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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP 2009-208067 filed on Sep. 9, 2009, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a display device,
and more particularly to a lateral-electric-field liquid crystal
display device which exhibits an excellent field-of-view char-
acteristic and high reliability.

[0003] Inaliquidcrystal display device, a TFT substrate on
which pixels each of which includes a pixel electrode, a thin
film transistor (TFT) and the like are formed in a matrix array
and a counter substrate which faces the TFT substrate in an
opposed manner and on which color filters are formed at
positions corresponding to the pixel electrodes on the TFT
substrate are arranged, and liquid crystal is sandwiched
between the TFT substrate and the counter substrate. In the
liquid crystal display device, an image is formed by control-
ling optical transmissivity of liquid crystal molecules for
every pixel.

[0004] The liquid crystal display device is flat and light-
weight and hence, the application of the liquid crystal display
device has been spreading in various fields. A miniaturized
liquid crystal display device has been popularly used in
mobile phones, DSCs (Digital Still Cameras) and the like. A
field-of-view characteristic is important in the liquid crystal
display device. The field-of-view characteristic is a phenom-
enon in which the brightness changes or chromaticity
changes between a case where a screen of the liquid crystal
display device is viewed from a front side and a case where
the screen of the liquid crystal display device is viewed from
an oblique direction. An IPS (In Plane Switching) method
which operates liquid crystal molecules by a horizontal elec-
tric field exhibits the excellent field-of-view characteristic.
[0005] Although various IPS methods are known, for
example, there has been known a method in which a common
electrode is formed in a matted manner in plane and a comb-
teeth pixel electrode is arranged above the common electrode
with an insulation film sandwiched therebetween, and liquid
crystal molecules are rotated by an electric field generated
between the pixel electrode and the common electrode. Since
this method can increase the optical transmissivity, this
method has been used as a mainstream currently. A liquid
crystal display device which adopts such a method is dis-
closed in JP-A-2007-328210 (patent document 1), for
example.

SUMMARY OF THE INVENTION

[0006] The IPS-type liquid crystal display device differs
from a conventional TN-type liquid crystal display device or
the like in structure and hence, in the miniaturization of the
liquid crystal display device or the reduction of thickness of
the liquid crystal display device, there arise drawbacks in the
IPS-type liquid crystal display device which differ from
drawbacks that the conventional TN-type liquid crystal dis-
play device or the like has. In the TN (Twisted Nematic)
method and the like, pixel electrodes are formed on a TFT
substrate, and a counter electrode is formed over the whole
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surface of a counter substrate. To the contrary, in the IPS
method, the pixel electrodes and the counter electrodes are
formed onthe TFT substrate and hence, the constitution of the
TFT substrate side of the IPS-type liquid crystal display
device is more complicated than the constitution of the TFT
substrate side of the TN-type liquid crystal display device.
[0007] Recently, a miniaturized liquid crystal display
device is also requested to satisfy a high-definition screen
such as VGA (Video Graphics Array; 640x480 dots). Here, a
dot is formed of a set of three pixels consisting of a red pixel,
a green pixel and a blue pixel and hence, the number of pixels
becomes 1920x480. To realize VGA on a three-inch screen, a
short-side size of the pixel becomes extremely small, that is,
32 pm.

[0008] Even when the pixel can be made small in size, to
maintain predetermined transmissivity, it is necessary to
increase a ratio at which an area of the pixel electrode occu-
pies in the pixel as much as possible by arranging a TFT,
through holes and the like in a small area. This increase of the
pixel electrode area ratio decreases the tolerance in design or
the tolerance in process. One of the large drawbacks relevant
to the tolerance in process is the film peeling-off which occurs
between various stacked films.

[0009] FIG. 15 is a perspective view of a pixel portion of a
TFT substrate of an IPS-type liquid crystal display device
compatible with VGA. The pixel portion covering two pixels
is described in FIG. 15. In FIG. 15, a region which is sur-
rounded by video signal lines 40 indicated by a dotted line and
scanning signal lines 30 indicated by a dotted line constitutes
the pixel. The reason that the video signal lines 40 and the
scanning signal lines 30 are indicated by the dotted line is that
these lines are formed below an organic passivation film (also
referred to as a leveling film) which is formed of an organic
insulation film. A pitch of the video signal lines in FIG. 15 is
approximately 32 pm. In the inside of the pixel, a comb-teeth-
shaped pixel electrode is connected with a source electrode
107 of the TFT via a through hole 130 formed in the organic
passivation film.

[0010] Since FIG. 15 is a schematic view, the TFT is
described by a symbol. As shown in FIG. 15, the organic
passivation film (leveling film, organic insulation film) has a
large thickness and hence, a through hole 130 formed in the
organic passivation film occupies a large area in the pixel.
Further, the organic passivation film has a large thickness of
approximately 2 pm and hence, the large uneveness is formed
in the vicinity of the through hole 130. Although not shown in
FIG. 15, over the organic passivation film, a common elec-
trode formed in a matted manner in plane and an interlayer
insulation film are formed between the organic passivation
film and the pixel electrode.

[0011] When a pixel pitch becomes small, being influenced
by the uneveness of the organic passivation film, a stress is
liable to be generated in the common electrode, the interlayer
insulation film or the like formed on the organic passivation
film, and particularly, the film peeling-off between the inter-
layer insulation film and the common electrode is liable to
occur. This film peeling-off is liable to occur in a region A
shown in FIG. 15 which is disposed between the through
holes 130, for example.

[0012] Accordingly, it is an object of the present invention
to provide an IPS-type liquid crystal display device which
exhibits a high manufacturing yield and high reliability by
preventing the peeling-off of an interlayer insulation film or
the like formed on an organic passivation film.
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[0013] The present invention has been made to overcome
the above-mentioned drawbacks, and specific means of the
present invention are as follows.

[0014] (1) The present invention is directed to a liquid
crystal display device in which a first insulation film is formed
on a source electrode which is connected with a source region
of a thin film transistor so as to cover the source electrode, an
organic insulation film is formed on the first insulation film, a
common electrode is formed on the organic insulation film, a
second insulation film is formed on the common electrode so
asto cover the common electrode, and a pixel electrode which
has a comb-teeth-shaped portion is formed on the second
insulation film, wherein the organic insulation film and the
first insulation film have a through hole having a large hole
corresponding to an upper portion of the organic insulation
film, a small hole corresponding to the first insulation film and
an inclined portion formed in the organic insulation film, a
first opening portion is formed in the second insulation film
such that the first opening portion surrounds the large hole of
the through hole, a second opening portion is formed in the
common electrode such that the second opening portion sur-
rounds the large hole of the through hole, the pixel electrode
is connected with the source electrode via the through hole,
and the first opening portion which is formed in the second
insulation film is larger than the large hole formed in the
organic insulation film and is smaller than the second opening
portion formed in the common electrode.

[0015] (2) In the liquid crystal display device having the
constitution (1), in the through hole, the small hole formed in
the first insulation film is formed by etching using the organic
insulation film as a mask.

[0016] (3) The present invention is further directed to a
liquid crystal display device in which a first insulation film is
formed on a source electrode which is connected with a
source region of a thin film transistor so as to cover the source
electrode, an organic insulation film is formed on the first
insulation film, a common electrode is formed on the organic
insulation film, a second insulation film is formed on the
common electrode so as to cover the common electrode, and
a pixel electrode which has a comb-teeth-shaped portion is
formed on the second insulation film, wherein the organic
insulation film and the first insulation film have a through hole
having a large hole corresponding to an upper portion of the
organic insulation film, a small hole corresponding to the first
insulation film and an inclined portion formed in the organic
insulation film, an opening portion is formed in the second
insulation film such that the opening portion surrounds the
small hole of the through hole, the pixel electrode is con-
nected with the source electrode via the through hole, and the
opening portion which is formed in the second insulation film
is larger than the small hole formed in the first insulation film
and partially overlaps with the inclined portion formed in the
organic insulation film.

[0017] (4) In the liquid crystal display device having the
constitution (3), assuming a diameter or a width of the open-
ing portion formed in the second insulation film as W1 and a
diameter or a width of the small hole formed in the first
insulation film as W2, a relationship of W1>W2+2 um is
satisfied.

[0018] (5) The present invention is still further directed to a
liquid crystal display device in which a first insulation film is
formed on a source electrode which is connected with a
source region of a thin film transistor so as to cover the source
electrode, an organic insulation film is formed on the first
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insulation film, a common electrode is formed on the organic
insulation film, a second insulation film is formed on the
common electrode so as to cover the common electrode, and
a pixel electrode which has a comb-teeth-shaped portion is
formed on the second insulation film, wherein the organic
insulation film and the first insulation film have a through hole
having a large hole corresponding to an upper portion of the
organic insulation film, a small hole corresponding to the first
insulation film and an inclined portion formed in the organic
insulation film, an opening portion is formed in the second
insulation film in the vicinity of the through hole, the pixel
electrode is connected with the source electrode via the
through hole, and the opening portion which is formed in the
second insulation film is larger than the small hole formed in
the first insulation film, and the second insulation film is not
brought into contact with the first insulation film.

[0019] (6) In the liquid crystal display device having any
one of the constitutions (1) to (5), the first insulation film and
the second insulation film are formed using SiN.

[0020] (7) In the liquid crystal display device having any
one of the constitutions (1) to (6), the second insulation film
is formed using SIN at a temperature of not more than 300° C.
[0021] According to the present invention, it is possible to
apply an IPS method which is characterized by a large field of
view and large transmissivity to a miniaturized and high-
pixel-definition liquid crystal display device. To be more
specific, the present invention can prevent the peeling-off
between the interlayer insulation film and the common elec-
trode formed on the organic passivation film thus increasing a
manufacturing yield. Further, since an adhesive strength of
the interlayer insulation film or the like is increased, the
reliability of the liquid crystal display device can be
enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a plan view of a liquid crystal display
device to which the present invention is applied;

[0023] FIG. 2 is a cross-sectional view of a pixel portion of
the liquid crystal display device according to an embodiment
1;

[0024] FIG. 3 is a plan view of a pixel electrode and a
common electrode;

[0025] FIG. 4is aplan view of a through hole portion of the
embodiment 1;
[0026] FIG. 5 is a cross-sectional view of the through hole

portion of the embodiment 1;

[0027] FIG. 6 is a plan view of a through hole portion of a
conventional example;

[0028] FIG. 7 is a cross-sectional view of the through hole
portion of the conventional example;

[0029] FIG. 8 is a cross-sectional view of the through hole
portion of the conventional example in a state where a pixel
electrode is removed,

[0030] FIG. 9 is a cross-sectional view of an area in the
vicinity of the through hole portion showing a drawback of
the conventional example;

[0031] FIG. 10 is a schematic view showing a thermal
expansion stress in the conventional example;

[0032] FIG. 11 is a schematic view showing a thermal
expansion stress in the present invention;

[0033] FIG.12isaplanview of athrough hole portion of an
embodiment 2;
[0034] FIG. 13 is a cross-sectional view of the through hole

portion of the embodiment 2;
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[0035] FIG. 14 is a cross-sectional view of a pixel portion of
a liquid crystal display device of an embodiment 3; and
[0036] FIG.15isaperspective view of a pixel portion when
a pixel is small.

DETAILED DESCRIPTION OF THE INVENTION

[0037] Contents of the present invention are explained in
detail in conjunction with embodiments hereinafter.

Embodiment 1

[0038] FIG.1is aplan view of a miniaturized liquid crystal
display device used in a mobile phone or the like which is an
example of a product to which the present invention is
applied. In FIG. 1, a counter substrate 200 is arranged over the
TFT substrate 100. A liquid crystal layer not shown in the
drawing is sandwiched between the TFT substrate 100 and
the counter substrate 200. The TFT substrate 100 and the
counter substrate 200 are adhered to each other by a sealing
material 20 which is formed between picture frame portions
of these substrates. In FIG. 1, liquid crystal is sealed by a
dropping method and hence, a sealing hole is not formed.
[0039] The TFT substrate 100 is formed larger than the
counter substrate 200 in size. On a portion of the TFT sub-
strate 100 projecting from the counter substrate 200, a termi-
nal portionl 150 for supplying a power source, a video signal,
a scanning signal and the like to the liquid crystal cells is
formed.

[0040] Further, an IC driver 50 for driving scanning signal
lines 30, video signal lines 40 and the like is arranged on the
terminal portion 150. The IC driver 50 is divided into three
regions, wherein a video signal drive circuit 52 is arranged in
the region at the center, and a scanning signal drive circuit 51
is arranged in the region on both sides.

[0041] Inadisplay region 10 shown in FIG. 1, the scanning
signal lines 30 extend in the lateral direction and are arranged
parallel to each other in the longitudinal direction. The video
signal lines 40 extend in the longitudinal direction and are
arranged parallel to each other in the lateral direction.
Regions which are surrounded by the scanning signal lines
and the video signal lines constitute the pixels. The scanning
signal lines are connected with the scanning signal drive
circuit 51 of the IC driver 50 via scanning-line lead lines 31
extended from both sides of the display regions 10. Video-
signal-line lead lines 41 which connect the video signal lines
40 and the IC driver 50 with each other are collected at a lower
side of the screen, and are connected with the video signal
drive circuit 52 arranged at the center portion of the IC driver
50.

[0042] FIG. 2 is a cross-sectional view showing the struc-
ture of a pixel portion of the display region 10 shown in FIG.
1, FIG. 2 is provided for explaining the structure of an IPS-
type liquid crystal display panel to which the present inven-
tion is applied. A TFT adopted by this embodiment is a
so-called top-gate-type TFT where a gate electrode is
arranged above a semiconductor layer. In FIG. 2, on the TFT
substrate 100 formed of a glass substrate, a first background
film 101 made of SiN and a second background film 102 made
of SiO, are formed by a CVD (Chemical Vapor Deposition)
method. The first background film 101 and the second back-
ground film 102 are provided for preventing impurities from
the TFT substrate 100 from contaminating the semiconductor
layer 103.
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[0043] The semiconductor layer 103 is formed on the sec-
ond background film 102. The semiconductor layer 103 is
formed such that an a-Si film is formed on the second back-
ground film 102 by a CVD method and the a-Si film is con-
verted into a poly-Si film by laser-annealing the a-Si film. The
poly-Si film is patterned by photolithography.

[0044] A gate insulation film 104 is formed on the semi-
conductor film. The gate insulation film 104 is an SiO, film.
The SiO, film is formed using, for example, TEOS (tetra-
ethoxysilane) as a raw material gas. This film is also formed
by a CVD method. A gate electrode 105 is formed on the gate
insulation film 104. The gate electrode 105 is formed on the
same layer as the scanning signal line 30 and is formed
simultaneously with the scanning signal line 30. The gate
electrode 105 is formed of an MoW film, for example. When
it is necessary to decrease the resistance of the gate line 105,
an Al alloy is used for forming the gate line 105.

[0045] The gate electrode 105 is patterned by photolithog-
raphy. In this patterning, the poly-Si layer is doped with
impurities such as phosphorous or boron by ion implantation
thus forming a source region S or a drain region D in the
poly-Si layer. Further, by making use of a photo resist in
patterning the gate electrode 105, an LDD (Lightly Doped
Drain) layer is formed between a channel region and a source
region S or the drain region D of the poly-Si layer.

[0046] Thereafter, an interlayer insulation film 106 is
formed using SiO, such that the interlayer insulation film 106
covers the gate electrode 105. The interlayer insulation film
106 is provided for ensuring insulation between the gate line
105 and the like and a source electrode 107 and the like. The
source electrode 107 is formed on the interlayer insulation
film 106. In FIG. 2, the source electrode 107 is formed with a
large area enough to cover the TFT. On the other hand, the
drain region D of the TFT is connected with a drain electrode
at a portion not shown in the drawing.

[0047] The source electrode 107, the drain electrode and
the video signal line 40 are formed on the same layer simul-
taneously. The source electrode 107 and the drain electrode
are, for decreasing the resistance thereof, formed using an
AlSi alloy. Since the AlSi alloy generates hillock or Al is
diffused into other layer, the source electrode 107 and the
drain electrode adopts the structure where an AlSi layer is
sandwiched between a barrier layer and a cap layer made of
MoW respectively.

[0048] For connecting the source electrode 107 and the
source region S of the TFT with each other, a through hole is
formed in the gate insulation film 104 and the interlayer
insulation film 106 so that the source region S of the TFT and
the source electrode 107 are connected with each other. An
inorganic passivation film (inorganic insulation film) 108 is
formed using SiN, for example, so as to cover the source
electrode 107, and the inorganic passivation film 108 protects
the whole TFT. The inorganic passivation film 108 is formed
by a CVD method in the same manner as the first background
film 101.

[0049] An organic passivation film 109 is formed so as to
cover the inorganic passivation film 108. The organic passi-
vation film 109 is formed using a photosensitive acrylic resin.
The organic passivation film can be also formed using a
silicone resin, an epoxy resin, a polyimide resin or the like
besides the acrylic resin. Since the organic passivation film
109 also has a role of a leveling film, the organic passivation
film 109 is formed with a large thickness. Although a film
thickness of the organic passivation film 109 falls within a
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range from 1 to 4 pm, the film thickness of the organic
passivation film 109 is set to approximately 2 um in many
cases.

[0050] To make a pixel electrode 112 and the source elec-
trode 107 conductive with each other, a through hole 130 is
formed in the inorganic passivation film 108 and the organic
passivation film 109. The organic passivation film 109 is
formed using a photosensitive resin. When the photosensitive
resin is exposed to light after being applied, only a portion of
the photosensitive resin which is exposed to light is dissolved
by a specified developer. That is, by using the photosensitive
resin for forming the organic passivation film 109, the forma-
tion of a photo resist can be omitted. After forming the
through hole in the organic passivation film 109, the organic
passivation film 109 is baked at a temperature of approxi-
mately 230° C. thus completing the organic passivation film
109 in which the through hole is formed.

[0051] The through hole is formed in the inorganic passi-
vation film 108 by dry etching using the organic passivation
film 109 as a mask. In this manner, the through hole 130
which makes the pixel electrode 112 and the source electrode
107 conductive with each other is formed. Since the organic
passivation film 109 has a large thickness, a size of the hole
differs between an upper side and a lower side of the through
hole 130.

[0052] Anupper surface of the organic passivation film 109
formed in this manner is leveled or flattened. An amorphous
ITO (Indium Tin Oxide) film is formed on the organic passi-
vation film 109 by sputtering, patterning is applied to the
amorphous ITO film using a photo resist and, thereafter, the
photo resist is etched using an oxalic acid thus patterning a
common electrode 110. The common electrode 110 is formed
in a matted manner in plane while avoiding the through hole
130. Then, the structure is baked at a temperature of 230° C.
so that the ITO film is poly-crystallized whereby the electric
resistance of the ITO film is lowered. The ITO film which is
a transparent conductive film for forming the common elec-
trode 110 has a thickness of 77 pum, for example.

[0053] Thereafter, an interlayer insulation film 111 is
formed by a CVD method so as to cover the common elec-
trode 110. A temperature condition of CVD at this point of
time is not more than 300° C. (desirably approximately 230°
C.), and this CVD is referred to as low-temperature CVD.
Thereafter, the interlayer insulation film 111 is patterned in
accordance with a photolithography step. The technical fea-
ture of the present invention lies in that the inside of the
through hole 130 is not completely covered with the inter-
layer insulation film 111. In FIG. 2, the interlayer insulation
film 111 is not formed on an inner wall of the through hole 130
(that is, a side wall of the organic passivation film 109).
[0054] The formation of other films, for example, the first
background film 101, the inorganic passivation film 108 or
the like is performed by a CVD method at a temperature of not
less than 300° C. In general, by forming a CVD film or the like
at a high temperature, it is possible to increase an adhesive
strength between the CVD film or the like and a background
film. However, since the organic passivation film 109 is
already formed below the interlayer insulation film 111, when
the temperature is elevated to not less than 300° C., a charac-
teristic of the organic passivation film 109 is changed.
Accordingly, the formation of the interlayer insulation film
111 is performed by a low-temperature CVD method. By
forming the interlayer insulation film 111 by a low-tempera-
ture CVD method, there arises a problem with respect to an
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adhesive strength between other film and the interlayer insu-
lation film 111, particularly between the common electrode
110 and the interlayer insulation film 111.

[0055] Inthis embodiment, as shown in FIG. 2, by forming
the interlayer insulation film 111 only on a flat portion with-
out forming the interlayer insulation film 111 on an inner wall
of the through hole 130, a stress applied to the interlayer
insulation film 111 can be alleviated thus preventing the film
peeling-off between the interlayer insulation film 111 and the
common electrode 110. As will be explained in conjunction
with other embodiments, even when the interlayer insulation
film 111 covers approximately a portion of the inner wall of
the through hole 130, the advantageous effect of the present
invention can be maintained.

[0056] An amorphous ITO film is formed on the interlayer
insulation film 111 by sputtering, and the comb-teeth-shaped
pixel electrode 112 is formed by a photolithography step. The
pixel electrode 112 is connected with the source electrode 107
via the through hole 130. A signal voltage is applied to the
pixel electrode 112 so that an electric field is generated
between the pixel electrode 112 and the common electrode
110 thus rotating liquid crystal molecules 301 whereby a
quantity of light which passes through the liquid crystal layer
is controlled for every pixel so that an image is formed. A film
thickness of the ITO film which is a transparent conductive
film forming the pixel electrode 112 is approximately 40 nm
to 70 nm, for example.

[0057] FIG. 3 is a plan view showing the relationship
between the comb-teeth-shaped pixel electrode 112 and the
common electrode 110 formed in a matted manner in plane.
In FIG. 3, the pixel electrode 112 is arranged over the com-
mon electrode 110 with the interlayer insulation film 111 not
shown in the drawing sandwiched between the pixel electrode
112 and the common electrode 110. A slit 1122 is formed
between comb teeth 1121 of the pixel electrode 112. As
shown in FIG. 2, lines of electric force extend toward the
common electrode 110 from an upper surface of the pixel
electrode 112, and the liquid crystal molecules 301 are rotated
by the lines of electric force so that a quantity of light which
passes through the liquid crystal layer 300 is controlled.
[0058] In FIG. 2, an alignment film 113 for imparting the
initial alignment to the liquid crystal molecules 301 is formed
on the pixel electrode 112. The counter substrate 200 is
arranged to face the TFT substrate 100 with the liquid crystal
layer 300 sandwiched therebetween. Color filters 201 are
formed on an inner side of the counter substrate 200. The
color filters 201 are formed of color filters of red, green and
blue for every pixel so that a color image can be formed. A
black matrix 202 is formed between the color filters 201 thus
enhancing a contrast of the image. The black matrix 202 also
plays arole ofa light blocking film ofthe TFT thus preventing
a photo current from flowing into the TFT.

[0059] An overcoat film 203 is formed so as to cover the
color filters 201 and the black matrix 202. A surface of the
color filters 201 and a surface of the black matrix 202 are
uneven and hence, the overcoat film 203 is provided for
surface leveling. The alignment film 113 which decides the
initial alignment direction of the liquid crystal molecules 301
is formed on the overcoat film 203. Since the liquid crystal
display device in FIG. 2 is the IPS-type liquid crystal display
device, the counter electrodes 110 are formed on the TFT
substrate 100 side and are not formed on the counter substrate
200 side.
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[0060] As shown in FIG. 2, in the IPS-type liquid crystal
display device, a conductive film is not formed on an inner
side of the counter substrate 200. Accordingly, a potential of
the counter substrate 200 becomes unstable. Further, electro-
magnetic noises from the outside invade the liquid crystal
layer 300 and influence an image. To eliminate such draw-
backs, an external conductive film 210 is formed on an outer
side of the counter substrate 200 (a side opposite to the liquid
crystal layer 300). The external conductive film 210 is formed
by sputtering ITO film which is a transparent conductive film.
[0061] FIG. 4 is a plan view showing an area in the vicinity
of the through hole 130. In FIG. 4, the pixel electrode which
is formed on an uppermost layer is omitted. In FIG. 4, in the
through hole 130, a large hole 1301, a small hole 1302 and an
inclined portion are present. An edge portion of the interlayer
insulation film 111 is formed outside the large hole 1301 of
the through hole 130 in a state where the edge portion of the
interlayer insulation film 111 surrounds the large hole 1301 of
the through hole 130. An edge portion of the common elec-
trode 110 is formed more outside the interlayer insulation
film 111 in a state where the edge portion of the common
electrode 110 surrounds the edge portion of the interlayer
insulation film 111. The source electrode 107 appear inside
the small hole 1302 of the through hole 130. The source
electrode 107 and the pixel electrode not shown in the draw-
ing are connected with each other via the through hole 130.
[0062] FIG. 5 is a cross-sectional view taken along a line
A-AinFIG. 4. In FIG. 5, alower layer of the source electrode
107 is omitted. The inorganic passivation film 108 is formed
on the source electrode 107, and the organic passivation film
109 is formed on the inorganic passivation film 108. The
common electrode 110 is formed on the organic passivation
film 109, and the interlayer insulation film 111 is formed on
the common electrode 110. The common electrode 110 is
formed only on a flat portion of the organic passivation film
109, and is not formed on the inclined portion of the through
hole 130 (the inner wall of the through hole 130 and the side
wall of the organic passivation film 109).

[0063] The interlayer insulation film 111 which covers the
common electrode 110 is also formed only on a flat portion of
the organic passivation film 109, and is not formed on the
inclined portion of the through hole 130. The pixel electrode
112 is formed on the interlayer insulation film 111, and the
pixel electrode 112 is connected with the source electrode 107
via the through hole 130. The hole formed in the inorganic
passivation film 108 and the small hole formed in the organic
passivation film 109 has the same size. This is because the
inorganic passivation film 108 is etched using the organic
passivation film 109 as a mask.

[0064] The technical feature of the present invention lies in
that the interlayer insulation film 111 does not extend to the
through hole 130 and is formed only on the flat portion of the
organic passivation film 109. The organic passivation film
109 is formed using a resin such as an acrylic resin, while the
interlayer insulation film 111 is formed using SiN (particu-
larly SiN used in low-temperature film forming) and hence,
the organic passivation film 109 and the interlayer insulation
film 111 have different thermal expansion coefficients. To
poly-crystallize the ITO film which constitutes the electrode
112 after forming the interlayer insulation film 111, the ITO
film is baked at a temperature of approximately 230° C. Here,
due to the difference in thermal expansion coefficient, a stress
is applied to the film formed on the organic passivation film
109.
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[0065] Since the common electrode 110 which is formed
directly on the organic passivation film 109 has a small thick-
ness of 77 nm and an adhesive strength between the ITO film
and the organic resin is high, the peeling-off hardly occurs
between the common electrode 110 and the organic passiva-
tion film 109. On the other hand, the interlayer insulation film
111 has a large thickness of 200 nm to 300 nm and an adhesive
strength between the interlayer insulation film 111 and the
ITO film is not strong and hence, the peeling-off is liable to
occur between the interlayer insulation film 111 and the com-
mon electrode 110. In this embodiment, by preventing the
interlayer insulation film 111 from covering the whole
inclined portion of the through hole 130 and by holding the
interlayer insulation film 111 on the flat portion of the organic
passivation film 109, a stress attributed to thermal expansion
is hardly applied to the common electrode 110 and the inter-
layer insulation film 111 thus preventing the peeling-off
between the common electrode 110 and the interlayer insu-
lation film 111.

[0066] FIG. 6 is a plan view of an area in the vicinity of a
through hole 130 in a conventional example provided for a
comparison purpose. In FIG. 6, a pixel electrode is omitted. A
common electrode 110 is formed in a state where the common
electrode 110 surrounds the periphery of a large hole 1301 of
the through hole 130 in FIG. 6. An interlayer insulation film
111 further extends to the inside of a small hole of the through
hole formed in an organic passivation film 109 thus forming
the small hole 1302 of the through hole 130. A source elec-
trode 107 is observed in the small hole 1302 of the through
hole 130.

[0067] FIG. 7 is a cross-sectional view taken along a line
B-BinFIG. 6. In FIG. 7, an inorganic passivation film 108 is
formed on the source electrode 107. The organic passivation
film 109 is formed on the inorganic passivation film 108. The
common electrode 110 is formed on an upper surface of the
organic passivation film 109, and the interlayer insulation
film 111 is formed so as to cover the common electrode 110.
InFIG. 7, the interlayer insulation film 111 covers an inclined
portion of the through hole 130, the interlayer insulation film
111 is brought into contact with the inorganic passivation film
108, and the small hole 1302 of the through hole 130 is
formed by the inorganic passivation film 108 and the inter-
layer insulation film 111. In the constitution shown in FIG. 6
and FIG. 7, the organic passivation film 109 in the through
hole 130 portion is completely covered with the interlayer
insulation film 111.

[0068] FIG. 8 is a cross-sectional view of the through hole
130 portion before the pixel electrode 112 shown in FIG. 7 is
formed. A process for forming the through hole 130 in a state
shown in FIG. 8 is as follows. The inorganic passivation film
108 is formed on the source electrode 107, and the organic
passivation film 109 is formed on the inorganic passivation
film 108. Subsequently, the through hole is formed in the
organic passivation film 109. Then, the interlayer insulation
film 111 is formed, a photo resist is applied to the interlayer
insulation film 111 by coating, and the photo resist is pat-
terned. Thereafter, the interlayer insulation film 111 and the
inorganic passivation film 108 are simultaneously etched by
dry etching using the same resist pattern thus forming the
small hole 1302 of the through hole 130. Both the inorganic
passivation film 108 and the interlayer insulation film 111 are
formed using SiN and hence, these films can be simulta-
neously etched.
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[0069] Thereafter, an ITO film which becomes the pixel
electrode 112 is applied to the interlayer insulation film 111,
and the pixel electrode 112 is patterned into a comb-teeth-
shaped electrode by a photolithography step. After patterning
the pixel electrode 112, to decrease the resistance of the pixel
electrode 112, a TFT substrate 100 on which the pixel elec-
trode 112 is formed is baked at a temperature of approxi-
mately 230° C. thus poly-crystallizing the ITO film. However,
in such a heating step, the film peeling-off shown in FIG. 9
occurs between the interlayer insulation film 111 and the
common electrode 110.

[0070] It is thought that this film peeling-off occurs due to
a mechanism shown in FIG. 10. FIG. 10 is a cross-sectional
view taken along a line B-B in FIG. 6. Assume a case where
after the pixel electrode 112 is formed, the temperature is
elevated so as to poly-crystallize the ITO film. In this case, a
thermal expansion coefficient of the organic passivation film
109 is larger than a thermal expansion coefficient of the
interlayer insulation film 111 and hence, a force which pulls
the interlayer insulation film 111 in the lateral direction is
generated. This force can be divided into a force F1 which is
applied to an interface between the organic passivation film
109 and the common electrode 110 and a force F2 which pulls
the interlayer insulation film 111 in the vicinity of the inclined
portion of the through hole 130. Here, the stress F1 which is
generated between the organic passivation film 109 and the
common electrode 110 may be considered, since a thickness
of the common electrode 110 is small, to become a stress on
an interface between the interlayer insulation film 111 and the
common electrode 110.

[0071] InFIG. 10, on a small hole 1302 side of the through
hole 130, the inorganic passivation film 108 and the interlayer
insulation film 111 are laminated to each other. Since the
inorganic passivation film 108 and the interlayer insulation
film 111 are formed of the same material, that is, SiN and
hence, an adhesive strength between these films is extremely
strong. In such structure, even when the organic passivation
film 109 tries to expand, the expansion of the organic passi-
vation film 109 in the lateral direction is completely sup-
pressed by the inorganic passivation film 108. The influence
exerted by this suppression appears as a stress on the interface
between the interlayer insulation film 111 and the common
electrode 110.

[0072] Thatis, in the constitution shown in FIG. 10, a stress
S2 applied to the interface between the interlayer insulation
film 111 and the common electrode 110 due to the thermal
expansion of the organic passivation film 109 is a stress which
is obtained by adding a stress attributed to the stress F2 shown
in FIG. 10 to the stress F1 generated on the interface between
the organic passivation film 109 and the common electrode
110.

[0073] So long as the interlayer insulation film 111 is not
broken, the force F2 in FIG. 10 is converted into a force which
pulls the interlayer insulation film 111 in the horizontal direc-
tion. On the other hand, a film thickness of the ITO film which
constitutes the common electrode 110 is smaller than a film
thickness of the interlayer insulation film 111 and, at the same
time, an adhesive strength of the organic passivation film 109
is strong and hence, the film peeling-off does not occur
between the organic passivation film 109 and the common
electrode 110. Accordingly, the film peeling-off occurs
between the common electrode 110 and the interlayer insu-
lation film 111.
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[0074] FIG. 11 is a schematic view showing a stress when a
temperature is elevated for poly-crystallizing the ITO film on
the interlayer insulation film 111 in the constitution of this
embodiment. FIG. 11 is a cross-sectional view taken along a
line A-A in FIG. 4. In FIG. 11, the stress F1 generated
between the organic passivation film 109 and the common
electrode 110 due to the difference in thermal expansion
coeflicient when the temperature is elevated is substantially
equal to the stress F1 shown in FIG. 10. However, in FIG. 11,
the interlayer insulation film 111 is not formed in the inside of
the through hole 130. Accordingly, the force F2 on the
inclined portion of the through hole 130 which is generated in
the conventional example shown in FIG. 10 is not present.
[0075] The stress generated between the organic passiva-
tion film 109 and the common electrode 110 may be consid-
ered substantially equal to the stress generated between the
common electrode 110 and the interlayer insulation film 111.
Accordingly, in the constitution of this embodiment shown in
FIG. 11, the stress S1 generated between the interlayer insu-
lation film 111 and the common electrode 110 due to the
difference in thermal expansion between the organic passiva-
tion film 109 and the interlayer insulation film 111 or the like
becomes substantially equal to the stress F1 generated
between the organic passivation film 109 and the common
electrode 110 and hence, the stress S1 can be reduced com-
pared to the conventional example. Accordingly, it is possible
to prevent the film peeling-off between the common electrode
110 and the interlayer insulation film 111.

[0076] 50 pieces of TFT substrates 100 having the consti-
tution of this embodiment and 50 pieces of TFT substrate 100
having the constitution of the conventional example are
manufactured respectively, these TFT substrates 100 are
heated by a hot plate at 240° C. for 20 minutes, and the
presence or the non-presence of film peeling-off are con-
firmed. As a result, according to the TFT substrates 100
having the constitution of this embodiment, the number of
TFT substrates 100 which suffer from the film peeling-off is
zero. To the contrary, in the case of TFT substrates having the
conventional constitution, out of 50 pieces of TFT substrates
100, the film peeling-off occurs between the common elec-
trode 110 and the interlayer insulation film 111 in 7 pieces of
TFT substrates 100. In this manner, the advantageous effect
of the present invention is extremely large.

[0077] The direction of an electric current which flows into
the TFT is suitably changed over due to AC inversion driving
of the liquid crystal display device. Accordingly, the source
region and the drain region of the TFT are changed over and,
further, the source electrode and the drain electrode are also
changed over suitably. However, in the explanation of this
embodiment, a side which is connected to the pixel electrode
is referred to as the source region or the source electrode. The
same goes for embodiments explained hereinafter.

Embodiment 2

[0078] FIG. 12 is a plan view of an area in the vicinity of a
through hole 130 in the embodiment 2. FIG. 12 differs from
FIG. 4 showing the embodiment 1 only with respect to arange
where an interlayer insulation film 111 is formed. That is, in
this embodiment, the interlayer insulation film 111 covers a
portion of an inclined portion of the through hole 130. FIG. 13
is a cross-sectional view taken along a line C-C in FIG. 12. In
FIG. 13, the interlayer insulation film 111 covers an upper
portion of the inclined portion of the through hole 130. How-
ever, the interlayer insulation film 111 does not extend to a
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lower portion of the through hole 130 and, at the same time, is
not brought into contact with an inorganic passivation film
108.

[0079] Also in this embodiment, the inorganic passivation
film 108 is etched by dry etching using an organic passivation
film 109 as a mask and hence, the inorganic passivation film
108 does not appear on a surface. However, even if the inor-
ganic passivation film 108 is configured to appear inside the
organic passivation film 109 using a different process, it is
necessary to prevent the interlayer insulation film 111 and the
inorganic passivation film 108 from coming into contact with
each other. The prevention of contact between the interlayer
insulation film 111 and the inorganic passivation film 108 is
necessary for preventing the stress attributed to thermal
expansion of the organic passivation film 109 from becoming
excessively large.

[0080] In this embodiment, the stress attributed to thermal
expansion is slightly increased compared to the case of the
embodiment 1 by an amount corresponding to the formation
of the interlayer insulation film 111 also on the inclined
portion of the through hole 130. However, the stress attributed
to thermal expansion of this embodiment is far smaller than
the stress attributed to thermal expansion in the conventional
example. This is because this embodiment is not constituted
such that the thermal expansion of the organic passivation
film 109 is completely blocked by the interlayer insulation
film 111 and the inorganic passivation film 108. Accordingly,
an advantageous effect with respect to the film peeling-off
acquired by this embodiment becomes substantially equal to
the corresponding advantageous effect with respect to the
film peeling-off acquired by the embodiment 1.

[0081] In this embodiment, to prevent the interlayer insu-
lation film 111 and the inorganic passivation film 108 from
coming into contact with each other, it is inevitably necessary
to set an opening diameter (or a width of an opening portion)
W1 of the interlayer insulation film 111 shown in FIG. 12
larger than a small diameter (or a width of the small hole) W2
of the organic passivation film 109. Further, to take the accu-
racy of alignment of a mask into consideration, it is necessary
that the relationship of W2+2 um<W1 is satisfied.

[0082] The organic passivation film 109 also functions as a
leveling film and hence, it is difficult to decrease a film thick-
ness of the organic passivation film 109 even when a pitch of
pixels is made small. In such a circumstance, it is also difficult
to decrease a diameter of the through hole 130. By forming
the interlayer insulation film 111 such that the interlayer
insulation film 111 extends to the inclined portion of the
through hole 130 as in the case of this embodiment, the
common electrode 110 can be formed such that the common
electrode 110 extends to an area in the vicinity of a large hole
1301 of the through hole 130 and hence, a utilization ratio of
light in each pixel can be enhanced.

Embodiment 3

[0083] The case in which the present invention adopts the
top-gate-type TFT has been explained with respect to the
embodiment 1 and the embodiment 2. However, the present
invention is also applicable to a bottom-gate-type TFT in the
same manner besides the top-gate-type TFT.

[0084] FIG. 14 is a cross-sectional view of the pixel portion
when the present invention is applied to a liquid crystal dis-
play device which uses the bottom-gate-type TFT. Except for
the constitution of the TFT, the constitution of the pixel por-
tion in this embodiment is substantially equal to the consti-
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tution of the pixel portion shown in FIG. 2 explained in
conjunction with the embodiment 1. In FIG. 14, a gate elec-
trode 105 is formed on a TFT substrate 100. A gate insulation
film 104 is formed so as to cover a gate electrode 105. A
semiconductor layer 103 is formed over the gate electrode
105 by way of the gate insulation film 104.

[0085] InFIG. 14, the gate electrode 105 is directly formed
on a glass substrate, and a background film similar to the
background film explained in conjunction with FIG. 2 is not
formed. Itis because impurities from glass are blocked by the
gate electrode 105 and do not reach the semiconductor layer
103. However, a background film may be formed in the same
manner as the constitution shown in FIG. 2. The semiconduc-
tor layer 103 shown in FIG. 14 is formed using a-Si in many
cases. In this case, a thickness of the semiconductor layer 103
is approximately 150 nm. A source electrode 107 and a drain
electrode 1071 are connected with a source region and a drain
region of the semiconductor layer 103 respectively. Between
the semiconductor layer 103 and the source electrode 107 or
between the semiconductor layer 103 and the drain electrode
1071, an n+Si layer not shown in the drawing which has a
thickness of approximately 50 nm is formed for establishing
an ohmic contact between them.

[0086] An inorganic passivation film 108 is formed so as to
cover the bottom-gate-type TFT formed in such a manner. In
this case, the inorganic passivation film 108, different from
the top-gate-type TFT explained in conjunction with the
embodiment 1 or the embodiment 2 which uses poly-Si for
forming the semiconductor layer, is formed by a low-tem-
perature CVD method in the same manner as the interlayer
insulation film formed between a common electrode and a
pixel electrode formed later. A semiconductor layer of the
TFT is formed using a-Si in this embodiment and hence,
when a high-temperature CVD method is used, there exists a
possibility that a characteristic of a-Siis changed. In this case,
the inorganic passivation film 108 formed by a low-tempera-
ture CVD method is not brought into direct contact with the
ITO film and hence, there is no possibility that a film peeling-
off problem arises with respect to such a portion.

[0087] The constitution and the process after the formation
ofthe inorganic passivation film 108 are substantially equal to
the corresponding constitution and process explained in con-
junction with FIG. 2 and hence, their explanation is omitted.
That is, although a through hole 130 is formed for connecting
the source electrode 107 and a pixel electrode 112 in FIG. 14,
with respect to the constitution of the through hole 130 por-
tion and an area in the vicinity of the through hole portion 130
portion which constitutes the technical features of the present
invention, the constitution explained in conjunction with the
embodiment 1 and the embodiment 2 is directly applicable. In
this manner, the present invention is applicable to any liquid
crystal display device and can acquire the substantially equal
advantageous effects irrespective of the constitution of the
TFT.

[0088] As has been explained heretofore, the prevention of
the film peeling-off becomes particularly important when an
area of the pixel becomes small. For example, to enable a
display of VGA on a screen of 3 inches, a horizontal pitch of
pixels becomes 32 um. There has been a demand for the
realization of the display of VGA also in the screen of not
more than 3 inches. In this case, the horizontal pitch of the
pixels becomes not more than 32 um. The present invention is
extremely advantageous in applying an IPS method to a prod-
uct having such a small pixel pitch.
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[0089] While there have been described what are at present
considered to be certain embodiments of the invention, it will
be understood that various modifications may be made
thereto, and it is intended that the appended claims cover all
such modifications as fall within the true spirit and scope of
the invention.

What is claimed is:

1. A liquid crystal display device in which a first insulation
film is formed on a source electrode which is connected with
a source region of a thin film transistor so as to cover the
source electrode, an organic insulation film is formed on the
first insulation film, a common electrode is formed on the
organic insulation film, a second insulation film is formed on
the common electrode so as to cover the common electrode,
and a pixel electrode which has a comb-teeth-shaped portion
is formed on the second insulation film, wherein

the organic insulation film and the first insulation film have
a through hole having a large hole corresponding to an
upper portion of the organic insulation film, a small hole
corresponding to the first insulation film and an inclined
portion formed in the organic insulation film,

a first opening portion is formed in the second insulation
film such that the first opening portion surrounds the
large hole of the through hole,

a second opening portion is formed in the common elec-
trode such that the second opening portion surrounds the
large hole of the through hole,

the pixel electrode is connected with the source electrode
via the through hole, and

the first opening portion which is formed in the second
insulation film is larger than the large hole formed in the
organic insulation film and is smaller than the second
opening portion formed in the common electrode.

2. The liquid crystal display device according to claim 1,
wherein in the through hole, the small hole formed in the first
insulation film is formed by etching using the organic insu-
lation film as a mask.

3. A liquid crystal display device in which a first insulation
film is formed on a source electrode which is connected with
a source region of a thin film transistor so as to cover the
source electrode, an organic insulation film is formed on the
first insulation film, a common electrode is formed on the
organic insulation film, a second insulation film is formed on
the common electrode so as to cover the common electrode,
and a pixel electrode which has a comb-teeth-shaped portion
is formed on the second insulation film, wherein

the organic insulation film and the first insulation film have
a through hole having a large hole corresponding to an
upper portion of the organic insulation film, a small hole
corresponding to the first insulation film and an inclined
portion formed in the organic insulation film,

an opening portion is formed in the second insulation film
such that the opening portion surrounds the small hole of
the through hole,

the pixel electrode is connected with the source electrode
via the through hole, and
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the opening portion which is formed in the second insula-
tion film is larger than the small hole formed in the first
insulation film and partially overlaps with the inclined
portion formed in the organic insulation film.

4. The liquid crystal display device according to claim 3,
wherein assuming a diameter or a width of the opening por-
tion formed in the second insulation film as W1 and a diam-
eter or a width of the small hole formed in the first insulation
film as W2, a relationship of W1>W2+2 um is satisfied.

5. A liquid crystal display device in which a first insulation
film is formed on a source electrode which is connected with
a source region of a thin film transistor so as to cover the
source electrode, an organic insulation film is formed on the
first insulation film, a common electrode is formed on the
organic insulation film, a second insulation film is formed on
the common electrode so as to cover the common electrode,
and a pixel electrode which has a comb-teeth-shaped portion
is formed on the second insulation film, wherein

the organic insulation film and the first insulation film have
a through hole having a large hole corresponding to an
upper portion of the organic insulation film, a small hole
corresponding to the first insulation film and an inclined
portion formed in the organic insulation film,

an opening portion is formed in the second insulation film
in the vicinity of the through hole,

the pixel electrode is connected with the source electrode
via the through hole, and

the opening portion which is formed in the second insula-
tion film is larger than the small hole formed in the first
insulation film, and

the second insulation film is not brought into contact with

the first insulation film.

6. The liquid crystal display device according to claim 1,
wherein the first insulation film and the second insulation film
are formed using SiN.

7. The liquid crystal display device according to claim 1,
wherein the second insulation film is formed using SiN at a
temperature of not more than 300° C.

8. The liquid crystal display device according to claim 3,
wherein the first insulation film and the second insulation film
are formed using SiN.

9. The liquid crystal display device according to claim 3,
wherein the second insulation film is formed using SiN at a
temperature of not more than 300° C.

10. The liquid crystal display device according to claim 5,
wherein the first insulation film and the second insulation film
are formed using SiN.

11. The liquid crystal display device according to claim 5,
wherein the second insulation film is formed using SiN at a
temperature of not more than 300° C.

s i sk sk s



patsnap

I—— 200

30

| — 40

TREBHR(OF) BRETREKE
[F(RE)E US20110058133A1 K (aH)A 2011-03-10
HiE S US12/878109 FiEA 2010-09-09
FRIBE(EFNR)AGE) HRXEHBIERS
B (TR AGE) HIEREFERATE.
LR REERN)AGE) WTREERCO., LTD.
AARRINC.
FRIZBAA ISHIGAKI TOSHIMASA
TAKAHASHI FUMIO
KBA ISHIGAKI, TOSHIMASA
TAKAHASHI, FUMIO
IPCH %S G02F1/1333
CPCH %S G02F1/133345 G02F 1/136227 G02F1/134363
1 %4 2009208067 2009-09-09 JP
H At /A FF STk US8830429
SAEBEE Espacenet USPTO
BEGR)
EIPSEBEREREED , T UFEAAXFERN QL BIREE B4 5%
Bz RNFE, ANHEREFELEAEREFNARNEREGIHECE o H ugs
E, BERLSEFEREARER L  FERREFEEERRFEREEE
EE L, GEREMBLIEREENESECEFRNBLTNENHACESR
BEE, T
ao_ )| —— \\:
3“”‘%--;4443 [l r?'—'ﬁli
N

|l — 150

100



https://share-analytics.zhihuiya.com/view/ebab72b7-0838-4dc2-b511-87299e20e332
https://worldwide.espacenet.com/patent/search/family/043647507/publication/US2011058133A1?q=US2011058133A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220110058133%22.PGNR.&OS=DN/20110058133&RS=DN/20110058133

