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(57) ABSTRACT

A color filter substrate in which the heights of columnar
spacers can be arbitrarily controlled by a simple manufactur-
ing process, and a liquid crystal display device including such
a color filter substrate are provided. The color filter substrate
includes a transparent substrate, a light-shield layer and a
color filter layer provided on the transparent substrate, colum-
nar spacers sticking out of the transparent substrate, and a
protrusion to control the orientation of liquid crystal mol-
ecules. The color filter layer includes first, second and third
color filters transmitting light rays in different colors. The
columnar spacers include first and second types of columnar
spacers with different heights. Each spacer of the first type
includes a first lower structure, including at least one layer
made of the same film as at least one of the first, second and
third color filters and the light-shield layer, and a first upper
structure, including a layer made of the same film as the
protrusion. Each spacer of the second type includes a second
lower structure, including at least one layer made of the same
film as at least one of the first, second and third color filters
and the light-shield layer, and a second upper structure,
including a layer made of a resin.
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COLOR FILTER SUBSTRATE AND LIQUID
CRYSTAL DISPLAY COMPRISING SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a color filter sub-
strate for a liquid crystal display device and more particularly
relates to a color filter substrate including columnar spacers.
The present invention also relates to a liquid crystal display
device including such a color filter substrate.

[0003] 2. Description of the Related Art

[0004] In color LCDs used extensively today, a color filter
is provided for each and every picture element (dot). Typi-
cally, three types of color filters for the three primary colors of
light (i.e., red (R), green (G) and blue (B)) are arranged in a
predetermined pattern for respective picture elements. In this
case, a set of three picture elements (dots) provided with the
R, G and B color filters form a single pixel, which can be the
smallest unit to conduct a color display operation.

[0005] However, the colors of color filters (or picture ele-
ments) to be used as a single set do not have to be R, G and B
but may also be a combination of cyan (C), magenta (M) and
yellow (Y) oraset of any other suitable colors. Also, as is well
known in the art, a striped arrangement, a delta arrangement
or a mosaic arrangement may be adopted for those color
filters.

[0006] InanL.CD,aliquid crystal layer is usually arranged
between two substrates, one of which includes a color filter
layer where a plurality of color filters are provided for respec-
tive picture elements. For example, in a TFT LCD, a liquid
crystal layer is interposed between a TFT substrate on which
picture element electrodes, TFTs and other circuit compo-
nents are arranged and a counter substrate including a counter
electrode and a color filter layer thereon. An LCD including a
color filter layer on a TFT substrate is also known. However,
most of LCDs currently on the market include a color filter
layer on the counter substrate. That is why such a counter
substrate with a color filter layer is often called a “color filter
substrate”.

[0007] To control the thickness of a liquid crystal layer
(which is also called a “cell gap™) in bonding a color filter
substrate and a TFT substrate together, spacers are provided.
However, as the display quality of LCDs has improved more
and more significantly, deterioration in display quality due to
the presence of those spacers has become an increasingly
serious issue.

[0008] Specifically, in the prior art, bead-like or rod-like
spacers with a predetermined diameter are scattered on the
surface of a color filter substrate or a TFT substrate. That is
why it is difficult to arrange those spacers at a uniform density
over the entire display screen. As a result, the cell gap may
vary significantly from one position to another or the spacers
may collect together locally, thus sometimes causing defects
in display. Also, when those spacers are arranged inside a
picture element, the aperture ratio of the LCD may decrease
substantially or those spacers may be sensed as bright spots to
the viewer’s eyes.

[0009] In view of these considerations, a method of selec-
tively arranging the spacers in a predetermined area outside of
each picture element (which is typically an area shielded from
external light with a black matrix) was developed. For
example, a method of forming columnar spacers in such a
predetermined area by a photolithographic process using a
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photosensitive resin (which is often called a “photoresist™)
has been actually used in manufacturing facilities.

[0010] The deterioration in display quality as mentioned
above can be minimized by controlling the cell gap with
columnar spacers. However, to further improve the display
quality, various methods of arranging or forming those
columnar spacers have been proposed.

[0011] For instance, Japanese Patent Application Laid-
Open Publication No. 2003-84289 discloses techniques for
minimizing production of bubbles in a liquid crystal layer at
a low temperature and increasing the withstand load thereof
by providing two types of columnar spacers of mutually
different heights on a color filter substrate.

[0012] FIGS. 21A and 21B illustrate a color filter substrate
70 disclosed in Japanese Patent Application Laid-Open Pub-
lication No. 2003-84289. As shown in FIG. 21A, this color
filter substrate 70 includes columnar spacers 76 and 77, which
are arranged outside of picture elements. In the area outside of
the picture elements on the color filter substrate 70, a black
matrix 72, color filters 73, 74, and a common electrode 75 are
stacked one upon the other on a transparent substrate 71 and
the columnar spacers 76 and 77 are arranged thereon as
shown in FIG. 21B.

[0013] The color filter 73 and its adjacent color filter 74
have mutually different thicknesses, and therefore, the
columnar spacers 76 and 77 arranged on the color filters 73
and 74, respectively, have different heights.

[0014] Generally speaking, in an LCD that uses columnar
spacers, if the density of columnar spacers (i.e., the number of
columnar spacers per unit area) were increased to enhance the
withstand load thereof, then it would be more and more
difficult for the cell gap to catch up with the shrinkage of a
liquid crystal layer that could occur at a low temperature. As
aresult, bubbles would be produced in the liquid crystal layer
(which phenomenon will be referred to herein as “low-tem-
perature bubbling”).

[0015] Ifthe two types of columnar spacers 76 and 77 with
different heights were arranged such that the cell gap is con-
trollable with only the higher columnar spacers 76 in most
cases as disclosed in Japanese Patent Application Laid-Open
Publication No.2003-84289, then the effective spacer density
would be defined by only the higher columnar spacers 76. In
that case, the cell gap could catch up with the shrinkage of the
liquid crystal layer more easily. Also, if the cell gap decreased
upon the application of load to the liquid crystal panel, the two
substrates would be supported by both the higher and lower
columnar spacers 76 and 77 alike (and the effective spacer
density would be defined by both ofthe two types of columnar
spacers 76 and 77 in that case). Consequently, high withstand
load would be realized.

[0016] Furthermore, to realize an even more uniform cell
gap, the columnar spacers are preferably provided in not just
the display area but also a non-display area surrounding the
display area. However, different structures are defined in the
display area and non-display area on the substrates. For that
reason, it is difficult to control the heights of the columnar
spacers to their best value(s) (e.g., equalize their heights with
each other) in both the display area and non-display area.
[0017] Japanese Patent Application Laid-Open Publication
No. 2001-51266 discloses a technique for forming a multi-
layer structure of a black matrix and color filters in a non-
display area and arranging columnar spacers on the multi-
layer structure. According to this technique, by adjusting the
number of layers included in the multilayer structure, the
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height of the columnar spacers arranged in the non-display
area can be controlled. Thus, the columnar spacers can have
their height controlled differently in the display area and in
the non-display area.

[0018] However, if the color filters 73 and 74 of mutually
different thicknesses were used as disclosed in Japanese
Patent Application Laid-Open Publication No. 2003-84289,
then the liquid crystal layer would have a different thickness
in some picture elements than in other picture elements. In
that case, the magnitudes of retardation caused by the liquid
crystal layer on light would be different in these two groups of
picture elements. As a result, unwanted coloring would be
produced and the display quality would decrease in a black
display mode or in a grayscale display mode.

[0019] On the other hand, according to the technique dis-
closed in Japanese Patent Application Laid-Open Publication
No. 2001-51266, the heights of the columnar spacers are
controlled by changing the numbers of layers in the multi-
layer structure. However, this technique just allows the
designer to change the heights of the columnar spacers by no
less than the thickness of any of the layers included in the
multilayer structure. That is why the heights of the columnar
spacers can be changed only discontinuously.

[0020] In sum, a sufficiently effective technique for con-
trolling the heights of columnar spacers arbitrarily by a
simple process has not been developed or discovered yet.

SUMMARY OF THE INVENTION

[0021] Inorder to overcome the problems described above,
the present invention provides a color filter substrate in which
the heights of columnar spacers can be arbitrarily controlled
by a simple manufacturing process, and a liquid crystal dis-
play device including such a color filter substrate.

[0022] A color filter substrate according to a preferred
embodiment of the present invention is a color filter substrate
for a liquid crystal display device. The color filter substrate
includes: a transparent substrate; a light-shield layer and a
color filter layer, which are provided on the transparent sub-
strate; a plurality of columnar spacers sticking out of the
transparent substrate; and a protrusion to control the orienta-
tion of liquid crystal molecules. The color filter layer includes
first, second and third color filters that transmit light rays in
mutually different colors. The columnar spacers include first
and second types of columnar spacers with mutually different
heights. Each columnar spacer of the first type includes a first
lower structure, including at least one layer that is made of the
same film as at least one of the first, second and third color
filters and the light-shield layer, and a first upper structure,
including a layer that is made of the same film as the protru-
sion. Each columnar spacer of the second type includes a
second lower structure, including at least one layer that is
made of the same film as at least one of the first, second and
third color filters and the light-shield layer, and a second
upper structure, including a layer that is made of a resin.
[0023] In one preferred embodiment, the first type of
columnar spacers are taller than the second type of columnar
spacers.

[0024] In one preferred embodiment, the second type of
columnar spacers are taller than the first type of columnar
spacers.

[0025] Inone preferred embodiment, the shorter one of the
two types of columnar spacers are arranged at a higher density
than the other taller type of columnar spacers.
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[0026] In one preferred embodiment, the first upper struc-
ture further includes a layer made of the resin.

[0027] In one preferred embodiment, the second upper
structure includes no layers that are made of the same film as
the protrusion.

[0028] In one preferred embodiment, the color filter sub-
strate of the present invention further includes a structure that
is made of the same film as the protrusion in the vicinity of the
second type of columnar spacers.

[0029] In one preferred embodiment, the resin is a photo-
sensitive resin.
[0030] Inone preferred embodiment, the resin is a negative

photosensitive resin, and the protrusion is made of a positive
photosensitive resin.

[0031] A liquid crystal display device according to a pre-
ferred embodiment of the present invention includes a color
filter substrate having the configuration described above, an
active-matrix substrate, which is arranged so as to face the
color filter substrate, and a liquid crystal layer, which is inter-
posed between the color filter substrate and the active-matrix
substrate.

[0032] Inone preferred embodiment, the active-matrix sub-
strate includes a plurality of switching elements that are
arranged in matrix and a plurality of picture element elec-
trodes, each of which is electrically connected to an associ-
ated one of the switching elements. The columnar spacers are
arranged so as not to overlap with the picture element elec-
trodes.

[0033] Inone preferred embodiment, the active-matrix sub-
strate further includes a gap adjusting layer, which is selec-
tively arranged so as to face the shorter one of the two types of
columnar spacers and adjust the gap between those shorter
columnar spacers and the surface of the active-matrix sub-
strate.

[0034] Inone preferred embodiment, the active-matrix sub-
strate further includes a plurality of gate lines and a plurality
of source lines that intersects with the gate lines, and the gap
adjusting layer is made of the same film as either the gate lines
or the source lines.

[0035] Inone preferred embodiment, the active-matrix sub-
strate includes a plurality of thin-film transistors, and the gap
adjusting layer is made of the same semiconductor layer as
the one included in each thin-film transistor.

[0036] Another liquid crystal display device according to a
further preferred embodiment of the present invention
includes: an active-matrix substrate including a plurality of
switching elements that are arranged in matrix; a color filter
substrate, which is arranged so as to face the active-matrix
substrate; and a liquid crystal layer, which is interposed
between the active-matrix substrate and the color filter sub-
strate. The color filter substrate includes: a transparent sub-
strate; a color filter layer, which is arranged on the transparent
substrate; and a plurality of columnar spacers sticking out of
the transparent substrate. The columnar spacers include first
and second types of columnar spacers with mutually different
heights. The active-matrix substrate further includes a gap
adjusting layer, which is selectively arranged so as to face the
shorter one of the two types of columnar spacers and adjust
the gap between those shorter columnar spacers and the sur-
face of the active-matrix substrate.

[0037] Inone preferred embodiment, the active-matrix sub-
strate further includes a plurality of gate lines and a plurality
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of source lines that intersects with the gate lines, and the gap
adjusting layer is made ofthe same film as either the gate lines
or the source lines.

[0038] In one preferred embodiment, the switching ele-
ments are thin-film transistors, and the gap adjusting layer is
made of the same semiconductor layer as the one included in
each thin-film transistor.

[0039] Various preferred embodiments of the present
invention provide a color filter substrate that can arbitrarily
control the heights of columnar spacers by a simple manu-
facturing process and a liquid crystal display device including
such a color filter substrate. According to various preferred
embodiments of the present invention, the aperture ratio
would not decrease unnecessarily. Also, according to pre-
ferred embodiments of the present invention, when display
panels of the same type are mass-produced, the material of the
color filters can be selected more freely and the productivity
can be increased and stabilized.

[0040] Other features, elements, steps, characteristics and
advantages of the present invention will become more appar-
ent from the following detailed description of preferred
embodiments of the present invention with reference to the
attached drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0041] FIG. 1is a cross-sectional view schematically illus-
trating a liquid crystal display device according to a preferred
embodiment of the present invention.

[0042] FIG. 2 is a view schematically illustrating how the
liquid crystal display device changes when load is placed
thereon.

[0043] FIGS. 3A-3G are cross-sectional views schemati-
cally illustrating respective process steps for making the color
filter substrate of the liquid crystal display device.

[0044] FIGS. 4A and 4B are respectively a top view, and a
cross-sectional view as viewed along the plane 4B-4B' shown
in FIG. 4B, schematically illustrating a main spacer accord-
ing to Example #1.

[0045] FIGS. 5A and 5B are respectively a top view, and a
cross-sectional view as viewed along the plane 5B-5B' shown
in FIG. 5A, schematically illustrating a sub-spacer according
to Example #1.

[0046] FIG. 6 is a top view schematically illustrating a
sub-spacer according to Comparative Example #1.

[0047] FIG. 7 is a top view schematically illustrating a
sub-spacer according to Comparative Example #2.

[0048] FIG. 8 is a top view schematically illustrating a
sub-spacer according to Comparative Example #3.

[0049] FIG. 9 is a cross-sectional view schematically illus-
trating a liquid crystal display device according to another
preferred embodiment of the present invention.

[0050] FIGS.10A and 10B are respectively a top view, and
a cross-sectional view as viewed along the plane 10B-10B'
shown in FIG. 10A, schematically illustrating a main spacer
according to Example #2.

[0051] FIGS.11A and 11B are respectively a top view, and
a cross-sectional view as viewed along the plane 11B-11B'
shown in FIG. 11A, schematically illustrating a sub-spacer
according to Example #2.

[0052] FIGS.12A and 12B are respectively a top view, and
a cross-sectional view as viewed along the plane 12B-12B'
shown in FIG. 12A, schematically illustrating another exem-
plary main spacer for use in the liquid crystal display device
according to a preferred embodiment of the present invention.
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[0053] FIGS.13A and 13B are respectively a top view, and
a cross-sectional view as viewed along the plane 13B-13B'
shown in FIG. 13A, schematically illustrating another exem-
plary sub-spacer for use in the liquid crystal display device
according to a preferred embodiment of the present invention.
[0054] FIG. 14 is a cross-sectional view schematically
illustrating a liquid crystal display device according to
another preferred embodiment of the present invention.
[0055] FIG. 15 is a top view schematically illustrating the
active-matrix substrate of a liquid crystal display device
according to a preferred embodiment of the present invention.
[0056] FIG. 16 is a cross-sectional view schematically
illustrating a liquid crystal display device according to
another preferred embodiment of the present invention.
[0057] FIGS.17A and 17B are respectively a top view, and
a cross-sectional view as viewed on the plane 17B-17B'
shown in FIG. 17A, schematically illustrating an exemplary
main spacer.

[0058] FIGS.18A and 18B are respectively a top view, and
a cross-sectional view as viewed on the plane 18B-18B'
shown in FIG. 18A, schematically illustrating an exemplary
sub-spacer.

[0059] FIGS.19A and 19B are respectively a top view, and
a cross-sectional view as viewed on the plane 19B-19B'
shown in FIG. 19A, schematically illustrating a structure
arranged near the main spacer.

[0060] FIGS.20A and 20B are respectively a top view, and
a cross-sectional view as viewed on the plane 20B-20B'
shown in FIG. 20A, schematically illustrating another exem-
plary structure arranged near the main spacer.

[0061] FIGS.21A and 21B are respectively a top view, and
a cross-sectional view as viewed on the plane 21B-21B'
shown in FIG. 21A, schematically illustrating a conventional
color filter substrate.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0062] In Japanese Patent Application No. 2005-171390,
the present inventors proposed a method for controlling the
heights of columnar spacers to be formed on an “undercoat
layer” by interposing the undercoat layer, which is made of
the same film as a black matrix or color filters, between the
columnar spacers and the substrate and by changing the areas
and shapes of the undercoat layer. This method takes advan-
tage of the phenomenon that the height of the columnar spac-
ers made of a resin depends on the area and shape of the
undercoat layer. For example, the greater the area of the
undercoat layer, the higher the columnar spacers. Conversely,
the smaller the area of the undercoat layer, the lower the
columnar spacers. For that reason, if two types of undercoat
layers having a relatively large area and a relatively small
area, respectively, are arranged on the substrate and then
columnar spacers are formed thereon, two types of columnar
spacers with mutually different heights can be made easily on
the substrate.

[0063] If this technique is adopted, however, columnar
spacers with a desired height cannot be made without being
restricted by the area or shape of the undercoat layer. For
example, to increase the height of the columnar spacers suf-
ficiently, the undercoat layer should have a sufficiently large
area, which would decrease the aperture ratio.

[0064] Thus, the present invention was made to overcome
not just the problems with the two prior art documents
described above but also such a problem with Japanese Patent
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Application No. 2005-171390. Hereinafter, preferred
embodiments of the present invention will be described with
reference to the accompanying drawings. In the following
description, preferred embodiments of the present invention
will be described as preferably being applied to a color filter
substrate for an active-matrix-addressed LCD and its manu-
facturing process. However, the present invention is in no way
limited to the specific preferred embodiments to be described
below.

Preferred Embodiment 1

[0065] First, with reference to FIG. 1, the structure of a
liquid crystal display device 100 of this preferred embodi-
ment will be described. FIG. 1 is a cross-sectional view sche-
matically illustrating the liquid crystal display device 100,
which is a so-called multi-domain vertical alignment (MVA)
LCD.

[0066] The liquid crystal display device 100 includes an
active-matrix substrate 1, a color filter substrate 2 that faces
the active-matrix substrate 1, and a liquid crystal layer 3
interposed between the two substrates 1 and 2. The active-
matrix substrate 1 may be a known one, and therefore, its
structure will not be described herein.

[0067] The liquid crystal layer 3 is a vertical alignment
liquid crystal layer and typically includes a liquid crystal
material with negative dielectric anisotropy. And when no
voltage is applied thereto, the liquid crystal molecules in the
liquid crystal layer 3 are aligned perpendicularly relative to
the surface of the substrates by vertical alignment films (not
shown in FIG. 1). The vertical alignment films are arranged
on the surface of the active-matrix substrate 1 and on that of
the color filter substrate 2 so as to contact with the liquid
crystal layer 3.

[0068] The color filter substrate 2 includes a transparent
substrate (e.g., a glass substrate) 4, a light-shield layer 5 and
a color filter layer 6 that are provided on the substrate 4, and
a plurality of columnar spacers 11 and 12 sticking out of the
substrate 4. The color filter substrate 2 further includes pro-
trusions (ribs) 13 to control the orientation of the liquid crys-
tal molecules. The surface shape of these protrusions 13
causes the liquid crystal molecules in the liquid crystal layer
3 to have a tilted orientation.

[0069] On the other hand, the picture element electrodes of
the active-matrix substrate 1 have a slit (not shown), which
generates an oblique electric field under an applied voltage,
thus causing the liquid crystal molecules to have a tilted
orientation. The protrusions 13 and slits are respectively
arranged on the color filter substrate 2 and on the active-
matrix substrate 1 so as to have their orientation-regulating
forces matched with each other. When a voltage is applied
thereto, the liquid crystal molecules in the liquid crystal layer
3 have their orientation controlled by the protrusions 13 and
the slits. As a result, multiple liquid crystal domains in which
the oriented liquid crystal molecules have mutually different
azimuth angles are produced, thus enabling the liquid crystal
display device 100 to conduct a display operation with a wide
viewing angle.

[0070] The protrusions 13 and the slits may be arranged as
in any of various known MVA LCDs (such as that disclosed in
Japanese Patent Application Laid-Open Publication No.
11-242225). Optionally, instead of cutting slits through the
picture element electrodes of the active-matrix substrate 1,
additional protrusions (ribs) may be arranged on the picture
element electrodes and the orientation of liquid crystal mol-
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ecules may be controlled using the protrusions 13 on the color
filter substrate 2 and those additional protrusions on the
active-matrix substrate 1 in combination.

[0071] Hereinafter, the structure of the color filter substrate
2 will be described more specifically.

[0072] The light-shield layer 5 is formed in a lattice (or
striped) pattern outside of the picture elements and is also
called a “black matrix (BM)”. The color filter layer 6 includes
first, second and third color filters 7, 8 and 9, which transmit
light rays in mutually different colors. In this preferred
embodiment, the first color filter 7 is a red color filter, the
second color filter 8 is a green color filter, and the third color
filter 9 is a blue color filter. A common electrode 10 made of
a transparent conductor (such as ITO) is provided so as to
cover the light-shield layer 5 and the color filter layer 6.
[0073] The color filter substrate 2 of this preferred embodi-
ment preferably has two types of columnar spacers 11 and 12
with mutually different heights.

[0074] The taller columnar spacers 11 (one of which is
shown on the left-hand side of FIG. 1) include a lower struc-
ture 111, which consists of the same films as the light-shield
layer 5 and the red, green and blue color filters 7, 8, and 9, and
an upper structure 11U including the same film as the protru-
sions 13 to control the orientation.

[0075] The lower structure 111 is a multilayer structure
consisting of a layer Sa made of the same film as the light-
shield layer 5, a layer 7a made of the same film as the red color
filter 7, a layer 8a made of the same film as the green color
filter 8, and a layer 9a made of the same film as the blue color
filter 9. Since the light-shield layer 5 and the red, green and
blue color filters 7, 8,9 are made of a resin, the lower structure
11L is a stack structure of resin layers. On this lower structure
11L, arranged is the upper structure 11U. As the orientation
controlling protrusions 13 are made of a resin in this preferred
embodiment, the upper structure 11U is a structure which is
made of a resin.

[0076] The shorter columnar spacers 12 (one of which is
shown on the right-hand side of FIG. 1) include a lower
structure 121, consisting of the same films as the light-shield
layer 5 and the green color filter 8, and an upper structure
12U, which is made of a resin but formed separately from the
orientation controlling protrusions 13.

[0077] The lower structure 121 is a multilayer structure
consisting of a layer 56 made of the same film as the light-
shield layer 5 and a layer 86 made of the same film as the
green color filter 8 and is a stack structure of resin layers. On
this lower structure 121, arranged is the upper structure 12U.
In this preferred embodiment, the upper structure 12U is
made of a photosensitive resin.

[0078] As described above, the columnar multilayer struc-
ture as a whole, having the function of defining the cell gap,
will be referred to herein as a “columnar spacer”. It should be
noted that the columnar spacer could include not just those
resin layers, which are made of the same films as the color
filters, light-shield layer and orientation controlling protru-
sions, but also an inorganic layer (such as a portion of the
common electrode of ITO as shown in FIG. 1). Also, if the
light-shield layer is made of a metal, the columnar spacer may
include a metal layer.

[0079] Hereinafter, it will be described what effects will be
achieved by providing these two types of columnar spacers 11
and 12 with mutually different heights.

[0080] As shown in FIG. 1, the taller columnar spacer 11 is
in contact with the active-matrix substrate 1, but the shorter
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columnar spacer 12 is out of contact with the active-matrix
substrate 1. That is to say, in this state, the cell gap is defined
only by the taller columnar spacers 11.

[0081] In the conventional liquid crystal display device, if
the columnar spacers were arranged at a higher density (i.e.,
if the number of columnar spacers per unit area were
increased) to enhance the withstand load, then low-tempera-
ture bubbling would be produced more frequently. On the
other hand, in this liquid crystal display device 100, the cell
gap is controlled basically with only the taller columnar spac-
ers 11 as shown in FIG. 1, and therefore, the effective spacer
density is defined by only those taller columnar spacers 11.
That is why the cell gap can catch up with the shrinkage of the
liquid crystal layer 3 more easily and the low-temperature
bubbling phenomenon can be avoided. In addition, if the cell
gap narrows with load placed on the liquid crystal display
device 100, then the two substrates will be supported by both
of'the taller and shorter columnar spacers 11 and 12 as shown
in FIG. 2. In that case, the effective spacer density is defined
by both of the two types of columnar spacers 11 and 12. As a
result, high withstand load is realized. In the following
description, the taller columnar spacers 11 will also be
referred to herein as “main spacers” and the shorter columnar
spacers 12 as “sub-spacers”.

[0082] The height of the main spacers 11 is controlled by
adjusting the number of layers that form the lower structure
111 and the thickness of the upper structure 11U. On the other
hand, the height of the sub-spacers 12 is controlled by adjust-
ing the number of layers that form the lower structure 121 and
the thickness of the upper structure 12U.

[0083] The upper structure 11U of the main spacer 11 is
made of the same film as the orientation controlling protru-
sions 13. On the other hand, the upper structure 12U of the
sub-spacer 12 is made of a resin but formed separately from
the upper structure 11U of the main spacer 11 or the protru-
sions 13. That is why in this liquid crystal display device 100,
by adjusting the thicknesses of the respective upper structures
11U and 12U of the main and sub-spacers 11 and 12, the
heights of the main and sub-spacers 11 and 12 can be defined
to be any arbitrary values independently of each other.

[0084] According to the method disclosed in Japanese
Patent Application No. 2005-171390, to increase the height
ofthe columnar spacers sufficiently, the area of the undercoat
layer (corresponding to either the lower structure or some
layer(s) included in the lower structure according to a pre-
ferred embodiment of the present invention) needs to be
increased. However, preferred embodiments of the present
invention are totally free from such constraints. That is to say,
the heights of the columnar spacers 11 and 12 can be con-
trolled without depending on the area of the respective layers
that form the lower structure 11L or 12L.. Consequently, even
if the sub-spacers 12 were arranged at a higher density to
increase the withstand load, the aperture ratio would not
decrease for that reason.

[0085] In this preferred embodiment, the lower structure
11L of the main spacer 11 has a four-layer structure and the
lower structure 121 of the sub-spacer 12 has a two-layer
structure. However, the number of layers included in the
lower structure 11L or 121 does not have to be four or two.
Rather, the number of layers included in the lower structure
11L ofthe main spacer 11 may be different from, or the same
as, that of layers included in the lower structure 12L of the
sub-spacer 12.
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[0086] According to preferred embodiments of the present
invention, the upper structure 11U of the main spacer 11 and
the upper structure 12U of the sub-spacer 12 are preferably
made of two different films. However, because the upper
structure 11U of the main spacer 11 is preferably made of the
same film as the orientation controlling protrusion 13, there is
no need to increase the number of manufacturing process
steps even if the present invention is adopted. To exert the
expected orientation-regulating force effectively, the orienta-
tion controlling protrusion 13 preferably has a height of about
0.7 um to about 1.8 um, for example.

[0087] The heights and elastic properties of the columnar
spacers 11 and 12 are preferably defined such that even when
the temperature changes from an ordinary temperature (of
about 23° C., for example) into a low temperature (of about
-20° C., for example), the variation in the cell gap becomes
smaller than the difference in height between the main and
sub-spacers 11 and 12. By adopting such settings, while no
load is placed on the liquid crystal display device 100, the cell
gap is defined only by the main spacers 11. That is why by
merely adjusting the density of the main spacers 11, the cell
gap can catch up with the shrinkage of the liquid crystal layer
3 and the low-temperature bubbling can be minimized. Also,
if the cell gap narrows with the pressure applied by fingers on
the liquid crystal display device 100, the two substrates are
supported by both of the main spacers 11 and the sub-spacers
12 as shown in FIG. 2. As a result, high withstand load is
realized.

[0088] To make the cell gap catch up with the shrinkage of
the liquid crystal layer 3 and to sufficiently withstand the load
placed, the main spacers 11 may be arranged at a density of
about 0.03% to about 0.07%, for example, and the sub-spac-
ers 12 may be arranged at a density of about 0.1% to about
0.6%, for example. The densities of the columnar spacers
arranged are preferably calculated as follows. Specifically,
the density of main spacers 11 may be defined as [(contact
area between single columnar spacer and active-matrix sub-
stratexnumber of spacers)/overall area of color filter sub-
strate]x100 (%). On the other hand, the density of sub-spacers
12 may be defined as [(contact area between single columnar
spacer and active-matrix substrate under pressurexnumber of
spacers)/overall area of color filter substrate]x100 (%).

[0089] Hereinafter, a method for fabricating the liquid crys-
tal display device 100 will be described. As the active-matrix
substrate 1 may be fabricated by a known manufacturing
process, a method of making the color filter substrate 2 will be
described with reference to FIGS. 3A through 3G.

[0090] First, as shown in FIG. 3A, a light-shield layer 5 is
formed on a substrate 4. Specifically, the substrate 4 is coated
with a negative photosensitive resin, in which a black pigment
is dispersed, using a slit coater, the coating is dried, and then
the photosensitive resin film thus obtained is exposed to
radiation and developed, thereby forming the light-shield
layer 5. In this process step, layers 5a and 56 to be the
lowermost layers of the lower structures 111 and 12L are
formed at the same time.

[0091] Next, as shown in FIG. 3B, red color filters 7 are
formed. Specifically, the substrate 4 is coated with a negative
photosensitive resin, in which a red pigment is dispersed,
using a slit coater, the coating is dried, and then the photo-
sensitive resin film thus obtained is exposed to radiation and
developed, thereby forming the red color filters 7. In this
process step, a layer 7a to be the second layer of the lower
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structure 111 of the main spacers 11 is also formed on the
layer 5a that is made of the same film as the light-shield layer
5.

[0092] Subsequently, as shown in FIG. 3C, green color
filters 8 are formed. Specifically, using a negative photosen-
sitive resin in which a green pigment is dispersed, the green
color filters 8 are formed in the same way as the red color
filters 7. In this process step, a layer 8a to be the third layer of
the lower structure 111 of the main spacers 11 is also formed
on the layer 7a that is made of the same film as the red color
filters 7. In addition, a layer 85 to be the second layer of the
lower structure 12 of the sub-spacers 12 is also formed on
the layer 55 that is made of the same film as the light-shield
layer 5, thereby completing the lower structure 121 consist-
ing of the two layers 56 and 85.

[0093] Thereafter, as shown in FIG. 3D, blue color filters 9
are formed. Specifically, using a negative photosensitive resin
in which a blue pigment is dispersed, the blue color filters 9
are formed in the same way as the green color filters 8. In this
process step, a layer 9a to be the fourth layer of the lower
structure 111 of the main spacers 11 is also formed on the
layer 8a that is made of the same film as the green color filters
8, thereby completing the lower structure 111 consisting of
the four layers 5a, 7a, 8a and 9a.

[0094] Next, as shown in FIG. 3E, a common electrode 10
is formed. The common electrode 10 is formed by a sputtering
process or any other process using a transparent conducting
material (e.g., [TO).

[0095] Thereafter, as shown in FIG. 3F, orientation control-
ling protrusions (ribs) 13 are formed on the common elec-
trode 10. Specifically, the common electrode 10 is coated with
a photosensitive resin (such as a phenol novolac based posi-
tive photosensitive resin), using a slit coater, the coating is
dried, and then the photosensitive resin film thus obtained is
exposed to radiation and developed, thereby forming the pro-
trusions 13. In this process step, the upper structure 11U is
also formed on the lower structure 111, thereby completing
the main spacers 11.

[0096] Subsequently, as shown in FIG. 3G, an upper struc-
ture 12U of a resin is formed on the lower structure 12L.
Specifically, the lower structure 12L is coated with a photo-
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sensitive resin (such as an acrylic based negative photosensi-
tive resin), using a slit coater, the coating is dried, and then the
photosensitive resin film thus obtained is exposed to radiation
and developed, thereby forming the upper structure 12U. As
a result, the sub-spacers 12 are completed.

[0097] Thereafter, the color filter substrate 2 thus obtained
and an active-matrix substrate 1 that has been provided sepa-
rately are bonded together with a seal member applied to the
outer periphery of one of these two substrates surrounding the
display area thereof. Before they are bonded together, align-
ment films are formed on the respective surfaces of the color
filter substrate 2 and the active-matrix substrate 1. And then a
liquid crystal material is injected into the gap between the two
substrates and the sealing is performed, thereby completing a
liquid crystal display device 100. Alternatively, the liquid
crystal layer 3 may be formed on the substrate with the seal
member by a one-drop fill method, and then the two sub-
strates may be bonded together.

[0098] It should be noted that the columnar spacers 11 and
12 are preferably arranged so as not to overlap with any of the
picture element electrodes on the active-matrix substrate 1.
By adopting such an arrangement, it is possible to prevent the
common electrode 10, located under the columnar spacers 11
and 12, from being electrically short-circuited with the pic-
ture element electrodes, thus increasing the electrical reliabil-
ity of the display device.

[0099] Hereinafter, the effects of preferred embodiments of
the present invention will be described more specifically with
reference to the following Table 1, which shows data that
were collected about respective columnar spacers in an
example in which the heights of the columnar spacers were
controlled by the method of the present invention (Example
#1) and in examples in which the heights of the columnar
spacers were controlled by other methods (Comparative
Examples #1, #2 and #3). As shown in Table 1, the color filter
substrate was fabricated such that in Example #1 and Com-
parative Examples #1, #2 and #3, each of the light-shield
layer, the red, green and blue color filters and the orientation
controlling protrusions would have the same thickness as its
counterparts (which are shown as “normal portion thick-
nesses” in Table 1).

TABLE 1
Main
spacer Sub-spacer
Common Ex. 1 Cmp. Ex. 1 Cmp. Ex. 2 Cmp. Ex. 3

Normal BM 1.45 pm - -~ -~ -~
portion RED 1.70 pm -~ -~ -~ -~
thickness GREEN 1.70 pm - - -~ -~

BLUE 1.70 ym - - - -

Orientation 1.20 pm - -~ — -

controlling

protrusion
Sizesof  BM 44 um= 44 ym™ 44 pm™ 44 pm x 101 um 44 ym™
layers RED cover BM cover BM  cover BM cover BM cover BM
that form fully fully fully fully fully
spacers GREEN 30 um¢ — 17 umé 17 pm x 87 pm 30 umg

BLUE 16 pmé¢ — 10 pmé¢ 10 um x 73 um none

Photosensitive none 30 um¢ none none none

resin layer

Orientation 44 ymé — 44 nmé 10 pm x 101 pm 44 ym¢

controlling

protrusion

layer
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TABLE 1-continued
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Main
spacer Sub-spacer
Common Ex. 1 Cmp. Ex. 1 Cmp. Ex. 2 Cmp. Ex. 3
Spacer height 350pum  3.10 um 3.10 pm 3.10 pm 2.85 um
Spacer size 16 pmé 30 um¢ 10 pm¢ 10 pm x 73 pm 30 pm¢
Decrease in CF aperture — None None A2508 um? None
area
Relative area of spacers 1.00 3.52 0.39 3.52
Withstand load — O X X
Note Sub-spacer Aperture ratio Sub-spacer
density decreased height
decreased decreased
[0100] As shown in FIGS. 4A and 4B, each of the main (which is an area with respect to the area of the main spacers

spacers 11 of Example #1 has a lower structure 11L including
the layers 5a, 7a, 8a and 94, which are made of the same films
as the light-shield layer 5 and the red, green and blue color
filters 7, 8, 9, respectively, and an upper structure 11U made
of the same film as the orientation controlling protrusion 13.
The lowermost layer 5a that is made of the same film as the
light-shield layer 5 has an approximately 44 um square shape
(which is represented by the open square [ in Table 1), for
example. The second layer 7a that is made of the same film as
the red color filters 7 is arranged so as to cover the lowermost
layer 5a fully (which is represented by “fully” in Table 1). The
third layer 84 that is made of the same film as the green color
filters 8 has a circular shape with a diameter of about 30 um
(which is represented by ¢ in Table 1), for example. The
fourth layer 9a that is made of the same film as the blue color
filters 9 has a circular shape with a diameter of about 16 pm,
for example. And the upper structure 11U that is made of the
same film as the orientation controlling protrusions 13 (which
is called “orientation controlling protrusion layer” in Table 1)
has a circular shape with a diameter of about 44 um, for
example.

[0101] On the other hand, each of the sub-spacers 12 of
Example #1 has a lower structure 12L including the layers 556
and 7b, which are made of the same films as the light-shield
layer 5 and the red color filters 7, respectively, and an upper
structure 12U made of a photosensitive resin as shown in
FIGS. 5A and 5B. The lowermost layer 54 that is made of the
same film as the light-shield layer 5 preferably has an
approximately 44 um square shape, for example. The second
layer 7b that is made of the same film as the red color filters 7
is arranged so as to cover the lowermost layer 5b entirely. And
the upper structure 12U that is made of a photosensitive resin
(which is called “photosensitive resin layer” in Table 1) has a
circular shape with a diameter of about 30 um, for example.
[0102] In Example #1, the main spacers 11 had a height of
about 3.5 um (as measured from a reference plane) and an
effective size (diameter) of about 16 um as measured in the
in-plane direction on the substrate. In the following descrip-
tion, every numerical value will mean a height as measured
from the upper surface of a layer that is made of the same film
as the red color filters 7 unless stated otherwise. On the other
hand, the sub-spacers 12 had a height of about 3.1 pm and an
effective size (diameter) of about 30 pm. According to this
Example #1, the main and sub-spacers 11 and 12 were both
formed to have desired heights but there was no excessive
decrease in numerical aperture. In addition, since the sub-
spacers 12 had a sufficiently large relative area of about 3.52

11 as unity), sufficiently high withstand load was realized.
[0103] The main spacers of Comparative Example #1 have
the same structure as the main spacers 11 of Example #1.
However, the sub-spacers 12A of Comparative Example #1
include layers 5c, 7¢, 8¢ and 9¢ that are made of the same films
as the light-shield layer and the red, green and blue color
filters and another layer 13¢ that is made of the same film as
the orientation controlling protrusions as shown in FIG. 6.
That is to say, according to Comparative Example #1, the
sub-spacers 12A have the same multilayer structure as the
main spacers. Nevertheless, the third and fourth layers 8c and
9¢ of the sub-spacers 12A have a circular shape with diam-
eters of 17 pm and 10 um, respectively, which are smaller than
the third and fourth layers of the main spacers as shown in
Table 1. In other words, according to Comparative Example
#1, by changing the areas of the underlying layers 8¢ and 9c¢,
the height of the layer 13¢ formed thereon is decreased just
like the technique disclosed in Japanese Patent Application
No. 2005-171390.

[0104] According to Comparative Example #1, since the
areas of the underlying layers 8c and 9¢ were decreased, the
effective size (diameter) of the sub-spacers 12A decreased to
10 pm and the relative area of the sub-spacers 12A also
decreased to 0.39. As a result, the density of the sub-spacers
12A arranged decreased, and sufficiently high withstand load
could not be realized.

[0105] The main spacers of Comparative Example #2 have
the same structure as the main spacers 11 of Example #1.
However, the sub-spacers 12B of Comparative Example #2
include layers 5d, 7d, 84 and 9d that are made of the same
films as the light-shield layer and the red, green and blue color
filters and another layer 134 that is made of the same film as
the orientation controlling protrusions as shown in FIG. 7.
That is to say, according to Comparative Example #2, the
sub-spacers 12B have the same multilayer structure as the
main spacers. Nevertheless, these layers 5d, 7d, 84, 9d and
13d of the sub-spacers 12B have a horizontally elongated
shape compared to the layers 5¢, 7¢, 8¢, 9¢ and 13¢ that form
the sub-spacers 12A in Comparative Example #1 as shown in
Table 1. This is done in order to increase the two-dimensional
sizes of the sub-spacers 12B without changing the height of
the sub-spacers 12B. According to Comparative Example #2,
the sub-spacers 12B could have such a large size that suffi-
ciently high withstand load was realized. However, as the
sizes of the layers 5¢, 7c, 8¢, 9¢ and 13¢ were increased, the
aperture area of the color filters decreased by 2,508 um? and
the aperture ratio dropped.
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[0106] The main spacers of Comparative Example #3 have
the same structure as the main spacers 11 of Example #1.
However, the sub-spacers 12C of Comparative Example #3
include layers Se, 7e, 8¢ that are made of the same films as the
light-shield layer and the red and green color filters and
another layer 13e that is made of the same film as the orien-
tation controlling protrusions as shown in FIG. 8. That is to
say, according to Comparative Example #3, the number of
layers stacked in the sub-spacers 12C is smaller by one than
that of the main spacers. This is done in order to make the
sub-spacers 12C less tall than the main spacers by omitting
the layer that is made of the same film as the blue color filters
from the sub-spacers 12C. In that case, however, the sub-
spacers 12C had too low a height of 2.85 pm to realize suffi-
ciently high withstand load.

Preferred Embodiment 2

[0107] Hereinafter, the structure of a liquid crystal display
device 200 of this preferred embodiment will be described
with reference to FIG. 9, which is a cross-sectional view
schematically illustrating the liquid crystal display device
200. The following description will be focused on the differ-
ences between the liquid crystal display device 200 and the
liquid crystal display device 100 of Preferred Embodiment 1.
[0108] The color filter substrate 2A of this liquid crystal
display device 200 is different from the color filter substrate 2
ofthe liquid crystal display device 100 described above in the
multilayer structures of the main and sub-spacers 11 and 12.
[0109] The main spacers 11 of this preferred embodiment
include a lower structure 111, including a layer 5a, which is
made of the same film as the light-shield layer 5, and a layer
7a, which is made of the same film as the red color filters 7,
and an upper structure 11U, which has been made of a resin
separately from the orientation controlling protrusions 13.
[0110] On the other hand, the sub-spacers 12 of this
embodiment include a lower structure 121, including a layer
5b, which is made of the same film as the light-shield layer S,
and layers 76 and 86, which are made of the same films as the
red and green color filters 7 and 8, respectively, and an upper
structure 12U, which is made of the same film as the orien-
tation controlling protrusions 13.

[0111] In the liquid crystal display device 100 of Preferred
Embodiment 1, the upper structure 11U of the main spacers
11 is made of the same film as the orientation controlling
protrusions 13, and the upper structure 12U of the sub-spacers
12 is made of a resin separately from the protrusions 13. On
the other hand, according to this preferred embodiment, the
upper structure 11U of the main spacers 11 is made of a resin
separately from the orientation controlling protrusions 13 and
the upper structure 12U of the sub-spacers 12 is made of the
same film as the orientation controlling protrusions 13 as
described above. Even by adopting such multilayer struc-
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tures, the heights of the columnar spacers 11 and 12 can also
be controlled arbitrarily by as simple a manufacturing process
as in the liquid crystal display device 100 of Preferred
Embodiment 1.

[0112] Inaddition, according to a preferred embodiment of
the present invention, the materials of color filters can be
selected more freely in making a color filter substrate. In the
prior art, it is difficult to use different color filter materials to
mass-produce display panels of the same type. For example,
a color filter material produced by a company (which will be
referred to herein as “Color Material A”) and a color filter
material produced by another company (which will be
referred to herein as “Color Material B”) have mutually dif-
ferent coating film thicknesses to realize the same color
purity. That is why if the heights of columnar spacers need to
be controlled by the technique disclosed in Japanese Patent
Application No. 2005-171390, for example, the heights of the
columnar spacers should be equalized with each other by
changing the areas of the underlying layers between a lot
using Color Material A and a lot using Color Material B.
However, if the areas of the underlying layers were changed
between the lots, then the color filters would have different
aperture areas between the lots and the respective picture
elements would have different transmittances. Consequently,
if different color materials were used, then the display quality
would vary, which is a problem.

[0113] On the other hand, according to a preferred embodi-
ment of the present invention, by controlling the thickness of
the upper structure 11U of the main spacers 11 and that of the
upper structure 12U of the sub-spacers independently of each
other, the heights of the columnar spacers 11 and 12 can be
equalized with each other even without changing the aperture
areas of the color filters between lots that use mutually dif-
ferent color materials. Consequently, such a variation in dis-
play quality can be avoided. For that reason, when display
panels of the same type are mass-produced, different color
filter materials can be used, and therefore, the color filter
materials can be selected more freely. As a result, the produc-
tion can be stabilized.

[0114] Hereinafter, the effects of various preferred embodi-
ments of the present invention will be described more spe-
cifically with reference to the following Table 2, which shows
data that were collected about columnar spacers in Example
#2 in which the heights of the columnar spacers were con-
trolled by the multilayer structures of this embodiment and in
Comparative Examples #4 and #5 in which the heights of the
columnar spacers were controlled by other methods. The data
about Example 1 shown in Table 1 is also shown in Table 2.
Examples #1 and #2 used mutually different color filter mate-
rials. In Table 2, the color filter material for Example #1 is
identified by Color material A and the color filter material for
Example #2 by Color Material B, respectively.

TABLE 2
Example #1 Example #2
Color material A Color material B
Main spacer Sub-spacer  Main spacer  Sub-spacer
Normal BM 1.45 pm 1.35 um
portion RED 1.70 pm 2.20 pm
thickness GREEN 1.70 pm 2.20 um
BLUE 1.70 um 2.20 pm
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9
TABLE 2-continued
Orientation 1.20 um -
controlling
protrusion
Sizesof BM 44 ym- 44 ym- 44 pm- 44 pmH
layers RED cover BM cover BM cover BM cover BM
that form fully fully fully fully
spacers GREEN 30 pmé¢ none none 30 umg
BLUE 16 pm¢ none none none
Photosensitive none 30 um¢ 16 pm¢ none
resin layer
Orientation 44 pmé none none 44 ymé
controlling
protrusion
layer
Spacer height 3.50 pm 3.10 um 3.50 pm 3.10 um
Spacer size 16 pm¢ 30 um¢ 16 pm¢ 30 pm¢
Decrease in CF aperture none None
area
Relative area of spacers 1.00 3.52 1.00 3.52

Withstand load O O

Note Areas and heights of main and
sub-spacers remained the
same whether the color material
used was A or B
Comparative Example #4 Comparative Example #5
Color material B Color material B
Main spacer Sub-spacer Main spacer Sub-spacer

-— -—

-— -—

44 ym™ 44 pm™ 44 ym- 44 ym-
cover BM cover BM cover BM cover BM
fully fully fully fully
30 umg 30 ume 17 um¢ 30 pmg
16 pmé none 10 pm¢ none
none none none none
44 umé 44 pm¢ 44 pm¢ 44 um¢
3.80 um 3.10 pm 3.50 um 3.10 pm
16 um 30 ume 10 um¢ 30 pme

none None
1.00 3.52 0.39 3.52
X A

Main spacer height increased Main spacers deformed

plastically when pressed

[0115] As shown in FIGS. 10A and 10B, the main spacers
11 of Example #2 have a lower structure 11L consisting of
layers Sa and 7a that are made of the same films as the
light-shield layer 5 and the red color filters 7, respectively, and
an upper structure 11U made of a photosensitive resin.
[0116] On theotherhand, the sub-spacers 12 of Example #2
have a lower structure 12L including layers 54, 7b and 84 that
are made of the same films as the light-shield layer 5 and the
red and green color filters 7 and 8, respectively, and an upper
structure 12U made of the same film as the orientation con-
trolling protrusions 13 as shown in FIGS. 11A and 11B.

[0117] As shown in Table 2, since Examples #1 and #2 use
mutually different color filter materials, the light-shield layer
5 and the red, green and blue color filters 7, 8 and 9 have
different thicknesses (normal portion thicknesses) between
Examples #1 and #2. Nevertheless, the main spacers 11 have
the same height and the same size in both of Examples #1 and
#2 and the sub-spacers 12 also have the same height and the
same size in these two Examples #1 and #2. Thus, the present
inventors confirmed that even when different color materials
were used, columnar spacers of the same height and the same

size could still be formed according to preferred embodi-
ments of the present invention.

[0118] As can be seen from Table 2, in Comparative
Example #4, both the upper structure of the main spacers and
that of the sub-spacers are made of the same film as the
orientation controlling protrusions. Also, in Comparative
Example #4, the main spacers include a layer that is made of
the same film as the blue color filters but the sub-spacers
include no such layers. In this manner, according to Com-
parative Example #4, the heights of the main and sub-spacers
are changed by providing or not providing such a layer that is
made of the same film as the blue color filters. However,
generally speaking, the thickness of a color filter is automati-
cally determined by the color purity of the color to display.
That is why it is difficult to precisely control the height of the
columnar spacers by such a technique. As a result, the main
spacer had an excessive height of 3.8 pm.

[0119] InComparative Example #5, the excessive height of
the main spacers in Comparative Example #4 is tentatively
decreased by reducing the areas of the layers that are made of
the same films as the green and blue color filters, respectively.
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According to Comparative Example #5, however, the height
of the main spacers could be decreased to a desired value of
3.5 um but their size also decreased, thus decreasing the
withstand load of the main spacers. As a result, when load was
placed on such a panel, the main spacers deformed plastically
even before the sub-spacers contacted with the active-matrix
substrate.

[0120] In Preferred Embodiment 1 and Preferred Embodi-
ment 2, the upper structure 11U of the main spacers 11 and the
upper structure 12U of the sub-spacers 12 both have a single-
layer structure. However, the present invention is in no way
limited to those specific preferred embodiments. Alterna-
tively, the upper structure 11U of the main spacers 11 or the
upper structure 12U of the sub-spacers 12 may also have a
two-layer structure.

[0121] For example, as shown in FIGS. 12A and 12B, the
upper structure 11U of the main spacers 11 may include a
layer 11U1 made of the same film as the orientation control-
ling protrusions 13 and another layer 11U2 made of a resin
separately from the protrusions 13.

[0122] Alternatively, as shown in FIGS. 13A and 13B, the
upper structure 12U of the sub-spacers 12 may include a layer
12U1 made of the same film as the orientation controlling
protrusions 13 and another layer 12U2 made of a resin sepa-
rately from the protrusions 13.

[0123] However, in order to control the height of the main
spacers 11 and that of the sub-spacers 12 to two arbitrary
values independently of each other, if one of the two upper
structures 11U and 12U of the main and sub-spacers 11 and
12 has a two-layer structure, the other upper structure prefer-
ably has a single-layer structure. More preferably, the other
upper structure does not include any layer that is made of the
same film as the protrusions 13.

Preferred Embodiment 3

[0124] Hereinafter, the structure of a liquid crystal display
device 300 of this preferred embodiment will be described
withreference to FIGS. 14 and 15. FIG. 14 is a cross-sectional
view schematically illustrating the liquid crystal display
device 300 and FIG. 15 is a plan view schematically illustrat-
ing the active-matrix substrate 1A of the liquid crystal display
device 300. The following description will be focused on the
differences between the liquid crystal display device 300 and
the liquid crystal display device 200 of Preferred Embodi-
ment 2.

[0125] On the active-matrix substrate 1A of the liquid crys-
tal display device 300, a TFT (thin-film transistor) 27 is
provided for each picture element. The TFT 27 has its gate
electrode 27G electrically connected to a scan line (gate line)
21, which is arranged on a transparent substrate (such as a
glass substrate) 20, its source electrode 278 electrically con-
nected to a signal line (source line) 24, which intersects with
the scan line 21 with a gate insulating film 23 interposed, and
its drain electrode 27D electrically connected to a picture
element electrode 26 through a contact hole 25a. The hole 25a
has been cut through an interlayer dielectric film 25 that
covers the signal lines 24 and the TFTs 27. In this example,
the contact hole 254 is located over a storage capacitor line
22.

[0126] The interlayer dielectric film 25 may be made of a
photosensitive acrylic resin, for example. If the picture ele-
ment electrode 26 is arranged on this interlayer dielectric film
25 as is done in this preferred embodiment, the picture ele-
ment electrode 26 can be arranged so as to partially overlap
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with the scan line 21 and/or the signal line 24. As a result, the
aperture ratio can be increased.

[0127] The active-matrix substrate 1A of this preferred
embodiment includes a gap adjusting layer 28, which is selec-
tively arranged so as to face the sub-spacers 12. This gap
adjusting layer 28 is arranged so as to adjust the gap between
the sub-spacers 12 and the surface of the active-matrix sub-
strate 1A, and is not provided so as to face the main spacers
11. The gap adjusting layer 28 of this embodiment is made of
the same film as the signal lines 24 (i.e., a so-called “source
metal”).

[0128] Ifthe gap adjusting layer 28 is provided as is done in
this preferred embodiment, the gap between the sub-spacers
12 and the surface of the active-matrix substrate 1A can be
easily adjusted to a preferred value for increasing the with-
stand load. In other words, even if the sub-spacers 12 cannot
be tall enough, the deficit in height can be compensated for by
the gap adjusting layer 28 and sufficiently high withstand load
is realized.

[0129] It should be noted that the gap adjusting layer 28
does not have to be made of the same film as the signal lines
24. Alternatively, the gap adjusting layer 28 may also be made
of the same film as the scan lines 21 (i.e., a so-called “gate
metal”) or the same semiconductor layer as the one included
in the TFTs 27. From the standpoint of electrical reliability,
the gap adjusting layer 28 is preferably electrically floating
and isolated from the lines as shown in FIG. 15.

[0130] Also, in this preferred embodiment, the gap adjust-
ing layer 28 is arranged so as to overlap with the storage
capacitor line 22 and the picture element electrode 26 has a
notch so as not to overlap with this gap adjusting layer 28 as
shown in FIG. 15. This arrangement is adopted in order to
improve the electrical reliability of the display device by
avoiding overlap between the sub-spacers 12 and the picture
element electrodes 26. Since the area over the storage capaci-
tor line 22 does not contribute to the display operation, no
problem would arise during the display operation even if the
picture element electrode 26 has such a notch in that area.
[0131] The technique of providing the gap adjusting layer
28 as is done in this preferred embodiment is also effectively
applicable to the liquid crystal display device 300' shown in
FIG. 16. In the liquid crystal display device 300' shown in
FIG. 16, both of the upper structures 11U and 12U of the main
and sub-spacers 11 and 12 are made of the same film as the
orientation controlling protrusions 13. That is why in this
liquid crystal display device 300", it is more difficult to control
the heights of the main and sub-spacers 11 and 12 indepen-
dently of each other than in the liquid crystal display devices
100 and 200 of Preferred Embodiment 1 and Preferred
Embodiment 2. However, by providing the gap adjusting
layer 28, the height of the sub-spacers 12 can be compensated
for and good withstand load can be achieved easily.

Preferred Embodiment 4

[0132] As described above, by providing two types of
columnar spacers with mutually different heights, the with-
stand load can be increased with the low-temperature bub-
bling minimized. However, if those two types of columnar
spacers have different multilayer structures, then some
unevenness could be produced in the image displayed. Here-
inafter, such a phenomenon will be described more specifi-
cally with reference to FIGS. 17 and 18.

[0133] The main spacer 11 shown in FIGS. 17A and 17B
has a lower structure 111 including layers 5a and 7a, which
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are made of the same films as the light-shield layer 5 and the
red color filters 7, respectively, and an upper structure 11U
made of a resin (typically a negative photosensitive resin).
[0134] On theotherhand, the sub-spacer 12 shownin FIGS.
18A and 18B has a lower structure 121 consisting of layers
5b, 7b and 8b, which are made of the same films as the
light-shield layer 5, the red color filters 7 and the green color
filters 8, respectively, and an upper structure 12U made of the
same film as the orientation controlling protrusions 13 (typi-
cally a positive photosensitive resin).

[0135] Comparing FIGS. 17B and 18B to each other, it can
be seen that the shape of the level difference near the main
spacer 11 (as encircled by the dots in FIG. 17B) and that of the
level difference near the sub-spacer 12 (as encircled by the
dots in FIG. 18B are different from each other. That is why
liquid crystal molecules located near the main spacer 11 have
a different orientation state from those located near the sub-
spacer 12. Due to such a difference in orientation state, some
unevenness or non-smoothness could be produced in the
image displayed.

[0136] Ifa structure 14, which is made of the same film as
the protrusions 13, is provided near the main spacer 11 as
shown in FIGS. 19A and 19B, then the shape of the level
difference near the main spacer 11 can be similar to that of the
level difference near the sub-spacer 12. As a result, such
unevenness or non-smoothness due to the difference in ori-
entation state can be eliminated from the image displayed.
[0137] In the example illustrated in FIG. 19, the structure
14 is arranged so as to have a ring shape when viewed along
a normal to the substrate plane. However, the structure 14
does nothave to have such a shape. Alternatively, the structure
14 may also be arranged so as to have a U shape when viewed
along a normal to the substrate plane as shown in FIGS. 20A
and 20B.

[0138] Various preferred embodiments of the present
invention provides a color filter substrate that can arbitrarily
control the heights of columnar spacers by a simple manu-
facturing process. A color filter substrate according to pre-
ferred embodiments of the present invention can be used
effectively in a liquid crystal display device.

[0139] While preferred embodiments of the present inven-
tion have been described above, it is to be understood that
variations and modifications will be apparent to those skilled
in the art without departing the scope and spirit of the present
invention. The scope of the present invention, therefore, is to
be determined solely by the following claims.

1-17. (canceled)
18: A color filter substrate for a liquid crystal display
device, the color filter substrate comprising:

a transparent substrate;

a light-shield layer and a color filter layer, which are pro-
vided on the transparent substrate;

a plurality of columnar spacers sticking out of the trans-
parent substrate; and

a protrusion arranged to control the orientation of liquid
crystal molecules; wherein

the color filter layer includes at least first, second and third
color filters that transmit light rays in mutually different
colors; and

the columnar spacers include first and second types of
columnar spacers with mutually different heights; and

each of said columnar spacers of the first type includes a
first lower structure including at least one layer that is
made of the same film as at least one of the first, second
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and third color filters and the light-shield layer, and a
first upper structure including a layer that is made of the
same film as the protrusion; and

each of said columnar spacers of the second type includes

a second lower structure including at least one layer that
is made of the same film as at least one of the first, second
and third color filters and the light-shield layer, and a
second upper structure, including a layer that is made of
a resin.

19: The color filter substrate of claim 18, wherein the first
type of columnar spacers are taller than the second type of
columnar spacers.

20: The color filter substrate of claim 18, wherein the
second type of columnar spacers are taller than the first type
of columnar spacers.

21: The color filter substrate of claim 18, wherein the
shorter one of the two types of columnar spacers are arranged
at a higher density than the other taller type of columnar
spacers.

22: The color filter substrate of claim 18, wherein the first
upper structure further includes a layer made of the resin.

23: The color filter substrate of claim 18, wherein the
second upper structure includes no layers that are made of the
same film as the protrusion.

24: The color filter substrate of claim 18, further compris-
ing a structure that is made of the same film as the protrusion
in the vicinity of the second type of columnar spacers.

25: The color filter substrate of claim 18, wherein the resin
is a photosensitive resin.

26: The color filter substrate of claim 25, wherein the resin
is a negative photosensitive resin, and the protrusion is made
of a positive photosensitive resin.

27: A liquid crystal display device comprising:

the color filter substrate of claim 18;

an active-matrix substrate, which is arranged so as to face

the color filter substrate; and

aliquid crystal layer, which is interposed between the color

filter substrate and the active-matrix substrate.

28: The liquid crystal display device of claim 27, wherein
the active-matrix substrate includes a plurality of switching
elements that are arranged in matrix and a plurality of picture
element electrodes, each of which is electrically connected to
an associated one of the switching elements, and the colum-
nar spacers are arranged so as not to overlap with the picture
element electrodes.

29: The liquid crystal display device of claim 27, wherein
the active-matrix substrate further includes a gap adjusting
layer, which is selectively arranged so as to face the shorter
one of the two types of columnar spacers and adjust the gap
between those shorter columnar spacers and the surface of the
active-matrix substrate.

30: The liquid crystal display device of claim 29, wherein
the active-matrix substrate further includes a plurality of gate
lines and a plurality of source lines that intersect with the gate
lines, and the gap adjusting layer is made of the same film as
that of either the gate lines or the source lines.

31: The liquid crystal display device of claim 29, wherein
the active-matrix substrate includes a plurality of thin-film
transistors, and the gap adjusting layer is made of the same
semiconductor layer as that of each of said thin-film transis-
tors.

32: A liquid crystal display device comprising:

an active-matrix substrate including a plurality of switch-

ing elements that are arranged in a matrix;
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12
a color filter substrate, which is arranged so as to face the shorter one of the two types of columnar spacers and
active-matrix substrate; and adjust the gap between those shorter columnar spacers
a hqlpd cry St?l layer, which is interposed between the and the surface of the active-matrix substrate.
:;ﬁgf;?amx substrate and the color filter substrate; 33: The liquid crystal display device of claim 32, wherein

the active-matrix substrate further includes a plurality of gate
lines and a plurality of source lines that intersect with the gate
lines, and the gap adjusting layer is made of the same film as
that of either of the gate lines or the source lines.

the color filter substrate includes:

a transparent substrate;

a color filter layer, which is arranged on the transparent
substrate; and

a plurality of columnar spacers sticking out of the trans- 34: The liquid crystal display device of claim 32, wherein
parent substrate; wherein the switching elements are thin-film transistors, and the gap

the columnar spacers include first and second types of adjusting layer is made of the same semiconductor layer as
columnar spacers with mutually different heights; and that included in each of said thin-film transistors.

the active-matrix substrate further includes a gap adjusting
layer, which is selectively arranged so as to face the kok ok ok ok
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