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LIQUID CRYSTAL DISPLAY DEVICE

CLAIM OF PRIORITY

The present application claims priority from Japanese
patent application JP 2011-095969 filed on Apr. 22, 2011, the
content of which is hereby incorporated by reference into this
application.

FIELD OF THE INVENTION

The present invention relates to a liquid crystal display
device, and particularly relates to a liquid crystal display
device where luminance is enhanced by providing an orien-
tation control function to an alignment film by the irradiation
of light and enhancing transmissivity in a pixel.

BACKGROUND OF THE INVENTION

In a liquid crystal display device, a thin film transistor
(TFT) substrate on which a pixel electrode and a thin film
transistor (TFT) and others are formed in a matrix and a
counter substrate on which a color filter and others are formed
in a location corresponding to the pixel electrode of the TFT
substrate opposite to the TFT substrate are installed, and
liquid crystal is held between the TFT substrate and the
counter substrate. An image is formed by controlling the
transmissivity of light in a liquid crystal molecule every pixel.

Since the liquid crystal display device is flat and light, the
application of it spreads in various fields such as a large
display device including TV, a cellular phone and a digital
still camera (DSC). In the meantime, the liquid erystal display
device has a problem related to an angle of visibility. A
characteristic of an angle of visibility is a phenomenon that
luminance varies and chromaticity varies between a case in
which a screen is viewed from the front and a case in which
the screen is viewed from an oblique direction. In plane
switching (IPS) that operates a liquid crystal molecule by a
horizontal electric field has an excellent characteristic of an
angle of visibility.

Although the IPS has various methods, they are the main-
stream because a pixel electrode having a slit or a counter
electrode is formed on a counter electrode formed flatly and
solidly or a pixel electrode via an interlayer insulation film
and the method of turning a liquid crystal molecule by a line
of electric force passing the slit can enhance transmissivity. A
pixel structure is disclosed in JP-A No. 2010-8999 in which
the occurrence of a domain is inhibited and transmissivity is
enhanced in IPS having such configuration.

In configurations in JP-A No. 2010-8999 and in JP-A No.
2009-47839, transmissivity in a circumference of a pixel is
enhanced by specifying mutual contours of a pixel electrode
and a counter electrode. In the meantime, the pixel electrode
is required to be connected to a source electrode of TFT viaa
contact hole. An organic passivation film is formed to flatten
a surface on the TFT. To make contact between the source
electrode and the pixel electrode, the contact hole is required
to be formed in the organic passivation film. To prevent the
disconnection of the pixel electrode, it is desirable that the
cone angle of the contact hole is 45 degrees or less. Then, an
upper hole of the contact hole has a large area.

An alignment film is formed on the pixel electrode to
initially orient a liquid crystal molecule. Heretofore, a rub-
bing process has been performed to provide an orientation
characteristic to the alignment film. However, since the con-
tact hole is concave, a satisfactory rubbing orientation pro-
cess cannot be applied to the alignment film in this part and

10

20

25

40

45

50

55

60

65

2

orientation control cannot be applied to liquid crystal.
Accordingly, in the part of the contact hole, the leakage of
light by the disarray in orientation of liquid crystal is caused
and image quality such as contrast ratio is deteriorated. To
prevent this, a shading film has been heretofore formed to
cover a contact hole area. However, the shading film naturally
deteriorates a numerical aperture of a pixel and accordingly,
deteriorates transmissivity and the luminance of a screen.

SUMMARY OF THE INVENTION

An object of the present invention is to possibly reduce the
area of a shading film in a contact hole, to enhance the trans-
missivity of a pixel and to realize a liquid crystal display
device with high luminance of a screen.

The present invention surmounts the above-mentioned
problem and concrete steps are as follows. That is, orientation
control is applied to an alignment film depending upon opti-
cal orientation and the alignment film on an inner wall in a
contact hole can also control a liquid crystal molecule. That
is, according to optical orientation, an orientation control
function can also be provided to the alignment film formed in
the contact hole without causing the disarray of orientation.
Hereby, as the large area of a source electrode and the shading
of the whole contact hole are not required, transmissivity can
be enhanced.

This method can be applied both to IPS having configura-
tion that a counter electrode is formed on the downside and a
pixel electrode having a slit is formed on the upside via an
interlayer insulation film and to IPS having configuration that
a pixel electrode is formed on the downside and a counter
electrode having a slit is formed on the upside via an inter-
layer insulation film.

Further, the present invention that makes the inside of the
contact hole a transmissible area for forming a pixel can also
be applied to a liquid crystal display device according to a
vertical alignment (VA) method which is a special method in
addition to IPS.

According to the present invention, since a predetermined
orientation characteristic can also be provided to the align-
ment film on the inner wall of the contact hole and the irmer
wall of the contact hole can be used for an image formation
area the liquid crystal display device having great transmis-
sivity and great luminance can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan showing a pixel part in a first embodiment;
FIG. 2 is a sectional view viewed along a line A-A' in FIG.
1
FIG. 3 is a plan showing a pixel part in the related art;
FIG. 4 is a sectional view viewed along a line B-B' in FIG.
3
FIG. 5 is a plan showing a pixel part in a second embodi-
ment;
FIG. 6 is a sectional view viewed along a line C-C' in FIG.
5;
FIG. 7 is a plan showing a pixel part in the related art;
FIG. 8 is a sectional view viewed along a line D-D' in FIG.
7,
FIG.9 is a plan showing a pixel part in a third embodiment;
FIG. 10 is a sectional view viewed along a line E-E' in FIG.
9;
FIG. 11 is a plan showing a pixel part in the related art;
FIG. 12 is a sectional view viewed along a line F-F' in FIG.
11;
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FIG. 13 is a plan showing a pixel part in a fourth embodi-
ment;

FIG. 14 is a sectional view viewed along a line G-G'in FIG.
13;

FIG. 15 is a sectional schematic drawing showing a VA
liquid crystal display device in a process of a specific method,

FIG. 16 is a sectional schematic drawing showing the VA
liquid crystal display device in the process shown in FIG. 15
of the specific method,

FIG. 17 is a sectional view showing a normal VA liquid
crystal display device;

FIG. 18 is a sectional view showing a VA liquid crystal
display device to which the present invention is applied; and

FIG. 19 is a plan showing the VA liquid crystal display
device to which the present invention is applied.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments disclosing the contents of the present inven-
tion will be described below, comparing them with examples
according to the related art.

First Embodiment

A firstembodiment relates to IPS having configuration that
a flat solid counter electrode 107 is arranged on the downside
and a pixel electrode 109 having a slit 120 is arranged on the
upside via an interlayer insulation film 108. FIG. 1 shows the
planar configuration of pixels in this embodiment and FIG. 2
is a sectional view viewed along a line A-A' in FIG. 1. In
FIGS. 1 and 2, an alignment film 110 controls orientation
depending upon optical orientation. FIG. 3 is a plan showing
pixels in the related art having the same electrode configura-
tionand FIG. 4 is a sectional view viewed along a line B-B' in
FIG. 3. Intherelated art shown in FIGS. 3 and 4, an alignment
film 110 controls orientation depending upon rubbing.

To explain characteristics of the present invention, FIGS. 3
and 4 showing a configuration in the related art will be first
described. In FIG. 3, a pixel areais formed in an area enclosed
by a picture signal conductor 20 vertically extended and a
scanning line 10 horizontally extended. TFT that controls the
supply of a picture signal to a pixel electrode 109 is formed on
the scanning line 10. In FIG. 3, the scanning line 10 also
functions as a gate electrode of the TFT, and a semiconductor
layer 102 made of a-Si is formed on the scanning line 10. A
drain electrode 103 branched from the picture signal conduc-
tor 20 is formed on the semiconductor layer 102, and a source
electrode 104 is formed opposite to the drain electrode 103.
The source electrode 104 is extended to the pixel area and is
connected to the pixel electrode 109 in a contact hole 111.

As shown in FIG. 3, the source electrode 104 is formed in
an octagon in the contact hole 111 in the pixel area so as to
function as a shadowing film and accounts for large area. The
contact hole 111 is covered by the octagonal source electrode
104 from the downside to prevent light from a back light from
irradiating the contact hole 111.

In FIG. 3, in the pixel area, a counter electrode 107 is
formed flatly and solidly on the downside and the pixel elec-
trode 109 having a slit 120 is formed on the upside via an
interlayer insulation film not shown in FIG. 3. The pixel
electrode 109 is connected to the source electrode 104 in a
contact portion 113 of the contact hole 111. As shown in FIG.
3, the counter electrode 107 is not formed in an area a size
larger than the source electrode 104 and shown by a dotted
line. That is, liquid crystal is not controlled in the trapezoidal
area enclosed by the dotted line.

Accordingly, in this part, light from the back light is
screened by a black matrix 201 on a counter substrate 200 not
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shown in FIG. 3. That is, in the configuration shown in FIG.
3, since the trapezoidal part shown by the dotted line does not
contributes to image formation, a numerical aperture is
reduced, and transmissivity and luminance are reduced. In
FIG. 3, an area that contributes to image formation is shown
by oblique lines.

FIG. 4 is the sectional view viewed along the line B-B' in
FIG. 3. As shown in FIG. 4, a gate insulating film 101 used by
TFT not shown is formed on a TFT substrate 100 and the
source electrode 104 extended from the TFT is formed on the
gate insulating film. The source electrode 104 in this part is
wider as shown in FIG. 3 and screens light from the back light.
An inorganic passivation film 105 is formed with the passi-
vation film covering the source electrode 104, and an organic
passivation film 106 that also functions as a flattening film is
formed on the inorganic passivation film.

The contact hole 111 for the pixel electrode 109 to make
contact with the source electrode 104 is formed in the organic
passivation film 106. The contact hole 111 formed in the
organic passivation film 106 is configured by a lower hole for
making the pixel electrode 109 and the source electrode 104
contact, an upper hole having a larger diameter than the lower
hole and an inner wall 112 that fastens the lower hole and the
upper hole. To prevent disconnection in a stepped part of the
pixel electrode 109, the taper of the inner wall 112 cannot
have a great inclination and for example, the inclination is 45
degrees or less. Accordingly, since the organic passivation
film 106 is approximately 2 um, which is thick, a diameter of
the upper hole of the contact hole 111 formed in the organic
passivation film 106 is very large.

The counter electrode 107 is formed flatly and solidly on
the organic passivation film 106. The counter electrode 107 is
formed in an area except the contact hole 111. The counter
electrode 107 is formed in not only one pixel but in other
pixels in common and common voltage is applied to the
counter electrode 107. An interlayer insulation film 108 is
formed on the counter electrode 107 and the pixel electrode
109 having the slit 120 is formed on the interlayer insulation
film 108. The contact hole 111 is formed in the inorganic
passivation film 105 and the interlayer insulation film 108,
and the pixel electrode 109 and the source electrode 104
conduct in the contact portion 113 of the contact hole 111. An
alignment film 110 is formed over the pixel electrode 109.
The pixel electrode 109 and the counter electrode 107 are
made ofindium tin oxide (ITO) to be a transparent conductive
film.

As shown in FIG. 4, the counter substrate 200 is arranged
on the other side of a liquid crystal layer 300. The black
matrix 201 and a color filter 202 are formed on the counter
substrate 200, an overcoat 203 is formed with the overcoat
covering these, and an alignment film 110 is formed on the
overcoat. In FIG. 4, an orientation process is applied to each
alignment film 110 by rubbing both on the side of the TFT
substrate 100 and on the side of the counter substrate 200.

When a picture signal is applied to the pixel electrode 109
on the side of the TFT substrate 100 shown in FIG. 4, lines of
electric force are generated via the slit 120 formed in the pixel
electrode 109, a liquid crystal molecule 301 is turned, and the
transmission of light from the back light is controlled. That is,
although the liquid crystal molecule 301 is initially oriented
by the alignment film 110, the transmission of light is con-
trolled by being turned from a position of initial orientation by
means of a horizontal electric field.

Although the alignment film 110 can control orientation by
rubbing when the surface is flat, since a part of the contact
hole 111 shown in FIG. 4 is concave, orientation cannot be
controlled by rubbing in this part. Light from the back light
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leaks and contrast is deteriorated in a part 1101 in which no
orientation control is made, therefore shading is required. In
FIG. 4, the shading is made by the source electrode 104.

As shown in FIG, 4, the counter electrode 107 is formed in
a location except the contact hole 111. That is, it is in only a
part where the counter electrode 107 is formed that the liquid
crystal molecule 301 can be controlled by a picture signal. As
the disarray of orientation by rubbing 1101 is caused not only
inside the contact hole 111 but in a circumference of the
contact hole 111, this part is required to be excluded from a
transmissible area of a pixel. Accordingly, this part is shaded
by the black matrix 201 formed on the counter substrate 200.
That is, a range in which no counter electrode 107 is formed
is hatched by oblique lines as shown in FIG. 4, and the range
is substantially matched with the area of the black matrix 201
formed on the counter substrate 200. To enhance the lumi-
nance of a screen, the hatched range shown in FIG. 4 is
required to be reduced. However, there is a limit in a case that
arubbing process is applied to the alignment film 110 as in the
related art.

FIG. 1 is a plan showing a pixel in the first embodiment of
the present invention. FIG. 1 is different from FIG. 3 showing
the related art in that the area of a source electrode 104 is not
expanded in a pixel area. That is, in FIG. 1, the area on which
the source electrode 104 acts as a shading film is considerably
small, compared with the area in FIG. 3. InFIG. 1, an area that
contributes to image formationis shown by oblique lines. The
hatched area is larger, compared with that in the case of FIG.
3. In the configuration shown in FIG. 1, a numerical aperture
is enhanced by the quantity, and as aresult, transmissivity and
luminance can be enhanced. That is, since orientation control
over the alignment film 110 depends upon optical orientation
in FIG. 1, a liquid crystal molecule 301 can also be oriented
inside a contact hole 111 and an inclined plane of an inner
wall 112 of the contact hole 111 can also be used for a
transmissible area for image formation. Since the other con-
figuration in FIG. 1 is the same as that in FIG. 3, the descrip-
tion is omitted.

FIG. 2 is the sectional view viewed along the line A-A' in
FIG. 1. FIG. 2 is significantly different from FIG. 4 showing
the related art in that the width of the source electrode 104 that
also functions as a shading film is very small. Accordingly, a
shaded range shown in FIG. 2 is very small, compared with
that in FIG. 4, the transmissivity of a pixel is enhanced by the
quantity, and luminance can be enhanced.

The reason why the area of the shading film by the source
electrode 104 can be reduced by the quantity as shown in FIG.
2 is that optical orientation is used for orientation by the
alignment film 110 in this embodiment. In the optical orien-
tation, orientation control over the alignment film 110 is made
by radiating polarized ultraviolet rays. In the optical orienta-
tion, orientation control can also be applied to the alignment
film 110 in a concave portion such as the contact hole 111
differently from the orientation by rubbing.

That 1s, as satisfactory orientation control can also be
applied to the alignment film 110 on the inclined plane of the
inner wall 112 of the contact hole 111 shown in FIG. 2, the
liquid crystal molecule 301 is also controlled inside the con-
tacthole 111 and can contribute to image formation. Accord-
ingly, as a role as a shading film of the source electrode 104 is
not required in the configuration shown in FIG. 2, the source
electrode has only to have minimum area for electric contact.
That is, transmissivity in a pixel can be enhanced by the
quantity.

In FIG. 2, the counter electrode 107 is formed only up to a
circumference of the contact hole 111 as in FIG. 4. However,
since a liquid crystal molecule 301 in a part where no counter
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electrode 107 is formed can also be turned by means of the
elastic effect of liquid crystal when orientation control is
applied to the alignment film 110, the counter electrode can
contribute to image formation. Further, as shown in FIG. 2, a
black matrix 201 is not necessarily required to be formed on
a counter substrate 200.

As described above, in this embodiment, since the area of
shading by the source electrode 104 can be significantly
small, compared with an example in the related art, the trans-
missivity of a pixel can be enhanced and the luminance of a
screen can be enhanced.

Second Embodiment

In asecond embodiment, the present invention is applied to
IPS having configuration that a flat and solid pixel electrode
109 is arranged on the downside and a counter electrode 107
having a slit 120 is arranged on the upside via an interlayer
insulation film 108 reversely to the first embodiment. FIG. 5
shows a planar configuration of a pixel in this embodiment
and FIG. 6is a sectional view viewed alonga line C-C'in FIG.
5. In FIGS. 5 and 6 showing this embodiment, an alignment
film 110 also controls orientation depending upon optical
orientation. FIG. 7 is a plan showing a pixel in the related art
having the same electrode configuration and FIG. 8 is a sec-
tional view viewed along a line D-D' in FIG. 7. In the related
art shown in FIGS. 7 and 8, an alignment film 110 controls
orientation depending upon rubbing.

To explain the characteristics of the present invention,
FIGS. 7 and 8 showing configuration in the related art will be
first described. FIG. 7 is similar to FIG. 3 except the configu-
ration of electrodes enclosed by a picture signal conductor 20
and a scanning line 10. FIG. 7 is different from FIG. 3 in that
a pixel electrode 109 shown by a dotted line is formed flatly
and solidly and a counter electrode 107 having a slit 120 is
formed over the pixel electrode via an interlayer insulation
film not shown in FIG. 7.

As shown in FIG. 7, the pixel electrode 109 shown by the
dotted line covers a source electrode 104 extended from TFT
in a pixel area. The counter electrode 107 having the slit 120
is formed not only in one pixel but in other pixels in common
and common voltage is applied to the counter electrode. The
slit 120 formed in the counter electrode 107 is also overlapped
with the source electrode 104 and a contact hole 111.

Inthe configuration shown in FIG. 7, light from a back light
is screened by the octagonal source electrode 104 in the
contact hole ill. Since orientation control over the alignment
film 110 is also made by rubbing in FIG. 7, the source elec-
trode 104 is formed to be larger than the contact hole 111 in
the vicinity of the contact hole 111 so as to prevent the leakage
of light by the disarray of orientation 1101. An area that
contributes to image formation in FIG. 7 is shown by oblique
lines.

FIG. 8 is the sectional view viewed along the line D-D' in
FIG. 7. As FIG. 8 is similar to FIG. 4 till the formation of an
organic passivation film 106, the description is omitted. As
shown in FIG. 8, after the organic passivation film 106 is
formed, the contact hole 111 is formed. Afterward, the con-
tacthole 111 is formed in an inorganic passivation film 105 in
the contact hole 111 in the organic passivation film 106. In
FIG. 8, the contact holes in the organic passivation film 106
and in the inorganic passivation film 105 are formed using
separate masks. However, after the contact hole 111 1s formed
in the organic passivation film 106, the contact hole in the
inorganic passivation film 105 can also be formed using the
organic passivation film 106 for resist.

Afterward, the pixel electrode 109 is coated with the pixel
electrode covering the organic passivation film 106 and the
contact hole 111. The pixel electrode 109 and the counter
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electrode 107 are made of indium tin oxide (ITO). The pixel
electrode 109 in this embodiment is formed flatly and solidly.
The pixel electrode 109 makes contact with the source elec-
trode 104 in a contact portion 113 of the contact hole 111.

Afterward, the interlayer insulation film 108 is formed and
the counter electrode 107 having a slit 120 is formed on the
interlayer insulation film. The counter electrode 107 and the
slit 120 are also formed in the contact hole 111. The alignment
film 110 for orienting liquid crystal is formed on the counter
electrode 107. Orientation control is applied to the alignment
film 110 by rubbing and since the disarray of orientation 1101
1s caused in the contact hole 111 and its circumference, the
source electrode 104 is formed in larger area than the upper
hole of the contact hole to prevent light from leaking from this
part. That is, in FIG. 8, an area shown by oblique lines in
which light from the back light is screened is defined by the
source electrode 104.

In FIG. 8, the configuration of a counter substrate 200 is
similar to that shown in FIG. 4. However, since an area of a
black matrix 201 in FIG. 8 substantially coincides with a
shaded area defined by the source electrode 104, the area is
small, compared with that in a case shown in FIG. 4. Even so,
since the area of the source electrode 104 is large, an area for
forming a pixel where light is transmitted is limited by the
quantity.

FIG. 5is a plan showing the pixel in this embodiment. FIG.
5 is different from FIG. 7 showing the related art in that the
area of a source electrode 104 is not expanded in a pixel area.
That is, in FIG. 5, the area on which the source electrode 104
acts as a shading film is considerably small, compared with
the area shown in FIG. 7.

In FIG. 5, an area that contributes to image formation is
shown by oblique lines. The area shown by the oblique lines
increases, compared with a case shown in FIG. 7. In configu-
ration shown in FIG. 5, the transmissivity and the luminance
of a screen can be enhanced corresponding to this increase.
The reason is that since orientation control over the alignment
film 110 depends upon optical orientation in FIG. 5, a liquid
crystal molecule 301 can be oriented inside a contact hole 111
and an inclined plane of an inner wall 112 of the contact hole
111 can also be used for a transmissible area for image for-
mation. Since the rest of the configuration in FIG. 5 is the
same as that in FIG. 7, the description is omitted.

FIG. 6 is the sectional view viewed along the line C-C' in
FIG. 5. FIG. 6 is significantly different from FIG. 8 showing
the related artin that the width of the source electrode 104 that
also functions as the shading film is very narrow. Accord-
ingly, a shaded range shown by oblique lines in FIG. 6 is very
small, compared with that shown in FIG. 8, the transmissivity
of the pixel is enhanced by the quantity, and luminance can be
enhanced.

The reason why the area of the shading film by the source
electrode 104 can be reduced as described above as shown in
FIG. 6 is that optical orientation is used in FIG. 6. That is, in
FIG. 6, since orientation control can also be applied to the
alignment film 110 on the inclined plane of the inner wall 112
of the contacthole 111, the liquid crystal molecule 301 is also
controlled inside the contact hole 111 and can contribute to
image formation.

As shown in FIG. 6, since the slit 120 of the counter
electrode 107 is also formed in the inner wall 112 of the
contact hole 111 and is opposite to the pixel electrode 109 via
the interlayer insulation film 108, the liquid crystal molecule
301 can also be controlled inside the contact hole 111. Since
a role as the shading film of the source electrode 104 is not
required in the configuration shown in FIG. 6, the source

10

15

20

25

30

35

40

45

50

55

60

65

8

electrode has only to have minimum area for electric contact.
Accordingly, transmissivity in the pixel can be enhanced by
the quantity.

A shaded area shown by the oblique lines in FIG. 6 is
defined by the source electrode 104 and a black matrix 201 is
not necessarily required to be formed in a corresponding part
on a counter substrate 200. As described above, in this
embodiment, since the inside of the contact hole 111 can also
be used for the formation of'a pixel as a transmissible area, the
luminance of the liquid crystal display device can be
enhanced.

Third Embodiment

In a third embodiment, as in the second embodiment, the
present invention is also applied to IPS having a configuration
that a flat and solid pixel electrode 109 is arranged on the
downside and a counter electrode 107 having a slit 120 is
arranged on the upside via an interlayer insulation film 108.
FIG. 9 shows the planar configuration of a pixel in this
embodiment and FIG. 10 is a sectional view viewed along a
line E-E' in FIG. 9. In FIGS. 9 and 10 showing this embodi-
ment, an alignment film 110 also controls orientation depend-
ing upon optical orientation. FIG. 11 is a plan showing a pixel
in the related art having the similar electrode configuration
and FIG. 12 is a sectional view viewed along a line F-F' in
FIG. 11. In the related art shown in FIGS. 11 and 12, an
alignment film 110 controls orientation depending upon rub-
bing.

To explain the characteristics of the present invention,
FIGS. 11 and 12 showing the related art will be first
described. FIG. 11 is significantly different from FIG. 7 in
that though it is not shown in FIG. 11, no organic passivation
film is formed between a pixel electrode 109 and an inorganic
insulating film 105.

In FIG. 11, the pixel electrode 109 shown by a dotted line
covers a source electrode 104 extended from TFT in a pixel
area. A counter electrode 107 having a slit 120 is formed not
only in one pixel but in other pixels in common and common
voltage is applied. The slit 120 formed in the counter elec-
trode 107 also covers the source electrode 104 and a contact
hole 113.

In the configuration shown in FIG. 11, in the contact hole
113, light from a back light is screened by the square source
electrode 104. In FIG. 11, since orientation control over the
alignment film 110 is also made by rubbing, the source elec-
trode 104 is formed to be larger than the contact hole 113 so
as to prevent the leakage of light by the disarray of orientation
1101 in the vicinity of the contacthole 113.InFI1G. 11, an area
that contributes to image formation is shown by oblique lines.

FIG. 12 is the sectional view viewed along the line F-F' in
FIG. 11. As shown in FIG. 12, after an inorganic passivation
film 105 is formed, the contact hole 113 is formed.

Afterward, the pixel electrode 109 is coated with the pixel
electrode covering the inorganic passivation film 105 and the
contact hole 113. The pixel electrode 109 and the counter
electrode 107 are made of indium tin oxide (ITO). The pixel
electrode 109 in this embodiment is formed flatly and solidly.
The pixel electrode 109 makes contact with the source elec-
trode 104 in the contact hole 113.

Then, an interlayer insulation film 108 is formed and the
counter electrode 107 having the slit 120 is formed on the
interlayer insulation film. The counter electrode 107 is
formed with the counter electrode covering the contact hole
113. The alignment film 110 for orienting liquid crystal is
formed on the counter electrode 107. Orientation control is
applied to the alignment film 110 by rubbing and since the
disarray of orientation 1101 is caused in the contact hole 113
and its vicinity, the source electrode 104 is formed to have a
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larger area than the upper hole of the contact hole so as to
prevent light from leaking from this part. That is, an area
shown by oblique lines in FIG. 12 where light from the back
light is screened is defined by the source electrode 104.

In FIG. 12, the configuration of a counter substrate 200 is
similar to that shown in FIG. 8. Although an area of a black
matrix 201 in FIG. 12 substantially coincides with a shaded
area defined by the source electrode 104, since the area of the
source electrode 104 is large, a light transmissible area for
forming a pixel is limited correspondingly.

FIG. 9 is a plan showing a pixel in this embodiment. FIG.
9 is mainly different from FIG. 11 showing the related art in
that the area of a source electrode 104 is not expanded in a
pixel area. That is, in FIG. 9, the area that acts as a shading
film of the source electrode 104 is considerably small, com-
pared with that in FIG. 11.

In FIG. 9, an area that contributes to image formation is
shown by oblique lines. The area shown by the oblique lines
increases, compared with that in the case of FIG. 1. In con-
figuration shown in FIG. 9, the transmissivity and the lumi-
nance ofa screen can be enhanced by the quantity. The reason
is that since orientation control over the alignment film 110 is
made depending upon optical orientation in FIG. 9, a liquid
crystal molecule 301 can also be oriented in an upper part of
a significantly stepped contact portion 113 and an inclined
plane in the vicinity of the source electrode 104 of the contact
portion 113 can be used for a transmissible area for image
formation. Since the rest of the configuration in FIG. 9 is
substantially the same as that in FIG. 11, the description is
omitted.

FIG. 10 is the sectional view viewed along the line E-E' in
FIG. 9. FIG. 10 is significantly different from FIG. 12 show-
ing the related art in that the size of the source electrode 104
that also functions as the shading film is small. Accordingly,
a shaded range shown by oblique lines in FIG. 10 is very
small, compared with that in FIG. 12, the transmissivity of a
pixel is enhanced by the quantity, and luminance can be
enhanced.

The area of the shading film by the source electrode 104
can be reduced as described above as shown in FIG. 10
because optical orientation is used in FIG. 10. That is, as
orientation control can also be applied to the alignment film
110 on the stepped inclined plane 112 of the contact portion
113 in FIG. 10, the liquid crystal molecule 301 is also con-
trolled on the stepped inclined plane 112 and can contribute to
image formation.

Since a role as the shading film of the source electrode 104
is not required in the configuration shown in FIG. 10, the
source electrode has only to have minimum area for electric
contact. Accordingly, transmissivity in a pixel can be
enhanced by the quantity.

InFIG. 10, a shaded area shown by oblique lines is defined
by the source electrode 104 and a black matrix 201 is not
necessarily required to be formed in a corresponding part on
a counter substrate 200. As described above, in this embodi-
ment, since the inclined plane 112 in the vicinity of the source
electrode 104 of the contact portion 113 can be used for
forming a pixel as a transmissible area, the luminance of the
liquid crystal display device can be enhanced.

Fourth Embodiment

A fourth embodiment relates to IPS having a configuration
that a flat and solid counter electrode 107 is arranged on the
downside and a pixel electrode 109 having a slit 120 is
arranged on the upside via a gate insulating film 101 and an
inorganic passivation film 105 as in the first embodiment.
FIG. 13 shows the planar configuration of a pixel in this
embodiment and FIG. 14 is a sectional view viewed along a
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line G-G' in FIG. 13. In FIGS. 13 and 14, an alignment film
110 controls orientation depending upon optical orientation.

To explain the characteristics of the present invention, FIG.
13 showing the planar configuration of the pixel will be first
described. FIG. 13 is mainly different from FIG. 1 in that
though it is not shown in FIG. 13, no organic passivation film
is formed under the counter electrode 107. As shown in FIG.
13, the counter electrode 107 shown by a dotted line is over-
lapped with a source electrode 104 extended from TFT in a
pixel area. The source electrode 104 is extended to the pixel
area and connected to the pixel electrode 109 having the slit
120 via a contact hole portion 113.

In the configuration shown in FIG. 13, light from a back
light is screened by the square source electrode 104 in the
contact hole portion 113. In FIG. 13, an area that contributes
to image formation is shown by oblique lines.

As shown in FIG. 14, in the pixel area, the counter elec-
trode 107 is formed flatly and solidly on the downside and the
pixel electrode 109 having the slit 120 is formed on the upside
with the gate insulating film 101 on the counter electrode and
further, the inorganic passivation film 105 between the
counter electrode and the pixel electrode. In the inorganic
passivation film 105, a contact hole is formed, and the pixel
electrode 109 and the source electrode 104 conduct in the
contact hole portion 113. The alignment film 110 is formed
over the pixel electrode 109. The pixel electrode 109 and the
counter electrode 107 are made of indium tin oxide (ITO) to
be a transparent conductive film.

In this embodiment, as in the first embodiment, optical
orientation is used for the orientation of the alignment film
110. In the optical orientation, unlike orientation by rubbing,
orientation control can also be applied to the alignment film
110 in a stepped area 112 in a concave portion such as the
contact hole portion 113.

Accordingly, in the configuration shown in FIG. 14, as
satisfactory liquid crystal orientation is also acquired in the
vicinity of the source electrode 104, where the pixel electrode
contacts with the source electrode, a black matrix 201 that
shades an area corresponding to the source electrode is not
formed on a counter substrate 200. That is, liquid crystal
display is also possible in the vicinity of the source electrode,
and transmissivity and luminance in a pixel can be enhanced
correspondingly.

Since it is difficult to apply satisfactory orientation control
to the stepped part when orientation control 1s applied to the
alignment film 110 by rubbing, the leakage of light due to the
disarray of the orientation of liquid crystal is easily caused in
the vicinity of the stepped part. In that case, to prevent light
from leaking due to the disarray of the orientation of liquid
crystal in the vicinity of the stepped part, a black matrix 201
formed on the counter substrate 200 is required to be formed
largely to cover the stepped part.

As described above, in this embodiment, since the leakage
of light due to the disarray of the orientation of liquid crystal
caused due to a difference in a level in the vicinity of the
source electrode 104 when a rubbing alignment film is used
can be inhibited to be less by using optical orientation, the
area corresponding to the source electrode 104 is not required
to be shaded with a black matrix 201 on the counter substrate
200 and the area of the black matrix can be reduced. Accord-
ingly, the transmissivity of a pixel can be enhanced and the
luminance of a screen can be enhanced.

Fifth Embodiment

The first, second, third and fourth embodiments are
examples in which the present invention is applied to the IPS
liquid crystal display device. However, a vertical alignment
(VA) liquid crystal display device is also similar in that trans-
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missivity in a pixel area is deteriorated due to a contact hole
111 for connecting a pixel electrode 109 and a source elec-
trode 104. In a special mode according to VA, the inside of the
contact hole 111 can also be used for a transmissible area for
forming a pixel.

FIG. 15 is a sectional schematic drawing showing a VA
liquid crystal display device to which the present invention is
applied. As shown in FIG. 15, a liquid crystal layer 300 and
alignment material 400 are held between a TFT substrate 100
on which a pixel electrode 109 is formed and a counter sub-
strate 200 on which a counter electrode 107 is formed. When
a substance acquired by mixing liquid crystal materials and a
photoreactive monomer as alignment material for orienting a
liquid crystal molecule 301 is sealed between the TFT sub-
strate 100 and the counter substrate 200, the liquid crystal
materials and the alignment material are separated, an align-
ment material layer 400 is formed in the vicinity of the TFT
substrate 100 or the counter substrate 200, and the liquid
crystal layer 300 is formed between the alignment material
layer 400 and the alignment material layer 400.

Or a thin film layer made of alignment film material includ-
ing a photo-curing side-chain substituent can be formed on
the TFT substrate and on a counter CF substrate beforehand in
place of sealing the substance acquired by mixing the liquid
crystal materials having the negative anisotropy of the dielec-
tric constant and the photoreactive monomer in a cell.
Thereby, the initial orientation of liquid crystal by the appli-
cation of an electric field and the radiation of light as
described above can be controlled.

Slit space is formed in the pixel electrode 109 on the TFT
substrate 100. The space is formed so as to apply a predeter-
mined electric field for initializing the orientation of liquid
crystal by the alignment material layer 400 later. As shown in
FIG. 15, when no voltage is generated between the pixel
electrode 109 and the counter substrate 200, the liquid crystal
molecule 301 is vertically oriented.

FIG. 16 shows a case that voltage is applied between the
pixel electrode 109 and the counter electrode 107, regarding
the state shown in FIG. 15. Disturbance is caused in an elec-
tric field by means of the effect of the slit space formed in the
pixel electrode 109, and the liquid crystal molecule 301 hav-
ing the negative anisotropy of the dielectric constant is ori-
ented as shown in FIG. 16 according to the distribution of the
electric field. In this state, ultraviolet rays are radiated from
the side of the TFT substrate 100. Since the used alignment
material has a property that it is solidified by ultraviolet rays,
the liquid crystal molecules 301 in the vicinity of the TFT
substrate 100 are fixed in a state in which they are oriented as
shown in FIG. 16. Hereby, initial orientation of a predeter-
mined pretilt angle of approximately 88 to 89 degrees can be
applied to the liquid crystal molecules 301. Accordingly, it is
possible to operate the VA liquid crystal display device that
controls the transmission of light from a back light by gener-
ating a vertical electric field between the pixel electrode 109
and the counter electrode 107 respectively shown in FIG. 16
and turning the liquid crystal molecule 301 without making a
domain in which orientation is disordered.

FIG. 17 is a sectional view showing a VA liquid crystal
display device according to the related art. As shown in FIG.
17, a pixel electrode 109 is formed on an organic passivation
film 106. An overcoat film 203 is formed on a counter elec-
trode 107 with the overcoat film covering a black matrix 201
and a color filter 202, and the counter electrode 107 is formed
on the overcoat film.

As shown in FIG. 17, since predetermined initial orienta-
tion cannot be applied to a liquid crystal molecule 301 in a
contact hole 111 for connecting the pixel electrode 109 and a
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source electrode 104, the area of the source electrode 104 is
increased to screen light from a back light. That is, transmis-
sivity is reduced by the volume of the shaded part and lumi-
nance is deteriorated.

FIG. 18 1s a sectional view showing a VA method according
to the present invention. The electrode structure in a pixel
shown in FIG. 18 is similar to that shown in FIG. 17 except
that a source electrode 104 is reduced. As shown in FIG. 18,
an alignment material layer 400 is formed on a surface of a
pixel electrode 109 and on a surface of a counter electrode
107, and a liquid crystal layer 300 is held between the align-
ment material layers 400. This configuration is already
described in relation to FIG. 15. When voltage is applied
between the pixel electrode 109 and the counter electrode
107, aliquid crystal molecule 301 having the negative anisot-
ropy of the dielectric constant in the vicinity of a TFT sub-
strate 100 is oriented by means of the effect of an electric
field. In this state, when ultraviolet rays are radiated from the
side of the TFT substrate 100 as described in relation to FIG.
16, the alignment material layer 400 is solidified, and the
orientation of the liquid crystal molecules 301 in the vicinity
of the TFT substrate 100 is fixed and initialized.

This phenomenon is similar not only in electrode arrange-
ment shown in FIG. 15 but in the contact hole 111 shown in
FIG. 18. That is, the alignment material layer 400 is also
formed inside the contact hole 111, and initial orientation is
also applied to the liquid crystal molecule 301 inside the
contact hole 111 in a state adapted to an electric field by
applying voltage. Especially desirably, uniform liquid crystal
initial orientation can also be stably applied to the inside of
the contact hole by an electric field application process and
the radiation of UV for initial orientation by also forming a
slit electrode pattern inside the contact hole as shown ina plan
in FIG. 19. Hereby, uniform liquid crystal orientation is also
acquired inside the contact hole 111 without forming an ori-
entation failure area, and therefore the contact hole can be
used for a transmissible area for image formation. Further, it
is desirable that a slit electrode pattern for initializing the
orientation of liquid crystal by an electric field is also formed
in a contact hole area.

Accordingly, in this embodiment, since the source elec-
trode 104 is not required to be used for a shading film, the
source electrode 104 also has only to have aminimum area for
conduction in the contact hole area. Further, a black matrix
201 is not necessarily required to be formed in a part corre-
sponding to the source electrode 104 of the counter electrode
107. As described above, transmissivity can be enhanced in
the VA liquid crystal display device by applying the present
invention, and the luminance of a screen can be enhanced.

What is claimed is:

1. A liquid crystal display device where a liquid crystal
layer is held between a TFT substrate over which a pixel area
and a pixel provided with a TFT are formed in a matrix and a
counter substrate arranged opposite to the TFT substrate,

wherein an organic passivation film is formed in the pixel

area, a counter electrode is formed on the organic pas-
sivation film, an insulating film is formed on the counter
electrode, a pixel electrode having a slit is formed on the
insulating film, and an alignment film is formed over the
pixel electrode;

wherein the alignment film is responsive to optical orien-

tation for orientation control thereof;

wherein a contact hole for connecting the pixel electrode

with a source electrode of the TFT is formed in the
organic passivation film and is provided with a lower
circumference having a contact portion, an upper cir-
cumference, a diameter of the upper circumference
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being larger than a diameter of the lower circumference,
and an inner wall that fastens the lower circumference
and the upper circumference;
wherein the lower circumference is delimited by an inter-
section of the contact hole with a plane parallel to the
TFT substrate at distance dl from a surface of the TFT
substrate, and the upper circumference is delimited by
an intersection of the contract hole with a plane parallel
to the TFT substrate at distance d2 from the surface of
the TFT substrate, where d2>d1,
wherein each picture signal conductor has a first direction
in an extending direction, a second direction in a width
direction and a third direction in a thickness direction,

wherein at least in the first direction, a part of the inner wall
in the contact hole functions as a transmissible area for
forming an image; and

wherein, in the first direction, the source electrode has a

size which enables the at least part of the inner wall in the
contact hole to function as the transmissible area for
forming the image.

2. The liquid crystal display device according to claim 1,
wherein no black matrix is formed on the counter substrate in
a part corresponding to the contact hole.

3. A liquid crystal display device according to claim 1,
wherein the source electrode functions as a shading film, and
the alignment film is responsive to light rays as the optical
orientation.

4. A liquid crystal display device where a liquid crystal
layer is held between a TFT substrate over which a pixel area
and a pixel provided with a TFT are formed in a matrix and a
counter substrate arranged opposite to the TFT substrate,

wherein an organic passivation film is formed in the pixel

area, a counter electrode is formed on the organic pas-
sivation film, an insulating film is formed on the counter
electrode, a pixel electrode having a slit is formed on the
insulating film, and an alignment film is formed over the
pixel electrode;

wherein the alignment film is responsive to optical orien-

tation for orientation control thereof;

wherein a contact hole for connecting the pixel electrode

with a source electrode of the TFT is formed in the
organic passivation film and is provided with a lower
circumference having a contact portion, an upper cit-
cumference, a diameter of the upper circumference
being larger than a diameter of the lower circumference,
and an inner wall that fastens the lower circumference
and the upper circumference,

wherein the lower circumference is delimited by an inter-

section of the contact hole with a plane parallel to the
TFT substrate at distance d1 from a surface of the TFT
substrate, and the upper circumference is delimited by
an intersection of the contract hole with a plane parallel
to the TFT substrate at distance d2 from the surface of
the TFT substrate, where d2>d1;

wherein each picture signal conductor has a first direction

in an extending direction, a second direction in a width
direction and a third direction in a thickness direction,
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wherein the contact hole is between the picture signal
conductors; and

wherein, in the first direction, a diameter of the upper
circumference of the contact hole is larger than a diam-
eter of the source electrode in a part corresponding to the
contact hole.

5. The liquid crystal display device according to claim 4,
wherein no black matrix is formed on the counter substrate in
a part corresponding to the contact hole.

6. A liquid crystal display device according to claim 4,
wherein the source electrode has a size which enables the at
least part of the inner wall in the contact hole to function as a
transmissible area for forming an image.

7. A liquid crystal display device where a liquid crystal
layer is held between a TFT substrate over which a pixel area
and a pixel provided with a TFT are formed in a matrix and a
counter substrate arranged opposite to the TFT substrate,

wherein a counter electrode is formed in the pixel area, an
insulating film and/or an inorganic passivation film are/
is formed on the counter electrode, a pixel electrode
having a slit is formed on the insulating film and/or the
inorganic passivation film, and an alignment film is
formed over the pixel electrode;

wherein the alignment film is responsive to optical orien-
tation for orientation control thereof;

a contact portion for connecting the pixel electrode with a
source electrode of the TFT is formed in the insulating
film and a stepped inclined area is provided on the upside
of the contact portion, wherein the contact portion
includes a contact hole;

wherein each picture signal conductor has a first direction
in an extending direction, a second direction in a width
direction and a third direction in a thickness direction,

wherein the contact hole is between the picture signal
conductors, and a diameter of the contact hole in the first
direction is greater than a diameter of the source elec-
trode in the first direction;

atleastin the first direction, a part of the inclined area of the
contact portion functions as a transmissible area for
forming an image; and

wherein, in the first direction, the source electrode has a
size which enables the at least part of the inclined area of
the contact portion to function as the transmissible area
for forming the image.

8. The liquid crystal display device according to claim 7,
wherein no black matrix is formed on the counter substrate in
a part corresponding to the contact portion.

9. The liquid crystal display device according to claim 7,
wherein no black matrix is formed on the counter substrate
corresponding to at least a part of the source electrode.

10. A liquid crystal display device according to claim 7,
wherein the source electrode functions as a shading film, and
the alignment film is responsive to light rays as the optical
orientation.
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