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7) ABSTRACT

To take measures against the phenomenon of difficulty forthe
orientation film material to flow into the through-hole when
the diameter of through-holes which connects the pixel elec-
trode and the source electrode becomes small.

An interlayer insulating film 109 made of SiN is formed on a
counter electrode, and a pixel electrode 110 having a slit 1101
is formed on the interlayer insulating film 109. A through-
hole 111 which connects the pixel electrode 110 and the
source electrode of a TET has a large opening on the upper
side, a small opening on the lower side, and an inner wall
extending between the large opening and the small opening.
The pixel electrode 110 covers the through-hole 111 on an
inner side of the pixel of the through-hole 111 but does not
cover a periphery of the large opening of the through-hole on
an outer side of the through-hole 111. Consequently, an ori-
entation film material can easily flow from a starting point
given by an end portion of the pixel electrode into the inside
of the through-hole.
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LIQUID CRYSTAL DISPLAY DEVICE

CLAIM OF PRIORITY

[0001] The present application claims priority from Japa-
nese Patent Application JP 2013-238130 filed on Nov. 18,
2013, the content of which is hereby incorporated by refer-
ence into this application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display device,
and particularly to a liquid crystal display device which is
small in decrease in transmittance and low in pixel defect rate
even on a high definition screen.

[0004] 2. Description of the Related Art

[0005] In a liquid crystal display device, liquid crystal is
sandwiched between a thin film transistor (TFT) substrate
and a counter substrate. The TFT substrate has pixels formed
in a matrix thereon and each including a pixel electrode, a
TFT and so forth. The counter substrate opposed to the TFT
substrate has color filters formed at places thereof corre-
sponding to the pixel electrodes of the TFT substrate. The
transmittance of light by liquid crystal molecules is con-
trolled for each pixel to form an image. It is to be noted that a
pixel signifies a region surrounded by each of scanning lines
extending in a first direction and arrayed in a second direction
and each of video signal lines extending in the second direc-
tion and arrayed in the first direction.

[0006] Since a liquid crystal display device is flat and light
in weight, applications thereof are spreading in various fields.
In portable telephone sets, digital still cameras (DSCs) and so
forth, a liquid crystal display device of a small size is used
widely. In a liquid crystal display device, the viewing angle
characteristic matters. The viewing angle characteristic is a
phenomenon in which the luminance varies or the chroma-
ticity varies depending upon whether a screen image is
viewed from the front or from an oblique direction. An in-
plane switching (IPS) method wherein liquid crystal mol-
ecules are operated by an electric field applied in a horizontal
direction is superior in the viewing angle characteristic.
[0007] Among various IPS methods, some methods have
become the mainstream today because the transmittance can
be increased. The increased transmittance can be realized by,
for example, forming a common electrode solidly in plane
and disposing pixel electrodes having a slit above the com-
mon electrode with an insulating film interposed therebe-
tween such that liquid crystal molecules can be rotated by an
electric field generated between the pixel electrodes and the
common electrode. The common electrode and the interlayer
insulating film are formed on an organic passivation film
which serves also as a flattening film.

[0008] On the other hand, ifthe size of the pixels on a high
definition screen of a liquid crystal display device is reduced,
then the proportion of the diameter of through-holes for con-
necting the pixel electrodes and the source electrodes of the
TFTs to each other increases.

[0009] If it is tried to decrease also the diameter of the
through-holes as the pixel size is decreased to raise the defi-
nition of the screen, then the taper angle of a wall portion of
the through-holes (such taper angle is hereinafter referred to
sometimes as taper angle of a through-hole) must be
increased. Meanwhile, although an orientation film is used in
order to initially orient the liquid crystal, a material for the
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orientation film is applied by flexographic printing, ink jet
printing or the like while it initially (before the application)
remains in a liquid state.

[0010] Ifthe taper angle ofathrough-holeis increased, then
when the orientation film material is applied, a phenomenon
occurs in which the orientation film material does notadvance
into the through-hole due to the surface tension thereof. If the
phenomenon occurs, then since the state of liquid crystal
differs in a region in which the orientation film is formed
thicker, some display irregularities occur there due to leak of
light therethrough or the like.

[0011] JP-2007-322563-A discloses a configuration
wherein the height is changed around a large opening on an
upper side of a through-hole so that an orientation film may
flow readily into the through-hole. The method of changing
the height around a large opening on an upper side of a
through-hole in the above-specified patent document is con-
figured such that a step provided on a lower layer film is
reflected on the circumference of the large opening on the
upper side of the through-hole.

[0012] JP-2008-275879-A discloses a configuration for
solving a problem that photoresist for formation of pixel
electrode patterns does not advance into a recessed portion of
a through-hole and a pixel electrode is etched in the through-
hole, resulting in failure to establish electric connection of the
pixel electrode. In particular, JP-2008-275879-A discloses a
configuration wherein a step is provided around a large open-
ing on the upper side of a through-hole so as to facilitate
advancement of photoresist into the through-hole. Alto it is
disclosed that a similar problem occurs also with application
of an orientation film material. Also the method of changing
the height around a large opening on the upper side of a
through-hole in the above-specified patent document is con-
figured such that a step provided on a lower layer film is
reflected on a periphery of the large opening on the upper side
of the through-hole.

[0013] JP-2013-140386-A discloses a configuration
wherein, in a liquid crystal display device of the IPS type, an
optical orientation process is used for an orientation film to
use also an inner wall of a through-hole as a region for
formation ofan image. To this end, the above-specified patent
document discloses a configuration wherein, also on an inner
wall of a through-hole, a slit of a pixel electrode is formed.

SUMMARY OF THE INVENTION

[0014] Recently, also for a liquid crystal display device of a
small size, such a high definition screen as video graphics
array (VGA, 640x480 dots) is demanded. Here, since a dot is
formed from a set of three pixels of a red pixel, a green pixel
and a blue pixel, where the high definition screen is repre-
sented using a pixel number, then it includes 1920x480 pix-
els. In order to make it possible to display a VGA image on a
screen of three inches, the minor diameter of a pixel becomes
as small as 32 um.

[0015] In order to maintain a predetermined transmittance
even if the pixel size becomes small, it is necessary to dispose
a'TFT, a through-hole and so forth in a small area and raise the
proportion of the area of the pixel electrode as high as pos-
sible. If it is tried to reduce the area occupied by the through-
hole, then the taper angle of the through-hole increases. Such
increase of the taper angle makes an orientation film material
less liable to flow into the through-hole, resulting in occur-
rence of a sesame-like pixel defect.
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[0016] The configuration of IP-2007-322563-A or
JP-2008-275879-A is that a step is provided on a lower layer
film and is reflected on a circumference of a large opening on
the upper side of a through-hole. Therefore, if it is tried to
provide a difference in height around an upper portion of a
through-hole, then it becomes impossible to use an organic
passivation film. This is because, since the organic passiva-
tion film is formed as thick as 2 to 4 pm, the surface becomes
flat and it becomes difficult to form a difference in height
around the through-hole.

[0017] On the other hand, depending upon the type of the
liquid crystal display device, it is necessary to use an organic
passivation film from the request that the thickness of the
liquid crystal layer be fixed. Further, since the organic passi-
vation film is formed as thick as 2 to 4 pm, if a through-hole
is formed in the organic passivation film, then the problem
that the area occupied by the through-hole increases becomes
further prominent.

[0018] FIG. 14 is a sectional view illustrating the problem
described above in a liquid crystal display device of the IPS
type. Referring to F1G. 14, a gate electrode 101 is formed on
a TFT substrate 100, and a gate insulating film 102 is formed
so as to cover the gate electrode 101. A semiconductor layer
103 is formed at a location on the gate insulating film 102
corresponding to the gate electrode 101. A drain electrode
104 and a source electrode 105 are laminated on the semicon-
ductor layer 103. Aninorganic passivation film 106 is formed
so as to cover the semiconductor layer 103, drain electrode
104, source electrode 105 and so forth and protects the TFT.
An organic passivation film 107 serving also as a flattening
film is formed on the inorganic passivation film 106. The
organic passivation film 107 is formed as thick as 2 to 4 um.
[0019] A counter electrode 108 to which a common voltage
is applied is formed on the organic passivation film 107. An
interlayer insulating film 109 made of SiN is formed so as to
cover the counter electrode 108 (also called common elec-
trode). A pixel electrode 110 having a slit not depicted is
formed on the interlayer insulating film 109. The pixel elec-
trode 110 is connected to the source electrode 105 which
extends from the TFT through a through-hole 111 formed in
the intetlayer insulating film 109, organic passivation film
107 and inorganic passivation film 106.

[0020] An orientation film 120 is applied on the pixel elec-
trode 110 by flexographic printing, ink jet printing or the like.
However, if the diameter of the through-hole 111 becomes
small, then the taper angle of the through-hole 111 becomes
great, which gives rise to a phenomenon in which the orien-
tation film material which initially is liquid does not advance
into the through-hole. This gives rise to another phenomenon
in which the orientation film 120 is formed thick on a periph-
ery of the through-hole 111 as depicted in FIG. 14.

[0021] Ifanunevenness in thickness occurs with the orien-
tation film 120 in this manner, then since the state of the liquid
crystal at the place becomes different from that in the other
region, display irregularities occur. Such a phenomenon in
which the thickness of the orientation film 120 increases
around the through-hole 111 because the orientation film
material does not advance into the through-hole 111 fre-
quently occurs not only around one pixel 10 but also with a
plurality of pixels 10 as indicated by slanting line regions in
FIG. 15. The display irregularities are likely to become
prominent as much.

[0022] Referring to FIG. 15, pixels 10 having the pixel
electrode 110 are formed in a matrix. The pixel electrode 110
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has a slit 1101 and is connected to the source electrode of a
TFT not depicted through the through-hole 111. The through-
hole 111 extends through an interlayer insulating film, an
organic passivation film and an inorganic passivation film.
The pixel electrode 110 covers the entire through-hole 111.
[0023] FIG. 16 is a perspective view depicting part of a
pixel. Referring to FI1G. 16, the pixel electrode 110 is formed
on the interlayer insulating film 109 made of SiN. The pixel
electrode 110 is made of indium tin oxide (ITO) and has the
slit 1101 therein. The pixel electrode 110 covers the entire
through-hole 111. An orientation film material is applied to
the pixel electrode 110. However, if the diameter of the
through-hole 111 becomes small, then a phenomenon occurs
in which the orientation film material does not advance into
the through-hole 111 and the orientation film 120 is formed
thick on a periphery of the through-hole as depicted in FIG.
14.

[0024] It is a subject of the present invention to provide a
liquid crystal display device wherein, even if the size of pixels
is small on a high definition screen and also the diameter of
through-holes is small, an orientation film material can flow
readily into the through-holes thereby to prevent thickness
irregularities of the orientation film to allow display of a
screen image of high picture quality.

[0025] The present invention overcomes the problem
described above and provides the following particular means.
[0026] (1) According to an embodiment of the present dis-
closure, there is provided a liquid crystal display device
including a TFT substrate, a counter substrate, and liquid
crystal sandwiched between the TFT substrate and the
counter substrate. The TFT substrate includes an organic
passivation film, a common electrode formed on the organic
passivation film, an interlayer insulating film formed on and
covering the common electrode, a pixel electrode formed on
the interlayer insulating film and having therein a slit closed at
an end portion thereof, and a pixel. The pixel is configured
such that a source electrode ofthe TFT and the pixel electrode
are electrically connected to each other through a through-
hole formed in the organic passivation film and the interlayer
insulating film. The counter substrate has a color filter at a
portion thereof corresponding to the pixel. The through-hole
has a large opening on an upper side, a small opening on a
lower side which connects to the source electrode, and an
inner wall extending between the large opening and the small
opening. The pixel electrode covers the through-hole on an
inner side of the pixel of the through-hole but does not cover
a periphery of the large opening of the through-hole on an
outer side of the pixel.

[0027] (2) According to another embodiment of the present
disclosure, there is provided a liquid crystal display device
including a TFT substrate, a counter electrode, and liquid
crystal sandwiched between the TFT substrate and the
counter substrate. The TFT substrate includes an organic
passivation film, a common electrode formed on the organic
passivation film, an interlayer insulating film formed on and
covering the common electrode, a pixel electrode formed on
the interlayer insulating film and having therein a slit closed at
an end portion thereof, and a pixel. The pixel is configured
such that a source electrode of the TFT and the pixel electrode
are electrically connected to each other through a through-
hole formed in the organic passivation film and the interlayer
insulating film. The counter substrate has a color filter at a
portion thereof corresponding to the pixel. The through-hole
has a large opening on an upper side, a small opening on a
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lower side which connects to the source electrode, and an
inner wall extending between the large opening and the small
opening. A shape in plan of the large opening has a major axis
and a minor axis. The pixel has a rectangular shape. The major
axis of the large opening of the through-hole extends in a
direction same as a direction of the major axis of the pixel.
The slit extends also to the inner wall of the through-hole.

[0028] (3) According to a further embodiment of the
present disclosure, there is provided a liquid crystal display
device including a TFT substrate, a counter substrate, and
liquid crystal sandwiched between the TFT substrate and the
counter substrate. The TFT substrate includes an organic
passivation film, a common electrode formed on the organic
passivation film, an interlayer insulating film formed on and
covering the common electrode, a pixel electrode formed on
the interlayer insulating film and having therein a slit closed at
an end portion thereof, and a pixel. The pixel is configured
such that a source electrode of the TFT and the pixel electrode
are electrically connected to each other through a through-
hole formed in the organic passivation film and the interlayer
insulating film. The counter substrate has a color filter at a
portion thereof corresponding to the pixel. The through-hole
has a large opening on an upper side, a small opening on a
lower side which connects to the source electrode, and an
inner wall extending between the large opening and the small
opening. A shape in plan of the large opening has a major axis
and a minor axis. The pixel electrode includes a main pixel
electrode having the slit and a sub pixel electrode disposed so
as to have a gap from the main pixel electrode. The pixel has
arectangular shape. The major axis ofthe large opening of the
through-hole extends in a direction same as a direction of the
minor axis of the pixel. In a region of the gap, a periphery of
the large opening of the through-hole is not covered with the
pixel electrode.

[0029] (4) According to a still further embodiment of the
present disclosure, there is provided a liquid crystal display
device including a TFT substrate, a counter substrate, and
liquid crystal sandwiched between the TFT substrate and the
counter substrate. The TFT substrate includes an organic
passivation film, a common electrode formed on the organic
passivation film, an interlayer insulating film formed on and
covering the common electrode, a pixel electrode formed on
the interlayer insulating film and having therein a slit closed at
an end portion thereof, and a pixel. The pixel is configured
such that a source electrode of the TFT and the pixel electrode
are electrically connected to each other through a through-
hole formed in the organic passivation film and the interlayer
insulating film. The counter substrate has a color filter at a
portion thereof corresponding to the pixel. The through-hole
has a large opening on an upper side, a small opening on an
lower side which connects to the source electrode, and an
inner wall extending between the large opening and the small
opening. The small opening of the through-hole is eccentric
with respect to the large opening.

[0030] (5) According to a yet further embodiment of the
present disclosure, there is provided a liquid crystal display
device including a TFT substrate, a counter substrate, and
liquid crystal sandwiched between the TFT substrate and the
counter substrate. The TFT substrate includes an organic
passivation film, a common electrode formed on the organic
passivation film, an interlayer insulating film formed on and
covering the common electrode, a pixel electrode formed on
the interlayer insulating film and having therein a slit closed at
an end portion thereof, and a pixel. The pixel is configured
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such that a source electrode ofthe TFT and the pixel electrode
are electrically connected to each other through a through-
hole formed in the organic passivation film and the interlayer
insulating film. The counter substrate has a color filter at a
portion thereof corresponding to the pixel. A distance
between the TFT substrate and the counter substrate is
defined by post-like spacers formed on the counter substrate.
The through-hole has a large opening on an upper side, a
small opening on a lower side which connects to the source
electrode, and an inner wall extending between the large
opening and the small opening. The small opening of the
through-hole is eccentric to the post-like spacer side nearest
to the through-hole with respect to the large opening.

[0031] With the liquid crystal display devices of the present
invention wherein a high definition screen is provided and a
pixel has a reduced area and besides an organic passivation
film is used on a TFT substrate, even if a through-hole diam-
eter is reduced, a liquid crystal orientation film material can
be formed stably in the through-hole. Accordingly. display
irregularities arising from the fact that the orientation film
does not exist in the through-hole or arising from irregulari-
ties in thickness of the orientation film on a periphery of the
through-hole can be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1isa top plan view of a pixel of a liquid crystal
display device according to an embodiment 1;

[0033] FIG. 2 is a perspective view of the pixel depicted in
FIG. 1;
[0034] FIG. 3isa cross sectional view of a through-hole in

the pixel depicted in F1G. 1,

[0035] FIG. 4isa top plan view of a pixel of a liquid crystal
display device according to an embodiment 2;

[0036] FIG. 5isatop plan view of apixel of aliquid crystal
display device according to an embodiment 3;

[0037] FIGS. 6A and 6B are a perspective view and a cross
sectional view, respectively, of a through-hole according to an
embodiment 4;

[0038] FIGS.7A and 7B are a top plan view of a pixel and
across sectional view of a through-hole, respectively, accord-
ing to another form of the embodiment 4;

[0039] FIG. 8 is a top plan view of a pixel according to a
further form of the embodiment 4;

[0040] FIG. 9 is a top plan view of a pixel according a still
further form of the embodiment 4;

[0041] FIG. 10 is a top plan view of a pixel according a yet
further form of the embodiment 4;

[0042] FIG. 11 is a top plan view of a pixel according a yet
further form of the embodiment 4;

[0043] FIG. 12 is a top plan view of a pixel according a yet
further form of the embodiment 4;

[0044] FIG. 13 is a view illustrating a definition of a sec-
tional shape of a through-hole;

[0045] FIG. 14 is a cross sectional view of a through-hole
illustrating a problem of a conventional configuration;
[0046] FIG. 15isaplanview ofa display region illustrating
the problem of the conventional configuration; and

[0047] FIG. 16 is aperspective view depicting a pixel struc-
ture of a conventional configuration.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0048] In the following, the present invention is described
in detail in connection with embodiments thereof.

Embodiment 1

[0049] FIG. 1 depicts a pixel 10 according to the present
invention. Referring to FIG. 1, a pixel electrode 110 having a
slit 1101 is formed on an interlayer insulating film 109 made
of SiN. A counter substrate not depicted is formed below the
interlayer insulating film 109. If a signal voltage is applied to
the pixel electrode 110, then electric lines of force are directed
through the slit 1101 of the pixel electrode 110 to the under-
lying counter electrode. Thereupon, a transverse electric field
is formed in a liquid crystal layer, and liquid crystal molecules
are rotated by the transverse electric field. The transmittance
of the liquid crystal is controlled thereby for each pixel 10 to
form an image.

[0050] The pixel electrode 110 is connected to the source
electrode of a TFT through a through-hole 111. However, the
present invention is characterized in that the pixel electrode
110 does not cover the entire through-hole 111 and, on the
outer side of the pixel, the pixel electrode 110 does not exist
in the proximity of the through-hole 111. FIG. 2 illustrates
this manner using a perspective view. Referring to FIG. 2, the
pixel electrode 110 having the slit 1101 is formed on the
interlayer insulating film 109. However, the pixel electrode
110 is formed only on the inner side of the pixel 10 on the
upper side of the through-hole 111 but is not formed on the
outer side of the pixel 10.

[0051] Consequently, on aperiphery of the upper side of the
through-hole 111, a step of a dimension corresponding to the
thickness of the ITO is formed. Ifa step is formed on the upper
side of the through-hole 111, then an orientation film material
which is in the form of liquid is likely to flow into the through-
hole 111 from a starting point given by the step. Further, the
orientation film material is more likely to get wet and spread
on ITO which configures the pixel electrode than on SiN
which configures the interlayer insulating film 109. Accord-
ingly, the orientation film material is likely to flow into the
through-hole 111 from the side on which the ITO film does
not exist, namely, from the outer side of the pixel 10. By such
two phenomena, in the present invention, the orientation film
material is likely to flow into the through-hole 111.

[0052] FIG. 3 is a sectional view of a pixel including the
TFT and the through-hole 111 in the present embodiment.
Referring to FIG. 3, the configuration until the interlayer
insulating film 109 is formed is similar to that in FIG. 14, and
therefore, overlapping description of the same is omitted
herein. The present invention is characterized in that the pixel
electrode 110 formed on the interlayer insulating film 109 is
formed only on one side of the through-hole 111 while the
pixel electrode 110 is not formed on the opposite side of the
through-hole 111.

[0053] The left side in FIG. 3 on which the TFT is formed
corresponds to the outer side of the pixel while the right side
in FIG. 3 corresponds to the inner side of the pixel. In FIG. 3,
the pixel electrode 110 is formed in the through-hole 111 on
the inner side of the pixel and is connected to the source
electrode 105. In the proximity of the inner wall and the upper
side of the through-hole 111 on the outer side of the pixel in
FIG. 3, the pixel electrode 110 is not formed and the interlayer
insulating film 109 is exposed. Since an orientation film mate-
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rial is more likely to get wet and spread on SiN which con-
figures the interlayer insulating film 109 than on ITO which
configures the pixel electrode 110, the orientation film mate-
rial flows into the through-hole 111 from the outer side of the
pixel. Consequently, the thickness irregularities of the orien-
tation film can be suppressed.

Embodiment 2

[0054] FIG. 4 is a top plan view of a pixel depicting a
second embodiment of the present invention. A through-hole
111 has a large opening 1112 and a small opening 1111. The
pixel in FIG. 4 is characterized in that the large opening 1112
of the through-hole 111 has an elliptical shape having a major
axis in the longitudinal direction of the pixel. Accordingly, in
the sectional shape of the through-hole 111, the taper angle of
a cross section in the major axis direction of the pixel is
smaller than the taper angle of a cross section in the minor
axis direction of the pixel.

[0055] Further, FIG. 4 is characterized in that a slit 1101 of
the pixel electrode 110 extends to the inner wall of the
through-hole 111. Accordingly, on a periphery of the upper
side of the through-hole 111, a step arising from the presence
of the slit 1101 of the pixel electrode 110 is formed. An
orientation film material flows readily into the through-hole
from a starting point given by the step.

[0056] Further, the taper angle of the through-hole 111 on
the side on which the slit 1101 of the pixel electrode 110 is
formed is smaller. As the tape angle decreases, the orientation
film material becomes more likely to flow into the through-
hole 111. In particular, in the present embodiment, the upper
side of the through-hole 111, namely, the large opening 1112,
is formed in an elliptical shape and besides the slit 1101 is
extended to the inner wall of the through-hole 111 so that the
orientation film material becomes more likely to flow into the
through-hole 111 from such two reasons as described above.
Consequently, display irregularities arising from thickness
irregularities of the orientation film can be prevented.

[0057] It is to be noted that, in the configuration of the
present embodiment, the shape of the large opening 1112 of
the through-hole 111 is not limited to an elliptical shape, but
a similar effect can be achieved also by forming the large
opening in a rectangle having a major axis in the major axis
direction of the pixel. In other words, if the through-hole 111
is a through-hole whose large opening 1112 has a major axis
and a minor axis and the major axis extends in the longitudi-
nal direction of the pixel, then a similar effect can be
achieved.

[0058] Inthe present embodiment, the slit 1101 of the pixel
electrode 110 is formed so as to extend to the inner wall of the
through-hole 111. In this case, if optical alignment is used,
then an orientation process can be carried out also for an
orientation film formed in the through-hole 111. The optical
orientation is an orientation process which provides uniaxial
anisotropy to an orientation film by irradiating, for example,
polarized ultraviolet rays on the orientation film. Accord-
ingly, since also the inside of the through-hole 111 can be
used as a region for formation of an image, the transmittance
of the pixel can be improved.

Embodiment 3

[0059] FIG. 5 is a top plan view depicting a third embodi-
ment of the present invention. The present embodiment is
characterized in that a through-hole 111 has an elliptical
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shape having a major axis in the longitudinal direction of the
pixel and besides a pixel electrode 110 is separated into a
main pixel electrode having a slit 1101 and a sub pixel elec-
trode disposed on the outer side of the pixel. A gap 112 is
provided between the main pixel electrode and the sub pixel
electrode.

[0060] On the major axis side of alarge opening 1112 of the
through-hole 111, the taper angle of the inner wall of the
through-hole 111 is smaller. Further, on the major axis side of
the large opening 1112 of the through-hole 111, ITO which
configures the pixel electrode 110 does not exist, and SiN
which configures an interlayer insulating film 109 is exposed.
Further, at the gap 112 at which ITO does not exist, a step of
the ITO is formed.

[0061] Inparticular, in the present embodiment, the pixel is
structured such that an orientation film material is likely to
flow into the through-hole 111 from three reasons that the
taper angle of the through-hole 111 is smaller in the proximity
of the major axis of the large opening 1112 of the through-
hole 111, that the SiN which configures the interlayer insu-
lating film 109 is exposed and that a step of the ITO is formed.
Accordingly, irregularities of a screen arising from thickness
irregularities of the orientation film material on periphery of
the through-hole can be prevented.

[0062] It is to be noted that, in the configuration of the
present embodiment, the shape of the large opening 1112 of
the through-hole 111 is not limited to an elliptical shape, but
a similar effect can be achieved also by forming the large
opening in a rectangle having a major axis in the minor axis
direction ofthe pixel. If more general terms are used, the large
opening 1112 of the through-hole 111 in the present embodi-
ment has a major axis and a minor axis in plan and the major
axis direction of the large opening 1112 of the through-hole
111 coincides with the minor axis direction of the pixel.
[0063] Further, in the present embodiment, the gap 112 in
FIG. 5 can be used also as a slit for formation of an image.
This can improve the transmittance of the pixel.

Embodiment 4

[0064] FIGS. 6A and 6B are views depicting a fourth
embodiment of the present invention. In the present embodi-
ment, the center of a large opening 1112 which is an upper
bottom of a through-hole 111 and the center of a small open-
ing 1111 which is a lower bottom of the through-hole 111 are
displaced from each other to reduce the taper angle of the
inner wall of the through-hole in one cross section of the
through-hole 111.

[0065] FIG. 6A is a perspective view of the through-hole
111 depicting a characteristic of the present embodiment.
Referring to FIG. 6A, the centers of the large opening 1112
and the small opening 1111 of the through-hole 111 are
displaced from each other by a distance d. As a result, the
taper angle of the left side of the through-hole in FIG. 6A is
smaller than the taper angle of the right side of the through-
hole. Since the orientation film material is more likely to flow
into the through-hole where the taper angle of the through-
hole 111 is smaller, an orientation film material flows into the
through-hole 111 from the left side in FIG. 6A.

[0066] FIG. 6B is a cross sectional view of a through-hole
region according to the present embodiment. Referring to
FIG. 6B, the center of the small opening 1111 of the through-
hole 111 is displaced in the rightward direction with respect to
the center of the large opening 1112. Therefore, the taper
angle ot of the left side of the through-hole 111 is smaller than
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the taper angle p of the right side of the through-hole 111.
Accordingly, the orientation film material becomes likely to
flow into the through-hole 111 from the left side in FIG. 6B.
[0067] By forming a portion at which the orientation film
material is more likely to flow into the through-hole 111 is
formed on a periphery of the through-hole 111 in this manner,
aphenomenon in which the orientation film material does not
flow into the through-hole 111 can be prevented.

[0068] Since anorganic passivation film 107 is as thick as 2
to 4 um, in the shape of'the through-hole 111, the shape of the
through-hole formed in the organic passivation film 107 is
dominant. In order to form such a through-hole 111 whose
large opening 1112 and small opening 1111 are eccentric
from each other as depicted in FIG. 6A or 6B, when the
through-hole is formed in the organic passivation film 107,
the centers of the large opening and the small opening may be
displaced from each other.

[0069] In order to displace the centers of the large opening
and the small opening of the through-hole formed in the
organic passivation film 107 from each other, when the
organic passivation film 107 is exposed to light, the side of the
through-hole on which the taper angle is to be made smaller is
exposed to light using half exposure. In particular, if it is
assumed that the organic passivation film 107 is made of a
photosensitive resin of the positive type, then a portion
thereof upon which light is irradiated dissolves in developing
solution. Accordingly, by controlling the exposure light
amount on the side on which the taper angle of the through-
hole is to be made smaller by half exposure, the amount by
which the photosensitive resin is to dissolve in developing
solution can be controlled in the depthwise direction.

[0070] FIGS. 7A and 7B depict an example in which the
eccentric direction of the large opening 1112 and the small
opening 1111 of the through-hole 111 is defined. FIG. 7A is
atop plan view. Referring first to FIG. 7A, the pixel electrode
110 is formed on one side of the through-hole 111, namely, on
the inner side of the pixel, and the pixel electrode 110 is not
formed on the other side of the through-hole 111, namely, on
the outer side of the pixel. In FIG. 7A, the center of the small
opening 1111 of the through-hole 111 is eccentric to the side
of the pixel electrode 110 with respect to the center of the
large opening 1112, or in other words, to the inner side of the
pixel. Consequently, the taper angle of the through-hole 111
is smaller on the outer side of the pixel than on the inner side
ofthe pixel. Accordingly, the orientation film material is more
likely to flow into the through-hole 111 from the outer side of
the pixel.

[0071] FIG. 7B is a sectional view taken along line A-A of
FIG. 7A. Referring to FIG. 7B, the lamination structure up to
an interlayer insulating film 109 is similar to that described
hereinabove with reference to FIG. 14. Of the through-hole
111 of FIG. 7B, the taper angle c. on the left side in FIG. 7B,
namely, on the outer side of the pixel, is smaller than the taper
angle p on the right side of FIG. 7B, namely, on the inner side
of the pixel. Further, on the inner side of the pixel in the
through-hole 111, the pixel electrode 110 extends on the inner
wall and the bottom of the through-hole 111. However, on the
outer side of the pixel in the through-hole 111, the pixel
electrode 110 does not exist. In particular, from the facts that
the taper angle o of the through-hole 111 is smaller on the
outer side of the pixel and that the interlayer insulating film
109 made of SiN is exposed, the orientation film material is
likely to flow into the through-hole 111 from the outer side of
the pixel as described hereinabove with reference to FIG. 6 A.
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[0072] Although the liquid crystal display device includes a
liquid crystal layer sandwiched between a TFT substrate 100
and a counter substrate, in order to keep the distance between
the TFT substrate 100 and the counter substrate at a predeter-
mined value, a post-like spacer 150 is formed, for example, on
the counter electrode side. Ifthis post-like spacer 150 exists in
the region in which the through-hole 111 is formed, then the
distance between the TFT substrate 100 and the counter sub-
strate cannot be controlled.

[0073] Accordingly, in design, the post-like spacer 150
formed on the counter electrode is disposed avoiding the
position of the through-hole 111 formed on the TFT substrate
100. However, in such a case that pressing force is applied to
the counter substrate, a tip end of the post-like spacer 150 may
possibly move and the post-like spacer 150 may possibly drop
into the through-hole 111. In order to minimize the possibili-
ties, preferably the position of the post-like spacer 150 and the
position of the through-hole 111 are kept spaced from each
other by a predetermined distance.

[0074] In the through-hole 111 wherein the centers of the
large opening 1112 and the small opening 1111 are displaced
from each other, the small opening 1111 of the through-hole
111 must necessarily contact with the pixel electrode 110.
FIG. 8 depicts a configuration wherein, where the position of
the small opening 1111 is taken as a reference, the space s
between the post-like spacer 150 and the large opening 1112
of the through-hole 111 is set as great as possible. In particu-
lar, the center of the large opening 1112 of the through-hole
111 is displaced to the inner side of the pixel in comparison
with the center of the small opening 1111.

[0075] Inother words, it canbe considered that the center of
the small opening 1111 of the through-hole 111 is displaced
to the post-like spacer 150 side with respect to the center of
the large opening 1112. Since such a configuration as just
described makes it possible to assure a great space s between
the large opening 1112 of the through-hole 111 and the post-
like spacer 150, the possibility that the post-like spacer 150
may drop into the through-hole 111 can be reduced. Further,
since a region in which the taper angle is small can be formed
in the through-hole 111, flowing of the orientation film mate-
rial into the through-hole 111 can be facilitated thereby to
suppress occurrence of display irregularities.

[0076] FIG. 9 is a top plan view depicting the pixel elec-
trode 110 in which the post-like spacer 150 is formed at a
different position. Also in FIG. 9, the center of the small
opening 1111 of the through-hole 111 is displaced toward a
direction in which the post-like spacer 150 exists with respect
to the center of the large opening 1112. Also in FIG. 9, the
space s between the large opening 1112 of the through-hole
111 and the post-like spacer 150 can be assured great, and
therefore, the probability that the post-like spacer 150 may
drop into the through-hole 111 can be reduced. Further, since
aregion in which the taper angle is small can be formed in the
through-hole 111, it is possible to facilitate flowing of the
orientation film material into the through-hole 111 thereby to
suppress occurrence of display irregularities.

[0077] In the display region, a large number of post-like
spacers are formed. The post-like spacer 150 in FIGS. 8 and
9 signifies a post-like spacer 150 located nearest to the
through-hole 111 of a target. If the contents depicted in FIGS.
8 and 9 are summarized, then it can be considered that the
small opening 1111 of the through-hole 111 is displaced
toward the post-like spacer 150 side with respect to the large
opening 1112.
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[0078] Itis to be noted that, while it is described that, in the
examples of FIGS. 6A to 9, both of the large opening 1112
and the small opening 1111 of the through-hole 111 have a
circular transverse section, the shape of the large opening
1112 or the small opening 1111 of the through-hole 111 is not
limited to a circular shape, but may be a rectangular shape or
a hexagonal shape.

[0079] FIG. 10is atop plan view of a pixel region depicting
an example wherein the large opening 1112 of the through-
hole 111 has an elliptical shape and the small opening 1111 of
the through-hole 111 has a circular shape. Referring to FIG.
10, the center of the small opening 1111 of the through-hole
111 isdisplaced toward the inner side of the pixel with respect
to the center of the large opening 1112 of an elliptical shape.
If this configuration is applied, then the taper angle of the
through-hole 111 can be made smaller on the outer side of the
pixel of the through-hole. Accordingly, if the through-hole
shape depicted in FIG. 10 is applied, then it is possible to
facilitate flowing of the orientation film material into the
through-hole further than flowing into the through-hole
depicted in FIGS. 7A and 7B.

[0080] FIG. 11 depicts an example wherein the shape in
plan of the large opening 1112 of the through-hole 111 is not
an elliptical shape but a rectangular shape. In this case, the
small opening 1111 of the through-hole 111 has a square
shape. Also in the example of FIG. 11, the center of the small
opening 1111 of the through-hole 111 is displaced toward the
inner side of the pixel with respect to the center of the large
opening 1112. Also with the through-hole 111 of the present
example, it is possible to facilitate flowing of the orientation
film material into the through-hole 111 similarly as in the case
of FIG. 10 described hereinabove.

[0081] It is to be noted that the shape of the through-hole
111 is not limited to that of FIG. 10 or 11, but some other
shape may be applied similarly. In particular, a similar effect
to that achieved by the through-hole 111 depicted in FIG. 10
or 11 is achieved if the through-hole 111 is configured such
that, in a shape in plan of the through-hole 111 formed in a
rectangular pixel, the large opening 1112 of the through-hole
111 has a major axis coincident with the longitudinal direc-
tion of the pixel and a minor axis and the center of the small
opening 1111 of the through-hole 111 is displaced toward the
inner side of the pixel with respect to the center of the large
opening 1112 of the through-hole 111.

[0082] FIG. 12 depicts an example wherein the shape in
plan of the large opening 1112 of the through-hole 111 in a
case in which the position of the post-like spacer 150 is taken
into consideration is an elliptical shape. In the through-hole
111 of FIG. 12, the center of the small opening 1111 is
displaced toward the post-like spacer 150 side with respect to
the center of the large opening 1112 of an elliptical shape.
With the present configuration, the taper angle of the inner
wall of the through-hole 111 on the opposite side to the
post-like spacer 150 can be made small, and consequently,
flowing of the orientation film material into the through-hole
111 can be facilitated. Further, with the configuration of FIG.
12, the space s between the post-like spacer 150 and the large
opening 1112 of the through-hole 111 can be made great, and
consequently, the possibility that the post-like spacer 150
may drop into the through-hole 111 can be reduced.

[0083] Withtheconfiguration depicted in FIG. 12, by form-
ing the large opening 1112 of the through-hole 111 in an
elliptical shape, both of the effect that the orientation film
material flows easily into the through-hole 111 and the effect
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that the probability that the post-like spacer 150 may drop into
the through-hole 111 can be reduced can be improved in
comparison with the configuration depicted in FIG. 9.
[0084] Itis to be noted that, although the shape of the large
opening 1112 of the through-hole 111 in FIG. 12 is an ellip-
tical shape, the shape of the large opening 1112 is not limited
to this but may be a rectangular shape or some other shape. In
particular, the large opening 1112 of the through-hole 111
may have any shape if, in the shape in plan of the large
opening 1112, the large opening 1112 of the through-hole 111
has a major axis and a minor axis and the center of the small
opening 1111 of the through-hole 111 is displaced toward the
post-like spacer 150 side with respect to the center of the large
opening 1112 ofthe through-hole 111. Further, the major axis
of the large opening 1112 is directed so as to coincide with a
direction of a line which connects the center of the large
opening 1112 and the post-like spacer to each other. With
such a configuration as just described, a similar effect to that
achieved by the configuration of FIG. 12 can be achieved.
Also the post-like spacer 150 in this case is the post-like
spacer 150 nearest to the target through-hole 111.

[0085] FIG. 13 depicts a cross sectional shape of the
through-hole formed in the organic passivation film 107 from
within the through-hole 111. Since the organic passivation
film 107 is as thick as 2 to 4 um, it may be considered that the
cross sectional shape of the through-hole 111 is dominated by
the cross sectional shape of the through-hole in the organic
passivation film 107. Accordingly, the depth of the through-
hole 111, the taper angle of the through-hole 111 or the like
may be defined by the depth, taper angle or the like of the
through-hole formed in the organic passivation film 107.
[0086] In FIG. 13, the depth of the through-hole of the
organic passivation film 107 is represented by D. In this case,
the diameter of the large opening of the through-hole is mea-
sured with reference to a position x at which a line on the top
face of the organic passivation film and a cross section of the
through-hole of the organic passivation film contact with each
other. Further, the diameter of the small opening of the
through-hole is measured with reference to a portion v at
which the organic passivation film terminates.

[0087] Further, the taper angle o of the through-hole is an
angle a defined by a tangential line to the inner wall of the
through-hole at the position of D/3 from the upper face of the
organic passivation film 107 and a line on the upper face of the
through-hole. It can be considered that, as the angle a
decreases, the orientation film material tends to flow into the
through-hole more readily.

[0088] Itis to be noted that, while the display device in the
present specification is configured such that an interlayer
insulating film is provided on a counter electrode and a pixel
electrode is provided on the interlayer insulating film, the
display device may be structured otherwise such that the
positional relationship of the pixel electrode and the counter
electrode is reversed. In this case, the counter electrode is
sometimes connected to another electrode or a wiring line
through a through-hole. Even in such a structure as just
described, in order to allow the orientation film material to
flow readily into the through-hole, the present invention may
be applied to the counter electrode. Further, while the present
application discloses a TFT of the bottom gate structure
wherein a gate insulating film is provided on a gate electrode
and a semiconductor layer is provided on the gate insulating
film, the present invention can be applied also to a TFT of the
top gate structure wherein the arrangement of the gate elec-
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trode and the semiconductor layer is reversed. Further,
although the present invention is directed to a problem of a
through-hole formed in an organic passivation film, a similar
problem possibly occurs in such a case that, even with an
inorganic insulating film, the taper angle is steep or in a like
case. In such a case, the present invention can be applied to the
through-hole of the inorganic insulating film. Further, while,
in the configuration of FIG. 3, the interlayer insulating film
109 remains at a place from which ITO has been removed, the
interlayer insulating film may be structured otherwise such
that a taper portion of the through-hole and/or a peripheral
portion of the through-hole thereof are removed.
What is claimed is:
1. A liquid crystal display device, comprising:
a thin film transistor substrate including
an organic passivation film,
a common electrode formed on the organic passivation
film,
an interlayer insulating film formed on the common
electrode,
apixel electrode formed on the interlayer insulating film
and having therein a slit closed at an end portion
thereof, and
apixel configured such that a source electrode of the thin
film transistor and the pixel electrode are electrically
connected to each other through a through-hole
formed in the organic passivation film and the inter-
layer insulating film;
a counter substrate; and
liquid crystal sandwiched between the thin film transistor
substrate and the counter substrate;
wherein the through-hole has
a large opening on the liquid crystal side,
asmall opening on the thin film transistor substrate side,
and
an inner wall extending between the large opening and
the small opening; and
wherein the pixel electrode covers the through-hole on an
inner side of the pixel of the through-hole but does not
cover a periphery of the large opening of the through-
hole on an outer side of the pixel.
2. A liquid crystal display device according to claim 1,
comprising:
a shape in plan of the large opening has a major axis and a
minor axis; and
wherein the pixel has a rectangular shape and the major
axis of the large opening of the through-hole extends in
a direction same as a direction of the major axis of the
pixel, and the slit extends also to the inner wall of the
through-hole.
3. A liquid crystal display device according to claim 1,
comprising:
a shape in plan of the large opening has a major axis and a
minor axis;
wherein the pixel electrode includes
a main pixel electrode having the slit and
a sub pixel electrode disposed so as to have a gap from
the main pixel electrode;
wherein the pixel has a rectangular shape and the major
axis of the large opening of the through-hole extends in
a direction same as a direction of the minor axis of the
pixel; and
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wherein, in a region of the gap, a periphery of the large
opening of the through-hole is not covered with the pixel
electrode.

4. A liquid crystal display device, comprising:

a thin film transistor substrate including

an organic passivation film,

a common electrode formed on the organic passivation
film,

an interlayer insulating film formed on and covering the
common electrode,

apixel electrode formed on the interlayer insulating film
and having therein a slit closed at an end portion
thereof, and

apixel configured such that a source electrode of the thin
film transistor and the pixel electrode are electrically
connected to each other through a through-hole
formed in the organic passivation film and the inter-
layer insulating film;

a counter substrate; and

liquid crystal sandwiched between the thin film transistor

substrate and the counter substrate;

wherein the through-hole has

a large opening on the liquid crystal side,

asmall opening on the thin film transistor substrate side,
and

an inner wall extending between the large opening and
the small opening; and

wherein the small opening of the through-hole is eccentric

with respect to the large opening.

5. The liquid crystal display device according to claim 4,
wherein the small opening of the through-hole is eccentric
toward the center of the pixel with respect to the large open-
ing.

6. The liquid crystal display device according to claim 4,
wherein the pixel has a rectangular shape, the large opening of
the through-hole has a major axis and a minor axis and the
major axis of the large opening extends in a direction same as
a direction of the major axis of the pixel, and the small
opening of the through-hole is eccentric toward the center of
the pixel with respect to the large opening.
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7. A liquid crystal display device, comprising:
a thin film transistor substrate including
an organic passivation film,
a common electrode formed on the organic passivation
film,
an interlayer insulating film formed on and covering the
common electrode,
apixel electrode formed on the interlayer insulating film
and having therein a slit closed at an end portion
thereof, and
apixel configured such that a source electrode of the thin
film transistor and the pixel electrode are electrically
connected to each other through a through-hole
formed in the organic passivation film and the inter-
layer insulating film;

a counter substrate; and

liquid crystal sandwiched between the thin film transistor

substrate and the counter substrate;

wherein a distance between the thin film transistor sub-

strate and the counter substrate is defined by post-like
spacers formed on the counter substrate;

wherein the through-hole has

a large opening on the liquid crystal side,

asmall opening on the thin film transistor substrate side,
and

an inner wall extending between the large opening and
the small opening; and

wherein the small opening of the through-hole is eccentric

to the post-like spacer side nearest to the through-hole
with respect to the large opening.

8. The liquid crystal display device according to claim 7,
wherein the large opening of the through-hole has a minor
axis and a major axis, and a direction of the major axis of the
through-hole is a direction in which the post-like spacer and
the center of the large opening of the through-hole are con-
nected; and

the minor axis of the through-hole is eccentric to the post-

like spacer side with respect to the major axis.
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