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LIQUID CRYSTAL DISPLAY DEVICE

INCORPORATION BY REFERENCE

[0001] This application is based upon and claims the ben-
efit of priority from Japanese patent application No. 2009-
121667, filed on May 20, 2009, the disclosure of which is
incorporated herein in its entirety by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device and, more particularly, to a liquid crystal display
device in the FFS (Fringe Field Switching) mode.

[0004] 2. Description of Related Art

[0005] A liquid crystal display device is one of flat panels,
and it is widely used in monitors of personal computers and
portable information terminal devices, etc., by taking advan-
tage of its low power consumption, compactness, and light-
weight. In addition, the liquid crystal display device is also
widely used for TV sets, and it is replacing conventional
cathode-ray tubes.

[0006] A mainstream of the liquid crystal display device in
recent years is an active matrix type in which a plurality of
display signal wires and a plurality of scanning signal wires
are arranged in a lattice, and in which a thin film transistor
(hereinafter also referred to as “TFT” (Thin Film Transistor))
is formed as a switching element in a pixel area surrounded
with the display signal wires and the scanning signal wires. A
structure and a material of the TFT are arbitrarily selected
according to an application and a required performance of the
display device. As for a structure of the TFT, an MOS (Metal
Oxide Semiconductor) structure, such as a bottom gate type
(reverse stagger type) and a top gate type (stagger type), is
often employed. There are included an amorphous silicon
film, apolycrystalline silicon (polysilicon) film, etc as a semi-
conductor film that constitutes the TFT.

[0007] A TFT using the polycrystalline silicon film as a
channel active layer has high electron mobility. A perfor-
mance of the active matrix type display device has been
rapidly improved by utilizing the polycrystalline silicon film.
The TFT using the polycrystalline silicon film is used for
forming a circuit around the display device, whereby use ofan
IC and an IC-mounted substrate can be reduced. This allows
to simplify a configuration of the display device to thereby
achieve reduction in size thereof, and also allows to enhance
reliability thereof.

[0008] Meanwhile, development of the multimedia indus-
try in recent years has strongly required a high-definition
image display device. A conventional liquid crystal driving
system, TN (Twisted Nematic) mode, is a system that changes
adisplay state by applying a vertical electric field perpendicu-
lar to a substrate, raising or laying liquid crystal molecules
with respect to a substrate surface according to a condition of
applying a voltage, and it has a poor viewing angle charac-
teristic due to a principle thereof. An IPS (In-Plane Switch-
ing) mode is a system that moves the liquid crystal molecules
within a surface parallel to the substrate to thereby change the
display state ON or OFF by applying a horizontal electric
field parallel to the substrate. The system is then widely
accepted in the market since a change of retardation, which is
a phase difference of a liquid crystal layer due to viewing
angles, is small, and the viewing angle characteristic is wide.
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[0009] 1In recent years, the FFS mode has been developed
by further improving the IPS mode (for example, refer to
Japanese Unexamined Patent Application Publication No.
2002-182230). The FFS mode s also a system that moves the
liquid crystal molecules by mainly applying the horizontal
electric field parallel to the substrate, and it is superior in the
viewing angle characteristic. A difference between the FFS
mode and the IPS mode is the following. Namely, in the IPS
mode, a distance between a pixel electrode and a common
electrode for driving liquid crystals is larger than a cell gap or
an electrode width, while in the FFS mode, the distance
between the pixel electrode and the common electrode is
smaller than the cell gap or the electrode width. In addition,
another difference between the two modes is the following. In
the IPS mode, the pixel electrode and the common electrode
are arranged not to overlap with each other as viewed from a
plane, while in the FFS mode, a plate-shaped electrode and a
slit electrode are arranged so as to overlap with each other
through an insulator layer above the plate-shaped electrode
that constitutes the pixel electrode or the common electrode,
the slit electrode constituting either of the pixel electrode or
the common electrode (the common electrode when the plate-
shaped electrode is the pixel electrode, and the pixel electrode
when the plate-shaped electrode is the common electrode).
[0010] We have now discovered that in the IPS mode, the
liquid crystal molecules located between the pixel electrode
and the common electrode are driven as viewed from a plane,
while the liquid crystal molecules located above the respec-
tive electrodes are hardly driven. For this reason, upper por-
tions of the respective electrodes cannot serve to display,
which prevents an aperture ratio from becoming high. Mean-
while, in the case of the FF'S mode, not only the liquid crystal
molecules located between the pixel electrode and the com-
mon electrode but also the ones located above the respective
electrodes can be driven. For this reason, if each electrode is
formed of a transparent conductive film, such as ITO (Indium
Tin Oxide), upper portions of the electrodes can also serve to
display. Hence, in a liquid crystal display panel with a similar
pixel size, the FFS mode can achieve a higher aperture ratio
than the IPS mode.

SUMMARY OF THE INVENTION

[0011] However, also in the FFS mode, further advance-
ment in a display quality has been strongly required, and
further improvement has been desired.

[0012] The present invention is made in view of the above-
described background, and an exemplary object of the inven-
tion is to provide a liquid crystal display device in the FFS
mode that can achieve a high display quality.

[0013] A liquid crystal device according to an exemplary
aspect of the present invention includes a first substrate, a
second substrate arranged opposite to the first substrate, and
aliquid crystal layer sealed between the first substrate and the
second substrate. The first substrate includes: a plurality of
gate wires; a plurality of source wires that intersect the plu-
rality of gate wires; a slit electrode that has a plurality of
slit-like apertures so as to form a plurality of line-like patterns
substantially in a same direction as either the source wires or
the gate wires; and a plate-shaped electrode that has an over-
lap area with the slit electrode as viewed from a plane through
an insulating layer, the plate-shaped electrode being on a
lower layer than the slit electrode. The second substrate
includes: a plurality of color filter films; and a light shielding
film that extends substantially in a same direction as the
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line-like patterns of the slit electrode, and that has an overlap
area with either the source wires or the gate wires as viewed
from a plane, and that is arranged so that the plurality of color
filter films are partitioned to prevent color mixture when
displayed in a single color. Either the plate-shaped electrode
or the slit electrode is defined as a pixel electrode arranged so
as to be connected to the plurality of source wires through a
switching element, and the other electrode is defined as a
common electrode. A non-opposed area to the light shielding
film is formed at an end of the slit electrode in a width
direction so that a transmittance may not be reduced due to the
light shielding film in the areas where the light shielding film
and the slit electrode are arranged in an overlapped manner as
viewed from a plane.

[0014] The present invention has a superior advantage that
can provide a liquid crystal display device in the FFS mode
that can achieve a high display quality.

[0015] The above and other objects, features and advan-
tages of the present invention will become more fully under-
stood from the detailed description given hereinbelow and the
accompanying drawings which are given by way of illustra-
tion only, and thus are not to be considered as limiting the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a schematic enlarged partial plan view
showing a configuration of a TFT array substrate in accor-
dance with a first exemplary embodiment of the present
invention;

[0017] FIG. 2 is a sectional view taken from a line II-II of
FIG. 1;
[0018] FIG. 3 is a schematic plan view of the TFT array

substrate in accordance with the first exemplary embodiment;
[0019] FIG. 4 is a schematic sectional view of a liquid
crystal display panel in accordance with the first exemplary
embodiment;

[0020] FIG. 5 is a schematic sectional view of the liquid
crystal display panel in accordance with the first exemplary
embodiment;

[0021] FIG. 6 is a graph showing a transmittance of the
liquid crystal display panel in accordance with the first exem-
plary embodiment;

[0022] FIG. 7 is a graph showing a transmittance with
respect to a reduced width between slit electrodes of the liquid
crystal display panel in accordance with the first exemplary
embodiment;

[0023] FIG. 8 is a schematic sectional view of a liquid
crystal display panel in accordance with a second exemplary
embodiment of the present invention;

[0024] FIG. 9 is a graph showing a transmittance of the
liquid crystal display panel in accordance with the second
exemplary embodiment;

[0025] FIG. 10 is a graph showing a transmittance with
respect to a reduced width between slit electrodes of the liquid
crystal display panel in accordance with the second exem-
plary embodiment;

[0026] FIG. 11 is a graph showing a transmittance of a
liquid crystal display panel in accordance with a third exem-
plary embodiment of the present invention;

[0027] FIG. 12 is a schematic sectional view of a liquid
crystal display panel in accordance with a comparative
example; and
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[0028] FIG. 13 is a graph showing a transmittance of the
liquid crystal display panel in accordance with the compara-
tive example.

DESCRIPTION OF THE EXEMPLARY
EMBODIMENTS

[0029] Hereinafter, one example of embodiments to which
the present invention is applied will be explained. Note that it
goes without saying that other embodiments can fall within
the scope of the present invention as long as they meet the
subject matter of the present invention. In addition, sizes and
ratios of each member in drawings described hereinafter are
for convenience, and they are different from real ones.

First Exemplary Embodiment

[0030] A liquid crystal display device in accordance with a
first exemplary embodiment is a liquid crystal display device
in the FFS mode provided with an active matrix type TFT
array substrate that has a thin film transistor (TFT) of a top
gate type MOS structure as a switching element. Here, a
transmission type liquid crystal display device will be
explained.

[0031] FIG. 1isaschematic plan view showing an enlarged
partial TFT array substrate that works as a first substrate
mounted in the liquid crystal display device in accordance
with the first exemplary embodiment, and F1G. 2 is a sectional
view taken from a line II-II of FIG. 1. It is to be noted that for
the purpose of explanation, in FIG. 1, a gate insulating film,
an insulating layer (a first interlayer insulating film, a second
interlayer insulating film, and a third interlayer insulating
film), slit electrodes, etc are omitted. Meanwhile, positions of
pattern apertures are shown in FIG. 1 in terms of clarifying the
apertures of the slit electrodes. Hence, the slit electrodes are
formed in areas other than apertures OP1 to OP6 in FIG. 1.
[0032] ATFT array substrate 91 in accordance with the first
exemplary embodiment is, as shown in FIGS. 1 and 2, pro-
vided with an insulating substrate 1, a base film 2, a semicon-
ductor layer 3, a gate electrode 11, a gate wire (scanning
signal wires) 111, source electrodes 12, source wires (display
signal wires) 121, a drain electrode 13, a plate-shaped elec-
trode 14 that works as a pixel electrode, slit electrodes 15 that
work as common electrodes, a gate insulating film 21, a first
interlayer insulating film 22 that works as an insulating layer,
a second interlayer insulating film 23, a third interlayer insu-
lating film 24, contact holes CH1, CH2, and CH3, etc. It is to
be noted that the first interlayer insulating film 22 to the third
interlayer insulating film 24 are collectively called an insu-
lating layer 25. It is to be noted that the slit electrodes 15 are,
as will be hereinbelow described, grouped into slit electrodes
15A, 15B, and 15C according to positions at which they are
formed, but when the positions need not particularly be men-
tioned, they are just collectively called the slit electrodes 15.
[0033] The insulating substrate 1 can be composed of a
transparent substrate, such as a glass substrate and a quartz
substrate. The base film 2 is formed on one principal surface
of the insulating substrate 1. As the base film 2, for example,
a laminated structure of a silicon nitride film (SiN film) or a
silicon oxidation film (SiO, film), which is a transparent
insulating film, can be used. The base film 2 is not limited to
have a two-layer structure, but may have a single layer struc-
ture or a multilayer structure with three or more layers.
[0034] The semiconductor layer 3 is formed in an island
shape on the base film 2 (refer to FIG. 1). A crystalline
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semiconductor layer, such as a polycrystalline semiconductor
layer and a microcrystalline semiconductor layer, and an
amorphous semiconductor layer can be applied to the semi-
conductor layer 3. In the first exemplary embodiment, the
polycrystalline silicon (polysilicon) film is applied to the
semiconductor layer 3. The polycrystalline silicon film can be
obtained by forming an amorphous silicon film and then
irradiating this with a laser light.

[0035] The gate insulating film 21 is formed so as to cover
the semiconductor layer 3 and the base film 2. The gate
insulating film 21 may have a single layer structure, or may
have a laminated structure composed of a plurality of layers.
In order to enhance covering ability of the gate insulating film
21, ends of the semiconductor layer 3 are preferably formed
in a tapered shape as shown in FIG. 2. This allows to suffi-
ciently suppress failures such as a breakdown, and to improve
reliability of a TFT50.

[0036] The gate electrode 11 is formed on the gate insulat-
ing film 21 so as to be arranged opposite to a portion of the
semiconductor layer 3. The gate electrode 11 is formed so as
to be arranged opposite to a channel area of the semiconduc-
tor layer 3 through the gate insulating film 21. On the same
layer as the gate electrode 11, the gate wire 111 is formed
integrally with the gate electrode 11 using the same material
as each other. The gate wire 111 extends in a Y direction
shown in FIG. 1, and additionally, a plurality of the wires are
disposed parallel to each other in an X direction shown in
FIG. 1. The gate electrode 11 occupies an area extending from
the gate wire 11L to an upper portion of the semiconductor
layer 3, and is configured so that a gate signal may be input
into the gate electrode 11 through the gate wire 11L.

[0037] Thefirst interlayer insulating film 22 is formed so as
to cover the gate electrode 11 and the gate insulating film 21.
On the gate insulating film 21 and the first interlayer insulat-
ing film 22, formed are contact holes CH1 and CH2 penetrat-
ing from a surface of the first interlayer insulating film 22 to
a surface of the semiconductor layer 3.

[0038] The source electrodes 12 and the drain electrode 13
are formed on the first interlayer insulating film 22. The
source electrodes 12 are formed on the first interlayer insu-
lating film 22, and are electrically connected to the semicon-
ductor layer 3 through these contactholes CH1. Similarly, the
drain electrode 13 is formed on the first interlayer insulating
film 22, and is electrically connected to the semiconductor
layer 3 through the contact hole CH2. According to the above
configuration, the TFT50 is formed.

[0039] On the same layer as the source electrodes 12 and
the drain electrode 13, the source wires 121 are formed inte-
grally with the source electrodes 12 using the same material
as each other. In other words, in the source wires 121, areas
electrically connected to the semiconductor layer 3 work as
the source electrodes 12. The source wires 121 extend in the
X direction shown in FIG. 1, and a plurality of the wires are
disposed parallel to each other in the Y direction shown in
FIG. 1. Namely, the source wires 12L are disposed in a
direction perpendicular to the gate wire 11L through the first
interlayer insulating film 22.

[0040] The second interlayer insulating film 23 is formed
on the source electrodes 12 and the drain electrode 13 to cover
them. The plate-shaped electrode 14 composed of a transpar-
ent conductive film is formed on the second interlayer insu-
lating film 23. The plate-shaped electrode 14 is electrically
connected to the drain electrode 13 through the contact hole
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CH3 formed on the second interlayer insulating film 23, and
it works as a pixel electrode as mentioned above.

[0041] The third interlayer insulating film 24 is formed on
the plate-shaped electrode 14 to cover it. Materials of the
second interlayer insulating film 23 and the third interlayer
insulating film 24 are not particularly limited, and for
example, a silicon nitride film, an organic resin film com-
posed of an organic material, or a laminated film thereof can
be used.

[0042] The TFT50 and a pixel area 51 are provided in an
area surrounded with the gate wire 11L and the source wires
12L. It is to be noted that in FIG. 1, an example in which the
TFT50 is arranged in a different area from the pixel area 51,
but a configuration may be employed that a part of the TFT or
the whole TFT is provided in the pixel area.

[0043] The plate-shaped electrodes 14 are, as shown in
FIG. 1, provided almost all over each of the pixel areas 51.
The plate-shaped electrode 14 is connected to the TFT50 as
the switching element. Specifically, the drain electrode 13
and the plate-shaped electrode 14 are electrically connected
to each other through the contact hole CH3, whereby the
plate-shaped electrode 14 is connected to the TFT50. As a
result of this, when the TFT50 is switched on, a display signal
supplied to the source wires 12 is written in the plate-shaped
electrode 14.

[0044] The slit electrodes 15 are formed on the third inter-
layer insulating film 24. The slit electrodes 15 are formed of
a transparent conducting material, such as ITO (Indium Tin
Oxide) and 170 (Indium Zinc Oxide). A pattern of the slit
electrodes 15 is, as shown in FIGS. 1 and 2, formed so as to
have the apertures OP1 to OP6. In the pixel area 51, the slit
electrodes 15 are arranged opposite to the plate-shaped elec-
trode 14 through the third interlayer insulating film 24. The
apertures OP2 to OP6 of the slit electrodes 15 are slit-like
narrow apertures extending in a direction almost parallel to
the source wire 12L.. In other words, in the pixel area 51, due
to the apertures OP2 to OP6, the slit electrodes 15 are pro-
vided with branching portions composed of line-like narrow
patterns extending substantially parallel to the source wires
12L, and narrow connecting portions where the each branch-
ing portion is connected to each other at both ends of the
branching portion. A probability of disconnection can be
reduced by providing the connecting portions. In addition, it
becomes possible to supply a common potential to the each
line-like pattern (branching portion) of the slit electrodes.
Meanwhile, the aperture OP1 is provided on the TFT50.
[0045] A schematic plan view of the whole TFT array sub-
strate 91 is shown in FIG. 3. A display area 60 shown in FIG.
3 is an area in which the pixel area 51 is formed. A frame area
61 is formed outside the display area 60. A gate driving circuit
62 to be connected to the gate wire 111 and a source driving
circuit 63 to be connected to the source wires 121, etc. are
formed in the frame area 61. Wires (not shown) extend from
the gate driving circuit 62 and the source driving circuit 63 to
terminals (not shown), through which the wires are connected
to the wiring substrates 64.

[0046] When apolycrystalline silicon layer etc. are applied
to the semiconductor layer 3, the above-described configura-
tion of the TFT50 can be applied to the gate driving circuit 62
or the source driving circuit 63. This enables a field effect
mobility (1) to be increased. In addition, a shift amount Vth at
a long time operation can be reduced. As a result of this,
improved TFT performance and enhanced reliability can be
achieved. Further, the number of components of an IC chip
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can be decreased since the TFT in the pixel area, the TFT of
the gate driving circuit and the TFT of the source driving
circuit can be formed at the same time.

[0047] Namely, reduction of weight and volume, and fur-
ther reduction in size can be expected. Note that as mentioned
above, it goes without saying that an amorphous semiconduc-
tor layer may be applied to the semiconductor layer 3.
[0048] The TFT array substrate 91 in accordance with the
first exemplary embodiment is provided with the configura-
tion as described above. The liquid crystal display device in
accordance with the first exemplary embodiment is then fur-
ther provided with the following members. Namely, a passi-
vation film (not shown) and an orienting film (not shown) for
controlling the orientation of liquid crystal molecules are
formed on the slit electrodes 15. In addition, on the other
surface of the insulating substrate 1, disposed is an optical
film made of a polarizing plate, an optical compensation film,
etc.

[0049] Itis to be noted that the above-described structure of
the TFT array substrate 91 is an example, and the present
invention can apply to all the liquid crystal display devices in
the FFS mode. For example, in the above description, the
example has been explained that the pixel electrode is used as
the plate-shaped electrode and the common electrode as the
slit electrode, but the pixel electrode may be used as the slit
electrode and the common electrode as the plate-shaped elec-
trode. In this case, the TFT array substrate may be configured
so that the drain electrode is connected to the slit electrode,
and a common potential is supplied to the plate-shaped elec-
trode. In addition, the configuration of the slit electrode 15 is
not limited to the above, but a configuration that has a plural-
ity of slit-like apertures may be employed so as to form a
plurality of line-like patterns substantially in a same direction
as either the source wire or the gate wire, and thus various
modifications can be performed. For example, instead of the
configuration that the both ends of the branching portion have
the connecting portions, a pectinate configuration may be
employed that one end of the branching portion has the con-
necting portion. Further, the example of the top gate type
configuration of the TFT50 has been explained, but a bottom
gate type may be employed. The bottom gate type allows
forming the TFT with smaller number of masks than the top
gate type, thus enabling to reduce manufacturing processes
and cost.

Comparative Example

[0050] First, a comparative example will be explained
before explaining characteristics of the present invention. In
FIG. 12 shown is an enlarged partial sectional view of a liquid
crystal display panel in accordance with the comparative
example. For the purpose of explanation, members to be
explained are only shown.

[0051] In a liquid crystal display panel 190, a TFT array
substrate 191 and a color filter substrate 192 are arranged
opposite to each other with a predetermined gap being ther-
ebetween. There is provided a liquid crystal layer 193 in the
gap between the TFT array substrate 191 and the color filter
substrate 192. A light shielding film 131, color filter films
132, etc. are provided on an insulating substrate 130 that
constitutes the color filter substrate 192. In addition, optical
films, such as a polarizing plate (not shown) and an optical
compensation film (not shown), are provided on the other
surface of the color filter substrate 192. Further, a source wire
1121, plate-shaped electrodes 114, slit electrodes 115A,
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115B, and 115C, etc. are provided on an insulating substrate
101 that constitutes the TFT array substrate 191.

[0052] Here, for the purpose of explanation, the slit elec-
trode 115 arranged above and opposite to the source wire
112L is defined as an S-slit electrode 115A. In addition, the
slit electrode 115 arranged adjacent to the S-slit electrode
115A through the slit-like apertures OP2 and OP6 is defined
as an N-slit electrode 115B. Further, the slit electrodes 115
other than the S-slit electrode 115A and the N-slit electrode
115B are defined as E-slit electrodes 115C. It is to be noted
that the S-slitelectrode 115A is arranged opposite to the light
shielding film 131 through the liquid crystal layer 193.
[0053] Inaddition, as showninFIG. 12, a width of the light
shielding film 131 is defined as w1, and that of the S-slit
electrode 115A arranged above and opposite to the source
wire 112L is defined as w2.

[0054] Further, a width of the N-slit electrode 115B adja-
cent to the S-slit electrode 115A is defined as w3, and that of
the E-slit electrodes 115C other than the S-slitelectrode 115A
and the N-slit electrode 115B is defined as w4.

[0055] The light shielding film 131 is disposed above the
source wire 112 so as to extend from a pixel to an adjacent
pixel substantially in a same direction as the source wire
112L. The width w1 of the light shielding film 131 is set to a
distance that can prevent the color mixture of the color filter
films 132A and 132B as viewed from an oblique angle.
[0056] Inthe comparative example, a distance between the
TFT array substrate 191 and the color filter substrate 192 is set
to 3 um, and the width of the S-slit electrode 115A is set to 9
um. In the comparative example, the light shielding film 131
whose width w1 is equal to 9 um is arranged above the S-slit
electrode 115A so that a single color display may not be
mixed when viewed from 45 degrees angle. In other words,
the width w1 of the light shielding film 131 is set to be equal
to the width w2 of the S-slit electrode 115 A, and the film and
the electrode are arranged so as to overlap to each other as
viewed from a plane (refer to FIG. 12).

[0057] 1In addition, a width wS1 of a slit-like aperture OP
between the S-slit electrode 115A and the N-slit electrode
115B is set to be equal to a width wS2 of the slit-like aperture
OP between the N-slit electrode 115B and the E-slit electrode
115C, and to the width wS2 of the slit-like aperture OP
between the E-slit electrodes 115C. Namely, it is set to
wS1=wS2. Specifically, when a size of one pixel is set to 43.5
umx130.5 um, wS1 is set to be equal to wS2, 4.5 um.
[0058] In FIG. 13, shown is a transmittance distribution
graph taken from a line corresponding to a line VI-VI of FIG.
1 of the liquid crystal display panel 190 in accordance with
the comparative example. As is apparent from FIG. 13, a
portion corresponding to an end of the S-slit electrode 115A
in awidth direction has a highest transmittance. However, the
light shielding film 131 is disposed on this portion with the
highest transmittance. Hence, this has led to decrease in the
transmittance in the comparative example.

[0059] Next, the characteristics of the present invention
will be explained. In FIG. 4, shown is a schematic enlarged
partial sectional view of the liquid crystal display panel 90 in
accordance with the first exemplary embodiment. For illus-
tration purposes, only a member to describe is shown in the
figure. FIG. 4 is a schematic view taken from a line corre-
sponding to the line VI-VIof FIG. 1. In FIG. 4, the source wire
12L is located in the center.

[0060] Inthe liquid crystal display panel 90, the TFT array
substrate 91 and a color filter substrate 92 that works as a
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second substrate are arranged opposite to each other with a
predetermined gap being therebetween. There is provided a
liquid crystal layer 93 in the gap between the TFT array
substrate 91 and the color filter substrate 92. A light shielding
film 31 that works as a black matrix, a color filter film 32, etc.
are provided on the color filter substrate 92.

[0061] Inthe color filter film 32, for example, a plurality of
three stripe color patterns of blue (B), green (G), and red (R)
are arranged with a predetermined alignment in parallel.
Methods for forming such color patterns include various
methods, such as a pigment dispersion method, a staining
method, a printing method, a deposition method, and an elec-
trodeposition method. In the first exemplary embodiment, a
certain color filter film (for example, R) is arranged between
the source wires 121.. An other color filter film (for example,
G or B) is arranged between adjacent other source wires 12L.
In other words, color filter films composed ofa group of RGB
are iteratively aligned in a stripe manner.

[0062] The light shielding film 31 is arranged between the
different color filters, and thereby has a function to partition
the color filter film 32 to prevent color mixture. The light
shielding film 31 in accordance with the first exemplary
embodiment is, as shown in FIG. 4, arranged above the source
wire 121 and is extended substantially in the same direction
as the source wire 12L. In addition, optical films, such as a
polarizing plate (not shown) and an optical compensation film
(not shown), are provided on the other surface of the color
filter substrate 92.

[0063] In the liquid crystal display device configured as
described above, a predetermined voltage is supplied to the
gate wire 111, whereby the TFT50 is switched on, and then a
display signal supplied to the source wire 121 is written in the
plate-shaped electrode 14. A potential difference is then gen-
erated between the plate-shaped electrode 14 and the slit
electrode 15, thereby generating an electric field. This electric
field acts on liquid crystal molecules (not shown) that consti-
tutes the liquid crystal layer, and rotates the liquid crystal
molecules mainly in a surface parallel to the substrate.
[0064] Here, for the purpose of explanation, the slit elec-
trode 15 arranged above and opposite to the source wire 121
is defined as an S-slit electrode 15A. The slit electrode 15
arranged adjacent to the S-slit electrode 15A through the
slit-like aperture OP is then defined as an N-slit electrode
15B. In addition, the slit electrodes other than the S-slit elec-
trode 15A and the N-slit electrode 15B are defined as E-slit
electrodes 15C. It is to be noted that the S-slit electrode 15A
is arranged opposite to the light shielding film 31 through the
liquid crystal layer 93.

[0065] In addition, as shown in FIG. 4, a width of the light
shielding film 31 is defined as w1, and that of the S-slit
electrode 15A arranged above and opposite to the source wire
12L is defined as w2. Further, a width of the N-slit electrode
15B adjacent to the S-slit electrode 15A is defined as w3, and
a width of the E-slit electrodes 15C other than the S-slit
electrode 15A and the N-slit electrode 15B is defined as w4.
Still further, a width of the S-slit electrode 15A protruding
from the light shielding film 31 is defined as w5.

[0066] The S-slit electrode 15A in accordance with the first
exemplary embodiment is disposed so as to protrude from the
light shielding film 31 in a width direction. In addition, the
protrusion width w5 is set to be substantially the same length
at both ends of the S-slit electrode 15A. For the purpose of
explanation, a distance is defined as w6 from one end of the
S-slit electrode 15A to a point completely opposite to the light
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shielding film 31. Further, a width of the slit-like aperture OP
between the S-slit electrode 15A and the N-slit electrode 15B
is defined as wS1, and both a width of the slit-like aperture OP
between the N-slitelectrode 15B and the E-slit electrode 15C,
and a width of the slit-like aperture OP between the E-slit
electrodes 15C is defined as wS2.

[0067] The light shielding film 31 is disposed above the
source wire 121 so as to extend from a pixel to an adjacent
pixel substantially in the same direction as the source wire
12L. The light shielding film 31 is disposed so as to have arole
in preventing color mixture of the color filter films 32A and
32B as viewed from an oblique angle. Namely, the width w1
of the light shielding film 31 is set to a distance that can
prevent the color mixture of the color filter films 32A and 32B
as viewed from an oblique angle.

[0068] In the first exemplary embodiment, positions of the
S-slit electrode 15A, the light shielding film 31, etc. are set so
as to meet the following conditions.

wS1<wS2

[0069] In addition, it is set to wS2-wS1=w5. Namely, the
width wS1 of the slit-like aperture OP between the S-slit
electrode 15A and the N-slit electrode 15B is set to be smaller
than the width wS2 of the slit-like aperture OP between the
N-slit electrode 15B and the E-slit electrode 15C, and of the
slit-like aperture OP between the E-slit electrodes 15C.
Simultaneously, the width of the both ends of the S-slit elec-
trode 15A is set to be larger by w5 than that of the comparative
example. Specifically, when a size of one pixel is set to 43.5
umx130.5 pm, wS2 is set to 4.5 um and wS1 is 4.0 pum.
Further, w5 is set to 0.5 um. Meanwhile, it is set to w3=w4.
Namely, the width w3 of the N-slit electrode 15B adjacent to
the S-slit electrode 15A is set to be the same as the width w4
ofthe E-slit electrodes 15C other than the S-slit electrode 15A
and the N-slit electrode 15B.

<Condition 1>

w6=9 um <Cendition 2>

[0070] A most suitable value of the width wé (which is
equal to wl+w5), which is from the one end of the S-slit
electrode 15A to the point completely opposite to the light
shielding film 31, is determined in view of an oblique viewing
angle, distances from the TFT array substrate 91 and the color
filter substrate 92, an optical path difference of a light that
passes through a liquid crystal driving area on the S-slit
electrode 15A and that passes through layers with different
refractive indexes, etc. (refer to FI1G. 5). This time, the dis-
tances between the TFT array substrate 91 and the color filter
substrate 92 are set to 1 to 5 um, and it is set to wo=w1+wS5,
which is equal to 9 pm, as a required amount for the color
mixture not to occur even when viewed from 45 degrees
angle. Based on this, a value of the width w1 of the light
shielding film 31 is adjusted so that w1 may be equal to 8.5
um. The above-described configuration, as shown in FIG. 5,
enables to prevent the color mixture from occurring when
viewed from 45 degrees angle and to prevent the transmit-
tance from decreasing.

[0071] In FIG. 6, shown is a transmittance distribution
graph taken from a line corresponding to the line VI-VI of
FIG. 1 of the liquid crystal display panel 90 in accordance
with the first exemplary embodiment. As is apparent from
FIG. 6, a portion corresponding to an end of the S-slit elec-
trode 15A in a width direction has a highest transmittance. It
prevented the shading film 31 from being disposed on this
portion with the highest transmittance. Accordingly, the
transmittance can be improved.
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[0072] Inthe liquid crystal display device in the FFS mode,
an electric field of an edge of the slit electrode is strongly
generated, and thus liquid crystal molecules rotates well. For
that reason, a transmittance of the edge becomes higher than
that of the other portions of the electrode. According to the
first exemplary embodiment, the light shading film 31 is
disposed in the upper part of the source wire so that so-called
compound color that the color of the pixel to be adjacent as
viewed from an oblique angle mixes when the single color is
displayed does not occur. Further, the light shading film 31 is
not disposed in the upper part of the edge portion of the slit
electrode. As a resultof them, transmittance can be enhanced.
[0073] FIG. 7 is a graph showing a transmittance with
respect to a reduced width between slit electrodes. In FIG. 7,
it was fixed to wS2=4.5 pm, and it was changed to wS1=4.5
pm, 4.0 um, 3.5 um, or 2.5 pm. In addition, w5 was set to
become equal to wS2-wS1. A horizontal axis indicates a
value of wS2-wS1. Namely, the value indicates a reduced
width of the apertures of the slit electrodes. A vertical axis
indicates a normalized transmittance. Specifically, transmit-
tance of wS2-wS1=0 (a reduced width of the apertures of the
slit electrodes is zero) is set to 1. Referring to FIG. 7, it can be
seen that reducing a slit distance improves a transmittance. In
addition, when wS1 is 3.5 or 2.5 um, it has been confirmed
that the same graph as FIG. 6 can be obtained.

[0074] According to the first exemplary embodiment, the
width wS1 of the slit-like aperture OP arranged above both
sides of the source wire 12L is made smaller than the width
wS2 of the other slit-like apertures OP, whereby the light
shielding film 31 canbe arranged more inside than the edge of
the S-slitelectrode 15A. Consequently, even though the width
w6 is set to 9 um, the light shielding film 31 stops shielding
the edge of the S-slit electrode 15A. As a result of this, the
transmittance can be improved preventing color mixture
when displayed in a single color. In addition, improvement of
the transmittance allows to reduce power consumption of a
back light with respect to required brightness specification,
and to achieve energy saving.

[0075] Further, a wide viewing angle, high brightness, and
a high aperture ratio can be achieved since the FFS mode is
employed. Hence, according to the first exemplary embodi-
ment, a liquid crystal display device that can achieve a wide
viewing angle, high brightness, a high display quality, and
energy saving can be provided.

Second Exemplary Embodiment

[0076] Next, an example of a liquid crystal display panel
different from the above-described first exemplary embodi-
ment is described. In the drawings described below, the same
component members as in the above-described first exem-
plary embodiment have the same reference numerals, and
explanations thereof are arbitrarily omitted.

[0077] In FIG. 8, shown is a schematic enlarged partial
sectional view of the liquid crystal display panel 90 in accor-
dance with a second exemplary embodiment. In the second
exemplary embodiment, various values are set so as to meet
the following conditions.

w3<w4 <Condition 1>

[0078] Namely, a width w3 of an N-slit electrode 15Ba
adjacent to an S-slit electrode 15Aa is set to be smaller than a
width w4 of the E-slit electrodes 15C other than the S-slit
electrode 15Aa and the N-slit electrode 15Ba. Simulta-
neously, the width of both ends of the S-slit electrode 15Aa is
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set to be larger by a width w5 than that of the comparative
example. Specifically, when a size of one pixel is set to 43.5
umx130.5 um, w3 is set to 2.5 um and w4 is set to 3.0 um.
Meanwhile, it is set to wS1=wS2. Specifically, it is set to
wS1=wS2=4.5 pm. In addition, w5 is set to 0.5 um.

w6=9 um <Condition 2>

[0079] A most suitable value of the width wé (which is
equal to wl+w5), which is from the one end of the S-slit
electrode 15Aa to the point completely opposite to the light
shielding film 31, is determined in view of an oblique viewing
angle, distances between the TFT array substrate 91 and the
color filter substrate 92, an optical path difference of a light
that passes through a liquid crystal driving area on the S-slit
electrode 15Aa and that passes through layers with different
refractive indexes, etc. The distances between the TFT array
substrate 91 and the color filter substrate 92 are setto 1 10 5
um, and it is set to w6=w1+w5, which is equal to 9 um, as a
required amount for the color mixture not to occur even when
viewed from 45 degrees angle. Based on this, a value of the
width w1 of the light shielding film 31 is adjusted so that w1
may be equal to 8.5 um. The above-described configuration,
as shown in FIG. §, enables to prevent the color mixture from
occurring when viewed from 45 degrees angle and to prevent
the transmittance from decreasing.

[0080] In FIG. 9, shown is a transmittance distribution
graph taken from a line corresponding to the line VI-VI of
FIG. 1ofaliquid crystal display panel 90a in accordance with
the second exemplary embodiment. As is apparent from FIG.
9, a position corresponding to an end of the S-slit electrode
15Aa in a width direction has a highest transmittance. It
prevented the shading film 31 from being disposed on this
portion with the highest transmittance. Accordingly, the
transmittance can be improved.

[0081] FIG. 10 is a graph showing a transmittance with
respect to a reduced width of the slit electrodes. In FIG. 10, it
was fixed to w4=3.0 pm, and it was changed to w3=3.0 pum,
2.5 um, 2.0 um, or 1.0 pm. A horizontal axis indicates a value
of wad-w3. Namely, it is a reduced value of the width of the slit
electrode. A vertical axis indicates a normalized transmit-
tance. Specifically, transmittance of wd-w3=0 (a reduced
width of the slit electrodes is zero) is set to 1. Referring to
FIG. 10, it can be seen that reducing a slit distance improves
a transmittance. In addition, when w3 is 2.0 or 1.0 pm, it has
been confirmed that the same graph as FIG. 9 can be obtained.
[0082] According to the second exemplary embodiment,
the width w3 ofthe N-slit electrode 15Ba adjacent to the S-slit
electrode 15Aa arranged above the source wire 121 is made
smaller than the width w4 of the E-slit electrodes 15C other
than the S-slit electrode 15Aa and the N-slit electrode 15Ba,
whereby the light shielding film 31 can be arranged more
inside than an edge of the S-slit electrode 15Aa. Conse-
quently, even if the width w6 is set to 9 um, the light shielding
film 31 stops shielding the edge of the S-slit electrode 15Aa.
As a result of this, the transmittance can be improved. In
addition, improvement of the transmittance allows reducing
power consumption of a back light with respect to required
brightness specification.

[0083] Further, because the FFS mode is employed, aliquid
crystal display device that can achieve a wide viewing angle,
high brightness, a high display quality, and energy saving can
be provided.

Third Exemplary Embodiment

[0084] Next, an example of a liquid crystal display panel
different from the above-described second exemplary
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embodiment is described. In a third exemplary embodiment,
various values are set so as to meet the following conditions.
[0085] In FIG. 11, shown is a transmittance distribution
graph in an area corresponding to the line VI-VI of the first
exemplary embodiment in the liquid crystal display panel in
accordance with the third exemplary embodiment.

wS1<wS2

[0086] Namely, a width wS1 of the slit-like aperture OP
between an S-slit electrode 15Ab and an N-slit electrode
15Bb is set to be smaller than a width wS2 of the slit-like
aperture OP between the N-slit electrode 15Bb and the E-slit
electrode 15C, and of the slit-like aperture OP between the
E-slit electrodes 15C. Simultaneously, the width of both ends
of the S-slit electrode 15Ab is set to be larger than that of the
comparative example. Specifically, when a size of one pixel is
set to 43.5 pmx130.5 pm, wS2 is set to 4.5 um and wS1 is set
t0 4.0 um.

<Condition 1>

w3<wi <Condition 2>

[0087] Namely, the width w3 of the N-slit electrode 15Bb
adjacent to the S-slit electrode 15Ab is set to be smaller than
the width w4 of the E-slit electrodes 15C other than the S-slit
electrode 15Ab and the N-slit electrode 15Bb. Simulta-
neously, the width of the both ends of the S-slit electrode
15Ab is set to be larger than that of the comparative example.
Specifically, when a size of one pixel is set to 43.5 pmx130.5
um, w3 is set to 2.5 pm and w4 is set to 3.0 um. The width w5
is determined based on the conditions 1 and 2. Namely, w5 is
setto 1.0 pm.

w6=9 um <Condition 3>

[0088] A most suitable value of the width w6 (which is
equal to wl+w5), which is from oneend of the S-slit electrode
15Ab to the point completely opposite to the light shielding
film 31, is determined in view of an oblique viewing angle,
distances between the TFT array substrate 91 and the color
filter substrate 92, an optical path difference of a light that
passes through a liquid crystal driving area on the S-slit
electrode 15Ab and that passes through layers with different
refractive indexes, etc. The distances between the TFT array
substrate 91 and the color filter substrate 92 are set to 3 pm. It
is set to w6=wl+w5, which is 9 um, and w5 is equal to 1.0 um
as a required amount for the color mixture not to occur even
when viewed from 45 degrees angle. Based on this, a value of
the width w1 of the light shielding film 31 is adjusted so that
w1 may be equal to 8.0 um. The above-described configura-
tion, as shown in FIG. 5, enables to prevent the color mixture
from occurring when viewed from 45 degrees angle and to
prevent the transmittance from decreasing.

[0089] As is apparent from FIG. 11, setting the conditions 1
and 2 enables the transmittance to be improved by not less
than 20% as compared with the comparative example.
[0090] According to the present third exemplary embodi-
ment, the width w3 of the N-slit electrode 15Bb adjacent to
the S-slit electrode 15Ab arranged above the source wire 121
is made smaller than the width w4 of the E-slit electrodes 15C
other than the S-slit electrode 15Ab and the N-slit electrode
15Bb, and the aperture width wS1 is made smaller than the
aperture width wS2, whereby the light shielding film 31 can
be arranged more inside than the edge of the S-slit electrode
15Ab. Consequently, even if the width w6 is set to 9 um, the
light shielding film 31 stops shielding the edge of the S-slit
electrode 15Ab. As a result of this, the transmittance can be
improved. In addition, improvement of the transmittance

Nov. 25,2010

allows reducing power consumption of a back light with
respect to required brightness specification.

[0091] Further, because the FFS mode is employed, a liquid
crystal display device that can achieve a wide viewing angle,
high brightness, a high display quality, and energy saving can
be provided. It is to be noted that the TFT with the top gate
type MOS structure has been explained as an example herein,
but the structure of the TFT, the matetial for the semiconduc-
tor layer, the shape ofthe slit electrode, the shapes of the pixel
electrode and the common electrode, etc. are just one
examples, and the present invention is not limited to the
above-described embodiments. In addition, the example of
the transmission type liquid crystal display device has been
explained, but the present invention may be applied to a
transflective liquid crystal display device. Further, the
example has been explained that the line-like patterns of the
slit electrode 15 extend substantially in the same direction as
the source wires, but alternatively, the patterns may extend
substantially in a same direction as the gate wires. In this case,
the extending direction of the light shielding film 31 is also
defined as substantially the same direction as the gate wires.
[0092] In addition, the example of the color filter film 31
with a stripe array has been explained in the above-described
embodiment, but a mosaic array may be employed in which
the same colors as RGB are obliquely arranged. The example
of the light shielding film 31 has been explained that extends
substantially in the same direction as a longitudinal direction
of the slit electrode, but it goes without saying that a light
shielding film that extends in an other direction may be dis-
posed. Further, the line-like patterns of the slit electrode 15
may extend substantially in the same direction as the source
wire 121, when macroscopically viewed, and the slit-like
apertures may be curved, zigzagged, etc.

[0093] From the invention thus described, it will be obvious
that the embodiments of the invention may be varied in many
ways. Such variations are not to be regarded as a departure
from the spirit and scope of the invention, and all such modi-
fications as would be obvious to one skilled in the art are
intended for inclusion within the scope of the following
claims.

What is claimed is:

1. A liquid crystal display device comprising:

a first substrate;

a second substrate arranged opposite to the first substrate;
and

a liquid crystal layer sealed between the first substrate and
the second substrate, wherein

the first substrate comprises:

a plurality of gate wires;

aplurality of source wires that intersect the plurality of gate
wires;

aslit electrode that has a plurality of slit-like apertures so as
to form a plurality of line-like patterns substantially in a
same direction as either the source wires or the gate
wires; and

a plate-shaped electrode that has an overlap area with the
slit electrode as viewed from a plane through an insulat-
ing layer, the plate-shaped electrode being on a lower
layer than the slit electrode, and

the second substrate comprises:

a plurality of color filter films; and

a light shielding film that extends substantially in a same
direction as the line-like patterns of the slit electrode,
and that has an overlap area with either the source wires
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or the gate wires as viewed from a plane, and that is
arranged so that the plurality of color filter films are
partitioned to prevent color mixture when displayed in a
single color, and

either the plate-shaped electrode or the slit electrode is

defined as a pixel electrode arranged so as to be con-
nected to the plurality of source wires through an switch-
ing element, and the other electrode is defined as a
common electrode, and a non-opposed area to the light
shielding film is formed at an end of the slit electrode in
a width direction so that a transmittance may not be
reduced due to the light shielding film in the areas where
the light shielding film and the slit electrode are arranged
in an overlapped manner as viewed from a plane.

2. The liquid crystal display device according to claim 1,
wherein as means for adjusting to form the non-opposed area
of the light shielding film at the end of the slit electrode in the
width direction, a width of the slit-like aperture that forms the
slit electrode, where the light shielding film and the slit elec-
trode are arranged in the overlapped manner as viewed from
aplane, is made smaller than a width of the slit-like apertures
formed in the other positions.

3. The liquid crystal display device according to claim 1,
wherein as means for adjusting to form the non-opposed area
of thelight shielding film at the end of the slit electrode in the
width direction, a width of the line-like patterns of a slit
electrode adjacent to the slit electrode, where the light shield-
ing film and the slit electrode are arranged in the overlapped
manner as viewed from a plane, is made smaller than a width
of the line-like patterns of the slit electrodes arranged at the
other positions.

4. The liquid crystal display device according to claim 2,
wherein as means for adjusting to form the non-opposed area
of the light shielding film at the end of the slit electrode in the
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width direction, a width of the line-like patterns of a slit
electrode adjacent to the slit electrode, where the light shield-
ing film and the slit electrode are arranged in the overlapped
manner as viewed from a plane, is made smaller than a width
of the line-like patterns of the slit electrodes arranged at the
other positions.

5. The liquid crystal display device according to claim 1,
wherein wires formed substantially in a same direction as the
line-like patterns of the slit electrode are the source wires.

6. The liquid crystal display device according to claim 2,
wherein wires formed substantially in a same direction as the
line-like patterns of the slit electrode are the source wires.

7. The liquid crystal display device according to claim 3,
wherein wires formed substantially in a same direction as the
line-like patterns of the slit electrode are the source wires.

8. The liquid crystal display device according to claim 4,
wherein wires formed substantially in a same direction as the
line-like patterns of the slit electrode are the source wires.

9. The liquid crystal display device according to claim 1,
wherein the non-opposed areas of both ends of the slit elec-
trode are substantially the same.

10. The liquid crystal display device according to claim 2,
wherein the non-opposed areas of both ends of the slit elec-
trode are substantially the same.

11. The liquid crystal display device according to claim 3,
wherein the non-opposed areas of both ends of the slit elec-
trode are substantially the same.

12. The liquid crystal display device according to claim 4,
wherein the non-opposed areas of both ends of the slit elec-
trode are substantially the same.
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