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(57) ABSTRACT

According to one embodiment, aliquid crystal display device
includes an active-element substrate. The active-element sub-
strate includes a display area, a non-display area, an image
signal line, an active element including a scanning line and
connected to the image signal line, a driving circuit, a com-
mon electrode, a first electrode electrically connected to the
common electrode and provided in the non-display area, and
a second electrode the voltage of which is lower than that of
the common electrode, and which is provided in the non-
display area. At least part of the second electrode is provided
in adifferent position from that of the first electrode as seen in
plan view. The scanning line is provided below the first elec-
trode.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2014-
201941, filed Sep. 30, 2014, the entire contents of which are
incorporated herein by reference.

FIELD

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

BACKGROUND

[0003] In a liquid crystal display device adopting an IPS
mode including an FFS mode, a driving circuit is provided on
an active-element substrate which is one of two substrates
holding a liquid crystal, the driving circuit being provided to
apply a voltage to a scanning line and an image signal line.
Thus, at the active-element substrate, scanning lines are pro-
vided over a display area and also extend to the outside
thereof.

[0004] It should be noted that there is a case where ions
generate which are charged by impurities from a liquid crys-
tal, an alignment film and a sealing member, or impurities of
water entering a liquid crystal display device from the outside
thereof. Such ions reduce the voltage, and thus also reduce the
brightness of the liquid crystal display device, to cause black
unevenness in which unnecessary black appears in an image.
Such ions collect in the vicinity of scanning lines located
outside the display area due to an electric field generated by
those scanning lines. However, in the case where a larger
number of ions generate, they collect not only in the outside
of the display area, but within the display area.

[0005] Jpn. Pat. Appln. KOKAI Publication No. 2008-
26869 discloses a display device in which a shielding elec-
trode is provided between a counter-substrate and a polarizer.
In this display device, a shielding electrode is provided to
hold ions remaining in a non-display area, in order to restrict
collection of ions in the display area.

[0006] However, even if the liquid crystal display device is
provided with a shielding electrode, it is hard to hold ions
remaining in the outside of the display area. Inevitably, ions
collect in the display area.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1is a perspective view of a liquid crystal dis-
play device according to a first embodiment.

[0008] FIG.2 is a plan view of an active-element substrate
in the first embodiment.

[0009] FIG. 3 is another plan view of the active-element
substrate in the first embodiment.

[0010] FIG. 4 is a cross-sectional view of the liquid crystal
display device according to the first embodiment.

[0011] FIG. 5 is still another plan view of the active-ele-
ment substrate in the first embodiment.

[0012] FIG. 6 is another cross-sectional view of the liquid
crystal display device according to the first embodiment.
[0013] FIG. 7 is a further plan view of the active-element
substrate in the first embodiment.

[0014] FIG. 8 is a still further plan view of the active-
element substrate in the first embodiment.

Mar. 31, 2016

[0015] FIG. 9 is a cross-sectional view of a liquid crystal
display device according to a second embodiment.

[0016] FIG. 10 is a cross-sectional view of a liquid crystal
display device according to a third embodiment.

[0017] FIG. 11 is a cross-sectional view of a liquid crystal
display device according to a fourth embodiment.

[0018] FIG. 12 is a cross-sectional view of a liquid crystal
display device according to a fifth embodiment.

[0019] FIG. 13 is a cross-sectional view of a liquid crystal
display device according to a sixth embodiment.

[0020] FIG. 14 is a cross-sectional view of a liquid crystal
display device according to a seventh embodiment.

[0021] FIG. 15 is a cross-sectional view of a liquid crystal
display device according to an eighth embodiment.

[0022] FIG. 16 is a cross-sectional view of a liquid crystal
display device according to a ninth embodiment.

[0023] FIG. 17 is a cross-sectional view of a liquid crystal
display device according to a tenth embodiment.

[0024] FIG. 18 is a cross-sectional view of a liquid crystal
display device according to an eleventh embodiment.

[0025] FIG. 19 is a cross-sectional view of a liquid crystal
display device according to a twelfth embodiment.

[0026] FIG. 20 is a cross-sectional view of a liquid crystal
display device according to a thirteenth embodiment.

[0027] FIG. 21 is a cross-sectional view of a liquid crystal
display device according to a fourteenth embodiment.
[0028] FIG. 22 is a cross-sectional view of a liquid crystal
display device according to a fifteenth embodiment.

[0029] FIG. 23 is a cross-sectional view of a liquid crystal
display device according to a sixteenth embodiment.

[0030] FIG. 24 is a cross-sectional view of a liquid crystal
display device according to a seventeenth embodiment.
[0031] FIG. 25 is a cross-sectional view of a liquid crystal
display device according to an eighteenth embodiment.
[0032] FIG. 26 is a cross-sectional view of a liquid crystal
display device according to a nineteenth embodiment.
[0033] FIG. 27 is a cross-sectional view of a liquid crystal
display device according to a twentieth embodiment.

[0034] FIG. 28 is a cross-sectional view of a liquid crystal
display device according to a twenty-first embodiment.
[0035] FIG. 29 is a cross-sectional view of a liquid crystal
display device according to a twenty-second embodiment.
[0036] FIG. 30 is a cross-sectional view of a liquid crystal
display device according to a twenty-third embodiment.
[0037] FIG. 31 is a cross-sectional view of a liquid crystal
display device according to a twenty-fourth embodiment.
[0038] FIG. 32 is a cross-sectional view of a liquid crystal
display device according to a twenty-fifth embodiment.
[0039] FIG. 33 is a cross-sectional view of a liquid crystal
display device according to a twenty-sixth embodiment.
[0040] FIG. 34 is a cross-sectional view of a liquid crystal
display device according to a twenty-seventh embodiment.
[0041] FIG. 35 is a cross-sectional view of a liquid crystal
display device according to a twenty-eighth embodiment.
[0042] FIG. 36 is a cross-sectional view of a liquid crystal
display device according to a twenty-ninth embodiment.
[0043] FIG. 37 is a cross-sectional view of a liquid crystal
display device according to a thirtieth embodiment.

[0044] FIG. 38 is a cross-sectional view of a liquid crystal
display device according to a thirty-first embodiment.

DETAILED DESCRIPTION

[0045] In general, according to one embodiment, there is
provided a liquid crystal display device comprising an active-
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element substrate, a counter-substrate provided above and
opposite to the active-element substrate and a liquid crystal
provided between the active-element substrate and the
counter-substrate. The active-element substrate includes: a
display area in which an image is displayed; a non-display
area in which no image is displayed; an image signal line; an
active element including a scanning line and connected to the
image signal line; a driving circuit which is connected to the
scanning line and the image signal line, and applies a voltage;
a common electrode; a first electrode electrically connected
to the common electrode and provided in the non-display
area; and a second electrode the voltage of which is lower than
that of the common electrode, and which is provided in the
non-display area. At least part of the second electrode is
provided in a different position from that of the first electrode
as seen from above. The scanning line is provided below the
first electrode.

[0046] According to another embodiment, there is pro-
vided a liquid crystal display device including an active-
element substrate, a counter-substrate provided above and
opposite to the active-element substrate and a liquid crystal
provided between the active-element substrate and the
counter-substrate. The active-element substrate includes: a
display area in which an image is displayed; a non-display
area in which no image is displayed; an image signal line; an
active element including a scanning line and connected to the
image signal line; a driving circuit which is connected to the
scanning line and the image signal line, and applies a voltage;
a common electrode; and a first electrode electrically con-
nected to the common electrode and provided in the non-
display area. The scanning line is provided below the first
electrode. A plurality of scanning lines identical to the above
scanning line are provided, and one or more of the scanning
lines are low-voltage scanning lines each having an hourly
average voltage which is lower than the voltage of the com-
mon electrode. At least part of the low-voltage scanning line
or lines is located in a different position from that of the first
electrode as seen from above.

[0047] Embodiments will be described hereinafter with ref-
erence to the accompanying drawings. The disclosure is
merely an example, and proper changes within the spirit of
the invention, which are easily conceivable by a skilled per-
son, are included in the scope of the invention as a matter of
course. In addition, in some cases, in order to make the
description clearer, the widths, thicknesses, shapes, etc., of
the respective parts are schematically illustrated in the draw-
ings, compared to the actual modes. However, the schematic
illustration is merely an example, and adds no restrictions to
the interpretation of the invention. Besides, in the specifica-
tion and drawings, the same elements as those described in
connection with preceding drawings are denoted by like ref-
erence numerers, and a detailed description thereof'is omitted
unless otherwise necessary.

First Embodiment

[0048] FIG. 1is a perspective view of a liquid crystal dis-
play device 100 according to the first embodiment. The liquid
crystal display device 100 includes an active-element sub-
strate 200, a counter-substrate 300 and a backlight device
900.

[0049] The backlight device 900 includes a light-emitting
unit such as a light-emitting diode (LED), and emits light
from a side located outward of the active-element substrate
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200 such that the light is transmitted through the active-
element substrate 200 and the counter-substrate 300.

[0050] FIG. 2isaplan view of the active-element substrate
200. FIG. 3 is another plan view of the active-element sub-
strate 200. F1G. 4 is across-sectional view of the liquid crystal
display device 100. To be more specific, FIG. 3 1s an enlarged
view of a region I shown in FIG. 2. FIG. 4 is a cross-sectional
view taken along line IV-IV in FIG. 3.

[0051] Ineachof embodiments described herein, suppose a
direction from the counter-substrate 300 toward the active-
element substrate 200 is a downward direction, and a direc-
tion from the active-element substrate 200 toward the
counter-substrate 300 is an upward direction. It should be
noted that referring to FIG. 3, the backlight device 900 is
lower in position than the active-element substrate 200. A
liquid crystal 90 is provided between the active-element sub-
strate 200 and the counter-substrate 300. If an object is seen
from an upper position in the downward direction, the phrase
“as seen in plan view” will be used.

[0052] The active-element substrate 200 comprises scan-
ning lines 1, image signal lines 2, a common electrode 4, pixel
electrodes 5, a transparent substrate 30, insulating layers 31
and 32, semiconductor layers 33, source electrodes 34, drain
electrodes 35 and an alignment film 39.

[0053] The transparent substrate 30 is formed of glass, but
may be formed of plastic. Also, the transparent substrate 30 1s,
for example, rectangular.

[0054] The scanning lines 1 are arranged at regular inter-
vals in a single direction with respect to the active-element
substrate 200. To be more specific, the single direction is a
direction along, for example, short sides of the transparent
substrate 30. The scanning lines 1 are provided on the trans-
parent substrate 30. The scanning lines 1 are given a high gate
voltage higher than the voltage of the common electrode 4 at
the ON time, and given a low gate voltage lower than the
voltage of the common electrode 4 at the OFF time.

[0055] The image signal lines 2 are arranged at regular
intervals in another direction with respect to the active-ele-
ment substrate 200. The other direction is a direction along,
for example, long sides of the transparent substrate 30. As
seen in plan view, the above single direction and other direc-
tions are perpendicular to each other, and the scanning lines 1
intersect the image signal lines 2. The scanning lines 1 and the
image signal lines 2 may be partially bent. To the image signal
lines 2, a voltage corresponding to an image to be displayed is
applied.

[0056] The insulating layer 31 is provided on the transpar-
ent substrate 30 and the image signal lines 2. Between the
transparent substrate 30 and a group of the image signal lines
2 and the insulating layer 31, undercoat film, insulating layer
or the like may be provided.

[0057] The common electrode 4 is provided on the insulat-
ing layer 31. The common electrode 4 is provided over the
entire display area 50. The common electrode 4 may be
formed in the shape of a plate or a band. At the common
electrode 4, the voltage is kept constant.

[0058] The semiconductor layers 33 are provided on the
insulating layer 31. The semiconductor layer 33 is located
above the scanning line 1, and as seen in plan view, they is
formed in the shape of a plate wider than the scanning line 1.
The source electrode 34 is provided on the insulating layer 31,
and is located on a one-end side of the semiconductor layer
33. The source electrode 34 is partially provided on the semi-
conductor layer 33. The drain electrode 35 is provided on the
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insulating layer 31, and is located on the other-end side of the
semiconductor layer 33. The drain electrode 35 is partially
provided on the semiconductor layer 33. The scanning line 1,
the insulating layer 31, the semiconductor layer 33, the source
electrode 34 and the drain electrode 35 function as thin-film
transistor which correspond to active element 40.

[0059] The on/off state of an active element 40 is controlled
in accordance with the voltage applied to a scanning line 1. In
the on state, the active element 40 guides a voltage corre-
sponding to an image signal transmitted from an image signal
line 2 to a drain electrode 35 through a source electrode 34
and a semiconductor layer 33.

[0060] Theinsulating layer 32 is provided on the insulating
layer 31, and covers the common electrode 4 and the active
elements 40. It should be noted that the insulating layers 31
and 32 may be provided so as not to contact each other, and
another insulating layer, a color filter or the like may be
provided between the insulating layers 31 and 32.

[0061] The pixel electrodes 5 are provided on the insulating
layer 32, and include slits formed in the shape of a plate. The
pixel electrodes 5 may be formed in the shape of, for example,
a band. Furthermore, the pixel electrode 5 includes connec-
tion portion 51. The connection portion 51 is projected down-
ward, and electrically connected to the drain electrode 35.
The pixel electrode 5 applies a voltage from the drain elec-
trode 35 to the liquid crystal 90.

[0062] The alignment film 39 is formed of, for example,
polyimide, and causes a group of molecules of the liquid
crystal 90 to be aligned in a single direction.

[0063] The liquid crystal 90 is a nematic liquid crystal, and
its alignment direction varies in accordance with the voltage
applied.

[0064] The active-element substrate 200 includes the dis-
play area 50 and a non-display area 60. In the display area 50,
a plurality of active elements 40 are provided. The active
elements 40 control light emitted from the backlight device
900, thereby causing an image to be displayed in the display
area 50. On the other hand, the non-display area 60 is an area
in which no image is displayed.

[0065] The counter-substrate 300 comprises a transparent
substrate 91, a color filter 92, a light-shielding portion 93 and
an alignment film 94.

[0066] The transparent substrate 91 is formed of glass, but
may be formed of plastic. The color filter 92 is provided under
the transparent substrate 91, and permits light having a spe-
cific color to be transmitted through the color filter 92. The
light-shielding portion 93 is provided under the transparent
substrate 91. Furthermore, the light-shielding portion 93 is
formed in the shape of a lattice, located above the scanning
lines 1 and the image signal lines 2, and has a light blocking
characteristic. The light-shielding portion 93 may be pro-
vided in the non-display area 60. The alignment film 94
causes a group of liquid crystal molecules of the liquid crystal
90 to be aligned in a single direction. It should be noted that
in the case where a color filter is provided at the active-
element substrate 200, neither the color filter 92 nor the
light-shielding portion 93 need to be provided.

[0067] FIG. 5 is a still another plan view of the active-
element substrate 200. FIG. 6 is another cross-sectional view
of the liquid crystal display device 100. To be more specific,
FIG. 5 is an enlarged view of aregion I1in FIG. 2. F1G. 6 is a
cross-sectional view taken along line VI-VI in FIG. 5.
[0068] A sealing member 95 is provided along an outer
peripheral edge of a shielding electrode 6 and a side thereof.
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The sealing member 95 is provided along an outer peripheral
portion of the non-display area 60 to seal the liquid crystal 90.
[0069] FIG. 7 is a further plan view of the active-element
substrate 200. FIG. 8 is a still further plan view of the active-
element substrate 200. To be more specific, FIG. 8 is an
enlarged view of a region 11l in FIG. 7.

[0070] The scanning lines 1 comprise a plurality of scan-
ning lines 11 provided in the non-display area 60. To be more
specific, half of the scanning lines 11 of the scanning lines 1
are located in part of the non-display area 60 which is located
on one of opposite sides of the display area 50, and the other
half of the scanning lines 11 are located in part of the non-
display area 60 which is located on the other of the opposite
sides of the display area 50.

[0071] The scanning lines 11 extend in the longitudinal
direction of the scanning lines 1 in the display area 50, and are
then bent to extend along the non-display area 60. They are
also arranged at intervals in the non-display area 60. The
distances between the scanning lines 11 are smaller than
those between the scanning lines 1 in the display area 50. The
scanning lines 11 are connected to a driving circuit 38. Some
of the scanning lines 11 are partially located below the sealing
member 95.

[0072] The image signal lines 2 comprise a plurality of
image signal lines 21 located in the non-display area 60. The
image signal lines 21 are bent in the non-display area 60, and
connected to the driving circuit 38.

[0073] The driving circuit 38 is provided close to an end
portion of the active-element substrate 200. The driving cir-
cuit 38 applies high and low gate voltages to the scanning
lines 11. The driving circuit 38 applies a voltage correspond-
ing to an image to be displayed to the image signal lines 21.
[0074] The insulating layer 31, the insulating layer 32 and
the liquid crystal 90 are also located in the non-display area
60.

[0075] The shielding electrode 6 is provided on the insulat-
ing layer 32. That is, the shielding electrode 6 is provided in
the same layer as the alignment film 39. The shielding elec-
trode 6 is U-shaped along three sides of the non-display area
60 which are other than a side on which the driving circuit 38
is provided. Furthermore, the shielding electrode 6 is pro-
vided above the scanning lines 11. The shielding electrode 6
may be formed of a conductive material such as indium tin
oxide (ITO) or conductive metal. The shielding electrode 6 is
electrically connected to the common electrode 4 to have the
same voltage as the common electrode 4.

[0076] Also, in the shielding electrode 6, a slit 61 is formed.
As seen in plan view, the slit 61 is located outward of a center
portion of the shielding electrode 6 in a width direction
thereof. That is, part of the shielding electrode 6 which is
located inward of the slit 61 has a greater width than a width
of part of the shielding electrode 6 which is located outward
of the slit 61. The slit 61 is also U-shaped in accordance with
the shape of an outer periphery of the shielding electrode 6.

[0077] A conductive line 65 connects the driving circuit 38
and the shielding electrode 6. The conductive line 65 may be
connected to the common electrode 4.

[0078] A trap electrode 7 is provided as a second electrode
on the insulating layer 31 in the non-display area 60. That is,
the trap electrode 7 is located in the same layer as the common
electrode 4. As seen in plan view, the trap electrode 7 is also
U-shaped along the three sides of the non-display area 60. The
trap electrode 7 is located along the slit 61.
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[0079] Also, the trap electrode 7 is located above the scan-
ning lines 11. The trap electrode 7 may be formed of a trans-
parent conductive film such as ITO or conductive metal.
[0080] In addition, the trap electrode 7 is located below the
slit 61. That is, as seen in plan view, the trap electrode 7 is
located in the slit 61 of the shielding electrode 6.

[0081] Also, as seen in plan view, at least portions of the
shielding electrode 6 and trap electrode 7 do not overlap with
each other. Furthermore, it is preferable that as seen in plan
view, the entire shielding electrode 6 and trap electrode 7 be
provided so as not to overlap with each other. Preferably, the
width of the trap electrode 7 should be smaller than that of the
slit 61. In such a manner, at least portions of the shielding
electrode 6 and trap electrode 7 do not overlap with each
other. Thus, the shielding electrode 6 blocks impurity ions,
and the trap electrode 7 collects impurity ions; i.e., the shield-
ing electrode 6 and the trap electrode 7 effectively fulfill
respective functions. It should be noted that the shielding
electrode 6 and the trap electrode 7 may be provided only on
one of long sides of the display area 50 or on both the long
sides thereof.

[0082] An inneredge portion of the shielding electrode 6 is
located inward of the innermost one of the scanning lines 11.
Also, an outer edge portion of the shielding electrode 6 is
located outward of the outermost one of the scanning lines 11.
The shielding electrode 6 is located below the sealing mem-
ber 95.

[0083] A conductive line 75 connects the driving circuit 38
and the trap electrode 7. The driving circuit 38 applies, for
example, a low gate voltage which is an off-state voltage of
the active element 40 to the conductive line 75. The voltage of
the trap electrode 7 is lower than that of the shielding elec-
trode 6.

[0084] Ions charged by impurities or the like are positive
ions. Therefore, the trap electrode 7 can collect ions because
of a Coulomb force by causing the voltage of the trap elec-
trode 7 to be lower than that of the common electrode 4.
[0085] In the first embodiment, in the non-display area 60,
the shielding electrode 6 the voltage of which is the same as
that of the common electrode 4 and the trap electrode 7 the
voltage of which is lower than that of the common electrode
4 are provided. Thus, ions can be blocked and also collected
in the non-display area 60.

[0086] Furthermore, the shielding electrode 6 is partially
located below the sealing member 95. It is therefore possible
to effectively block ions generated from the outside of the
sealing member 95 or the liquid crystal display device 100.
[0087] Also, the shielding electrode 6 is provided on the
insulating layer 32. That is, the shielding electrode 6 is
located close to the liquid crystal 90. Thereby, the shielding
electrode 6 can effectively block ions generated from the
liquid crystal 90.

[0088] Furthermore, part of the shielding electrode 6 is
located inward of the trap electrode 7. As a result, the trap
electrode 7 can collect ions in a position away from the
boundary between the display area 50 and the non-display
area 60. It is therefore possible to effectively prevent ions
from collecting in the display area 50.

[0089] Also, the shielding electrode 6 is provided in an
upper layer than a layer in which the trap electrode 7 is
provided. Thereby, the shielding electrode 6 can effectively
block ions on its side-surface side in addition to ions on its
upper-surface side.
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[0090] In addition, the shielding electrode 6 is partially
located in the same layer as the alignment film 39. As a result,
the shielding electrode 6 can effectively block ions generated
from the alignment film 39.

[0091] Itshould be noted that the number of shielding elec-
trodes 6 is not limited to one. For example, shielding elec-
trodes 6 may be provided inward and outward of the trap
electrode 7, respectively. Embodiments in which a plurality
of shielding electrodes 6 are provided in the same layer
include an embodiment in which shielding electrodes are
combined into a single shielding electrode 6 provided with a
slit 61.

[0092] Also, it should be noted that the shielding electrode
6 and the trap electrode 7 may be provided on a side of the
non-display area 60 on which the driving circuit 38 is pro-
vided. Along with or in place of the scanning lines 11 in the
non-display area 60, the shielding electrode 6 and the trap
electrode 7 may be provided above the image signal lines 21
in the non-display area 60.

[0093] Furthermore, the alignment film 39 may be provided
in the non-display area 60 and also extend to the vicinity of the
sealing member 95. In this case, the shielding electrode 6 may
be provided above the alignment film 39. Furthermore, in this
case, the shielding electrode 6 may be provided just above or
just below the alignment film 39. Thereby, it is possible to
effectively restrict in the display area 50, collection of ions
generated from the alignment film 39 located in the non-
display area 60.

Second Embodiment

[0094] FIG. 9 is a cross-sectional view of a liquid crystal
display device 100 according to the second embodiment.

[0095] With respect to each of the embodiments described
herein, explanations of structural features which are the same
as those in a previous one of the embodiments will be omitted.

[0096] A shielding electrode 6 is the same as the shielding
element 6 in the first embodiment. A trap electrode 7 is
provided on an insulating layer 32. That is, the shielding
electrode 6 and the trap electrode 7 are provided in the same
layer. Also, the trap electrode 7 is provided ina slit 61 formed
in the shielding electrode 6.

[0097] In the second embodiment, the trap electrode 7 is
provided in the same layer as the alignment film 39. Thereby,
the trap electrode 7 can effectively collect ions generated
from an alignment film 39.

[0098] Also, the trap electrode 7 is provided on an insulat-
ing layer 32. That is, the trap electrode 7 is provided close to
a liquid crystal 90. Thereby, the trap electrode 7 can effec-
tively collect ions generated from the liquid crystal 90.

[0099] Furthermore, the shielding electrode 6 and the trap
electrode 7 are provided in the same layer. Thus, in the case of
manufacturing the liquid crystal display device 100, the
shielding electrode 6 and the trap electrode 7 can be formed in
simple steps.

[0100] Itshould benoted that the alignment film 39 may be
provided in a non-display area 60 and also extend to the
vicinity of a sealing member 95. In this case, the trap elec-
trode 7 may be provided above the alignment film 39. Also, in
this case, the trap electrode 7 may be provided just above or
just below the alignment film 39.



US 2016/0091764 A1l

Third Embodiment

[0101] FIG. 10 is a cross-sectional view of a liquid crystal
display device 100 according to the third embodiment. In this
embodiment, two shielding electrodes 6 are provided as an
inner shielding electrode 6 close to a display area 50 and an
outer shielding electrode 6 far from the display area 50,
respectively. A shielding electrode 6 is provided on an insu-
lating layer 31. The trap electrode 7 is also provided on the
insulating layer 31. The trap electrode 7 is located between
the inner shielding electrode 6 and outer shielding electrode
6

[0102] In the third embodiment, the shielding electrodes 6
are provided in the same layer as the common electrode 4.
Thereby, it is possible to form in a simple step a structure for
electrically connecting the shielding electrodes 6 and the
common electrode 4 to each other.

[0103] In such a manner, in the third embodiment, the
shielding electrode 6 and the trap electrode 7 are provided on
the insulating layer 31. That is, the shielding electrode 6 and
the trap electrode 7 are located close to the scanning lines 11.
Therefore, the shielding electrode 6 and the trap electrode 7
can effectively block and collect ions close to the scanning
lines 11.

Fourth Embodiment

[0104] FIG. 11 is a cross-sectional view of a liquid crystal
display device 100 according to the fourth embodiment. In
this embodiment, a shielding electrode 6 is provided on an
insulating layer 31. A trap electrode 7 is provided on an
insulating layer 32 located above the shielding electrode 6.
Also, as seen in plan view, the trap electrode 7 is located in a
slit 61 in the shielding electrode 6.

[0105] Insuchamanner, in the fourth embodiment, the trap
electrode 7 is provided on the insulating layer 32 located
above the shielding electrode 6. Thus, the trap electrode 7 can
collect ions on its side-surface side, in addition to ions on its
upper-surface side.

Fifth Embodiment

[0106] FIG. 12 is a cross-sectional view of a liquid crystal
display device 100 according to the fifth embodiment. In this
embodiment, two shielding electrodes 6 are provided as an
inner shielding electrode 6 close to a display area 50 and an
outer shielding electrode 6 far from the display area 50,
respectively.

[0107] The inner shielding electrode 6 is provided on an
insulating layer 31. The outer shielding electrode 6 is pro-
vided on an insulating layer 32. The inner shielding electrode
6 is wider than the outer shielding electrode 6. A trap elec-
trode 7 is also provided on the insulating layer 31, and as seen
in plan view, it is located between the inner shielding elec-
trode 6 and the outer shielding electrode 6.

[0108] In the fifth embodiment, since the inner shielding
electrode 6 is provided in the same layer as a common elec-
trode 4, a structure for electrically connecting the inner
shielding electrode 6 and the common electrode 4 to each
other can be formed in a simple step. On the other hand, since
the outer shielding electrode 6 is provided on the insulating
layer 32, it can effectively prevent ions from the outside of the
sealing member 95 or the display device 100 from entering
the display device 100.
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Sixth Embodiment

[0109] FIG. 13 is a cross-sectional view of a liquid crystal
display device 100 according to the sixth embodiment. [n this
embodiment, two shielding electrodes 6 are provided in the
same way as in the fifth embodiment; however, unlike the fifth
embodiment, a trap electrode 7 is provided on an insulating
layer 32.

Seventh Embodiment

[0110] FIG. 14 is a cross-sectional view of a liquid crystal
display device 100 according to the seventh embodiment. In
this embodiment, three shielding electrodes 6 are provided as
an inner shielding electrode 6, an intermediate shielding elec-
trode 6 and an outer shielding electrode 6 in the non-display
area 60, the inner shielding electrode 6 being located close to
adisplay area 50, the outer shielding electrode 6 being located
far from the display area 50. The three shielding electrodes 6
are U-shaped along three sides of the non-display area 60. Of
the widths of those shielding electrodes 6, the width of the
inner shielding electrode 6 is the greatest, that of the interme-
diate shielding electrode 6 is intermediate, and that of the
outer shielding electrode 6 is the smallest. The three shielding
electrodes 6 are provided on an insulating layer 32.

[0111] Two trap electrodes 7 are provided. As seen in plan
view, the two trap electrodes 7 are U-shaped along three sides
of the non-display area 60. The two trap electrodes 7 are
provided on an insulating layer 31.

[0112] As seen in plan view, the two trap electrodes 7 are
located between the inner shielding electrode 6 and the inter-
mediate shielding electrode 6 and between the intermediate
shielding electrode 6 and the outer shielding electrode 6. It
should be noted that the two trap electrodes 7 may be con-
nected and provided as a single trap electrode 7.

Eighth Embodiment

[0113] FIG. 15 is a cross-sectional view of a liquid crystal
display device 100 according to the eighth embodiment. In
this embodiment, three shielding electrodes 6 are provided in
the same way as in the seventh embodiment; however, unlike
the seventh embodiment, two trap electrodes 7 are provided
on an insulating layer 32. That is, the three shielding electrode
6 and the two trap electrodes 7 are provided in the same layer.
Furthermore, the two trap electrodes 7 are located between
the inner shielding electrode 6 and the intermediate shielding
electrode 6 and between the intermediate shielding electrode
6 and the outer shielding electrode 6, respectively.

Ninth Embodiment

[0114] FIG. 16 is a cross-sectional view of a liquid crystal
display device 100 according to the ninth embodiment. In this
embodiment, three shielding electrodes 6 are provided as an
inner shielding electrode 6 close to a display area 50, an
intermediate shielding electrode 6 and an outer shielding
electrode 6 far from the display area 50, respectively.

[0115] Furthermore, two trap electrodes 7 are provided on
an insulating layer 31. That is, the three shielding electrodes
6 and the two trap electrodes 7 are provided in the same layer.
Furthermore, the two trap electrodes 7 are located between
the inner shielding electrode 6 and the intermediate shielding
electrode 6 and between the intermediate shielding electrode
6 and the outer shielding electrode 6, respectively.



US 2016/0091764 A1l

Tenth Embodiment

[0116] FIG. 17 is a cross-sectional view of a liquid crystal
display device 100 according to the tenth embodiment. In this
embodiment, three shielding electrodes 6 are provided as an
inner shielding electrode 6 close to a display area 50, an
intermediate shielding electrode 6 and an outer shielding
electrode 6 far from the display area 50. The inner shielding
electrode 6 is provided on an insulating layer 31. The inter-
mediate shielding electrode 6 and the outer shielding elec-
trode 6 are provided on an insulating layer 32.

[0117] Furthermore, the two trap electrodes 7 are provided
on an insulating layer 32. One of the trap electrodes 7 is
located inward of the intermediate shielding electrode 6. The
other trap electrode 7 is located between the intermediate
shielding electrode 6 and the outer shielding electrode 6.

Eleventh Embodiment

[0118] FIG. 18 is a cross-sectional view of a liquid crystal
display device 100 according to the eleventh embodiment. In
this embodiment, three shielding electrodes 6 are provided as
an inner shielding electrode 6 close to a display area 50, an
intermediate shielding electrode 6 and an outer shielding
electrode 6 far from the display area 50, respectively. The
inner shielding electrode 6 is provided on an insulating layer
32. The intermediate shielding electrode 6 and the outer
shielding electrode 6 are located on an insulating layer 31.
[0119] Furthermore, two trap electrodes 7 are provided on
the insulating layer 32. One of'the trap electrodes 7 is located
inward of the intermediate shielding electrode 6. The other
trap electrode 7 is located between the intermediate shielding
electrode 6 and the outer shielding electrode 6.

Twelfth Embodiment

[0120] FIG. 19 is a cross-sectional view of a liquid crystal
display device 100 according to a twelfth embodiment. [n this
embodiment, a shielding electrode 6 is provided to extend
from alocation closeto a display area 50 to a location outward
of the center of the display area 50. The shielding electrode 6
1s provided on an insulating layer 32. The shielding electrode
6 is located above the majority of scanning lines 11 located at
one side portion of a non-display area 60.

[0121] As seen in plan view, a trap electrode 7 is provided
outward of the shielding electrode 6. The trap electrode 7 is
also provided on the insulating layer 31.

[0122] In such a manner, in the twelfth embodiment, the
shielding electrode 6 is located inward of the trap electrode 7,
that is, the trap electrode 7 is located outward of the shielding
electrode 6. It is therefore possible to collect ions on a side far
from the display area 50.

Thirteenth Embodiment

[0123] FIG. 20 is a cross-sectional view of a liquid crystal
display device 100 according to the thirteenth embodiment.
In this embodiment, a shielding electrode 6 is provided in the
same way as in the twelfth embodiment. As seen in plan view,
a trap electrode 7 is provided outward of the shielding elec-
trode 6. The trap electrode 7 is provided on an insulating layer
32.

Fourteenth Embodiment

[0124] FIG. 21 is a cross-sectional view of a liquid crystal
display device 100 according to the fourteenth embodiment.
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In this embodiment, a shielding electrode 6 is provided to
extend from a location close to a display area 50 to a location
outward of the center of a non-display area 60 in the width
direction thereof. The shielding electrode 6 is provided on an
insulating layer 31.

[0125] As seen in plan view, a trap electrode 7 is provided
outward of the shielding electrode 6. The trap electrode 7 is
also provided on the insulating layer 31.

Fifteenth Embodiment

[0126] FIG. 22 is a cross-sectional view of a liquid crystal
display device 100 according to the fifteenth embodiment. In
this embodiment, a shielding electrode 6 is provided in the
same way as in the fourteenth embodiment. As seen in plan
view, a trap electrode 7 is provided outward of the shielding
electrode 6. The trap electrode 7 is provided on an insulating
layer 32.

Sixteenth Embodiment

[0127] FIG. 23 is a cross-sectional view of a liquid crystal
display device 100 according to the sixteenth embodiment. In
this embodiment, two shielding electrodes 6 are provided as
an inner shielding electrode 6 close to a display area 50 and an
outer shielding electrode 6 far from the display area 50,
respectively. The shielding electrodes 6 are provided on an
insulating layer 32. Also, two trap electrodes 7 are provided in
an inner position and an outer position, respectively. The trap
electrodes 7 are provided on an insulating layer 31.

[0128] As seen in plan view, one of the trap electrodes 7 is
located between the two shielding electrodes 6. Also, as seen
in plan view, the other trap electrode 7 is located outward of
the outer shielding portion 6. That is, in the liquid crystal
display device 100 according to the sixteenth embodiment, as
seen in plan view, the inner shielding electrode 6, the above
one of the trap electrodes 7, the outer shielding electrode 6
and the other trap electrode 7 are arranged in this order from
an inner area of the liquid crystal display device 100. It should
be noted that the two shielding electrodes 6 may be combined
into a single shielding electrode 6, and the two trap electrodes
7 may also be combined into a single trap electrode 7.

Seventeenth Embodiment

[0129] FIG. 24 is a cross-sectional view of a liquid crystal
display device 100 according to the seventeenth embodiment.
In this embodiment, two shielding electrodes 6 are provided
in the same way as in the sixteenth embodiment. Also, two
trap electrodes 7 are provided in an inner position and an outer
position, respectively. The two trap electrodes 7 are located
on an insulating layer 32. One of the trap electrodes 7 is
located between the two shielding electrodes 6. The other trap
electrode 7 is located outward of the outer shielding electrode
6.

Eighteenth Embodiment

[0130] FIG. 25 is a cross-sectional view of a liquid crystal
display device 100 according to the eighteenth embodiment.
In this embodiment, two the shielding electrodes 6 are pro-
vided as an inner shielding electrode 6 located in an inner
position and an outer shielding electrode 6 located in an outer
position, respectively. The two shielding electrodes 6 are
located on an insulating layer 31. Also, two trap electrodes 7
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are provided in an inner position and an outer position,
respectively. The two trap electrodes 7 are provided on an
insulating layer 31.

Nineteenth Embodiment

[0131] FIG. 26 is a cross-sectional view of a liquid crystal
display device 100 according to the nineteenth embodiment.
In this embodiment, two shielding electrodes 6 are provided
as an inner shielding electrode 6 located in an inner position
and an outer shielding electrode 6 located in an outer position,
respectively. The inner shielding electrode 6 is provided on an
insulating layer 31. The outer shielding electrode 6 is pro-
vided on an insulating layer 32.

[0132] Also, two trap electrodes 7 are provided in an inner
position and an outer position, respectively. The trap elec-
trodes 7 are provided on the insulating layer 32. One of the
trap electrodes 7 is located between the two shielding elec-
trodes 6. The other trap electrode 7 is located outward of the
outer shielding electrode 6.

Twentieth Embodiment

[0133] FIG. 27 is a cross-sectional view of a liquid crystal
display device 100 according to the twentieth embodiment. In
this embodiment, two shielding electrodes 6 are provided as
an inner shielding electrode 6 located in an inner position and
an outer shielding electrode 6 located in an outer position,
respectively. The inner shielding electrode 6 is located on an
insulating layer 32. The outer shielding electrode 6 is located
on an insulating layer 31.

[0134] Also, two trap electrodes 7 are provided in an inner
position and an outer position, respectively. The two trap
electrodes 7 are provided on aninsulating layer 31. One of the
trap electrodes 7 is located between the two shielding elec-
trodes 6. The other trap electrode 7 is located outward of the
outer shielding electrode 6.

Twenty-First Embodiment

[0135] FIG. 28 is a cross-sectional view of a liquid crystal
display device 100 according to the twenty-first embodiment.
In this embodiment, a shielding electrode 6 is provided on an
insulating layer 32. The trap electrodes 7 are provided on an
insulating layer 31. As seen in plan view, the trap electrode 7
1s located inward of the shielding electrode 6.

[0136] In such a manner, in the twenty-first embodiment,
the trap electrode 7 is located in an inner position. Thus, the
trap electrode 7 collects in a non-display area 60, ions existing
close to the boundary between a display area 50 and a non-
display area 60.

Twenty-Second Embodiment

[0137] FIG. 29 is a cross-sectional view of a liquid crystal
display device 100 according to the twenty-second embodi-
ment. In this embodiment, a shielding electrode 6 is provided
in the same way as in the twenty-first embodiment. The trap
electrodes 7 are provided on an insulating layer 32. The trap
electrode 7 is located inward of the shielding electrode 6.

Twenty-Third Embodiment

[0138] FIG. 30 is a cross-sectional view of a liquid crystal
display device 100 according to the twenty-third embodi-
ment. In this embodiment, a shielding electrode 6 is provided
on an insulating layer 31. The trap electrodes 7 are provided
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on an insulating layer 31. The trap electrode 7 is located
inward of the shielding electrode 6.

Twenty-Fourth Embodiment

[0139] FIG. 31 is a cross-sectional view of a liquid crystal
display device 100 according to the twenty-fourth embodi-
ment. In this embodiment, a shielding electrode 6 is provided
on an insulating layer 31. A trap electrode 7 is provided on an
insulating layer 32. As seen in plan view, the trap electrode 7
is located inward of the shielding electrode 6.

Twenty-Fifth Embodiment

[0140] FIG. 32 is a cross-sectional view of a liquid crystal
display device 100 according to the twenty-fifth embodiment.
In this embodiment, two shielding electrodes 6 are provided
as an inner shielding electrode 6 located in an inner position
and an outer shielding electrode 6 located in an outer position,
respectively. The two shielding electrodes 6 are located on an
insulating layer 32.

[0141] Also, two trap electrodes 7 are provided as an inner
trap electrode 7 located in an inner position and as an outer
trap electrode 7 located in an outer position, respectively. The
two trap electrodes 7 are provided on an insulating layer 31.
As seen in plan view, the inner trap electrode 7 is located
inward of the inner shielding electrode 6. Also, as seen in plan
view, the outer trap electrode 7 is located between the irner
shielding electrode 6 and the outer shielding electrode 6.

Twenty-Sixth Embodiment

[0142] FIG. 33 is a cross-sectional view of a liquid crystal
display device 100 according to the twenty-sixth embodi-
ment. In this embodiment, two shielding electrodes 6 are
provided as an inner shielding electrode 6 located in an inner
position and an outer shielding electrode 6 located in an outer
position, respectively. The two shielding electrodes 6 are
located on an insulating layer 32.

[0143] Also, two trap electrodes 7 are provided as an inner
trap electrode 7 located in an inner position and as an outer
trap electrode 7 located in an outer position, respectively. The
trap electrodes 7 are provided on an insulating layer 32. The
inner trap electrode 7 is located inward of the inner shielding
electrode 6. The outer trap electrode 7 is located between the
inner shielding electrode 6 and the outer shielding electrode
6.

Twenty-Seventh Embodiment

[0144] FIG. 34 is a cross-sectional view of a liquid crystal
display device 100 according to the twenty-seventh embodi-
ment. In this embodiment, two shielding electrodes 6 are
provided as an inner shielding electrode 6 located in an inner
position and an outer shielding electrode 6 located in an outer
position, respectively. The two shielding electrodes 6 are
located on an insulating layer 31.

[0145] Also, two trap electrodes 7 are provided as an inner
trap electrode 7 located in an inner position and as an outer
trap electrode 7 located in an outer position, respectively. The
trap electrodes 7 are provided on an insulating layer 31. The
inner trap electrode 7 is located inward of the inner shielding
electrode 6. The outer trap electrode 7 is located between the
inner shielding electrode 6 and the outer shielding electrode
6.
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Twenty-Eighth Embodiment

[0146] FIG. 35 is a cross-sectional view of a liquid crystal
display device 100 according to the twenty-eighth embodi-
ment. In this embodiment, two shielding electrodes 6 are
provided as an inner shielding electrode 6 located in an inner
position and an outer shielding electrode 6 located in an outer
position, respectively. The inner shielding electrode 6 is
located on an insulating layer 32. The outer shielding elec-
trode 6 is located on an insulating layer 31.

[0147] Two trap electrodes 7 are provided as an inner trap
electrode 7 in an inner position close to a display area 50 and
as outer trap electrode 7 in an outer position, respectively. The
two trap electrodes 7 are located on an insulating layer 32. As
seen in plan view, the inner trap electrode 7 is located inward
of the inner shielding electrode 6. Also, as seen in plan view,
the outer trap electrode 7 is located between the inner shield-
ing electrode 6 and the outer shielding electrode 6.

Twenty-Ninth Embodiment

[0148] FIG. 36 is a cross-sectional view of a liquid crystal
display device 100 according to the twenty-ninth embodi-
ment. In this embodiment, two shielding electrodes 6 are
provided as an inner shielding electrode 6 located in an inner
position and an outer shielding electrode 6 located in an outer
position, respectively. The inner shielding electrode 6 is pro-
vided on an insulating layer 31. The outer shielding electrode
6 is provided on an insulating layer 32.

[0149] Two trap electrodes 7 are provided as an inner trap
electrode 7 located in an inner position close to a display area
50 and as outer trap electrode 7 located in an outer position,
respectively. The two trap electrodes 7 are provided on an
insulating layer 31. As seen in plan view, the inner trap elec-
trode 7 is located inward of the inner shielding electrode 6.
Also, as seen in plan view, the outer trap electrode 7 is located
between the inner shielding electrode 6 and the outer shield-
ing electrode 6.

Thirtieth Embodiment

[0150] FIG. 37 is a cross-sectional view of a liquid crystal
display device 100 according to the thirtieth embodiment. In
this embodiment, a trap electrode 7 is provided in the same
layer as scanning lines 11.

[0151] A shielding electrode 6 is provided in the same way
as in the first embodiment. The trap electrode 7 is provided on
a transparent substrate 30. The trap electrode 7 is located
between scanning lines 11. It should be noted that the trap
electrode 7 may be located inward of the scanning lines 11 or
outward of the scanning lines 11.

[0152] The shielding electrode 6 is formed in the same
shape as described with respect to an arbitrary one of all the
embodiments. In this case, the trap electrode 7 is provided in
the same layer as the scanning lines 11, and as seen in plan
view, it is provided within a slit 61 formed in the shielding
electrode 6 or between a plurality of shielding electrodes 6.

[0153] In such a manner, in the thirtieth embodiment, the
trap electrode 7 is provided in the same layer as the scanning
lines 11. Thereby, in the case of manufacturing the liquid
crystal display device 100, the scanning lines 11 and the trap
electrode 7 can be formed in a simple step.
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Thirty-First Embodiment

[0154] FIG. 38 is a cross-sectional view of a liquid crystal
display device 100 according to the thirty-first embodiment.
In this embodiment, one or more of scanning lines 11 each
have an hourly average voltage lower than the voltage of the
commor electrode 4.

[0155] Furthermore, between the scanning lines 11, one or
more low-voltage scanning lines 12 each having an hourly
average voltage which is lower than the voltage of the com-
mon electrode 4 are provided. As seen in plan view, the
low-voltage scanning line or lines 12 are located between an
inner shielding electrode 6 and an outer shielding electrode 6.
[0156] Inthe thirty-firstembodiment, the low-voltage scan-
ning line or lines 12 trap ions. Thus, ions can be effectively
kept out of a display area with a simple structure.

[0157] It should be noted that the shielding electrodes 6
may be formed in the same shape as described with respect to
an arbitrary one of all the embodiments. In this case, as seen
in plan view, the low-voltage scanning line or lines 12 are
located within a slit 61 or slits 61 formed in the shielding
electrodes 6 or between the shielding electrodes 6. That is, in
place of the trap electrode or electrodes 7 in the above
embodiments, the low-voltage scanning line or lines 12 are
provided.

[0158] Also, it should be noted that in the thirty-first
embodiment, the trap electrode 7 in the above embodiments
may be further provided. In this case, in place of part of the
trap electrode 7, a low-voltage scanning line 12 is provided.
[0159] 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
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.

What is claimed is:

1. A liquid crystal display device comprising an active-
element substrate, a counter-substrate provided above and
opposite to the active-element substrate, and a liquid crystal
provided between the active-element substrate and the
counter-substrate,

wherein the active-element substrate includes a display

area in which an image is displayed and a non-display

area in which no image is displayed, and comprises:

an image signal line;

an active element including a scanning line and con-
nected to the image signal line;

a driving circuit which is connected to the scanning line
and the image signal line and applies a voltage;

a common electrode;

a first electrode electrically connected to the common
electrode and provided in the non-display area; and

a second electrode a voltage of which is lower than that
of the common electrode and which is provided in the
non-display area,

at least part of the second electrode is located in a position

different from that of the first electrode as seen from
above, and

the scanning line is located below the first electrode.
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2. The liquid crystal display device of claim 1, wherein

the first electrode includes a slit formed therein, and

the second electrode is located within the slit as seen from

above.

3. The liquid crystal display device of claim 1, wherein

a plurality of first electrodes identical to the first electrode

are provided, and

the second electrode is located between the first electrodes

as seen from above.

4. The liquid crystal display device of claim 1, wherein the
first electrode is located inan upper layer than a layer in which
the second electrode is located.

5. The liquid crystal display device of claim 4, wherein

the active-element substrate includes an alignment film

which is in contact with the liquid crystal, and

the first electrode is located in the same layer as the align-

ment film.

6. The liquid crystal display device of claim 1, wherein the
first electrode is located in the same layer as the second
electrode.

7. The liquid crystal display device of claim 5, wherein

the active-element substrate includes an alignment film

which is in contact with the liquid crystal, and

the first electrode is located in the same layer as the align-

ment film.

8. The liquid crystal display device of claim 1, wherein the
first electrode is located in a lower layer than a layer in which
the second electrode is located.

9. The liquid crystal display device of claim 1, wherein the
first electrode is located inward of the second electrode as
seen from above.

10. The liquid crystal display device of claim 1, wherein
the first electrode is located outward of the second electrode
as seen from above.
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11. The liquid crystal display device of claim 1, wherein
a plurality of scanning lines identical to the scanning line
are provided, one or more of the scanning lines are
low-voltage scanning lines each having an hourly aver-
age voltage which is lower than a voltage of the common
electrode, and
at least part of the low-voltage scanning lines is located in
adifferent position from that of the first electrode as seen
from above.
12. A liquid crystal display device comprising an active-
element substrate, a counter-substrate provided above and
opposite to the active-element substrate, and a liquid crystal
provided between the active-element substrate and the
counter-substrate,
wherein the active-element substrate includes a display
area in which an image is displayed and a non-display
area in which no image is displayed, and comprises:
an image signal line;
an active element including a scanning line and con-
nected to the image signal line;

a driving circuit which is connected to the scanning line
and the image signal line and applies a voltage;

a common electrode; and

a first electrode electrically connected to the common
electrode and provided in the non-display area,

the scanning line is located below the first electrode,

a plurality of scanning lines identical to the scanning line
are provided, and one or more of the scanning lines are
low-voltage scanning lines each having an hourly aver-
age voltage which is lower than that of the common
electrode, and

at least part of the low-voltage scanning lines is located in
adifferent position from that of the first electrode as seen
from above.
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