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7) ABSTRACT

The main object of the present invention is to provide a
substrate for a monochrome liquid crystal display apparatus
having the excellent evenness of the gap between the
substrate for a monochrome liquid crystal display apparatus
and the counter substrate, capable of displaying with a
preferable image quality without the brightness irregularity.

In order to achieve the above-mentioned object, the present
invention provides a substrate for a monochrome liquid
crystal display apparatus comprising a substrate, a black
matrix formed in a pattern on the substrate, a protection
layer formed on the substrate so as to cover the black matrix,
and a columnar spacer formed in the area with the black
matrix formed of the protection layer, for adjusting the gap
between the substrate and the counter substrate, wherein the
height from the surface of the substrate to the upper surface
of the columnar spacer provided in the pixel part of the
substrate is higher than the height from the substrate surface
to the upper surface of the columnar spacer provided in the
outer peripheral part as the pixel part peripheral area of the

(51) Tnt. CL7 e GO2F 1/1333  substrate by in a range of 0 um to 0.8 um.
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SUBSTRATE FOR MONOCHROME LIQUID
CRYSTAL DISPLAY APPARATUS AND
PRODUCTION METHOD THEREFOR

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a substrate for a
monochrome liquid crystal display apparatus used for a
monochrome liquid crystal display apparatus. More specifi-
cally, it relates to a substrate for a monochrome liquid crystal
display apparatus capable of preventing deterioration of the
display characteristics, and a production method therefor.

[0003] 2. Description of the Related Art

[0004] Conventionally, a liquid crystal display apparatus
has been used as the information displaying means in many
fields, regardless of the monochrome type and the color

type.

[0005] For example, the monochrome liquid crystal dis-
play apparatus has a structure comprising at least a substrate
for a monochrome liquid crystal display apparatus having a
substrate, a black matrix formed in a pattern on the substrate,
and a protection layer provided for protecting the black
matrix and ensuring the flatness of the substrate surface, a
counter substrate facing the substrate for a monochrome
liquid crystal display apparatus, and a liquid crystal layer
clamped between the substrate for a monochrome liquid
crystal display apparatus and the counter substrate.

[0006] Recently, as the gapping material (spacer) for con-
stantly maintaining the gap between the substrate for a liquid
crystal display apparatus and the counter substrate, a colum-
nar spacer is used instead of the plastic beads, which have
been used conventionally. That is, in order to solve the
problems of the contrast deterioration derived from the light
leakage in the vicinity of the plastic beads and the display
irregularity derived from the distribution irregularity, a
columnar spacer is formed on the side of either substrate,
and the gap between the two substrates is maintained
constantly by the spacer.

[0007] For example, Japanese Patent Application Laid
Open (JP-A) No. 11-109366 discloses a technique using a
columnar spacer comprising a large diameter spacer com-
prising one layer and a small diameter spacer comprising
two or more layers for preventing generation of the irregu-
larity in terms of the height of the columnar spacer itself in
the liquid crystal display apparatus display area and the
outside of the display area. Furthermore, JP-A No. 2002-
148426 discloses a technique for constantly maintaining the
shape of the columnar spacer according to the two layer
structure of a columnar spacer comprising a low deforma-
tion part with a small deformation amount in the high
temperature and high pressure, and a high elasticity part
capable of following the contraction of the liquid crystal at
a low temperature for preventing the change of the columnar
spacer by the influence of the high temperature and high
pressure at the time of assembling the liquid crystal display
apparatus. Moreover, JP-A No. 11-2717 discloses a tech-
nique for constantly maintaining the gap between the two
substrates by projecting a columnar spacer from a predeter-
mined position in a range of 1 to 4 um.

[0008] According to an example of the conventional sub-
strate for a monochrome liquid crystal display using the
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columnar spacer, as shown in FIG. 3, a black matrix 2 is
formed in a pattern across the pixels on the substrate 1 for
a monochrome liquid crystal display apparatus. The black
matrix 2 is formed with the width narrower in a part
corresponding to the pixel parts A as the display area in order
not to lower the aperture ratio of the display area. In contrast,
the black matrix 2 formed in the outer peripheral part B
outside the display area is formed with the width wider in
order to effectively block the light from the light source such
as a back light.

[0009] Furthermore, a protection layer 3 is formed for
covering the surface of the black matrix 2 for protecting the
members such as the black matrix 2, and for providing the
flatness to the surface of the substrate 1 for a monochrome
liquid crystal display apparatus. According to the protection
layer 3, the film thickness difference is generated between
the pixel part A and the outer peripheral part B. This is
because the protection layer 3 can hardly be laminated on the
upper surface of the black matrix 2 disposed on the pixel part
A with the width formed narrower so that the film thickness
of the laminated protection layer 3 tends to be thinner. In
contrast, since the black matrix 2 provided in the outer
peripheral part B is formed with a sufficient width, the film
thickness of the protection layer 3 is made thicker than that
of the pixel part A. In the case the columnar spacer 4 is
formed on the protection layer 3, due to the above-men-
tioned film thickness difference of the protection layer 3
itself, as to the height from the surface of the substrate 1 for
a monochrome liquid crystal display apparatus to the upper
surface of the columnar spacer 4, it is higher in the outer
peripheral part B than in the pixel part A.

[0010] The height difference appears as the gap difference
between the substrates so that the difference in the gap area
significantly influences the display characteristics particu-
larly in the IPS type monochrome liquid crystal display
apparatus. Moreover, in the case the counter substrate 5 is
disposed on the substrate for a monochrome liquid crystal
display layer via the columnar spacer 4, distortion is gen-
erated in the counter substrate 5. The distortion generates the
trouble of the light leakage from the counter substrate 5
peripheral part so that the problem of the brightness in the
periphery of the screen is generated.

[0011] In order to solve the problems in the conventional
substrate for a monochrome liquid crystal display apparatus,
although a method of forming columnar spacers individually
on the pixel part and on the outer peripheral part at the time
of forming the columnar spacers is considered, it has been
difficult to precisely adjusting the height due to the influence
at the time of forming the columnar spacers in some cases.

SUMMARY OF THE INVENTION

[0012] In view of the above-mentioned problems, the
main object of the present invention is to provide a substrate
for a monochrome liquid crystal display apparatus having
the excellent evenness of the gap between the substrate for
a monochrome liquid crystal display apparatus and the
counter substrate, capable of displaying with a preferable
image quality without the brightness irregularity.

[0013] In order to achieve the above-mentioned object, a
first aspect of the present invention provides a substrate for
a monochrome liquid crystal display apparatus comprising a
substrate, a black matrix formed in a pattern on the substrate,
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a protection layer formed on the substrate so as to cover the
black matrix, and a columnar spacer formed in the area with
the black matrix formed of the protection layer, for adjusting
the gap between the substrate and the counter substrate,
wherein the height from the surface of the substrate to the
upper surface of the columnar spacer provided in the pixel
part of the substrate is higher than the height from the
substrate surface to the upper surface of the columnar spacer
provided in the outer peripheral part as the pixel part
peripheral area of the substrate by in a range of 0 ym to 0.8

um.

[0014] According to the present invention, since the dif-
ference of the distance from the substrate surface to the
columnar spacer upper surface disposed in the pixel part and
the distance from the substrate surface to the columnar
spacer upper surface disposed in the outer peripheral part is
in the above-mentioned range, in the case the counter
substrate is disposed on the substrate for a monochrome
liquid crystal display apparatus, generation of the distortion
in the counter substrate with the gap widened toward the
outer peripheral part can be restrained. Therefore, the
trouble of the light leakage from the periphery of the counter
substrate, generated due to the distortion of the counter
substrate can be solved so that the problem of the unnatural
brightness in the periphery of the screen in the monochrome
liquid crystal display apparatus can be solved.

[0015] Moreover, a second aspect of the present invention
provides a substrate for a monochrome liquid crystal display
apparatus comprising a substrate, a black matrix formed in
a pattern on the substrate, a protection layer formed on the
substrate so as to cover the black matrix, and a columnar
spacer formed in the area with the black matrix formed of
the protection layer, for adjusting the gap between the
substrate and the counter substrate, wherein the columnar
spacer comprises a pixel spacer provided in the pixel part of
the substrate, and an outer peripheral spacer provided in the
outer peripheral part as the pixel part peripheral area of the
substrate such that the height of the pixel spacer is made
higher than the height of the outer peripheral spacer.

[0016] According to the present invention, since the
columnar spacer is divided into the pixel spacer and the
outer peripheral spacer with the height of the pixel spacer
made higher than the height of the outer peripheral spacer,
the gap difference between the substrates derived from the
film thickness difference of the protection layer can be
preferably corrected. Therefore, since the counter substrate
can be disposed on the substrate for a liquid crystal display
apparatus without distortion, an even gap can be maintained
between the both substrates so that a high image quality
display can be enabled.

[0017] In the above-mentioned first aspect, it is preferable
that the columnar spacer comprises a pixel spacer provided
in the pixel part of the substrate, and an outer peripheral
spacer provided in the outer peripheral part of the substrate
such that the height of the pixel spacer is made higher than
the height of the outer peripheral spacer. By accordingly
adjusting the heights of the columnar spacers, the total
height of the substrate for a monochrome liquid crystal
display apparatus can be provided in the above-mentioned
range so that the gap between the two substrates can be
maintained precisely and constantly without generating the
distortion in the counter substrate.
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[0018] In the above-mentioned invention, it is preferable
that the substrate for a monochrome liquid crystal display
apparatus is used for an IPS type monochrome liquid crystal
display apparatus. Since the IPS type is the liquid crystal
display apparatus particularly requiring the gap evenness
between the substrate and the counter substrate, the effect of
the substrate for a monochrome liquid crystal display appa-
ratus can be utilized sufficiently.

[0019] Moreover, the present invention provides a produc-
tion method for a substrate for a monochrome liquid crystal
display apparatus comprising:

[0020] forming a black matrix in a pattern on a
substrate,
[0021] forming a protection layer on the subsirate

having the black matrix formed in the pattern so as
to cover the black matrix, and

[0022] forming a columnar spacer for adjusting the
gap between the substrate and the counter substrate
in the area with the black matrix formed of the
protection layer first in the outer peripheral part in
the periphery of the pixel part as the display area of
the monochrome liquid crystal display apparatus,
and then forming the same in the pixel part.

[0023] According to the present invention, since the
columnar spacer is formed first in the outer peripheral part
and then the columnar spacer is formed in the pixel part, the
influence at the time of forming the columnar spacer is not
posed to the columnar spacer disposed in the pixel part so
that the demand can be achieved sufficiently for the colum-
nar spacer in the pixel part with the particularly precise
height adjustment demanded. Moreover, since the factor for
disturbing wetting and spreading of the coating liquid for
forming the columnar spacer, such as the columnar spacer
disposed in the pixel part, or the like is not on the substrate
at the time of forming the columnar spacer in the outer
peripheral part, there is no risk of generating the film
thickness irregularity, or the like. Moreover, since the
columnar spacers are formed individually in the pixel part
and the outer peripheral part, each columnar spacer can be
formed easily to the height required for each part according
to the film thickness difference in the pixel part and the outer
peripheral part of the protection layer on the black matrix.
Therefore, according to the substrate for a monochrome
liquid crystal display apparatus produced by the production
method, since the preferable height evenness can be
obtained in the upper end face of the columnar spacer, the
counter substrate disposed on the substrate for a mono-
chrome liquid crystal display apparatus via the columnar
spacer is not distorted so as to widen the gap between the
two substrates toward the outer peripheral part so that the
trouble of the light leakage form the periphery of the counter
substrate can hardly be generated. Thereby, the problem of
the brightness in the peripheral part of the display screen can
be solved.

[0024] Moreover, at the time, it is preferable that the
above-mentioned substrate for a monochrome liquid crystal
display apparatus is used for the IPS type monochrome
liquid crystal display apparatus. Since the IPS type is the
liquid crystal display apparatus particularly requiring the
gap evenness between the substrate and the counter sub-
strate, the effect of the production method for a substrate for
a monochrome liquid crystal display apparatus can be uti-
lized sufficiently.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG.1is a schematic cross-sectional view showing
an example of a substrate for a monochrome liquid crystal
display apparatus according to the present invention.

[0026] FIGS. 2A to 2E are process diagrams showing an
example of a production method for a substrate for a
monochrome liquid crystal display apparatus according to
the present invention.

[0027] FIG. 3 is a schematic cross-sectional view showing
an example of a substrate for a conventional monochrome
liquid crystal display apparatus.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0028] The present invention relates to a substrate for a
monochrome liquid crystal display apparatus, and a produc-
tion method therefor. Hereinafter, each will be explained
independently.

[0029] A. Substrate for a Monochrome Liquid Crystal
Display Apparatus

[0030] Hereinafter, a substrate for a monochrome liquid
crystal display apparatus of the present invention will be
explained.

[0031] A substrate for a monochrome liquid crystal dis-
play apparatus according to the present invention comprises
a substrate, a black matrix formed in a pattern on the
substrate, a protection layer formed on the substrate so as to
cover the black matrix, and a columnar spacer formed in the
area with the black matrix formed of the protection layer, for
adjusting the gap between the substrate and the counter
substrate, wherein the height from the surface of the sub-
strate to the upper surface of the columnar spacer provided
in the pixel part of the substrate is higher than the height
from the substrate surface to the upper surface of the
columnar spacer provided in the outer peripheral part as the
pixel part peripheral area of the substrate by in a predeter-
mined range.

[0032] According to the substrate for a monochrome lig-
uid crystal display apparatus of the present invention, the
height from the substrate surface of the substrate for a
monochrome liquid crystal display apparatus and the colum-
nar spacer upper surface provided in the pixel part of the
substrate needs to be higher than the height from the same
substrate surface to the columnar spacer upper surface
provided in the outer peripheral part as the pixel part
periphery area of the substrate by in a range of 0 ym to 0.8
um, in particularly preferable that it is higher by in a range
of 0.2 um to 0.6 um. According to the configuration, at the
time of disposing the counter substrate on the substrate for
a monochrome liquid crystal display apparatus, the counter
substrate cannot be distorted so as to widen the gap toward
the outer peripheral part, and thereby the display quality of
the monochrome liquid crystal display apparatus to be
finally obtained can be improved dramatically. Moreover, at
the time of injecting a liquid crystal between the two
substrates for forming a liquid crystal layer, the liquid crystal
can be injected efficiently.

[0033] Hereinafter, the substrate for a monochrome liquid
crystal display apparatus of the present invention will be
explained with reference to the drawings. FIG. 1 is a
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schematic cross-sectional view showing an example of a
substrate for a monochrome liquid crystal display apparatus
of the present invention.

[0034] Asshown in FIG. 1, a black matrix 2 for sectioning
between the pixels is formed in a pattern on a substrate 1 of
the substrate for a monochrome liquid crystal display appa-
ratus. The black matrix 2 is provided such that the width
differ in the pixel part A as the display area of the mono-
chrome liquid crystal display apparatus and in the outer
peripheral part B as the area outside the display part.
Specifically, in the pixel part A, the width is formed nar-
rower so as to prevent deterioration of the aperture ratio of
the display area. In contrast, in the outer peripheral part B,
the width is formed wider so as to block the light beam from
the light source. A protection layer 3 is formed on the
substrate 1 for a monochrome liquid crystal display appa-
ratus with the black matrix 2 formed so as to cover the black
matrix 2 surface for protecting the members such as the
black matrix 2, and for providing the flatness to the subsirate
1 surface. According to the protection layer 3, the film
thickness differs in the protection layer 3 with the width
difference of the black matrix in the pixel part A and in the
outer peripheral part B provided as the factor. That is, since
the width of the black matrix 2 is narrow in the pixel part A,
the film thickness of the protection layer 3 to be laminated
on the black matrix 2 upper surface tends to be thinner. In
contrast, since the black matrix 2 is formed with a sufficient
width for laminating the protection layer 3 in the outer
peripheral part B, the film thickness of the protection layer
3 to be laminated on the upper surface thereof becomes
thicker than that of the protection layer 3 in the pixel part A.

[0035] Columnar spacers 4a, 4b are provided in the area
with the black matrix 2 formed of the protection layer 3.
With the premise that the columnar spacer provided in the
pixel part A is the pixel spacer 4a, and the columnar spacer
provided in the outer peripheral part B is the outer peripheral
spacer 4b, by providing the columnar spacers 4a, 4b such
that the height of the pixel spacer 4a itself is higher than the
height of the outer peripheral spacer 4b itself according to
the film thickness difference of the protection layer 3, the
influence by the film thickness difference of the protection
layer 3 can be avoided in the final substrate for a mono-
chrome liquid crystal display apparatus.

[0036] A counter substrate 5 is disposed so as to face the
substrate 1 for a monochrome liquid crystal display appa-
ratus via the columnar spacers 4a, 4b. According to the
present invention, since the height of the substrate for a
monochrome liquid crystal display apparatus is precisely
adjusted, the troublesome distortion is not generated in the
counter substrate 5, or the like. Thereby, since the light beam
from the light source cannot be leaked from the periphery of
the counter substrate 5, or the like, the problem of the
unnatural brightness in the periphery of the display screen
can be solved.

[0037] The “pixel part” here denotes the part to be the
display area for actually displaying a monochrome image at
the time a monochrome liquid crystal display apparatus is
provided using the substrate for a monochrome liquid crystal
display apparatus of the present invention. Furthermore, the
“outer peripheral part” denotes the part disposed in the
periphery of the pixel part, corresponding to the area outside
the above-mentioned display area.
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[0038] Hereinafter, the members comprising the substrate
for a monochrome liquid crystal display apparatus of the
present invention, having these advantages will be
explained.

[0039] (1) Columnar Spacer

[0040] The columnar spacer in the present invention is
disposed between two substrates for clamping a liquid
crystal layer in the inside for constantly maintaining the gap
between the two substrates. Moreover, according to the
present invention, it is one of the major characteristics that
two columnar spacers having different heights in the pixel
part and in the outer peripheral part.

[0041] According to the columnar spacer, with the premise
that the columnar spacer disposed in the pixel part corre-
sponding to the display area of the monochrome liquid
crystal display apparatus is the pixel spacer, and the colum-
nar spacer disposed in the outer peripheral part correspond-
ing to the area outside the display area is the outer peripheral
spacer, the relationship between the heights of the pixel
spacer and the outer peripheral spacer is not particularly
limited as long as the height of the pixel spacer is made
higher than the height of the outer peripheral spacer to the
degree that the above-mentioned distortion is not generated
between the two substrates at the time they are disposed.
This is because the protection layer film thickness is formed
thinner in the pixel part than in the outer peripheral part due
to the width difference of the black matrix in the pixel part
and in the outer peripheral part. By making the height of the
pixel spacer higher than the height of the outer peripheral
spacer, the protection layer film thickness difference can be
corrected by the columnar spacers.

[0042] Specifically, the height difference between the
pixel spacer and the outer peripheral spacer can be adjusted
according to the film thickness difference of the protection
layer in the pixel part and in the outer peripheral part formed
on the black matrix. For example, by measuring, simulating,
or the like the film thickness difference of the protection
layer at the stage the protection layer is formed for prelimi-
narily grasping the state of the substrate for a monochrome
liquid crystal display apparatus, the height difference of the
pixel spacer and the outer peripheral spacer is adjusted
according to the state. Therefore, although it is difficult to
define the height difference of the pixel spacer and the outer
peripheral spacer on the whole, based on the film thickness
difference of the protection layer to be generally generated,
it is preferable that the height of the pixel spacer is made
higher than the height of the outer peripheral spacer itself by
in a range of 0 um to 1.3 um, and in particular, in a range of
0.5 pm to 1.1 um. This is because the height from the
substrate surface of the substrate for a monochrome liquid
crystal display apparatus to the upper surface of the colum-
nar spacer provided in the pixel part of the substrate can be
made higher in the above-mentioned range than the height
from the same substrate surface to the upper surface of the
columnar spacer provided in the outer peripheral part of the
substrate as mentioned above, and thus the two substrates
can be disposed with the highly even gap maintained with-
out generating a troublesome distortion in the counter sub-
strate.

[0043] Moreover, the height of the pixel spacer itself is not
particularly limited as long as it is a height used in a common
monochrome liquid crystal display apparatus. Specifically, it
is preferably in a range of 2.5 um to 5.5 um.
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[0044] As to the method for forming the columnar spacer,
it is not particularly limited as long as it is a method capable
of forming the same precisely in a pattern on the protection
layer area with the black matrix formed. Specifically, the
photolithography method, or the like can be presented.

[0045] Furthermore, as to the shape of the columnar
spacer in the present invention, it is not particularly limited
as long as it is a shape capable of constantly maintaining the
gap between the two substrates. Specifically, the round
columnar shape, the prism shape, the headed cone shape, or
the like can be presenied. Moreover, as the material for
forming the columnar spacer, a photosensitive resin com-
position using a polymer, a copolymer or the like, made of
at least one kind selected from the group consisting of an
acrylic resin, a polyvinyl alcohol resin, a polyacrylic amide
resin, an ethylene-vinyl acetate copolymer, an ethylene-
vinyl chloride copolymer, an ethylene vinyl copolymer, a
polystyrene, an acrylonitrile-styrene copolymer, an ABS
resin, a polymethacrylic acid resin, an ethylene methacrylic
acid resin, a polyvinyl chloride resin, a chlorinated vinyl
chloride, a polyvinyl alcohol, a cellulose acetate propionate,
a cellulose acetate butylate, a nylon 6, a nylon 66, a nylon
12, a polyethylene terephthalate, a polybutylene terephtha-
late, a polycarbonate, a polyvinyl acetal, a polyether ether
ketone, a polyether sulfone, a polyphenylene sulfide, a
polyallylate, a polyvinyl butylal, an epoxy resin, a phenoxy
resin, a polyimide resin, a polyamide imide resin, a polyamic
acid resin, a polyether imide resin, a phenol resin, a urea
resin, or the like, and as a polymerizable monomer, a methyl
acrylate, a methyl methacrylate, an ethyl acrylate, a ethyl
methacrylate, an n-propyl acrylate, an n-propyl methacry-
late, an isopropyl acrylate, an isopropyl methacrylate, a
sec-butyl acrylate, a sec-butyl methacrylate, an isobutyl
acrylate, an isobutyl methacrylate, a tert-butyl acrylate, a
tert-butyl methacrylate, an n-pentyl acrylate, an n-pentyl
methacrylate, an n-hexyl acrylate, an n-hexyl methacrylate,
a 2-ethyl hexyl acrylate, a 2-ethyl hexyl methacrylate, an
n-octyl acrylate, an n-octyl methacrylate, an n-decyl acry-
late, an n-decyl methacrylate, a styrene, an a-methyl sty-
rene, an N-vinyl-2-pyrrolidone, a glycidyl (meth)acrylate,
and at least one kind selected from the group consisting of
an acrylic acid, a methacrylic acid, a dimmer of an acrylic
acid (such as M-5600 produced by TOAGOSEI), an itaconic
acid, a crotonic acid, a maleic acid, a fumaric acid, a vinyl
acetate, an acid anhydride thereof, or the like, can be
presented. Among these examples, a photosensitive resin
composition using an acrylic resin, an epoxy resin, or the
like is preferable. This is owing to a small plastic deforma-
tion amount with the excellent function of constantly main-
taining the gap between the two substrates.

[0046] (2) Black Matrix

[0047] The black matrix used in the present invention is
provided for sectioning the pixels for executing the mono-
chrome display according to the orientation of the liquid
crystal molecules. The method for producing the black
matrix is not particularly limited. For example, a method of
forming a metal thin film of a chrome, or the like by a
sputtering method, a vacuum deposition method, or the like
by about a 1,000 A0 2,000 A thickness, and patterning the
thin film, or the like can be presented.

[0048] The black matrix is formed narrower in the pixel
part for improving the aperture ratio of the display area. In
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contrast, in the outer peripheral part, it is provided wider
than the black matrix in the pixel part for effectively
blocking the light beam from the light source, such as a back
light. Specifically, the width of the black matrix provided in
the pixel part is preferably in a range of 6 ym to 20 um. In
contrast, the width of the black matrix in the outer peripheral
part is preferably in a range of 2 mm to 10 mm.

[0049] Moreover, as the above-mentioned black matrix, it
is possible to contain in a resin binder, carbon fine particles,
light blocking particles such as a metal oxide, an inorganic
pigment, and an organic pigment. As the resin binder to be
used, one kind or a mixture of two or more kinds of resins
selected from the group consisting of a polyimide resin, an
acrylic resin, an epoxy resin, a polyacrylic amide, apolyvi-
nyl alcohol, a gelatin, a casein, a cellulose, or the like, a
photosensitive resin, an O/W emulsion type resin composi-
tion, such as an emulsion of a reactive silicone, or the like
can be used. As to the method for patterning the resin black
matrix, a commonly used method such as the photolithog-
raphy method, and the printing method can be used.

[0050] (3) Protection Layer

[0051] The protection layer used in the present invention
is provided for protecting the members in the substrate with
the above-mentioned black matrix, or the like formed, and
providing the flatness to the substrate surface of the substrate
for a monochrome liquid crystal display apparatus.

[0052] As the material for forming the protection layer, a
photosensitive resin composition including one or a plurality
of a polymer, a copolymer or the like, made of at least one
kind selected from the group consisting of an acrylic resin,
an ethylene-vinyl acetate copolymer, an ethylene-vinyl chlo-
ride copolymer, an ethylene vinyl copolymer, a polystyrene,
an acrylonitrile-styrene copolymer, an ABS resin, a poly-
methacrylic acid resin, an ethylene methacrylic acid resin, a
polyvinyl chloride resin, a chlorinated vinyl chloride, a
polyvinyl alcohol, a cellulose acetate propionate, a cellulose
acetate butylate, a nylon 6, a nylon 66, a nylon 12, a
polyethylene terephthalate, a polybutylene terephthalate, a
polycarbonate, a polyvinyl acetal, a polyether ether ketone,
a polyether sulfone, a polyphenylene sulfide, a polyallylate,
a polyvinyl butylal, an epoxy resin, a phenoxy resin, a
polyimide resin, a polyamide imide resin, a polyamic acid
resin, a polyether imide resin, a phenol resin, a urea resin, or
the like, and as a polymerizable monomer, a methyl acrylate,
a methyl methacrylate, an ethyl acrylate, a ethyl methacry-
late, an n-propyl acrylate, an n-propyl methacrylate, an
isopropyl acrylate, an isopropyl methacrylate, a sec-butyl
acrylate, a sec-butyl methacrylate, an isobutyl acrylate, an
isobutyl methacrylate, a tert-butyl acrylate, a tert-butyl
methacrylate, an n-pentyl acrylate, an n-pentyl methacrylate,
an n-hexyl acrylate, an n-hexyl methacrylate, a 2-ethyl hexyl
acrylate, a 2-ethyl hexyl methacrylate, an n-octyl acrylate,
an n-octyl methacrylate, an n-decyl acrylate, an n-decyl
methacrylate, a styrene, an c.-methyl styrene, an N-vinyl-2-
pyrrolidone, a glycidyl (meth)acrylate, and at least one kind
selected from the group consisting of an acrylic acid, a
methacrylic acid, a dimmer of an acrylic acid (such as
M-5600 produced by TOAGOSEI), an itaconic acid, a
crotonic acid, a maleic acid, a fumaric acid, a vinyl acetate,
an acid anhydride thereof, or the like, can be presented.
Among these examples, in view of the flatness required for
the protection layer, a photosensitive resin composition
using an acrylic resin is preferable.
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[0053] Moreover, as to the film thickness of the protection
layer, it is not particularly limited as long as it is a film
thickness capable of providing the flatness onto the sub-
strate. Specifically, it is in a range of 0.3 ym to 10 ym, and
in particular, it is preferably in a range of 0.7 ym to 2 um.

[0054] As to the method for forming the protection layer,
it can be formed by a known coating method. The coating
methods such as the spin coating method, the casting
method, the dipping method, a bar coating method, the blade
coating method, the roll coating method, the gravure coating
method, the flexo printing method, and the spray coating can
be presented.

[0055] Although it is difficult to define on the whole the
film thickness difference of the protection layer in each part
generated by the width difference of the black matrix in the
pixel part and the outer peripheral part since it differs
depending on the width difference of the black matrix
actually formed and the material for forming the protection
layer, in general it is in a range of O um and 0.5 ym in most
cases.

[0056] (4) Substrate and Counter Substrate of the Sub-
strate for a Monochrome Liquid Crystal Display Apparatus

[0057] The substrate and the counter substrate of the
substrate for a monochrome liquid crystal display apparatus
in the present invention are for packaging the other con-
stituent members. As the substrates, for example, a glass
substrate, a glass film, a synthetic resin substrate, a synthetic
resin film, or the like can be used, and those having the
excellent light transmitting property are preferable.

[0058]

[0059] The monochrome liquid crystal display apparatus
for using the substrate for a monochrome liquid crystal
display apparatus of the present invention is not particularly
limited as long as it is a known liquid crystal display
apparatus. Specifically, the IPS (in-plane switching) type,
the STN (super twisted nematic) type, the ferroelectric type,
the antiferroelectric type, or the like can be presented. In the
present invention, in particular, the IPS type monochrome
liquid crystal display apparatus is preferable. Since the IPS
type particularly requires the highly precise adjustment in
the gap between the two substrates, the effect of the substrate
for a monochrome liquid crystal display apparatus can be
utilized sufficiently.

(5) Monochrome Liquid Crystal Display Apparatus

[0060] As to the application of the monochrome liquid
crystal display apparatus, a liquid crystal display apparatus
with the monochrome display preferably selected can be
considered. For example, the medical image photography
such as the X-ray, or the like can be presented.

[0061] (6) Production Method for the Substrate for a
Monochrome Liquid Crystal Display Apparatus

[0062] Next, the production method for the substrate for a
monochrome liquid crystal display apparatus of the present
invention will be explained.

[0063] The production method for the substrate for a
monochrome liquid crystal display apparatus of the present
invention comprises forming a black matrix in a pattern on
a substrate, forming a protection layer on the substrate
having the black matrix formed in the pattern so as to cover
the black matrix, and forming a columnar spacer for adjust-
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ing the gap between the substrate and the counter substrate
in the area with the black matrix formed of the protection
layer individually and separately as the pixel spacer pro-
vided in the pixel part of the substrate, and as the outer
peripheral spacer provided in the outer peripheral part
disposed in the periphery of the pixel part of the substrate.

[0064] Since the columnar spacers can be formed to a
height required thereto by each individually forming the
pixel spacer and the outer periphery spacer, the height
difference in the pixel part and in the outer peripheral part of
the substrate for a monochrome liquid crystal display appa-
ratus can be controlled easily in a desired range.

[0065] An example of the production method for the
substrate for a monochrome liquid crystal display apparatus
of the present invention will be explained. The black matrix
for sectioning between the pixels is formed in a pattern on
the substrate of the substrate for a monochrome liquid
crystal display apparatus. At the time, as mentioned above,
since the required widths differ in the pixel part and in the
outer peripheral part, the width of the black matrix in the
pixel part is made narrower than that of the outer peripheral
part. Furthermore, the protection layer is formed on the
substrate of the substrate for a monochrome liquid crystal
display apparatus with the black matrix formed for protect-
ing the members such as the black matrix and providing the
flatness onto the substrate. At the time, since the black
matrix widths differ in the pixel part and in the outer
peripheral part as mentioned above, the film thickness of the
protection layer differs in the both parts.

[0066] Next, the columnar spacer is formed on the pro-
tection layer. In the present invention, the columnar spacer
is formed individually and separately as the above-men-
tioned pixel spacer and outer peripheral spacer. Thereby,
since the columnar spacers can be formed each to the
required height according to the above-mentioned film
thickness difference of the protection layer, a preferable
height evenness can be ensured to the surface of the sub-
strate for a monochrome liquid crystal display apparatus to
be finally obtained.

[0067] Finally, the counter substrate is disposed, facing the
substrate for a monochrome liquid crystal display apparatus
via the pixel spacer and the outer peripheral spacer. Since the
influence by the film thickness difference of the protection
layer is solved by each individually forming the pixel spacer
and the outer peripheral spacer, there is no risk of generating
the distortion in the counter substrate of widening the gap
between the two substrates toward the outer peripheral part.
Therefore, the trouble of leaking the light beam form the
light source such as a back light from the periphery of the
counter substrate due to the distortion of the counter sub-
strate so as to have the peripheral part of the display screen
brighter can be solved. Therefore, by using the substrate for
a monochrome liquid crystal display apparatus produced by
the production method of the present invention, a mono-
chrome liquid crystal display apparatus capable of providing
the rich gradation display and the precise image display can
be provided.

[0068] B. Production Method for the Substrate for a
Monochrome Liquid Crystal Display Apparatus.

[0069] Next, the production method for the substrate for a
monochrome liquid crystal display apparatus of the present
invention will be explained specifically with reference to the
drawings.
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[0070] FIGS. 2A to 2E are process diagrams showing an
example of a production method for a substrate for a
monochrome liquid crystal display apparatus according to
the present invention. First, as shown in FIG. 2A, the black
matrix 2 for sectioning between the pixels is formed in a
pattern on the substrate 1 of the substrate for a monochrome
liquid crystal display apparatus. At the time, the black matrix
2 is formed such that the line width differs in the pixel part
A as the display area of the monochrome liquid crystal
display apparatus and in the outer peripheral part B outside
the display area. Specifically, the line width is formed
narrower in the pixel part A for preventing deterioration of
the aperture ratio of the display area. In contrast, the line
width is formed wider in the outer peripheral part B for
blocking the light beam from the light source.

[0071] Next, as shown in FIG. 2B, the protection layer 3
is formed on the substrate 1 of the substrate for a mono-
chrome liquid crystal display apparatus with the black
matrix 2 formed for protecting the members such as the
black matrix 2, and providing the flatness to the surface of
the substrate 1 so as to cover the black matrix 2 surface.
According to the protection layer 3, the film thickness differs
with the line width difference of the black matrix in the pixel
part A and in the outer peripheral part B as the factor. That
is, since the line width of the black matrix 2 is narrower in
the pixel part A, the film thickness of the protection layer 3
to be laminated on the upper surface of the black matrix 2
tends to be thinner. In contrast, since the black matrix 2 is
formed in the outer peripheral part B with the line width
sufficient for laminating the protection layer provided, the
film thickness of the protection layer 3 to be laminated onto
the upper surface thereof is made thicker than that of the
protection layer 3 in the pixel part A.

[0072] As shown in FIG. 2C, the outer peripheral spacer
4b is formed in the outer peripheral part B on the area with
the black matrix 2 formed of the protection layer 3. Next, as
shown in FIG. 2D, the pixel spacer 4a is formed on the area
with the black matrix 2 formed of the protection layer 3 in
the pixel part A. Since the first outer peripheral spacer 4b is
formed and then the pixel spacer 4a is formed accordingly,
at the time of forming the outer peripheral spacer 4b, wetting
and spreading of the coating liquid for forming the outer
peripheral spacer 4b cannot be disturbed by the pixel spacer
4a so that the coating liquid can be applied with the even
film thickness. Moreover, since the outer peripheral spacer
4b is already formed at the time of forming the pixel spacer
4a, the influence at the time of forming the outer peripheral
spacer 4b is not posed to the pixel spacer 4a so that the
further precise adjustment of the height, or the like can be
enabled. Moreover, since the outer peripheral spacer 4b and
the pixel spacer 4a are formed individually, the heights of
the columnar spacers 4a, 4b can be adjusted individually
according to the film thickness difference in the pixel part A
and in the outer peripheral part B of the protection layer 3
laminated on the black matrix 2. That is, since the film
thickness of the protection layer 3 laminated on the black
matrix 2 is thinner in the pixel part A, by having the height
of the pixel spacer 4 itself higher than the height of the
outer peripheral spacer 4b itself, the above-mentioned influ-
ence by the protection layer 3 film thickness difference can
be avoided in the substrate for a monochrome liquid crystal
display apparatus to be finally obtained. Thereby, the sub-
strate for a monochrome liquid crystal display apparatus of
the present invention can be produced.
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[0073] Then, as shown in FIG. 2E, the counter substrate
5 is disposed on the substrate for a monochrome liquid
crystal display apparatus via the columnar spacers 44, 4b. In
the present invention, since the columnar spacers 4a, 4b are
formed so as to maintain the preferable evenness of the
upper end face, the troublesome distortion is not generated
in the counter substrate 5 disposed via the columnar spacers
4a, 4b. Thereby, since the leakage of the light beam from the
light source from the periphery of the counter substrate 5, or
the like can be prevented, the problem of the unnatural
brightness in the periphery of the display screen can be
solved.

[0074] The “pixel part” and the “outer peripheral part”
here are same as those explained in the above-mentioned “A.
Substrate for a monochrome liquid crystal display appara-

3

us™.

[0075] Moreover, the “pixel spacer” here denotes the
columnar spacer disposed in the above-mentioned pixel part,
and the “outer peripheral spacer” denotes the columnar
spacer formed in the outer peripheral part disposed in the
periphery of the above-mentioned pixel part. Hereinafter,
the columnar spacer disposed in the pixel part may be
referred to as the pixel spacer, and the columnar spacer
disposed in the outer peripheral part as the outer peripheral
spacer.

[0076] The production method for a substrate for a mono-
chrome liquid crystal display apparatus of the present inven-
tion having the advantages will be explained in detail for
each process hereinafter.

[0077]

[0078] The black matrix forming process in the present
invention is a process for forming the black matrix on the
substrate of the substrate for a monochrome liquid crystal
display apparatus in a pattern. At the time, as mentioned
above, the line width is made different in the pixel part and
in the outer peripheral part. Specifically, as shown in FIG.
2A, the line width is made narrower in the pixel part A for
preventing deterioration of the aperture ratio of the display
area. In contrast, the line width is made wider in the outer
peripheral part B for blocking the light beam from the light
source.

[0079] The members comprising the process will be
explained.

[0080] (1) Black Matrix

1. Black Matrix Forming Process

[0081] The black matrix used in the present invention is
provided for sectioning the pixels for executing the mono-
chrome display according to the orientation of the liquid
crystal molecules. The method, the material, or the like for
producing the black matrix are not particularly limited, and
the same explained in the item of the black matrix of the
above-mentioned “A. Substrate for a monochrome liquid
crystal display apparatus” can be used, and thus detailed
explanation is omitted here.

[0082] (2) Substrate of the Substrate for a Monochrome
Liquid Crystal Display Apparatus

[0083] The substrate of the substrate for a monochrome
liquid crystal display apparatus in the present invention is
for packaging the other constituent members. As the sub-
strates, for example, a glass substrate, a glass film, a syn-
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thetic resin substrate, a synthetic resin film, or the like can
be used, and those having the excellent light transmitting
property are preferable.

[0084]

[0085] The protection layer forming process in the present
invention is a process for forming the protection layer on the
substrate of the substrate for a monochrome liquid crystal
display apparatus having the black matrix formed in a
pattern in the former process so as to cover the black matrix.
In this process, for example, as shown in FIG. 2B, the film
thickness of the protection layer 3 laminated on the black
matrix 2 is made thicker in the outer peripheral part B than
in the pixel part A due to the line width difference of the
black matrix 2 in the pixel part A and in the outer peripheral
part B. Hereinafter, the protection layer to be formed in this
process will be explained.

[0086] (Protection Layer)

[0087] The protection layer in the present invention is
provided for protecting the members in the substrate with
the above-mentioned black matrix, or the like formed, and
for providing the flatness to the substrate surface of the
substrate for a monochrome liquid crystal display apparatus.

[0088] Since the material, the forming method, or the like
for forming the protection layer are same as those explained
in the item of the protection layer in the above-mentioned
“A. Substrate for a monochrome liquid crystal display
apparatus”, and thus detailed explanation is omitted here.

[0089]

[0090] Next, the columnar spacer forming process will be
explained. The columnar spacer forming process in the
present invention is a process for forming the columnar
spacer for adjusting the gap between the substrate for a
monochrome liquid crystal display apparatus and the
counter substrate in the area of the protection layer with the
black matrix formed first in the outer peripheral part dis-
posed in the periphery of the pixel part as the display area
of the monochrome liquid crystal display apparatus, and
then in the above-mentioned pixel part. Specifically, as
shown in FIG. 2C, the outer peripheral spacer 4b is formed
in the outer peripheral part B in the area with the black
matrix 2 formed of the protection layer. Next, as shown in
FIG. 2D, the pixel spacer 4a is formed in the pixel part Ain
the area with the black matrix 2 formed of the protection
layer 3.

[0091] Since the columnar spacer is formed first in the
outer peripheral part, and then in the pixel part separately,
the columnar spacers can be formed precisely. This is
because of the following reasons.

[0092] For example, in the case the pixel spacer as the
columnar spacer disposed in the pixel part is formed first, at
the time of forming the outer peripheral spacer as the
columnar spacer disposed in the outer peripheral part, since
the pixel spacer is formed already in the pixel part occupying
a wider range than the outer peripheral part, if the coating
liquid for forming the outer peripheral spacer is coated onto
the substrate, the risk of generating the film thickness
difference without wetting and spreading to the even film
thickness is high with the pixel spacer as the disturbing
factor. Thereby, the film thickness irregularity is generated
in each outer peripheral spacer. Moreover, depending on the

2. Protection Layer Forming Process

3. Columnar Spacer Forming Process
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coating method of the coating liquid, the stripe-like film
thickness irregularity can be generated radially. For
example, if the pixel spacer is formed first using the coating
method, the stripe-like film thickness irregularity can be
generated in the outer peripheral part so as to pose the
influence at the time of forming the outer peripheral spacer.
Furthermore, in the case the pixel spacer is formed first, the
pixel spacer needs to have the baking process twice, that is,
the process of forming the pixel spacer itself and the process
for forming the outer peripheral spacer. Therefore, at the
time of forming the pixel spacer, the influence at the time of
forming the outer peripheral spacer thereafter should be
taken into consideration. Particularly in the pixel part requir-
ing the highly precise height adjustment, it is difficult to
sufficiently satisfy the demand.

[0093] From these viewpoints, the columnar spacers can
be formed precisely by forming the columnar spacer form
the outer peripheral part. Hereinafter, the columnar spacer in
the present invention will be explained in detail.

[0094] (Columnar Spacer)

[0095] The columnar spacer in the present invention is
disposed between the two substrates for clamping the liquid
crystal layer in the inside for constantly maintaining the gap
between the substrates. According to the present invention,
by forming the columnar spacer in the pixel part after
forming first in the outer peripheral part, the two kinds of the
columnar spacers having the different heights can be formed
precisely in the pixel part and in the outer peripheral part.

[0096] The method for forming the columnar spacer is not
particularly limited as long as it is a method capable of
forming in a pattern precisely in the pixel part and in the
outer peripheral part on the protection layer area with the
black matrix formed. Specifically, the photolithography
method, or the like can be presented. For example, in the
case the columnar spacer is formed with a photosensitive
resin, the columnar spacer can be patterned by exposing with
the ultraviolet ray via the mask formed in a predetermined
pattern, developing, and further hardening. By repeating the
process twice, the outer peripheral spacer can be formed
first, and then the pixel spacer can be formed.

[0097] Moreover, at the time of forming the columnar
spacer by the above-mentioned forming method, as the
method for applying the coating liquid for forming the
columnar spacer, the known coating methods can be pre-
sented. Specifically, examples include the spin coating
method, the casting method, the dipping method, a bar
coating method, the blade coating method, the roll coating
method, the gravure coating method, the flexo printing
method, and the spray coating. For example, in the case of
coating by the spin coating method as the coating method,
since the coating liquid is applied and spread from the
central part to the peripheral part, the stripe-like film thick-
ness irregularity may be generated radially. In this case, if
the columnar spacer is formed from the pixel part, the
influence of the film thickness irregularity can be posed at
the time of forming the outer peripheral spacer so as to
provide the factor for generating the film thickness irregu-
larity in the outer peripheral spacer. However, according to
the present invention, since the columnar spacer is formed
first from the outer peripheral part, the columnar spacers can
be formed precisely without such concern.

[0098] As mentioned above, according to this process,
since the columnar spacer is formed first from the outer
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peripheral part, the outer peripheral spacer have the baking
process twice, that is, at the time of hardening the outer
peripheral spacer itself and at the time of hardening the pixel
spacer. Therefore, at the time of forming the outer peripheral
spacer, it is preferable to adjust the coating amount in
consideration of the influence by the two times baking
processes. For example, the contraction ratio of the colum-
nar spacer by baking, or the like can be presented. Specifi-
cally, as the contraction ratio of the columnar spacer,
although it is difficult to define on the whole since it differs
depending on the material to be used, with the material used
for the common columnar spacer provided as the reference,
the contraction ratio of the columnar spacer is in most cases
in a range of 90% to 98%. By adjusting the film thickness
of the outer peripheral spacer in consideration of the con-
traction ratio, or the like, the columnar spacer can be formed
further precisely in the outer peripheral part.

[0099] In contrast, since the pixel spacer is formed after
the outer peripheral spacer, it does not have the two times
baking process, or the like unlike the outer peripheral spacer.
Therefore, by forming the pixel spacer requiring the highly
precise height adjustment after the outer peripheral spacer,
the influence at the time of forming the outer peripheral
spacer cannot be posed to the pixel spacer so that the height
adjustment of the pixel spacer can be facilitated.

[0100] Moreover, the relationship of the heights of the
pixel spacer and the outer peripheral spacer is not particu-
larly limited as long as the height of the pixel spacer is
higher than the height of the outer peripheral spacer to the
degree that the above-mentioned distortion is not generated
between the two substrates at the time of disposing the same.
The film thickness of the protection layer laminated on the
black matrix is formed thinner in the pixel part than in the
outer peripheral part due to the line width difference of the
black matrix in the pixel part and in the outer peripheral part,
and the protection layer film thickness difference can be
corrected by the columnar spacers by having the height of
the pixel spacer higher than the height of the outer peripheral
spacer.

[0101] Specifically, the height difference of the pixel
spacer and the outer peripheral spacer is adjusted according
to the film thickness difference in the pixel part and in the
outer peripheral part of the protection layer laminated on the
black matrix. For example, by measuring, simulating, or the
like the film thickness difference of the protection layer at
the stage the protection layer is formed for preliminarily
grasping the state of the substrate for a monochrome liquid
crystal display apparatus, the height difference of the pixel
spacer and the outer peripheral spacer is adjusted according
to the state. Therefore, although it is difficult to define the
height difference of the pixel spacer and the outer peripheral
spacer on the whole, based on the film thickness difference
of the protection layer to be generally generated, it is
preferable that the height of the pixel spacer is made higher
than the height of the outer peripheral spacer itself by in a
range of 0.5 ym to 1.3 um, and in particular, in a range of 0.7
pmto 1.1 ym.

[0102] Moreover, it is preferable that the height from the
substrate surface of the substrate for a monochrome liquid
crystal display apparatus to the pixel spacer upper surface is
higher than the height from the same substrate surface to the
outer peripheral spacer upper surface by in a range of 0 um
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to 0.8 um, in particular, in a range of 0.2 ym to 0.6 um. By
forming the height of the pixel spacer higher than that of the
outer peripheral spacer in the above-mentioned range so as
1o have the height difference in the pixel part and in the outer
peripheral part of the surface of the substrate for a mono-
chrome liquid crystal display apparatus, the two substrates
can be disposed with a sufficient even gap maintained
without generating the troublesome distortion in the counter
substrate.

[0103] Moreover, the height of the pixel spacer itself is not
particularly limited as long as it is a height used in a common
monochrome liquid crystal display apparatus. Specifically, it
is preferably in a range of 2.5 um to 5.5 um.

[0104] Here, as to the shape of the columnar spacer in the
present invention, it is not particularly limited as long as it
is a shape capable of constantly maintaining the gap between
the two substrates. Since the shape and the material for
forming the columnar spacer are same as those explained in
the item of the columnar spacer in the above-mentioned “A.
Substrate for a monochrome liquid crystal display appara-
tus”, thus detailed explanation is omitted here.

[0105] 4. Others

[0106] According to the above-mentioned processes, the
substrate for a monochrome liquid crystal display apparatus
of the present invention can be produced. Thereafter, by
disposing the counter substrate on the substrate for a mono-
chrome liquid crystal display apparatus via the columnar
spacer, a monochrome liquid crystal display apparatus can
be obtained.

[0107] The monochrome liquid crystal display apparatus
for using the substrate for a monochrome liquid crystal
display apparatus produced by the present invention is not
particularly limited as long as it is a known liquid crystal
display apparatus. Specifically, the IPS (in-plane switching)
type, the STN (super twisted nematic) type, the ferroelectric
type, the antiferroelectric type, or the like can be presented.
In the present invention, in particular, the IPS type mono-
chrome liquid crystal display apparatus is preferable. Since
the IPS type particularly requires the highly precise adjust-
ment in the gap between the two substrates, the effect of the
substrate for a monochrome liquid crystal display apparatus
can be utilized sufficiently.

[0108] As to the application of the monochrome liquid
crystal display apparatus, a liquid crystal display apparatus
with the monochrome display preferably selected can be
considered. For example, the medical image photography
such as the X-ray, or the like can be presented.

[0109] The present invention is not limited to the above-
mentioned embodiments. The above-mentioned embodi-
ments are examples, and any one having the technical
concept disclosed in the claims of the present invention and
the substantially same configuration, capable of achieving
the same effects can be included in the technological scope
of the present invention.

EXAMPLES
[0110] Hereinafter, the present invention will further be
explained with reference to the examples.

Example 1

[0111] A 300 mmx400 mm size, and 0.7 mm thickness
glass substrate (1737 glass produced by Corning, Inc.) was
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prepared as the substrate for a color filter. After washing the
substrate by an ordinary method, a black matrix composition
of the below-mentioned composition was coated on one side
of the substrate. After exposing via a predetermined mask, it
was developed and baked so as to form a black matrix (film
thickness 1.3 um).

(Black matrix composition)

Titanium black (13M produced by Mitsubishi
Materials Corporation)

Photosensitive resin composition

Methoxy butyl acetate

(Photosensitive resin composition)
Methacrylic acid-styrene-acrylic acid
radical copolymer

Dipentaerythritol hexa acrylate

EPIKOTE 180S70 (produced by
Yuka-Shell Epoxy Co. Ltd.)
2-benzyl-2-dimethyl amino-1-(4-morphorino
phenyl)-butanone-1 (produced

by Chiba Speciality Chemicals)

61 parts by weight

39 parts by weight
300 parts by weight

42 parts by weight

32 parts by weight
18 parts by weight

8 parts by weight

[0112] Next, a 1.5 um thickness protection layer was
formed by coating the protection layer photosensitive mate-
rial of the below-mentioned composition on the entire
surface of the substrate with the black matrix formed,
exposing via the mask, developing and baking.

(Protection layer photosensitive composition)

Styrene-methyl methacrylate-methacrylic
acid copolymer

Dipentaerythritol pentaacrylate
IRGACURE 907 (produced by Chiba
Specialty Chemicals Corp.)

Propylene glycol monomethyl ether acetate

59 parts by weight

30 parts by weight
11 parts by weight

333 parts by weight

[0113] Next, the photosensitive material for the columnar
spacer (NN series produced by JSR) was applied in the
condition to be lower than the upper surface of the columnar
spacer to be formed in the pixel by 0 to 0.8 um. After
exposing via the mask for the columnar spacer to be pro-
vided in the outer peripheral part, developing and baking
were executed. Subsequently, the photosensitive material of
the columnar spacer to be formed in the pixel part (same as
above) is applied onto the substrate entire surface. After
exposing via the columnar spacer to be provided in the pixel,
developing and baking were executed.

Example 2

[0114] A 300 mmx400 mm size, and 0.7 mm thickness
glass substrate (1737 glass produced by Corning, Inc.) was
prepared as the substrate for a color filter. After washing the
substrate by an ordinary method, a black matrix composition
of the above-mentioned composition was coated on one side
of the substrate. After exposing via a predetermined mask, it
was developed and baked so as to form a black matrix.

[0115] Next, the protection layer composition was applied
so as to cover the black matrix. After exposing via a
predetermined mask, developing and baking were executed
for forming the protection layer.
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[0116] Next, the photosensitive material for the columnar
spacer was applied to the surface with the black matrix and
the protection layer formed. After exposing via the mask
formed so as to form only the outer peripheral spacer,
developing and baking were executed for forming the outer
peripheral spacer on the protection layer with the black
matrix formed disposed in the outer peripheral part.

[0117] Subsequently, the columnar spacer photosensitive
material was applied onto the surface with the black matrix,
the protection layer and the outer peripheral spacer formed.
After exposing via a mask formed so as to form only the
pixel spacer, developing and baking were executed so as to
form the pixel spacer onto the protection layer with the black
matrix formed disposed in the pixel part.

[0118] The height from the substrate surface to the pixel
spacer upper surface was higher than the height to the outer
peripheral spacer by 0.7 um.

[0119] According to the counter substrate to be disposed
on the substrate formed thereby, there was no risk of
distortion so as to have the gap between the two substrates
widened toward the outer peripheral part so that the trouble
of light beam leakage from the periphery of the counter
substrate can hardly be generated. Thereby, the trouble of the
brightness in the peripheral part of the display screen can be
solved.

Comparative Example

[0120] A 300 mmx400 mm size, and 0.7 mm thickness
glass substrate (1737 glass produced by Corning, Inc.) was
prepared as the substrate for a color filter. After washing the
substrate by an ordinary method, a black matrix composition
of the above-mentioned composition was coated on one side
of the substrate. After exposing via a predetermined mask, it
was developed and baked so as to form a black matrix.

[0121] Next, the protection layer composition was applied
so as to cover the black matrix. After exposing via a
predetermined mask, developing and baking were executed
for forming the protection layer.

[0122] Next, the photosensitive material for the columnar
spacer was applied to the surface with the black matrix and
the protection layer formed. After exposing via the mask
formed so as to form only the pixel spacer, developing and
baking were executed for forming the pixel spacer on the
protection layer with the black matrix formed disposed in
the pixel part.

[0123] Subsequently, the columnar spacer photosensitive
material was applied onto the surface with the black matrix,
the protection layer and the pixel spacer formed. The radial
irregularity was generated due to the pixel spacer in the pixel
part being the disturbing factor. After exposing the coating
film via a mask formed so as to form only the outer
peripheral spacer, developing and baking were executed so
as to form the outer peripheral spacer onto the protection
layer with the black matrix formed disposed in the outer
peripheral part.

[0124] The outer peripheral spacer had a height irregular-
ity. Moreover, also as to the pixel spacer, since it had the two
times baking steps, the height evenness was lowered.

[0125] The height from the substrate surface to the pixel
spacer upper surface was higher than the height to the outer
peripheral spacer by 0.7 um.
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[0126] According to the counter substrate to be disposed
on the substrate formed thereby, although there was no risk
of distortion so as to have the gap between the two substrates
widened toward the outer peripheral part, the gap failure in
the pixel part was observed.

What is claimed is:

1. A substrate for a monochrome liquid crystal display
apparatus comprising a substrate, a black matrix formed in
a pattern on the substrate, a protection layer formed on the
substrate so as to cover the black matrix, and a columnar
spacer formed in the area with the black matrix formed of
the protection layer, for adjusting the gap between the
substrate and the counter substrate, wherein the height from
the surface of the substrate to the upper surface of the
columnar spacer provided in the pixel part of the substrate
is higher than the height from the substrate surface to the
upper surface of the columnar spacer provided in the outer
peripheral part as the pixel part peripheral area of the
substrate by in a range of 0 um to 0.8 ym.

2. A substrate for a monochrome liquid crystal display
apparatus comprising a substrate, a black matrix formed in
a pattern on the substrate, a protection layer formed on the
substrate so as to cover the black matrix, and a columnar
spacer formed in the area with the black matrix formed of
the protection layer, for adjusting the gap between the
substrate and the counter substrate, wherein the columnar
spacer comprises a pixel spacer provided in the pixel part of
the substrate, and an outer peripheral spacer provided in the
outer peripheral part as the pixel part peripheral area of the
substrate such that the height of the pixel spacer is made
higher than the height of the outer peripheral spacer.

3. The substrate for a monochrome liquid crystal display
apparatus according to claim 1, wherein the columnar spacer
comprises a pixel spacer provided in the pixel part of the
substrate, and an outer peripheral spacer provided in the
outer peripheral part of the substrate such that the height of
the pixel spacer is made higher than the height of the outer
peripheral spacer.

4. The substrate for a monochrome liquid crystal display
apparatus according to claim 1, wherein the substrate for a
monochrome liquid crystal display apparatus is used for an
IPS type monochrome liquid crystal display apparatus.

5. The substrate for a monochrome liquid crystal display
apparatus according to claim 2, wherein the substrate for a
monochrome liquid crystal display apparatus is used for an
IPS type monochrome liquid crystal display apparatus.

6. The substrate for a monochrome liquid crystal display
apparatus according to claim 3, wherein the substrate for a
monochrome liquid crystal display apparatus is used for an
IPS type monochrome liquid crystal display apparatus.

7. A production method for a substrate for a monochrome
liquid crystal display apparatus comprising:

forming a black matrix in a pattern on a substrate,

forming a protection layer on the substrate having the
black matrix formed in the pattern so as to cover the
black matrix, and

forming a columnar spacer for adjusting the gap between
the substrate and the counter substrate in the area with
the black matrix formed of the protection layer first in
the outer peripheral part in the periphery of the pixel
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part as the display area of the monochrome liquid 7, wherein the substrate for a monochrome liquid crystal
crystal display apparatus, and then forming the same in display apparatus is used for an IPS type monochrome liquid
the pixel part. crystal display apparatus.
8. The production method for a substrate for a mono-
chrome liquid crystal display apparatus according to claim kook ok # %
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