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pixel electrode 5, sloped in different directions within each
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an orientation layer 7 coated on the orientation control slope

Related U.S. Application Data portion 6, and the opposite substrate 2 has a transparent

substrate 8, a opposite electrode 9 provided on the transpar-
(63) Continuation of application No. 09/307,741, filed on ent substrate 8 and an orientation layer 10 coated on the

May 10, 1999, now Pat. No. 6,476,894. opposite electrode 9.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

[0001] This application is a continuation of application
Ser. No. 09/307,741, filed May 10, 1999, now pending, and
related to a concurrently filed application, entitled: Method
of Manufacturing Liquid Crystal Display Device (Attorney
Docket No. 040447-0243), and based on Japanese Patent
Application No. 10-129379, filed May 13, 1998, by Hironori
KIKKAWA. This application claims only subject matter
disclosed in the parent application and therefore presents no
new matter.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display device and a manufacturing method therefor and
particularly to a liquid crystal display device having a wide
range of viewing angle and a method of manufacturing the
same.

[0004]

[0005] In general, liquid crystal display devices have been
used as display devices for various electronic equipment,
etc. because they can be manufactured to be thin in thickness
and light in weight. However, the liquid crystal display
device has a disadvantage that the viewing angle thereof is
narrower than CRT. Therefore, a technique for widening the
viewing angle of the liquid crystal display device has been
hitherto proposed.

[0006] FIG. 10 is a perspective view showing a conven-
tional liquid crystal display device disclosed in Japanese
Patent Laid-open Publication No. 7-199193. In the conven-
tional liquid crystal display device, uneven surface 52 is
provided at each pixel 51 on one substrate 56 or both
substrates 56, 57. FIG. 10 shows a case where uneven
surfaces 52 are provided on the substrate 56. Upon applying
a voltage between the substrates 56 and 57, the rise-up
direction of liquid crystal molecules 53 between the sub-
strates 56 and 57 is determined by an angle which is
dependent on the surface structure of the substrate 56,
whereby areas 54 and 55 having different orientation direc-
tions are provided at the voltage application time and the
visual characteristic is compensated between the respective
areas 54 and 55. Therefore, a liquid crystal display device
having a wide range of viewing angle can be obtained.

[0007] FIGS. 11A to 11D are cross-sectional views show-
ing a series of steps of a method of manufacturing a substrate
used for the above conventional liquid crystal display
device.

[0008] First, thermoplastic resist 61 is coated on substrate
60 with electrodes (FIG. 11A).

[0009] Subsequently, the resist 61 is partially shielded and
then exposed to light to dissolve and remove undesired

portions of the resist, whereby resist 61a remains in a partial
area (FIG. 11B).

[0010] Subsequently, the substrate 60 is heated to deform
the resist 61a, thereby forming resist 615 having an uneven
structure surface respectively (FIG. 11C).

2. Description of the Prior Art

Feb. 6, 2003

[0011] However, the conventional liquid crystal display
device described above has a disadvantage that it has lower
transparency as compared with similar organic materials
having no photosensitive group because a photosensitive
resist is used even when the whole-surface light exposure is
performed, so that a display image is darkened or colored.

[0012] Furthermore, it is described in the above publica-
tion that according to the method of manufacturing the
substrate used in the above conventional liquid crystal
display device, slant and uneven portions are formed in a
wide range by deforming the thermoplastic resist. However,
the thermoplastic resist is actually deformed at only the end
portions of the residual resist like the resist 61c, and it is
difficult to form the slant and uneven portions in a wide
range (FIG. 11D). Accordingly, the conventional liquid
crystal display device has a disadvantage that a regulation
force is insufficient to keep the uniform rise-up direction and
thus a stable orientation state cannot be obtained.

SUMMARY OF THE INVENTION

[0013] An object of the present invention is to provide a
liquid crystal display device having a wide range of viewing
angle characteristic with which transparency is enhanced
and a stable orientation state can be obtained, and a method
of manufacturing the liquid crystal display device.

[0014] In order to attain the above object, according to a
first aspect of the present invention, a liquid crystal display
device having a pair of substrates and a liquid crystal layer
disposed therebetween, is characterized in that orientation
control slope portions composed of an organic film are
provided on at least one of the substrates so as to be
slopewise formed in different directions within each pixel,
and an opaque shielding electrode is disposed at a boundary
portion at which the slope direction is varied in each of the
orientation control slope portions.

[0015] According to a second aspect of the present inven-
tion, a liquid crystal display device having a first substrate,
a second substrate and a liquid crystal layer disposed
between the first substrate and the second substrate, is
characterized in that the first substrate comprises a first
transparent substrate, first transparent electrodes provided
on the first transparent substrate, orientation control slope
portions which are slopewise formed in different directions
within each pixel and composed of organic film and pro-
vided on the first transparent electrodes and a first orienta-
tion layer coated on the orientation control slope portions,
the second substrate comprises a second transparent sub-
strate, one or more second transparent electrodes provided
on the second transparent substrate and a second orientation
layer coated on the one or more second transparent elec-
trodes, and an opaque shielding electrode is disposed a
boundary portion at which the slope direction is varied in
each of the orientation control slope portions.

[0016] According to a third aspect of the present inven-
tion, a liquid crystal display device having a first substrate,
a second substrate and a liquid crystal layer disposed
between the first substrate and the second substrate, is
characterized in that the first substrate comprises a first
transparent substrate, pixel electrodes provided on the first
transparent substrate, first orientation control slope portions
which are slopewise formed in different directions within
each pixel and composed of organic film and provided on the



US 2003/0025866 Al

pixel electrodes, and a first orientation layer coated on the
first orientation control slope portions, the second substrate
comprises a second transparent substrate, one or more
opposite electrodes provided on the second transparent
substrate, a second orientation control slope portions which
are slopewise formed in different directions within each
pixel and composed of organic film and provided on the one
or more opposite electrodes, and a second orientation layer
coated on the second orientation control slope portions, the
first and second orientation control slope portions being
formed so that the confronting surfaces thereof are substan-
tially parallel to each other, and an opaque shielding elec-
trode is disposed at a boundary portion at which the slope
direction is varied in each of the first orientation control
slope portions.

[0017] According to a fourth aspect of the present inven-
tion, a liquid crystal display device having a first substrate,
a second substrate and a liquid crystal layer disposed
between the first substrate and the second substrate, is
characterized in that the first substrate comprises a first
transparent substrate, pixel electrodes provided on the first
transparent substrate, first orientation control slope portions
which are slopewise formed in different directions within
each pixel and composed of organic film and provided on the
pixel electrodes, and a first orientation layer coated on the
first orientation control slope portions, the second substrate
comprises a second transparent substrate, one or more
opposite electrodes provided on the second transparent
substrate, a second orientation control slope portions which
are slopewise formed in different directions within each
pixel and composed of organic film and provided on the one
or more opposite electrodes, and a second orientation layer
coated on the second orientation control slope portions, the
first and second orientation control slope portions being
formed so that the confronting surfaces thereof are substan-
tially parallel to each other, and an opaque shielding elec-
trode is disposed at a boundary portion at which the slope
direction is varied in each of the second orientation control
slope portions.

[0018] According to a fifth aspect of the present invention,
a liquid crystal display device having a pair of substrates and
a liquid crystal layer disposed therebetween, is characterized
in that orientation control slope portions composed of an
organic film are provided on at least one of the substrates so
as to be slopewise formed in different directions within each
pixel, the organic film being composed of organic material
containing no photosensitive group.

[0019] According to a sixth aspect of the present inven-
tion, a liquid crystal display device having a first substrate,
a second substrate and a liquid crystal layer disposed
between the first substrate and the second substrate, is
characterized in that the first substrate comprises a first
transparent substrate, first transparent electrodes provided
on the first transparent substrate, orientation control slope
portions which are slopewise formed in different directions
within each pixel and composed of organic film and pro-
vided on the first transparent electrodes and a first orienta-
tion layer coated on the orientation control slope portions,
the second substrate comprises a second transparent sub-
strate, one or more second transparent electrodes provided
on the second transparent substrate and a second orientation
layer coated on the one or more second transparent elec-
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trodes, the organic film being composed of organic material
containing no photosensitive group.

[0020] According to a seventh aspect of the present inven-
tion, a liquid crystal display device having a first substrate,
a second substrate and a liquid crystal layer disposed
between the first substrate and the second substrate, is
characterized in that the first substrate comprises a first
transparent substrate, pixel electrodes provided on the first
transparent substrate, first orientation control slope portions
which are slopewise formed in different directions within
each pixel and composed of organic film and provided on the
pixel electrodes, and a first orientation layer coated on the
first orientation control slope portions, the second substrate
comprises a second transparent substrate, one or more
opposite electrodes provided on the second transparent
substrate, a second orientation control slope portions which
are slopewise formed in different directions within each
pixel and composed of organic film and provided on the one
or more opposite electrodes, and a second orientation layer
coated on the second orientation control slope portions, the
first and second orientation control slope portions being
formed so that the confronting surfaces thereof are substan-
tially parallel to each other, the organic film being composed
of organic material containing no photosensitive group.

[0021] The organic film constituting the orientation con-
trol slope portions is preferably composed of material
selected from the group consisting of acrylic resin, polyim-
ide, polysilazane, low-temperature curing type polysilazane
and benzocyclobutene.

[0022] According to a eighth aspect of the present inven-
tion, a method of manufacturing a liquid crystal display
device comprising the steps of:

[0023] (1) coating an organic material on one or more
electrodes of at least one of a pair of substrates to
form an organic film;

[0024]
[0025]

[0026] (4) immersing the substrate in developing
solution to perform development and subjecting the
organic film to wet etching with the developing
solution;

[0027]

[0028] (6) deforming the organic film by heating the
organic film, and providing on the substrate orien-
tation control slope portions which are sloping in
different directions respectively and formed of
organic film; and

[0029] (7) coating an orientation film on the orienta-
tion control slope portion.

(2) coating photoresist on the organic film;

(3) exposing the photoresist to light;

(5) exfoliating the photoresist;

[0030] The developing solution is preferably an alkali
developing solution, and the organic film is preferably
composed of material that is dissolved in the alkali devel-
oping solution.

[0031] According to a ninth aspect of the present inven-
tion, a method of manufacturing a liquid crystal display
device comprising the steps of:

[0032] (1) coating an organic material on one or more
electrodes of at least one of a pair of substrates to
form an organic film;
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[0033]
[0034]

(2) coating photoresist on the organic film;
(3) exposing the photoresist to light;

[0035] (4) immersing the substrate in developing
solution to perform development;

[0036] (5) wet-etching the organic film;
[0037] (6) exfoliating the photoresist;
[0038] (7) deforming the organic film by heating the

organic film, and providing on the substrate orien-
tation control slope portions which are sloping in
different directions respectively and formed of
organic film; and

[0039] (8) coating an orientation film on the orienta-
tion control slope portions;

[0040] The developing solution is an alkali developing
solution, and the organic film is composed of material which
is not dissolved in the alkali developing solution.

[0041] According to the liquid crystal display device of
the present invention, the orientation control slope portions
are formed so as to be slopewise in the different directions
within each pixel, and thus the orientation stability of
domains is enhanced. Further, since the orientation control
slope portion in each pixel is formed of the organic film,
transparency is very excellent.

[0042] According to the manufacturing method of the
present invention, since the organic film which can be
formed at a large thickness is subjected to wet etching and
then heated to form the orientation control slope portions on
the substrate, the orientation control slope portion which is
gently and widely sloping in different directions within each
pixel can be surely obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] FIGS. 1A is a cross-sectional view showing a pixel
of a liquid crystal display device according to a first embodi-
ment of the present invention, and FIG. 1B is a diagram
showing the direction of a rubbing treatment which is
conducted on orientation layers on a pixel substrate and a
opposite substrate;

[0044] FIGS. 2A to 2F are cross-sectional views showing
a series of steps of a manufacturing method of a liquid
crystal display according to the present invention;

[0045] FIG. 3 is a cross-sectional view showing a liquid
crystal display device according to a second embodiment of
the present invention;

[0046] FIGS. 4A is a cross-sectional view showing a
liquid crystal display device according to a third embodi-
ment of the present invention, and FIG. 4B is a diagram
showing the direction of a rubbing treatment which is
conducted on orientation layers on a pixel substrate and a
opposite substrate.

[0047] FIG. 5 is a cross-sectional view showing a liquid
crystal display device according to a fourth embodiment of
the present invention;

[0048] FIGS. 6A to 6F are cross-sectional views showing
a series of steps of a manufacturing method of the liquid
crystal display device of the fourth embodiment;
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[0049] FIG. 7 is a cross-sectional view showing a liquid
crystal display device according to a fifth embodiment of the
present invention,

[0050] FIG. 8 is a diagram showing the operation of the
liquid crystal display device according to the first embodi-
ment of the present invention,

[0051] FIG. 9 is a diagram showing the operation of the
liquid crystal display device according to the second
embodiment of the present invention;

[0052] FIG. 10 is a perspective view showing a conven-
tional liquid crystal display device; and

[0053] FIGS. 11A to 11D are cross-sectional views show-
ing a series of steps of a method of manufacturing a substrate
used in the conventional liquid crystal display device.

[0054] FIG. 12 is an exploded perspective view showing
the structure of the liquid crystal display device.

[0055] FIG. 13 is a plane view showing the structure of
the pixel substrate.

[0056] FIG. 14 is an exploded perspective view showing
a liquid crystal display device according to a sixth embodi-
ment of the present invention.

[0057] FIG. 15 is an exploded perspective view showing
a liquid crystal display device according to a seventh
embodiment of the present invention.

[0058] FIG. 16 is an exploded perspective view showing
a liquid crystal display device according to a eighth embodi-
ment of the present invention.

[0059] FIGS. 17, 18 are fragmentary exploded perspec-
tive views showing the pixel substrate and opposite substrate
of the eighth embodiment.

[0060] FIG. 19 is an exploded perspective view showing
the structure of the liquid crystal display device which two
or more orientation control slope portions are formed to
within a pixel.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0061] Preferred embodiments according to the present
invention will be described hereunder with reference to the
accompanying drawings.

[0062] FIG. 1A is a cross-sectional view showing a pixel
of a liquid crystal display device according to a first embodi-
ment of the present invention.

[0063] As shown in FIG. 1A, the liquid crystal display
device according to the first embodiment includes pixel
substrate 1, opposite substrate 2 and liquid crystal layer 3
disposed between the pixel substrate 1 and the opposite
substrate 2.

[0064] The pixel substrate 1 includes first transparent
insulating substrate 4 such as a glass substrate or the like,
pixel electrodes 5 provided on the first transparent insulating
substrate 4, orientation control slope portions 6 which are
formed on the pixel electrodes 3 so as to be gently sloping
in a recess form in different directions within each pixel and
composed of an organic film, and orientation layer 7 coated
on the orientation control slope portions 6. The organic film
constituting the orientation control slope portions 6 is
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formed of acrylic resin, polyimide, polyimide, polysilazane,
low-temperature curing type polysilazane or benzocy-
clobutene. The organic film is composed of organic material
containing no photosensitive group (such as naphtho
quinone diazide, cinnamic acid).

[0065] The opposite substrate 2 has second transparent
insulating substrate 8 such as a glass substrate or the like,
opposite electrode 9 provided on the second transparent
insulating substrate 8, and orientation layer 10 coated on the
opposite electrode 9.

[0066] The pixel electrodes 5 and the opposite electrode 9
are formed of a transparent conductive film such as ITO
(Indium-Tin-Oxide) or the like by a sputtering method or the
like.

[0067] The orientation layer 7 of the pixel substrate 1 and
the orientation layer 10 of the opposite substrate 2 are
formed of polyimide or the like, and disposed so as to
confront each other. Each of the orientation layers 7 and 10
has such a characteristic that liquid crystal molecules 11 are
orientated substantially horizontally to the substrates 1, 2,
and the liquid crystal layer 3 contains liquid crystal having
positive dielectric-constant anisotropy.

[0068] FIG. 1B is a diagram showing the direction of a
rubbing treatment which is conducted on the orientation
layers 7 and 10 on the pixel substrate 1 and the opposite
substrate 2. As shown in FIG. 1B, the orientation layer 7 of
the pixel substrate 1 is subjected to the rubbing treatment in
the direction indicated by arrow 12, and the orientation layer
10 of the opposite substrate 2 is subjected to the rubbing
treatment in the direction indicated by arrow 13.

[0069] The pixel substrate 1 is provided with thin-film
transistor (TFT) for driving each pixel electrode 5. A plu-
rality of pixels, each of which is formed between the pixel
electrode 5 and the opposite electrode 9, are arranged in a
matrix form.

[0070] FIG. 8 is a diagram showing the operation of the
liquid crystal display device according to the first embodi-
ment.

[0071] As shown in FIG. 8, according to the property of
the orientation layer 7, the liquid crystal molecules 11 in the
neighborhood of the interface have pretilt angle C to the
interface. The slope angle of the orientation control slope
portion 6 to the substrate 4 is angle B. On the other hand, the
liquid crystal molecules 11 in the neighborhood of the
orientation layer 10 has pretilt angle A. Giving such orien-
tation control force, the angle of the liquid crystal molecules
11 to the substrate 4 in the neighborhood of the orientation
layer 7 is equal to (B-C) in arca o and (B+C) in area f3. If
(B+C) or (B-C) is larger than A, the liquid crystal molecules
are oriented to rise up in a direction which is determined by
the angle of (B+C) or (B-C) when driving electric field 14
is applied in the direction vertical to the substrate.

[0072] For example, when angle A, B and C are equal to
1 degree, 5 degrees and 1 degree respectively, the liquid
crystal molecules rise up clockwise with respect to the
substrate in the area o and counterclockwise with respect to
the substrate in the area f3.

[0073] When the pretilt angles A and B are small, the
liquid crystal molecules in area o' having no slope which is
adjacent to the area a and the liquid crystal molecules in
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areaf}' having no slope which is adjacent to the area [} rise up
in the same rise-up directions of the areas o and [}, respec-
tively.

[0074] If the liquid crystal orientation direction (rise-up
direction) is different between the areas o and f, the viewing
angle characteristic when a viewpoint is inclined is com-
pensated (enhanced) by the respective areas in each pixel,
whereby a wide visual field can be obtained.

[0075] Through the above operation, domains having dif-
ferent rise-up directions with each pixel are formed, and a
liquid crystal display device having a wide rage of viewing
angle can be obtained.

[0076] According to the liquid crystal display device of
this embodiment, the orientation control slope portion 6 is
gently slopewise formed in different directions within each
pixel, so that the orientation stability of domains is
enhanced.

[0077] Further, the orientation control slope portion 6 is
formed of an organic film, so that the transparency of the
device is excellent and a display image can be prevented
from being darkened or colored.

[0078] The orientation control slope portion 6 of the pixel
substrate 1 may be formed in a convex form.

[0079] FIGS. 2A to 2F is a cross-sectional view showing
a method of manufacturing the liquid crystal display device
of the present invention.

[0080] First, the pixel electrode 5 (transparent electrode)
of ITO or the like is formed on the first transparent insulating
substrate 4 by the sputtering method. Subsequently, organic
film material (for example, acrylic resin) diluted with
organic solvent is coated on the pixel electrode 5 by a spin
coating method so as to obtain a film thickness of 3 um.
Thereafter, the organic film material on the substrate is
heated and temporarily burned for 1 minute on a hot plate at
100° C. to form the organic film 16.

[0081] Subsequently, the photoresist 17 is formed on the
organic film 16 by the spin coating method, and heated for
1 minute on the hot plate of 80° C. to temporarily burn the
photoresist 17 (sce FIG. 2A).

[0082] Subscquently, light having energy of about 100
mJ/em is irradiated to the photoresist 17 by a stepper to
thereby perform an exposure step (see FIG. 2B).

[0083] Next, the first transparent insulating substrate 4 is
immersed in alkali developing solution (containing 2.38% of
TMAH (tetramethylammonium oxide)) for 140 seconds to
perform development. The photoresist 17 used in this step is
a positive type resist, and thus a portion of the photoresist to
which the light is irradiated is dissolved in the developing
solution at a developing step which is the next step. The
organic film 16 used in this step has such a property that it
is dissolved in the alkali developing solution when it is
burned at about 100° C., and thus the organic film 16 is
subjected to a wet etching treatment simultaneously with the
developing treatment (see FIG. 2C). Since the wet etching
treatment is an isotropic etching treatment, a slope face is
formed on the etched surface. Therefore, a continuous
orientation control slope portion 6 can be formed over a
wide range when the orientation control slope portion 6 is
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formed in a subsequent step, and the orientation direction of
the liquid crystal molecules can be effectively controlled.

[0084] Subsequently, after the development treatment,
post-bake is carried out on the hot plate of 130° C. This step
is performed to promote a cross linking reaction of the
organic film 16 and enhance the resistance of the organic
film 16 to dissolution in an exfoliating liquid in a subsequent
resist exfoliating step. Thereafter, light having an energy
density of 300 mJ/cm? is exposed to the whole surface of the
substrate. This step is performed to reduce the resistance of
the photoresist 17 to exfoliation in the subsequent resist
exfoliation step.

[0085] Subsequently, the photoresist 17 is exfoliated by
immersing the substrate in the exfoliating liquid for 90
seconds (see FIG. 2D).

[0086] Subsequently, when the substrate is heated under
an atmosphere of a higher temperature than the glass tran-
sition point of the organic film 16 (200° C.), for example, at
300° C. for 30 minutes by an oven, the shape of the organic
film 16 is varied, and a gentle slope surface is formed,
whereby orientation control slope portion 6 is formed (see
FIG. 2E). By suitably selecting the film forming condition
of the organic film 16 and the etching condition, a suffi-
ciently continuous slope surface can be formed over a wide
area within about 100 ym from the etching edge. Accord-
ingly, since the pixel size of the normal liquid crystal display
device is equal to 200 to 350 pm, most of pixels can be
sloped by forming an etching portion in each pixel.

[0087] Subsequently, polyimide or the like is coated on the
orientation control slope portion 6 and burned to form the
orientation layer 7, thereby forming the pixel substrate 1 (see

FIG. 2F).

[0088] The opposite electrode 9 of ITO or the like is
formed on the second transparent insulating substrate 8 as in
the case of the pixel substrate 1, and then the orientation
layer 10 is formed on the opposite electrode 9 to form the
opposite substrate 2.

[0089] Subsequently, the orientation layer 7 of the pixel
substrate 1 is subjected to the rubbing treatment in the
direction indicated by the arrow 12 in FIG. 1B, and the
orientation layer 10 of the opposite substrate 2 is subjected
to the rubbing treatment in the direction indicated by the
arrow 13 in FIG. 1B.

[0090] Subsequently, the pixel substrate 1 and the opposite
substrate 2 are superposed, and then nematic liquid crystal
having positive dielectric-constant anisotropy is injected
into the gap between the substrates.

[0091] Subsequently, the pixel substrate 1 and the opposite
substrate 2 thus superposed are sandwiched by two polar-
izers whose polarization axes are crossed to each other by 90
degrees and respectively intersect to the rubbing direction at
an angle of 45 degrees as indicated by arrows 18 in FIG. 1B.

[0092] According to the manufacturing method of the
present invention, the organic film 16 which can be designed
to have a large thickness is subjected to the wet etching
treatment, and then heated to form the orientation control
slope portion 6. Therefore, the orientation control slope
portion 6 which is gently and widely sloped in different
directions within each pixel can be surely achieved.
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[0093] In the above manufacturing method, the develop-
ment of the photoresist 17 and the wet-etching treatment of
the organic film 16 can be simultancously performed. How-
ever, when material which is not dissolved in alkali devel-
oping solution (for example, polyimide, polysilazane, low-
temperature curing type polysilazane or benzocyclobutene)
is used for the organic film 16, the development of the
photoresist 16 and the wet-etching treatment of the organic
film 16 may be separately performed.

[0094] When polysilazane or low-temperature curing type
polysilazane is used as the material of the organic film 16,
as compared with general organic materials, the thermal
shrinkage is smaller and a more close insulating film can be
achieved. As a result, crack due to shrinkage stress at the
film formation time does not occur, and a close film can be
obtained, so that there can be provided a liquid crystal
display device which decreases display defective due to
impurities and thus provides high image quality.

[0095] FIG. 12 is an exploded perspective view showing
the structure of the liquid crystal display device. As shown
FIG. 12, orientation control slope portion 6 of the pixel
substrate 1 is formed to extend over two pixel electrodes 5,
and two orientation control slope portions 6 are partially
disposed on pixel electrode 5 of each pixel.

[0096] Consequently, the two orientation control slope
portions 6 make up a concave form in each pixel so as to be
gently sloping in different directions in each pixel. The pixel
substrate 1 and the opposite substrate 2 are sandwiched
between polarizers 70 and 73. The opposite electrode 9 is a
common electrode faced to all pixel electrodes 5.

[0097] FIG. 13 is a plane view showing the structure of
the pixel substrate 1. As shown FIG. 13, pixel electrode 5
and TFT 77 are formed within a pixel. The pixel electrode
5 in each pixel is connected with signal electrode line 78
through TFT 77. The gate of TFT 77 is connected with
scanning electrode line 79.

[0098] In FIG. 12, TET 77, signal electrode line 78 and
scanning electrode line 79 are omitted.

[0099] As shown FIG. 19, two orientation control slope
portions 6 may be formed to within a pixel. In FIG. 19, TFT
77, signal electrode line 78, scanning electrode line 79 and
pixel electrode S are omitted. More than two orientation
control slope portions 6 may be formed to within a pixel.

[0100] FIG. 3 is a cross-sectional view showing a liquid
crystal display device according to a second embodiment of
the present invention.

[0101] In the second embodiment, the orientation layer 7
has such a property that the liquid crystal molecules 11 are
oriented substantially vertically to the substrate 4, and the
liquid crystal of the liquid crystal layer 3 has negative
dielectric-constant anisotropy. The other structure of the
pixel substrate 1 and the opposite substrate 2 and the
manufacturing method are similar to those of the first
embodiment.

[0102] The pixel substrate 1 and the opposite substrate 2
are sandwiched between two polarizers whose polarization
axes are crossed to each other by 90 degrees so as to intersect
to the inclination direction of the liquid crystal molecules 11
by 45 degrees
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[0103] FIG. 9 is a diagram showing the operation of the
liquid crystal display device according to the second
embodiment of the present invention.

[0104] In FIG. 9, according to the property of the orien-
tation layer 7, the liquid crystal molecules 11 in the neigh-
borhood of the interface are inclined to the interface by 90
degrees. Here, the inclination angle of the orientation control
slope portion 6 to the substrate 4 is set to angle B. Giving
these orientation control force, the inclination angle of the
liquid crystal molecules 11 to the substrate 4 in neighbor-
hood of the pixel substrate 1 is equal to (90+B) in an area o
and (90-B) in an area f. Since the diclectric-constant
anisotropy of the liquid crystal is negative, the liquid crystal
molecules 11 is inclined in a direction which is regulated by
the angle (90+B) or (90-B) when a voltage is applied. As a
result, areas having different liquid crystal orientation direc-
tions (inclination directions) occur in each pixel, and the
viewing angle characteristic when the viewpoint is inclined
is compensated between the respective areas in each pixel,
thereby obtaining a wide visual field characteristic.

[0105] According to the second embodiment, the inclina-
tion direction of the liquid crystal is regulated by the
orientation control slope portion 6, so that no rubbing
treatment is necessary and thus the number of the manufac-
turing steps can be reduced.

[0106] FIG. 4A is a cross-sectional view showing a liquid
crystal display device according to a third embodiment of
the present invention, and FIG. 4B is a diagram showing the
direction of the rubbing treatment to be subjected to the
orientation layers 7, 10 on the pixel substrate 1 and opposite
substrate 2.

[0107] In the third embodiment, an opaque shielding elec-
trode 20 is disposed on a first transparent insulating substrate
4 at a portion where the orientation direction (rise-up
direction) of the liquid crystal molecules 11 is varied.
Further, the pixel electrode § is provided on the shielding
electrode 20 so as to be electrically connected to the shield-
ing electrode 20. The other structure of the pixel substrate 1,
the opposite substrate 2 and the liquid crystal layer 3 and the
manufacturing method are similar to the first embodiment.

[0108] In general, in the liquid crystal molecules 11,
defective (hereinafter referred to as “dislocation”) occurs at
a portion where the molecular orientation is discontinuously
changed, and it is observed as light leakage at a black display
time. When such dislocation occurs, the contrast is reduced
and thus no high-quality display is obtained.

[0109] However, according to the third embodiment, the
portion at which the dislocation occurs and the rise-up
direction is varied (represented by T in FIG. 4A) can be
shielded by the opaque shielding electrode 20, so that the
contrast is not reduced and thus higher image quality can be
obtained.

[0110] FIG. 5 is a cross-sectional view showing a liquid
crystal display device according to a fourth embodiment of
the present invention.

[0111] In the fourth embodiment, an orientation control
slope portion 30 is provided on the opposite electrode 9 of
the opposite substrate 2. The slope surface of the orientation
control slope portion 30 of the opposite substrate 2 is formed
to be substantially parallel to the slope surface of the
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orientation control slope portion 6 of the pixel substrate 1.
That is, the orientation control slope portion 6 of the pixel
substrate 1 is formed in a recess (concave) form, and the
orientation control slope portion 30 of the opposite substrate
2 is formed in a convex form. The orientation control slope
portion 6 of the pixel substrate 1 may be formed in a convex
form while the orientation control slope portion 30 of the
opposite substrate 2 is formed in a concave form. The
orientation layer 10 is provided on the orientation control
slope portion 30 of the opposite substrate 2.

[0112] The pixel substrate 1 and the opposite substrate 2
are disposed so that the orientation layers 7 and 10 are
confronted to each other, and the liquid crystal layer 3 is
disposed between the orientation layers 7 and 10.

[0113] The orientation layers 7, 10 used in the fourth
embodiment have such a property that the liquid crystal
molecules 11 are oriented substantially parallel to the sub-
strate, and the liquid crystal of the liquid crystal layer 3 has
positive dielectric-constant anisotropy.

[0114] The pixel substrate 1 and the opposite substrate 2
are sandwiched by two polarizers whose polarization axes
are crossed to each other by 90 degrees so as to intersect to
the inclination direction of the liquid crystal molecules 11 at
an angle of 45 degrees.

[0115] FIGS. 6A to 6F are cross-sectional views showing
a method of manufacturing the liquid crystal display device
according to the fourth embodiment of the present invention.
FIG. 2 shows the method of manufacturing the pixel sub-
strate on which the orientation control slope portion 6 is
designed in a concave shape, however, FIG. 6 shows the
method of manufacturing the opposite substrate 2 on which
the orientation control slope portion 30 is designed in a
convex shape. The various conditions such as temperature
are the same as the manufacturing method shown in FIG. 2.

[0116] First, the opposite electrode 9 (transparent elec-
trode) such as ITO or the like is formed on the second
transparent insulating substrate 8 by the sputtering method.

[0117] Subsequently, organic film material (for example,
acrylic resin) diluted with organic solvent is coated on the
opposite electrode 9 by the spin coating method. Thereafter,
it is heated and temporarily burned on a hot plate to form the
organic film 16.

[0118] Subsequently, the photoresist 17 is formed on the
organic film 16 by the spin coating method, and heated and
temporarily burned on the hot plate (see FIG. 6A).

[0119] Subsequently, light is irradiated to the photoresist
17 by using a stepper to complete an exposure step (see FIG.
6B). At this time, both the end portions of each pixel are
exposed to light.

[0120] Subsequently, the second transparent insulating
substrate 8 is immersed in alkali developing solution to be
developed. Since the photoresist 17 used in this step is
positive type resist, a part of the resist which is exposed to
light will be dissolved in the developing solution in the
subsequent developing step. The organic film 16 used in this
step is inherently dissolved in the alkali developing solution,
and thus the wet-etching treatment of the organic film 16 is
carried out simultaneously with the developing step (see
FIG. 6C). The wet-etching treatment is an isotropic etching
treatment, and thus a slope face is formed on the etched
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surface. Therefore, a continuous orientation control slope
portion 30 can be formed in a wide range when the orien-
tation control slope portion 30 is formed in the subsequent
step, so that the orientation direction of the liquid crystal can
be effectively controlled.

[0121] Subsequently, after the developing treatment, the
post-bake treatment is carried out on the hot plate. This step
is carried out to promote the cross linking reaction and
enhance the resistance of the organic film 16 to dissolution
in the exfoliating liquid in the subsequent resist exfoliating
step. Thereafter, the whole surface of the substrate is
exposed to light. This step is carried out to reduce the
resistance of the photoresist 17 to exfoliation in the subse-
quent resist exfoliating step.

[0122] Subsequently, the photoresist 17 is exfoliated by
immersing it into the exfoliating liquid (see FIG. 6D).

[0123] Subsequently, upon heating by an oven, the organic
film 16 is deformed, and the orientation control slope portion
30 having a gentle slope surface is formed (see FIG. 6E). A
sufficiently continuous slope surface can be formed by
suitably selecting a film forming condition of the organic
film 16 and an etching condition.

[0124] Thereafter, polyimide or the like is coated on the
orientation control slope portion 30 and burned to form the

orientation layer 10, thereby obtaining the opposite substrate
2 (sce FIG. 6F).

[0125] FIG. 7 is a cross-sectional view showing a liquid
crystal display device according to a fifth embodiment of the
present invention.

[0126] In the fifth embodiment, the orientation layer 7 has
such a property that the liquid crystal molecules 11 are
oriented substantially vertically to the substrate, and the
liquid crystal of the liquid crystal layer 3 has negative
dielectric-constant anisotropy. The other structure of the
pixel substrate 1 and the opposite substrate 2 and the
manufacturing method are similar to the fourth embodiment.

[0127] The pixel substrate 1 and the opposite substrate 2
are sandwiched by two polarizers whose polarization axes
are crossed to each other by 90 degrees so as to intersect to
the inclination direction of the liquid crystal molecules 11 by
45 degrees.

[0128] According to the fourth and fifth embodiments, the
orientation control slope portion 30 is provided to not only
the pixel substrate 1, but also the opposite substrate 2, and
the pixel substrate 1 and the opposite substrate 2 are dis-
posed so that the confronting surfaces of the orientation
control slope portions 6 and 30 thereof are parallel to each
other. Therefore, the tilt angle of the liquid crystal in the bulk
of the liquid crystal layer 3 can be stabilized. As a result, the
rise-up direction of the liquid crystal is stabilized, and the
orientation stability of the domains is enhanced.

[0129] FIG. 14 is an exploded perspective view showing
a liquid crystal display device according to a sixth embodi-
ment of the present invention. As shown FIG. 14, one
orientation control slope portion 6 is formed to cover one
pixel electrode 5 in each pixel. Consequently, the orientation
control slope portion 6 makes up a convex form in each pixel
so as to be gently sloping in different directions in each
pixel. In FIG. 14, the orientation control slope portion 6
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covers only pixel electrode 5. The orientation control slope
portion 6 may cover the pixel electrode 3 and TFT 77 or the
whole of a pixel.

[0130] FIG. 15 is an exploded perspective view showing
a liquid crystal display device according to a seventh
embodiment of the present invention. As shown FIG. 15, the
orientation control slope portion 6 of this embodiment is
arranged to turn the orientation control slope portion 6 of
FIG. 14 at 90°. The slope of the orientation control slope
portion 6 may be arranged in any direction.

[0131] The above embodiments of the present invention
are used for the liquid crystal display device of the TFT
form. This invention may be applied to the liquid crystal
display device of simple matrix form in which liquid crystal
such as STN (Super Twisted Nematic) is used.

[0132]

[0133] FIG. 16 is an exploded perspective view showing
a liquid crystal display device according to a eighth embodi-
ment of the present invention. In FIG. 16, the orientation
control slope portions 6 are omitted.

[0134] FIGS. 17 and 18 are fragmentary exploded per-
spective views showing the pixel substrate and opposite
substrate of the eighth embodiment. The structure of FIG.
17 corresponds to the first embodiment of FIG. 12, and the
structure of FIG. 18 corresponds to the sixth embodiment of
FIG. 14. In FIG. 17, orientation control slope portions 86 is
formed to extend over two pixel electrodes 84. In FIG. 18,
orientation control slope portion 86 is formed to cover a
width direction part of pixel electrode 5.

[0135] As shown FIG. 16, the pixel substrate 81 and the
opposite substrate 82 are sandwiched between polarizers 80
and 83. As shown FIG. 16, pixel electrodes 84 and opposite
electrodes 85 are respectively composed of the electrodes
arranged in parallel, and the part where one line of pixel
electrodes 84 and one line of opposite electrodes 85 cross
cach other becomes a pixel.

[0136] The present invention is not limited to the above
embodiments, and various modifications may be made with-
out departing from the subject matter of the present inven-
tion.

[0137] According to the liquid crystal display device of
the present invention, the orientation control slope portion is
gently slopewise formed in different directions within each
pixel, so that the orientation stability of the domains is
enhanced.

[0138] Further, the orientation control slope portion is
formed of an organic film, so that the transparency is
enhanced and the display image can be prevented from
being darkened or colored.

[0139] According to the manufacturing method of the
present invention, the organic film which can be designed to
have a large thickness is wet-etched and then heated to form
the orientation control slope portion. Therefore, the orien-
tation control slope portion that is gently and widely sloped
in different directions within each pixel can be surely
achieved.

The following will explain about the embodiment.

What is claimed is:
1. A liquid crystal display device having a pair of sub-
strates and a liquid crystal layer disposed therebetween,
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wherein orientation control slope portions composed of an
organic film are provided on at least one of said substrates
so as to slope in different directions within each pixel, and
said organic film being composed of organic material con-
taining no photosensitive group.

2. A liquid crystal display device having a first substrate,
a second substrate and a liquid crystal layer disposed
between the first substrate and the second substrate, wherein
said first substrate comprises a first transparent substrate,
first transparent electrodes provided on said first transparent
substrate, orientation control slope portions which are slop-
wise formed in different directions within each pixel and
composed of an organic film and provided on said first
transparent electrodes and a first orientation layer coated on
said orientation control slope portions, said second substrate
comprises a second transparent substrate, one or more
second transparent electrodes provided on said second trans-
parent substrate, and a second orientation layer coated on
said one or more second transparent electrodes, said organic
film being composed of organic material containing no
photosensitive group.

3. Aliquid crystal display device having a first substrate,
a second substrate and a liquid crystal layer disposed
between the first substrate and the second substrate, wherein
said first substrate comprises a first transparent substrate,
pixel electrodes provided on said first transparent substrate,
first orientation control slope portions which are slopewise
formed in different directions within each pixel and com-
posed of an organic film and provided on said pixel elec-
trodes, and a first orientation layer coated on the first
orientation control slope portions, said second substrate
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comprises a second transparent substrate, one or more
opposite electrodes provided on said second transparent
substrate, second orientation control slope portions which
are slopewise formed in different directions within each
pixel and composed of an organic film and provided on said
one or more opposite electrodes, and a second orientation
layer coated on said second orientation control slope por-
tions, said first and second orientation control slope portions
being formed so that the confronting surfaces thereof are
substantially parallel to each other, said organic film being
composed of organic material containing no photosensitive
group.

4. The liquid crystal display device as claimed in claim 1,
wherein said organic film is composed of material selected
from the group consisting of acrylic resin, polyimide, pol-
ysilazane, low-temperature curing type polysilazane and
benzocyclobutene.

5. The liquid crystal display device as claimed in claim 2,
wherein said organic film constituting said first and second
orientation control slope portions are composed of material
selected from the group consisting of acrylic resin, polyim-
ide, polysilazane, low-temperature curing type polysilazane
and benzocyclobutene.

6. The liquid crystal display device as claimed in claim 3,
wherein said organic film constituting said first and second
orientation control slope portions are composed of material
selected from the group consisting of acrylic resin, polyim-
ide, polysilazane, low-temperature curing type polysilazane
and benzocyclobutene.
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