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(57) ABSTRACT

A LCD device having a large pixel holding capacitance
includes opposedly facing first and second substrates, and
liquid crystal between them. The first substrate includes a
video signal line, a pixel electrode, a thin film transistor
having a first electrode connected to the video signal line and
a second electrode connected to the pixel electrode, a first
silicon nitride film formed above the second electrode, an
organic insulation film above the first silicon nitride film, a
capacitance electrode above the organic insulation film, and
a second silicon nitride film above the capacitance electrode
and below the pixel electrode. A contact hole etched in both
the first and second silicon nitride films connects the second
electrode and the pixel electrode to each other. A holding
capacitance is formed by the pixel electrode, the second
silicon nitride film and the capacitance electrode.
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MANUFACTURING METHOD FOR LIQUID
CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 15/680,868, filed Aug. 18, 2017, which is a continuation
of U.S. application Ser. No. 15/002,453, filed Jan. 21, 2016,
which is a continuation of U.S. application Ser. No. 14/679,
154, filed Apr. 6, 2015, which is a continuation of a U.S.
application Ser. No. 14/156,957, filed Jan. 16, 2014, which
is a Continuation of U.S. application Ser. No. 13/946,700,
filed Jul. 19, 2013, which is a Continuation of U.S. appli-
cation Ser. No. 13/568,672, filed Aug. 7, 2012, which is a
Continuation of U.S. application Ser. No. 13/067,281, filed
May 20, 2011, which is a Continuation of U.S. application
Ser. No. 12/662,961, filed May 13, 2010, which is a Con-
tinvation of U.S. application Ser. No. 11/802,385, filed May
22, 2007. Priority is claimed based on U.S. application Ser.
No. 15/680,868, filed Aug. 18, 2017, which claims the
priority of U.S. application Ser. No. 15/002,453, filed Jan.
21, 2016, which claims the priority of U.S. application Ser.
No. 14/679,154, filed Apr. 6, 2015, which claims the priority
of U.S. application Ser. No. 14/156,957, filed Jan. 16, 2014,
which claims the priority of U.S. application Ser. No.
13/946,700, filed Jul. 19, 2013, which claims the priority of
U.S. application Ser. No. 13/568,672, filed Aug. 7, 2012,
which claims the priority of U.S. application Ser. No.
13/067,281, filed May 20, 2011, which claims the priority of
U.S. application Ser. No. 12/662,961, filed on May 13, 2010,
which claims the priority of U.S. application Ser. No.
11/802,385 filed May 22, 2007, which claims the priority
date of Japanese Patent Japanese application 2006-160428,
filed on Jun. 9, 2006, the content of which is hereby
incorporated by reference into this application.

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a liquid crystal display
device, and more particularly to a technique which is effec-
tively applicable to a liquid crystal display device which
includes a silicon nitride film.

2. Description of Related Art

An active matrix liquid crystal display device forms a
holding capacitance in the inside of a pixel for holding a
video signal written in the pixel for a relatively long time.

The inventors of the present invention filed a patent
application (see following patent document 1) on one
method for forming such a holding capacitance.

FIG. 7 is a cross-sectional view of an essential part
showing one example of the holding capacitance described
in patent document 1.

As shown in FIG. 7, in an IPS (In-Plane Switching) type
liquid crystal display device described in patent document 1,
an interlayer insulation film IN2 and an organic insulation
film PAS are formed to cover a source electrode SD2 of a
thin film transistor in order from below. A contact hole
CH3A is formed in the interlayer insulation film IN2 and the
organic insulation film PAS in a penetrating manner. A
counter electrode CT and a reflection film RAL are formed
on the organic insulation film PAS in order from below.
Further, an interlayer insulation film IN3A is formed to
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cover the organic insulation film PAS, the counter electrode
CT and the reflection film RAL. The interlayer insulation
film IN3A is a coated insulation film or an insulation film
formed by a CVD method and is formed also in the inside
of the contact hole CH3A. Further, in the interlayer insula-
tion film IN3A, a contact hole CH3B is formed more inside
than the contact hole CH3A. A pixel electrode PX is formed
on the interlayer insulation film IN3A. Further, the pixel
electrode PX is connected with the source electrode SD2 of
the thin film transistor via the contact hole CH3B and a
video signal is applied to the pixel electrode PX via the thin
film transistor. Liquid crystal not shown in the drawing is
driven by an electric field generated between the pixel
electrode PX and the counter electrode CT thus performing
a display of an image.

Here, the holding capacitance is formed by the counter
electrode CT (including the reflection film RAL), the inter-
layer insulation film IN3A and the pixel electrode PX.

Patent Document 1: Japanese patent application no. 2005-
312165

SUMMARY OF THE INVENTION

However, in the liquid crystal display device shown in
FIG. 7, when the coated insulation film is used as the
interlayer insulation film IN3 A, the interlayer insulation film
IN3A exhibits a dielectric constant which is not so high thus
giving rise to a drawback that the holding capacitance
cannot be increased.

Further, although patent document 1 describes a technique
which forms the interlayer insulation film IN3A by the CVD
method in place of the coated insulation film, patent docu-
ment 1 fails to describe a material of the film.

Further, FIG. 7 shows the structure which exposes the
source electrode SD2 through the contact hole CH3A in
forming the reflection film RAL by patterning. Accordingly,
there exists a possibility that the source electrode SD2 is
damaged by etching which is performed for patterning the
reflection film RAL using an etchant or an etching gas.

Drawbacks other than the above-mentioned drawbacks
will become apparent from the description of the whole
specification or drawings.

In the present invention, as an interlayer insulation film
above an organic insulation film, a silicon nitride film which
is formed at a low temperature 1s used. Further, in forming
a contact hole in the interlayer insulation film formed of the
silicon nitride film, it is desirable to collectively etch the
interlayer insulation film together with other interlayer insu-
lation film arranged below the interlayer insulation film.

The present invention may adopt the following constitu-
tions, for example.

(1) A liquid crystal display device including a first sub-
strate including a video signal line, a pixel electrode, a thin
film transistor having a first electrode thereof connected to
the video signal line and a second electrode thereof con-
nected to the pixel electrode, a first silicon nitride film
formed above the second electrode, an organic insulation
film formed above the first silicon nitride film, a capacitance
electrode formed above the organic insulation film, and a
second silicon nitride film formed above the capacitance
electrode and below the pixel electrode, a second substrate
arranged to face the first substrate in an opposed manner, and
liquid crystal sandwiched between the first substrate and the
second substrate, wherein the second silicon nitride film is
a film which is formed at a temperature lower than a forming
temperature of the first silicon nitride film, the first silicon
nitride film and the second silicon nitride film form a contact
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hole therein by etching both of the first silicon nitride film
and the second silicon nitride film collectively by dry
etching, the second electrode and the pixel electrode are
connected to each other via the contact hole, a potential
different from a potential applied to the pixel electrode is
applied to the capacitance electrode, and a holding capaci-
tance is formed by the pixel electrode, the second silicon
nitride film and the capacitance electrode.

(2) In the constitution (1), the capacitance electrode may
have at least a portion thereof formed of a reflection film.

(3) In the constitution (2), the second electrode may be
made of a material which is etched by an etchant or an
etching gas used in patterning the reflection film.

(4) In the constitution (2) or (3), the second electrode may
include the same material as the reflection film.

(5) In any one of the constitutions (2) to (4), the organic
insulation film may have a surface unevenness on a portion
thereof corresponding to the reflection film, and the reflec-
tion film may have a surface unevenness which reflects the
surface unevenness of the organic insulation film.

(6) In the constitution (5), a height of the surface uneven-
ness of the organic insulation film between a crest and a
valley may be 0.3 pm or less.

(7) In any one of the constitutions (1) to (6), in the contact
hole, a lower surface of the second silicon nitride film may
be brought into contact with an upper surface of the first
silicon nitride film at least at one portion of the first silicon
nitride film.

(8) In any one of the constitutions (1) to (7), in the contact
hole, a lower surface of the second silicon nitride film may
be brought into contact with an upper surface of the first
silicon nitride film over the whole circumference of the
contact hole.

(9) In any one of the constitutions (1) to (8), in the contact
hole, an end portion of a lower surface of the second silicon
nitride film may be substantially aligned with an end portion
of an upper surface of the first silicon nitride film.

(10) In any one of the constitutions (1) to (8), in the
contact hole, an end portion of a lower surface of the second
silicon nitride film may be retracted from an end portion of
an upper surface of the first silicon nitride film.

(11) In any one of the constitutions (1) to (10), in the
contact hole, the organic insulation film may not be exposed
from the second silicon nitride film.

(12) In any one of the constitutions (1) to (11), the
capacitance electrode may have at least a portion thereof
formed of a transparent conductive film.

(13) In any one of the constitutions (1) to (12), the pixel
electrodes may be formed of a transparent conductive film.

(14) In any one of the constitutions (1) to (13), the second
silicon nitride film may be formed of a film which exhibits
an etching rate in the vicinity of a surface thereof faster than
the etching rate in other portion thereof.

(15) In the constitution (14), a film thickness of a portion
of the second silicon nitride film arranged in the vicinity of
the surface of the second silicon nitride film which exhibits
the etching rate faster than the etching rate of other portion
of the second silicon nitride film may be set to a value not
less than 5% and not more than 30% of a film thickness of
the second silicon nitride film.

(16) In any one of the constitutions (1) to (15), the second
silicon nitride film may be a film formed by a plasma CVD
method.

(17) In any one of the constitutions (1) to (16), the
capacitance electrode may also function as a counter elec-
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trode and the liquid crystal may be driven by an electric field
generated between the pixel electrode and the counter elec-
trode.

(18) In any one of the constitutions (1) to (16), the second
substrate may include a counter electrode and the liquid
crystal may be driven by an electric field generated between
the pixel electrode and the counter electrode.

(19) A liquid crystal display device including a first
substrate including a video signal line, a pixel electrode, a
thin film transistor having a first electrode thereof connected
to the video signal line and a second electrode thereof
connected to the pixel electrode, an organic insulation film
formed above the second electrode, a capacitance electrode
formed above the organic insulation film, and a silicon
nitride film formed above the capacitance electrode and
below the pixel electrode, a second substrate arranged to
face the first substrate in an opposed manner, and liquid
crystal sandwiched between the first substrate and the sec-
ond substrate, wherein the silicon nitride film is a film which
is formed at a temperature lower than a heat-resistant
temperature of the organic insulation film after the formation
of the organic insulation film, and a potential different from
a potential applied to the pixel electrode is applied to the
capacitance electrode, and a holding capacitance is formed
by the pixel electrode, the silicon nitride film and the
capacitance electrode.

(20) In the constitution (19), the silicon nitride film may
be a film formed by a plasma CVD method.

(21) A liquid crystal display device including a first
substrate including a video signal line, a pixel electrode, a
thin film transistor having a first electrode thereof connected
to the video signal line and a second electrode thereof
connected to the pixel electrode, an organic insulation film
formed above the thin film transistor, a reflection film
formed above the organic insulation film, a silicon nitride
film formed above the reflection film and below the pixel
electrode, a second substrate arranged to face the first
substrate in an opposed manner, and liquid crystal sand-
wiched between the first substrate and the second substrate,
wherein the organic insulation film has a surface unevenness
on a portion thereof corresponding to the reflection film, the
reflection film has a surface unevenness which reflects the
surface unevenness of the organic insulation film, the silicon
nitride film is formed at a temperature lower than a heat-
resistant temperature of the organic insulation film after the
formation of the organic insulation film, and a height of the
surface unevenness of the organic insulation film between a
crest and a valley is 0.3 pm or less.

(22) In the constitution (21), the silicon nitride film may
be a film formed by a plasma CVD method.

Here, the above-mentioned constitutions are exemplified
only as examples and the present invention can be suitably
modified without departing from a technical concept of the
present invention. Further, examples of the constitution of
the present invention besides the above-mentioned consti-
tutions will become apparent from the description of the
whole specification or drawings.

To explain typical advantageous effects of the present
invention, they are as follows.

According to the present invention, it is possible to form
a holding capacitance which exhibits a large capacitance.

Further, the present invention can prevent damages from
being applied to the source electrode.

Further, according to the present invention, the process
can be simplified.

Further, according to the present invention, it is possible
to ensure the electric connection in the contact hole.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view for explaining a liquid crystal display
device of an embodiment 1 of the present invention and also
is a cross-sectional view taken along a line A-A' in FIG. 2;

FIG. 2 is a plan view for explaining the liquid crystal
display device of the embodiment 1 of the present invention;

FIG. 3 is a view for explaining the liquid crystal display
device of the embodiment 1 of the present invention, and
also is a cross-sectional view taken along a line B-B' in FIG.
2;

FIG. 4A to FIG. 4F are views for explaining a manufac-
turing method of the liquid crystal display device of the
embodiment 1 of the present invention;

FIG. 5 is a view for explaining a liquid crystal display
device of an embodiment 2 of the present invention, and also
is a view which corresponds to FIG. 1;

FIG. 6A to FIG. 6C are views for explaining a liquid
crystal display device of an embodiment 3 of the present
invention, and also are cross-sectional views showing a
contact hole portion in an enlarged manner; and

FIG. 7 is a cross-sectional view of an essential part of a
liquid crystal display device for showing one example of a
holding capacitance described in patent document 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention are explained in
conjunction with drawings.

Embodiment 1

In an embodiment 1, the explanation is made with respect
to one example in which the present invention is applied to
an IPS liquid crystal display device.

FIG. 1 is a view for explaining a liquid crystal display
device of the embodiment 1 of the present invention and also
is a cross-sectional view taken along a line A-A' in FIG. 2.
FIG. 2 is a plan view for explaining the liquid crystal display
device of the embodiment 1 of the present invention. FIG. 3
is a view for explaining the liquid crystal display device of
the embodiment 1 of the present invention and also is a
cross-sectional view taken along a line B-B' in FIG. 2.

As shown in FIG. 1 to FIG. 3, liquid crystal LC is
sandwiched between a transparent insulation substrate (first
substrate) SUB1 made of a glass or the like and a transparent
insulation counter substrate (second substrate) SUB2 made
of a glass or the like.

The liquid crystal display device according to the present
invention is an active matrix type liquid crystal display
device in which a plurality of pixels are arranged in a matrix
array. The substrate SUB1 includes a plurality of scanning
signal lines GL and a plurality of video signal lines DL
which intersect the plurality of scanning signal lines GL. In
the vicinity of each intersection, a thin film transistor is
arranged as a switching element of the pixel. In FIG. 2, one
pixel out of a plurality of pixels which are arranged in a
matrix array is shown.

On the substrate SUBI, in order from below, a base film
UC, a semiconductor film PS made of poly-silicon or the
like, a gate insulation film GI, gate electrodes GT of the thin
film transistors, and an interlayer insulation film IN1 are
formed. On the interlayer insulation film IN1, drain elec-
trodes (first electrodes) SD1 of the thin film transistors and
source electrodes (second electrodes) SD2 of the thin film
transistors are formed. Here, there may be a case that SD1
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6

may be used to refer to the source electrodes. In such a case,
SD2 may be used to refer to the drain electrodes. In this
specification, SD1 is used to refer to the drain electrodes.

The gate electrodes GT are integrally formed with the
scanning signal line GL. One portion of the video signal line
DL also functions as the drain electrode SD1 thus providing
the structure in which the video signal line DL and the drain
electrode SD1 are connected with each other. The drain
electrode SD1 is connected to the drain region of the thin
film transistor via the contact hole CH1 which is formed in
the gate insulation film GI and the interlayer insulation film
IN1. The source electrode SD2 is connected to a source
region of the thin film transistor via a contact hole CH2
formed in the gate insulation film GI and the interlayer
insulation film IN1.

On the drain electrodes SD1 and the source electrodes
SD2, an interlayer insulation film IN2 is formed. On the
interlayer insulation film IN2, an organic insulation film
PAS is formed. On the organic insulation film PAS, counter
electrodes CT and a reflection film RAL are formed. On the
counter electrodes CT and the reflection film RAL, an
interlayer insulation film IN3 is formed. On the interlayer
insulation film IN3, pixel electrodes PX are formed. The
pixel electrodes are connected to the source electrodes SD2
of the thin film transistors via contact holes CH3 which are
formed in the interlayer insulation film IN2 and the inter-
layer insulation film IN3.

On the pixel electrodes PX, an orientation film ORIl is
formed. Further, on a side of the substrate SUB1 opposite to
the liquid crystal LC, a polarizer POL1 is arranged. Here, the
orientation film ORI1 and the polarizing plate POL1 are
omitted from FIG. 1.

On the counter substrate SUB2, a black matrix BM, color
filters CF, an overcoat film OC, an orientation film ORI2 are
formed. Further, a polarizer POL2 is arranged on a side of
the counter substrate SUB2 opposite to the liquid crystal LC.

A retardation plate or a coated retardation layer may be
arranged on at least one of the substrate SUB1 and the
counter substrate SUB2 when necessary.

In this embodiment, the pixel electrode PX includes a
linear portion and is formed into a comb-teeth shape. The
counter electrode CT is formed in a planar shape. Here, the
liquid crystal LC is driven by an electric field which is
generated between the pixel electrode PX and the counter
electrode CT to perform a display.

The pixel electrode PX and the counter electrode CT are
formed of a transparent conductive film such as an ITO film,
for example. The reflection film RAL is formed in one
region within one pixel. Due to such a constitution, it is
possible to perform a transflective (partially transmissive)
display which includes a transmissive region and a reflection
region in one pixel. Accordingly, it is possible to perform a
transmissive display by making use of light from a backlight
not shown in the drawing under a dark environment, while
it is possible to perform a reflective display by making use
of an external light under a bright environment. The reflec-
tion film RAL has, for example, the two-layered structure
which has a lower layer thereof made of molybdenum
tungsten alloy (MoW) and an upper layer thereof made of an
aluminum silicon alloy (AlS1) containing 1% of Si, and the
reflection film RAL is connected to the counter electrode CT.
When it is necessary to change a thickness of the liquid
crystal LC in the transmissive region and a thickness of the
liquid crystal in the reflection region, for example, it is
preferable to form a stepped-portion forming layer not
shown in the drawing on the counter substrate SUB2.
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A common potential different from a potential applied to
the pixel electrodes PX is applied to the counter electrode
CT (and the reflection film RAL). Accordingly, the holding
capacitance is formed by the counter electrode CT (and the
reflection film RAL), the pixel electrodes PX and the inter-
layer insulation film IN3. That is, the counter electrode CT
(and the reflection film RAL) also functions as a capacitance
electrode. Here, when a silicon nitride film is used as the
interlayer insulation film IN3, compared to a case in which
a coated insulation film IN3A is used as the interlayer
insulation film IN3 which is explained in conjunction with
FIG. 7, or a case in which a silicon oxide film is used as the
interlayer insulation film IN3, a high dielectric constant can
be obtained. Accordingly, it is possible to increase the
holding capacitance. Further, by forming the pixel elec-
trodes PX and the counter electrode CT using a transparent
conductive film, it is possible to form a transparent holding
capacitance and hence, a numerical aperture at the time of
performing a transmissive display can be increased.

The interlayer insulation film IN2 may preferably be a
silicon nitride film which is formed by a plasma CVD
method. It is desirable that the interlayer insulation film IN2
is formed at a high temperature to obtain a dense film. The
organic insulation film PAS may preferably be formed using
a photosensitive acrylic resin or the like, for example. With
the use of the organic insulation film PAS, it is possible to
increase the flatness compared a case in which an inorganic
insulation film is used as the interlayer insulation film IN2.
Further, the organic insulation film PAS having a large
thickness can be easily formed and hence, it is possible to
decrease the parasitic capacitance. Further, by making use of
a halftone exposure when necessary, the surface unevenness
may be partially formed on the organic insulation film PAS
easily.

The interlayer insulation film IN3 is formed above the
organic insulation film PAS. The organic insulation film PAS
generally has comparatively low heat resistance and hence,
in this embodiment, the interlayer insulation film IN3 is
formed by a plasma CVD method at a temperature lower
than a forming temperature of the interlayer insulation film
IN2. To make the dielectric constant high, a silicon nitride
film is adopted as the interlayer insulation film IN3. The
interlayer insulation film IN3 is formed at a low temperature
and hence, the interlayer insulation film IN3 is not as dense
as the interlayer insulation film IN2. However, due to the
provision of the dense interlayer insulation film IN2, there
arises no problem in practical use in the protection of the
thin film transistor.

Further, a silicon nitride film is adopted by both of the
interlayer insulation film IN2 and the interlayer insulation
film IN3 and hence, both of the interlayer insulation films
IN2 and IN3 can be collectively etched by dry etching to
form the contact hole CH3 therein. Accordingly, it is pos-
sible to simplify the processing.

The source electrode SD2 is made of the same material
(for example, an aluminum silicon alloy or a molybdenum
tungsten alloy) as the reflection film RAL. In this case, in the
structure explained in conjunction with FIG. 7, the source
electrode SD2 is exposed at the time of forming the reflec-
tion film RAL and hence, there exists a drawback that the
source electrode SD2 may be damaged by an etchant or an
etching gas which is used for forming (patterning) the
reflection film RAL. On the other hand, by collectively
etching the interlayer insulation film IN2 and the interlayer
insulation film IN3 in the same manner as this embodiment,
the source electrode SD2 is covered with the interlayer
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insulation film IN2 at the time of forming the reflection film
RAL and hence, it is possible to avoid the above-mentioned
problem.

Next, one example of a manufacturing method of the
liquid crystal display device of this embodiment is
explained. FIG. 4A to FIG. 4F are views for explaining the
manufacturing method of the embodiment 1 of the liquid
crystal display device of the present invention. FIG. 4A to
FIG. 4F illustrate the vicinity of the contact hole CH3 in
FIG. 1 in an enlarged manner.

As shown in FIG. 4A, after the thin film transistors are
formed by a usual method, a silicon nitride film is formed on
the source electrodes SD2 as the interlayer insulation film
IN2 using a plasma CVD method. With respect to the
forming condition of the interlayer insulation film IN2 at this
time, the forming temperature (substrate temperature) is set
to 390° C. and the film thickness of the interlayer insulation
film IN2 1s set to 300 nm.

Thereafter, the organic insulation film PAS is formed, for
example, by coating, exposing and patterning a photosensi-
tive acrylic resin. A thickness of the organic insulation film
PAS is set to 2.2 um.

Next, as shown in FIG. 4B, the counter electrodes CT
made of ITO and having a film thickness of 77 nm are
formed on the organic insulation film PAS by patterning. On
the counter electrodes CT, the reflection film RAL having
the two-layered structure including upper layer made of an
aluminum silicon alloy (AlSi) containing 1% of Si having a
thickness of 150 nm and a lower layer made of a molybde-
num tungsten alloy (MoW) having a thickness of 50 nm is
formed by patterning. For patterning the reflection film
RAL, a mixed acid formed by mixing a phosphoric acid, a
nitric acid, an acetic acid and ammonium fluoride is used as
an etchant. Here, the source electrode SD2 has the three-
layered structure including an upper layer made of a molyb-
denum tungsten alloy (MoW) having a thickness of 75 nm,
an intermediate layer made of an aluminum silicon alloy
(AISi) containing 1% of Si and having a thickness of 500 nm
and a lower layer made of a molybdenum tungsten alloy
(MoW) having a thickness of 40 nm and has the same
materials as the materials of the reflection film RAL. How-
ever, at this point of time, the source electrode SD2 is
covered with the interlayer insulation film IN2 and hence,
there is no possibility that the source electrode SD2 is
damaged.

Here, even when the source electrode SD2 and the reflec-
tion film RAL may not be formed of the same material, when
the source electrode SD2 is made of a material which is
etched by the etchant or the etching gas used for patterning
the reflection film RAL, there arises similar drawbacks and
hence, it is preferable that the source electrode SD2 is not
exposed at the time of forming the reflection film RAL. For
example, a case in which the upper layer of the source
electrode SD2 is made of titanium (T1) or the like may be
considered.

Next, as shown in FI1G. 4C, a silicon nitride film is formed
on the counter electrodes CT and the reflection film RAL as
the interlayer insulation film IN3 formed by the plasma
CVD method. With respect to the forming condition at this
point of time, by taking influence exerted upon the organic
insulation film PAS arranged below the interlayer insulation
film IN3 into consideration, the interlayer insulation film
IN3 is formed at a temperature lower than the heat-resistant
temperature of the organic insulation film PAS, and the film
forming temperature (substrate temperature) is set to 180° C.
to 250° C. (preferably 220° C. to 230° C., especially 220°
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C.), and the film thickness is set to 100 nm to 500 nm
(preferably 200 nm to 300 nm, especially 300 nm).

Further, it is desirable to set an etching rate of the vicinity
of a surface the interlayer insulation film IN3 faster than an
etching rate of other portions (bulk layers) of the interlayer
insulation film IN3. This can be obtained by setting a gas
flow rate between mono-silane (SiH4) and ammonia (NH3)
which are material gasses of the interlayer insulation film
IN3 at the time of forming by a plasma CVD to 1:6 in
forming a usual bulk layer of the interlayer insulation film
IN3 and by increasing the gas flow rate to 1:16 in the course
of the step for forming the interlayer insulation film IN3, for
example. It is desirable to set a film thickness of the
interlayer insulation film IN3 in the vicinity of the surface of
the interlayer insulation film IN3 having the etching rate
faster than the etching rate of other portion to a value equal
to or more than 5% and equal to or less than 30% (preferably
approximately 8% to 12%) of the film thickness of the
interlayer insulation film IN3. In this manner, by forming the
film having the fast etching rate (retracted layer) in the
vicinity of the surface of the interlayer insulation film IN3,
it is possible to form the contact hole CH3 into a normal
tapered shape at the time of forming the contact hole CH3.

Next, as shown in FIG. 4D, a resist PR is formed.

Then, as shown in FIG. 4E, using the resist PR as a mask,
the interlayer insulation film IN2 and the interlayer insula-
tion film IN3 are collectively etched thus forming the
contact holes CH3. Using a mixed gas made of sulfur
hexafluoride (SF¢) and oxygen (O,) as an etching gas, the
interlayer insulation film IN2 and the interlayer insulation
film IN3 are etched by dry etching. By collectively etching
both of the interlayer insulation film IN2 and the interlayer
insulation film IN3, the processing can be simplified.

Thereafter, the resist PR is removed.

Next, as shown in FIG. 4F, the pixel electrodes PX made
of ITO are formed on the interlayer insulation film IN3. A
film thickness of the pixel electrode PX is set to 77 nm.

Here, in this embodiment, a case in which the interlayer
insulation film IN2 is formed on the drain electrodes SD1
and the source electrodes SD2 has been explained. However,
depending on a degree of requirement of reliability or the
like, the interlayer insulation film IN2 is not a layer which
is always necessary. That is, even when the organic insula-
tion film PAS is directly formed on the drain electrode SD1
and the source electrode SD2, such a constitution can obtain
the advantageous effects of the present invention that the
holding capacitance can be increased. Here, in this case, in
place of eliminating the interlayer insulation film IN2, it is
preferable to form the interlayer insulation film IN1 using a
silicon nitride film or a stacked film including a silicon
nitride film (for example, the two-layered structure formed
of a silicon oxide film and the silicon nitride film).

Further, in forming the interlayer insulation film IN2, in
this embodiment, the explanation has been made with
respect to the case in which the interlayer insulation film IN2
is formed of the silicon nitride film. However, the constitu-
tion is not limited to such a case and the interlayer insulation
film IN2 may be formed of a silicon oxide film. Here, also
in this case, it is preferable that the interlayer insulation film
IN1 is formed of a silicon nitride film or a stacked film
including a silicon nitride film (for example, the two-layered
structure formed of the silicon oxide film and the silicon
nitride film).

Embodiment 2

In the embodiment 2, one example in which the formation
of a surface unevenness to perform a diffusion reflection is
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applied to the constitution of the embodiment 1 is explained.
FIG. 5 is a view for explaining the embodiment 2 of the
liquid crystal display device according to the present inven-
tion, and also is a view corresponding to FIG. 1. Here, in this
embodiment and succeeding embodiments which follow the
embodiment 2, points makes these embodiments different
from the embodiment 1 are mainly explained and the
explanation of contents common with the contents of the
embodiment 1 is omitted.

The constitution which makes the embodiment 2 different
from the constitution of the embodiment 1 lies in that the
surface unevenness (projections PJ) is formed on a portion
of the organic insulation film PAS corresponding to the
reflection film RAL by making use of a halftone exposure,
for example, and the reflection film RAL has an uneven
surface shape by reflecting the surface unevenness of the
organic insulation film PAS. Due to such a constitution, it is
possible to perform a diffusion reflection in the reflection
display and hence, a display quality is enhanced.

The organic insulation film PAS is used for forming the
surface unevenness and hence, it is possible to easily form
the surface unevenness compared to a case in which the
surface unevenness is formed an inorganic insulation film.

However, when the interlayer insulation film IN3 is used
of a film formed by the plasma CVD method, it is not
possible to sufficiently level the surface unevenness and
hence, the surface unevenness is also reflected on the pixel
electrodes PX. To decrease the influence of the surface
unevenness on the display quality, it is preferable to set a
height of the surface unevenness between a crest and a
valley of the organic insulation film PAS to a value equal to
or less than 0.3 pm (more preferably, equal to or less than 0.2
um). Here, to obtain a function of diffusion reflection, it is
preferable to set the height of the surface unevenness
between a crest and a valley to a value equal to or more than
0.1 um.

Embodiment 3

The embodiment 3 describes a modification of a shape of
the contact hole CH3 of the present invention.

FIG. 6A to FIG. 6C are views for explaining the embodi-
ment 3 of the present invention, and also are cross-sectional
views showing the contact hole portion in an enlarged
mannet.

As shown in FIG. 6A and FIG. 6B, in the contact hole
CH3, it is desirable that an organic insulation film PAS is not
exposed from an interlayer insulation film IN3. That is, in
the contact hole CH3, it is desirable that a lower surface of
the interlayer insulation film IN3 is brought into contact with
an upper surface of an interlayer insulation film IN2 over the
whole circumference.

As shown in F1G. 6C, at an exposed portion EX where the
organic insulation film PAS is exposed from the interlayer
insulation film IN3, a pixel electrode PX formed on the
interlayer insulation film IN3 may possess a high resistance
or is liable to be easily disconnected. Such an exposed
portion PX is formed due to the following reason.

In a stage before etching the interlayer insulation film IN3
by dry etching, at a portion of an inclined surface of the
organic insulation film PAS, the interlayer insulation film
IN3 per se forms an inclined surface which is inclined with
respect to a substrate SUB1. When the dry etching is
performed, the interlayer insulation film IN3 is etched with
a predetermined taper angel and this angle assumes a fixed
angle with respect to an upper surface of the interlayer
insulation film IN3. Accordingly, an etched end surface of
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the interlayer insulation film IN3 positioned on the inclined
surface as shown in FIG. 6C increases an angle measured
using a main surface of the substrate SUB1 as the reference
compared to a case in which the interlayer insulation film
IN3 is formed on a horizontal surface as shown in FIG. 6A
and FIG. 6B. Further, depending on a case, the etched end
surface may take a reverse tapered state as shown in FIG.
6C. Due to such a reason, a shape which generates the
exposed portion EX is formed.

Here, in FIG. 6C, although the exposed portion EX is
formed on a left side of the cross-sectional view of the
contact hole CH3, the organic insulation film PAS is not
exposed from the interlayer insulation film IN3 on a right
side of the cross-sectional view. Such a structure is brought
about by the misalignment of the resist PR explained in
conjunction with FIG. 4D. When at least one connection
path where the exposed portion EX is not present is ensured,
although the resistance may be increased, the electrical
connection can be established and hence, such a shape may
be adopted provided that there arises no problem in display.
The shape can be realized by bringing a lower surface of the
interlayer insulation film IN3 into contact with an upper
surface of the interlayer insulation film IN2 at least one
portion of the contact hole CH3.

In FIG. 6A, an end portion of the lower surface of the
interlayer insulation film IN3 and an end portion of the upper
surface of the interlayer insulation film IN2 substantially
agree with each other. That is, a taper of the interlayer
insulation film IN3 and a taper of the interlayer insulation
film IN2 are contiguously formed.

In FIG. 6B, the end portion of the lower surface of the
interlayer insulation film IN3 is retracted from the end
portion of the upper surface of the interlayer insulation film
IN2 by a distance d. Due to such a constitution, a stepped
portion can be made small and hence, the possibility of the
occurrence of disconnection of the pixel electrode PX can be
reduced and, at the same time, a thickness of the pixel
electrode PX in a film shape can be decreased. By increasing
an etching rate of the interlayer insulation film IN3 com-
pared to an etching rate adopted by the structure shown in
FIG. 6A, such a shape can be realized.

Embodiment 4

This embodiment 4 is directed to a case in which the
present invention is applied to a transmissive liquid crystal
display device.

Here, the formation of the reflection film RAL in the
embodiment 1 may be omitted.

Further, in this case, a portion of the contact hole CH3
may be configured such that, in place of the structure
explained in conjunction with FIG. 1, as explained in
conjunction with FIG. 7, the contact hole CH3A is prelimi-
narily formed in the interlayer insulation film IN2 and,
thereafter, the contact hole CH3B may be formed in the
interlayer insulation film IN3A. Also in such a case, it is
possible to obtain an advantageous effect that the holding
capacitance can be increased by using the silicon nitride film
as the interlayer insulation film IN3.

This embodiment may also adopt the shape of the contact
hole explained in conjunction with the embodiment 3.

Embodiment 5

This embodiment 5 explains a case in which the present
invention is applied to a vertical electric field liquid crystal
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display device in place of the IPS liquid crystal display
device explained in conjunction with the embodiment 1.

In the vertical electric field liquid crystal display device,
a counter electrode not shown in the drawing may be formed
on the counter substrate SUB2 side. Due to such a consti-
tution, the liquid crystal display device can perform a
display by driving liquid crystal LC using an electric field
generated between pixel electrode PX on the substrate SUB1
side and the counter electrode not shown in the drawing on
the counter electrode SUB2 side. Here, the pixel electrodes
PX may be formed in a planar shape instead of a comb-
teeth-shape shown in FIG. 2.

In the vertical electric field liquid crystal display device of
this embodiment, the counter electrode CT (and the reflec-
tion film RAL) shown in FIG. 1 functions as capacitive
electrode instead of counter electrode.

Here, this embodiment may be combined with the
embodiment 2 to perform the diffusion reflection.

Further, this embodiment may adopt the shape of the
contact hole shown in the embodiment 3.

Further, a transmissive liquid crystal display device may
be constituted by combining this embodiment with the
embodiment 4.

Here, the constitutions which have been explained in
conjunction with the respective embodiments heretofore
merely constitute examples and various modifications can be
properly made without departing from a technical concept of
the present invention.

We claim:

1. A display device comprising:

an interlayer insulation film;

a first inorganic insulation film above the interlayer insu-

lation film;

a second inorganic insulation film above the first inor-

ganic insulation film;

an orientation film covering the second inorganic insula-

tion film;

a source electrode between the interlayer insulation film

and the first inorganic insulation film;

a counter electrode between the first inorganic insulation

film and the second inorganic insulation film;

a pixel electrode between the second inorganic insulation

film and the orientation film; and

an organic insulation film between the counter electrode

and the interlayer insulation film;
wherein

the first inorganic insulation film has a first hole,

the second inorganic insulation film has a second hole,

the pixel electrode connects to the source electrode via the

first hole and the second hole,

a wall surface of the first inorganic insulation film defin-

ing the first hole is in contact with the pixel electrode,

a wall surface of the second inorganic insulation film

defining the second hole is in contact with the pixel
electrode, and

the second inorganic insulation film around the second

hole is laminated on the first inorganic insulation film
around the first hole.

2. The display device according to claim 1, further com-
prises a metal portion between the organic insulation film
and the second inorganic insulation film, wherein the metal
portion is electrically connected to the counter electrode.

3. The display device according to claim 2, wherein the
source electrode has a upper surface, which face toward the
pixel electrode, the first inorganic insulation film is con-
tacted with the upper surface, and the second inorganic
insulation film is not contacted with the upper surface.
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4. The display device according to claim 3, further com-
prises a poly-silicon film connected to the source electrode;

a gate electrode; and

a gate insulation film between the gate electrode and the

poly-silicon film,

wherein the gate electrode is between the gate insulation

film and the interlayer insulation film.

5. The display device according to claim 4, wherein

a thickness of the second inorganic insulation film is

smaller than a thickness of the first inorganic insulation
film.

6. The display device according to claim 1, wherein

a thickness of the first inorganic insulation film is different

from a thickness of the second inorganic insulation
film.

7. The display device according to claim 1, wherein

the first inorganic insulation film and the second inorganic

insulation film are silicon nitride film, and

a second inorganic insulation film is not as dense as the

first inorganic insulation film.

8. A display device comprising:

a source electrode of a thin film transistor;

a pixel electrode connected to the source electrode;

a first inorganic insulation film provided on the source

electrode; and
a second inorganic insulating film provided between the
pixel electrode and the first inorganic insulation film;

wherein the second inorganic insulation film is stacked on
the first inorganic insulation film above the source
electrode,

the first inorganic insulation film and the second inorganic

insulation film have a through hole,

the source electrode and the pixel electrode connect to

each other via the through hole, and

the pixel electrode is in contact with the first inorganic

insulation film and the second inorganic insulation film
in the through hole.

9. The display device according to claim 8, further com-
prising an organic insulation film provided between the
source electrode and the pixel electrode,

wherein the organic insulation film contacts with at least

one of the first inorganic insulation film and the second
inorganic insulation film.

10. The display device according to claim 9,

wherein the organic insulation film does not contact with

the pixel electrode.
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11. The display device according to claim 10,

wherein the organic insulation film does not contact with

the source electrode.

12. The display device according to claim 9, further
comprising a counter electrode provided between the pixel
electrode and the organic insulation film,

wherein the counter electrode does not contact with the

pixel electrode and the source electrode.

13. The display device according to claim 8,

wherein the first inorganic insulation film and the second

inorganic insulation film are silicon nitride film, and

a second inorganic insulation film is not as dense as the

first inorganic insulation film.

14. The display device according to claim 8, wherein

a thickness of the first inorganic insulation film is different

from a thickness of the second inorganic insulation
film.

15. The display device according to claim 8, further
comprises a metal portion between the pixel electrode and
the organic insulation film, wherein the metal portion is
electrically connected to the counter electrode.

16. A display device comprising:

an interlayer insulation film;

a first inorganic insulation film above the interlayer insu-

lation film;

a second inorganic insulation film above the first inor-

ganic insulation film;

an orientation film covering the second inorganic insula-

tion film;

a source electrode between the interlayer insulation film

and the first inorganic insulation film;

a counter electrode between the first inorganic insulation

film and the second inorganic insulation film;

a pixel electrode between the second inorganic insulation

film and the orientation film; and

an organic insulation film between the counter electrode

and the interlayer insulation film, wherein

the first inorganic insulation film has a first hole,

the second inorganic insulation film has a second hole,

the pixel electrode connects to the source electrode via the

first hole and the second hole,

a wall surface of the first inorganic insulation film defin-

ing the first hole is in contact with the pixel electrode,

a wall surface of the second inorganic insulation film

defining the second hole is in contact with the pixel
electrode.



THMBW(EF)

[ i (S RIR) A ()

RF(EFR)AGE)

HAT R E(ZFRR)AGE)

FRI& B A

RBA

IPCH %S

CPCH¥S

L 5E4X

L M2 FF S0k
S\EReERR

BEG®)

EARGERFBRENLCOEECEEANNE —ERMNE_ERARE
NzBwEe. F—ERTFEAVNESL , GRBR , EBERINM
EEENFE B RNEEINREBRNE_BRERIBKE  £F=
BREFEENE-RLER , B, F-RCERLSNBER
BNLEREFNBRBRURBRBREFNERBRTANE-F
LR, TS —RCERNME -RCEREME R SMWEMANET
BARMEGRBMFIERE, ARRER  F-RCERMEREBRTR

RIFER,

REBERRBNHIES &

US 10564459 NFF(AE)B
US16/161988 BRiE R
KLt BERERER

HARRINC.

WTRSEERCO. , LTD.

B AR RINC.
MTRBERCO. , LTD

TANABE HIDEO
TAKABATAKE MASARU
KANEKO TOSHIKI
HASEGAWA ATSUSHI
SEHATA HIROKO

TANABE, HIDEO
TAKABATAKE, MASARU
KANEKO, TOSHIKI
HASEGAWA, ATSUSHI
SEHATA, HIROKO

patsnap

2020-02-18

2018-10-16

GO02F1/1333 HO1L27/12 GO2F1/1368 G02F1/1362 HO1L29/786 G02F1/1335 G02F1/1343

HO1L27/124 HO1L29/78675 G02F1/1368 G02F1/133345 G02F1/136227 G02F1/133305 HO01L27/1248
G02F1/136213 G02F1/133504 G02F1/133555 G02F2001/13685 G02F1/134363

2006160428 2006-06-09 JP
15/002453 2017-09-19 US
14/156957 2015-05-05 US
13/568672 2013-08-20 US
13/067281 2013-02-19 US

US20190049775A1

Espacenet



https://share-analytics.zhihuiya.com/view/aa9f6d11-e42a-4a55-a410-2b5c942f0ec7
https://worldwide.espacenet.com/patent/search/family/038874016/publication/US10564459B2?q=US10564459B2

