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57 ABSTRACT
(75) Inventors: Akio Ota, Tottori (JP); Sachiko G
Watanabe, Tottori (JP) A liquid crystal display panel includes: substrates arranged
opposite to each other with a liquid crystal layer therebe-
(73) Assignee: SONY CORPORATION, Tokyo tween. One of the substrates includes scanning and signal
(IP) lines arranged in a matrix in a display area, a common wiring
line along a peripheral edge portion of the display area, an
21) Appl. No.: 12/870.005 interlayer resin film at least over the whole display area, and
o ’ lower and upper electrodes arranged opposite to each other
(22) Filed: Aug. 27. 2010 with an inter-electrode insulating film therebetween. The
) &2l upper electrode includes slits in each pixel area sectioned by
. . L. . the scanning and signal lines. One of the upper and lower
(30) Foreign Application Priority Data electrodes is formed over the whole display area and con-
Sep.2,2009  (IP) P2009-202330 nected to the common wiring line and operates as a common
A electrode. In the display area, a common line is formed in
L . . parallel to the scanning line, the electrode operating as the
Publication Classification common electrode is connected to the common line through a
(51) Int.CL contact hole and the common line is connected to the common
G09G 3/36 (2006.01) wiring line at the peripheral edge portion.
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LIQUID CRYSTAL DISPLAY PANEL

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present application claims priority to Japanese
Priority Patent Application JP 2009-202330 filed in the Japan
Patent Office on Sep. 2, 2009, the entire contents of which is
hereby incorporated by reference

BACKGROUND

[0002] The present application relates to a horizontal-elec-
tric field type liquid crystal display panel, particularly relates
to aFFS (Fringe Field Switching) mode liquid crystal display
panel in which an upper electrode or a lower electrode is
formed over all sub-pixels in a display area as well as operates
as a common electrode.

[0003] As the liquid crystal display panel is characterized
by light-weight, thin and low power consumption as com-
pared with a CRT (cathode ray tube), it is used for many
electronic devices for display. The liquid crystal display panel
displays images by changing the alignment of liquid crystal
molecules aligned in a given orientation and changing the
transmittance of light in a liquid crystal layer. The liquid
crystal display panel includes a reflective type in which exter-
nal light is incident on the liquid crystal layer, reflected at a
reflector, transmitted through the liquid crystal again and
emitted, a transmissive type in which incident light from a
backlight device transmits through the liquid crystal layer and
a semi-transmissive type having the both properties. There
are amonochrome display type and a color display type in the
liquid crystal display panel. The color of a pixel in the color-
display type liquid crystal display panel is fixed by mixture of
light transmitted through respective sub-pixels having color
filters of three primary colors of light which are R (red), G
(green) and B (blue) individually.

[0004] As a method of applying an electric field to the
liquid crystal layer of the liquid crystal display panel, there
are a vertical-electric field type and a horizontal-electric field
type. In the vertical-electric field liquid crystal display panel,
an approximately vertical electric field is applied to liquid
crystal molecules by a pair of electrodes arranged opposite to
each other so as to sandwich the liquid crystal layer. As the
vertical-electric field liquid type crystal display panels, a TN
(Twisted Nematic) mode, a VA (Vertical Alignment) mode, a
MVA (Multi-domain Vertical Alignment) mode, an ECB
(Electrically Controlled Birefringence) mode and the like are
known. In the horizontal-electric field liquid crystal display
panel, a pair of electrodes is provided at one of a pair of
substrates arranged sandwiching the liquid crystal layer on
the liquid crystal layer side so as to be insulated from each
other, in which an approximately horizontal electric field is
applied to liquid crystal molecules. As the horizontal-electric
field type liquid crystal display panel, an IPS (In-Plane
Switching) mode in which a pair of electrodes do not overlap
each other in planar view and a FFS mode in which they
overlap each other. As the horizontal-electric field type liquid
crystal display panel has an advantage of obtaining a wide
viewing angle, it becomes widely used in recent years.
[0005] As the pair of electrodes is provided in the same
layer in the TIPS mode liquid crystal display panel, there are
problems in which liquid crystal molecules positioned on the
upper side of the pixel electrode are not sufficiently driven,
and that, a low aperture ratio and a low transmittance may
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arise. Accordingly, the FFS mode liquid crystal display panel
disclosed in JP-A-2009-036800 (Patent Document 1) and
JP-A-2008-180928 (Patent Document 2) has been developed.
In the FFS mode liquid crystal display panel disclosed in
Patent Document 1, a lower electrode operates as a common
electrode and the common electrode is formed so as to be
separated in each sub-pixel. A common line is formed in the
same layer parallel to a scanning line connected to a gate
electrode of a thin film transistor TFT for driving the pixel
electrode so that the common electrode partially overlaps
with the common line, thereby performing wiring of the
common electrode with respect to each sub-pixel.

[0006] As described above, the common electrode in the
FFS mode liquid crystal display panel disclosed in Patent
Document 1 overlaps with the common line, therefore, a level
difference occurs and affects the upper electrodes, as a result,
alignment of liquid crystal molecules is disordered at a part
corresponding to the level difference. Accordingly, in the
liquid crystal display panel disclosed in Patent Document 2,
an interlayer resin film also called a planarization film is
formed on TFTs and lower electrodes, the lower electrodes
operating as pixel electrodes are formed on the interlayer
resin film, an inter-electrode insulating film and an upper
electrode operating as a common electrode are formed in
order. The common electrode is formed over all sub-pixels in
the display area, the liquid crystal display panel is character-
ized by higher aperture ratio and higher contrast as compared
with the liquid crystal display panel disclosed in Patent Docu-
ment 1.

SUMMARY

[0007] As shown in FIG. 3 and FIG. 5 of Patent Document
2, the upper electrode formed over all sub-pixels in the dis-
play area as the common electrode is connected to a common
wiring line by a contact hole in a non-display area formed on
the fringe of the display area. The upper clectrode as the
common electrode of the FFS mode liquid crystal display
panel in related art is connected to the common wiring line
only in the non-display area. On the other hand, a slit opening
1s formed in each sub-pixel in the upper electrode, therefore,
the resistance as the common electrode is increased with high
resistivity of a transparent conductive matetial forming the
upper electrode. Accordingly, when the FFS mode liquid
crystal display panel becomes large in size, the potential of
the common electrode becomes unstable due to the high
resistivity of the upper electrode as the common electrode,
which causes characteristic failures such as flickers and
crosstalk. Such points are problems arising also in the FFS
mode liquid crystal display panel in a type in which the lower
electrode is operated as the common electrode.

[0008] Thus, it is desirable to provide a FFS mode liquid
crystal display panel having good display quality in which
flickers, crosstalk and so on hardly occur by reducing the
resistance of the common electrode formed over all sub-
pixels in the display area.

[0009] According to an embodiment, there is provided a
liquid crystal display panel including a pair of substrates
arranged opposite to each other with a liquid crystal layer
sandwiched therebetween. One of the pair of substrates
includes plural scanning lines and signal lines arranged in a
matrix state in a display area, a common wiring line formed
along a peripheral edge portion of the display area, an inter-
layer resin film formed at least over the whole display area
and a lower electrode and an upper electrode made of a
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transparent conductive material arranged opposite to each
other with an inter-electrode insulating film sandwiched thet-
ebetween. The upper electrode includes plural slits formed in
each pixel area sectioned by the scanning line and the signal
line in the display area in planar view. One of the upper
electrode and the lower electrode is formed over the whole
surface of the display area as well as electrically connected to
the common wiring line and operates as a common electrode.
In the display area, a common line is formed in parallel to the
scanning line and the electrode operating as the common
electrode in the upper electrode and the lower electrode is
electrically connected to the common line through a contact
hole as well as the common line is electrically connected to
the common wiring line at the peripheral edge portion of the
display area.

[0010] There exists the FFS mode liquid crystal display
panel in which one of the upper electrode and the lower
electrode is formed over all sub-pixels in the display area and
operates as the common electrode. In the liquid crystal dis-
play panel having the above structure in related art, the com-
mon electrode is electrically connected to the common wiring
line only in the non-display area. Accordingly, in the middle-
sized to large-sized liquid crystal display panels having the
wide display area, the resistance of the common electrode
made of a non-transparent conductive material such as ITO or
170 is extremely increased, which may cause characteristic
failures such as flickers and crosstalk. The tendency appears
more prominent in the panel in which the upper electrode
operates as the common electrode because slit openings are
formed at the upper electrode and the area of the upper elec-
trode is reduced.

[0011] In the liquid crystal display panel according to the
embodiment, the common line is formed in parallel to the
scanning line and the common electrode is electrically con-
nected to the common line as well as the common line is
electrically connected to the common wiring line at a fringe
portion of the display area. Accordingly, the electrode oper-
ates as the common electrode in the upper electrode and the
lower electrode is electrically connected to the common wit-
ing line at the fringe portion of the display area as well as
electrically connected to the common wiring line at the fringe
portion of the display area through the common line, there-
fore, the resistance with respect to the common electrode is
reduced. In the liquid crystal display panel according to the
embodiment, the electrical connection between the common
line and the common wiring line at the fringe portion of the
display area can be executed in a state of being electrically
insulated from other wiring easily by bridge connection by a
connection electrode formed with the signal line.

[0012] In the liquid crystal display panel according to the
embodiment, it is preferable that at least one relay terminal is
formed between the common line and the common electrode
at a position where the relay terminal overlaps with the con-
tact hole, in which the electrode operating as the common
electrode in the upper electrode and the lower electrode is
electrically connected to the relay terminal to be electrically
connected to the common line through the relay terminal.
[0013] Concerning the contact hole, the opening of the
contact hole is increased as the thickness of the layer to be
pierced through is increased due to characteristics of the
forming method. Particularly, the thickness of the layer is
increased when there is the interlayer insulating film, there-
fore, the aperture of the contact hole is increased and the
aperture rate of the liquid crystal display panel is reduced. In
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the liquid crystal display panel according to the embodiment,
atleast one relay terminal is formed between the common line
and the common electrode at a position in which the relay
terminal overlaps with the contact hole in planar view,
thereby reducing the layer through which the contact hole
pierces and reducing the size of the aperture of the contact
hole. Accordingly. the size of the aperture of the contact hole
can be reduced, which can reduce the reduction of the apet-
ture ratio due to the contact hole.

[0014] In the liquid crystal display panel according to the
embodiment, it is preferable that the relay terminal is formed
in the same layer as the signal line.

[0015] In the liquid crystal display panel according to the
embodiment, the signal line and the relay terminal can be
formed at the same time, therefore, the relay terminal can be
formed without increasing manufacturing process.

[0016] In the liquid crystal display panel according to the
embodiment, it is preferable that a connection portion
between the electrode operating as the common electrode in
the upper electrode and the lower electrode and the relay
terminal does not overlap with a connection portion between
the relay terminal and the common line in planar view.
[0017] In the liquid crystal display panel according to the
embodiment, the electrode operating as the common elec-
trode in the upper electrode and the lower electrode is elec-
trically connected to the common line through the contact
hole. As the connection portion between the electrode oper-
ating as the common electrode in the upper electrode and the
lower electrode and the relay terminal does not overlap with
the connection portion between the relay terminal and the
common line in planar view in the liquid crystal display panel
according to the embodiment, the thickness of the layer
through which the contact hole pierces is reduced, thereby
reducing the aperture area of the contact hole. Additionally, at
the connection portion for electrically connecting the relay
terminal to the common line, the area necessary for forming
the connection portion can be reduced. Accordingly, in the
liquid crystal display panel according to the embodiment, the
area necessary for forming the connection portion between
the electrode operating as the common electrode in the upper
electrode and the lower electrode and the relay terminal as
well as the connection portion between the relay terminal and
the common line is reduced, therefore, the reduction of the
aperture ratio due to these connection portions can be sup-
pressed.

[0018] Additionally, the liquid crystal display panel
according to the embodiment can be applied to the case in
which the connection portion between the electrode operating
as the common electrode in the upper electrode and the lower
electrode and the relay terminal overlaps with the connection
portion between the relay terminal and the common line in
planar view, however, when the overlapping area is partial,
the concave portion is formed on the common electrode side
at the overlapping area. As recovery failure is liable to occur
at the concave portion on the common electrode side, there is
the danger of breaking. In the liquid crystal display panel
according to the embodiment, the connection portion
between the electrode operating as the common electrode in
the upper electrode and the lower electrode does not overlap
with the connection portion between the relay terminal and
the common line in planar view, therefore, small concavity
and convexity are hardly occur on the common electrode side,
which leads to the reduction of breaking failure on the com-
mon electrode side.
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[0019] In the liquid crystal display panel according to the
embodiment, it is preferable that the common line is formed
s0 as to shield an opening of the contact hole at a position in
which the common line overlaps with the contact hole in
planar view.

[0020] Alignment failures of the liquid crystal molecules
occur at the opening of the contact hole. In the liquid crystal
display panel according to the embodiment, the area where
the alignment failures occur is not visible from the outside by
shielding the opening of the contact hole by the non-transpar-
ent common line, therefore, the liquid crystal display panel
having good display quality can be obtained.

[0021] In the liquid crystal display panel according to the
embodiment, it is preferable that the relay terminal is made of
an non-transparent material and formed so as to shield the
opening of the contact hole in planar view.

[0022] Alignment failures of the liquid crystal molecules
occur at the opening of the contact hole. In the liquid crystal
display panel according to the embodiment, the area where
the alignment failures occur is not visible from the outside by
shielding the opening of the contact hole by covering the
contact hole with the non-transparent relay terminal, there-
fore, the liquid crystal display panel having good display
quality can be obtained.

[0023] In the liquid crystal display panel according to the
embodiment, it is preferable that a first slit opening area and
a second slit opening area in which rotation directions of
liquid crystal molecules are reverse to each other are formed
on the upper electrode and the common line is formed at a
boundary between the first and the second slit opening areas.
[0024] Thedisclination is liable to occur at the boundary of
areas of the first and second slit openings in which rotation
directions of liquid crystal molecules are reverse to each
other. In the liquid crystal display panel according to the
embodiment, the area where such disclination is liable to
occur is shielded by the non-transparent common line, there-
fore, the area where the disclination is liable to occur is not
visible from the outside, thereby obtaining the liquid crystal
display panel having good display quality.

[0025] Additional features and advantages are described
herein, and will be apparent from the following Detailed
Description and the figures.

BRIEF DESCRIPTION OF THE FIGURES

[0026] FIG. 1A is a plan view showing the outline of a
liquid crystal display panel according to a first embodiment
and FIG. 1B is a cross-sectional view taken along the line
IB-IB of FIG. 1A;

[0027] FIG.2isa plan view showing the outline of an array
substrate of one sub-pixel according to the first embodiment;
[0028] FIG. 3isa cross-sectional view taken along the line
1I-111 of FIG. 2;

[0029] FIG. 4isa cross-sectional view taken along the line
IV-IV of FIG. 2;

[0030] FIG.5isa cross-sectional view taken along the line
V-V of FIG. 2;
[0031] FIG. 6A is a cross-sectional view taken along the

line VIA-VIA of the array substrate of FIG. 1A and FIG. 6B
is a cross-sectional view taken along the line VIB-VIB of the
array substrate of FIG. 1A,

[0032] FIG.7isaplanview showing the outline of the array
substrate of one sub-pixel according to a second embodiment;
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[0033] FIG. 8A is a cross-sectional view taken along the
line VIIIA-VIIIA of FIG. 7 and FIG. 8B is a cross-sectional
view taken along the line VITIB-VIIIB of FI1G. 7,

[0034] FIG. 9isaplanview showing the outline of the array
substrate of one sub-pixel according to a third embodiment;
[0035] FIG. 10A is a cross-sectional view taken along the
line XA-XA of FIG. 9 and FIG. 10B is a cross-sectional view
corresponding to FIG. 10A according to a fourth embodi-
ment; and

[0036] FIG. 11 is a plan view showing the outline of the
array substrate of one pixel according to a fifth embodiment.

DETAILED DESCRIPTION

[0037] The present application is described below in detail
with reference to the drawings according to an embodiment.
The detailed description is provided as follows:

[0038] In the description, “surface” of an array substrate
and a color filter substrate indicates a surface on which vari-
ous kinds of wiring is formed or a surface on a side opposite
to liquid crystal. In respective drawings used for explanation
in the specification, respective layers and respective members
are shown in different contraction scales to allow respective
layers and respective members to be sizes recognizable on the
drawings, which are not shown in proportion to actual sizes.

First Embodiment

[0039] A liquid crystal display panel 10A according to a
first embodiment will be explained with reference to FIGS.
1A, 1B to FIGS. 6A, 6B. In the liquid crystal display panel
10A, aliquid crystal layer LC is sandwiched between an array
substrate AR and a color filter substrate CF as shown in FIG.
3. The liquid crystal layer LC is sealed by a sealant SL so as
not to be leaked from between the array substrate AR and the
color filter substrate CF as shown in FIG. 1B, and the thick-
ness of the liquid crystal layer LC is maintained to be uniform
by columnar spacers (not shown). Polarizing plates (not
shown) are formed respectively at the back surface of the
array substrate AR and at the front surface of the color filter
substrate CF. From the back surface of the array substrate AR,
light is irradiated by a backlight (not shown) to the liquid
crystal display panel 10A. Though not shown, the liquid
crystal display panel 10A includes plural pixels aligned in the
row direction and the column direction in a display area DA,
and one pixel includes sub-pixels 11 (refer to FIG. 2) of, for
example, R (red), G (green) and B (blue), and the color of
each pixel is made by mixture of light of respective colors.
[0040] Each sub-pixel 11 formed on the array substrate AR
includes a scanning line 12 and a common line 13A made of
non-transparent metal such as aluminum or molybdenum
extending in a row direction as shown in FIG. 2, a signal line
14 made of non-transparent metal such as aluminum or
molybdenum extending in a column direction and a TFT
arranged near an intersection of the scanning line 12 and the
signal line 14.

[0041] As shown in FIG. 3 to FIGS. 6A, 6B, the array
substrate AR includes a first transparent substrate 15 made of
transparent glass, quartz, plastic and so on having insulating
performance as a base substance. The scanning line 12 and the
common line 13A are formed on the first transparent substrate
15 at the surface facing the liquid crystal layer LC. As shown
in FIG. 2, a gate electrode G is extended from the scanning
line 12 and a common connection portion 13Aq is extended
from the common line 13 A. A transparent gate insulating film
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16 made of silicon nitride or a silicon oxide is stacked so as to
cover the scanning line 12 and the gate electrode G. A semi-
conductor layer 17 made of amorphous silicon and polycrys-
tal silicon is formed on the gate insulating film 16 at a portion
where the semiconductor layer 17 overlaps with the gate
electrode Gin planerview. Also on the gate insulating film 16,
plural signal lines 14 made of metal such as aluminum or
molybdenum are formed in the column direction of FIG. 1A.
Each area sectioned by the scanning line 12 and the signal line
14 will be a sub-pixel area 11. A source electrode S is
extended from the signal line 14 and the source S partially
touches the surface of the semiconductor layer 17.

[0042] Furthermore, a drain electrode D made of the same
material as the signal line 14 and the source electrode S which
was made on the same process is provided over the gate
insulating film 16, and the drain electrode D 1s arranged near
the source electrode S and partially touches the surface of the
semiconductor layer 17. Three sub-pixels 11 of R (red), G
(green) and B (blue) constitute one pixel (not shown) having
an approximately square, therefore, the sub-pixel 11 dividing
the pixel into equally three is a rectangle whose short edge is
along the scanning line 12 and whose long edge is along the
signal line 14. The gate electrode G, the gate insulating film
16, the semiconductor layer 17, the source electrode S and a
drain electrode D constitute a TFT to be a switching element,
and the TFT is formed in each sub-pixel 11.

[0043] Additionally, atransparent passivation film 18 made
of, for example, silicon nitride and silicon oxide is stacked so
as to cover the signal line 14, the TFT and an exposed portion
of the gate insulating film 16. An interlayer resin film 19 made
of a transparent resin material such as photoresist is stacked
so as to cover the passivation film 18. An irregular surface of
the passivation film 18 due to the signal line 14, the TFT and
the gate insulating film 16 is planarized by the interlayer resin
film 19. Then, a lower electrode 20 made of a transparent
conducive material such as ITO (Indium Thin Oxide) or IZO
(Indium Zine Oxide) is formed so as to cover the interlayer
resin film 19. A first contact hole 21 reaching the drain elec-
trode D is formed so as to pierce through the interlayer insu-
lating film 19 and the passivation film 18, and the lower
electrode 20 and the drain electrode D are electrically con-
nected through the first contact hole 21. Therefore, the lower
electrode 20 operates as a pixel electrode.

[0044] A transparent inter-electrode insulating film 22
made of, for example, silicon nitride or silicon oxide is
stacked so as to cover the lower electrode 20. Then, an upper
electrode 23 made of a transparent conductive material such
as ITO or IZO is formed so as to cover the inter-electrode
insulating film 22. At a connection portion Al, a second
contact hole 24 A reaching to the common line 13 A is formed
so as to pierce through the inter-electrode insulating film 22,
the lower electrode 20, the interlayer resin film 19, the passi-
vation film 18 and the gate insulating film 16. The upper
electrode 23 and the common line 13A are electrically con-
nected through the second contact hole 24A. Therefore, the
upper electrode 23 operates as the common electrode.
[0045] As shown in FIG. 4, a width W2 of the common line
13 A at the connection portion Al in the row direction is wider
than the maximum width W1 of a concave portion of the
second contact hole 24A in the row direction in the display
area (W1<W2). As shown in FIG. 5, a width W4 of the
common line 13A of the connection portion A1 in the column
direction is wider than the maximum width W3 of the concave
portion of the second contact hole 24A in the column direc-
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tion in the display area (W3<W4). The common line 13A of
the connection portion A1 is formed so as to be wider than the
concave portion of the second contact hole 24 A in planar view
as described above, thereby shielding an alignment failure
portion of liquid crystal molecules due to the concave portion
of the second contact hole 24 A because the common line 13 A
of the connection portion Al is made of a metal material
having light shielding effect.

[0046] Plural slit openings 25A are formed in the upper
electrode 23 as shown in FIG. 2. The slit openings 25A are
formed in a manner in which a transparent conductive mate-
rial such as ITO or IZO is formed on the inter-electrode
insulating film 22 and a photoresist material applied on the
surface of the transparent conductive material is exposed and
developed, then, the transparent conductive material is
etched. Then, a first alignment layer (not shown) made of, for
example, polyimide is stacked so as to cover the surface of the
upper electrode 23 and the slit openings 25A. The rubbing
processing is performed to the first alignment film, for
example, in the right direction of FIG. 2, namely, in a direc-
tion parallel to the scanning line 12. The rubbing processing
is performed by rubbing the alignment film by rubbing cloth
having minute fibers to form many minute grooves along one
direction on the alignment film. The direction of rubbing
processing is slanted at a given angle « with respect to the
extending direction of the slit openings 25A, thereby rotating
the liquid crystal molecules in one direction. The angle o
differs according to various conditions, and it is preferable to
be selected so as to be three to fifteen degrees.

[0047] Thecolor filter substrate CF includes a second trans-
parent substrate 27 made of transparent glass, quartz, plastic
and so on having insulating performance as a base substance
as FIG. 3 and FIG. 5. On the surface of the second transparent
substrate 27, a light shielding layer 28 made of metal or resin
having light shielding effectis formed at positions opposite to
the scanning line 12, the common line 13A, the connection
portion Al, the signal line 14 and the TFT of the array sub-
strate AR and a color filter layer 29 transmitting light of colors
(forexample, R, B, and G, or achroma) different according to
each sub-pixel 11 is formed.

[0048] Furthermore, an overcoat layer 30 made of a trans-
parent resin material such as photoresist is stacked so as to
cover the light shielding layer 28 and the color filter layer 29.
The overcoat layer 30 is formed for planarizing level differ-
ences by the color filter layers 29 having different colors as
well as shielding the liquid crystal layer LC from impurities
flowing from the light shielding layer 28 and the color filter
layer 29. Additionally, a second alignment film (not shown)
made of, for example, polyimide is formed so as to cover the
overcoat layer 30. The rubbing processing in the direction
reverse to the first alignment layer is performed to the second
alignment layer. The array substrate AR and the color filter
substrate CF formed in the above manner are allowed to face
each other, the both substrates are bonded by providing the
sealant SL (refer to FIG. 1B) at the circumference of both
substrates and liquid crystal with homogeneous alignment is
filled between both substrates to thereby obtain the liquid
crystal display panel 10A according to the embodiment. The
distance between the array substrate AR and the color filter
substrate CF is maintained to be fixed by columnar spacers
(not shown) formed on any of both substrates.

[0049] According to the above structure, when the TFT is
turned on at each sub-pixel 11, an electric field is generated
between the lower substrate 20 and the upper substrate 23 to
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change the alignment of liquid crystal molecules in the liquid
crystal layer LC. Accordingly. the light transmittance of the
liquid crystallayer [.C is changed and images are displayed in
the FFS mode. An area in which the lower electrode 20 faces
the upper electrode 23 sandwiching the inter-electrode insu-
lating film 22 forms an auxiliary capacitor, in which the
electric field between the lower electrode 20 and the upper
electrode 23 is held for a given period of time when the TFT
is turned off.

[0050] Next, wiring of the upper electrode 23 and the com-
mon line 13 A in a non-display area in FIG. 1A (an area other
than the display area DA shown in FIG. 1A) will be explained
with reference to FIGS. 6A, 6B. In the non-display area, a
driver terminal portion 31 having plural terminals to which a
driver IC (not shown) is connected, a flexible printed board
terminal portion 32 having plural terminal to which a flexible
printed board (not shown) connected to an external controller
is connected, a first wiring portion 33 in which respective
wiring for leading the scanning line 12, the common line 13A
and the signal line 14 to the driver terminal portion 31 and the
flexible printed board terminal portion 32 is formed and a
second wiring portion 34 in which wiring for leading the
upper electrode 23 to the driver terminal portion 31 and the
flexible printed board terminal portion 32 is formed.

[0051] Theupper electrode 23 formed over all sub-pixels in
the display area DA and operates as the common electrode is
connected to a common wiring line COM in the second wit-
ing portion 34 through a contact hole 37 formed so as to pierce
through the inter-electrode insulating film 22, the interlayer
resin film 19, the passivation film 18 and the gate insulating
film 16 as shown in FIG. 6A. It is also preferable that the
interlayer resin film 19 is not formed in the non-display area
and the contact hole is formed so as to pierce through the
inter-electrode insulating film 22, the passivation film 18 and
the gate insulating film 16 to connect the upper electrode 23 to
the common wiring line COM in the second wiring portion
34.

[0052] As shown in FIG. 6B, the common line 13A is
connected to a bridge electrode 40 made of the same material
as the signal line 14 through a contact hole 38 formed in the
gate insulating film 16 positioned on the scanning line 12. The
bridge electrode 40 is connected to the common wiring line
COM through a contact hole 39 formed in the gate insulating
film 16 positioned on the common wiring line COM. There-
fore, the common line 13A is in a state of being connected to
the common wiring line COM of the second wiring portion 34
by the bridge electrode 40 in a state of being electrically
insulated from a wiring 41 of the scanning line 12.

[0053] As described above, the upper electrode 23 operat-
ing as the common electrode of the embodiment is not only
connected to the common wiring line COM in the non-dis-
play area but also connected to the common wiring line COM
in the display area DA by the common line 13A made of a
material having low resistance including metal such as alu-
minum or molybdenum, therefore, the resistance will be low.
Accordingly, it becomes possible to reduce characteristic fail-
ures such as flickers and crosstalk due to the high resistance of
the common electrode in related art even in the middle sized
to the large sized FFS-mode liquid crystal display devices.

Second Embodiment

[0054] Next, aliquid crystal display panel 10B according to
a second embodiment will be explained with reference to
FIG. 7 and FIGS. 8A, 8B. In the liquid crystal display panel
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10B of the second embodiment, the same reference numerals
are given to portions having the same structure as the liquid
crystal display panel 10A of the first embodiment, in which a
subscript of the reference numerals is changed to “B” and the
detailed description thereof is omitted. The liquid crystal
display panel 10B of the second embodiment differs from the
liquid crystal display panel 10A of the first embodiment
mainly in the shape of slit openings 25B and arrangement of
a common line 13B.

[0055] In the liquid crystal display panel 10B according to
the second embodiment, plural slit openings 25B having a
dog-leg shape extending along the extending direction of the
signal line 14 are formed in the upper electrode 23 at equal
intervals as shownin FIG. 7. As the sub-pixel 11 is longer than
is wide, the number of slit openings at both ends is increased
when the slit openings are extended in the horizontal direc-
tion. The edge portions of the slit openings will be abnormal
alignment areas of liquid crystal molecules, which may lead
to the reduction of aperture ratio. Accordingly, in the liquid
crystal display panel 10B according to the second embodi-
ment, the extending direction of the slit openings 25B is
allowed to be the vertical direction, thereby reducing the
number of the edge portions of the slit openings 25B to reduce
the reduction of aperture ratio.

[0056] Inthis case, the direction of rubbing processing is in
the column direction which is the same as the extending
direction of the signal line 14. The extending directions of the
slit openings 25B having the dog-leg shape are slanted by +5
degrees as well as -5 degrees with respect to the direction of
rubbing processing. When all slit openings 25B are allowed to
be slanted only in any one of the clockwise direction and the
counterclockwise direction with respect to the direction of
rubbing processing, the liquid crystal molecules will be
twisted in one direction, therefore, a phenomenon in which
the color changes according to the viewing angle direction
appears. The phenomenon is caused because apparent retar-
dation of liquid crystal molecules is changed according to the
viewing direction. In order to reduce the phenomenon, the
liquid crystal display panel 10B of the second embodiment
has a domain in which the extending direction of the slit
openings 25B is slanted at +5 degrees and a domain in which
the direction is slanted at -5 degrees with respect to the
clockwise direction. In this case, the example in which the
signal line 14 has also the dog-leg shape along the slit open-
ings 25B is shown, however, the signal line 14 may be a
straight line.

[0057] As shown in FIG. 7, the common line 13B of the
liquid crystal display panel 10B of the second embodiment is
formed at a bending portion of the slit opening 25B. Accord-
ingly, a second contact hole 24B for connecting the common
line 13B to the upper electrode 23 is also formed at the
bending portion of the slit openings 25B. According to the
structure, disclination generated at a boundary between areas
of two kinds of slit openings in which rotation directions of
liquid crystal molecules are different from each other can be
shielded by the non-transparent common line 13B.

[0058] As shown FIGS. 8A, 8B, in the second contact hole
24B, a relay terminal 35B made of metal such as aluminum or
molybdenum is formed so as to overlap with the common line
13B in planar view in the same process as the source electrode
S. In the second contact hole 24B of the second embodiment,
the relay terminal 35B is electrically connected to the com-
mon line 13B at a connection portion A2 on the lower layer
side so as to pierce through the gate insulating film 16 as well
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as the upper electrode 23 is electrically connected to the relay
terminal 35B at a connection portion B2 on the upper layer
side so as to pierce through the insulating film for electrodes
22, the lower electrode 20, the interlayer resin film 19 and the
passivation film 18.

[0059] The connection portion A2 and the connection por-
tion B2 overlap with each other in planar view. Generally, a
sidewall surface of the contact hole is not vertical and slanted,
therefore, the deeper the depth of the contact hole is, the larger
the size of the contact hole becomes, which leads to the
reduction of aperture ratio. However, the contact hole is made
to have two tiers by providing with the relay terminal 35B as
in the liquid crystal display panel 10B of the second embodi-
ment, thereby reducing the reduction of aperture ratio by the
second contact hole 24B. Particularly, when the contact hole
24B pierces through the interlayer resin film 19 which is a
thick film, the effect of reducing the width of the contact hole
24B is prominently presented. It is also preferable that plural
relay terminals 35B are provided to increase the number of
tiers of the relay terminals 35B.

[0060] Inthe liquid crystal display panel 10B ofthe second
embodiment, a width W6 of the common line 13B in the row
direction and a width W7 of the relay terminal 35B are wider
than the maximum width W5 of a concave portion of the
second contact hole 24B in the row direction in the display
area (W5<W6, W5<W7) as shown in F1G. 8A. Furthermore,
a width W9 of the common line 13B in the column direction
and a width W10 of the relay terminal 35B are wider than the
maximum width W8 of a concave portion of the second
contact hole 24B in the column direction in the display area
(W8<W9, W8<W10) as shown in FIG. 8B.

[0061] As described above, the liquid crystal display panel
10B of the second embodiment is configured so that the
non-transparent area in which the common line 13B overlaps
with the relay terminal 35B covers the concave portion of the
second contact hole 24B in planar view, thereby shielding the
area where alignment failures due to the concave portion of
the second contact hole 24B occur. Additionally, disclination
generated at the boundary of areas between two kinds of slit
openings in which rotation directions of liquid crystal mol-
ecules are different from each other can be shielded by the
broad and non-transparent common line 13B and the relay
terminal 35B. Also in the liquid crystal display panel 10B of
the second embodiment, the connection state between the
upper electrode 23 and the common wiring line COM in the
non-display area and the connection state between the com-
mon line 13B and the common wiring line COM are the same
as in the case of the liquid crystal display panel 10A of the first
embodiment.

Third Embodiment

[0062] Next, aliquid crystal display panel 10C according to
a third embodiment will be explained with reference to FIG.
9 and FIG. 10A. In the liquid crystal display panel 10C of the
third embodiment, the same reference numerals are given to
portions having the same structure as the liquid crystal dis-
play panel 10B of the second embodiment, in which a sub-
script of the reference numerals is changed to “C” and the
detailed description thereof is omitted. The liquid crystal
display panel 10C of the third embodiment differs from the
liquid crystal display panel 10B of the second embodiment
mainly in portions of slit openings 25C and a second contact
hole 24C.
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[0063] As shown in FIG. 9, the direction of rubbing pro-
cessing of the liquid crystal display panel 10C of the third
embodiment is in the extending direction of the scanning line
12 (row direction). The extending direction of the slit open-
ings 25C at the upper side sub-pixels are slanted at -5 degrees
in the clockwise direction with respect to the direction of
rubbing processing, and the extending direction of the slit
openings 25C at the lower side sub-pixels is slanted at +5
degrees in the clockwise direction with respect to the direc-
tion of rubbing processing. There are two areas in which the
rotation directions of liquid crystal molecules are different in
sub-pixels at the upper side and the lower side. A common
line 13C of the liquid crystal display panel 10C of the third
embodiment is provided at the boundary between the two
areas in which the rotation directions of liquid crystal mol-
ecules are different from each other. According to this, in the
liquid crystal display panel 10C of the third embodiment,
disclination generated at the boundary of areas between two
kinds of slit openings in which rotation directions of liquid
crystal molecules are different from each other can be
shielded by the non-transparent common line 13C.

[0064] As shown in FIG. 10A, in the liquid crystal display
panel 10C of the third embodiment, a relay terminal 35C
made of non-transparent metal such as aluminum or molyb-
denum is formed so as to overlap with the common line 13C
in planar view in the same process as the source electrode S in
the same manner as the semiconductor device panel 10B of
the second embodiment. In the second contact hole 24C of the
third embodiment, the relay terminal 35C is electrically con-
nected to the common line 13C at a connection portion A3 on
the lower layer side by piercing through the gate insulating
film 16 as well as the upper electrode 23 is electrically con-
nected to the relay terminal 35C at a connection portion B3 on
the upper layer side by piercing through the inter-electrode
insulating film 22, the lower electrode 20, the interlayer resin
film 19 and the passivation film 18. Here, the connection
portion A2 and the connection portion B2 of the second
embodiment overlap with each other in planar view, however,
the third embodiment is different from the second embodi-
ment in a point that the connection portion A3 does not
overlap with the connection portion B3 in planar view. The
liquid crystal display panel 10C of the third embodiment has
the advantage of reducing the reduction of the aperture ratio
by the second contact hole 24C in the same manner as the
liquid crystal display panel 10B of the second embodiment.

[0065] As shown in FIG. 10A, the liquid crystal display
panel 10C of the third embodiment is configured so that the
non-transparent area in which the common line 13C overlaps
with the relay terminal 35C covers the concave portion of the
second contact hole 24C in planar view, thereby shielding the
area where alignment failures due to the concave portion of
the second contact hole 24C occur in the same manner as the
liquid crystal display panel 10B of the second embodiment.
Additionally, an area of disclination generated at the bound-
ary between areas of two kinds of slit openings in which
rotation directions of liquid crystal molecules are different
from each other can be shielded by the non-transparent area in
which the common line 13C overlaps with and the relay
terminal 35C. Also in the liquid crystal display panel 10C of
the third embodiment, the connection state between the upper
electrode 23 and the common wiring line COM in the non-
contact area and the connection state between the common
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line 13B and the common wiring line COM are the same as in
the case of the liquid crystal display panel 10A of the first
embodiment.

Fourth Embodiment

[0066] Next,aliquid crystal display panel 10D according to
a fourth embodiment will be explained with reference to FIG.
10B. In the liquid crystal display panel 10D of the fourth
embodiment, the same reference numerals are given to por-
tions having the same structure as the liquid crystal display
panel 10C of the third embodiment, in which a subscript of
the reference numerals is changed to “D” and the detailed
description thereof is omitted. The liquid crystal display
panel 10D of the fourth embodiment differs from the liquid
crystal display panel 10C of the third embodiment mainly in
positional relation of a connection portion B4 on the upper
layer side and a connection portion A4 on the lower layer side.
[0067] As shown in FIG. 10B, in the liquid crystal display
panel 10D of the fourth embodiment, positions of the con-
nection portion A4 and the connection portion B4 are shifted
while partially overlapping each other in planar view. The
liquid crystal display panel 10D of the fourth embodiment
having the above structure also has the advantage of reducing
the reduction of aperture ratio due to a second contact hole
24D and the advantage of shielding the area of disclination
generated at the boundary between areas of two kinds of slit
openings in which rotation directions of liquid crystal mol-
ecules are different from each other in the same manner as the
liquid crystal display (panel) 10C of the third embodiment. As
shown in FIG. 10B, in the liquid crystal display (panel) 10D
of the fourth embodiment, the connection portion A4 on the
lower side partially overlaps with a side surface of the con-
nection portion B4 on the upper side in planar view, a concave
portion is formed at the bottom of the connection portion B4
on the upper side. At the concave portion, the film disconti-
nuity in the upper electrode 23 is liable to occur. In the case of
the liquid crystal display panel 10C of the third embodiment
in which the connection portion A3 on the lower side does not
overlap with the connection portion B3 on the upper layer
side, the concave portion is not formed at the bottom of the
connection portion B3 on the upper side, therefore, the film
discontinuity hardly occur.

Fifth Embodiment

[0068] Next, aliquid crystal display panel 10E according to
a fifth embodiment will be explained with reference to FIG.
11. In the liquid crystal display panel 10E of the fifth embodi-
ment, the same reference numerals are given to portions hav-
ing the same structure as the liquid crystal display panel 10C
of the third embodiment, in which a subscript of the reference
numerals is changed to “E” and the detailed description of the
portion is omitted. The liquid crystal display panel 10E of the
fifth embodiment differs from the liquid crystal display panel
10C of the third embodiment mainly in the shape of slit
openings 25E.

[0069] As shown in FIG. 11, the slit openings 25E of the
liquid crystal display panel 10E are formed to be a reverse
V-shape obtained by rotating the dog-leg shape by 90 degrees.
Therefore, the direction of rubbing processing will be the
extending direction of the scanning line 12 (row direction). A
second contact hole 24E is formed in the vicinity of a bending
portion of the slit opening 25E having the reverse V-shape (a
position “E” in FIG. 11). Accordingly, the area of disclination

Mar. 3, 2011

generated at the boundary between areas of two kinds of slit
openings in which rotation directions of liquid crystal mol-
ecules are different from each other can be shielded by the
non-transparent area in which the common line 13E overlaps
with the relay terminal 35E in the same manner as in the liquid
crystal display panel 10C of the third embodiment.

[0070] In the above embodiments, the upper electrode
operates as the common electrode, however, the application
can be applied also to a liquid crystal display panel in which
the lower electrode operates as the common electrode
because the common electrode can be formed over all sub-
pixels in the display area also in the liquid crystal display
panel in which the lower electrode operates as the common
electrode as shown in FIGS. 7 and 8 in Patent Document 2
described above. The second contact hole for connecting the
common electrode to the common line in the display area DA
may be provided all sub-pixels in the display area or may be
provided some of sub-pixels. The relay terminal which
divides the second contact hole is formed in the same process
as the source electrode to prevent the increase of man-hours in
the embodiments, however, it is not limited to this and the
relay terminal may be formed in a different process from the
source electrode. It is also preferable that plural relay termi-
nals are provided and the second contact hole can be divided
into contact holes of three tiers or more.

[0071] It should be understood that various changes and
modifications to the presently preferred embodiments
described herein will be apparent to those skilled in the art.
Such changes and modifications can be made without depart-
ing from the spirit and scope and without diminishing its
intended advantages. It is therefore intended that such
changes and modifications be covered by the appended
claims.

The application is claimed as follows:

1. A liquid crystal display panel comprising:

a pair of substrates arranged opposite to each other with a
liquid crystal layer sandwiched therebetween,

one of the pair of substrates including

plural scanning lines and signal lines arranged in a matrix
state in a display area,

a common wiring line formed along a peripheral edge
portion of the display area,

an interlayer resin film formed at least over the whole
display area, and

a lower electrode and an upper electrode made of a trans-
parent conductive material arranged opposite to each
other with an inter-electrode insulating film sandwiched
therebetween,

wherein the upper electrode includes plural slits formed in
each pixel area sectioned by the scanning line and the
signal line in the display area in planar view,

one of the upper electrode and the lower electrode is
formed over the whole surface of the display area as well
as electrically connected to the common wiring line and
operates as a common electrode,

in the display area, a common line is formed in parallel to
the scanning line and the electrode operating as the
common electrode in the upper electrode and the lower
electrode is electrically connected to the common line
through a contact hole as well as the common line is
electrically connected to the common wiring line at the
peripheral edge portion of the display area.

2. The liquid crystal display panel according to claim 1,

further comprising:



US 2011/0050551 A1

at least one relay terminal formed between the common
line and the common electrode at a position where the
relay terminal overlaps with the contact hole,

wherein the electrode operating as the common electrode
in the upper electrode and the lower electrode is electri-
cally connected to the relay terminal to be electrically
connected to the common line through the relay termi-
nal.

3. The liquid crystal display panel according to claim 2,

wherein the relay terminal is formed in the same layer as
the signal line.

4. The liquid crystal display panel according to claim 2,

wherein a connection portion between the electrode oper-
ating as the common electrode in the upper electrode and
the lower electrode and the relay terminal does not over-
lap with a connection portion between the relay terminal
and the common line in planar view.
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5. The liquid crystal display panel according to claim 1,

wherein the common line is formed so as to shield an
opening of the contact hole at a position in which the
common line overlaps with the contact hole in planar
view.

6. The liquid crystal display panel according to claim 2,

wherein the relay terminal is made of an non-transparent
material and formed so as to shield the opening of the
contact hole in planar view.

7. The liquid crystal display panel according to claim 1,

wherein a first slit opening area and a second slit opening
area in which rotation directions of liquid crystal mol-
ecules are reverse to each other are formed on the upper
electrode, and

the common line is formed at a boundary between the first
and the second slit opening areas.

*® ok ok k%
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