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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 2009-222094 filed in the Japan
Patent Office on Sep. 28, 2009, the entire content of which is
hereby incorporated by reference.

BACKGROUND

[0002] The present application relates to liquid crystal dis-
play panels of the transverse electric field system, and par-
ticularly to liquid crystal display panels of the in-plane
switching (IPS) mode and the fringe field switching (FFS)
mode in which the surface of the array substrate is planarized
and the occurrence of a burn-in phenomenon, displaying
unevenness, and flicker is suppressed.

[0003] The liquid crystal display panel has features of
lighter weight, smaller thickness, and lower power consump-
tion compared with the cathode ray tube (CRT) and therefore
is used as a display unit in many pieces of electronic appara-
tus. The liquid crystal display panel is to display an image by
changing the orientation of liquid crystal molecules aligned
along a predetermined direction by an electric field to thereby
change the amount of light passing through the liquid crystal
layer.

[0004] The method for applying the electric field to the
liquid crystal layer of the liquid crystal display panel includes
a method of the vertical electric field system and a method of
the transverse electric field system. In the liquid crystal dis-
play panel ofthe vertical electric field system, an electric field
along substantially the vertical direction is applied to liquid
crystal molecules by a pair of electrodes sandwiching the
liquid crystal layer. As the liquid crystal display panel of this
vertical electric field system, liquid crystal display panels of
the twisted nematic (TN) mode, the vertical alignment (VA)
mode, the multi-domain vertical alignment (MVA) mode, the
electrically controlled birefringence (ECB) mode, etc. are
known.

[0005] In the liquid crystal display panel of the transverse
electric field system, a pair of electrodes insulated from each
other are provided on the internal surface side of one of a pair
of substrates sandwiching the liquid crystal layer, and an
electric field along substantially the lateral direction is
applied to liquid crystal molecules. As the liquid crystal dis-
play panel of this transverse electric field system, a liquid
crystal display panel of the IPS mode, in which the pair of
electrodes do not overlap with each other in plan view, and a
liquid crystal display panel of the FFS mode, in which the pair
of electrodes overlap with each other in plan view, are known.
The liquid crystal display panel of the transverse electric field
system is increasingly used in recent years because it has an
advantage that a wide viewing angle can be obtained.

[0006] As the IPS-mode liquid crystal display panel, a lig-
uid crystal display panel in which the pair of electrodes are
formed on the same layer is known as shown in Japanese
Patent Laid-open No. 2005-084180 (Patent Document 1). In
addition, a liquid crystal display panel in which an inter-
electrode insulating film is formed between the pair of elec-
trodes is known as shown in Japanese Patent Laid-open No.
2008-164958 (Patent Document 2). In both of the IPS-mode
liquid crystal display panels, the pair of electrodes are formed
into a comb-teeth shape and do not overlap with each other in
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plan view. Thus, both IPS-mode liquid crystal display panels
have problems that the liquid crystal molecules located over
the pixel electrode are not sufficiently driven and the aperture
ratio and the transmittance are low.

[0007] On the other hand, as shown in Japanese Patent
Laid-open No. 2009-036800, Japanese Patent Laid-open No.
2008-268841, and Japanese Patent Laid-open No. 2008-
180928 (Patent Documents 3, 4, and 5, respectively), there
have been developed FFS-mode liquid crystal display panels
in which the pair of electrodes overlap with each other in plan
view and slit apertures are provided in the upper electrode. In
the FFS-mode liquid crystal display panel disclosed in Patent
Document 3, the lower electrode is formed in the same layer
as that of the scan line. Therefore, although a gate insulating
film and a passivation film exist between the upper electrode
and the lower electrode, there is a problem that the scan line
and the upper electrode working as the pixel electrode are
close to each other and thus an unnecessary electric field
arises because both of the gate insulating film and the passi-
vation film are a thin film. Furthermore, because the lower
electrode working as the common electrode is so formed as to
be separated for each pixel, wiring for the common electrode
for each pixel is ensured by forming an opaque common line
in parallel to the scan line and in the same layer as that of the
scan line in such a way that part of the lower electrode over-
laps with this common line. Therefore, there are problems
that the aperture ratio is lowered and that a step is generated in
the upper electrode at the position overlapping with the com-
mon line in plan view attributed to the overlapping of the
common electrode with the common line and the alignment
of liquid crystal molecules is disturbed at this step part.
[0008] In contrast, Patent Documents 4 and 5 disclose
applications of FFS-mode liquid crystal display panels in
which the layer over the thin film transistor (TFT) is pla-
narized and an interlayer insulating film to separate the scan
line from the pixel electrode is formed. In the FFS-mode
liquid crystal display panels disclosed in Patent Documents 4
and 5, the common electrode is formed across all the pixels in
the display area and this common electrode is connected to
the common line in the peripheral part of the display area.
Thus, the opaque common line for interconnecting the com-
mon electrodes is not formed for the pixels. Therefore, the
FFS-mode liquid crystal display panels disclosed in Patent
Documents 4 and 5 have features of higher aperture ratio and
higher contrast compared with the FFS-mode liquid crystal
display panel disclosed in Patent Documents 3.

[0009] Japanese Patent Laid-open No. 2008-096469
(Patent Document 6) also discloses the related art of the
present application.

SUMMARY

[0010] Inboth of the IPS-mode and FFS-mode liquid crys-
tal display panels of the transverse electric field system, the
surface on which an alignment film is formed is in an uneven
state due to the electrode having a comb-teeth shape or the slit
aperture of the upper electrode. The surface state of the array
substrate of the FFS-mode liquid crystal display panels dis-
closed in Patent Documents 4 and 5 will be described below
with use of FIGS. 6 A to 6C. FIG. 6A is a schematic sectional
view showing the uneven state of the alignment film in the
array substrate of the FFS-mode liquid crystal display panel.
FIG. 6B is a diagram showing the formation state of the lines
of electric force in the structure of FIG. 6A. FIG. 6C is an
explanatory diagram of the path of the lines of the electric
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force in FIG. 6B. In FIGS. 6 A and 6B, only the structure of the
lower electrode, the inter-electrode insulating film, the upper
electrode, and the alignment film is shown.

[0011] In an array substrate 50 of this FFS-mode liquid
crystal display panel, an inter-electrode insulating film 53 is
formed between a lower electrode 51 and an upper electrode
52. In the upper electrode 52, plural slit apertures 54 are
formed. When a voltage is applied between the lower elec-
trode 51 and the upper electrode 52, an electric field is formed
through the slit apertures 54 as shown in FIG. 6B. An align-
ment film 55 is so formed as to cover the upper electrode 52
and the inter-electrode insulating film 53 exposed at the bot-
toms of the slit apertures 54. The surface on which this align-
ment film 55 is formed is in an uneven state due to the
existence of the slit apertures 54.

[0012] Because the alignment film 55 is formed by coating
from the surface side of the upper electrode 52, such an
uneven state causes a difference between the film thickness t1
of the recessed part due to the slit aperture 54 and the film
thickness t2 of the projecting part due to the upper electrode
52. In the liquid crystal display panels disclosed in Patent
Documents 4 and 5, the upper electrode 52 works as the
common electrode and is formed across the pixels in the
entire display area, and therefore a common line is not formed
among the pixels. Therefore, it is desired to increase the film
thickness of the upper electrode 52 working as the common
electrode in order to prevent the upper electrode 52 from
having high resistance.

[0013] However, when the film thickness of the upper elec-
trode 52 is larger, the difference between the film thickness t1
of the recessed part of the alignment film 55 and the film
thickness t2 of the projecting part thereof is larger. Further-
more, if the film thickness of the upper electrode 52 is
increased, the thickness of the alignment film needs to be
increased in order to cover the upper electrode 52. Thus,
coating unevenness of the film thickness of the alignment film
readily occurs, and as a result displaying unevenness readily
occurs. In order to reduce nonuniformity of rubbing due to the
step part of irregularity, provision of slope part B for the upper
electrode 52 on the side of the slit aperture 54 is also
attempted as shown in FIG. 6A. However, the nonuniformity
of rubbing at part A of the alignment film 55 on slope part B
of the upper electrode 52 is not completely eliminated
although being reduced. Furthermore, part A of the alignment
film 55 on slope part B of the upper electrode 52 involves also
aproblem that failure in the coverage of the alignment film 55
readily occurs. Such phenomena occur similarly also in the
IPS-mode liquid crystal display panels.

[0014] Moreover, in the FFS-mode liquid crystal display
panel, because the inter-electrode insulating film 53 is formed
between the lower electrode 51 and the upper electrode 52,
the path of the electric field formed between the lower elec-
trode 51 and the upper electrode 52 is in the following order
as shown in FIG. 6C: upper electrode 52<——alignment film
55<——liquid crystal layer LCe<——alignment film
55<——insulating layer (inter-electrode insulating film
53)<——lower electrode 51. As just described, the path of the
electric field from the viewpoint of the liquid crystal layer LC
is asymmetric because an insulating layer (inter-electrode
insulating film 53) exists between the liquid crystal layer LC
and the lower electrode 51 but an insulating layer does not
exist between the liquid crystal layer LC and the upper elec-
trode 52. Thus, in the FFS-mode liquid crystal display panel
of the related art, a bias of the accumulated charge in the
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alignment film occurs and burn-in in a short time and the drift
of the optimum common electrode potential Vcom occur, so
that flicker occurs in the energized state.

[0015] Thereis aneed for the present application to provide
a liquid crystal display panel of a transverse electric field
system in which the surface on which an alignment film is
formed is prevented from being in an uneven state due to an
electrode having a comb-teeth shape or a slit aperture formed
in an upper electrode and problems of displaying unevenness,
flicker, and contrast lowering attributed to the irregularity are
solved.

[0016] According to an embodiment, there is provided a
liquid crystal display panel of a transverse electric field sys-
tem. The liquid crystal display panel includes a liquid crystal
layer and a pair of substrates configured to be so disposed as
to be opposed to each other and sandwich the liquid crystal
layer. A first electrode and a second electrode for applying an
electric field to the liquid crystal layer and an alignment film
are formed in a plurality of pixel areas that form a display area
in one of the pair of substrates. A planarization insulating film
is formed on the surface of at least one of the first electrode
and the second electrode and across the entire surface of the
pixel areas. The alignment film is formed on the surface of the
planarization insulating film.

[0017] In the liquid crystal display panel according to the
embodiment, the alignment film is formed on the planariza-
tion insulating film formed on the surface of at least one of the
first electrode and the second electrode and across the entire
surface of the display area, and therefore the surface of the
alignment film is flat. Therefore, the liquid crystal display
panel according to the embodiment allows elimination of the
following problems arising in the array substrate of the
related-art liquid crystal display panels of the transverse elec-
tric field system: difference in the film thickness of the align-
ment film attributed to irregularity due to the electrode closer
to the liquid crystal layer; failure in formation of the align-
ment film at the slope part of the step of the electrode; coating
unevenness of the alignment film attributed to the step of the
electrode; nonuniformity of rubbing treatment due to irregu-
larity of the alignment film; and so forth. Thus, a liquid crystal
display panel having a favorable display quality is achieved.
[0018] In the liquid crystal display panel according to the
embodiment, it is preferable that an inter-electrode insulating
film be formed between the first electrode and the second
electrode.

[0019] If the inter-electrode insulating film is formed
between the first electrode and the second electrode like in
part of the IPS-mode liquid crystal display panels and the
FFS-mode liquid crystal display panels as the related-art lig-
uid crystal display panels of the transverse electric field sys-
tem, the path of the electric field between the first electrode
and the second electrode (when the first electrode is defined as
the electrode closer to the liquid crystal layer) is in the fol-
lowing order: first electrode<——alignment film<——=liquid
crystal layer<——alignment film<——insulating
layer<——second electrode. Thus, the path of the electric field
is asymmetric about the liquid crystal layer. Therefore, in the
related-art liquid crystal display panels, a bias of the accumu-
lated charge in the alignment film readily occurs and burn-in
in a short time and the drift of the optimum common electrode
potential Vcom readily occur, so that flicker readily occurs in
the energized state.

[0020] However, in the liquid crystal display panel accord-
ing to the embodiment, the planarization insulating film is
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disposed between the alignment film and the first electrode,
and thus the path of the electric field between the first elec-
trode and the second electrode is in the following order: first
electrode<——=insulating layer<——alignment film<——liquid
crystal layer<——alignment film<——insulating
layer«<——second electrode. That is, the path of the electric
field is symmetric about the liquid crystal layer. Therefore, in
the liquid crystal display panel according to the embodiment,
a bias of the accumulated charge in the alignment film occurs
less readily and thus burn-in in a short time and the drift of the
optimum common electrode potential Vcom occur less
readily, so that a liquid crystal display panel having a more
favorable display quality is achieved.

[0021] The liquid crystal display panel according to the
embodiment may have the following configuration. Specifi-
cally, the first electrode and the second electrode overlap with
each other in plan view. An aperture is formed in the electrode
closer to the liquid crystal layer, of the first electrode and the
second electrode, for each of the plurality of pixel areas. The
planarization insulating film is formed on the electrode closer
to the liquid crystal layer, of the first electrode and the second
electrode, and on the aperture, and the surface of the align-
ment film is planarized.

[0022] In the liquid crystal display panel according to the
embodiment, the electrode closer to the liquid crystal layer, of
the first electrode and the second electrode, works as either
the pixel electrode or the common electrode. Even when the
thickness of the electrode closer to the liquid crystal layer is
increased, the alignment film can be planarized because of the
existence of the planarization insulating film. Therefore, the
liquid crystal display panel according to the embodiment is
free from the limit to the film thickness of the electrode closer
to the liquid crystal layer, of the first electrode and the second
electrode, arising in the related arts due to trade-off problems
such as displaying unevenness attributed to increase in the
thickness of the alignment film and the restriction that the film
thickness step of the upper electrode must be covered by the
alignment film. Thus, for example, if the electrode closer to
the liquid crystal layer is made to work as the common elec-
trode formed across the entire surface of the display area, the
resistance of the electrode can be decreased by arbitrarily
selecting the film thickness of the electrode. Furthermore, the
drift of the optimum common electrode potential Vcom,
which occurs due to difference in the film thickness of the
alignment film attributed to irregularity of the electrode closer
to the liquid crystal layer, also occurs less readily. Because of
these synergy effects, an FFS-mode liquid crystal display
panel having a favorable display quality is achieved.

[0023] The liquid crystal display panel according to the
embodiment may have the following configuration. Specifi-
cally, the first electrode and the second electrode do not
overlap with each other in plan view. The planarization insu-
lating film is formed over the first electrode and the second
electrode, and the surface of the alignment film is planarized.

[0024] The liquid crystal display panel according to the
embodiment allows achievement of an IPS-mode liquid crys-
tal display panel that can provide the above-described effects.
Specifically, the problem of the drift of the optimum common
electrode potential Vcom and coating unevenness of the
alignment film attributed to irregularity of the electrode closer
to the liquid crystal layer are solved.

Mar. 31, 2011

[0025] In the liquid crystal display panel according to the
embodiment, it is preferable that the planarization insulating
film be composed of an acrylic-based or polysiloxane-based
resin material.

[0026] Ifafilm composed of an acrylic-based or polysilox-
ane-based resin material is employed as the planarization
insulating film, the planarization insulating film can be
formed by using the same material as that of other films in the
liquid crystal display panel, such as the interlayer insulating
film in the array substrate and the overcoat layer formed in the
color filter substrate. Therefore, the liquid crystal display
panel according to the embodiment is free from the need to
separately prepare the material for forming the planarization
insulating film.

[0027] In the liquid crystal display panel according to the
embodiment, it is preferable that the film thickness of the
planarization insulating film be at least 0.05 pm and at most
0.5 um on the surface of at least one of the first electrode and
the second electrode.

[0028] It is not preferable that the film thickness of the
planarization insulating film be smaller than 0.05 pm because
the planarization of the alignment film is difficult. Further-
more, it is not preferable that the film thickness of the pla-
narization insulating film be larger than 0.5 pm because the
distance between the first and second electrodes for driving
the liquid crystal is too long and thus the desired electric field
strength can not be obtained, and the application voltage
needs to be increased and thus the power consumption is
increased.

[0029] In the liquid crystal display panel according to the
embodiment, it is preferable that a terminal, a routing inter-
connect electrically connected to the terminal, and an inter-
connect insulating film covering the routing interconnect be
formed in a peripheral part of the display area, and the inter-
connect insulating film be composed of the same material as
the material of the planarization insulating film.

[0030] In the liquid crystal display panel according to the
embodiment, the interconnect insulating film for protecting
the surface of the routing interconnect and the planarization
insulating film can be formed in the same step. This elimi-
nates the need to particularly set a step for manufacturing the
interconnect insulating film for protecting the surface of the
routing interconnect.

[0031] Additional features and advantages are described
herein, and will be apparent from the following Detailed
Description and the figures.

BRIEF DESCRIPTION OF THE FIGURES

[0032] FIG. 1A is a plan view showing the outline of a
liquid crystal display panel common to the respective
embodiments of the present application, FIG. 1B is a sec-
tional view along line IB-IB in FIG. 1A, and FIG. 1C is a
sectional view along line IC-IC in FIG. 1A;

[0033] FIG. 2 is a plan view showing the outline of one
pixel on an array substrate in an FFS-mode liquid crystal
display panel of a first embodiment;

[0034] FIG. 3 is a sectional view along line in FIG. 2;
[0035] FIG. 4A is a sectional view along line IV-IV in FIG.
2, and FIG. 4B is an explanatory diagram of the path of the
lines of electric force in FIG. 3;

[0036] FIG.5A isa diagram showing the path of an electric
field between a common electrode and a pixel electrode in an
IPS-mode liquid crystal display panel of a second embodi-
ment, and FIG. 5B is a diagram showing the path of an electric
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field between a common electrode and a pixel electrode in an
IPS-mode liquid crystal display panel of a third embodiment;
and

[0037] FIG. 6A is a schematic sectional view showing the
uneven state of an alignment film in an array substrate of an
FFS-mode liquid crystal display panel, FIG. 6B is a diagram
showing the formation state of the lines of electric force in the
structure of FIG. 6 A, and FIG. 6C is an explanatory diagram
of the path of the lines of the electric force in FIG. 6B.

DETAILED DESCRIPTION

[0038] Modes for carrying out the present application will
be described below with reference to embodiments of the
present application and the drawings. The embodiments
shown below do not intend to limit the present application to
the description of the embodiments, but the present applica-
tion can be evenly applied to techniques obtained by making
various changes without departing from the technical idea
shown in the scope of claims.

[0039] The “surface” of the array substrate and the color
filter substrate in the present specification refers to the surface
over which various kinds of interconnects are formed or the
surface opposed to the liquid crystal. Furthermore, in the
respective drawings used for the description in the present
specification, the respective layers and the respective mem-
bers are so represented that the scale is changed for each layer
and each member so that the respective layers and the respec-
tive members may have such sizes as to be recognizable in the
drawings, and they are not necessarily represented in propor-
tion to the actual dimensions.

First Embodiment

[0040] An FFS-mode liquid crystal display panel 10A in
which an array substrate according to a first embodiment is
used will be described below with use of FIGS. 1 to 4. As
shown in FIGS. 1B, 3, and 4A, in the liquid crystal display
panel 10A, a liquid crystal layer LC is sandwiched between
an array substrate AR and a color filter substrate CF. The
liquid crystal layer LC is sealed by a seal material 11 so that
the liquid crystal layer LLC may be prevented from leaking out
from between the array substrate AR and the color filter
substrate CF, and the thickness of the liquid crystal layer LC
is evenly maintained by a column spacer (not shown). A
polarizer (not shown) is formed on each of the back surface of
the array substrate AR and the front surface of the color filter
substrate CF. Light is emitted to the liquid crystal display
panel 10A by a backlight (not shown) from the back surface
side of the array substrate AR. The liquid crystal display panel
10A has plural pixels aligned along the row direction and the
column direction although diagrammatic representation
thereof is omitted. One pixel is configured by sub-pixels of
three colors of red (R), green (G), and blue (B) for example,
and the color of each pixel is determined depending on mix-
ing of light beams of these colors.

[0041] As shown in FIG. 2, each pixel 13 on the array
substrate AR is provided with a scan line 14 that is extended
along the row direction and composed of an opaque metal
such as aluminum or molybdenum, a signal line 15 that is
extended along the column direction and composed of an
opaque metal such as aluminum or molybdenum, and a TFT
provided near the intersection of the scan line 14 and the
signal line 15.
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[0042] As shown in FIGS. 3 and 4A, the base of the array
substrate AR is a first transparent substrate 16 composed of
glass, quartz, plastic, or the like that is transparent and has the
insulating characteristic. On the first transparent substrate 16,
the scan line 14 is formed on the side opposed to the liquid
crystal layer LC. As shown in FIG. 2, a gate electrode G is
extended from the scan line 14. A transparent gate insulating
film 17 composed of silicon nitride, silicon oxide, or the like
is so stacked as to cover the scan line 14 and the gate electrode
G. A semiconductor layer 18 composed of amorphous silicon
or the like is formed on the gate insulating film 17 overlapping
with the gate electrode G in plan view. The plural signal lines
15 composed of a metal such as aluminum or molybdenum
are formed on the gate insulating film 17 along the column
direction in FIG. 2. Each of the areas defined by these scan
lines 14 and signal lines 15 serves as the area of the pixel 13.
A source electrode S is extended from this signal line 15, and
this source electrode S is partially in contact with the surface
of the semiconductor layer 18.

[0043] A drainelectrode D that is formed by using the same
material as that of the signal line 15 and the source electrode
S simultaneously with the signal line 15 and the source elec-
trode S is provided on the gate insulating film 17. This drain
electrode D is disposed near the source electrode S and par-
tially in contact with the surface of the semiconductor layer
18. Because one pixel having a substantially square shape is
configured by three pixels 13 of red (R), green (G), and blue
(B), the pixel 13 trisecting this one pixel is a rectangle that has
the shorter side along the scan line 14 and has the longer side
along the signal line 15. The TFT serving as a switching
element is configured by the gate electrode G, the gate insu-
lating film 17, the semiconductor layer 18, the source elec-
trode S, and the drain electrode D, and this TFT is formed in
each pixel 13.

[0044] A transparent passivation film 19 composed of e.g.
silicon nitride or silicon oxide is so stacked as to cover the
signal lines 15, the TFTs, and the exposed part of the gate
insulating film 17. Furthermore, an interlayer insulating film
20 composed of a transparent resin material such as an acrylic
is so stacked as to cover the passivation film 19. The interlayer
insulating film 20 is provided in order to planarize the con-
cave-convex surface of the passivation film 19 due to the scan
line 14, the signal line 15, the TFT, and the gate insulating film
17. A lower electrode 21 (equivalent to the first electrode or
the second electrode of the present application) composed of
a transparent electrically-conductive material such as indium
tin oxide (ITO) or indium zinc oxide (IZO) is so formed as to
cover the interlayer insulating film 20. Furthermore, a contact
hole 22 that penetrates the interlayer insulating film 20 and
the passivation film 19 to reach the drain electrode D is
formed, and the lower electrode 21 and the drain electrode D
are electrically connected to each other via this contact hole
22. Thus, the lower electrode 21 works as the pixel electrode.

[0045] A transparent inter-electrode insulating film 23
composed of e.g. silicon nitride or silicon oxide is so stacked
as to cover the lower electrode 21. Furthermore, an upper
electrode 24 (equivalent to the second electrode or the first
electrode of the present application) that is composed of a
transparent electrically-conductive material such as ITO or
1ZO and has a thickness t0 is so formed as to cover the
inter-electrode insulating film 23. The upper electrode 24 is
formed across all the pixels 13 in the display area and elec-
trically connected to a common interconnect (not shown) in
the non-display area. This upper electrode 24 works as the
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common electrode. In the upper electrode 24, plural slit aper-
tures 25 are formed for each pixel 13 as shown in FIG. 2. The
slit apertures 25 are formed by performing exposure and
development of a photoresist material applied on the surface
of the upper electrode 24 by a photolithography method and
then performing etching.

[0046] A planarization insulating film 26A composed of
e.g. a photosensitive polysiloxane-based material is so
formed as to cover the upper electrode 24 and the inter-
electrode insulating film 23 exposed through the slit aperture
25. The polysiloxane-based material to become the planariza-
tion insulating film 26A is applied to a thickness of e.g. 0.1 to
0.8 um in consideration of the thickness t0 of the upper
electrode 24 (t0=0.05 pm, in the present embodiment) and
film loss by the development and shrink by baking (about 0.1
to 0.3 um). Thereafter, decolorization and heat curing are
performed by bleaching exposure and baking, and thereby the
planarization insulating film 26A is completed. It is prefer-
able that the thickness of the completed planarization insu-
lating film 26A be in the range of 0.05 to 0.5 um on the upper
electrode 24. If the film thickness of the planarization insu-
lating film 26A is smaller than 0.05 um, the surface planariza-
tion is difficult. If the film thickness of the planarization
insulating film 26A is larger than 0.5 pm, the distance
between the first and second electrodes for driving the liquid
crystal is too long and thus the desired electric field strength
can not be obtained. In addition, a high application voltage is
necessary and thus the power consumption is increased.

[0047] Although the example is shown above in which a
photosensitive polysiloxane-based material is used as the
material of the planarization insulating film 26A in order to
make an aperture in the insulating film for a driver terminal
part 33 and a flexible printed board terminal part 34, which
will be described later, by less processes, the planarization
insulating film 26A may be formed by using a non-photosen-
sitive, heat-curable, SiO2-based spin-on-glass (SOG) mate-
rial, and thereafter the terminal part aperture may be formed
by a normal photolithography method later. The material of
the planarization insulating film 26A is not limited to the
above-described materials but a material can be appropriately
selected and employed from resin materials such as an
acrylic-based material, a polysiloxane-based material, a poly-
imide-based material, and an epoxy acrylate-based material
and inorganic materials such as a silicon nitride-based mate-
rial and a silicon oxide-based material. Because polysilox-
ane-based and acrylic-based materials are frequently used for
the liquid crystal display panel, it is preferable to use a pol-
ysiloxane-based or acrylic-based resin material as the mate-
rial of the planarization insulating film 26 A for material shar-
ing.

[0048] By this planarization insulating film 26A, irregular-
ity due to the slit apertures 25 are planarized. That is, the
surface of the formed planarization insulating film 26A is a
flat surface free from irregularity. A first alignment film 27A
composed of e.g. polyimide is so stacked as to cover the
planarization insulating film 26 A. For the first alignment film
27A, rubbing treatment is performed along the direction par-
allel to the extension direction of the scan line 14 toward the
right side of FIG. 2. The rubbing treatment is to form a large
number of fine grooves along one direction in the first align-
ment film 27A by rubbing the alignment film with a rubbing
cloth having tiny hairs. The direction of the rubbing treatment
is inclined to the extension direction of the slit apertures 25 by
a predetermined angle o.. This allows the liquid crystal mol-
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ecules to rotate in one direction. It is preferable that a be 3° to
15° although differing depending on various conditions. In
the present embodiment, 5° is employed as the optimum
value of a.

[0049] As described above, in the liquid crystal display
panel 10A of the first embodiment, the first alignment film
27A is formed on the planarized surface of the planarization
insulating film 26A. Therefore, the first alignment film 27A
can be formed on the surface of the planarization insulating
film 26A with a uniform thickness. This makes it possible to
eliminate the following problems existing in the related-art
examples: difference in the thickness of the alignment film
attributed to the slit aperture and the upper electrode; coating
unevenness of the alignment film at the slope part of the step
of the upper electrode; and nonuniformity of rubbing treat-
ment due to irregularity of the alignment film surface.
[0050] The array substrate AR of the liquid crystal display
panel 10A of the first embodiment is an example for the FFS
mode, and the inter-electrode insulating film 23 is formed
between the lower electrode 21 and the upper electrode 24.
However, because the planarization insulating film 26A is
formed between the upper electrode 24 and the first alignment
film 27A, the path of the electric field between the lower
electrode 21 and the upper electrode 24 is in the following
order as shown in FIG. 4B: lower electrode 21<——insulating
layer (inter-electrode insulating film 23+planarization insu-
lating film 26A)<<——first alignment film 27A<——liquid
crystal layer LC<——first alignment film 27A <——sinsulating
layer (planarization insulating film 26 A)<——upper electrode
24. That is, the path of the electric field is symmetric with
respect to the liquid crystal layer. Therefore, the liquid crystal
display panel 10A of the first embodiment allows elimination
of burn-in in a short time and flicker due to a bias of the
accumulated charge in the first alignment film 27A.

[0051] The base of the color filter substrate CF is a second
transparent substrate 28 composed of glass, quartz, plastic, or
the like that is transparent and has the insulating characteris-
tic. On the lowermost layer of the second transparent sub-
strate 28, a light-blocking layer 29 composed of e.g. a resin or
a metal, such as chromium, having the light-blocking char-
acteristic is formed at the position opposed to the scan line 14,
the signal line 15, and the TFT. In addition, on the same layer,
a color filter layer 30 through which light of a color different
for each of the pixels 13 (e.g. R, G, B, or colorless light) can
pass is formed.

[0052] An overcoat layer 31 composed of a transparent
resin material such as a photoresist is so stacked as to cover
the light-blocking layer 29 and the color filter layer 30. The
overcoat layer 31 is formed in order to planarize steps among
the pixels due to the color filter layers 30 of the different
colors and block impurities leaked out from the light-block-
ing layer 29 and the color filter layer 30 so that the impurities
may be prevented from entering the liquid crystal layer LC. A
second alignment film 32 composed of e.g. polyimide is so
formed as to cover the overcoat layer 31. For the second
alignment film 32, rubbing treatment in the direction opposite
to the rubbing direction for the first alignment film 27A is
performed. The array substrate AR and the color filter sub-
strate CF formed in the above-described manner are made to
be opposed to each other, and the seal material 11 is provided
around both substrates to thereby bond both substrates to each
other. Subsequently, a liquid crystal in homogeneous align-
ment is packed between both substrates, and thus the liquid
crystal display panel 10A is achieved.
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[0053] Based on the above-described configuration, in the
pixel 13, when the TFT enters the ON-state, an electric field
is generated between the lower electrode 21 and the upper
electrode 24, and the alignment direction of the liquid crystal
molecules in the liquid crystal layer LC changes. This
changes the optical transmittance of the liquid crystal layer
LC and allows image displaying in the FFS mode. The area
across which the lower electrode 21 and the upper electrode
24 are opposed to each other with the intermediary of the
inter-electrode insulating film 23 forms auxiliary capacitance
and holds the electric field between the lower electrode 21 and
the upper electrode 24 for a predetermined time when the TFT
is turned to the OFF-state.

[0054] Next, wiring for the upper electrode 24 in the non-
display area in FIG. 1A (area other than the display area DA)
will be described below. Around one side of the non-display
area, the driver terminal part 33 and the flexible printed board
terminal part 34 are formed. In the driver terminal part 33,
plural terminals 33a to which a driver IC (not shown) is
connected are formed. In the flexible printed board terminal
part 34, plural terminals to which a flexible printed board (not
shown) connected to an external controller is connected are
formed. Furthermore, a first interconnect part 35 and a second
interconnect part 36 are formed in the non-display area. In the
first interconnect part 35, the respective routing interconnects
that lead the scan line 14 and the signal line 15 to the driver
terminal part 33 and the flexible printed board terminal part
34 are formed. In the second interconnect part 36, a common
routing interconnect that leads the upper electrode 24 to the
driver terminal part 33 and the flexible printed board terminal
part 34 is formed.

[0055] The upper electrode 24 is formed across all the
pixels 13 in the display area, and is connected to the common
interconnect in the second interconnect part 36 by a contact
hole (not shown) formed in the non-display area so that the
upper electrode 24 can work as the common electrode. If the
resistance of this upper electrode 24 becomes high, the poten-
tial of the upper electrode 24 working as the common elec-
trode becomes unstable, which causes characteristic failures
such as flicker and crosstalk. This causes the need to increase
the thickness t0 of the upper electrode 24 in order to set the
resistance of the upper electrode 24 equal to or lower than the
predetermined value. However, in the liquid crystal display
panel 10A of the first embodiment, the existence of the pla-
narization insulating film 26A prevents the generation of
steps in the first alignment film 27A even when the film
thickness of the upper electrode 24 is increased.

[0056] Asshown in FIGS. 1A and 1C, apertures are formed
in an interconnect insulating film 38 covering routing inter-
connects 37, and the surfaces of the terminals 334 in the driver
terminal part 33 are exposed. Terminal surface parts 335 are
so formed as to cover the interconnect insulating film 38 and
the exposed parts of the terminals 33a in the same step as that
for the lower electrode 21 or the upper electrode 24. The
planarization insulating film 26 A is so formed as to cover the
interconnect insulating film 38 and the terminal surface parts
334, and apertures that each expose part of the terminal sur-
face part 335 are formed. The interconnect insulating film 38
may be formed by using the same material as that of the
planarization insulating film 26A.

Second Embodiment

[0057] An example of the FFS-mode liquid crystal display
panel is shown above as the liquid crystal display panel 10A
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of the first embodiment. Next, as an array substrate AR of a
liquid crystal display panel 10B of a second embodiment, an
example of the IPS-mode liquid crystal display panel will be
described below with use of FIG. 5A. In FIG. 5A, diagram-
matic representation is omitted regarding the configuration
other than a common electrode 39B (equivalent to the first
electrode or the second electrode of the present application),
a pixel electrode 40B (equivalent to the second electrode or
the first electrode of the present application), a planarization
insulating film 26B, and a first alignment film 27B.

[0058] Inthe array substrate AR ofthe liquid crystal display
panel 10B of the second embodiment, the common electrode
39B and the pixel electrode 40B for applying an electric field
to the liquid crystal layer LC are formed on the same surface.
The planarization insulating film 26B is so formed as to cover
the common electrode 39B and the pixel electrode 40B. The
planarization insulating film 26B planarizes irregularity aris-
ing due to the common electrode 39B and the pixel electrode
40B, and thus the surface of the planarization insulating film
268 is a flat surface free from irregularity. In the array sub-
strate AR of the liquid crystal display panel 10B of the second
embodiment, the first alignment film 27B is formed on the
surface of the planarization insulating film 26B having this
planarized surface.

[0059] Therefore, also in the array substrate AR of the
liquid crystal display panel 10B of the second embodiment,
because the surface of the first alignment film 27B is pla-
narized, the following problems existing in the related-art
examples are eliminated: difference in the thickness of the
alignment film attributed to irregularity formed due to the
common electrode and the pixel electrode; coating uneven-
ness of the alignment film at the slope part of the step of the
common electrode and the pixel electrode; and nonunifor-
mity of rubbing treatment due to irregularity of the alignment
film surface.

Third Embodiment

[0060] As the array substrate AR of the liquid crystal dis-
play panel 10B of the second embodiment, an example of the
IPS-mode liquid crystal display panel in which the common
electrode 39B and the pixel electrode 40B for applying an
electric field to the liquid crystal layer LC are formed on the
same surface is shown above. As an array substrate AR of a
liquid crystal display panel 10C of a third embodiment, an
example of the IPS-mode liquid crystal display panel in
which a common electrode 39C and a pixel electrode 40C are
formed on surfaces different from each other will be
described below with use of FIG. 5B. In FIG. 5B, diagram-
matic representation is omitted regarding the configuration
other than an inter-electrode insulating film 23, a common
electrode 39C (equivalent to the first electrode or the second
electrode of the present application), a pixel electrode 40C
(equivalent to the second electrode or the first electrode of the
present application), a planarization insulating film 26C, and
a first alignment film 27C.

[0061] Inthe array substrate AR oftheliquid crystal display
panel 10C of the third embodiment, the inter-electrode insu-
lating film 23 is so formed as to cover the common electrode
39C, and the pixel electrode 40C is formed on the inter-
electrode insulating film 23. The common electrode 39C and
the pixel electrode 40C are so provided as not to overlap with
each other in plan view. The planarization insulating film 26C
is so formed as to cover the inter-electrode insulating film 23
and the pixel electrode 40C. The planarization insulating film



US 2011/0075081 Al

26C planarizes irregularity arising due to the common elec-
trode 39C and the pixel electrode 40C. Specifically, also in the
array substrate AR of the IPS-mode liquid crystal display
panel 10C of the third embodiment, the surface of the pla-
narization insulating film 26C is a flat surface free from
irregularity similarly to the case of the IPS-mode liquid crys-
tal display panel 10B of the second embodiment. In the array
substrate AR of the liquid crystal display panel 10C of the
third embodiment, the first alignment film 27C is so formed as
to cover this planarization insulating film 26C.

[0062] Therefore, also in the array substrate AR of the
liquid crystal display panel 10C of the third embodiment,
because the surface of the first alignment film 27C is pla-
narized, the following problems existing in the related-art
examples are eliminated: difference in the thickness of the
alignment film attributed to irregularity formed due to the
common electrode and the pixel electrode; coating uneven-
ness of the alignment film at the slope part of the step of the
common electrode and the pixel electrode; and nonunifor-
mity of rubbing treatment due to irregularity of the alignment
film surface.

[0063] Furthermore, although the inter-electrode insulating
film 23 is formed between the common electrode 39C and the
pixel electrode 40C, the planarization insulating film 26C
exists between the pixel electrode 40C and the first alignment
film 27C and therefore the path of the electric field between
the common electrode 39C and the pixel electrode 40C is in
the following order: common electrode 39C<——insulating
layer (inter-electrode insulating film 23+planarization insu-
lating film 26C)<——first alignment film 27C<——liquid crys-
tal layer LC<——first alignment film 27C<——insulating layer
(planarization insulating film 26C)<——pixel electrode 40C.
That is, the path of the electric field is symmetric with respect
to the liquid crystal layer LC. Therefore, the array substrate
AR of the liquid crystal display panel 10C of the third
embodiment also allows elimination of burn-in in a short time
and flicker due to a bias of the accumulated charge in the first
alignment film 27C.

[0064] Intheabove-described embodiments, an example of
the TFT having a bottom-gate structure in which amorphous
silicon is used as the semiconductor layer 18 is shown. How-
ever, the present application is not limited thereto but can be
applied also to the case of a TFT in which polycrystalline
silicon, particularly low-temperature polycrystalline silicon
(LTPS), is used. Furthermore, the present application can be
applied also to the case of a TF'T having a top-gate structure.

[0065] 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.
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1. A liquid crystal display panel of a transverse electric

field system, comprising:

a liquid crystal layer; and

a pair of substrates configured to be so disposed as to be
opposed to each other and sandwich the liquid crystal
layer, wherein

a first electrode and a second electrode for applying an
electric field to the liquid crystal layer and an alignment
film are formed in a plurality of pixel areas that form a
display area in one of the pair of substrates,

a planarization insulating film is formed on a surface of at
least one of the first electrode and the second electrode
and across an entire surface of the pixel areas, and

the alignment film is formed on a surface of the planariza-
tion insulating film.

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

wherein

an inter-electrode insulating film is formed between the
first electrode and the second electrode.

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

wherein

the first electrode and the second electrode overlap with
each other in plan view,

an aperture is formed in an electrode closer to the liquid
crystal layer, of the first electrode and the second elec-
trode, for each of the plurality of pixel areas, and

the planarization insulating film is formed on the electrode
closerto the liquid crystal layer, of the first electrode and
the second electrode, and on the aperture, and a surface
of the alignment film is planarized.

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

wherein

the first electrode and the second electrode do not overlap
with each other in plan view, and

the planarization insulating film is formed over the first
electrode and the second electrode, and a surface of the
alignment film is planarized.

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

wherein

the planarization insulating film is composed of an acrylic-
based or polysiloxane-based resin material.

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

wherein

film thickness of the planarization insulating film is at least
0.05 pm and at most 0.5 pum on the surface of at least one
of the first electrode and the second electrode.

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

wherein

a terminal, a routing interconnect electrically connected to
the terminal, and an interconnect insulating film cover-
ing the routing interconnect are formed in a peripheral
part of the display area, and the interconnect insulating
film is composed of the same material as a material of the
planarization insulating film.
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