously affect the plurality of comb tooth por-
tions 131a or comb tooth portions 1315 which are coupled
to the electrode base 132. Accordingly, the first electrode 31
according to the first embodiment may be configured as a
modification illustrated in FIGS. 16 and 17. FIG. 16 is a
schematic view for explaining the modification of the first
electrode according to the first embodiment in detail. FIG.
17 is a schematic view illustrating a cross section of FIG. 16
taken along line F1-F2.

[0125] As illustrated in FIGS. 16 and 17, the comb tooth
portions 131 (comb tooth portions 131a or comb tooth
portions 1315) according to the modification of the first
embodiment are laminated on the electrode base 132 and
have joint portions 136. Because of this configuration, a
layer in which the comb tooth portions 131a or the comb
tooth portions 1315 are formed by exposure and a layer in
which the electrode base 132 is formed by exposure are not
formed at once. Accordingly, the exposure light used to
expose the comb tooth portions 131a or the comb tooth
portions 1315 has less influence on the formation of the
electrode base 132. As a result, the width D1 of the electrode
base 132 in the X direction can be made equal to or smaller
than the width w2.
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[0126] In the vicinity of the joint portions 136, it is hard
to form a film of the comb tooth portions 131 on the corners
of the base electrode 132, and this causes the tendency of a
reduced thickness d of an upper layer. The reduced thickness
d may cause disconnection. When the comb tooth portions
131 are disconnected, the comb tooth portions 131a or the
comb tooth portions 1315 are limitedly affected as compared
with the case where the electrode base 132 is disconnected.
[0127] The electrode base 132 is more preferably made of
a metallic material different from the light-transmitting
conductive material (light-transmitting conductive oxide)
such as indium tin oxide (ITO) as in the comb tooth portions
131a or the comb tooth portions 1315. As the metallic
material, the above-described materials can be used. When
the electrode base 132 is made of a metallic material, the
electric resistance of the electrode base 132 decreases, so
that the width w2 can be made smaller. When the electrode
base 132 is made of a metallic material, it becomes easy to
apply a dry etching process which can make the electrode
base 132 narrower. Accordingly, when the electrode base
132 is made of a metallic material, finer wiring is easily
achieved.

Manufacturing Method

[0128] A method for manufacturing the display device 1
according to the first embodiment includes, for example, the
following processes. A manufacturing apparatus performs a
first substrate preparation step that prepares a glass substrate
which is a light-transmitting substrate as a TFT substrate 71
of the pixel substrate (first substrate) 70A.

[0129] Next, the manufacturing apparatus forms the scan-
ning line 24, and the gate electrode 93 on the TFT substrate
71. The manufacturing apparatus then forms the insulating
film 741, which is interposed between the scanning line 24,
as well as the gate electrode 93 and the semiconductor layer
92, above the TFT substrate 71. The manufacturing appa-
ratus then forms layers, such as the source electrode 91, the
drain electrode 90, and the semiconductor layer 92. Next, the
manufacturing apparatus forms the insulating film 742 that
is interposed between the semiconductor layer 92 and the
signal line 25, . The manufacturing apparatus then forms the
signal line 25,,, and couples the signal line 25, to the source
electrode 91. Next, the manufacturing apparatus forms the
insulating film 743 that is interposed between the signal line
25, and the second electrode 32.

[0130] Next, the manufacturing apparatus forms the sec-
ond electrode 32 as a pixel electrode by sputtering, etching,
and the like, and couples the drain electrode 90 and the
second electrode 32 via the above-described conductive
contact 90H. The thickness of the second electrode 32 is, for
example, 10 nm to 100 nm. The manufacturing apparatus
then forms the insulating film 744 on the second electrode 32
by a plasma CVD method and the like.

[0131] Next, the manufacturing apparatus forms the first
electrode 31 by sputtering, etching, and the like, and couples
the first electrode 31 to the aforementioned common elec-
trode COM. The thickness of the first electrode 31 is, for
example, 10 nm to 100 nm. The manufacturing apparatus
forms the first electrode 31 in such an order that the comb
tooth portions 131 are formed first and then the electrode
base 132 are formed as illustrated in FIG. 15. Or alterna-
tively, the manufacturing apparatus forms the first electrode
31 in such an order that the electrode base 132 is formed first
and then the comb tooth portions 131 are formed as illus-
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trated in FIG. 17. The first electrode 31 is formed into the
shape of comb teeth with the slits S. The manufacturing
apparatus forms, above the first electrode 31, the first
orientation film 73¢ made of a polymeric material such as
polyimide subjected to the treatment in the rubbing direction
Rub. The manufacturing apparatus thus performs the manu-
facturing processes of the first substrate.

[0132] The manufacturing apparatus performs a second
substrate preparation step that prepares a glass substrate
which is a light-transmitting substrate as a glass substrate 72
of the counter substrate (second substrate) 70B.

[0133] The manufacturing apparatus forms a layer of color
filter and black matrix on the glass substrate 72, and forms
an overcoat layer on top of the layer. The manufacturing
apparatus then forms, on the overcoat layer, the second
orientation film 735 made of a polymeric material such as
polyimide which is subjected to the treatment in antiparallel
(in the direction opposite) to the rubbing direction Rub. The
manufacturing apparatus thus performs the manufacturing
processes of the second substrate.

[0134] The manufacturing apparatus places the pixel sub-
strate 70A and the counter substrate 70B so as to face each
other, injects a liquid crystal therebetween, and seals with a
frame portion to form the liquid crystal layer 70C. A
polarizing plate and/or a backlight and the like, are mounted
at the rear side of the pixel substrate 70A, and a polarizing
plate and the like are mounted at the front face side. The
aforementioned driver IC 3 is coupled to an electrode end of
the above-described frame portion, whereby the display
device 1 is manufactured.

[0135] Although amorphous silicon (a-Si) was used for the
semiconductor layer 92 that forms the TFT element Tr in the
first embodiment, the present disclosure is not limited to this
configuration. Polycrystalline silicon (poly-Si) may be used
for the semiconductor layer 92. In place of silicon, other
semiconducting materials (such as germanium (Ge)), or
materials (such as silicon germanium (Site)) prepared by
adding other materials to silicon may be used. Oxide semi-
conductor materials may also be used for the semiconductor
layer 92. Examples of such an oxide semiconductor material
used may include oxide semiconductor materials containing
indium (In).

[0136] In the first embodiment, the TFT element Tr is a
bottom gate TFT having the gate electrode 93 provided
below the semiconductor layer. If possible, a top gate TFT
configuration in which the gate electrode 93 is provided
above the semiconductor layer may be used.

First Modification of First Embodiment

[0137] A description will now be given of a display device
1 according to a first modification of the first embodiment.
FIG. 18 is a schematic view illustrating a modification in the
cross section of FIG. 3 taken along line A1-A2. Constituent
elements identical to those described in the above-described
first embodiment are designated by identical reference
numerals to omit redundant description.

[0138] In the display device 1 according to the first
modification of the first embodiment, an electric field (a
transverse electric field) is generated between the first elec-
trode 31 and the second electrode 32 which are laminated in
the direction (Z direction) perpendicular to the surface of the
TFT substrate 71 of the pixel substrate 70A. Since the
electric field is generated in the direction parallel to the TFT
substrate 71, the liquid crystal molecules in the liquid crystal
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layer 70C are caused to rotate in a plane parallel to the
substrate surface. Display operation is performed by using
the change in optical transmittance in response to the
rotation of the liquid crystal molecules. For example, the
second electrode 32 illustrated in FIG. 18 corresponds to the
aforementioned common electrode COM, and the first elec-
trode 31 corresponds to the aforementioned pixel electrode.
For example, the first electrode 31 is coupled to the drain
electrode 90 via the conductive contact 90H. The respective
first electrodes 31 are sectioned in accordance with the
respective regions of the pixels Vpix described before.
Accordingly, the first electrodes 31 in the adjacent pixels
Vpix are insulated from each other to form independent
patterns.

Second Modification of First Embodiment

[0139] A description will now be given of a display device
1 according to a second modification of the first embodi-
ment. FIG. 19 is a schematic view for explaining a modi-
fication of the relationship between the shape of the first
electrode and the opening according to the first embodiment.
Constituent elements identical to those described in the
above-described first embodiment are designated by identi-
cal reference numerals to omit redundant description.
[0140] The first electrode 31 includes a plurality of comb
tooth portions 131 protruding from the electrode base 132
extending in the X direction. The comb tooth portions 131
include comb tooth portions 131a and comb tooth portions
1315 which extend from the electrode base 132 in directions
opposite to each other. The plurality of adjacent comb tooth
portions 131a protrude from the electrode base 132 at
constant intervals. Similarly, the plurality of adjacent comb
tooth portions 1315 protrude from the electrode base 132 at
constant intervals. From one electrode base 132, the comb
tooth portions 131a extend in the Y direction and the comb
tooth portions 1315 extend also in the Y direction but are
directed in a direction opposite to the direction of the comb
tooth portions 131a.

[0141] Accordingly, the rubbing treatment is applied to the
above-described first orientation film 734 in a rubbing
direction Rub illustrated in FIG. 19 so that the first orien-
tation film 73a has a predetermined initial orientation in the
Y direction. The rubbing treatment is applied to the second
orientation film 734, in a direction antiparallel to the rubbing
direction Rub of the first orientation film 73a. The rubbing
directions of the first orientation film 734 and the second
orientation film 734 are in a relation antiparallel to each
other.

Third Modification of First Embodiment

[0142] A description will now be given of a display device
1 according to a third modification of the first embodiment.
FIG. 20 is a schematic view for explaining a modification of
the relationship between the shape of the first electrode and
the opening according to the first embodiment. Constituent
elements identical to those described in the above-described
first embodiment are designated by identical reference
numerals to omit redundant description.

[0143] The first electrode 31 includes the plurality of
comb tooth portions 131 protruding from the electrode base
132 extending in the Y direction. The comb tooth portions
131 include comb tooth portions 131a and comb tooth
portions 1315 which extend from the electrode base 132 in
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directions opposite to each other. The plurality of adjacent
comb tooth portions 131a protrude from the electrode base
132 at constant intervals. Similarly, the plurality of adjacent
comb tooth portions 1315 protrude from the electrode base
132 at constant intervals. From one electrode base 132, the
comb tooth portions 131« extend in the X direction and the
comb tooth portions 1315 extend also in the X direction but
are directed in a direction opposite to the direction of the
comb tooth portions 131a.

[0144] Accordingly, the rubbing treatment is applied to the
above-described first orientation film 73a¢ in a rubbing
direction Rub illustrated in FIG. 20 so that the first orien-
tation film 73a has a predetermined initial orientation in the
X direction. The rubbing treatment is applied to the second
orientation film 734, in a direction antiparallel to the rubbing
direction Rub of the first orientation film 73a. The rubbing
directions of the first orientation film 73a and the second
orientation film 734 are in a relation antiparallel to each
other.

[0145] In this modification, a distal end 131af of the comb
tooth portion 131a and a distal end 1315/ of the comb tooth
portion 1315 face each other.

Fourth Modification of First Embodiment

[0146] A description will now be given of a display device
1 according to a fourth modification of the first embodiment.
FIG. 21 is a schematic view for explaining a modification of
the relationship between the shape of the first electrode and
the opening according to the first embodiment. Constituent
elements identical to those described in the above-described
first embodiment are designated by identical reference
numerals to omit redundant description.

[0147] The first electrode 31 includes the plurality of
comb tooth portions 131 protruding from the electrode base
132 extending in the Y direction. The comb tooth portions
131 include comb tooth portions 131a and comb tooth
portions 1315 which extend from the electrode base 132 in
directions opposite to each other. The plurality of adjacent
comb tooth portions 131a protrude from the electrode base
132 at constant intervals. Similarly, the plurality of adjacent
comb tooth portions 1315 protrude from the electrode base
132 at constant intervals. From one electrode base 132, the
comb tooth portions 1314 extend in the X direction and the
comb tooth portions 1315 extend also in the X direction but
are directed in a direction opposite to the direction of the
comb tooth portions 131a.

[0148] Accordingly, the rubbing treatment is applied to the
above-described first orientation film 734 in a rubbing
direction Rub illustrated in FIG. 21 so that the first orien-
tation film 73a has a predetermined initial orientation in the
X direction. The rubbing treatment is applied to the second
orientation film 734, in a direction antiparallel to the rubbing
direction Rub of the first orientation film 73a. The rubbing
directions of the first orientation film 73a and the second
orientation film 735 are in a relation antiparallel to each
other.

[0149] In the display device 1 of the present modification,
a distal end-side part 131a/12 of the right long side of the
comb tooth portion 131a is parallel to the X direction. In the
display device 1 of this modification, an angle between a
base-side part 131a/11, which is low in contribution to
optical transmittance, and the X direction is made larger to
regulate the liquid crystal molecular orientation and to
trigger the liquid crystal rotation, so that the stability in
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liquid crystal molecular orientation is improved. At the same
time, in the display device 1 of this modification, the distal
end-side part 131a/12 is made parallel to the X direction so
as to improve the optical transmittance. As a consequence,
the display device 1 of this modification can harmonize the
improvement in stability of liquid crystal molecular orien-
tation and improvement in optical transmittance.

[0150] Similarly, in the display device 1 of this modifica-
tion, a distal end-side part 131a/22 of the left long side of the
comb tooth portion 131a is parallel to the X direction. In the
display device 1 of this modification, an angle between a
base-side part 131a/21, which is low in contribution to
optical transmittance, and the X direction is made larger to
regulate the liquid crystal molecular orientation and to
trigger the liquid crystal rotation, so that the stability in
liquid crystal molecular orientation is improved. At the same
time, in the display device 1 of this modification, the distal
end-side part 1314/22 is made parallel to the X direction to
improve the optical transmittance. As a consequence, the
display device 1 of this modification can harmonize the
improvement in stability of liquid crystal molecular orien-
tation and improvement in optical transmittance.

[0151] Similarly, in the display device 1 of this modifica-
tion, a distal end-side part 1315/12 of the right long side of
the comb tooth portion 1314 is parallel to the X direction. In
the display device 1 of this modification, an angle between
a base-side part 1315/11, which is low in contribution to
optical transmittance, and the X direction is made larger to
regulate the liquid crystal molecular orientation and to
trigger the liquid crystal rotation, so that the stability in
liquid crystal molecular orientation is improved. At the same
time, in the display device 1 of this modification, the distal
end-side part 1315/12 is made parallel to the X direction to
improve the optical transmittance. As a consequence, the
display device 1 of this modification can harmonize the
improvement in stability of liquid crystal molecular orien-
tation and improvement in optical transmittance.

[0152] Similarly, in the display device 1 of this modifica-
tion, a distal end-side part 1315122 of the left long side of the
comb tooth portion 1315 is parallel to the X direction. In the
display device 1 of this modification, an angle between a
base-side part 1314/21, which is low in contribution to
optical transmittance, and the X direction is made larger to
regulate the liquid crystal molecular orientation and to
trigger the liquid crystal rotation, so that the stability in
liquid crystal molecular orientation is improved. At the same
time, in the display device 1 of this modification, the distal
end-side part 1315/22 is made parallel to the X direction to
improve the optical transmittance. As a consequence, the
display device 1 of this modification can harmonize the
improvement in stability of liquid crystal molecular orien-
tation and improvement in optical transmittance.

Fifth Modification of First Embodiment

[0153] Adescription will now be given of a display device
1 according to a fifth modification of the first embodiment.
FIG. 22 is a schematic view for explaining a modification of
the relationship between the shape of the first electrode and
the opening according to the first embodiment. Constituent
elements identical to those described in the above-described
first embodiment are designated by identical reference
numerals to omit redundant description.

[0154] The first electrode 31 includes the plurality of
comb tooth portions 131 protruding from the electrode base
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132 extending in the Y direction. The comb tooth portions
131 include comb tooth portions 131a and comb tooth
portions 1315 which extend from the electrode base 132 in
directions opposite to each other. The plurality of adjacent
comb tooth portions 131a protrude from the electrode base
132 at constant intervals. Similarly, the plurality of adjacent
comb tooth portions 1315 protrude from the electrode base
132 at constant intervals. From one electrode base 132, the
comb tooth portions 131a extend in the X direction and the
comb tooth portions 1315 extend also in the X direction but
are directed in a direction opposite to the direction of the
comb tooth portions 131a.

[0155]  Accordingly, the rubbing treatment is applied to the
above-described first orientation film 734 in a rubbing
direction Rub illustrated in FIG. 22 so that the first orien-
tation film 73a has a predetermined initial orientation in the
X direction. The rubbing treatment is applied to the second
orientation film 734, in a direction antiparallel to the rubbing
direction Rub of the first orientation film 73a. The rubbing
directions of the first orientation film 73a and the second
orientation film 734 are in a relation antiparallel to each
other.

[0156] In the display device 1 of this modification, a distal
end 131af of the comb tooth portion 131a is pointed and
extends into a slit formed between the comb tooth portions
1315 that face the comb tooth portion 131a. Similarly, a
distal end 1315/ of the comb tooth portion 1315 is pointed
and extends into a slit formed between the comb tooth
portions 131a that face comb tooth portion 1314.

[0157] In the display device 1 of this modification, an
angle between the base-side parts of the comb tooth portions
131a and 1315, which are low in contribution to optical
transmittance, and the X direction is made larger to regulate
the liquid crystal molecular orientation and to trigger the
liquid crystal rotation, so that the stability in liquid crystal
molecular orientation is improved. At the same time, in the
display device 1 of this modification, the distal end 131af'of
the comb tooth portion 131a extends into a slit formed
between the comb tooth portions 1315 that face the comb
tooth portion 131a, and the distal end 1315/ of the comb
tooth portion 1315 extends into a slit formed between the
comb tooth portions 1314 that face the comb tooth portion
131a, whereby the optical transmittance is improved. As a
consequence, the display device 1 of this modification can
harmonize the improvement in stability of liquid crystal
molecular orientation and improvement in optical transmit-
tance.

Sixth Modification of First Embodiment

[0158] A description will now be given of a display device
1 according to a sixth modification of the first embodiment.
FIG. 23 is a schematic view for explaining a modification of
the relationship between the shape of the first electrode and
the opening according to the first embodiment. Constituent
elements identical to those described in the above-described
first embodiment are designated by identical reference
numerals to omit redundant description.

[0159] The first electrode 31 includes the plurality of
comb tooth portions 131 protruding from the electrode base
132 extending in the Y direction. The comb tooth portions
131 include comb tooth portions 131a and comb tooth
portions 1315 which extend from the electrode base 132 in
directions opposite to each other. The plurality of adjacent
comb tooth portions 131a protrude from the electrode base
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132 at constant intervals. Similarly, the plurality of adjacent
comb tooth portions 1315 protrude from the electrode base
132 at constant intervals. From one electrode base 132, the
comb tooth portions 131« extend in the X direction and the
comb tooth portions 1315 extend also in the X direction but
are directed in a direction opposite to the direction of the
comb tooth portions 131a.

[0160] Accordingly, the rubbing treatment is applied to the
above-described first orientation film 734 in a rubbing
direction Rub illustrated in FIG. 23 so that the first orien-
tation film 73a has a predetermined initial orientation in the
X direction. The rubbing treatment is applied to the second
orientation film 734, in a direction antiparallel to the rubbing
direction Rub of the first orientation film 73a. The rubbing
directions of the first orientation film 73« and the second
orientation film 735 are in a relation antiparallel to each
other.

[0161] In the display device 1 of this modification, a right
long side 13111 of the comb tooth portion 131a does not
have a bending point but has a continuously varied shape
(like a curve). At the bending point, the liquid crystal
molecular orientation drastically changes, so that the liquid
crystal molecular orientation tends to be disordered. In the
display device 1 of this modification, the right long side
131411 of the comb tooth portion 131a does not have a
bending point and therefore there is no point where the
liquid crystal molecular orientation drastically changes. This
makes it possible to prevent the liquid crystal molecular
orientation from being disordered.

[0162] Similarly, in the display device 1 of this modifica-
tion, a left long side 131412 of the comb tooth portion 131a
does not have a bending point but has a continuously varied
shape (like a curve). At the bending point, the liquid crystal
molecular orientation drastically changes, so that the liquid
crystal molecular orientation tends to be disordered. In the
display device 1 of this modification, the left long side
131412 of the comb tooth portion 131a does not have a
bending point and therefore there is no point where the
liquid crystal molecular orientation drastically changes. This
makes it possible to prevent the liquid crystal molecular
orientation from being disordered.

[0163] Similarly, in the display device 1 of this modifica-
tion, a right long side 131511 of the comb tooth portion 1315
does not have a bending point but has a continuously varied
shape (like a curve). At the bending point, the liquid crystal
molecular orientation drastically changes, so that the liquid
crystal molecular orientation tends to be disordered. In the
display device 1 of this modification, the right long side
131511 of the comb tooth portion 1315 does not have a
bending point and therefore there is no point where the
liquid crystal molecular orientation drastically changes. This
makes it possible to prevent the liquid crystal molecular
orientation from being disordered.

[0164] Similarly, in the display device 1 of this modifica-
tion, a left long side 131512 of the comb tooth portion 1315
does not have a bending point but has a continuously varied
shape (like a curve). At the bending point, the liquid crystal
molecular orientation drastically changes and so the liquid
crystal molecular orientation tends to be disordered. In the
display device 1 of this modification, the left long side
131512 of the comb tooth portion 1315 does not have a
bending point and therefore there is no point where the
liquid crystal molecular orientation drastically changes. This
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makes it possible to prevent the liquid crystal molecular
orientation from being disordered.

1-2. Second Embodiment

[0165] A description will now be given of a display device
1 according to a second embodiment. FIG. 24 is a plan view
for explaining pixels of the display device according to the
second embodiment. FIG. 25 is a schematic view illustrating
a cross section of FIG. 24 taken along line G1-G2. FIG. 26
is a schematic view for explaining the relationship between
the shape of a first electrode and an opening according to the
second embodiment. Constituent elements identical to those
described in the above-described first embodiment are des-
ignated by identical reference numerals to omit redundant
description.

[0166] As illustrated in FIG. 24, the semiconductor layer
92 is made of polycrystalline silicon (poly-Si) that forms a
TFT element Tr. The semiconductor layer 92 is a double-
gate transistor that forms a channel from the gate electrode
92 and two regions.

[0167] As illustrated in FIGS. 24 and 25, in the display
device 1 according to the second embodiment, an electric
field (transverse electric field) is generated between the first
electrode 31 and the second electrode 32 which are lami-
nated in the direction (7 direction) perpendicular to the
surface of the TFT substrate 71 of the pixel substrate 70A.
Since the electric field is generated in the direction parallel
to the TFT substrate 71, the liquid crystal molecules in the
liquid crystal layer 70C are caused to rotate in a plane
parallel to the substrate surface. Display operation is pet-
formed by using the change in optical transmittance in
response to the rotation of the liquid crystal molecules. For
example, the second electrode 32 illustrated in FIG. 25
corresponds to the aforementioned common electrode COM,
and the first electrode 31 corresponds to the aforementioned
pixel electrode. For example, the first electrode 31 is
coupled to the drain electrode 90 via the conductive contact
90H. The respective first electrodes 31 are sectioned in
accordance with the respective regions of the pixels Vpix
described before. Accordingly, the first electrodes 31 in the
adjacent pixels Vpix are insulated from each other to form
independent patterns.

[0168] As illustrated in FIG. 26, the first electrode 31 is
formed like teeth of a comb due to the presence of slits S that
are regions without the conductive material. The first elec-
trode 31 includes the plurality of comb tooth portions 131
protruding from the electrode base 132 extending in the Y
direction. Unlike the first embodiment described in the
foregoing, the comb tooth portions 131 include comb tooth
portions 131¢ that extend in one direction from the electrode
base 132. The plurality of adjacent comb tooth portions 131¢
protrude from the electrode base 132 at constant intervals.
From one electrode base 132, the comb tooth portions 131¢
extend in a direction opposite to the X direction. From one
electrode base 132, the comb tooth portions 131¢ may be
made to extend in the X direction.

[0169] The rubbing treatment is applied to the above-
described first orientation film 73a in the rubbing direction
Rub illustrated in FIGS. 24 and 26 so that the first orientation
film 73a has a predetermined initial orientation in the X
direction. The rubbing treatment is applied to the second
orientation film 734, in a direction antiparallel to the rubbing
direction Rub of the first orientation film 73a. The rubbing
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directions of the first orientation film 73« and the second
orientation film 735 are in a relation antiparallel to each
other.

[0170] FIG. 27 is a schematic view for explaining the
relationship between the shape of the first electrode and a
light shielding portion according to the second embodiment.
The black matrix 76a is required to shield light at least up
to the position of a width 76/21d illustrated in FIG. 27 to hide
the contact 90H. An electric field applied to an endmost slit
Sw between a comb tooth portion 134 that is in contact with
the contact 90H and is close to the edge of the opening 765
and a comb tooth portion 131¢ is different in distribution
from an electric field applied to slits S between the adjacent
comb tooth portions 131¢. Accordingly, the black matrix 76a
shields light at least up to the position of a width 76415
illustrated in FIG. 27 to hide the entire comb tooth portion
134. This makes it possible to approximate the change rate
of transmittance in the endmost slit Sw to that in the slits S.
If the black matrix 76a shields light in the range from an
outer edge a0 of the comb tooth portion 134 to a position a2
of the contact 90H so as to hide the contact 90H, at least
deterioration or disorder in the luminance can be reduced.
With this configuration, the luminance in the openings 765
can be made uniform.

[0171] In the liquid crystal layer 70C of the display device
1 according to the second embodiment, like that of the
display device 1 according to the first embodiment described
above, when a voltage is applied to the first electrode 31 and
the second electrode 32, the liquid crystal molecules in the
vicinity of the aforementioned right long side 131R, which
is one of facing sides of the comb tooth portions 131c
adjacent in a width direction of the slits S, rotate in the
direction opposite to the rotation direction of the liquid
crystal molecules in the vicinity of the aforementioned left
long side 1311 which is the other of the facing sides of the
adjacent comb tooth portions 131c¢. Accordingly, as com-
pared with the FFS-mode display device disclosed in JP-A-
2008-52161, the display device according to the second
embodiment is configured so that the liquid crystal mol-
ecules react to changes in the electric fields between the first
electrode 31 and the second electrode 32 at high speed. This
improves the response speed of the display device 1 accord-
ing to the second embodiment.

[0172] FIG. 28 is a schematic view for explaining the first
electrode according to the second embodiment in detail.
FIG. 29 is a schematic view illustrating a cross section of
FIG. 28 taken along line H1-H2. As illustrated in FIGS. 28
and 29, the comb tooth portions 131 (the comb tooth
portions 131¢) according to the second embodiment have
joint portions 135 laminated beneath the electrode base 132.
Because of this configuration, a layer in which the comb
tooth portions 131¢ are formed by exposure and a layer in
which the electrode base 132 is formed by exposure are not
formed at once. Accordingly, the exposure light used to
expose the comb tooth portions 131¢ has less influence on
the formation of the electrode base 132. As a result, the
width D1 of the electrode base 132 in the X direction can be
made equal to or smaller than the width w2 as described
above. Consequently, the display device 1 according to the
second embodiment can improve the response speed while
reducing a light transmission loss caused by the first elec-
trode 31.

[0173] The electrode base 132 is more preferably made of
a metallic material different from the light-transmitting



US 2018/0196319 A1

conductive material (light-transmitting conductive oxide)
such as indium tin oxide (ITO) as in the comb tooth portions
131c. As the metallic material, the materials mentioned
before can be used. When the electrode base 132 is made of
a metallic material, the electric resistance of the electrode
base 132 decreases, so that the width w2 can be made
smaller. When the electrode base 132 is made of a metallic
material, it becomes easy to apply a dry etching process
which can make the electrode base 132 narrower. Accord-
ingly, when the electrode base 132 is made of a metallic
material, finer wiring is easily achieved.

[0174] As illustrated in FIG. 29, in the vicinity of the joint
portions 135, it is hard to form the electrode base 132 on the
corners of the comb tooth portions 131, and this causes the
tendency of a reduced thickness d of an upper layer. The
reduced thickness d may cause disconnection. When the
electrode base 132 is disconnected, the disconnection may
also simultaneously affect the plurality of comb tooth por-
tions 131¢ which are coupled to the electrode base 132.
Accordingly, the first electrode 31 according to the second
embodiment may be configured as a modification illustrated
in FIGS. 30 and 31. FIG. 30 is a schematic view for
explaining the modification of the first electrode according
to the second embodiment in detail. FIG. 31 is a schematic
view illustrating a cross section of FIG. 30 taken along line
1-12.

[0175] As illustrated in FIGS. 30 and 31, the comb tooth
portions 131 (comb tooth portions 131¢) according to the
modification of the second embodiment are laminated on the
electrode base 132 and have joint portions 136. Because of
this configuration, a layer in which the comb tooth portions
131c are formed by exposure and a layer in which the
electrode base 132 is formed by exposure are not formed at
once. Accordingly, the exposure light used to expose the
comb tooth portions 131¢ has less influence on the formation
of the electrode base 132. As a result, the width D1 of the
electrode base 132 in the X direction can be made equal to
or smaller than the width w2.

[0176] In the vicinity of the joint portions 136, it is hard
to form a film of the comb tooth portions 131 on the corners
of the base electrode 132, and this causes the tendency of a
reduced thickness d of an upper layer. The reduced thickness
d may cause disconnection. When the comb tooth portion
131 is disconnected, the comb tooth portions 131c are
limitedly affected as compared with the case where the
electrode base 132 is disconnected.

[0177] The electrode base 132 is more preferably made of
a metallic material different from the light-transmitting
conductive material (light-transmitting conductive oxide)
such as indium tin oxide (ITO) as in the comb tooth portions
131c. As the metallic material, the above-described materi-
als can be used. When the electrode base 132 is made of a
metallic material, the electric resistance of the electrode base
132 decreases, so that the width w2 can be made smaller.
When the electrode base 132 is made of a metallic material,
it becomes easy to apply a dry etching process which can
make the electrode base 132 narrower. Accordingly, when
the electrode base 132 is made of a metallic material, fine
wiring is easily achieved.

First Modification of Second Embodiment

[0178] A description will now be given of a display device
1 according to a first modification of the first embodiment.
FIG. 32 is a schematic view illustrating a modification in a
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cross section of FIG. 24 taken along line G1-G2. Constituent
elements identical to those described in the above-described
first and second embodiments are designated by identical
reference numerals to omit redundant description.

[0179] In the display device 1 according to the first
modification of the second embodiment, an electric field
(transverse electric field) is generated between the first
electrode 31 and the second electrode 32 which are lami-
nated in the direction (Z direction) perpendicular to the
surface of the TFT substrate 71 of the pixel substrate 70A.
Since the electric field is generated in the direction parallel
to the TFT substrate 71, the liquid crystal molecules in the
liquid crystal layer 70C are caused to rotate in a plane
parallel to the substrate surface. Display operation is per-
formed by using the change in optical transmittance in
response to the rotation of the liquid crystal molecules. For
example, the first electrode 31 illustrated in FIG. 32 corre-
sponds to the aforementioned common electrode COM, and
the second electrode 32 corresponds to the aforementioned
pixel electrode. For example, the first electrode 31 is
coupled to the drain electrode 90 via the conductive contact
90H.

Second Modification of Second Embodiment

[0180] A description will now be given of a display device
1 according to a second modification of the second embodi-
ment. FIG. 33 is a schematic view for explaining a modi-
fication of the relationship between the shape of the first
electrode and the opening according to the second embodi-
ment. Constituent elements identical to those described in
the above-described first and second embodiments are des-
ignated by identical reference numerals to omit redundant
description.

[0181] The first electrode 31 includes the plurality of
comb tooth portions 131 protruding from the electrode base
132 extending in the X direction. The comb tooth portions
131 include comb tooth portions 131c¢ that extend in one
direction from the electrode base 132. From one electrode
base 132, the comb tooth portions 131¢ extend in the Y
direction. From one electrode base 132, the comb tooth
portions 131¢ may be made to extend in a direction opposite
to the Y direction.

[0182] Accordingly, the rubbing treatment is applied to the
above-described first orientation film 734 in a rubbing
direction Rub illustrated in FIG. 33 so that the first orien-
tation film 734 has a predetermined initial orientation in the
Y direction. The rubbing treatment is applied to the second
orientation film 734, in a direction antiparallel to the rubbing
direction Rub of the first orientation film 73a. The rubbing
directions of the first orientation film 73« and the second
orientation film 734 are in a relation antiparallel to each
other.

Third Modification of Second Embodiment

[0183] A description will now be given of a display device
1 according to a third modification of the second embodi-
ment. FIG. 34 is a schematic view for explaining the
relationship between the shape of the first electrode and the
opening according to the third modification of the second
embodiment. Constituent elements identical to those
described in the above-described first and second embodi-
ments are designated by identical reference numerals to omit
redundant description.



US 2018/0196319 A1

[0184] 1In the display device 1 according to the third
modification of the second embodiment, an electric field
(transverse electric field) is generated between the first
electrode 31 and the second electrode 32 which are lami-
nated in the direction (Z direction) perpendicular to the
surface of the TFT substrate 71 of the pixel substrate 70A.
Since the electric field is generated in the direction parallel
to the TFT substrate 71, the liquid crystal molecules in the
liquid crystal layer 70C are caused to rotate in a plane
parallel to the substrate surface. Display operation is per-
formed by using the change in optical transmittance in
response to the rotation of the liquid crystal molecules. For
example, the first electrode 31 illustrated in FIG. 34 corre-
sponds to the aforementioned pixel electrode, and the first
second electrode 32 corresponds to the aforementioned
common electrode COM. For example, the first electrode 31
is coupled to the drain electrode 90 via the conductive
contact 90H. The first electrode 31 includes the plurality of
comb tooth portions 131d protruding from the electrode base
132 extending in the Y direction. The plurality of adjacent
comb tooth portions 1314 protrude from the electrode base
132 at constant intervals. From one electrode base 132, the
comb tooth portions 1314 extend in a Rubf direction. The
Rubf direction in which the comb tooth portions 1314
extend has an angle 6m with respect to the X direction (or
the Y direction).

[0185] In the display device 1 according to the third
modification of the second embodiment, either the first
electrodes 31 or the second electrodes 32 correspond to pixel
electrodes which are sectioned in accordance with the
respective pixels Vpix. The pixel electrodes are arranged in
a matrix form in the X direction and Y direction. The Rubf
direction in which the comb tooth portions 1314 extend is
different from the row or column direction in which the pixel
electrodes arranged. Accordingly, when a display area sec-
tion 21 of the display device 1 according to the third
modification of the second embodiment is viewed with use
of a polarized sunglass to assist visual confirmation or to
provide eye protection, it is possible to suppress the phe-
nomenon in which the display area section 21 is mostly
blocked by the polarized sunglass to cause degraded contrast
and luminance, resulting in difficulty in viewing what is
displayed on the display area section 21.

[0186] FIG. 35 is a schematic view illustrating a principal
part of FIG. 34. In FIG. 35, a direction B in which the comb
tooth portions 1314 extend is displaced from the rubbing
direction Rub by an angle 0a. It is assumed that an angle
between a distal end-side part 131d/12 of a right long side
of the comb tooth portion 1314 and the direction B is
represented by 69, an angle between a base-side part
131d/11 of the right long side of the comb tooth portion 1314
and the direction B is represented by 6810, an angle between
a distal end-side part 1314722 of a left long side of the comb
tooth portion 1314 and the direction B is represented by 611,
and an angle between a base-side part 1314721 of the left
long side of the comb tooth portion 1314 and the direction
B is represented by 612. In this case, formulas (1) to (4) may
preferably be satisfied. In addition, formulas (5) to (7) may
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more preferably be satisfied. In these formulas, A represents
a constant with an angle dimension.

Ba<69 )
Ba<611 @
89<610 3)
911<612 )
Ba—(69-611)/2 ()
89=A4+8a (6)
811-4-6a 7

[0187] In the display device 1. the angles 810 and 612 on
the base side of the comb tooth portion 1314, which is low
in contribution to optical transmittance, are made larger to
regulate the liquid crystal molecular orientation and to
trigger the liquid crystal rotation, so that the stability in
liquid crystal molecular orientation is improved. At the same
time, in the display device 1, the angles 69 and 611 on the
distal end side of the comb tooth portion 1314 are made
smaller to improve the optical transmittance. As a conse-
quence, the display device 1 can harmonize the improve-
ment in stability of liquid crystal molecular orientation and
improvement in optical transmittance.

[0188] When the angle 8a between the direction B and the
rubbing direction Rub is 0 (zero), the comb tooth portions
131d may be arranged in line symmetry with respect to the
direction B (rubbing direction Rub). In short, following
formulas (8) and (9) may preferably be satisfied. As a
consequence, the display device 1 can harmonize the
improvement in stability of liquid crystal molecular orien-
tation and improvement in optical transmittance.

089-011 (®)

910=012 ©)

2. Application Examples

[0189] A description will now be given of application
examples of the display device 1 described in any one of the
first and second embodiments and their modifications with
reference to FIGS. 36 to 49. Hereinafter, the first and second
embodiments and their modifications are collectively
referred to as the present embodiment. FIGS. 36 to 49
illustrate examples of an electronic apparatus to which the
display device according to any of the embodiments is
applied. The display device 1 according to any of the
embodiments is applicable to electronic apparatuses in any
fields, such as portable electronic apparatuses including a
mobile phone and a smartphone, a television set, a digital
camera, a notebook personal computer, a video camera, and
a meter provided in vehicles. In other words, the display
device 1 according to any of the embodiments is applicable
to electronic apparatuses in any fields which display video
signals inputted from the outside or image signals generated
inside as an image or a video. The electronic apparatuses
include a controller that supplies video signals to a display
device and controls operation of the display device.

2-1. First Application Example

[0190] An electronic apparatus illustrated in FIG. 36 is a
television set to which the display device 1 according to any
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of the embodiments is applied. For example, the television
set has a video display screen 510 including a front panel
511 and a filter glass 512. The video display screen 510 is the
display device according any of to the embodiments.

2-2. Second Application Example

[0191] An electronic apparatus illustrated in FIGS. 37 and
38 is a digital camera to which the display device 1 accord-
ing to any of the embodiments is applied. For example, the
digital camera has a light emitting part 521 for flashing, a
display section 522, a menu switch 523, and a shutter release
button 524. The display section 522 is the display device
according to any of the embodiments. As illustrated in FIG.
37, the digital camera has a lens cover 525. A photographic
lens is exposed when the lens cover 525 is slid. The digital
camera can take a digital photograph by imaging the light
which is incident through the photographic lens.

2-3. Third Application Example

[0192] FIG. 39 illustrates the external appearance of an
electronic apparatus that is a video camera to which the
display device 1 according to any of the embodiments is
applied. For example, the video camera includes a main
body 531, a subject photographing lens 532 provided on a
front lateral surface of the main body 531, a start/stop switch
533 for photographing, and a display section 534. The
display section 534 is the display device according to any of
the embodiments.

2-4. Fourth Application Example

[0193] An electronic apparatus illustrated in FIG. 40 is a
notebook personal computer to which the display device 1
according to any of the embodiments is applied. For
example, the notebook personal computer has a main body
541, a keyboard 542 for inputting alphabetic characters and
the like, and a display section 543 that displays an image.
The display section 543 is formed of the display device
according to any of the embodiments.

2-5. Fifth Application Example

[0194] The electronic apparatus illustrated in FIGS. 41 to
47 is a mobile telephone to which the display device 1 is
applied. FIG. 41 is a front view of the mobile telephone in
an opened state, FIG. 42 is a right side view of the mobile
telephone in the opened state, FIG. 43 is a front view of the
mobile telephone in a folded state, FIG. 44 is a left side view
of the mobile telephone in the folded state, FIG. 45 is a right
side view of the mobile telephone in the folded state, FIG.
46 is a plan view of the mobile telephone in the folded state,
and FIG. 47 is a bottom view of the mobile telephone in the
folded state. For example, the mobile telephone includes an
upper housing 551, a lower housing 552, and a coupling part
(hinge unit) 553 coupling the upper housing 551 and the
lower housing 552. The mobile telephone has a display 554,
a sub display 555, a picture light 556, and a camera 557. The
display device 1 is mounted as the display 554. Accordingly,
the display 554 of the mobile telephone may have a function
of detecting touch operation in addition to the function of
displaying an image.
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2-6. Sixth Application Example

[0195] An electronic apparatus illustrated in FIG. 48 is a
personal digital assistant that operates as a portable com-
puter, a multifunctional mobile phone, a portable computer
that enables voice communication, or a portable computer
that enables data communication. The personal digital assis-
tant is also referred to as a smartphone and a tablet terminal.
For example, the personal digital assistant has a display
section 562 on the surface of a housing 561. The display
section 562 is the display device according to any of the
embodiments.

2-7. Seventh Application Example

[0196] An electronic apparatus illustrated in FIG. 49 is a
meter unit mounted on a vehicle. The meter unit (electronic
apparatus) 600 illustrated in FIG. 49 includes a plurality of
liquid crystal display devices 610, such as a fuel gauge, a
water thermometer, a speedometer, and a tachometer. The
plurality of liquid crystal display devices 610 are covered
with one outer panel 620.

[0197] Each of the liquid crystal display devices 610
illustrated in FIG. 49 includes a liquid crystal panel 660 as
a liquid crystal display means and a movement mechanism
as an analog display means, which are combined with each
other. The movement mechanism has a motor as a driving
means and an indicator 653 that is rotated by the motor. As
illustrated in FIG. 49, the liquid crystal display device 610
can display a scale, an alarm and the like on the display
surface of the liquid crystal panel 660. In the liquid crystal
display device 610, the indicator 653 of the movement
mechanism can rotate on a display surface side of the liquid
crystal panel 660. The display device 1 according to any of
the embodiments is applied to the liquid crystal display
device 610.

[0198] Although the plurality of liquid crystal display
devices 610 are provided for one outer panel 620 in FIG. 49,
the present disclosure is not limited to this configuration.
One liquid crystal display device may be provided in a
region surrounded with the outer panel, and a fuel gauge, a
water thermometer, a speedometer, a tachometer and the like
may be displayed on this liquid crystal display device.

What is claimed is:

1. A display device, comprising:

a first substrate that has a signal line extending a first
direction, a scanning line extending in a second direc-
tion different from the first direction, a first electrode,
and a second electrode,

wherein the first electrode is connected to the signal line
via a thin film transistor element connected to the
scanning line and includes an electrode base extending
in the first direction and a plurality of comb tooth
portions protruding from the electrode base and extend-
ing in the second direction, and

the second electrode faces the comb tooth portions via an
insulating film;

a second substrate that faces the first substrate; and

a liquid crystal layer disposed between the first substrate
and the second substrate, wherein each of the comb
tooth portions has a base segment that is arranged on a
base side of the comb tooth portion, and the base
segment has two sides each of which forms a base angle
with respect to the second direction,
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wherein the base angle is smaller than a right angle,

each of the comb tooth portions has a distal segment that

is arranged on a distal side of the comb tooth portion,
the distal segment has two sides and a top side connecting
the two sides, and

the two sides of the distal segment are parallel to the

second direction.

2. The display device according to claim 1, wherein the
top side is parallel to the first direction.

3. The display device according to claim 1, wherein each
of the comb tooth portions has a shape substantially sym-
metric with the second direction.

4. The display device according to claim 1, wherein the
liquid crystal layer includes a plurality of liquid crystal
molecules oriented to the second direction in a non-voltage
applied state.

5. The display device according to claim 1, wherein

when a voltage is not applied to the first electrode and the

second electrode, the major axes of the liquid crystal
molecules are oriented so as to be aligned in the second
direction, whereas

when a voltage is applied between the first electrode and

the second electrode, the major axes of the liquid
crystal molecules are oriented so as to rotate, in an
in-plane direction of the first substrate, clockwise in a
vicinity of one side of the comb tooth portion and
counterclockwise in a vicinity of the other side of the
comb tooth portion.
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