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Description

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal
display equipped with an array substrate including an
electrode (hereafter, also referred to as a common elec-
trode) that supplies a signal (hereafter, also referred to
as a common signal) in common to a plurality of pixels.

BACKGROUND ART

[0002] A liquid crystal display is a device that has a
display portion including a plurality of pixels arranged
therein and a frame portion around the display portion,
and displays an image on the display portion utilizing
electrooptic properties of liquid crystal molecules. Such
liquid crystal displays are widely used for various devices
such as mobile phones, laptops, and liquid crystal TVs.
As such a liquid crystal display, an active matrix-driving
liquid crystal display is well-known. A liquid crystal display
of this type has an active matrix substrate (hereafter, also
referred to as an array substrate) . The array substrate
commonly has wiring such as bus lines and lead wires
connected to the bus lines, pixel electrodes, and switch-
ing elements such as thin film transistors (TFTs). As the
bus lines, commonly, source bus lines and gate bus lines
are provided.
[0003] Recently, liquid crystal displays have been re-
quired to have a higher-resolution screen in applications
such as smartphones and tablet PCs, leading to narrower
pitches between bus lines (e.g., source bus lines). In ad-
dition, display with a wider viewing angle has been also
demanded.
[0004] Known examples of typical liquid crystal modes
satisfying such demands include: the vertical alignment
(VA) mode in which the alignment of liquid crystal mole-
cules having negative dielectric anisotropy is controlled
by application of an electric field in the direction orthog-
onal to the substrate surface; and the horizontal align-
ment mode in which the alignment of liquid crystal mol-
ecules having positive or negative dielectric anisotropy
is controlled by application of an electric field (transverse
electric field) in the horizontal direction (parallel direction)
relative to the substrate surface. Moreover, a proposed
liquid crystal display of the horizontal alignment mode is
a liquid crystal display of the fringe field switching (FFS)
type. A FFS liquid crystal display performs display by
application of a fringe electric field (oblique electric field
including the transverse electric field and vertical electric
field) to a liquid crystal layer.
[0005] A disclosed FFS liquid crystal display is a FFS
liquid crystal display in which a pixel electrode and a com-
mon electrode are positioned on a planarizing film so that
plural contact holes can be formed at once in a single
step (see Patent Literature 1).
[0006] Also disclosed is a FFS liquid crystal display
capable of satisfactorily securing supply of a common

potential to a common electrode and enhancing the ap-
erture ratio of pixels to obtain bright display (see Patent
Literature 2).
[0007] Also disclosed is a FFS liquid crystal panel in
which the resistance value of a common electrode having
a slit-like opening is decreased to reduce flicker and
crosstalk (see Patent Literature 3).
[0008] Also disclosed is an array substrate for a fringe
field switching mode liquid crystal display device, which
includes a substrate including a display region and a non-
display; a gate line on the substrate and in the display
region; a common pad on the substrate and in the non-
display region; a gate insulating layer on the gate line
and the common pad; a data line on the gate insulating
layer and crossing the gate line to define a pixel region
in the display region; a thin film transistor connected to
the gate and data lines; a first passivation layer on the
data line and the thin film transistor; a common electrode
on the first passivation layer and covering an entire sur-
face of the display region; a second passivation layer on
the common electrode; and a pixel electrode on the sec-
ond passivation layer and having a plate shape in each
pixel region (see Patent Literature 4). In this disclosure,
the common pad and the common electrode are con-
nected by a connection pattern formed on the second
passivation layer, which is connected to the common pad
via a first common contact hole through the gate insulat-
ing layer and the first and second passivation layers, and
which is connected to the common electrode via a second
common contact hole through the second passivation
layer.
[0009] Patent Literature 5 discloses a liquid crystal dis-
play having the features of the preamble of claim 1.

CITATION LIST

- Patent Literature

[0010]

Patent Literature 1: JP-A 2008-180928
Patent Literature 2: JP-A 2008-32899
Patent Literature 3: JP-A 2010-8758
Patent Literature 4: US 2011/0080549 A1
Patent Literature 5: US 2011/0080549 A1

SUMMARY OF INVENTION

- Technical Problem

[0011] In a FFS liquid crystal display, an array sub-
strate commonly has a common electrode that is provid-
ed inside and outside a region corresponding to a display
portion (hereafter, also referred to as a display region),
and wiring that is provided outside the display region and
transmits a common signal (hereafter, also referred to
as common trunk wiring). To the common electrode, a
common signal is supplied from the common trunk wiring.
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[0012] Figs. 5, 7, 8(b), and the like of Patent Literature
1 show a common wiring 16 corresponding to the com-
mon trunk wiring. Figs. 1, 2, 7, and the like of Patent
Literature 2 show an outer peripheral common potential
line 50 corresponding to the common trunk wiring. The
common wiring 16 is formed in a conductive layer in which
a signal line 15 (corresponding to a source bus line) is
also formed, the conductive layer being positioned above
a conductive layer in which a scanning line 12 (corre-
sponding to a gate bus line) is formed. The outer periph-
eral common potential line 50 is formed in a conductive
layer in which a display signal line 18 (corresponding to
a source bus line) is also formed, the conductive layer
being positioned above a conductive layer in which a
gate line 14 (corresponding to a gate bus line) is formed.
[0013] In a case where the common trunk wiring is
formed in the conductive layer where the source bus line
is also formed, however, in order to cross lead wires for
the source bus lines with the common trunk wiring, the
lead wires need to be delivered into a different layer. Ac-
cordingly, a contact hole for the crossing needs to be
formed for each source bus line (see Fig. 7 of Patent
Literature 2). As the resolution of the display screen is
enhanced, a pitch of the source bus lines is narrowed
and a pitch of the lead wires is also narrowed. In such a
case, arrangement of all of these contact holes is very
difficult due to a design problem. Even in a case where
all the contact holes can be formed, they cannot be ar-
ranged in a line and would be arranged in two or more
lines (for example, in a zigzag pattern) . This arrange-
ment problematically makes a frame portion larger.
[0014] In a case where the pixel electrode is arranged
above the common electrode with an insulating layer in-
terposed therebetween and the common electrode is di-
rectly connected to the common trunk wiring, a patterning
step for forming contact holes in the insulating layer on
the common electrode and a patterning step for forming
contact holes in an insulating layer under the common
electrode need to be separately performed. Such a pro-
duction process still has a room for improvement in terms
of simplification of the production process of the array
substrate.
[0015] The present invention aims, in view of the state
of the art, to provide a liquid crystal display that enables
to enhance the resolution of a display screen, to narrow
a frame portion, and to simplify the production process
of an array substrate.

- Solution to problem

[0016] The present inventors have intensively studied
the liquid crystal display that enables to enhance the res-
olution of a display screen, to narrow a frame portion,
and to simplify the production process of an array sub-
strate, and focused on a conductive layer in which a com-
mon trunk wiring is formed. They found out the following
fact. The technical problem is solved by a liquid crystal
display according to claim 1. Preferred embodiments are

defined in the dependent claims.

- Advantageous Effects of Invention

[0017] The present invention enables to produce a liq-
uid crystal display having a display screen with a high
resolution and a narrowed frame portion in simplified pro-
duction steps.

BRIEF DESCRIPTION OF DRAWINGS

[0018]

Fig. 1 is a schematic plan view of a liquid crystal
panel in a liquid crystal display of Embodiment 1.
Fig. 2 is an enlarged schematic plan view of an array
substrate in the liquid crystal display of Embodiment
1 and shows a region surrounded by a dashed line
in Fig. 1.
Fig. 3 is a schematic plan view of the array substrate
in the liquid crystal display of Embodiment 1 and
shows a structure around the common trunk wiring.
Fig. 4 is a schematic cross-sectional view taken
along the A-B ling in Fig. 3.
Fig. 5 is a schematic plan view of the array substrate
in the liquid crystal display of Embodiment 1 and
shows a structure of a sub-pixel area.
Fig. 6 is a schematic cross-sectional view taken
along the C-D line in Fig. 5.
Fig. 7 is a schematic plan view of the array substrate
in the liquid crystal display of Embodiment 1 and
shows a structure around the common trunk wiring.
Fig. 8 is a schematic plan view of the array substrate
in the liquid crystal display of Embodiment 1 and
shows a structure around the common trunk wiring.
Fig. 9 is a schematic plan view of an array substrate
in a liquid crystal display of Embodiment 2 and shows
a structure around a common trunk wiring.
Fig. 10 is a schematic cross-sectional view taken
along the G-H line in Fig. 9.
Fig. 11 is a schematic plan view of an array substrate
in a liquid crystal display of Embodiment 3 and shows
a structure around a common trunk wiring.
Fig. 12 is a schematic cross-sectional view taken
along the J-K line in Fig. 11.
Fig. 13 is a schematic plan view of an array substrate
in a liquid crystal display of Embodiment 4 and shows
a structure around a common trunk wiring.
Fig. 14 is a schematic cross-sectional view taken
along the M-N line in Fig. 13.
Fig. 15 is a schematic plan view of an array substrate
in a liquid crystal display of Embodiment 5 and shows
a structure around a common trunk wiring.
Fig. 16 is a schematic cross-sectional view taken
along the P-Q line in Fig. 15.
Fig. 17 is a schematic cross-sectional view of an ar-
ray substrate in a liquid crystal display of Embodi-
ment 6 and shows a structure around a common
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trunk wiring.

DESCRIPTION OF EMBODIMENTS

[0019] The present invention is more specifically de-
scribed with reference to drawings based on, but not lim-
ited to, embodiments.
[0020] OF THE FOLLOWING "EMBODIMENTS", ON-
LY EMBODIMENT 5 WITH FIGS. 15 AND 16 IS AC-
CORDING TO THE PRESENT INVENTION AS DE-
FINED BY APPENDED CLAIM 1. THE OTHER "EM-
BODIMENTS" ARE TO BE REGARDED AS COMPAR-
ATIVE EXAMPLES.

(Embodiment 1)

[0021] A liquid crystal display of Embodiment 1 is an
active matrix-driving and transparent-type liquid crystal
display. As shown in Fig. 1, the liquid crystal display is
equipped with a liquid crystal panel 1, a back light unit
(not shown) provided behind the liquid crystal panel 1, a
control section (not shown) for driving and controlling the
liquid crystal panel 1 and the back light unit, and a flexible
substrate (not shown) connecting the liquid crystal panel
1 to the control section.
[0022] The liquid crystal display of the present embod-
iment includes a display portion 2 for displaying images .
The display portion 2 includes a plurality of pixels 3 ar-
ranged in a matrix. Each pixel 3 consists of plural sub
pixels 4 of different colors (e.g., three colors including
red, green, and blue). It is to be noted that the liquid crystal
display of the present embodiment may be a mono-
chrome liquid crystal display. In such a case, each pixel
3 needs not to be divided into a plurality of sub pixels.
[0023] The pitches of pixels and sub pixels are not par-
ticularly limited. For example, the pitch of sub pixels may
be 28 mm 3 84 mm. The interval between source bus
lines 12 described later may be less than 20 mm.
[0024] The liquid crystal panel 1 includes an active ma-
trix substrate (array substrate) 7, a counter substrate 8
that faces the array substrate 7 and has members such
as a color filter and a black matrix, a liquid crystal layer
(not shown) provided between the substrates 7 and 8, a
first horizontal alignment film (not shown) provided on
the surface of the array substrate 7 on the liquid crystal
layer side, a second horizontal alignment film (not shown)
provided on the surface of the counter substrate 8 on the
liquid crystal layer side, and a driver chip 5 for a source
bus line mounted on the array substrate 7. The array
substrate 7 is provided on the rear side and the counter
substrate 8 is provided on the viewer’s side in the liquid
crystal display. Each of the substrates 7 and 8 has a
polarizer (not shown) attached to the surface on the side
opposite to the liquid crystal layer side. These polarizers
are commonly arranged in crossed Nicols. The driver
chip 5 is mounted in a region not facing the counter sub-
strate 8 of the array substrate 7, namely in a region pro-
truding from the counter substrate 8 (hereafter, also re-

ferred to as a projecting region) by the COG (Chip On
Glass) technique.
[0025] The array substrate 7 includes a region (display
region) 9 corresponding to the display portion 2 and a
region (frame region) 10 surrounding the display region
9. The array substrate 7 has driver circuits 6 for a gate
bus line formed monolithically on the right and left sides
of the display region 9, a plurality of terminals (not shown,
hereafter, also referred to as array terminals) formed in
the projecting region, source bus lines 12 and gate bus
lines 13 formed in the display region 9, lead wires 18 for
the source bus lines and lead wires 19 for the gate bus
lines formed in the frame region 10, a common trunk wir-
ing 16 formed in the frame region 10 to surround the
display region 9, and a plurality of input wirings (not
shown) each formed in the frame region 10. The source
bus lines 12 and the gate bus lines 13 cross each other
and are arranged in a grid pattern. The gate bus lines 13
include those connected to the driver circuit 6 on the right
side and those connected to the driver circuit 6 on the
left side. These are arranged alternately. The array ter-
minals include terminals connected to the output terminal
of the driver chip 5 (hereafter, also referred to as first
array terminals), terminals connected to the input termi-
nal of the driver chip 5 (hereafter, also referred to as
second array terminals), and terminals connected to the
terminal of the flexible substrate (hereafter, also referred
to as third array terminals). Each lead wire 18 connects
the corresponding source bus line 12 to the first array
terminal. Each lead wire 19 connects the corresponding
gate bus line 13 to the output portion of the driver circuit
6. The common trunk wiring 16 is connected to the third
array terminal. To the common trunk wiring 16, a common
signal is transmitted from the control section via the flex-
ible substrate. The common signal refers to a signal ap-
plied to all the pixels. Each input wiring connects the sec-
ond array terminal or the input portion of the driver circuit
6 to the third array terminal. Instead of the driver circuit
6 formed monolithically, a driver chip having the same
function may be mounted on the array substrate 7.
[0026] As shown in Fig. 2, regions defined by the
source bus lines 12 and gate bus lines 13 (hereafter, also
referred to as sub-pixel regions) correspond to the sub
pixels. The array substrate 7 has a common electrode
15 formed to cover the display region 9 and a connection
electrode 17 formed on the common trunk wiring 16. The
connection electrode 17 includes a lower portion 17a and
an upper portion 17b. In the frame region 10, the common
electrode 15 is connected to the common trunk wiring 16
via the connection electrode 17. Each lead wire 18 pass-
es above the common trunk wiring 16 to cross the com-
mon trunk wiring 16. In addition, part of the lead wires 18
detours around the lower portion 17a.
[0027] With reference to Figs. 3 and 4, a detailed de-
scription is given on the structure around the common
trunk wiring 16.
[0028] The array substrate 7 has a transparent insu-
lating substrate 11. On the insulating substrate 11 are
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stacked a first wiring layer 31 corresponding to the first
conductive layer, a first insulating layer 51, a second wir-
ing layer 32 corresponding to the second conductive lay-
er, a second insulating layer 52, a first transparent con-
ductive layer 41 corresponding to the third conductive
layer, a third insulating layer 53, and a second transpar-
ent conductive layer 42 corresponding to the fourth con-
ductive layer in the stated order. The first insulating layer
51 includes a lower layer 51a and an upper layer 51b
stacked on the lower layer 51a. The second insulating
layer 52 includes a lower layer 52a and an upper layer
52b stacked on the lower layer 52a. The first insulating
layer 51, the second insulating layer 52, and the third
insulating layer 53 each function as an interlayer insulat-
ing film near the common trunk wiring 16.
[0029] The common trunk wiring 16 is formed in the
first wiring layer 31. The lead wire 18 is formed in the
second wiring layer 32 above the common trunk wiring
16. The lower portion 17a is formed in the second wiring
layer 32. The upper portion 17b is formed in the second
transparent conductive layer 42. The common electrode
15 is formed in the first transparent conductive layer 41.
The lower portion 17a is provided between two adjacent
lead wires 18. The upper portion 17b is provided to cross
a plurality of lead wires 18.
[0030] The third insulating layer 53 has a contact hole
61 formed therein above the common electrode 15. The
second insulating layer 52 and the third insulating layer
53 have a contact hole 62 formed therein on the lower
portion 17a. The common electrode 15 has a cut-out por-
tion 15a so as not to overlap with the contact hole 62.
The first insulating layer 51 has a contact hole 63 formed
therein on the common trunk wiring 16. The contact hole
63 is provided between two adjacent lead wires 18.
[0031] The upper portion 17b is connected to the com-
mon electrode 15 through the contact hole 61 and con-
nected to the lower portion 17a through the contact hole
62. The lower portion 17a is connected to the common
trunk wiring 16 through the contact hole 63. The common
electrode 15 is thus connected to the common trunk wir-
ing 16 via the connection electrode 17 in the frame region
10, and a common signal is supplied from the common
trunk wiring 16 to the common electrode 15.
[0032] As shown in Fig. 1, in a case where the driver
circuit 6 is monolithically formed on the array substrate
7, the output portion of the driver circuit 6 is provided in
the second wiring layer 32 and outputs an output signal.
The lead wire 19 connecting the gate bus line 13 to the
output portion of the driver circuit 6 therefore includes a
portion that is provided in the second wiring layer 32 and
connected to the output portion, and a portion that is pro-
vided in the first wiring layer 31 and connected to the
gate bus line 13. These portions are connected to each
other through a contact hole (not shown) formed in the
first insulating layer 51 in a region between the common
trunk wiring 16 and the display region 9. Thus, an output
signal is supplied from the driver circuit 6 to the gate bus
line 13 via the lead wire 19. Accordingly, also in the vicinity

of the ends of the display region 9, excluding the lower
end where the lead wire 18 is running, namely in the
vicinity of the right and left ends of the display region 9
and the upper end (extension lines of the source bus line
12) of the display region 9, the common trunk wiring 16
can be formed in the first wiring layer 31. In a case where
the driver chip, instead of the driver circuit 6, is mounted
on the array substrate 7, the common trunk wiring 16 is
formed in the second wiring layer 32 in the vicinity of the
ends of the display region 9, excluding the lower end and
the upper end where the lead wire 18 is running, namely
in the vicinity of the right and left ends of the display region
9. This enables integral formation of the lead wire 19 and
the gate bus line 13 without using a contact hole in the
first wiring layer 31. Near the four corners of the display
region 9, the common trunk wiring 16 running in the first
wiring layer 31 comes into the second wiring layer 32
through a contact hole (not shown) formed in the first
insulating layer 51. Under the common trunk wiring 16
formed in the second wiring layer 32, the lead wire 19 for
the gate bus line 13 formed in the first wiring layer 31 is
running. The common electrode 15 is connected to the
portion of the common trunk wiring 16 formed in the sec-
ond wiring layer 32, via another connection electrode (not
shown) formed in the second transparent conductive lay-
er 42.
[0033] Next, a description is given on the structure of
the sub-pixel area of the array substrate 7.
[0034] As shown in Figs. 5 and 6, the array substrate
7 has a TFT 20 connected to the source bus line 12 and
the gate bus line 13, and a pixel electrode 14 connected
to the TFT 20. The pixel electrode 14 has slits 14S that
are running in parallel with one another. In other words,
the pixel electrode 14 has linear portions running in par-
allel with one another. The common electrode 15 is
formed to cover all the sub-pixel areas. The pixel elec-
trode 14 is formed in the second transparent conductive
layer 42 and provided on the common electrode 15 with
the third insulating layer 53 interposed therebetween.
The gate bus line 13 is formed in the first wiring layer 31.
The source bus line 12 is formed in the second wiring
layer 32.
[0035] Liquid crystal molecules (commonly, nematic
liquid crystal) in the liquid crystal layer are aligned in a
direction at a predetermined angle relative to the slits
14S and in parallel with the surfaces of the substrates 7
and 8 when no voltage is applied.
[0036] The TFT 20 functions as a switching element
and includes a semiconductor layer 21, a channel pro-
tective layer 26, a gate electrode 22, a source electrode
23, and a drain electrode 24. The gate electrode 22 is
formed integrally with the gate bus line 13 so as to be
connected to the gate bus line 13. The source electrode
23 is formed integrally with the source bus line 12 so as
to be connected to the source bus line 12. The drain
electrode 24 is connected to the pixel electrode 14. The
source electrode 23 and the drain electrode 24 each are
connected to the semiconductor layer 21. When the TFT
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20 is turned ON, a channel is formed in the semiconductor
layer 21. The channel protective layer 26 is formed on
the semiconductor layer 21, and protects the channel
from an etchant upon patterning of the source electrode
23 and the drain electrode 24. The channel protective
layer 26 is formed in the upper layer 51b of the first in-
sulating layer 51. The lower layer 51a of the first insulating
layer 51 is interposed between the gate electrode 22 and
the semiconductor layer 21, and functions as a gate in-
sulating film of the TFT 20. The lower layer 52a of the
second insulating layer 52 functions as a passivation film.
The upper layer 52b of the second insulating layer 52
functions as a planarizing film. The drain electrode 24 is
formed in the second wiring layer 32. The pixel electrode
14 is connected to the drain electrode 24 through a con-
tact hole 25 penetrating through the second insulating
layer 52 and the third insulating layer 53. An opening 15b
is formed in the common electrode 15 so that the common
electrode 15 does not overlap with the contact hole 25.
[0037] To the pixel electrode 14, an image signal is
applied from the source bus line 12 via the TFT 20. To
the common electrode 15, a common signal is applied.
When an image signal is applied to the pixel electrode
14, lines of electric force radially generates between the
pixel electrode 14 and the common electrode 15 and a
fringe electric field corresponding to the image signal
generates in the liquid crystal layer. The fringe electric
field controls the alignment of liquid crystal molecules
(commonly having positive dielectric anisotropy) . As de-
scribed above, the common electrode 15 forms a pair
with the pixel electrode 14 and functions as a counter
electrode to drive the liquid crystal layer.
[0038] The pixel electrode 14 overlaps with the com-
mon electrode 15. Between the electrodes 14 and 15,
the third insulating layer 53 is interposed. Additionally, a
common signal is applied to the common electrode 15.
Accordingly, when an image signal is applied to the pixel
electrode 14, these transparent members form a storage
capacitor. As mentioned above, the pixel electrode 14
and the common electrode 15 also function as electrodes
for a storage capacitor. The third insulating layer 53 func-
tions as a passivation film and as a dielectric body of the
storage capacitor in the sub-pixel area.
[0039] Next, a description is given on the production
method of the liquid crystal display of the present em-
bodiment. First, the production step of the array substrate
7 is described.
[0040] First, an insulating substrate 11 is provided and
the following steps of (1) to (7) are carried out. Specific
examples of the insulating substrate 11 include a glass
substrate and a plastic substrate.

(1) Step of forming first wiring layer

[0041] A first conductive film is formed on the insulating
substrate 11 by a method like spattering or vacuum evap-
oration. The first conductive film may be formed from, for
example, molybdenum (Mo), titanium (Ti), aluminum (Al),

copper (Cu), or an alloy of these. The first conductive film
may be a multilayer film consisting of films formed from
the above materials. Next, patterning of the first conduc-
tive film is performed by photolithography, thereby form-
ing the first wiring layer 31 including the common trunk
wiring 16, the gate bus lines 13, the input wiring, and the
like.

(2) Step of forming first insulating layer and semiconduc-
tor layer

[0042] Next, a first insulating film is formed by a method
like CVD or spattering. Specific examples of the first in-
sulating film include a silicon nitride film, a silicon oxide
film, and a multilayer film including these films. After for-
mation of the first insulating film, a semiconductor film is
formed by a method like CVD or spattering. The semi-
conductor film may be formed from, for example, a sem-
iconductor of a group 14 element (e.g., silicon) or an oxide
semiconductor. In particular, the oxide semiconductor is
preferable. The oxide semiconductor preferably contains
oxygen (O) and at least one element selected from the
group consisting of indium (In), gallium (Ga), zinc (Zn),
aluminum (Al), and silicon (Si) . More preferably, the ox-
ide semiconductor contains In, Ga, Zn, and O. Then, the
semiconductor film is subjected to patterning by photoli-
thography to provide a semiconductor layer 21. The crys-
tallizability of the semiconductor layer 21 is not particu-
larly limited. The semiconductor layer 21 may have a
single crystal structure, polycrystalline structure, amor-
phous structure, or fine crystal structure. Moreover, the
semiconductor layer may have two or more kinds of these
crystalline structures in combination. Next, a second in-
sulating film is formed by a method like CVD or spattering.
Specific examples of the second insulating film include
a silicon nitride film, a silicon oxide film, and a multilayer
film including these films. Next, patterning of the first and
second insulating films is performed by photolithography,
thereby forming the first insulating layer 51 including the
lower layer 51a and the upper layer 51b. Additionally, the
channel protective layer 26 and the contact hole 63 are
formed.
[0043] In the present embodiment, the upper layer 51b
of the first insulating layer 51 may be omitted. In a case
where an oxide semiconductor is used as a material of
the semiconductor layer 21 of the TFT 20, it is preferable
to provide the upper layer 51b and form the channel pro-
tective layer 26 from the standpoint of improving the prop-
erties of the TFT 20. In a case where the upper layer 51b
is provided, two layers including the lower layer 51a and
the upper layer 51b can cover the first wiring layer 31 in
the frame region 10. This enables to more surely protect
the wiring of the first wiring layer 31 and to reduce the
parasitic capacitance.

(3) Step of forming second wiring layer

[0044] Next, a second conductive film is formed by a
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method like spattering or vacuum evaporation. The sec-
ond conductive film may be formed from, for example,
Mo, Ti, Al, Cu, or an alloy of these. The second conductive
film may be a multilayer film including films of these ma-
terials. Then, patterning of the second conductive film is
performed by photolithography, thereby forming the sec-
ond wiring layer 32 including the lead wires 18, the source
bus lines 12, the lower portion 17a, and the like.

(4) Step of forming upper layer of second insulating layer

[0045] Then, a third insulating film is formed by a meth-
od like CVD or spattering. Specific examples of the third
insulating film include a silicon nitride film, a silicon oxide
film, a multilayer film including these films. Next, a fourth
insulating film is formed by a method like spin coating or
slit coating. The fourth insulating film is formed from pref-
erably an organic material, particularly preferably a pho-
tosensitive resin such as photosensitive acrylic resins.
Patterning of the fourth insulating film is performed by
photolithography, thereby forming the upper layer 52b of
the second insulating layer 52. In regions where the con-
tact holes 62 and the contact holes 25 are to be formed,
the fourth insulating film is removed. Formation of the
fourth insulating film from an organic material enables to
easily increase the thickness of the second insulating
layer 52. Accordingly, the parasitic capacitance between
the common electrode 15 and the wiring formed in the
second wiring layer 32 (e.g., source bus line 12) can be
reduced, so that occurrence of defective display is sup-
pressed. The use of a photosensitive resin as a material
of the fourth insulating film enables to complete pattern-
ing of the fourth insulating film only by exposure treatment
and development treatment.

(5) Step of forming first transparent conductive layer

[0046] Next, a first transparent conductive film is
formed by spattering. The first transparent conductive
film may be formed, for example, from indium tin oxide
(ITO), indium zinc oxide (IZO), or the like. Then, pattern-
ing of the first transparent conductive film is performed
by photolithography, thereby forming the first transparent
conductive layer 41 including the common electrode 15
and the like.

(6) Step of forming lower layer of the second insulating 
layer and third insulating layer

[0047] A fifth insulating film is then formed by a method
like CVD or spattering. Specific examples of the fifth in-
sulating film include a silicon nitride film, a silicon oxide
film, and a multilayer film of these films. Then, patterning
of the third insulating film and the fifth insulating film is
performed in the same step by photolithography, thereby
forming the lower layer 52a of the second insulating layer
52 and the third insulating layer 53. In this step, the third
insulating film and the fifth insulating film are continuously

etched with the same etchant. In regions where the con-
tact holes 62 and the contact holes 25 are to be formed,
the third insulating film is removed. In regions where the
contact holes 61 and the contact holes 25 are to be
formed, the fifth insulating film is removed. At this point,
the contact holes 62 and 25 are completed. In a case
where layers included in the second insulating layer 52
and the third insulating layer 53 are etchable with the
same etchant, the third insulating film and the fifth insu-
lating film can be easily patterned in the same step.
[0048] In the present embodiment, the contact holes
61 are not formed above the lead wire 18. Accordingly,
even in a case where the common electrode 15 has pin-
holes inside the contact holes 61, the etchant for the fifth
insulating film is effectively prevented from passing
through the pinholes to cause unintended etching of the
second insulating layer 52 and the lead wire 18.
[0049] In the present embodiment, the upper layer 52b
of the second insulating layer 52 may be omitted. In such
a case, the thickness of the lower layer 52a is greater
compared to that in the case where the upper layer 52b
is not omitted. If the thickness of the second insulating
layer 52 is small, the parasitic capacitance formed be-
tween the common electrode 15 and the wiring (e.g.,
source bus line 12) formed in the second wiring layer 32
increases, possibly causing occurrence of defective dis-
play. In a case only the lower layer 52a is formed, the
time for forming the third insulating film is commonly long-
er. Accordingly, the upper layer 52b is preferably formed
from the standpoint of reducing the time. The second
insulating layer 52 may be formed only of an organic in-
sulating film. In such a case, the thickness of the second
insulating layer 52 can be easily increased. However, the
organic insulating film is formed directly on the TFT 20,
which may impair the reliability of the TFT 20. In contrast,
forming the lower layer 52a of the second insulating layer
52 from an inorganic insulating material (e.g., silicon ni-
tride, silicon oxide) enables to prevent lowering of the
reliability of the TFT 20. Accordingly, from the standpoint
of easily achieving both ensuring the thickness of the
second insulating layer 52 and ensuring the reliability of
the TFT 20, the second insulating layer 52 preferably
includes an inorganic insulating layer and an organic in-
sulating layer stacked on the inorganic insulating layer.

(7) Step of forming second transparent conductive layer

[0050] Next, a second transparent conductive film is
formed by spattering. The second transparent conduc-
tive film may be formed, for example, from ITO, IZO, or
the like. Then, patterning of the second transparent con-
ductive film is performed by photolithography, thereby
forming a second transparent conductive layer 42 includ-
ing the pixel electrode 14, the upper portion 17b, and the
like.
[0051] Subsequently, in the step of cell assembly, a
horizontal alignment film containing an organic resin
(e.g., polyimide) is formed by applying a material on the
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surface of each of the array substrate 7 and a counter
substrate 8 that is separately provided. Then, each align-
ment film is subjected to alignment treatment by a method
like rubbing treatment or photoalignment treatment, so
that the initial alignment of liquid crystal molecules is set
in a predetermined direction.
[0052] Next, a sealing material is applied on either the
array substrate 7 or the counter substrate 8 to surround
the display region. The array substrate 7 and the counter
substrate 8 are stacked with each other in such a manner
that the alignment films thereof face each other. The sub-
strates are bonded to each other using the applied seal-
ing material. Cylindrical spacers are formed in advance
on either the array substrate 7 or the counter substrate
8 so that the cell gap can be maintained. As a result, a
gap (cell gap) of about several micrometers is formed
between the substrates. Then, a liquid crystal material is
enclosed in the space surrounded by the sealing material
to form a liquid crystal layer.
[0053] On both surfaces of thus formed liquid crystal
cell, a polarizer and a phase plate (option) are attached,
and then, the driver chip 5 is mounted. Thus, the liquid
crystal panel 1 is provided.
[0054] Then, the liquid crystal panel 1 is connected with
the flexible substrate, and the control section and the
back light unit are mounted thereon. The resulting as-
sembly is stored in a casing. Thus, the liquid crystal dis-
play of Embodiment 1 is completed.
[0055] In the present embodiment, the common trunk
wiring 16 is formed in the first wiring layer 31 and the lead
wires 18 are formed in the second wiring layer 32. No
contact hole for passing each lead wire 18 into the lower
wiring layer is therefore needed between the source bus
lines 12 formed in the second wiring layer 32 and the
common trunk wiring 16. Even in a case where the pitch
between the source bus lines 12 is narrowed for enhanc-
ing the resolution of a display screen, the common trunk
wiring 16 can be arranged to cross the lead wires 18 and
an input path of a common signal to the common elec-
trode 15 is secured in a region where the common trunk
wiring 16 are crossing the lead wires 18. In addition, since
there is no need to form a contact hole to pass each lead
wire 18 to another layer, the distance between the display
region 9 and the common trunk wiring 16 can be nar-
rowed, thereby enabling to narrow the frame region 10.
[0056] In the present embodiment, the contact hole 61
and the contact hole 62 are positioned with one or more
lead wires 18 interposed therebetween. In other words,
as shown in Fig. 4, a connecting portion 17c between the
connection electrode 17 and the common trunk wiring 16
and a connecting portion 17d between the connection
electrode 17 and the common electrode 15 are not pro-
vided in the region between the same two lead wires 18.
This enables to further enhance the resolution of the dis-
play screen. Moreover, since the sizes of the contact
holes 61, 62, and 63 are surely large enough, occurrence
of a defective contact is prevented, so that a common
signal is stably supplied to the common electrode 15. As

a result, occurrence of display failures (e.g., shadowing,
flicker) can be prevented.
[0057] In the present embodiment, the number of the
lead wires 18 positioned between the contact hole 61
and the contact hole 62 is not particularly limited, and it
may be two as shown in Fig. 7 or 1 as shown in Fig. 8.
[0058] Here, it may be considered that the position of
the common trunk wiring 16 is not set in the region where
the lead wire 18 for the source bus line 12 is running as
shown in Figs. 3 to 6 of Patent Literature 2. In such a
case, however, the electric potential is not stable in the
common electrode 15, so that display failures (e.g., shad-
owing, flicker) may be caused. The reason for this is that
the common electrode 15 is formed from a transparent
conductive film of comparatively high electric resistance.
In contrast, in the present embodiment, as described
above, the input path for supplying a common signal to
the common electrode 15 is secured in the region where
the common trunk wiring 16 are crossing the lead wire
18 for the source bus line 12. Accordingly, a common
signal is stably supplied to the common electrode 15,
thereby preventing occurrence of display failures (e.g.,
shadowing, flicker).
[0059] In a case where the semiconductor layer 21 is
formed from an oxide semiconductor, the size of an ele-
ment as a measure against electrostatic discharge (ESD)
commonly formed on the array substrate in the produc-
tion process needs to be larger compared to cases using
other semiconductor materials (e.g., amorphous silicon).
In the present embodiment, however, the frame region
10 of the array substrate 7 can be narrowed. Accordingly,
the liquid crystal display of the present embodiment is
particularly suitable for a case where an oxide semicon-
ductor is used to form the semiconductor layer 21 of the
TFT 20.
[0060] In the present embodiment, since the connec-
tion electrode 17 includes the lower portion 17a, upon
performing etching for forming the first transparent con-
ductive layer 41, the common trunk wiring 16 can be pro-
tected with the lower portion 17a of the connection elec-
trode 17. This can increase choices in the material of the
first transparent conductive layer 41, the etchant for form-
ing the first transparent conductive layer 41, and the ma-
terial of the first wiring layer 31.
[0061] In the present embodiment, as shown in Fig. 2,
every other lead wires 18 are passed through the contact
hole 27 to the first wiring layer in the region outside the
common trunk wiring 16. The lead wire 18 in the first
wiring layer 31 and the lead wire 18 in the second wiring
layer 32 are alternately arranged. This can significantly
reduce the interval between the lead wires 18. It is to be
noted that the contact hole 27 is formed in the first insu-
lating layer 51.

(Embodiment 2)

[0062] A liquid crystal display of Embodiment 2 is sub-
stantially the same as the liquid crystal display of Em-
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bodiment 1, except that the structure around the common
trunk wiring is different.
[0063] An array substrate included in the liquid crystal
display of the present embodiment has a transparent in-
sulating substrate 211 as shown in Figs. 9 and 10. On
the insulating substrate 211 are stacked a first wiring lay-
er 231 corresponding to the first conductive layer, a first
insulating layer 251, a second wiring layer 232 corre-
sponding to the second conductive layer, a second insu-
lating layer 252, a first transparent conductive layer 241
corresponding to the third conductive layer, a third insu-
lating layer 253, and a second transparent conductive
layer 242 corresponding to the fourth conductive layer in
the stated order. The first insulating layer 251 includes a
lower layer 251a and an upper layer 251b stacked on the
lower layer 251a. The second insulating layer 252 in-
cludes a lower layer 252a and an upper layer 252b
stacked on the lower layer 252a.
[0064] The array substrate according to the present
embodiment has a common trunk wiring 216 formed in
the first wiring layer 231, lead wires 218 formed in the
second wiring layer 232 above the common trunk wiring
216, a connection electrode 217 formed in the second
transparent conductive layer 242, and a common elec-
trode 215 formed in the first transparent conductive layer
241. The connection electrode 217 is provided to cross
the plural lead wires 218.
[0065] The third insulating layer 253 has a contact hole
261 formed therein on a common electrode 215. The first
insulating layer 251, the second insulating layer 252, and
the third insulating layer 253 have a contact hole 262
formed therein on the common trunk wiring 216. The
common electrode 215 has a cut-out portion 215a so as
not to overlap with the contact hole 262.
[0066] The connection electrode 217 is connected to
the common electrode 215 through the contact hole 261
and also connected to the common trunk wiring 216
through the contact hole 262. The common electrode 215
is thus connected to the common trunk wiring 216 via the
connection electrode 217 in the frame region, so that a
common signal is supplied to the common electrode 215
from the common trunk wiring 216.
[0067] The liquid crystal display of the present embod-
iment, except for the array substrate, can be produced
by the method described in Embodiment 1. Moreover,
the method of producing the array substrate according
to the present embodiment is substantially the same as
the method described in Embodiment 1 except for the
following point. In the present embodiment, the first and
second insulating films are not patterned after formation
of the semiconductor layer but concurrently with pattern-
ing of the third and fifth insulating films.
[0068] According to the present embodiment, the lower
portion 17a and the contact hole 63 provided in Embod-
iment 1 can be omitted. Accordingly, compared to Em-
bodiment 1, a higher-resolution liquid crystal display can
be achieved.

(Embodiment 3)

[0069] A liquid crystal display of Embodiment 3 is sub-
stantially the same as the liquid crystal display of Em-
bodiment 1 except that the structure around the common
trunk wiring is different.
[0070] As shown in Figs. 11 and 12, the array substrate
included in the liquid crystal display of the present em-
bodiment has a transparent insulating substrate 311. On
the insulating substrate 311 are stacked a first wiring lay-
er 331 corresponding to the first conductive layer, a first
insulating layer 351, a second wiring layer 332 corre-
sponding to the second conductive layer, a second insu-
lating layer 352, a first transparent conductive layer 341
corresponding to the third conductive layer, a third insu-
lating layer 353, and a second transparent conductive
layer 342 corresponding to the fourth conductive layer in
the stated order. The first insulating layer 351 includes a
lower layer 351a and an upper layer 351b stacked on the
lower layer 351a. The second insulating layer 352 in-
cludes a lower layer 352a and an upper layer 352b
stacked on the lower layer 352a.
[0071] The array substrate according to the present
embodiment has a common trunk wiring 316 formed in
the first wiring layer 331, lead wires 318 formed in the
second wiring layer 332 above the common trunk wiring
316, a connection electrode 317, and a common elec-
trode 315 formed in the first transparent conductive layer
341. The connection electrode 317 includes a lower por-
tion 317a formed in the second wiring layer 332 and an
upper portion 317b formed in the second transparent
conductive layer 342. The lower portion 317a is provided
between two adjacent lead wires 318. The upper portion
317b extends from the region above the lower portion
317a to a region above the lead wire adjacent to the lower
portion 317a.
[0072] The third insulating layer 353 has a contact hole
361 formed therein on the common electrode 315. The
second insulating layer 352 and the third insulating layer
353 have a contact hole 362 formed therein on the lower
portion 317a. The common electrode 315 has a cut-out
portion 315a so as not to overlap with the contact hole
362. The first insulating layer 351 has a contact hole 363
formed therein on the common trunk wiring 316. The con-
tact hole 363 is provided between two adjacent lead wires
318.
[0073] The upper portion 317b is connected to the
common electrode 315 through the contact hole 361 and
also connected to the lower portion 317a through the
contact hole 362. The lower portion 317a is connected
to the common trunk wiring 316 through the contact hole
363. The common electrode 315 is thus connected to the
common trunk wiring 316 via the connection electrode
317 in the frame region and a common signal is supplied
from the common trunk wiring 316 to the common elec-
trode 315.
[0074] The liquid crystal display of the present embod-
iment can be produced by the method described in Em-
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bodiment 1.
[0075] In the present embodiment, the contact hole
361 is provided above the lead wire 318, and therefore,
there is no need to provide a space for forming the contact
hole 361 between two adjacent lead wires 318. As a re-
sult, compared to Embodiment 1, a higher-resolution liq-
uid crystal display can be achieved. In addition, the flex-
ibility of design is enhanced.

(Embodiment 4)

[0076] A liquid crystal display of Embodiment 4 is sub-
stantially the same as the liquid crystal display of Em-
bodiment 1, except that the structure around the common
trunk wiring is different.
[0077] As shown in Figs. 13 and 14, an array substrate
in the liquid crystal display of the present embodiment
has a transparent insulating substrate 411. On the insu-
lating substrate 411 are stacked a first wiring layer 431
corresponding to the first conductive layer, a first insu-
lating layer 451, a second wiring layer 432 corresponding
to the second conductive layer, a second insulating layer
452, a first transparent conductive layer 441 correspond-
ing to the third conductive layer, a third insulating layer
453, and a second transparent conductive layer 442 cor-
responding to the fourth conductive layer in the stated
order. The first insulating layer 451 includes a lower layer
451a and an upper layer 451b stacked on the lower layer
451a. The second insulating layer 452 includes a lower
layer 452a and an upper layer 452b stacked on the lower
layer 452a.
[0078] An array substrate according to the present em-
bodiment has a common trunk wiring 416 formed in the
first wiring layer 431, lead wires 418 formed in the second
wiring layer 432 above the common trunk wiring 416, a
connection electrode 417 formed in the second transpar-
ent conductive layer 442, and a common electrode 415
formed in the first transparent conductive layer 441. The
connection electrode 417 extends from a region above
one lead wire 418 to a region above the adjacent lead
wire 418.
[0079] The first insulating layer 451 and the second
insulating layer 452 have a contact hole 462 formed
therein on the common trunk wiring 416. The common
electrode 415 has a cut-out portion 415a formed therein
so as not to overlap with the contact hole 462. The third
insulating layer 453 has an opening 461 formed therein
above the common trunk wiring 416. The opening 461 is
formed at the same position as the contact hole 462 and
is larger than the contact hole 426. Moreover, part of the
opening 461 is positioned on the common electrode 415
and part of the common electrode 415 is not covered with
the third insulating layer 453.
[0080] The connection electrode 417 is formed to cover
the opening 461, thereby contacting the common elec-
trode 415. The connection electrode 417 is thus connect-
ed to the common electrode 415. The connection elec-
trode 417 is connected to the common trunk wiring 416

through the contact hole 462. The common electrode 415
is thus connected to the common trunk wiring 416 via the
connection electrode 417 in the frame region and a com-
mon signal is supplied to the common electrode 415 from
the common trunk wiring 416.
[0081] The liquid crystal display of the present embod-
iment can be produced by the method described in Em-
bodiment 2.
[0082] According to the present embodiment, the lower
portion 17a and the contact hole 63 provided in Embod-
iment 1 can be omitted. The opening 461 extends from
a region above the contact hole 462 to a region above
the common electrode 415. In other words, the third in-
sulating layer 453 is not present between a connecting
portion of the connection electrode 417 and the common
trunk wiring 416 and a connecting portion of the connec-
tion electrode 417 and the common electrode 415. Ac-
cordingly, the both connecting portions can be positioned
closely to each other. As a result, a higher-resolution liq-
uid crystal display can be achieved compared to Embod-
iments 1 and 2.

(Embodiment 5)

[0083] A liquid crystal display of Embodiment 5 is sub-
stantially the same as the liquid crystal display of Em-
bodiment 1, except that the structure around the common
trunk wiring is different.
[0084] As shown in Figs. 15 and 16, an array substrate
in the liquid crystal display of the present embodiment
has a transparent insulating substrate 511. On the insu-
lating substrate 511 are stacked a first wiring layer 531
corresponding to the first conductive layer, a first insu-
lating layer 551, a second wiring layer 532 corresponding
to the second conductive layer, a second insulating layer
552, a first transparent conductive layer 541 correspond-
ing to the third conductive layer, a third insulating layer
(not shown), and a second transparent conductive layer
542 corresponding to the fourth conductive layer in the
stated order. The first insulating layer 551 includes a low-
er layer 551a and an upper layer 551b stacked on the
lower layer 551a. The second insulating layer 552 in-
cludes a lower layer 552a and an upper layer 552b
stacked on the lower layer 552a.
[0085] An array substrate according to the present em-
bodiment has a common trunk wiring 516 formed in the
first wiring layer 531, lead wires 518 formed in the second
wiring layer 532 above the common trunk wiring 516, a
connection electrode 517 formed in the second transpar-
ent conductive layer 542, and a common electrode 515
formed in the first transparent conductive layer 541. The
connection electrode 517 is provided to cross a plurality
of lead wires 518.
[0086] The first insulating layer 551 and the second
insulating layer 552 have contact holes 562 formed there-
in on the common trunk wiring 516. One contact hole 562
is formed in each space between two adjacent lead wires
518. The common electrode 515 has a cut-out portion
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515a formed therein so as not to overlap with the contact
hole 562. The third insulating layer has a belt-shaped
opening 561 above the common trunk wiring 516. In a
plan view of the array substrate, a plurality of contact
holes 562 are provided in the opening 561. In addition,
part of the opening 561 is positioned on the common
electrode 515.
[0087] The connection electrode 517 is formed to cover
the opening 561, thereby contacting the common elec-
trode 515. The connection electrode 517 is thus connect-
ed to the common electrode 515. The connection elec-
trode 517 is connected to the common trunk wiring 516
through the contact hole 562. Thus, the common elec-
trode 515 is connected to the common trunk wiring 516
via the connection electrode 517 in the frame region and
a common signal is supplied to the common electrode
515 from the common trunk wiring 516.
[0088] The liquid crystal display of the present embod-
iment can be produced by the method described in Em-
bodiment 2.
[0089] According to the present embodiment, the lower
portion 17a and the contact hole 63 provided in Embod-
iment 1 can be omitted. The opening 561 extends in a
belt-like form above the common trunk wiring 516. In a
plan view of the array substrate, the contact hole 562 and
part of the common electrode 515 are positioned inside
the opening 561. In other words, the third insulating layer
is not provided between a connecting portion of the con-
nection electrode 517 and the common trunk wiring 516
and a connecting portion of the connection electrode 517
and the common electrode 515. Accordingly, the both
connecting portions can be arranged closely to each oth-
er. As a result, compared to Embodiments 1 and 2, a
higher-resolution liquid crystal display can be achieved.
[0090] The area of a connecting portion of the connec-
tion electrode 517 and the common electrode 515 can
be increased. Accordingly, compared to Embodiments 1
to 4, the contact resistance between the both electrodes
can be reduced and occurrence of connection failures
between the electrodes can be prevented.

(Embodiment 6)

[0091] A liquid crystal display of Embodiment 6 is sub-
stantially the same as the liquid crystal display of Em-
bodiment 1, except that the structure around the common
trunk wiring is different.
[0092] As shown in Fig. 17, an array substrate in the
liquid crystal display of the present embodiment has a
transparent insulating substrate 611. On the insulating
substrate 611 are stacked a first wiring layer 631 corre-
sponding to the first conductive layer, a first insulating
layer 651, a second wiring layer 632 corresponding to
the second conductive layer, a second insulating layer
652, a first transparent conductive layer 641 correspond-
ing to the third conductive layer, a third insulating layer
653, and a second transparent conductive layer 642 cor-
responding to the fourth conductive layer in the stated

order. The first insulating layer 651 includes a lower layer
651a and an upper layer 651b stacked on the lower layer
651a. The second insulating layer 652 includes a lower
layer 652a and an upper layer 652b stacked on the lower
layer 652a.
[0093] The array substrate according to the present
embodiment has a common trunk wiring 616 formed in
the first wiring layer 631, lead wires 618 formed in the
second wiring layer 632 above the common trunk wiring
616, a connection electrode 617 formed in the second
transparent conductive layer 642, and a common elec-
trode 615 formed in the first transparent conductive layer
641. The connection electrode 617 includes a lower por-
tion 617a formed in the second wiring layer 632 and an
upper portion 617b formed in the second transparent
conductive layer 642. The connection electrode 617 (the
lower portion 617a and the upper portion 617b) is pro-
vided between two adjacent lead wires 618.
[0094] The third insulating layer 653 has a contact hole
661 formed therein on the common electrode 615. The
second insulating layer 652 and the third insulating layer
653 have a contact hole 662 on the lower portion 617a.
The common electrode 615 has a cut-out portion 615a
formed therein so as not to overlap with the contact hole
662. The first insulating layer 651 has a contact hole 663
formed therein on the common trunk wiring 616. The con-
tact holes 661, 662, and 663 are provided between two
adjacent lead wires 618.
[0095] The upper portion 617b is connected to the
common electrode 615 through the contact hole 661 and
also connected to the lower portion 617a through the
contact hole 662. The lower portion 617a is connected
to the common trunk wiring 616 through the contact hole
663. The common electrode 615 is thus connected to the
common trunk wiring 616 via the connection electrode
617 in the frame region and a common signal is supplied
to the common electrode 615 from the common trunk
wiring 616.
[0096] The liquid crystal display of the present embod-
iment can be produced by the method described in Em-
bodiment 1.
[0097] Three contact holes 661, 662, and 663 provided
between two adjacent lead wires 618 in the present em-
bodiment is disadvantageous in terms of enhancing the
resolution compared to Embodiment 1. However, since
there is no need to provide the connection electrode 617
in each region between two adjacent lead wires 618, it
is advantageous in terms of enhancing the resolution
compared to cases where a contact hole is formed for
each bus line.
[0098] In each embodiment, the number and position
of the connection structure for connecting the common
electrode and the common trunk wiring are not particu-
larly limited and may be determined as appropriate. In a
case where a plurality of the connection structures are
provided, at least one connection structure may have any
of the above-described structures. Not all the connection
structures need to have one of the above-described
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structures.
[0099] Embodiments 1 to 6 may be combined with one
another. For example, connection structures of different
embodiments may be provided on the same array sub-
strate
[0100] In Embodiments 1 to 6, descriptions have been
given on the case of a FFS liquid crystal display. The
display mode, however, is not particularly limited. For
example, the display mode may be the IPS (In-Plane
Switching) mode in which the common electrode and the
pixel electrode each have a comb-shaped structure or
the TBA (Transverse Bend Alignment) mode. In the TBA
liquid crystal display, the liquid crystal layer contains
nematic liquid crystal molecules having negative dielec-
tric anisotropy. The liquid crystal molecules are vertically
aligned when no voltage is applied. The array substrate
includes a pair of electrodes (e.g., a common electrode
and a pixel electrode each having a comb-shaped struc-
ture). The liquid crystal molecules are aligned in a bend
state due to a transverse electric field generating be-
tween the electrodes. In particular, in the liquid crystal
displays of Embodiments 1 to 6, the display mode is pref-
erably a mode in which a transparent common electrode,
a transparent pixel electrode and a dielectric substance
between the electrodes are provided (hereafter, such a
structure is also referred to as the transparent Cs struc-
ture) and these members form a storage capacitor. Ex-
amples of such a display mode include the CPA (Con-
tinuous Pinwheel Alignment) mode in which a transpar-
ent Cs structure is provided. In the CPA mode in which
a transparent Cs structure is provided, the liquid crystal
layer contains nematic liquid crystal molecules having
negative dielectric anisotropy. The liquid crystal mole-
cules are vertically aligned when no voltage is applied.
The array substrate has a transparent common elec-
trode, an insulating layer on the common electrode, and
a transparent pixel electrode on the insulating layer. The
counter substrate has a transparent counter electrode
facing the pixel electrode and dot-like protrusions (rivets)
provided on the counter electrode. The liquid crystal mol-
ecules are radially aligned from each protrusion due to
a vertical electric field generating between the pixel elec-
trode and the counter electrode.
[0101] In Embodiment 1, the case where the common
trunk wiring is provided along the whole circumference
of the display region has been described. In each em-
bodiment, the arrangement of the common trunk wiring
is not particularly limited as long as it is arranged to cross
the lead wire formed in the second conductive layer. For
example, the common trunk wiring may be arranged only
in the vicinity of the lower end of the display region.
[0102] In Embodiments 1 to 6, transmission-type liquid
crystal displays have been described. The liquid crystal
display may be a reflection type or reflection-transmis-
sion type. In the case of a reflection type display, for ex-
ample, a conductive film with a high-reflectivity surface
may be used instead of the first transparent conductive
film corresponding to the third conductive film. Such a

conductive film may be formed from, for example, Al,
silver (Ag), platinum (Pt), or an alloy of these. Moreover,
the conductive film may be a multilayer film including films
of these materials.
[0103] In Embodiments 1 to 6, the common electrode
has a cut-out portion above the common trunk wiring.
Instead of the cut-out portion, an opening section may
be provided.

REFERENCE SIGNS LIST

[0104]

1: liquid crystal panel
2: display portion
3: pixel
4: sub pixel
5: driver chip for source bus line
6: driver circuit for gate bus line
7: array substrate
8: counter substrate
9: display region
10: frame region
11: insulating substrate
12: source bus line
13: gate bus line
14: pixel electrode
14S: slit
15: common electrode
15a: cut-out portion
15b: opening
16: common trunk wiring
17: connection electrode
17a: lower portion
17b: upper portion
17c, 17d: connecting portion
18, 19: lead wire
20: TFT
21: semiconductor layer
22: gate electrode
23: source electrode
24: drain electrode
25, 27, 61, 62, 63: contact hole
26: channel protective layer
31: first wiring layer (first conductive layer)
32: second wiring layer (second conductive layer)
41: first transparent conductive layer (third conduc-
tive layer)
42: second transparent conductive layer (fourth con-
ductive layer)
51: first insulating layer
51a: lower layer
51b: upper layer
52: second insulating layer
52a: lower layer
52b: upper layer
53: third insulating layer
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Claims

1. A liquid crystal display (1) comprising:

an array substrate (7);
a display portion (2); and
a plurality of pixels (3) arranged in the display
portion (2),
wherein the array substrate (7) comprises:

an insulating substrate (511);
a first conductive layer (531) on the insulat-
ing substrate (511);
a first insulating layer (551) on the first con-
ductive layer (531);
a second conductive layer (532) on the first
insulating layer (551);
a second insulating layer (552) on the sec-
ond conductive layer (532);
a third conductive layer (541) on the second
insulating layer (552);
a third insulating layer on the third conduc-
tive layer (541);
a fourth conductive layer (542) on the third
insulating layer;
a plurality of bus lines (12, 13) provided in
a region (9) corresponding to the display
portion (2);
a plurality of lead wires (518) provided out-
side the region (9) and each connected to
a corresponding bus line (12);
a common electrode (515) provided inside
and outside the region (9) for supplying a
signal in common to the plurality of pixels
(3);
a common trunk wiring (516) provided out-
side the region (9), for transmitting the sig-
nal; and
a connection electrode (517) provided out-
side the region (9) and connecting the com-
mon electrode (515) with the common trunk
wiring (516),

the common trunk wiring (516) being provided
in the first conductive layer (531),
the plurality of lead wires (518) being provided
in the second conductive layer (532) above the
common trunk wiring (516),
the common electrode (515) being provided in
the third conductive layer (541), and
the connection electrode (517) being provided
in the fourth conductive layer (542),
wherein the array substrate (7) includes an
opening (561) in the third insulating layer outside
the region (9) and on the common electrode
(515), and the connection electrode (517) is con-
nected to the common electrode (515) through
the opening (561) in the third insulating layer;

and
wherein the array substrate (7) includes a plu-
rality of contact holes (562) in the first insulating
layer (551) and the second insulating layer (552)
on the common trunk wiring (516),
the opening (561) in the third insulating layer
extends in a strip-like form above the common
trunk wiring (516), and, in a plan view of the array
substrate (7), a part of the common electrode
(515) is positioned in the opening (561) in the
third insulating layer,
characterised in that
the common trunk wiring (516) crosses the plu-
rality of lead wires (518), and in that, in a plan
view of the array substrate (7), the plurality of
contact holes (562) in the first insulating layer
(551) and the second insulating layer (552) are
positioned in the opening (561) in the third insu-
lating layer.

2. The liquid crystal display (1) according to any one of
claim 1,
wherein the array substrate (7) includes a thin film
transistor (20), the thin film transistor (20) includes
a semiconductor layer (21), and the semiconductor
layer (21) includes an oxide semiconductor.

3. The liquid crystal display (1) according to any one of
claims 1 or 2, wherein the second insulating layer
(552) includes an organic insulating layer.

4. The liquid crystal display (1) according to claim 3,
wherein the second insulating layer (552) includes
an inorganic insulating layer (552a), and
the organic insulating layer (552b) is stacked on the
inorganic insulating layer.

5. The liquid crystal display (1) according to any one of
claims 1 to 4,
wherein the second insulating layer (552) includes
a layer etchable with an etchant, and
the third insulating layer includes a layer etchable
with the same etchant.

6. The liquid crystal display (1) according to any one of
claims 1 to 5,
wherein the first insulating layer (551) includes a low-
er layer (551 a) and an upper layer (551b) stacked
on the lower layer.

7. The liquid crystal display (1) according to claim 6,
wherein the lower layer (551a) and the upper layer
(551b) cover the first conductive layer (531) outside
the region (9).
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Patentansprüche

1. Flüssigkristallanzeige (1), umfassend:

ein Arraysubstrat (7);
einen Anzeigeabschnitt (2); und
eine Mehrzahl von Pixeln (3), die in dem Anzei-
geabschnitt (2) angeordnet sind,
wobei das Arraysubstrat (7) umfasst:

ein isolierendes Substrat (511);
eine erste leitfähige Schicht (531) auf dem
isolierenden Substrat (511);
eine erste isolierende Schicht (551) auf der
ersten leitfähigen Schicht (531);
eine zweite leitfähige Schicht (532) auf der
ersten Isolierschicht (551);
eine zweite isolierende Schicht (552) auf
der zweiten leitfähigen Schicht (532);
eine dritte leitfähige Schicht (541) auf der
zweiten isolierenden Schicht (552);
eine dritte isolierende Schicht auf der dritten
leitfähigen Schicht (541);
eine vierte leitfähige Schicht (542) auf der
dritten isolierenden Schicht;
eine Mehrzahl von Busleitungen (12, 13),
die in einem Bereich (9) bereitgestellt sind,
der dem Anzeigeabschnitt (2) entspricht;
eine Mehrzahl von Zuleitungsdrähten
(518), die außerhalb des Bereichs (9) be-
reitgestellt sind und jeweils mit einer ent-
sprechenden Busleitung (12) verbunden
sind;
eine gemeinsame Elektrode (515), die in-
nerhalb und außerhalb des Bereichs (9) be-
reitgestellt ist, um ein Signal zu liefern, das
der Mehrzahl von Pixeln (3) gemeinsam ist;
eine gemeinsame Hauptverdrahtung (516),
die außerhalb des Bereichs (9) zum Über-
tragen des Signals bereitgestellt ist; und
eine Verbindungselektrode (517), die au-
ßerhalb des Bereichs (9) bereitgestellt ist
und die gemeinsame Elektrode (515) mit
der gemeinsamen Hauptverdrahtung (516)
verbindet,

wobei die gemeinsame Hauptverdrahtung (516)
in der ersten leitfähigen Schicht (531) bereitge-
stellt ist,
wobei die Mehrzahl von Zuleitungsdrähten
(518) in der zweiten leitfähigen Schicht (532)
über der gemeinsamen Hauptverdrahtung (516)
bereitgestellt sind,
wobei die gemeinsame Elektrode (515) in der
dritten leitfähigen Schicht (541) bereitgestellt ist,
und
die Verbindungselektrode (517) in der vierten
leitfähigen Schicht (542) bereitgestellt ist,

wobei das Arraysubstrat (7) eine Öffnung (561)
in der dritten Isolierschicht außerhalb des Be-
reichs (9) und auf bzw. an der gemeinsamen
Elektrode (515) enthält und die Verbindungse-
lektrode (517) mit der gemeinsamen Elektrode
(515) durch die Öffnung (561) in der dritten Iso-
lierschicht verbunden ist; und wobei das Array-
substrat (7) eine Mehrzahl von Kontaktlöchern
(562) in der ersten Isolierschicht (551) und der
zweiten Isolierschicht (552) an bzw. auf der ge-
meinsamen Hauptverdrahtung (516) enthält,
wobei sich die Öffnung (561) in der dritten Iso-
lierschicht streifenförmig über der gemeinsa-
men Hauptverdrahtung (516) erstreckt, und
wobei in einer Draufsicht des Arraysubstrats (7)
ein Teil der gemeinsamen Elektrode (515) in der
Öffnung (561) in der dritten Isolierschicht posi-
tioniert ist,
dadurch gekennzeichnet, dass
die gemeinsame Hauptverdrahtung (516) die
Mehrzahl von Zuleitungsdrähten (518) kreuzt
und in einer Draufsicht des Arraysubstrats (7)
die Mehrzahl von Kontaktlöchern (562) in der
ersten Isolierschicht (551) und der zweiten Iso-
lierschicht (552) in der Öffnung (561) in der drit-
ten Isolierschicht positioniert sind.

2. Flüssigkristallanzeige (1) nach einem von Anspruch
1,
wobei das Arraysubstrat (7) einen Dünnschichttran-
sistor (20) enthält,
der Dünnschichttransistor (20) eine Halbleiter-
schicht (21) enthält und
die Halbleiterschicht (21) einen Oxidhalbleiter ent-
hält.

3. Flüssigkristallanzeige (1) nach einem der Ansprüche
1 oder 2, wobei die zweite isolierende Schicht (552)
eine organische isolierende Schicht enthält.

4. Flüssigkristallanzeige (1) nach Anspruch 3, wobei
die zweite isolierende Schicht (552) eine anorgani-
sche isolierende Schicht (552a) enthält und
die organische isolierende Schicht (552b) auf die an-
organische isolierende Schicht gestapelt ist.

5. Flüssigkristallanzeige (1) nach einem der Ansprüche
1 bis 4,
wobei die zweite isolierende Schicht (552) eine mit
einem Ätzmittel ätzbare Schicht enthält und
die dritte isolierende Schicht eine mit demselben Ätz-
mittel ätzbare Schicht enthält.

6. Flüssigkristallanzeige (1) nach einem der Ansprüche
1 bis 5, wobei die erste isolierende Schicht (551)
eine untere Schicht (551a) und eine obere Schicht
(551b) enthält, die auf die untere Schicht gestapelt
ist.
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7. Flüssigkristallanzeige (1) nach Anspruch 6, wobei
die untere Schicht (551a) und die obere Schicht
(551b) die erste leitfähige Schicht (531) außerhalb
des Bereichs (9) bedecken.

Revendications

1. Affichage à cristaux liquides (1) comprenant :

un substrat de matrice (7) ;
une portion d’affichage (2) ; et
une pluralité de pixels (3) agencés dans la por-
tion d’affichage (2),
dans lequel le substrat de matrice (7)
comprend :

un substrat isolant (511) ;
une première couche conductrice (531) sur
le substrat isolant (511) ;
une première couche isolante (551) sur la
première couche conductrice (531) ;
une deuxième couche conductrice (532) sur
la première couche isolante (551) ;
une deuxième couche isolante (552) sur la
deuxième couche conductrice (532) ;
une troisième couche conductrice (541) sur
la deuxième couche isolante (552) ;
une troisième couche isolante sur la troisiè-
me couche conductrice (541) ;
une quatrième couche conductrice (542)
sur la troisième couche isolante ;
une pluralité de lignes de bus (12, 13) pré-
vues dans une région (9) correspondant à
la portion d’affichage (2) ;
une pluralité de fils de sortie (518) prévus à
l’extérieur de la région (9) et
connectés chacun à une ligne de bus cor-
respondante (12) ;
une électrode commune (515) prévue à l’in-
térieur et à l’extérieur de la région (9) pour
fournir un signal en commun à la pluralité
de pixels (3) ;
un câblage de liaison commun (516) prévu
à l’extérieur de la région (9) pour transmet-
tre le signal ; et
une électrode de connexion (517) prévue à
l’extérieur de la région (9) et connectant
l’électrode commune (515) au câblage de
liaison commun (516),

le câblage de liaison commun (516) étant prévu
dans la première couche conductrice (531),
la pluralité de fils de sortie (518) étant prévus
dans la deuxième couche conductrice (532) au-
dessus du câblage de liaison commun (516),
l’électrode commune (515) étant prévue dans la
troisième couche conductrice (541), et

l’électrode de connexion (517) étant prévue
dans la quatrième couche conductrice (542),
dans lequel le substrat de matrice (7) inclut une
ouverture (561) dans la troisième couche iso-
lante à l’extérieur de la région (9) et sur l’élec-
trode commune (515), et l’électrode de con-
nexion (517) est connectée à l’électrode com-
mune (515) à travers l’ouverture (561) dans la
troisième couche isolante ; et
dans lequel le substrat de matrice (7) inclut une
pluralité d’orifices de contact (562) dans la pre-
mière couche isolante (551) et la deuxième cou-
che isolante (552) sur le câblage de liaison com-
mun (516),
l’ouverture (561) dans la troisième couche iso-
lante s’étend en une forme de type bande au-
dessus du câblage de liaison commun (516), et,
dans une vue en plan du substrat de matrice (7),
une partie de l’électrode commune (515) est po-
sitionnée dans l’ouverture (561) dans la troisiè-
me couche isolante,
caractérisé en ce que
le câblage de liaison commun (516) croise la
pluralité de fils de sortie (518), et en ce que,
dans une vue en plan du substrat de matrice (7),
la pluralité d’orifices de contact (562) dans la
première couche isolante (551) et la deuxième
couche isolante (552) sont positionnés dans
l’ouverture (561) dans la troisième couche iso-
lante.

2. Affichage à cristaux liquides (1) selon l’une quelcon-
que de la revendication 1, dans lequel le substrat de
matrice (7) inclut un transistor à couches minces
(20), le transistor à couches minces (20) inclut une
couche semi-conductrice (21), et la couche semi-
conductrice (21) inclut un semi-conducteur à oxyde.

3. Affichage à cristaux liquides (1) selon l’une quelcon-
que des revendications 1 ou 2,
dans lequel la deuxième couche isolante (552) inclut
une couche isolante organique.

4. Affichage à cristaux liquides (1) selon la revendica-
tion 3,
dans lequel la deuxième couche isolante (552) inclut
une couche isolante inorganique (552a), et
la couche isolante organique (552b) est empilée sur
la couche isolante inorganique.

5. Affichage à cristaux liquides (1) selon l’une quelcon-
que des revendications 1 à 4,
dans lequel la deuxième couche isolante (552) inclut
une couche pouvant être gravée avec un agent de
gravure, et
la troisième couche isolante inclut une couche pou-
vant être gravée avec le même agent de gravure.
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6. Affichage à cristaux liquides (1) selon l’une quelcon-
que des revendications 1 à 5,
dans lequel la première couche isolante (551) inclut
une couche inférieure (551a) et une couche supé-
rieure (551b) empilée sur la couche inférieure.

7. Affichage à cristaux liquides (1) selon la revendica-
tion 6,
dans lequel la couche inférieure (551a) et la couche
supérieure (551b) recouvrent la première couche
conductrice (531) à l’extérieur de la région (9).
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