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(57) ABSTRACT

A liquid crystal display device is provided, suppressing for-
mation of defect such as bubbles within a liquid crystal layer,
to enhance yield. The liquid crystal display device includes: a
first substrate and a second substrate facing each other; a
liquid crystal layer provided between the first substrate and
the second substrate to configure a plurality of pixels; a plu-
rality of color filters formed on the first substrate, each of the
plurality of color filters being divided into individual filter
elements corresponding to the pixels, respectively; main
spacers provided on one color kind of color filter of the
plurality of color filters to control a gap between the first
substrate and the second substrate; and sub spacers, whichare
lower than the main spacers in height, provided on the same
color kind of color filter as the one color kind of color filter
where the main spacers are provided thereon.

V_/I

20 1 3B

/ 77

(21) Appl. No.: 12/578,176

(22) Filed: Oct. 13, 2009

(30) Foreign Application Priority Data

Oct. 14,2008 (JP) cerereererrerecrenercnenees P2008-265653
\ / / / / / (/
’ ’
.
/

T NN
177

\

116 118

12

10G 10B

11R

10R 106G



Patent Application Publication  Apr. 15,2010 Sheet 1 of 6 US 2010/0091234 A1

ﬁf_/l

1?A 3 20 I3B

‘@“\//< (/ / /B]x\/\
Wy A7 N N N N N X T2
FIG. 1A /A{//

A z//ﬁ?\/\/\\/«f o

\ \ \ {

116 ? 1B ?12 IIR P ne? 10

106G 10B 10R 10G

11B

138

FIG. 1B




Patent Application Publication  Apr. 15,2010 Sheet 2 of 6 US 2010/0091234 A1

12A 12A 12A 12A

FIG. 2A li\ < ;%2\ \{K]z\ ﬁ 5\ \& KZ
(S

o 877 77T 7SN 77 8
VIS ED D VD

\ Voo (
116 11B 12 1R 116 10

1108 | | V {1108

ﬁ 130 < L/“O
/7@4/794//76/
6.9 //$%O%&\\QKA/
A
HG 11B 12 11R AG 10
I3 1381
R é
F16.38 NN A

LA ]

G 118 12 HR HG 10



Patent Application Publication  Apr. 15,2010 Sheet 3 of 6 US 2010/0091234 A1

A A i
{ -
[ I ]
13A 1381
FI6. 4A AN /7 &8
g V ﬁ ﬁ /\/ )\/ (/(
1 12 11IR  11G 10

. K///&W//A\\\&EZ/A}Q% “
AL A

\ Voo (
116 11B 12 1R 116 10

112A ! ’ v Vo

130 & /
K/ / / S
//AK////,A\\ \
GEPAE

FIG.5



Patent Application Publication  Apr. 15,2010 Sheet 4 of 6 US 2010/0091234 A1

100
10$A 1068 1?3 1?2
(L L AL L)
NN NN

F1G. 6A é;;;;fg%;7fjg;;ég%§;;;%5 \\\\\;>>3%<}/f////?i3
N7 7
1046 1048 106 104R 1046 101

106A <}

106B 4

FI1G. 6B

|10




Patent Application Publication  Apr. 15,2010 Sheet 5 of 6 US 2010/0091234 A1

23A 238 30 20
\ ) \

7 7 7 7 ) 7 7
JLATTT T
\_§H?

FIG.7A L SENNNK
VAl S VA VY8
116G 118 12 1R IXIG 1(0

231

FIG. 7B




Patent Application Publication  Apr. 15,2010 Sheet 6 of 6 US 2010/0091234 A1

FIG. 8
e 4500M
-===550nm
— = 620nm
1.2
] / vl ‘.\
€ 0.8 o K AN
= A \ YN\ /
— ‘ Ay
— 0 6 "/l \\
5 /14 N /
= 0.4 /,/ \ N\ /
SN/ AREANRNY,

2 3 4 5 6 1 8 g 10

CELL GAP d(um)
FI1G. 9



US 2010/0091234 Al

LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play device capable of displaying an image in color.

[0003] 2. Description of Related Art

[0004] Recently, aliquid crystal display device employing
a VA (Vertical Alignment) mode for example is used as a
display monitor of a liquid crystal television, a notebook
computer, a car navigation system and the like. The liquid
crystal display device includes a liquid crystal layer provided
between a drive substrate for driving pixels and a counter
substrate on which color filters and the like are formed, and
performs image display in accordance with an applied volt-
age.

[0005] The liquid crystal layer is formed by injecting a
liquid crystal material into a space between the drive substrate
and the counter substrate. A method of injecting liquid crystal
is currently changed from a dip method to an ODF (One Drop
Filling) method. In the dip method, the drive substrate and the
counter substrate are attached together by using a seal mem-
ber or the like, and liquid crystal is then injected into a space
between the substrates. In the ODF method, the liquid crystal
is dropped and then the drive substrate and the counter sub-
strate are attached together in a vacuum. Particularly, the
ODF method has been a mainstream for a large-sized liquid
crystal panel.

[0006] In the ODF method, since the liquid crystal is
dropped before the drive substrate and the counter substrate
are attached together, a defect such as a bubble and an uneven
gap due to gravity is formed within the liquid crystal layer
when a dropping amount of the liquid crystal is not optimal
with respect to capacity of the liquid crystal layer. Therefore,
the ODF method includes photo-spacers that are disposed
within the liquid crystal layer, for controlling a cell gap
defined as a gap between the two substrates. However, when
an arrangement density of the photo-spacers is increased,
elasticity of the liquid crystal layer itself is reduced, which
eventually induces formation of the bubble or the uneven gap
due to the gravity. On the other hand, when the arrangement
density is decreased, pressure resistance is reduced in the case
that the liquid crystal layer is pressurized.

[0007] Thus, a technique referred to as a hybrid spacer has
been proposed, as disclosed in Japanese Patent Application
Publication No.2001-201750, for example. In this technique,
at least two types of spacers having different heights are
arranged, and higher spacers (main spacers) normally support
aliquid crystal layer, and lower spacers (sub spacers) support
the liquid crystal layer when the liquid crystal layer is pres-
surized. The main spacers and the sub spacers are formed on
color filters on a counter substrate side, respectively. Such a
structure enables the liquid crystal layer to have both the
elasticity and the pressure resistance.

SUMMARY OF THE INVENTION

[0008] However, the following difficulty exists in the tech-
nique using the hybrid spacer, such as the technique disclosed
in JP2001-201750A. That is, the color filters are configured,
for example, by arranging R (Red), G (Green) and B (Blue)
filter elements in a matrix pattern, and these color filter ele-
ments are patterned separately for each color, respectively.
Therefore, thickness of the color filters varies for each color.
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When the main spacers and the sub spacers are provided on
such color filters, a difference in height between the main
spacers and the sub spacers is deviated from a designed value,
and thus it is difficult to obtain desired elasticity of the liquid
crystal layer. Therefore, there has been a difficulty that effects
of the hybrid spacer are not sufficiently exhibited, so that the
bubble or the uneven gap due to the gravity is formed within
the liquid crystal layer, causing reduction in yield.

[0009] It is desirable to provide a liquid crystal display
device capable of suppressing formation within a liquid crys-
tal layer of a bubble or uneven gap due to the gravity to
improve yield.

[0010] A liquid crystal display device according to an
embodiment of the invention includes: a first substrate and a
second substrate facing each other; a liquid crystal layer
provided between the first substrate and the second substrate
to configure a plurality of pixels; a plurality of color filters
provided for a plurality of color kinds, respectively, and
formed on the first substrate, each of the plurality of color
filters being divided into individual filter elements corre-
sponding to the pixels, respectively; main spacers provided
on one color kind of color filter of the plurality of color filters
to control a gap between the first substrate and the second
substrate; and sub spacers, which are lower than the main
spacers in height, provided on the same color kind of color
filter as the one color kind of color filter where the main
spacers are provided thereon.

[0011] Inthe liquid crystal display device according to the
embodiment of the invention, the main spacers for controlling
the cell gap, and the sub spacers, which are lower than the
main spacers in height, are provided only on one color kind of
the color filter of the plurality of color filters. Thereby, even if
variation in thickness occurs for each of the colors in a for-
mation step of the respective color filters, a difference in
height between the main spacers and the sub spacers is easy to
be accurately established in accordance with a design value.
[0012] According to the liquid crystal display device of the
embodiment of the invention, the main spacers for controlling
the cell gap, and the sub spacers which are lower than the
main spacers in height, are provided only on one color kind of
color filter of the plurality of color filters. Thus, even if the
variation in thickness occurs for each of the colors in the
formation step of the respective color filters, the difference in
height between the main spacers and the sub spacers is accu-
rately established. Therefore, it is possible to suppress forma-
tion within the liquid crystal layer of a bubble or uneven gap
due to gravity, leading to improvement in yield.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIGS. 1A and 1B illustrate a schematic configura-
tion of a liquid crystal display device according to a first
embodiment of the invention.

[0014] FIGS. 2A and 2B are section views for illustrating a
manufacturing process of the liquid crystal display device
illustrated in FIG. 1A.

[0015] FIGS. 3A and 3B are section views for illustrating
steps subsequent to a step of FIG. 2B.

[0016] FIGS. 4A and 4B are section views for illustrating
steps subsequent to the step of FIG. 3B.

[0017] FIG. 5 is a section view for illustrating another

manufacturing process of the liquid crystal display device
illustrated in FIG. 1A.
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[0018] FIGS. 6A and 6B illustrate a schematic configura-
tion of aliquid crystal display device according to an existing
example.

[0019] FIGS. 7A and 7B illustrate a schematic configura-
tion of a liquid crystal display device according to a second
embodiment of the invention.

[0020] FIG. 8 is a section view illustrating a schematic
configuration of a liquid crystal display device according to a
modification of the embodiments of the invention.

[0021] FIG. 9is a characteristic diagram illustrating a rela-
tionship of transmittance to a cell gap for each wavelength.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0022] Hereinafter, preferred embodiments of the inven-
tion will be described in detail with reference to drawings.

First Embodiment

[0023] FIG. 1A is a section view illustrating a schematic
configuration of a liquid crystal display device 1 according to
a first embodiment of the invention. FIG. 1B is a schematic
plan view illustrating an arrangement relationship between
color filters, main spacers, and sub spacers. The liquid crystal
display device 1 is, for example, an active-matrix display
device performing image display, pixel by pixel, based on an
image signal transmitted from a data driver (not illustrated)
according to a drive signal supplied form a gate driver (not
illustrated).

[0024] The liquid crystal display device 1 includes a liquid
crystal layer 30 provided between a drive substrate 20 and a
counter substrate 10. The liquid crystal layer 30 has a plurality
of pixels arranged in a matrix pattern. For example, the liquid
crystal layer 30 includes pixels 10R displaying red (R), pixels
10G displaying green (G), and pixels 10B displaying blue
B).

[0025] The drive substrate 20 includes TFT (Thin Film
Transistors) provided on a glass substrate for example for
driving the pixels 10R, 10G and 10B, and is formed with
various wiring layers including gate lines and data lines con-
nected to the TFT. Pixel electrodes (not illustrated) are pro-
vided on the drive substrate 20 for the respective pixels 10R,
10G and 10B, and an orientation film (not illustrated) is
further formed to cover the pixel electrodes. The orientation
film controls an orientation of the liquid crystal layer 30, and
for example, a vertical-orientation organic film such as a
polyimide film is used for the orientation film.

[0026] The counter substrate 10 includes, for example, a
glass substrate, and includes a plurality of filters provided for
a plurality of color kinds and divided into individual filter
elements (red filter elements 11R, green filter elements 11G
and blue filter elements 11B) disposed in correspondence to
the pixels 10R, 10G and 10B, on a side of the liquid crystal
layer 30. Moreover, a common electrode (not illustrated)
common to pixels is formed on the counter substrate 10.
[0027] Thered filter elements 11R, the green filter elements
11G, and the blue filter elements 11B selectively transmit a
color component of red, green and blue, respectively, and
absorb other color components, respectively. Each of the red
filter elements 11R, the green filter elements 11G, and the
blue filter elements 11B includes, for example, a photosensi-
tive resin material such as photoresist dispersed with a pig-
ment of each color. Thickness of each color filter is appropri-
ately set according to desired color purity, which is 1.0 um to
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4.0 um for example. Such red, green and blue filter elements
11R, 11G and 11B are formed in opening areas of a BM
(black matrix) layer 12 respectively.

[0028] The BM layer 12 defines display areas of the pixels
10R, 10G and 10B, and prevents reflection of outside light at
a boundary between the defined regions of the respective
colors, and prevents light leakage between pixels, so as to
increase contrast. The BM layer 12 includes a single-layer
film or a stacked film of metal such as chromium (Cr), a metal
oxide, or a metal nitride. Alternatively, the BM layer 12 may
include acrylic resin mixed with carbon particles.

[0029] In the present embodiment, two kinds of spacers
having different heights to each other (main spacers 13A and
sub spacers 13B) are provided on the green filter among the
red filter, the green filter, or the blue filter. The main spacers
13A normally keep a cell gap, defined as a gap between the
two substrates 10 and 20, of the liquid crystal layer 30 to a
certain interval. The main spacers 13 A include, for example,
a photosensitive photoresist. Height (thickness) H1 of the
spacers 13A is appropriately set according to birefringence of
the liquid crystal layer 30, which is 1.5 um to 4.5 pm for
example. The sub spacers 13B keep a certain cell gap of the
liquid crystal layer 30 when the liquid crystal layer 30 is
pressurized. The sub spacers 13B include, for example, the
same material as that of the main spacers 13 A, and height H2
thereof is low compared with the main spacers 13 A, which is
1.0 um to 4.4 pm for example. The height H2 of the sub
spacers 13B is optimally set in consideration of a material of
the spacers themselves, an arrangement density of the spac-
ers, and the like.

[0030] A difference between the height H1 of the main
spacers 13A and the height H2 of the sub spacers 13B is, for
example, 0.1 pm to 0.5 pm, and often designed to be about 0.2
um. When the difference between the height H1 and the
height H2 is too small, the sub spacers 13B act as the main
spacers 13A, and thus the liquid crystal layer 30 loses elas-
ticity, causing formation of a bubble or uneven gap due to
gravity. On the other hand, when the difference is too large,
the sub spacers 13B may not work as a support when the
liquid crystal layer 30 is pressurized, and therefore the spac-
ers may not suppress uneven pressure. The difference
between the height H1 and the height H2 described herein
means a distance in a thickness direction between a top ofthe
main spacer 13A and a top of the sub spacer 13B.

[0031] The main spacers 13A and the sub spacers 13B are
provided only on one color kind of the color filter (i.e., the
green filter, for example) among the red filter, the green filter,
and the blue filter. In the present embodiment, the main spacer
13A and the sub spacer 13B are provided on the different
green filter elements 11G. The main spacers 13A and the sub
spacers 13B are preferably arranged such that density of the
main spacers 13A is low and density of the sub spacers 13B is
high, while such density varies depending on a material of the
spacers itself.

[0032] The main spacers 13A and the sub spacers 13B are
provided so as not to oppose TFT (not illustrated) on the drive
substrate 20, respectively. The TFT is typically configured
such that electrodes such as a gate, a source and a drain are
connected to a channel-region-formation layer made of amor-
phous silicon (at-Si). Each of the main spacers 13A and the
sub spacers 13B is provided in such a manner as to avoid
particularly a region immediately above the amorphous sili-
con layer among the electrodes and the like. This prevents the
main spacer 13A or the sub spacer 13B from contacting the
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drive substrate 20 and pressurizing the TFT. This in turn
prevents occurrence of a threshold shift of the TFT due to the
pressurizing of the TFT.

[0033] Alternatively, each of the main spacers 13A and the
sub spacers 13B may be provided in a region opposed to the
TFT or the wiring layer on the drive substrate 20. Such a
configuration ensures spaces for placing the main spacers
13A and the sub spacers 13B without reducing an aperture
ratio. Particularly, when each of the sub spacers 13B is
arranged on the TFT, the sub spacer 13B is normally not
contacted to the drive substrate 20. Thus, the occurrence of
the threshold shift of the TFT is suppressed in the normal
state.

[0034] The liquid crystal layer 30 includes, for example, a
nematic liquid crystal of a VA (Vertical Alignment) mode, of
a'TN (Twisted Nematic) mode, or of an IPS (In-Plane Switch-
ing) mode.

[0035] A polarizing plate (not illustrated) is attached to the
outside of each of the drive substrate 20 and the counter
substrate 10, and a backlight (not illustrated) is provided on
the outside of the drive substrate 20 for illuminating the liquid
crystal display device 1 from the drive substrate 20 side. As
the backlight, for example, an edge-light backlight using a
light guide plate, a direct-light backlight, or the like is used.
For example, the backlight includes CCFL (Cold Cathode
Fluorescent Lamp), LED (Light Emitting Diode) or the like.
Such a liquid crystal display device 1 is used as a display
monitor for an electronic device such as a liquid crystal tele-
vision, a notebook computer and so forth.

[0036] The liquid crystal display device 1 may be manu-
factured, for example, in the following way.

[0037] First, pixel electrodes, TFT, various wiring layers
and the like are provided on a surface of a glass substrate to
form the drive substrate 20.

[0038] On the other hand, as illustrated in FIG. 2A, the BM
layer 12 made of the above-described material is coated on a
surface of the counter substrate 10, and then the BM layer 12
is patterned by, for example, a photolithography method to
form the opening areas 12A. Next, as illustrated in FIG. 2B,
the red filter, the green filter and the blue filter which are made
of the above-described material are coated on the opening
areas 12A of the BM layer 12, respectively, and then the filters
are patterned in order through an exposure treatment and a
development treatment with a photomask.

[0039] Next, the main spacers 13A and the sub spacers 13B
are formed, for example, only on the green filter (green filter
elements 11G) among the red, green and blue filters.

[0040] Specifically, a positive-type photosensitive resist
130 s first coated with a predetermined thickness H1 over the
whole surfaces of the red, green and blue filters as illustrated
in FIG. 3A for example. Thickness H1 of the formed photo-
sensitive resist 130 corresponds to the height (thickness) H1
of the main spacers 13A. Then, regions other than predeter-
mined formation regions of the main spacers 13A and of the
sub spacers 13B in the resist 130 are selectively exposed at a
given exposure condition. At that time, a photomask 110
having light-shielding portions 110A and 110B correspond-
ing to the predetermined formation regions of the main spac-
ers 13A and of the sub spacers 13B on the green filter is used.
Thus, as illustrated in FIG. 3B, the main spacers 13 A and sub
spacers 13B1 each having the height H1 are formed on the
green filter (green filter elements 11G), respectively.

[0041] Next, regions other than the main spacers 13A,
namely the sub spacers 13B1 are selectively exposed as illus-
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trated in FIG. 4A. At that time, a photomask 111 having
light-shielding portions 111A in regions corresponding to the
main spacers 13A is used for example. In this way, the sub
spacers 13B having the height (thickness) H2 are formed on
the green filter as illustrated in FIG. 4B.

[0042] Inthis way, the main spacer 13A and the sub spacer
13B each having different thickness from each other are
formed by multi-step exposure with the photomasks 110 and
111. However, the method is not limitative, and the main
spacers 13A and the sub spacers 13B may be formed in the
following way.

[0043] For example, as illustrated in FIG. 5, the photosen-
sitive resist 130 is coated over the whole surfaces of the red,
green and blue filters in a similar way as above. Then, the
regions other than predetermined formation regions of the
main spacers 13A and of the sub spacers 13B in the resist 130
are selectively exposed at a given exposure condition. At that
time, a photomask 112 having light-shielding portions 112A
corresponding to the predetermined formation regions of the
main spacers 13A and semi-transmissive portions 112B cor-
responding to the predetermined formation regions of the sub
spacers 13B is used for example. The semi-transmissive por-
tion 112B includes a so-called half-tone mask or a gray-tone
mask, and transmits light with a predetermined transmittance.
Thus, the main spacers 13A having the height H1 and the sub
spacers 13B having the height H2 are formed in one exposure.
[0044] Next, a UV-curing seal portion such as an epoxy
adhesive is printed on the periphery of the counter substrate
10 having the main spacers 13A and the sub spacers 13B
formed thereon, and then the liquid crystal layer 30 made of
the above-described material is formed by dropping on the
counter substrate 10 on a side where the respective color
filters are formed. Then, the drive substrate 20 is attached to
the counter substrate 10 with the liquid crystal layer 30 in
between, and the attached substrates are subjected to UV
irradiation so that the seal portion is cured. Thus, the liquid
crystal layer 30 is formed between the drive substrate 20 and
the counter substrate 10.

[0045] Finally, a not-illustrated polarizing plate is attached
to an outer surface of each of the drive substrate 20 and the
counter substrate 10 of the formed liquid crystal layer 30, so
that the liquid crystal display device 1 illustrated in FIG. 1A
is completed.

[0046] Next, operation and effects of the liquid crystal dis-
play device 1 having the above configuration is described.
[0047] Intheliquid crystal display device 1, light irradiated
from the not-illustrated backlight to the drive substrate 20
side enters the liquid crystal layer 30 through the drive sub-
strate 20. The light having entered the liquid crystal layer 30
transmits therethrough while being modulated by each of the
pixels when a voltage is applied between the pixel electrode
on the drive substrate 20 and the common electrode on the
counter substrate 10 based on image data. The light having
transmitted through the liquid crystal layer 30 in this way
passes through the red filter elements 11R, the green filter
elements 11G and the blue filter elements 11B corresponding
to the pixels 10R, 10G and 10B respectively, and thereby the
light is extracted to the outside of the counter substrate 10 as
display light of three primary colors, and display is thus
performed.

[0048] The main spacers 13A having the height H1 and the
sub spacers 13B having the height H2 lower than the height
H1 are provided within the liquid crystal layer 30 respec-
tively. Thus, the cell gap of the liquid crystal layer 30 is
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normally kept by the main spacers 13A, whereas the cell gap
is kept by the sub spacers 13B when the liquid crystal layer 30
is pressurized. In this way, the main spacer 13A and the sub
spacer 13B having different heights from each other are pro-
vided within the liquid crystal layer 30, thereby the elasticity
and the pressure resistance of the liquid crystal layer 30 are
kept in a well-balanced manner.

[0049] Here, an existing liquid crystal display device 100 is
described with reference to FIGS. 6A and 6B. In the liquid
crystal display device 100, a liquid crystal layer 103 is pro-
vided between a drive substrate 102 and a counter substrate
101, and a red filter, a green filter and a blue filter having red
filter elements 104R, green filter elements 104G, and blue
filter elements 104B, respectively, and a BM layer 105 are
formed on the counter substrate 101. Main spacers 106A and
sub spacers 106B, having a height lower than that of the main
spacers 106A, are provided on surfaces of the red filter, the
green filter and the blue filter. Specifically, for example, the
main spacers 106A are provided on the green filter elements
104G, and the sub spacers 106B are provided on the blue filter
elements 104B, respectively.

[0050] Accordingly, in the existing liquid crystal display
device 100, the main spacers 106 A and the sub spacers 106B
are provided on the color filters having different color kinds
from each other. Since formation of the red filter, the green
filter and the blue filter is performed separately for each color,
variation in thickness may occur among the red, green and
blue filters. In such a case, when the main spacers 106A and
the sub spacers 106B are provided on the filters having the
different color kinds from each other, a difference in the
height between the main spacers 106A and the sub spacers
106B is deviated from a design value, and variation in height
also occurs in a substrate plane. This induces a defect within
a liquid crystal layer such as a bubble and an uneven gap due
to gravity.

[0051] On the other hand, in the present embodiment, the
main spacers 13A and the sub spacers 13B are provided only
on the color filter having the same color kind. For example,
the main spacers 13A and the sub spacers 13B are provided
only on the green filter (green filter elements 11G). Thus, even
if the variation in thickness occurs for each of the colorsin a
formation step of the respective color filters, the difference
between the height H1 and the height H2 is hardly deviated
from the design value.

[0052] As hereinbefore, in the present embodiment, since
the main spacers 13A and the sub spacers 13B are provided on
only one color kind of the color filter among the red filter, the
green filter and the blue filter, for example, only on the green
filter, the difference between the height H1 of the main spac-
ers 13A and the height H2 of the sub spacers 13B is easily
established in accordance with the design value even when
the thickness of the color filters varies in each of the colors.
Therefore, the elasticity of the liquid crystal layer 30 is
ensured in accordance with a design value, so that the defect
such as the bubble and the uneven gap due to the gravity is
suppressed, leading to improvement in yield.

Second Embodiment

[0053] FIG. 7A is a section view illustrating a schematic
configuration of a liquid crystal display device 2 according to
asecond embodiment of the invention. FIG. 7B is a schematic
plan view illustrating an arrangement relationship between
color filters, main spacers, and sub spacers. Hereinafter, ele-
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ments similar to those in the first embodiment are attached
with the same reference numerals or signs, and will not be
described in detail.

[0054] The liquid crystal display device 2 is, for example,
an active-matrix display device performing image display,
pixel by pixel, based on an image signal transmitted from a
data driver (not illustrated) according to a drive signal sup-
plied form a gate driver (not illustrated). The liquid crystal
display device 2 includes the liquid crystal layer 30 provided
between the drive substrate 20 and the counter substrate 10, as
in the liquid crystal display device 1 of the first embodiment.
The liquid crystal layer 30 has the pixels 10R, the pixels 10G
and the pixels 10B arranged in a matrix pattern.

[0055] In the present embodiment, main spacers 23A and
sub spacers 23B are provided only on one color kind of color
filter among the red filter, the green filter and the blue filter, as
in the first embodiment. For example, the main spacers 23 A
and the sub spacers 23B are provided only on the green filter.
However, in the present embodiment, both of the main spacer
23A and the sub spacer 23B are provided on a same pixel.
That is, one main spacer 23A and one sub spacer 23B are
provided only on the pixel 10G The main spacers 23A and the
sub spacers 23B are formed to have the heights of H1 and H2
with the material equivalent to that of the main spacers 13A
and the sub spacers 13B in the first embodiment, respectively.
In addition, the main spacers 23A and the sub spacers 23B
may be formed by using a photolithography method as in the
main spacers 13A and the sub spacers 13B in the firstembodi-
ment.

[0056] Accordingly, in the present embodiment, the main
spacer 23 A and the sub spacer 23B are provided on the same
pixel (the pixel 10G in the present embodiment). Thus, even
if the thickness varies in each of the colors in the formation
step of the respective color filters, a difference between the
height H1 of the main spacers 23 A and the height H2 of the
sub spacers 23B is established in accordance with a design
value. Moreover, although the thickness of the color filters
may vary for each of the pixels even in the same color, the
difference between the height H1 and the height H2 is kept
constantly evenin sucha case. Thus, accuracy which is higher
than that in the first embodiment is achieved. Therefore, the
defect such as the bubble and the uneven gap due to the
gravity is further effectively suppressed, leading to further
improvement in yield.

[0057] Note that, in FIGS. 7A and 7B, the main spacers
23A and the sub spacers 23B are provided intermittently
among the pixels 10G arranged in the matrix pattern. How-
ever, the main spacers 23A and the sub spacers 23B may be
provided on all of the pixels 10G.

[Modification]

[0058] Next, a modification of the embodiments of the
invention is described. Hereinafter, elements similar to those
in the first and the second embodiments are attached with the
same reference numerals or signs, and will not be described in
detail.

[0059] FIG. 8 is a section view illustrating a schematic
configuration of a liquid crystal display device 3 according to
the modification. The liquid crystal display device 3 includes
the liquid crystal layer 30 provided between the drive sub-
strate 20 and the counter substrate 10 as in the embodiments.
Main spacers 32A and sub spacers 32B are provided only on
one color kind of color filter among the red filter, the green
filter and the blue filter. For example, the main spacers 32A
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and the sub spacers 32B are provided only on the blue filter
(blue filter elements 31B). However, in the present modifica-
tion, the red filter (red filter elements 31R), the green filter
(green filter elements 31G), and the blue filter (blue filter
elements 31B) are different in thickness from one another,
and thus cell gaps d, d ; and d;; of the respective color pixels
are different from one another, thereby establishing a multi-
gap structure. Specifically, thickness is the largest in the blue
filter element 31B, and is gradually reduced in order of the
green filter element 31G and the red filter element 31R, so that
the cell gaps of the respective color pixels have a relationship
of dz>d;>dg. In such a structure, the main spacers 32A and
the sub spacers 32B are provided on the blue filter elements
31B having the largest thickness. However, the main spacer
32A and the sub spacer 32B are provided on the different blue
filter elements 31B herein.

[0060] Accordingly, the embodiments of the invention are
applicable to the multi-gap structure. Generally, when the
liquid crystal layer 30 includes, for example, a VA-mode
liquid crystal, and when an orientation of liquid crystal mol-
ecules is directed at an ideal angle of 45 degrees, transmission
intensity (I) of light is given by the following formula (T).
Wherein, 1 is intensity of incident polarized-light, d is a cell
gap, An is birefringence of a liquid crystal at an applied
voltage (V), and A is a wavelength of incident light in the air.
Also, FIG. 9 illustrates a relationship of transmittance of a
liquid crystal layer to the cell gap d in the case of An=0.08. As
represented in the formula (I) and FIG. 9, the transmittance
depends on the cell gap d, and varies for each wavelength.
This indicates that when the cell gaps of R, G and B are the
same, chromaticity is shifted due to gradation.

I=Iy*sin?(mAnd/d)

[0061] Therefore, variation in characteristics such as trans-
mittance, a y (gamma) curve and so forth are reduced by
employing the multi-gap structure as in the present modifi-
cation. This suppresses the shift in the chromaticity due to the
gradation, so that color purity is improved. Moreover, the
main spacers 32A and the sub spacers 32B are provided on
one color kind of the color filter having the largest thickness
(the blue filter elements 31B in the present modification).
Thus, a height H3 and a height H4 are set low compared with
a case where the main spacers 32A and the sub spacers 32B
are provided on color filters of other color kinds. This facili-
tates reduction in the variation of spacer height in a substrate
plane.

[0062] In the present modification, the main spacer 32A
and the sub spacer 32B are provided on the different blue filter
elements 31B, for example. However, the main spacer 32A
and the sub spacer 32B may be provided on the same blue
filter element 31B, as in the second embodiment. Moreover,
in the present modification, although the thickness is the
largest in the blue filter and is gradually reduced in order of
the green filter and the red filter for example, the thickness of
each of the color filters is not limited thereto. Since the trans-
mittance varies depending on the cell gap as described above,
each of the cell gaps d, d ; and d ; may be determined accord-
ing to a desired cell gap, a thickness of each of the color filters
or the like, such that the respective color pixels have the
mutually-equivalent transmittance.

[0063] Hereinbefore, while the invention has been
described with reference to the embodiments and the modi-
fication, the invention is not limited to the above embodi-
ments and the modification, and may be variously modified.

Formula (I)
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For example, although, in the above embodiments and the
modification, the main spacers and the sub spacers are pro-
vided only on the green filter or on the blue filter, the main
spacers and the sub spacers may be provided only on the red
filter.

[0064] Moreover, in the above embodiments and the modi-
fication, either of the main spacer and the sub spacer is pro-
vided on the pixel 10G, or one main spacer and one sub spacer
are provided on the pixel 10G, for example. However, the
number of the main spacers and the number of the sub spacers
provided on one pixel 10G are not limited thereto. That is, two
or more main spacers and sub spacers may be provided on
each pixel respectively, as long as the main spacers and the
sub spacers are formed on the color filter elements having the
same color. Alternatively, the main spacers and the sub spac-
ers may beuniformly arranged on all pixels of the same color,
or may be provided at intervals.

[0065] Furthermore, in the above embodiments and the
modification, the red filter, the green filter, and the blue filter
are provided on the counter substrate 10 side, for example.
However, the respective color filters may be provided on the
drive substrate 20 side to establish a so-called “color-filter-
on-array (COA)” structure. In this structure, since thickness
of each color filter often becomes larger than that in the case
where the filter is provided on the counter substrate 10 side,
the variation in thickness tends to occur for each color. Since
the embodiments and the modification of the invention estab-
lish the difference in height between the main spacer and the
sub spacer with accuracy even when the variation in thickness
occurs among the respective color filters, it is particularly
effective for the COA structure.

[0066] The present application contains subject matter
related to that disclosed in Japanese Priority Patent Applica-
tion JP 2008-265653 filed in the Japan Patent Office on Oct.
14, 2008, the entire content of which is hereby incorporated
by reference.

[0067] It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
and other factors insofar as they are within the scope of the
appended claims or the equivalent thereof.

What is claimed is:

1. A liquid crystal display device, comprising:

a first substrate and a second substrate facing each other;

a liquid crystal layer provided between the first substrate
and the second substrate to configure a plurality of pix-
els;

a plurality of color filters provided for a plurality of color
kinds, respectively, and formed on the first substrate,
each of the plurality of color filters being divided into
individual filter elements corresponding to the pixels,
respectively;

main spacers provided on one color kind of color filter of
the plurality of color filters to control a gap between the
first substrate and the second substrate; and

sub spacers, which are lower than the main spacers in
height, provided on the same color kind of color filter as
the one color kind of color filter where the main spacers
are provided thereon.

2. The liquid crystal display device according to claim 1,

wherein one or more main spacers and one or more sub
spacers are provided in a same pixel of the plurality of pixels.
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3. The liquid crystal display device according to claim 1,
wherein the plurality of color filters are mutually different in
thickness.

4. The liquid crystal display device according to claim 3,
wherein the main spacers and the sub spacers are provided on
one color kind of color filter having a largest thickness.

5. The liquid crystal display device according to claim 1,
further comprising drive elements on the second substrate to
drive the pixels, respectively, and
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the main spacers and the sub spacers are provided in
regions other than regions opposed to the drive elements.
6. The liquid crystal display device according to claim 1,
further comprising drive elements and wiring layers on the
second substrate to drive the pixels, respectively, and
the main spacers are provided in regions opposed to the
wiring layers, and the sub spacers are provided in
regions opposed to the drive elements.

*® ok ok k%
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