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A liquid crystal display apparatus is provided with an array
substrate including a first substrate, a switching element
formed on the first substrate, an interlayer insulating film
formed so as to cover the switching element, a pixel elec-
trode formed on the interlayer insulating film and connected
to the switching element via a contact hole formed in the
interlayer insulating film, an alignment film formed so as to
cover the pixel electrode, and a spacer formed under the
alignment film. A flattening layer made with the same
material as that of the spacer is arranged between the pixel
electrode and the alignment film within a region correspond-
ing to the contact hole.
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LIQUID CRYSTAL DISPLAY APPARATUS AND
METHOD FOR MANUFACTURING LIQUID
CRYSTAL DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2000-128356, filed Apr. 27, 2000, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a liquid crystal
display apparatus and a method for manufacturing the same,
and in particular to a liquid crystal display apparatus which
has contact holes in an insulating layer covering switching
elements, and a method for manufacturing the liquid crystal
display apparatus.

[0003] In recent years, in the field of information process-
ing apparatuses mainly including computers, and the field of
video processing apparatus mainly including television sets,
lightweight and small-sized liquid crystal display appara-
tuses which can display an image or a video image in detail
have been developed.

[0004] Nowadays, most commonly-used liquid crystal
display apparatuses comprise two sheets of glass substrate
having a plurality of electrodes and a liquid crystal layer
between the glass substrates. For example, in a color active
matrix type liquid crystal apparatus, a matrix array substrate,
which is a first substrate, is provided with a switching
element such as a thin film transistor whose amorphous
silicon or poly-silicon is a semiconductor layer, or the like,
and a pixel electrode, a scanning line and a signal line which
are connected to the switching element. On the other hand,
a counter substrate, which is a second substrate, is provided
with a color filter including colored layers corresponding to
the three primary colors, and a counter electrode. Also, these
two substrates are fixed to each other with an adhesive
formed on peripheral portions of the substrates through a
spacer for keeping the distance therebetween constant.

[0005] In recent years, in order to relax the pasting accu-
racy between the substrates and improve the aperture ratio,
an insulating layer comprising a color filter layer or a
transparent resin is ordinarily arranged between the switch-
ing element and the pixel electrode on the matrix array
substrate. In this case, for electrically connecting the switch-
ing element and the pixel element, it is necessary to form a
contact hole in the insulating layer.

[0006] However, there is a likelihood that the following
disadvantages may occur due to the existence of the contact
hole. That is, dust may attach to an inside wall of a recess
of the contact hole, thereby reducing the reliability of the
liquid crystal display apparatus. Also, printing properties of
an alignment film for orienting the liquid crystals may
deteriorate to cause an uneven display.

BRIEF SUMMARY OF THE INVENTION

[0007] The present invention has been made in order to
solve the above problems, and an object thereof is to provide
a liquid crystal display apparatus which has a good display
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quality and a high reliability, and a method for manufactur-
ing the liquid crystal display apparatus.

[0008] An aspect of the present invention is a liquid
crystal display apparatus comprising: an array substrate
including a first substrate, a switching element formed on the
first substrate, an interlayer insulating film formed so as to
cover the switching element, a pixel electrode formed on the
interlayer insulating film and connected to the switching
element via a contact hole formed in the interlayer insulating
film, an alignment film formed so as to cover the pixel
electrode, and a spacer formed under the alignment film;

[0009] a counter substrate arranged so as to oppose
the array substrate; and

[0010] liquid crystal composition arranged between
the array substrate and the counter substrate,

[0011] wherein a flattening layer made with the same
material as that of the spacer is arranged between the
pixel electrode and the alignment film within a
region corresponding to the contact hole.

[0012] Also, anther aspect of the present invention is a
method for manufacturing a liquid crystal apparatus where
a liquid crystal layer is sandwiched between a first substrate
and a second substrate, comprising the steps of:

[0013] forming a switching element on the first sub-
strate;

[0014] forming an interlayer insulating film having a
contact hole corresponding to one portion of the
switching element and covering the switching ele-
ment;

[0015] forming a pixel electrode connected to the
switching element via the contact hole on the inter-
layer insulating film;

[0016] forming a spacer and simultaneously forming
a flattening layer within a region corresponding to
the contact hole;

[0017] forming an alignment film after formation of
the flattening layer; and

[0018] performing a rubbing process on the align-
ment film.

[0019] According to the present invention, the contact
hole is fattened by the flattening layer, so that dust can be
prevented from adhering to the inside of the contact hole and
the printing property of the alignment film can be improved.
Accordingly, it becomes possible to provide a liquid crystal
display apparatus which has an excellent display quality and
a high reliability.

[0020] Additional objects and advantages of the invention
will be set forth in the description which follows, and in part
will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly pointed out
hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0021] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
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presently preferred embodiments of the invention, and
together with the general description given above and the
detailed description of the preferred embodiments given
below, serve to explain the principles of the invention.

[0022] FIG. 1 is a sectional view schematically showing
a structure of a liquid crystal display apparatus according to
an embodiment of the present invention;

[0023] FIG. 2 is a plan view schematically showing a
matrix array substrate which is applied to the liquid crystal
display apparatus shown in FIG. 1,

[0024] FIG. 3 is a sectional view schematically showing
one manufacturing step of the liquid crystal display appa-
ratus shown in FIG. 1,

[0025] FIG. 4 is a sectional view schematically showing
one manufacturing step of the liquid crystal display appa-
ratus shown in FIG. 1,

[0026] FIG. 5 is a sectional view schematically showing
one manufacturing step of the liquid crystal display appa-
ratus shown in FIG. 1,

[0027] FIG. 6 is a sectional view schematically showing
one manufacturing step of the liquid crystal display appa-
ratus shown in FIG. 1; and

[0028] FIG. 7 is a diagram showing the relationship
between the film thickness of an insulating layer and the
dipping time of the insulating layer into developer during a
manufacturing step of a liquid crystal display apparatus
according to one embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0029] Embodiments of a liquid crystal display apparatus
and a method for manufacturing the liquid crystal display
apparatus according to the present invention will be
explained in detail below with reference to the drawings.

[0030] First Embodiment

[0031] FIG.1is a sectional view of a liquid crystal display
apparatus according to a first embodiment of the present
invention. FIG. 2 is a plan view showing an electrode
structure and the like on a matrix array substrate 23 which
is applied to the liquid crystal display apparatus shown in
FIG. 1, where some of the configuration elements have been
omitted for clarity.

[0032] As shown in FIG. 1, a liquid crystal display
apparatus 30 comprises a glass substrate 10 which is a first
substrate, a glass substrate 12 which is a second substrate,

and a liquid crystal layer 14 sandwiched between the glass
substrates 1¢ and 12.

[0033] The matrix array substrate 23 is structured by
forming a thin film transistor 27 which is a switching
element and the like on the glass substrate 10 which is the
first substrate. Also, a counter substrate 41 is structured by
forming a counter electrode 38 and the like on the glass
substrate 12.

[0034] A detailed structure of the matrix array substrate 23
will be explained below.

[0035] Formed on a main surface of the transparent glass
substrate 10 is an undercoat film 16 made of silicon oxide
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(SiOx). Also, formed on the undercoat film 16 are a source
electrode 18 and a drain electrode 20 made of molybdenum
tungsten (MoW) or the like. The source electrode 18 is
formed integrally with a signal line 17 shown in FIG. 2 so
as to project therefrom.

[0036] Furthermore, a semiconductor layer 22 made of
amorphous silicon (a-Si) forming a channel region is formed
between the source electrode 18 and the drain electrode 20.
Stacked on a central portion of the semiconductor layer 22
is a gate insulating layer 24 made of silicon nitride (SiNx).

[0037] A gate electrode 26 made of aluminum/molybde-
num (Al/Mo) or the like is formed on the gate insulating
layer 24. The gate electrode 26 is formed integrally with a
scanning line 25 shown in FIG. 2 so as to project therefrom.
As aresult, a thin film transistor 27 of a positive stagger type
serving as a switching element is formed. The thin film
transistor 27 is covered with a silicon nitride film 28 which
protects the thin film transistor 27.

[0038] Furthermore, an acrylic resin insulating layer 30
made of acrylic resin is formed on the entire surface includ-
ing the silicon nitride film 28. The acrylic resin insulating
layer 30 serves as an insulating layer made of a first
insulating material.

[0039] A pixel electrode 32 made of a transparent con-
ductive material such as ITO (Indium Tin Oxide) is posi-
tioned on the acrylic resin insulating layer 30. The pixel
electrode 32 is electrically connected to the drain electrode
20 via a contact hole 34 formed in the acrylic resin insulating
layer 30.

[0040] The contact hole 34 is generally filled by a flatten-
ing layer 36 made of organic system resin. Furthermore, a
spacer 47 made of the same material as that of the flattening
layer 36 is disposed on the pixel electrode 32.

[0041] Next, the detailed structure of the counter substrate
41 will be explained.

[0042] The counter substrate 41 comprises red, green and
blue color filters 35 disposed on a main surface of the
transparent glass substrate 12 serving as a second substrate,
a flattening protection film 37 which is disposed on these
color filters 35 so as to cover and flatten the color filters 35,
and a transparent counter electrode 38 formed on the flat-
tening protection film 37 and made of transparent conduc-
tive metal such as ITO.

[0043] Alignment films 39 and 40 made of polyimide are
respectively provided on surfaces of the matrix array sub-
strate 23 and the counter substrate 41 which are opposed to
each other. Also, the matrix array substrate 23 and the
counter substrate 41 are provided with polarizing plates 42
and 44 adhered to the other surfaces of the substrates 23 and
41 opposed to the alignment films 39 and 40.

[0044] Furthermore, the matrix array substrate 23 and the
counter substrate 41 are fixed to each other by bonding
peripheral portions thereof together. The liquid crystal layer
14 is scaled between the matrix array substrate 23 and the
counter substrate 41 in a sandwiching manner.

[0045] Next, manufacturing steps of the above-mentioned
liquid crystal display apparatus will be explained with
reference to FIGS. 3 to 6.
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[0046] (1) As shown in FIG. 3, the undercoat layer 16 of
silicon oxide is formed on the glass substrate 10 by a CVD
process.

[0047] Furthermore, a MoW film or the like is formed on
the undercoat film 16 by a spattering process or the like, and
the source electrode 18 and the drain elecirode 20 are formed
by patterning, simultaneously with the formation of the
signal line 17.

[0048] Subsequently, semiconductor made of amorphous
silicon (a-Si) or the like is deposited by a plasma CVD
process or the like and patterning is then performed to form
the semiconductor layer 22.

[0049] Subsequently, after deposition of an insulating film
effected by a CVD process and formation of an Al/Mo film
effected by a spattering process, the gate insulating layer 24
and the gate electrode 26 are formed by patterning. Inci-
dentally, simultaneously therewith, the scanning line 25 is
also formed.

[0050] Furthermore, phosphorus (P) or the like is doped in
the semiconductor layer 22 to form n*-a-Si in a portion of
the semiconductor layer 22, and thereafter the phosphorus
doped is activated by laser annealing processing or the like.

[0051] Then, silicon nitride is deposited by a CVD process
or the like, and the silicon nitride film 28 is formed through
patterning.

[0052] (2) Next, as shown in FIG. 4, acrylic resin is
applied and patterned to form the acrylic resin insulating
layer 30 (insulating layer forming step). By this patterning,
the contact hole 34 is simultaneously formed in the acrylic
resin insulating layer 30.

[0053] Subsequently, ITO (Indium Tin Oxide) is formed
by a spattering process or the like, and the pixel electrode 32
is formed through patterning (pixel electrode forming step).
At this time, the pixel electrode 32 is electrically connected
to the drain electrode 20 through the contact hole 34.

[0054] In the above manner, the matrix array substrate 23
is formed.

[0055] (3) Next, as shown in FIG. 5, a photosensitive
resin layer 46 is formed by spin coating (flattening layer
forming preceding step). At this time, the photosensitive
resin 46 is also filled in the contact hole 34.

[0056] (4) Next, as shown in FIG. 6, the flattening layer
36 is formed in the contact hole 34, and simultaneously a
spacer 47 is formed on the pixel electrode 32 (flattening
layer forming later step).

[0057] At this time, the photosensitive resin layer 46 is
first exposed to ultraviolet rays using a photo mask for
forming the spacer 47. The photo mask has such a mask
pattern that ultraviolet rays are irradiated on a portion where
the spacer 47 is formed and ultraviolet rays are not irradiated
on the other portion.

[0058] By developing the exposed photosensitive resin
with developer, the spacer 47 and the flattening layer 36 are
formed.

[0059] The spacer 47 is formed since the photosensitive
resin exposed to ultraviolet rays hardly dissolves in the
developer.
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[0060] The control of the remaining state of the photo-
sensitive resin in the contact hole 34 can be performed by
changing the thickness of the photosensitive resin layer 46
inside and outside the contact hole 34.

[0061] That is, when any film is applied on a substrate by
spin coating, liquid material is dropped on the substrate, and
then a uniform film is formed on the surface of the substrate
by rotating the substrate. However, when there is a recess on
the substrate, liquid material easily gathers in this recess, so
that the thickness of a film formed on the recess becomes
larger than that on the other portion of the substrate. The
difference in thickness is determined according to such a
condition such as the shape of the recess, the viscosity of the
liquid material, the rotation speed of the substrate or the like.

[0062] In this manner, since the thickness of the portions
of the photosensitive resin layer 46 which are positioned
inside and outside the contact hole 34 are different, it
becomes possible to remove the photosensitive resin layer
46 outside the contact hole 34 (except for the spacer 47) and
leave it inside the contact hole 34 by performing adjustment
of the dipping time in the developer.

[0063] FIG. 7 is a diagram showing a relationship
between the dipping time of the photosensitive resin layer 46
in the developer and the change in film thickness thereof. A
graph A corresponds to the film thickness of the photosen-
sitive resin layer positioned outside the contact hole 34 and
a graph B corresponds to the film thickness of the photo-
sensitive resin layer positioned inside the contact hole 34.

[0064] Before the photosensitive resin layer was dipped in
the developer, the film thicknesses of portions of the pho-
tosensitive resin layer 46 positioned inside and outside the
contact hole 34 were respectively 6.5 um and 5.5 gm. From
the fact that the slopes of the graphs A and B are equal to
each other, it is understood that the etching speeds of the
portions of the photosensitive resin layer positioned inside
and outside the contact hole 34 are equal to each other.

[0065] As a result, at a point C, the photosensitive resin
layer 46 is removed outside the contact hole 34 and the
photosensitive resin layer 46 remains inside the contact hole
34.

[0066] The reason is that the photosensitive resin layer 46
positioned inside the contact hole 34 is not removed com-
pletely until the graph reaches a point D. That is, the
remaining state of the photosensitive resin layer 46 inside
the contact hole 34 can be controlled by controlling the
dipping time in the developer between the point C (process-
ing time: 60 seconds) and the point D (processing time: 72
seconds).

[0067] Thus, the flattening layer 36 is formed in the
contact hole 34.

[0068] (5) Next, the polyimide films (alignment films 39
and 40) are formed on the faces of the matrix array substrate
23 and the counter substrate 39 which are opposed to each
other, while the polarizing plates 42 and 44 are adhered on
the other faces of the substrates 23 and 39, and the liquid
crystal layer 14 is sealed between the matrix array substrate
23 and the counter substrate 41 so that the liquid crystal
display apparatus 50 is formed.
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[0069] [Second Embodiment]

[0070] The second embodiment is different from the first
embodiment in the following points.

[0071] (1) Formation of the flattening layer 36 is per-
formed by a patterning process using a mask (in the first
embodiment, the formation was performed by utilizing the
difference in thickness between the portions of the resin
layer positioned inside and outside the contact hole 34).

[0072] (2) A color filter is formed on the matrix array
substrate 23 (in the first embodiment, the color filter was
formed on the counter substrate). Then, the color filter is an
insulating layer constituted of the first insulating material in
this embodiment.

[0073] That is, the present embodiment is different from
the first embodiment shown in FIGS. 1 and 2 regarding a
point that the color filter 35 is not formed on the counter
substrate 41 and the acrylic resin insulating layer 30 on the
matrix array substrate 23 is formed of the color filter 45
instead thereof.

[0074] Regarding the present embodiment, a manufactur-
ing method effected after the formation of a thin film
transistor will be explained below.

[0075] (1) A photosensitive resist, where red pigment is
dispersed, is applied on the entire surface by a spinner, and
drying is performed at 90° C. for 10 minutes. Thereafter,
ultraviolet rays are irradiated on only the portion where the
red colored layer is formed, and the photosensitive resist is
exposed such that the exposure amount becomes 200 mJ/cm
via such a photo mask that ultraviolet rays are shielded on
an outer peripheral portion (width: 10 gm) and a portion
where the contact hole 34 is formed (20 umx20 um).
Subsequently, the photosensitive resist is developed with an
aqueous solution of potassium hydroxide 1 wt% for 20
seconds and baking is performed at 200° C. for 60 minutes
so that the red colored layer is formed.

[0076] Similarly, by forming the green and red colored
layers sequentially, the color filter 45 where the thickness of
each colored layer is 1.5 um is formed (insulating layer
forming step). Here, respective photosensitive resists are
used for the green color material and the blue color material.

[0077] Then, after ITO is sputtered such that its film
thickness is about 0.1 um, the pixel electrode 32 which is
electrically connected to the source electrode 20 via the
contact hole 34 is formed by photolithography (pixel elec-
trode forming step).

[0078] (2) Furthermore, the application of photosensitive
black resin is performed by a spinner and drying is per-
formed at 90° C. for 10 minutes (flattening layer forming
preceding step). Then, the black resin is exposed with the
exposure amount of 300 mJ/cm” via such a photo mask that
ultraviolet rays are irradiated on a portion where the spacer
47 is formed (7 pmx15 pm), an outer peripheral portion of
a display arca (width: 3 mm) and the portion of the contact
hole 34 (20 ymx20 um). Furthermore, the black resin is
developed with alkaline aqueous solution of pH=11.5, and
baking is performed at 200° C. for 60 minutes so that a light
shielding layer is formed on the spacer 47 and outer periph-
eral portions of the display area. Simultaneously, the flat-
tening layer 36 for flattening the contact hole 34 is formed
(flattening layer forming later step).
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[0079] (3) After alignment film material is applied on the
matrix array substrate 23 thus produced and the alignment
film 39 is formed, rubbing processing is performed. After the
alignment film 40 is similarly formed on the counter sub-
strate 41 formed with a common electrode which is the
counter electrode 38, rubbing processing is performed.

[0080] Subsequently, the matrix array substrate 23 and the
counter substrate 41 are joined to each other with adhesive
comprising epoxy thermosetting resin, and liquid crystal
composition is poured between the substrates 23 and 41 and
the pouring hole is sealed by ultraviolet-setting resin.

[0081] Furthermore, the polarizing plates 42 and 44 are
attached to the outer surfaces of the matrix array substrate 23
and the counter substrate 41 so that the liquid crystal display
apparatus is manufactured.

[0082] When the liquid crystal display apparatus thus
manufactured was driven, any poor luminescent spot due to
dust adhesion does not occur and a display which has a high
quality where display uniformity does not occur could be
obtained.

[0083] Instead of the photosensitive black resin, photo-
sensitive transparent resin may be used.

[0084] The present invention is not limited to the above
embodiments, and it may be extended or modified within the
scope of the invention.

[0085] (1) The switching element of the present invention
is not limited to the thin film transistor and it may be an
element with two terminals, such as a diode.

[0086] (2) The color filter may be provided on either the
matrix array substrate or the counter substrate, and such a
structure can be employed that the color filter is not pro-
vided.

[0087] (3) The basic idea of the present invention lies in
that the flattening layer is formed for flattening the contact
hole which electrically connects the switching electrode and
the pixel electrode. In the embodiments, the two methods of
the method for performing patterning using the photosensi-
tive resin and the method where the difference in thickness
between the portions of the photosensitive resin positioned
inside and outside the contact hole is utilized have been
disclosed. In the present invention, however, the method for
forming the flattening layer is not limited to these methods
necessarily.

[0088] For example, the flattening layer can be formed by
using such a combination of insulating material and etchant
(processing solution) that the portions positioned inside and
outside the recess of the contact hole are different in etching
speed.

[0089] Furthermore, the material for the flattening layer is
not limited to organic materials, as inorganic materials can
be used for the material.

[0090] As set forth above, according to the liquid crystal
display apparatus and the method for manufacturing a liquid
crystal display apparatus of the present invention, the sub-
strate is flattened by forming the flattening layer in the
contact hole. For this reason, dust can be prevented from
adhering inside the contact hole and the printing property of
the alignment film can be improved. Accordingly, it
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becomes possible to provide a liquid crystal display appa-
ratus whose display quality is excellent and which has a high
reliability.

[0091] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the specific
details and representative embodiments shown and
described herein. Accordingly, various modifications may be
made without departing from the spirit or scope of the
general inventive concept as defined by the appended claims
and their equivalents.

What is claimed is:
1. A liquid crystal display apparatus comprising:

an array substrate including a first substrate, a switching
element formed on the first substrate, an interlayer
insulating film formed so as to cover the switching
element, a pixel electrode formed on the interlayer
insulating film and connected to the switching element
via a contact hole formed in the interlayer insulating
film, an alignment film formed so as to cover the pixel
electrode, and a spacer formed under the alignment
film;

a counter substrate arranged so as to oppose the array
substrate; and

liquid crystal composition arranged between the array
substrate and the counter substrate,

wherein a flattening layer made with the same material as
that of the spacer is arranged between the pixel elec-

Jan. 24, 2002

trode and the alignment film within a region corre-
sponding to the contact hole.
2. Aliquid crystal display apparatus according to claim 1,
wherein the flattening layer is made of resin.
3. Aliquid crystal display apparatus according to claim 2,
wherein the flattening layer has a black color.
4. Aliquid crystal display apparatus according to claim 1,
wherein the interlayer insulating film is a color filter.
5. A method for manufacturing a liquid crystal apparatus
where a liquid crystal layer is sandwiched between a first
substrate and a second substrate, comprising the steps of:

forming a switching element on the first substrate;

forming an interlayer insulating film having a contact hole
corresponding to one portion of the switching element
and covering the switching element;

forming a pixel electrode connected to the switching

element via the contact hole on the interlayer insulating
film;

forming a spacer and simultaneously forming a flattening
layer within a region corresponding to the contact hole;

forming an alignment film after formation of the flattening
layer; and

performing a rubbing process on the alignment film.
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