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LIQUID CRYSTAL DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2011-
174114, filed Aug. 9, 2011, the entire contents of which are
incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
liquid crystal display apparatus.

BACKGROUND

[0003] Currently, the development of planar display appa-
ratuses is being actively pursued and, of the various technolo-
gies applicable, liquid crystal displays are attracting great
attention because of their advantages of being light, thin, and
energy-efficient. Particularly in active matrix liquid crystal
displays, in which a switching element is integrated in each
pixel, attention is focusing on a structure in which a transverse
electric field (including a fringe electric field) such as an
in-plane switching (IPS) mode or a fringe field switching
(FFS) mode is used. A liquid crystal display with such a
transverse electric field mode includes a pixel electrode and a
counterelectrode formed on an array substrate and switches
liquid crystal molecules by a transverse electric field substan-
tially parallel to the principal plane of the array substrate.
[0004] In contrast, there is also proposed a technology that
switches liquid crystal molecules by producing a transverse
or an oblique electric field between a pixel electrode formed
on an array substrate and a common electrode formed on a
countersubstrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 is a diagram schematically showing a con-
figuration of a liquid crystal display apparatus according to an
embodiment and an equivalent circuit thereof;,

[0006] FIG.2isa plan view schematically showing a struc-
ture example of a pixel of an array substrate shown in FIG. 1;
[0007] FIG. 3 is a sectional view schematically showing a
structure example of the array substrate along line in FIG. 2;
[0008] FIG. 4 is a sectional view schematically showing a
structure when a liquid crystal display panel shown in FIG. 2
is cut along line IV-IV;

[0009] FIG. 5 is a diagram illustrating an electric field
produced between a pixel electrode and a common electrode
in the liquid crystal display panel shown in FIGS. 2 and 4 and
a relationship between a director and transmittance of liquid
crystal molecules by the electric field;

[0010] FIG. 6is a plan view schematically showinga corner
ofadisplay area and a non-display area of the array substrate;
[0011] FIG. 7 is a sectional view schematically showing a
structure example of the array substrate along line VII-VII in
FIG. 6; and

[0012] FIG. 8 is a plan view schematically showing entire
peripheral connecting electrodes and peripheral wirings in
the array substrate.

DETAILED DESCRIPTION

[0013] In general, according to one embodiment, there is
provided aliquid crystal display apparatus comprising: a first
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substrate, a second substrate, and a liquid crystal layer. The
first substrate includes a gate wiring located in a display area
and configured to extend in a first direction, a source wiring
located in a display area and configured to extend in a second
direction orthogonal to the first direction, an insulating film
provided on the gate wiring and the source wiring, a shield
electrode provided on the insulating film and opposite to at
least a portion of the gate wiring and the source wiring, a
primary pixel electrode located in the display area, provided
on the insulating film, positioned with an interval from the
shield electrode, and configured to extend in the second direc-
tion, a peripheral wiring located in a non-display area outside
the display area, and a peripheral connecting electrode elec-
trically connecting the shield electrode and the peripheral
wiring. The second substrate includes a pair of primary com-
mon electrodes located in the display area, positioned across
the primary pixel electrode in the first direction and config-
ured to extend in the second direction. The liquid crystal layer
is held between the first substrate and the second substrate.

[0014] According to another embodiment, there is pro-
vided a liquid crystal display apparatus comprising: a first
substrate, a second substrate, and a liquid crystal layer. The
first substrate includes a gate wiring configured to extend in a
first direction, a source wiring configured to extend in a sec-
ond direction orthogonal to the first direction, an insulating
film provided on the gate wiring and the source wiring, a
shield electrode provided on the insulating film and opposite
to at least a portion of the gate wiring and the source wiring,
a primary pixel electrode provided on the insulating film,
positioned with an interval from the shield electrode, and
configured to extend in the second direction, a peripheral
wiring provided in the same layer as the source wiring, and a
peripheral connecting electrode electrically connecting the
shield electrode and the peripheral wiring. The second sub-
strate includes a pair of primary common electrodes posi-
tioned across the primary pixel electrode in the first direction
and configured to extend in the second direction. The liquid
crystal layer is held between the first substrate and the second
substrate.

[0015] According to another embodiment, there is pro-
vided a liquid crystal display apparatus comprising: a first
substrate, a second substrate, and a liquid crystal layer. The
first substrate includes a gate wiring located in a display area
and configured to extend in a first direction, a first interlayer
film provided on the gate wiring, a source wiring configured
to extend in a second direction orthogonal to the first direction
on the first interlayer film in the display area, a second inter-
layer film provided on the source wiring, a primary pixel
electrode configured to extend in the second direction on the
second interlayer film in the display area, a secondary pixel
electrode connected to the primary pixel electrode and con-
figured to extend in the first direction; and a peripheral wiring
provided in a IT shape on the first interlayer film in a non-
display area outside the display area. The second substrate
includes a primary common electrode located in the display
area, arranged parallel to the primary pixel electrode, and
configured to extend in the second direction. The liquid crys-
tal layer is held between the first substrate and the second
substrate and includes a cell gap narrower than an interval
between the primary pixel electrode and the primary common
electrode.

[0016] A liquid crystal display apparatus according to an
embodiment will be described in detail below with reference
to the drawings. FIG. 1 is a diagram schematically showing a
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configuration of a liquid crystal display apparatus according
to an embodiment and an equivalent circuit thereof.

[0017] As shown in FIG. 1, the liquid crystal display appa-
ratus includes an active matrix type liquid crystal display
panel LPN. The liquid crystal display panel LPN includes an
array substrate AR as a first substrate, a countersubstrate CT
as a second substrate arranged opposite to the array substrate
AR, and a liquid crystal layer LQ held between the array
substrate AR and the countersubstrate CT. The liquid crystal
display panel LPN described above includes a display area
ACT where images are displayed. In the display area ACT,
mxn pixels PX arranged in a matrix shape are provided (m
and n are positive integers).

[0018] Theliquid crystal display panel LPN includes n gate
wirings G (G1 to Gn), n auxiliary capacitance wirings C (C1
to Cn), and m source wirings S (S1 to Sm) and the like in the
display area ACT. The gate wiring G and the auxiliary capaci-
tance wiring C extend substantially linearly, for example, in a
first direction X. The gate wirings G and the auxiliary capaci-
tance wirings C are alternately arranged parallel to each other
in asecond directionY crossing the first direction X. Here, the
first direction X and the second direction Y are substantially
orthogonal to each other. The source wiring S crosses the gate
wiring G and the auxiliary capacitance wiring C. The source
wiring S extends substantially linearly in the second direction
Y. Incidentally, the gate wirings G, the auxiliary capacitance
wirings C, and the source wiring S do not necessarily extend
linearly and a portion thereof may be curved.

[0019] One end of each of the gate wirings G is pulled out
of the display area ACT to be connected to a gate driver GD.
One end of each of the source wirings S is pulled out of the
display area ACT to be connected to a source driver SD. At
least a portion of each of the gate driver GD and the source
driver SD is connected to, for example, a drive IC chip 2. The
drive IC chip 2 is formed on the array substrate AR and
contains, for example, a controller.

[0020] Each of the pixels PX includes a switching element
SW, apixel electrode PE, and a common electrode CE and the
like. The auxiliary capacitance wiring C is electrically con-
nected to a voltage application unit VCS to which an auxiliary
capacitance voltage is applied.

[0021] In the present embodiment, the liquid crystal dis-
play panel LPN is configured in such a way that while the
pixel electrode PE is formed on the array substrate AR, at least
a portion of the common electrodes CE is formed on the
countersubstrate CT and an electric field produced between
the pixel electrode PE and the common electrode CE is
mainly used to switch liquid crystal molecules of the liquid
crystal layer 1.Q. The electric field produced between the
pixel electrode PE and the common electrode CE is an
oblique electric field slightly inclined with respect to an X-Y
plane defined by the first direction X and the second direction
Y or the principal plane of the substrate (or a transverse
electric field approximately parallel to the principal plane of
the substrate).

[0022] The switching element SW is constituted of, for
example, an n-channel thin-film transistor (TFT). The switch-
ing element SW is electrically connected to the gate wiring G
and the source wiring S. The switching element SW may be of
top gate type or bottom gate type. The switching element SW
has a semiconductor layer formed of, for example, polysili-
con, and the semiconductor layer may also be formed of
amorphous silicon.
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[0023] The pixel electrode PE is arranged in each pixel PX
and is electrically connected to the switching element SW and
an auxiliary capacitance element CS. The common electrode
CE is arranged commonly to the pixel electrodes PE of a
plurality of pixels PX via the liquid crystal layer LQ. The
pixel electrode PE and the common electrode CE as described
above are formed of a conductive material having light trans-
mission properties such as indium tin oxide (ITO) and indium
zinc oxide (IZ0), but may also be formed of other metallic
materials such as aluminum.

[0024] FIG. 2isa plan view schematically showing a struc-
ture example of one pixel PX of the array substrate AR shown
in FIG. 1. Here, a plan view on the X-Y plane is shown.

[0025] Asshown in FIG. 2, the pixel PX has, as indicated by
a two-dot chain line, a rectangular shape in which the dimen-
sion in the first direction X is less than that in the second
direction Y. The gate wiring G extends in the first direction X.
The auxiliary capacitance wiring C is arranged between the
adjacent gate wirings G and extends in the first direction X.
The auxiliary capacitance wiring C is arranged in a substan-
tially central portion of the pixel. The source wiring S extends
in the second direction Y. The pixel electrode PE is arranged
between the adjacent source wirings S. The pixel electrode PE
is positioned between the gate wirings G.

[0026] The switching element SW is electrically connected
to the gate wiring G and the source wiring S. The switching
element SW is provided at the point of intersection of the gate
wiring G and the source wiring S. A semiconductor layer 13
of the switching element SW is provided in a region overlap-
ping with the source wiring S by hardly protruding out of the
source wiring S and restricts the reduction of area of an
opening contributing to the display.

[0027] FIG. 3 is a sectional view schematically showing a
structure example of the array substrate AR along line ITI-111
in FIG. 2.

[0028] Asshown in FIGS. 2 and 3, an auxiliary capacitance
electrode 14 is provided on a first insulating substrate 10. The
auxiliary capacitance electrode 14 is formed integrally with
the semiconductor layer 13 using the same material. A gate
insulating film 16 is provided on the first insulating substrate
10 and the auxiliary capacitance electrode 14, and the auxil-
iary capacitance wiring C and others are provided on the gate
insulating film 16. The auxiliary capacitance electrode 14 and
the auxiliary capacitance wiring C overlapping with each
other form the auxiliary capacitance element CS. The auxil-
iary capacitance electrode 14 hardly protruding out of the
auxiliary capacitance wiring C and restricts the reduction of
area of an opening contributing to the display.

[0029] A first interlayer insulating 11 is provided on the
gate insulating film 16 on which the auxiliary capacitance
wiring C and others are formed. A connecting electrode 15
and the source wiring S are provided on the first interlayer
insulating 11. The connecting electrode 15 and the source
wiring S are formed of the same material such as aluminum
(Al) at the same time. The connecting electrode 15 is con-
nected to the auxiliary capacitance electrode 14 through a
contact hole CH1 formed in the gate insulating film 16 and the
first interlayer insulating 11. The source wiring S is connected
to a source region of the semiconductor layer 13 through a
contact hole CH2 formed in the gate insulating film 16 and the
first interlayer insulating 11.

[0030] A second interlayer insulating 12 is provided on the
first interlayer insulating 11, the connecting electrode 15, and
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the source wiring S. A shield electrode SE and the pixel
electrode PE are formed on the second interlayer insulating
12.

[0031] As shown in FIG. 2, the shield electrode SE is
opposed to the gate wiring G and the source wiring S and is
formed in a lattice shape. The width of the shield electrode SE
at a point opposite to the gate wiring G is greater than or equal
to that of the gate wiring G, and the width of the shield
electrode SE at a point opposite to the source wiring S is
greater than or equal to that of the source wiring S.

[0032] The pixel electrode PE is positioned with an interval
from the shield electrode SE and extends in the second direc-
tionY. The pixel electrode PE includes a primary pixel elec-
trode PA and a secondary pixel electrode PB electrically
connected to each other.

[0033] The primary pixel electrode PA linearly extends in
the second direction Y from the secondary pixel electrode PB
to the vicinity of the upper-side end and the lower-side end of
the pixel PX. The primary pixel electrode PA described above
is formed in a band shape having substantially uniform width
in the first direction X.

[0034] The secondary pixel electrode PB is positioned in a
region overlapping with the auxiliary capacitance wiring C
and is electrically connected to the connecting electrode 15
through a contact hole CH3 formed in the second interlayer
insulating 12. The secondary pixel electrode PB is formed to
be wider than the primary pixel electrode PA. In the present
embodiment, the secondary pixel electrode PB is formed in
an octagonal shape. The pixel electrode PE described above is
arranged at a substantially intermediate position of the adja-
cent source wirings S, that is, in the center of the pixel PX.
[0035] FIG. 4 is a sectional view schematically showing a
structure when the liquid crystal display panel LPN shown in
FIG. 2 is cut along line IV-IV. Here, only portions needed for
description are shown.

[0036] As shown in FIGS. 2 and 4, the common electrode
CE includes a primary common electrode CA. The primary
common electrode CA linearly extends in the second direc-
tionY substantially parallel to the primary pixel electrode PA.
A pair of the primary common electrodes CA adjacent to each
other is positioned across the primary pixel electrode PA in
the first direction X. Alternatively, the primary common elec-
trode CA is opposed to the respective source wiring S and
extends substantially parallel to the primary pixel electrode
PA. The primary common electrode CA described above is
formed in a band shape having substantially uniform width in
the first direction X.

[0037] In the illustrated example, the pair of the primary
common electrodes CA is arranged in the first direction X and
is arranged at the left and right ends of the pixel PX. A
plurality of the primary common electrodes CA is electrically
connected to each other in the display area ACT or a non-
display area R outside the display area ACT.

[0038] Ifthe positional relationship between the pixel elec-
trode PE and the primary common electrode CA is focused
on, it is clear that the pixel electrode PE and the primary
common electrode CA are arranged alternately in the first
direction X. The pixel electrode PE and the primary common
electrode CA are arranged substantially parallel to each other.
In this case, none of the primary common electrodes CA
overlaps the pixel electrode PE on the X-Y plane.

[0039] AsshowninFIG. 4, abacklight unit4 is arranged on
the rear side of the array substrate AR constituting the liquid
crystal display panel LPN. Various forms of units can be
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applied as the backlight unit 4 and units using a light emitting
diode (LED) or cold-cathode tube (CCFL) can be applied and
here, a description of a detailed structure thereof is omitted.
[0040] The array substrate AR is formed using the first
insulating substrate 10 having light transmission properties.
The pixel electrode PE is positioned on the inner side of the
position of each line of the adjacent source wirings S.
[0041] A firstalignment film AL1is arranged on the surface
of the array substrate AR opposite to the countersubstrate CT
and extends over substantially the entire display area ACT.
The first alignment film AL1 covers the pixel electrode PE
and others and is arranged also on the second interlayer insu-
lating 12. The first alignment film AL1 described above is
formed of a material showing horizontal alignment.

[0042] The countersubstrate CT is formed using a second
insulating substrate 20 having light transmission properties.
The countersubstrate CT includes a black matrix BM, a color
filter CF, an overcoat layer OC, the common electrode CE, a
second alignment film AL2, or the like.

[0043] Theblack matrix BM demarcates each pixel PX and
forms an opening AP opposite to the pixel electrode PE. That
is, the black matrix BM is arranged so as to be opposite to a
wiring portion such as the source wiring S, gate wiring, aux-
iliary capacitance wiring, and switching element. Here, only
a portion of the black matrix BM extending in the second
direction Y is illustrated, but a portion extending in the first
direction X may also be included. The black matrix BM is
arranged on an inner surface 20A of the second insulating
substrate 20 opposite to the array substrate AR.

[0044] The color filter CF is arranged corresponding to
each pixel PX. That is, the color filter CF is arranged in the
opening AP on the inner surface 20A of the second insulating
substrate 20 and also a portion thereof'is placed onto the black
matrix BM. The color filters CF arranged in the pixels PX
adjacent in the first direction X have mutually different col-
ors. For example, the color filters CF are formed of resin
materials each colored in one of the three primary colors, red,
green, and blue. A red color filter CFR made of a resin mate-
rial colored red is arranged corresponding to a red pixel. A
blue color filter CFB made of a resin material colored blue is
arranged corresponding to a blue pixel. A green color filter
CFG made of a resin material colored green is arranged
corresponding to a green pixel. The boundary of these color
filters CF is in positions overlapping the black matrix BM.
[0045] The overcoat layer OC covers the color filter CF.
The overcoat layer OC mitigates the influence of unevenness
of the surface of the color filter CF.

[0046] The common electrode CE is provided on the side
opposite to the array substrate AR of the overcoat layer OC.
[0047] The second alignment film AL2 is arranged on the
surface opposite to the array substrate AR of the countersub-
strate CT and extends over substantially the entire display
area ACT. The second alignment film AL2 covers the com-
mon electrode CE, the overcoat layer OC and the like. The
second alignment film AL2 described above is formed of a
material showing horizontal alignment.

[0048] As shown in FIGS. 2 and 4, the first alignment film
ALl and the second alignment film AL2 are alignment-
treated (such as rubbing and photo alignment treatment) for
initial alignment of liquid crystal molecules of the liquid
crystal layer LQ. A first alignment treatment direction PD1
for initial alignment of liquid crystal molecules by the first
alignment film AL1 and a second alignment treatment direc-
tion PD2 for initial alignment of liquid crystal molecules by
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the second alignment film AL2 are mutually parallel and
oriented in opposite directions or in the same direction. For
example, the first alignment treatment direction PD1 and the
second alignment treatment direction PD2 are, as shown in
FIG. 2, substantially parallel to the second direction Y and
oriented in the same direction.

[0049] The array substrate AR and the countersubstrate CT
as described above are arranged in such a way that the first
alignment film AL1 and the second alignment film AL2 are
opposite to each other respectively. In this case, a predeter-
mined cell gap, for example, a cell gap of 2 to 7 pm is formed
by, for example, a columnar spacer formed of a resin material
integrally with one substrate between the first alignment film
AL of the array substrate AR and the second alignment film
AL2 of the countersubstrate CT. The interval between the
primary pixel electrode PA and the primary common elec-
trode CA is wider than the cell gap. That is, the cell gap of the
liquid crystal layer held between the array substrate AR and
the countersubstrate CT is narrower than the interval between
the primary pixel electrode PA and the primary common
electrode CA. The array substrate AR and the countersub-
strate CT are sealed together by a sealant SB outside the
display area ACT while the predetermined cell gap is formed.
[0050] The liquid crystal layer LQ is formed in a space
surrounded by the array substrate AR (first alignment film
AL1), the countersubstrate CT (second alignment film AL2),
and the sealant SB and is held between the array substrate AR
and the countersubstrate CT. The liquid crystal layer LQ
described above is constituted of, for example, aliquid crystal
material whose dielectric anisotropy is positive (positive
type).

[0051] A first optical element OD1 is sealed to the outside
surface of the array substrate AR, that is, an outside surface
10B of the first insulating substrate 10 constituting the array
substrate AR by using an adhesive or the like. The first optical
element OD1 is positioned on the side opposite to the back-
light unit 4 of the liquid crystal display panel LPN and con-
trols the polarization state of incident light incident on the
liquid crystal display panel LPN from the backlight unit 4.
The first optical element OD1 contains a first polarizer PL1
having a first polarization axis (or a first absorption axis)
AX1.

[0052] A second optical element OD?2 is sealed to the out-
side surface of the countersubstrate CT, that is, an outside
surface 20B of the second insulating substrate 20 constituting
the countersubstrate CT using an adhesive or the like. The
second optical element OD?2 is positioned on the display
surface side of the liquid crystal display panel LPN and con-
trols the polarization state of emitted light emitted from the
liquid crystal display panel LPN. The second optical element
0OD2 contains a second polarizer PL.2 having a second polar-
ization axis (or a second absorption axis) AX2.

[0053] The first polarization axis AX1 of the first polarizer
PL1 and the second polarization axis AX2 of the second
polarizer PL2 are, for example, in an orthogonal spatial rela-
tionship and thus, the first polarizer PL.1 and the second
polarizer PL2 are cross Nicol-arranged. In this case, one
polarizer is arranged so that the polarization axis thereof is
parallel or orthogonal to the initial alignment direction of
liquid crystal molecules, that is, the first alignment treatment
direction PD1 or the second alignment treatment direction
PD2. If the initial alignment direction is parallel to the second
direction Y, the polarization axis of one polarizer is parallel to
the second direction Y or the first direction X.
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[0054] 1In the example shown in (a) of FIG. 2, the first
polarizer PL1 is arranged so that the first polarization axis
AX1 thereof is orthogonal to the initial alignment direction
(second direction Y) of liquid crystal molecules LM (that is,
parallel to the first direction X), and the second polarizer P12
is arranged so that the second polarization axis AX2 thereof is
parallel to the initial alignment direction of the liquid crystal
molecules LM (that is, parallel to the second direction Y).
[0055] 1In the example shown in (b) of FIG. 2, the second
polarizer PL2 is arranged so that the second polarization axis
AX2 thereof is orthogonal to the initial alignment direction
(second direction Y) of the liquid crystal molecules LM (that
is, parallel to the first direction X), and the first polarizer PL.1
is arranged so that the first polarization axis AX1 thereof is
parallel to the initial alignment direction of the liquid crystal
molecules LM (that is, parallel to the second direction Y).
[0056] Next, the operation of the liquid crystal display
panel LPN configured above will be described with reference
to FIGS. 2 and 4.

[0057] As shown in FIGS. 2 and 4, the liquid crystal mol-
ecules LM of the liquid crystal layer LQ is aligned so that the
major axis thereofis oriented toward the first alignment treat-
ment direction PD1 of the first alignment film AL1 and the
second alignment treatment direction PD2 of the second
alignment film AL2 in a state in which no voltage is applied to
the liquid crystal layer LQ, thatis, no electric field is produced
between the pixel electrode PE and the common electrode CE
(during off-states). Such off-states correspond to the initial
alignment state and the alignment direction of the liquid
crystal molecules LM during off-states corresponds to the
initial alignment direction.

[0058] Tobe more precise, the liquid crystal molecules LM
are not necessarily aligned parallel to the X-Y plane and are
frequently pre-tilted. Thus, the initial alignment direction of
the liquid crystal molecules LM is a direction obtained by an
orthogonal projection of the major axis of the liquid crystal
molecules LM during off-states onto the X-Y plane. To sim-
plify the description below, it is assumed that the liquid crys-
tal molecules LM are aligned parallel to the X-Y plane and
rotate in a plane parallel to the X-Y plane.

[0059] Here, both of the first alignment treatment direction
PD1 and the second alignment treatment direction PD2 are
substantially parallel to the second directionY. The major axis
of the liquid crystal molecules LM during off-states is ini-
tially aligned, as indicated by a dashed line in FIG. 2, sub-
stantially parallel to the second direction Y. That is, the initial
alignment direction of the liquid crystal molecules LM 1is
parallel to the second directionY (or at 0° with respect to the
second direction Y).

[0060] If, like the illustrated example, the first alignment
treatment direction PD1 and the second alignment treatment
direction PD2 are parallel and oriented in the same direction,
the liquid crystal molecules LM are aligned substantially
horizontally (the pre-tilt angle is substantially zero) near an
intermediate portion of the liquid crystal layer LQ in the cross
section of the liquid crystal layer LQ, and with this point as a
boundary, the liquid crystal molecules LM are aligned with a
pre-tilt angle so as to be symmetric in the vicinity of the first
alignment film AL1 and the vicinity of the second alignment
film AL2 (splay alignment).

[0061] Asaresultofaligning the first alignment film ALL1 to
the first alignment treatment direction PD1, the liquid crystal
molecules LM near the first alignment film AL1 are initially
aligned to the first alignment treatment direction PD1 and as
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a result of aligning the second alignment film AL2 to the
second alignment treatment direction PD2, the liquid crystal
molecules LM near the second alignment film AL.2 are ini-
tially aligned to the second alignment treatment direction
PD1. If the first alignment treatment direction PD1 and the
second alignment treatment direction PD2 are parallel to each
other and oriented in the same direction, as described above,
the liquid crystal molecules LM are in a splay alignment and
with the intermediate portion of the liquid crystal layer LQ as
a boundary, as described above, the alignment of the liquid
crystal molecules LM near the first alignment film AL1 on the
array substrate AR and the alignment of the liquid crystal
molecules LM near the second alignment film AL2 on the
countersubstrate CT are symmetric with respect to a horizon-
tal line. Thus, optical compensation is made also ina direction
tilted from the normal direction of the substrate. Therefore, if
the first alignment treatment direction PD1 and the second
alignment treatment direction PD2 are parallel to each other
and oriented in the same direction, light leakage in the black
display is small so that it becomes possible to realize a high
contrast ratio and to improve display quality.

[0062] If the first alignment treatment direction PD1 and
the second alignment treatment direction PD2 are parallel to
each other and oriented in opposite directions, the liquid
crystal molecules LM are aligned with a substantially uni-
form pre-tilt angle near the first alignment film AL1, near the
second alignment film Al.2, and in the intermediate portion of
the liquid crystal layer 1.Q in the cross section of the liquid
crystal layer LQ (homogeneous alignment).

[0063] A portion of backlight from the backlight unit 4
passes through the first polarizer PL1 before entering the
liquid crystal display panel LPN. The polarization state of the
light that has entered the liquid crystal display panel LPN
depends on the alignment state of the liquid crystal molecules
LM when passing through the liquid crystal layer LQ. The
light that has passed through the liquid crystal layer LQ
during off-states is absorbed by the second polarizer PL2
(black display).

[0064] On the other hand, when a voltage is applied to the
liquid crystal layer LQ, that is, an electric field is produced
between the pixel electrode PE and the common electrode CE
(during on-states), a transverse electric field (or an oblique
electric field) substantially parallel to the substrate is pro-
duced between the pixel electrode PE and the common elec-
trode CE. Under the influence of the electric field, the major
axis of the liquid crystal molecules LM rotates, as indicated
by a solid line in FIG. 2, in a plane substantially parallel to the
X-Y plane.

[0065] In the example shown in FIG. 2, the liquid crystal
molecules LM in an area between the pixel electrode PE and
the primary common electrode CA on the left side rotate
clockwise around the second direction Y and are oriented
toward the lower left in FIG. 2. The liquid crystal molecules
LM in an area between the pixel electrode PE and the primary
common electrode CA on the right side rotate counterclock-
wise around the second direction Y and are oriented toward
the lower right in FIG. 2.

[0066] Thus, in a state in which an electric field is produced
between the pixel electrode PE and the common electrode CE
in each pixel PX, the alignment direction of the liquid crystal
molecules LM is divided into a plurality of directions with the
pixel electrode PE acting as a boundary to form a domain in
each alignment direction. That is, a plurality of domains is
formed for each pixel PX.
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[0067] A portion of backlight entering the liquid crystal
display panel LPN from the backlight unit 4 during such
on-states passes through the first polarizer PL1 followed by
entering the liquid crystal display panel LPN. The backlight
having entered the liquid crystal layer LQ changes in its
polarization state. During such on-states, at least a portion of
light having passed through the liquid crystal layer LQ passes
through the second polarizer PL2 (white display).

[0068] FIG. 5 is a diagram illustrating an electric field
produced between the pixel electrode PE and the common
electrode CE in the liquid crystal display panel LPN shown in
FIGS. 2 and 4 and a relationship between a director of the
liquid crystal molecules LM and transmittance by the electric
field. Here, the description focuses on the pixel electrode PE
(primary pixel electrode PA) and the common electrode CE
(primary common electrode CA).

[0069] AsshowninFIG. 5, the liquid crystal molecules LM
are initially aligned substantially parallel to the second direc-
tionY during off-states. During on-states in which a potential
difference is produced between the pixel electrode PE and the
common electrode CE, the optical modulation percentage of
the liquid crystal is the highest (that is, the transmittance is the
highest in an opening) when the director (or the major axis
direction of the liquid crystal molecules LM) of the liquid
crystal molecules LM is shifted by about 45° with respect to
the first polarization axis AX1 of the first polarizer PL1 and
the second polarization axis AX2 of the second polarizer PL.2
in the X-Y plane.

[0070] In the illustrated example, when the pixel becomes
on-state, the directors of the liquid crystal molecules LM
between the primary common electrode CA on the left side
and the pixel electrode PE are substantially parallel at azi-
muth angles 45°, -225° in the X-Y plane and the directors of
the liquid crystal molecules LM between the primary com-
mon electrode CA on the right side and the pixel electrode PE
are substantially parallel at azimuth angles 135°, -315° in the
X-Y plane to achieve the peak transmittance. If the transmit-
tance distribution per pixel is focused on, while the transmit-
tance is substantially zero on the pixel electrode PE and the
common electrode CE, a high transmittance is gained over
substantially the entire area of the electrode gap between the
pixel electrode PE and the common electrode CE.

[0071] The primary common electrode CA positioned just
above the source wiring S is opposed to the black matrix BM
and the primary common electrode CA has a width less than
or equal to that of the black matrix BM in the first direction X
and does not extend to the side of the pixel electrode PE from
the position overlapping the black matrix BM. Thus, an open-
ing contributing to the display per pixel corresponds to an
area between the pixel electrode PE and a pair of the adjacent
primary common electrodes CA of regions between the black
matrixes BM or between a pair of the adjacent source wirings
S.

[0072] FIG. 6is a plan view schematically showinga corner
of the display area ACT and the non-display area R of the
array substrate AR. FIG. 7 is a sectional view schematically
showing a structure example of the array substrate AR along
line VII-V1I in FIG. 6.

[0073] As shown in FIGS. 6 and 7, the array substrate AR
includes a peripheral wiring 31 located in the non-display
area R, another peripheral wiring 32, and a peripheral con-
necting electrode 33. The peripheral wiring 31 and the periph-
eral wiring 32 are provided on the firstinterlayer insulating 11
of the same material together with the source wiring S or the
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like. A metallic material such as Al can be used as the above
material. The peripheral wiring 32 is set to the same potential
as the peripheral wiring 31.

[0074] The peripheral connecting electrode 33 is a solid
electrode in a rectangular frame shape located in the non-
display area R in a rectangular frame shape and is provided on
the second interlayer insulating 12 of the same material
together with the pixel electrode PE and the shield electrode
SE. Here, the peripheral connecting electrode 33 is formed
integrally with the shield electrode SE.

[0075] Theperipheral connecting electrode 33 is connected
to the peripheral wiring 31 through a contact hole CH4
formed in the second interlayer insulating 12 and connected
to the peripheral wiring 32 through a contact hole CHS
formed in the second interlayer insulating 12. Thus, the
peripheral connecting electrode 33 electrically connects the
shield electrode SE and the peripheral wiring 31 and also the
shield electrode SE and the peripheral wiring 32.

[0076] As shown in FIG. 1, the array substrate AR includes
afeed unit VS to apply a voltage to the common electrode CE.
The feed unit VS is formed, for example, in the non-display
area R. A portion of the common electrode CE is pulled out to
the non-display area R. Though not illustrated here, the liquid
crystal display apparatus further includes a conductive mem-
ber provided between the array substrate AR and the coun-
tersubstrate CT. A portion of the common electrode CE (FIG.
3) is electrically connected to the feed unit VS via the con-
ductive member.

[0077] The array substrate AR further includes a voltage
supply wiring located in the non-display area R, electrically
connected to the common electrode CE (primary common
electrode CA) via the conductive member, and capable of
supplying a common voltage to the common electrode CE.
[0078] AsshowninFIGS.1,6,and7, the feed unit VS inthe
present embodiment is formed of a portion of the peripheral
wiring 31. Thus, the peripheral wiring 31 and the voltage
supply wiring are shared. In such a case, the peripheral wiring
31 can be called a common wiring (Vcom wiring).

[0079] Incidentally, the feed unit VS may also be formed of
a portion of the peripheral wiring 32. Thus, the peripheral
wiring 32 and the voltage supply wiring are shared. In such a
case, the peripheral wiring 32 can be called a common wiring
(Veom wiring).

[0080] FIG. 8 is a schematic view showing the entire
peripheral wirings 31, 32 located in the non-display area R of
the array substrate AR.

[0081] As shown in FIG. 8, the peripheral wiring 31 is
provided on the left and right sides of the display area ACT
and the peripheral wiring 32 is provided on the side above or
below the display area ACT on which there is no drive circuit.
The peripheral wirings 31, 32 surround three sides of the
display area ACT. In other words, peripheral wirings in the
present embodiment are formed in an angular U shape or a Ti
shape excluding one edge side on which pads of outer lead
bonding (OLB) are arranged. By arranging peripheral wir-
ings in a II shape excluding one side of four sides in this
manner, portions where the peripheral wirings intersect with
wirings pulled out of the display area to the OLB pads are
reduced so that yields are improved by preventing defects
such as short circuits.

[0082] The shield electrode SE is connected, as described
above, to both ends of the peripheral wiring 31 and the periph-
eral wiring 32 through contact holes CH4 and CHS via the
peripheral connecting electrode 33, but if the shield electrode
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SE and the peripheral connecting electrode 33 are connected
by one side of the peripheral wirings 31, 32, the potential of
the shield electrode SE becomes more unstable with an
increasing distance from the connected location, generating
concern that a sufficient shield effect may not be attained.
[0083] By connecting the shield electrode SE and the
peripheral connecting electrode 33 by three side of the left
and right sides of the peripheral wiring 31 and the upper side
of the peripheral wiring 32 like in the present embodiment, a
stable potential can be supplied to the shield electrode SE
over the entire region of the display area ACT so that a
sufficient shield effect can be attained. Further, with the
peripheral connecting electrode 33 being arranged in a rect-
angular frame shape surrounding four sides of the display
area ACT, a balanced potential can be supplied without gen-
erating a potential difference inside the shield electrode SE.
[0084] Each of the peripheral wirings 31, 32 may be inter-
connected, but may also be arranged independently. When the
peripheral wirings 31, 32 are arranged independently, each
peripheral wiring need only have the same potential applied
thereto.

[0085] The peripheral connecting electrode 33 is arranged,
as described above, like surrounding four sides of the display
area ACT. The peripheral wirings are arranged in a lower
layer of the peripheral connecting electrode 33 via a insulat-
ing film and on three sides of the display area ACT. Further,
the peripheral connecting electrode and peripheral wirings
are electrically connected through contact holes. By sur-
rounding the display area ACT by the peripheral connecting
electrode and peripheral wirings as described above, charges
such as static electricity can be prevented from entering from
outside to generate workings to protect wirings and circuits in
the liquid crystal display apparatus.

[0086] According to a liquid crystal display apparatus con-
figured as described above, the liquid crystal display appara-
tus includes the array substrate AR, the countersubstrate CT,
and the liquid crystal layer LQ. The array substrate AR
includes the gate wiring G, the source wiring S, the second
interlayer insulating 12, the shield electrode SE, the primary
pixel electrode PA, the peripheral wiring 31, and the periph-
eral connecting electrode 33. The shield electrode SE is pro-
vided on the second interlayer insulating 12 and opposed to
the gate wiring G and the source wiring S. The peripheral
wiring 31 is located in the non-display area R. The peripheral
connecting electrode 33 electrically connects the shield elec-
trode SE and the peripheral wiring 31.

[0087] Thus, the potential ofthe shield electrode SE can be
set and the same potential as that of the primary common
electrode CA can be applied to the shield electrode SE. More-
over, the above setting can be realized without increasing the
manufacturing process or significantly changing the layout.
Thus, undesired electric fields from the source wiring S and
the gate wiring G can be shielded. Because the occurrence of
light leakage caused by undesired movement of liquid crystal
molecules can be reduced, degradation in display quality can
be restricted.

[0088] From the above, a liquid crystal display apparatus
superior in display quality can be obtained.

[0089] Further, according to the present embodiment, a
high transmittance is gained in an electrode gap between the
pixel electrode PE and the common electrode CE and there-
fore, the transmittance per pixel can be made sufficiently high
by increasing the inter-electrode distance between the pixel
electrode PE and the common electrode CA. Moreover, prod-
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uct specifications of different pixel pitches can be handled by
changing the inter-electrode distance (that is, by changing the
arrangement position of the primary common electrode CA
with respect to the pixel electrode PE arranged in a substantial
center of the pixel PX). That is, in a display mode according
to the present embodiment, products of various pixel pitches
can be provided by setting the inter-electrode distance with-
out necessarily needing fine electrode workings ranging from
product specifications of low resolution of a relatively large
pixel pitch to product specifications of high resolution of a
relatively small pixel pitch. Therefore, requirements of high
transmittance and high resolution can easily be realized.
[0090] Further, according to the present embodiment,
focusing on the transmittance distribution in an area overlap-
ping the black matrix BM, itis found that the transmittance is
sufficiently decreased. This is because no leakage of electric
field to the outside of the pixel from the position of the
common electrode CE occurs and no undesired transverse
electric field is generated between adjacent pixels across the
black matrix BM and thus, liquid crystal molecules in a
region overlapping the black matrix BM maintain the initial
alignment state like during off-states (or during a black dis-
play condition). Therefore, even if adjacent pixels have color
filters in different colors, the occurrence of color mixing can
be restricted so that lower color reproducibility and a lower
contrast ratio can be restricted.

[0091] When displacements of the array substrate AR and
the countersubstrate CT are caused, a difference of horizontal
inter-electrode distances in the common electrodes CE on
both sides across the pixel electrode PE may arise. However,
such displacements arise for all the pixels PX in common and
therefore, there is no difference in the distribution of electric
field between the pixels PX and the influence thereof on the
display of images is extremely small. Furthermore, even if
displacements arise between the array substrate AR and the
countersubstrate CT, undesired leakage of electric field to
adjacent pixels can be restricted. Therefore, even if adjacent
pixels have color filters of different colors, the occurrence of
color mixing can be restricted so that lower color reproduc-
ibility and a lower contrast ratio can be restricted.

[0092] Further, according to the present embodiment, the
primary common electrode CA is opposed to each source
wiring S. Particularly when the primary common electrode
CA is arranged just above the source wiring S, the opening AP
is enlarged and so the transmittance of the pixel PX can be
improved.

[0093] Also by arranging the primary common electrode
CA just above the source wiring S, the inter-electrode dis-
tance between the pixel electrode PE and the primary com-
mon electrode CA can be increased so that a more horizontal
transverse electric field can be produced. Therefore, a wider
range of viewing angle as an advantage of the IPS mode and
the like, which is a conventional configuration, can also be
maintained.

[0094] Further, according to the present embodiment, a
plurality of domains can be formed in a pixel. Therefore, the
viewing angle can optically be compensated for in a plurality
of directions so that the wider of viewing angle can be
achieved.

[0095] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
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omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

[0096] The shield electrode SE need only be opposed to at
least a portion of the gate wiring G and the source wiring S.
For example, the shield electrode SE need only be opposed to
only the gate wiring G or only the source wiring S.

[0097] Theperipheral connecting electrode 33 is connected
to the peripheral wirings 31, 32 via contact holes CH4 and
CHS respectively, but the position, size and number of con-
nection portions are not limited to the above example and
various modifications thereof can be made. In this case, such
modifications can be made by adjusting the arrangement,
size, and shape of the peripheral connecting electrode 33 and
the peripheral wirings 31, 32. For example, the peripheral
connecting electrode 33 need only be electrically connected
to the shield electrode SE and need not be a solid electrode.

[0098] The shield electrode SE need only be electrically
connected to at least the peripheral wiring 31.

[0099] The peripheral connecting electrode 33 and the
shield electrode SE may be, in addition to a transparent elec-
trode such as ITO, an opaque conductive material such as
aluminum, silver, and copper.

[0100] In the above example, a case when the initial align-
ment direction of the liquid crystal molecules LM is parallel
to the second directionY is described, but may be, as shown
in FIG. 2, an oblique direction D obliquely crossing the sec-
ond direction Y. An angle 61 formed by the initial alignment
direction D with the second directionY is greater than 0° and
less than 45°. From the perspective of alignment control of the
liquid crystal molecules LM, it is very effective to set 01 to
about 5 to 30°, more desirably 20° or less. That is, the initial
alignment direction of the liquid crystal molecules LM is
desirably substantially within the range of 0 to 20° with
respect to the second direction Y.

[0101] Inthe above example, a case when the liquid crystal
layer LQ is constituted of a liquid crystal material whose
dielectric anisotropy is positive (positive type) is described,
but the liquid crystal layer LQ may also be constituted of a
liquid crystal material whose dielectric anisotropy is negative
(negative type). Though a detailed description is omitted,
because the dielectric anisotropy is reversed between positive
and negative, if the liquid crystal material is positive type
liquid crystal material, it is preferable to set 01 to 45 to 90°,
desirably 70° or more.

[0102] Because a transverse electric field is hardly pro-
duced (or a sufficient electric field to drive the liquid crystal
molecules LM is not produced) on the pixel electrode PE or
the common electrode CE even during on-states, the liquid
crystal molecules LM hardly move from the initial alignment
direction like during off-states. Thus, even if the pixel elec-
trode PE and the common electrode CE are formed of a
conductive material having light transmission properties such
as ITO, backlight hardly passes through such areas, making
little contribution to the display during on-states. Therefore,
the pixel electrode PE and the common electrode CE do not
have to be formed of a transparent conductive material and
may be formed using a conductive material such as alumi-
num, silver, and copper.

[0103] Inthe present embodiment, the structure of the pixel
PX is not limited to the examples shown in FIGS. 2 and 4 and



US 2016/0139470 A1

various modifications may be made. The pixel PX need only
include, at least, one or more primary pixel electrode (PA)
extending along the major axis of the pixel PX formed on the
array substrate AR and a plurality of primary common elec-
trodes (CA) extending in the major axis direction of'the pixel
PX formed on the countersubstrate CT and positioned across
the primary pixel electrode in the minor axis direction of the
pixel PX.
[0104] The shape of the pixel electrode PE can be changed
in various ways and may have a cross shape, T shape, or I
shape. For example, the pixel electrode PE can be formed in
a cross shape by changing the shape of the secondary pixel
electrode PB. In addition, the pixel electrode PE may have a
V shape. In this case, the primary pixel electrode PA 1s not
formed by linearly extending in the second directionY, but is
formed by bending in the center portion thereof.
[0105] The common electrode CE may contain, in addition
to the primary common electrodes CA, a secondary common
electrode formed on the counterelectrode CT and extending
in the first direction X. The secondary common electrode is
set to have the same potential as the primary common elec-
trode CA. Because the shield electrode SE is also set to have
the same potential as the primary common electrode CA, the
shield electrode SE may also be called a secondary common
electrode.
[0106] The primary common electrode CA and the second-
ary common electrode formed on the countersubstrate CT are
formed integrally and successively. The secondary common
electrode formed on the countersubstrate CT is opposed to
each of the gate wirings G.
1-20. (canceled)
21. A liquid crystal display device comprising:
a first substrate comprising a gate wiring in a display area,
a source wiring in the display area, an insulating film
above the gate wiring and the source wiring, a transpar-
ent conductive film above the insulating film, a pixel
electrode in the display area, a peripheral wiring in a
non-display area outside the display area, and an align-
ment film above the pixel electrode;
wherein
the pixel electrode is formed above the insulating film;
the peripheral wiring is electrically connected to the trans-
parent conductive film through a plurality of contact
holes formed in the insulating film; and
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the alignment film is contacted to the transparent conduc-

tive film and is opposed to the contact holes.

22.The liquid crystal display device according to claim 21,
wherein the peripheral wiring is located at at least two sides of
the non-display area, is provided below the insulating film,
and is electrically connected to the transparent conductive
film through the contact holes formed in the insulating film at
both of the two sides of the non-display area.

23. The liquid crystal display device according to claim 21,
wherein the peripheral wiring is located at three sides of the
non-display area, is provided below the insulating film, and is
electrically connected to the transparent conductive film
through the contact holes formed in the insulating film at all of
the three sides of the non-display area.

24.The liquid crystal display device according to claim 21,
wherein the peripheral wiring and the source wiring are
arranged in a same layer.

25. The liquid crystal display device according to claim 21,
wherein the peripheral wiring is supplied with a common
voltage.

26. The liquid crystal display device according to claim 21,
wherein

the transparent conductive film comprises an inner elec-

trode formed in the display area, and a peripheral con-
necting electrode formed in the non-display area and
electrically connected to the inner electrode, and

the peripheral connecting electrode is electrically con-

nected to the peripheral wiring through the contact holes
and electrically connects the inner electrode to the
peripheral wiring.

27.The liquid crystal display device according to claim 26,
wherein the inner electrode is electrically connected to the
peripheral connecting electrode at all of four sides of the iner
electrode.

28. The liquid crystal display device according to claim 21,
wherein the peripheral wiring extends continuously along
three sides of the non-display area.

29. The liquid crystal display device according to claim 21,
wherein

the peripheral wiring comprises a first wiring, a second

wiring, and a third wiring, and

the first, second, and third wirings are located indepen-

dently at three sides of the non-display area, respec-
tively, and are set to a same potential.
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