| W N A YK O A
US 20070046868A1
a9y United States

a2y Patent Application Publication () Pub. No.: US 2007/0046868 A1

Ishigaki et al. 43) Pub. Date: Mar. 1, 2007
(54) DISPLAY DEVICE AND MANUFACTURING 30) Foreign Application Priority Data
METHOD THEREOF
Aug. 26, 2005 (IP) ccoveevecccececceeeceees 2005-245106
(76) Inventors: Toshimasa Ishigaki, Chiba (JP); Fumio Publication Classification
Takahashl., Mobar.a (.JP); Yoshiaki (51) Int. CL
Nakayoshi, Ooamishirasato (JP) GO2F 171335 (2006.01)
(52) US.CL .. et e e 349/108
Correspondence Address: (57) ABSTRACT
ANTONELLI, TERRY, STOUT & KRAUS,
LLP The present invention facilitates a control of a temperature
1300 NORTH SEVENTEENTH STREET of white color and color tones of respective colors of a color
SUITE 1800 liquid crystal display device. To achieve such an aim, a
ARLINGTON, VA 22209-3873 (US) display device of the present invention includes a display
panel which arranges a plurality of color filters which differ
(21) Appl. No.: 11/509,763 in color for each pixel, and at least the color filter of one
color is formed of a plurality of filter layers stacked on a
(22) Filed: Aug. 25, 2006 transparent substrate.
204b PXG  205b(205a)

| L

203a

N

—0

Lsq

203b 202 204b 204a



Patent Application Publication Mar. 11,2007 Sheet 1 of 9 US 2007/0046868 A1

FIG, 1

FIG 2

2

...............................
................................

3 1/////7//////15‘3

ooooooooooooooooooooooooooooooo

T 7777037777 7

1 4



Patent Application Publication Mar. 1,2007 Sheet 2 of 9 US 2007/0046868 A1

FIaG, 3

203b 204b PXG 205b

~
1

5 205a

PXR




US 2007/0046868 A1

Patent Application Publication Mar. 11,2007 Sheet 3 of 9

777777

80¢
\/\/\/ /\ /\/\/ /\/\/\/ /\/\/\/ /\/\/\4 /\/\/\/—
0z —"} SN 7777
902 SSRGS A A & 7 FFF AL
wod L LN ) )N )N
NV N N 1N N AN I\ AN N N 1\ AN N X NV N\ N/ NJ J
[ / T R
0

|,

I

14

20z ez qgoz  20¢  oW0Z WWOZ goz  ee0C  qgoz G0 60T

7y 914



Patent Application Publication Mar. 11,2007 Sheet 4 of 9 US 2007/0046868 A1

FIG, 5

501 502

N )
/ - (

\ ] 203b
S/ /S /S S S S S S
T TTTTTTT T A
\
(
503
FIG 6
501 502
\I )
/ / /
\ ’ \ 203
S /S /S /S S S S S S S




Patent Application Publication Mar. 11,2007 Sheet S of 9 US 2007/0046868 A1

FIG. 7
203a 203b
\ )
T 77777777\
SR
L .
) ( /
202 201 202
FiaG, 8
602 602
S S
( 2 8 T 601
603 603
FIG. 9
Ic o, %
602b 602a

1~

D A~
(=)
o
—

Q)
o
w



Patent Application Publication Mar. 11,2007 Sheet 6 of 9 US 2007/0046868 A1

FIG, 10

203b1 203a1

t=0 —

203b
203a
201

203b
203a
201

t=Tf XL




Patent Application Publication Mar. 11,2007 Sheet 7 of 9 US 2007/0046868 A1

FIG, 12

203b 204b PXG  205b(205a)

~
L1 | L

A
Y

203a

PXR
Z

0




US 2007/0046868 A1

Patent Application Publication Mar. 11,2007 Sheet 8 of 9

\ /\/ \/ /\ /\/ \/ /\ /\/ \/ /\ /\/ \/ /\/ \/ /\ \/ \/ —
toz—T
o — 0 SN 772 PP S
SN N N NN NN Ry _ YA ALY AL -~ AN B
re R AN VAN
L /\, AN /\_/ ,V AN ﬂ/ AN A/ AN AN h\/ ﬂvn AN /H/ /,\ N Y.
c0¢ €G0¢ 9602 0¢ ey0¢ A0  z0Z BE0Z qgoz ¢0C  60¢



Patent Application Publication Mar. 11,2007 Sheet 9 of 9 US 2007/0046868 A1

FIG, 14

LIk L
V272200 A 8

71 7

203b1

. | | 203a
p

201




US 2007/0046868 Al

DISPLAY DEVICE AND MANUFACTURING
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The disclosure of Japanese Patent Application No.
2005-245106 filed on Aug. 26, 2005 including the specifi-
cation, drawings and abstract is incorporated herein by
reference in its entirety.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a display device
and a manufacturing method thereof, and more particularly
to a technique which is effectively applicable to a color
liquid crystal display device.

[0004] 2. Description of the Related Arts

[0005] As one of display devices, there exists a color
liquid crystal display device which includes a liquid crystal
display panel capable of performing a color display. The
color liquid crystal display device is a display device which
is capable of performing a high-definition color display and,
recently, has been popularly used as a liquid crystal display
panel for a liquid crystal television receiver set or a PC
(Personal Computer), a display for a PDA (Personal Digital
Assistant), a mobile phone or the like.

1. Field of the Invention

[0006] The liquid crystal display panel which is used in
the color liquid crystal display device (hereinatter referred to
as color liquid crystal display panel) is, for example, a
display panel which is constituted by sealing a liquid crystal
material between a first substrate (a TFT substrate) which
arranges TFT (Thin Film Transistor) elements and pixel
electrodes in an array and a second substrate (a color filter
substrate) which arranges color filters of R (red), G (green)
and B (blue) at positions corresponding to the pixel elec-
trodes. Here, in the color liquid crystal display panel, a
display pixel of one dot is constituted of a set which is
formed of a R pixel having the red color filter, a G pixel
having the green color filter, and a B pixel having the blue
color filter.

[0007] In manufacturing the color filter substrate, for
example, first of all, a black matrix which separates the R
pixels, the G pixels and the B pixels on a transparent
substrate formed of a glass substrate or the like is formed.
Then, the red color filter for the R pixel, the green color filter
for the G pixel and the blue color filter for the B pixel are
sequentially formed on the transparent substrate.

[0008] In forming the color filters, a method which per-
forms patterning of a resist in which pigment is dispersed
using a photolithography method is most popularly adopted.
In this method, for example, first of all, a negative resist in
which pigment is dispersed is applied to a whole surface of
the transparent substrate by coating, a solvent is removed by
evaporation from the resist by heating so as to dry the resist.
Next, the negative resist is exposed through a photo mask
which blocks light except for predetermined pixel regions.
After exposure, the resist in the pixel region is cured by light
and is made insoluble against a developer. Accordingly, in
developing the resist using alkaline solution, only regions
except for the pixel regions are developed and removed
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whereby a pixel pattern of the color filter is obtained. Such
steps are repeatedly performed with respect to the red, green
and blue color filters.

[0009] Further, there also exists a method which uses a dry
film resist in place of such a coating-type resist (for example,
see Japanese Patent Laid-open Hei5-173320 (document 1)).
In this method, a film-like negative resist in which pigment
is dispersed is adhered to a transparent substrate by thermo-
compression bonding and, thereafter, the above-mentioned
exposure and development are performed thus forming a
pixel pattern of a color filter. This method can simplify the
step for forming the resist on the transparent substrate
compared to the method which coats the resist. Further, by
preliminarily forming an oxygen interrupting layer on the
resist of the transfer film, a curing action is accelerated thus
increasing the sensitivity of the resist. On the other hand,
however, the method has demerits or drawbacks such as a
high material cost, and no flexibility in a delicate control of
color tones by changing coated film thicknesses.

[0010] Further, recently, aiming at the reduction of a
material cost and a manufacturing cost, a method which
forms a pattern by supplying pigment-dispersed ink to only
pixel portions such as high accuracy printing (for example,
described in Japanese Laid-open No. 294930/2003 (patent
document 2) and ink jet printing (for example, described in
Japanese Laid-open No. 221319/2000 (patent document 3).

[0011] Corresponding to a usage or an application to
which the color liquid crystal display device is applied, a
demand for, for example, a temperature of white color
obtained by synthesizing lights which pass through the R
pixel, the G pixel and the B pixel, the color reproducibility
of respective colors and the like differs. Accordingly, in
manufacturing the color filter substrate, it is necessary to
control color tones of filter materials used for color filters of
respective pixels by taking, for example, the color tempera-
ture of white color and the color reproducibility of respec-
tive colors into consideration.

[0012] As one of methods of controlling the temperature
of white color and color reproducibility of respective colors,
there exists a method which changes a film thickness of the
pigment-dispersed resist. However, when the film thickness
is largely changed, there arises a drawback such as irregu-
larities in coating thickness and hence, only the color-tone
change at a level of fine adjustment is possible. Accordingly,
when the film thickness adjustment cannot cope with the
required temperature of white color or the color reproduc-
ibility of respective colors, there arises a drawback that it is
necessary to prepare a new pigment-dispersed resist in
which the color tone is adjusted by changing a kind of
pigment and a blending ratio of pigment. Further, each time
the color filter substrate which differs in the temperature of
white color and the color reproducibility of respective colors
is manufactured, a changeover operation of the pigment-
dispersed resist becomes necessary and hence, there arises a
drawback that the production efficiency is lowered. Here,
these drawbacks are drawbacks which are also shared in
common by pigment-dispersed ink used in the above-men-
tioned high-definition printing and ink jet printing.

[0013] Further, as a method for controlling the tempera-
ture of white color and the color reproducibility of respec-
tive colors, for example, there has been also known a method
which changes the numerical apertures of the respective



US 2007/0046868 Al

pixels consisting of the R pixel, the G pixel and the B pixel,
for example. However, in adopting this method, for
example, it is necessary to change a pattern of an exposure
mask corresponding to numerical apertures of the respective
pixels or it is necessary to change sizes of the pixel elec-
trodes on the TFT substrate. Accordingly, there has been a
drawback that it is necessary to individually prepare the
above-mentioned CF substrate and the TFT substrate cor-
responding to the required temperature of white color and
color reproducibility of the respective colors.

[0014] Tt is an object of the present invention to provide a
technique which facilitates a control of a temperature of
white color and color tones of respective colors in a color
liquid crystal display device, for example.

[0015] Tt is another object of the present invention to
provide a technique which can easily form color filters of
arbitrary color tones using a same filter material.

[0016] The above-mentioned object, other objects and
novel features of the present invention will become apparent
from the description of this specification and attached draw-
ings.

SUMMARY OF THE INVENTION

[0017] To schematically explain the invention disclosed in
the present invention, it is as follows.

[0018] (1) In adisplay device including a display panel on
which a plurality of color filters different in color from each
other are arranged for each pixel, at least the color filter of
one color is formed of a plurality of filter layers stacked on
a transparent substrate.

[0019] (2) In the display device having the above-men-
tioned constitution (1), the plurality of stacked filter layers
are configured such that an area of the first filter layer close
to the transparent substrate is set larger than an area of the
second filter layer remoter from the transparent substrate
than the first filter layer.

[0020] (3) In the display device having the above-men-
tioned constitution (2), the second filter layer is arranged on
a plurality of regions of the first filter layer in an island-like
array.

[0021] (4) In the display device having any one of the
above-mentioned constitutions (1) to (3), the plurality of
stacked filter layers have the same color tone.

[0022] (5) In the display device having any one of the
above-mentioned constitutions (1) to (3), at least one filter
layer out of the plurality of the stacked filter layers differs
from other filter layers in color tones.

[0023] (6) In the display device having any one of the
above-mentioned constitutions (1) to (3), the filter layer
which is remotest from the transparent substrate out of the
plurality of stacked filter layers has color thereof deeper than
colors of other filter layers.

[0024] (7) In the display device having any one of the
above-mentioned constitutions (1) to (6), the display device
is a liquid crystal display device.

[0025] (8) In a manufacturing method of a display device
including a step of forming color filters on a transparent
substrate, the manufacturing method includes a first step of
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stacking a plurality of photosensitive filter layers on the
transparent substrate, a second step of exposing the stacked
photosensitive filter layers, and a third step of developing the
exposed photosensitive filter layers, wherein in the first step,
the photosensitive filter layers which differ in exposure
sensitivity are stacked in order that the exposure sensitivity
is decreased as the photosensitive filter layer is arranged
remoter from the transparent substrate and, in the second
step, a first region of the stacked photosensitive filter layer
is exposed and, thereafter, a portion of or the whole first
region is continuously exposed.

[0026] (9) In the manufacturing method of the display
device having the above-mentioned constitution (8), the
respective photosensitive filter layers are formed of a nega-
tive-type photosensitive filter, wherein in the second step,
the exposure is performed until the first region of at least the
photosensitive filter layer closest to the transparent substrate
is made insoluble to a developer and, thereafter, the portion
of or the whole first region is continuously exposed.

[0027] (10) In the manufacturing method of the display
device having the above-mentioned constitution (9), in the
second step, the portion or the whole first region is exposed
only for a preset time and, thereafter, the first region is
continuously exposed.

[0028] (11) In the manufacturing method of the display
device having the above-mentioned constitution (9), in the
second step, a first region is exposed with a preset light
quantity and, thereafter, the portion or the whole first region
is continuously exposed while increasing the light quantity.

[0029] (12) In the manufacturing method of the display
device having the above-mentioned constitution (9), in the
second step, the collective exposure is performed by chang-
ing exposure quantities for respective regions such that the
first region is collectively exposed with an exposure quantity
which makes the first photosensitive filter layer close to the
transparent substrate insoluble to a developer, and the por-
tion or the whole first region is collectively exposed with an
exposure quantity which makes the second photosensitive
filter layer insoluble to a developer.

[0030] (13) In the manufacturing method of the display
device having anyone of the above-mentioned constitutions
(8) to (12), in the first step, a transfer film which sequentially
stacks photosensitive filter layers on a base film in order
from the photosensitive layer having low exposure sensitiv-
ity is used, and the photosensitive filter layer which is
remotest from the base film is adhered to the transparent
substrate, and the stacked photosensitive filter layers are
transferred.

[0031] The display device of the present invention is, as
described in conjunction with the above-mentioned consti-
tution (1), configured such that the color filter of one color
is formed of the plurality of stacked filter layers. In such a
display device, for example, as in the case of the above-
mentioned constitution (2) or (3), it is possible to partially
form the second filter layer on the first filter layer close to the
transparent substrate. Due to such a constitution, when the
filter layers are formed of two layers, for example, there
exists a region where only the first filter layer is provided
and the region where the first filter layer and the second filter
layer are overlapped to each other. Here, the region where
the first filter layer and the second filter layer are overlapped
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to each other exhibits a deeper color than the color of the
region where only the first filter layer is provided. Accord-
ingly, by merely changing the area of the second filter layer,
it is possible to easily control the color tones of the color
filters.

[0032] Here, with respect to the stacked filter layers, the
filter layers having the same color tone may be stacked as in
the case of the above-mentioned constitution (4) or the filter
layers which differ in color tone may be stacked as in the
case of the above-mentioned constitution (5). Further, in
stacking the filter layers which differ in color tone (color
density), for example, by adopting the above-mentioned
constitution (6), it is possible to widen a range of the color
tones which can be controlled or reproduced.

[0033] Further, it is preferable to apply the above-men-
tioned constitutions (1) to (6) to the liquid crystal display
panel as described in case of the above-mentioned consti-
tution (7), for example.

[0034] Further, in manufacturing the display device hav-
ing the above-mentioned constitutions (1) to (6), for
example, it is preferable to form the above-mentioned color
filter using the method having the above-mentioned consti-
tution (8) and (9). By forming the color filter using such a
method, it is possible to form the color filter having the
arbitrary color tone by combining photosensitive filter layers
of one kind. Accordingly, compared to the conventional
color filter forming method, it is possible to easily form the
color filter having the arbitrary color tone.

[0035] Further, in forming the above-mentioned color
filter using the method having the above-mentioned consti-
tution (8), for example, the exposure time may be controlled
as in the case of the above-mentioned constitution (9) or (10)
or the exposure quantity may be controlled as in the case of
the above-mentioned constitution (11) or (12).

[0036] Further, in forming the color filter using the method
having any one of the above-mentioned methods (8) to (12),
for example, by transferring the photosensitive filter layers
to the transparent substrate using the above-mentioned trans-
fer film in the above-mentioned constitution (13), it is
possible to easily form the photosensitive filter layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1 is a schematic view for explaining the
schematic constitution of a display device of the first
embodiment according to the present invention and also is a
schematic plan view showing the schematic constitution of
a liquid crystal display panel;

[0038] FIG. 2 is a schematic view for explaining the
schematic constitution of a display device of the first
embodiment according to the present invention and also is a
cross-sectional view taken along a line A-A' in FIG. 1;

[0039] FIG. 3 is a schematic view for explaining the
schematic constitution of a display device of the first
embodiment according to the present invention and also is a
schematic plan view showing the constitution of one dot of
the liquid crystal display panel;

[0040] FIG. 4 is a schematic view for explaining the
schematic constitution of a display device of the first
embodiment according to the present invention and also is a
cross-sectional view taken along a line B-B' in FIG. 3;
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[0041] FIG. 5 is a schematic view for explaining a manu-
facturing method of a color filter substrate of a liquid crystal
display panel of this embodiment and also is a schematic
cross-sectional view showing a constitutional example of a
transfer film used in the formation of a red color filter;

[0042] FIG. 6 is a schematic view for explaining a manu-
facturing method of a color filter substrate of a liquid crystal
display panel of this embodiment and also is a schematic
cross-sectional view for explaining a step of transferring
two-layered filter layer to a transparent substrate;

[0043] FIG. 7 is a schematic view for explaining a manu-
facturing method of a color filter substrate of a liquid crystal
display panel of this embodiment and also is a schematic
cross-sectional view for explaining a step of transferring
two-layered filter layer to a transparent substrate;

[0044] FIG. 8 is a schematic view for explaining a manu-
facturing method of a color filter substrate of a liquid crystal
display panel of this embodiment and also is a schematic
view showing a constitutional example of an exposure
device;

[0045] FIG. 9 is a schematic view for explaining a manu-
facturing method of a color filter substrate of a liquid crystal
display panel of this embodiment and also is a schematic
view for explaining an exposure principle of the exposure
device shown in FIG. 8;

[0046] FIG. 10 is a schematic view for explaining a
manufacturing method of a color filter substrate of a liquid
crystal display panel of this embodiment and also is a
schematic cross-sectional view showing an exposure
method;

[0047] FIG. 11 is a schematic view for explaining a
manufacturing method of a color filter substrate of a liquid
crystal display panel of this embodiment and also is a
schematic cross-sectional view showing a state after devel-
opment;

[0048] FIG. 12 is a schematic view for explaining an
application example of this embodiment and also is a
schematic plan view showing the constitution of one dot of
the liquid crystal display panel;

[0049] FIG. 13 is a schematic view for explaining an
application example of this embodiment and also is a
cross-sectional view taken along a line C-C' in FIG. 12; and

[0050] FIG. 14 is a schematic view for explaining an
application example of the above-mentioned embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

[0051] Hereinafter, the present invention is explained in
detail in conjunction with embodiments by reference to
drawings. Here, in all drawings for explaining the embodi-
ments, parts having identical functions are indicated by
same symbols and their repeated explanation is omitted.

[0052] Ina display device of the present invention, a color
filter of one color is formed by stacking a plurality of filter
layers and a color tone of the color filter is controlled by
changing an area of a second filter layer stacked on a first
filter layer.
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EMBODIMENT

[0053] FIG.1to FIG. 4 are schematic views for explaining
the schematic constitution of a display device of the first
embodiment according to the present invention, wherein
FIG. 1 is a schematic plan view showing the schematic
constitution of a liquid crystal display panel, FIG. 2 is a
cross-sectional view taken along a line A-A' in FIG. 1, FIG.
3 is a schematic plan view showing the constitution of one
dot of the liquid crystal display panel, and FIG. 4 is a
cross-sectional view taken along a line B-B' in FIG. 3.

[0054] In FIG. 1 and FIG. 2, numeral 1 indicates a first
substrate (a TFT substrate), numeral 2 indicates a second
substrate (a color filter substrate), numeral 3 indicates a
sealing material, and numeral 4 indicates a liquid crystal
material. Further, in FIG. 3 and FIG. 4, numeral 201
indicates a glass substrate, numeral 202 indicates a black
matrix, numerals 203a and 2035 respectively indicate a first
filter layer and a second filter layer of a red color filter,
numerals 204a and 2045 respectively indicate a first filter
layer and a second filter layer of a green color filter,
numerals 205a and 2055 respectively indicate a first filter
layer and a second filter layer of a blue color filter, numeral
206 indicates an overcoat layer, numeral 207 indicates a
common electrode, numeral 208 indicates orientation film
and numeral 209 indicates a polarizer.

[0055] In this embodiment, a color liquid crystal display
device which includes a liquid crystal display panel capable
of performing a color display is taken as an example of the
display device to which the present invention is applied, and
the constitution as well as the manner of operation and
advantageous effects of the color liquid crystal display
device are explained.

[0056] The color liquid crystal display device is, for
example, as shown in FIG. 1 and FIG. 2, configured such
that a first substrate 1 and a second substrate 2 are adhered
to each other using an annular sealing material 3, and a
liquid crystal material 4 is sealed in a space surrounded by
the first substrate 1, the second substrate 2 and the sealing
material 3 thus constituting a liquid crystal display panel.

[0057] Inthe liquid crystal display panel, the first substrate
1 is, for example, a TFT substrate on which TFT elements
and pixel electrodes are arranged in an array in a state that
the TFT element and the pixel electrode are provided for
each pixel. In the liquid crystal display panel of this embodi-
ment, the TFT substrate 1 has the same constitution as a
conventional liquid crystal display panel and hence, the
detailed explanation of the constitution of the TFT substrate
1 is omitted. Further, the second substrate 2 is a color filter
substrate which arranges color filters at positions where the
color filters face the pixel electrodes of the TFT substrate 1.

[0058] Further, one dot of the liquid crystal display panel
is a display panel capable of performing a color display
based on three primary colors of RGB, for example. That is,
one dot of the liquid crystal display panel is constituted of
a display panel which is one set of an R pixel on which the
color filter of R (red) is arranged, a G pixel on which the
color filter of G (green) is arranged, and a B pixel on which
the color filter of B (blue) is arranged.

[0059] In the liquid crystal display panel of this embodi-
ment, the color filter substrate 2 is, for example, as shown in
FIG. 3 and FIG. 4, configured such that on a surface of a
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glass substrate 201 which faces the TFT substrate 1 in an
opposed manner, a black matrix 202 which separates the
respective display pixels and also separates a R pixel PXR,
a G pixel PXG and a B pixel PXB within the display pixel
is formed. Further, in a region which is separated by the
black matrix 202, red color filters 203a, 2035, green filter
layers 204a, 2045 and blue color filters 205a, 2056 are
arranged. Here, with respect to the red color filters 203a,
2035, for example, as shown in FIG. 3 and FIG. 4, the
second filter 2035 is partially stacked on the first filter layer
203a which is formed on the glass substrate 201. Further,
also with respect to the green color filters 204a, 2045, for
example, as shown in FIG. 3 and FIG. 4, the second filter
2045 is partially stacked on the first filter layer 204a which
is formed on the glass substrate 201. Further, also with
respect to the blue color filters 205a, 2055, for example, as
shown in FIG. 3 and FIG. 4, the second filter layer 2055 is
partially stacked on the first filter layer 205a which is formed
on the glass substrate 201.

[0060] Further, an overcoat layer 206 is formed over the
respective color filters, and a common electrode 207 and an
orientation film 208 are formed on a surface of the overcoat
layer 206. Further, on a back surface of the glass substrate
201 opposite to the surface on which the color filters are
formed, for example, a polarizer 209 is adhered. Here, the
common electrode 207 may be, for example, arranged
between the glass substrate 201 and the polarizer 209.
Further, the common electrode 207 may be formed on the
TFT substrate 1 side, for example. Further, although not
shown in the drawing, the polarizer 209 makes a pair with
a polarizer which is formed on a TFT substrate 1 side,
wherein the polarizer 209 is adhered such that the cross-
nicol relationship or the parallel-nicol relationship is estab-
lished between the polarizer 209 and the polarizer formed on
the TFT substrate 1 side.

[0061] In the color filter substrate 2 which is used in the
liquid crystal display panel of this embodiment, in the R
pixel PXR in which the red color filter is arranged, two
island-like second filters 2035 are stacked on the first filter
203a. Here, when both of the first filter layer 2034 and the
second filter layer 2035 are formed of a red filter, the density
of color differs between a region which is constituted of only
the first filter layer 203a and a region where the second filter
layer 2035 is stacked on the first filter layer 203a. Accord-
ingly, it is possible to obtain a color tone between the color
tone when the whole pixel is formed of only the first filter
layer 203a and the color tone when the whole R pixel PXR
is formed by stacking the second filter layer 2035 on the first
filter layer 203a. Further, also with respect to the G pixel
PXG in which the green color filter is arranged, it is possible
to obtain a color tone between the color tone when the whole
pixel is formed of only the first filter layer 204a and the color
tone when the whole G pixel PXG is formed by stacking the
second filter layer 2045 on the first filter layer 204a. Further,
also with respect to the B pixel PXB in which the blue color
filter is arranged, it is possible to obtain a color tone between
the color tone when the whole pixel is formed of only the
first filter layer 2054 and the color tone when the whole B
pixel PXB is formed by stacking the second filter layer 2055
on the first filter layer 205a.

[0062] FIG. 5 to FIG. 11 are schematic views for explain-
ing a manufacturing method of a color filter substrate of a
liquid crystal display panel of this embodiment, wherein
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FIG. 5 is a schematic cross-sectional view showing a con-
stitutional example of a transfer film used in the formation
of a red color filter, FIG. 6 and FIG. 7 are schematic
cross-sectional views for explaining a step of transferring
two-layered filter layer to a transparent substrate, FIG. 8 is
a schematic view showing a constitutional example of an
exposure device, FIG. 9 is a schematic view for explaining
an exposure principle of the exposure device shown in FIG.
8, FIG. 10 is a schematic cross-sectional view for explaining
an exposure method, and FIG. 11 is a schematic cross-
sectional view showing a state after development.

[0063] In manufacturing the color filter substrate 2 used in
the liquid crystal display panel of this embodiment, for
example, first of all, the black matrix 202 is formed on the
surface of the transparent substrate such as the glass sub-
strate 201. The black matrix 202 is formed using a resist in
which black pigment, for example, is dispersed by pattern-
ing using a photolithography method. Further, in place of
using the resist, the black matrix 202 may be formed by
forming a metal chromium on the surface of the glass
substrate 201 by a sputtering method and, thereafter, by
etching the metal chromium film.

[0064] Next, for example, the red color filter is formed in
the region of the R pixel PXR on the glass substrate 201. In
forming the red color filter, for example, as shown in FIG.
5, a transfer film which sequentially stacks the second filter
layer 2035, the first filter layer 203a and a cover film 503 on
a surface of a base film 501 with a cushion material 502
interposed between the base film 501 and the second filter
layer 2034 is used. Here, the first filter layer 203a and the
second filter layer 2035 are formed of a negative photosen-
sitive film, for example. Further, the exposure sensitivity of
the second filter layer 2035 is set lower than the exposure
sensitivity of the first filter layer 203a.

[0065] In forming the red color filter using the transfer
film shown in FIG. 5, the cover film 503 of the transfer film
is peeled off and, as shown in FIG. 6, the exposed first filter
layer 203a is adhered to the glass substrate 201. This
adhesion is performed by a roll lamination method, for
example. For example, the first filter layer 203a is adhered
to the glass substrate 201 by thermal compression bonding
at a roll temperature of 125° C., a roll pressure of 6 kg/cm®
and a lamination speed of 500 mm/min, for example.

[0066] Next, by peeling off the base film 501 and the
cushion material 502 of the transfer film, as shown in FIG.
7, it is possible to obtain a state in which the first filter layer
203a and the second filter layer 2035 are stacked on the
whole surface of the glass substrate 201. Due to such
operations, it is possible to form the filter layer which is
constituted of a plurality of layers (two layers) on the glass
substrate 201 in one step.

[0067] Next, the first filter layer 203a and the second filter
layer 2035 are subjected to exposure. Here, the exposure of
each filter layer is, for example, performed using a direct
drawing exposure machine (see Japanese Patent Laid-open
2004-6440, for example) . The direct drawing exposure
machine is, for example, as shown in FIG. 8, an exposure
machine having DMD mirrors which arranges a plurality of
fine mirrors 602 on a support plate 601. Here, although only
two fine mirrors 602 are shown in FIG. 8, in an actual
machine, a large number of fine mirrors are arranged in a
matrix array.
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[0068] Here, each fine mirror 602 is a movable mirror
which is supported on the support plate 601 by way of a
direction control portion 603. Each fine mirror 602 has, for
example, the direction thereof changed in two directions as
shown in FIG. 9. Here, for example, assume that when the
first mirror 602¢ is directed as shown in FIG. 9 so as to
reflect light 7a from a light source on the first mirror 602a,
a reflection light 75 is radiated to the glass substrate 201.
Here, also assume that, for example, when the second mirror
6025 is directed as shown in FIG. 9, when the light 7a from
the light source is reflected on the second mirror 6025, the
reflection light 7¢ is absorbed by a light absorption layer.
With use of such DMD mirrors, by controlling the directions
of the respective fine mirrors 602, it is possible to control a
light radiation region (an exposure region) on the glass
substrate 201 can be controlled.

[0069] In performing the exposure of the first filter layer
203a and the second filter layer 20354 using the direct
drawing exposure machine, as shown in FIG. 10, first of all,
the primary exposure is applied to a whole region L, of the
R pixel PXR which is separated by the black matrix 202 for
a preset time, for example t=T,, (second). This exposure time
t=T,, (second) is set to time during which a curing action of
an exposure region 203qa, of the first filter layer 203a which
exhibits the high exposure sensitivity progresses until the
exposure region 203a, becomes insoluble to a developer and
a curing action of the exposure region 2035, of the second
filter layer 2035 which exhibits the low exposure sensitivity
is stopped at a stage that the exposure region 2035, is
dissolved by the developer. Hereinafter, the whole region L,
of the R pixel PXR to which the primary exposure is applied
is referred to as a half-tone exposure region.

[0070] Then, the primary exposure is performed for T,
seconds and, subsequently, the primary exposure is applied
only to the preset region L, out of the half tone exposure
region L, until t=T; (second), for example. This exposure
time t="T; (second) is time during which the exposure region
2035, of the second filter layer 2035 which exhibits the low
exposure sensitivity becomes insoluble to the developer.
Hereinafter, the region L, of the R pixel PXR to which the
secondary exposure is applied is referred to as a full-tone
exposure region. Here, it is needless to say that when the
exposure is performed until the exposure time t=T, (second),
the curing action of an exposure region 203a, of the first
filter layer 203a which exhibits the high exposure sensitivity
progresses until the exposure region 203a, becomes
insoluble to the developer.

[0071] By performing the primary exposure and the sec-
ondary exposure to the first filter layer 203a and the second
filter layer 203b, as shown in FIG. 10, the dissolution
characteristics of the respective regions consisting of the
unexposed region, the half-tone exposure region L,, and the
full-tone exposure region L, of the first filter layer (first color
filter layer) 2034 and the second filter layer (second color
filter layer) 2035 with respect to the developer are expressed
as shown in a following Table 1. Table 1 shows the disil-
lusion characteristics of the respective color filter layers with
respect to the developer.
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TABLE 1

Full-tone
Unexposed  Half-tone exposure
region exposure region L region Lg
Second CF layer Soluble Soluble (dissolution speed Insoluble
being slightly lowered) (or hardly

soluble)
First CF layer Soluble Insoluble (or hardly Insoluble
soluble) (or hardly

soluble)

[0072] That is, by developing the first filter layer 203a and
the second filter layer 2035 after performing the primary
exposure and the secondary exposure as shown in FIG. 10,
as shown in FIG. 11, the full-tone exposure region L,
remains on both of a first filter layer 203a, and the second
filter layer 2034,, while the half-tone exposure region L,
remains only in the first filter layer 203a,. Accordingly, by
changing an area ratio between the half-tone exposure
region L, and the full-tone exposure region L, it is possible
to easily control the remaining area of the second filter layer
2035 on the first filter layer 2034a. As a result, it is possible
to easily form the red color filter having the color tone which
falls between the color tone when only the first filter layer
203a exists and when the whole filter layer is formed of the
first filter layer 203a and when the second filter layer 2035
remains in the filter layer as a whole.

[0073] Further, the exposure is not limited to the steps
shown in FIG. 10 and, for example, by applying the primary
exposure only to the full-tone exposure region L, for a preset
time t=T; (second) and, thereafter, by applying the secondary
exposure to the half-tone exposure region L, for t=T,
(second), it is possible to form a filter layer shown in FIG.
11.

[0074] Further, in case of the direct drawing exposure
machine, time in which the fine mirrors 602 direct light to
an object to be exposed (filter layer) corresponds to the
exposure time. Accordingly, by controlling the time in which
the fine mirrors 602 direct light to the filter layer, it is not
always necessary to perform exposure by dividing the
exposure to the primary exposure and the secondary expo-
sure, and the required color filter layer may be formed by
performing the exposure operation one time. For example,
by controlling the time in which mirrors which expose the
full-tone exposure region L, direct light to the filter layer to
t=T,+T, (second) and the time in which mirrors which
expose the half-tone exposure region L, direct light to the
filter layer t=T,, (second), it is possible to form the filter layer
shown in FIG. 11.

[0075] Further, although the repeated explanation is omit-
ted, also in forming the green color filter and the blur color
filter, it is possible to easily form color filters having the
color tone between the color tone when the whole filter layer
is formed of only the first filter layer and when the second
filter layer remains in the whole filter layer by forming the
color filter using the substantially equal steps.

[0076] FIG. 12 and FIG. 13 are schematic views for
explaining an application example of this embodiment,
wherein FIG. 12 is a schematic plan view showing the
constitution of one dot of the liquid crystal display panel,
and FIG. 13 is a cross-sectional view taken along a line C-C'
in FIG. 12.
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[0077] Withrespect to the liquid crystal display panel used
in the color liquid crystal display device of this embodiment,
in forming the color filter of each color, the two-layered filter
layer formed of the first filter layer and the second filter layer
is exposed and developed, wherein by changing the remain-
ing area of the second filter layer on the first filter layer, the
color tone of the each color filter is controlled. Here, it is not
always necessary that the remaining areas of the second
filter layers of the respective color filters are equal as shown
in FIG. 3. That is, for example, as shown in FIG. 12 and FIG.
13, the remaining areas of the second filter layers of the
respective color filters may differ from each other. In this
manner, by changing remaining areas of the second filter
layers of the respective color filters, it is possible to easily
control the color temperature of white color which is
obtained by synthesizing lights emitted from the above-
mentioned R pixel PXR, G pixel PXG and B pixel PXB.

[0078] Next, one example of materials which are used for
forming color filters of respective colors of the liquid crystal
display panel according to this embodiment and advanta-
geous effects obtained by the use of the materials are simply
explained.

[0079] First of all, in forming the color filter (blue) of the
B pixel, as a pigment which determines the color tone, for
example, a pigment which is produced by mixing C.I.
pigment blue and C.I. pigment violet at a rate of 9:1 is used.
Further, as a binder resin, for example, copolymer of benzil
methacrylate, methyl methacrylate and methacrylic acid can
be used. Further, as a cross-linking agent, for example,
dipentaerythritol hexa acrylate can be used. Further, in both
of the first filter layer 2054 and the second filter layer 2055,
the pigment, the binder resin and the cross-linking agent are
mixed at a weight ratio of 2:1:1, for example.

[0080] Further, as a photosensitive agent, IRGACURE
369 (made by Ciba Specialty Chemicals K. K.) can be used.
As a sensitizer, for example, diethyl aminobenzophenone
can be used. In the first filter layer 205a, 15% of the
photosensitive agent and 8% of sensitizer are mixed with
respect to a solid content (1 um) of the pigment, the binder
resin and the cross-linking agent, for example. Further, in the
second filter layer 2055, 5% of the photosensitive agent and
0.5% of sensitizer are mixed with respect to a solid content
(1 pm) of the pigment, the binder resin and the cross-linking
agent, for example.

[0081] When the first filter layer 2054 and the second filter
layer 2055 having such compositions are used, for example,
the half-tone exposure region L,, is exposed at 100 mJ/cm?
and the full-tone exposure region L, is exposed at 200
ml/cm®. Then, when the development is performed, for
example, when the filter layers are immersed in 0.2%
TMAH (tetramethylammonium hydride) for 60 seconds and
are washed with water, it is possible to allow the second
filter layer 2055 to remain only in the full-tone exposure
region L.

[0082] Here, for example, three kinds of blue color filters
which respectively have the remaining areas of the second
filter layer 2056 of 0%, 50% and 100% are formed by
changing the area ratio between the half-tone exposure
region L, and the full-tone exposure region L, for example.
By comparing the respective color tones (chromaticity), a
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result shown in following Table 2 is obtained. Table 2 shows
one example of the relationship between the remaining area
and the chromaticity of the second color filter layer of the
blue filter.

TABLE 2
Remaining area
of second CF layer 0% 50% 100%
chromaticity x value 0.14 0.14 0.14
y value 0.19 0.15 0.10

[0083] In this manner, in case of the blue color filter, for
example, when the remaining area of the second filter layer
2055 is increased, the y value of chromaticity is decreased.
Accordingly, by combining one first filter layer 2054 and
one second filter layer 2055, it is possible to form the blue
color filters which differ in color tone.

[0084] Further, in forming the color filter (green) of the G
pixel, as a pigment which determines the color tone, for
example, a pigment which is produced by mixing C.I.
pigment green and C.I. pigment yellow at a rate of 3:1 is
used. Further, as the binder resin and the cross-linking agent,
materials which are used in forming the above-mentioned
blue color filter are used for example. Further, in both of the
first filter layer 204a and the second filter layer 2044, the
pigment, the binder resin and the cross-linking agent are
mixed at a weight ratio of 3:1:1, for example.

[0085] Further, materials which are used as the photosen-
sitive agent and the sensitizer and mixing ratios of these
materials may be set equal to the corresponding materials
and the mixing ratios used in forming the blue color filters.

[0086] When the first filter layer 204a and the second filter
layer 2045 having such compositions are used, for example,
by exposing these layers such that the half-tone exposure
region L, is exposed at 100 ml/cm® and the full-tone
exposure region L. is exposed at 200 mJ/cm?, and, thereafter,
by developing these layers, it is possible to allow the second
filter layer 2045 to remain only on the full-tone exposure
region L.

[0087] Here, for example, three kinds of green color filters
which respectively have the remaining areas of the second
filter layer 2045 of 0%, 50% and 100% are formed by
changing the area ratio between the half-tone exposure
region L, and the full-tone exposure region L, for example.
By comparing the respective color tones (chromaticity), a
result shown in following Table 3 is obtained. Table 3 shows
one example of the relationship between the remaining area
and the chromaticity of the second color filter layer of the
green filter.

TABLE 3
Remaining area
of second CF layer 0% 50% 100%
chromaticity x value 0.33 0.31 0.28
y value 0.53 0.55 0.58

[0088] In this manner, in case of the green color filter,
when the remaining area of the second filter layer 2045 is
increased, the x value of chromaticity is decreased and, at
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the same time, the y value of chromaticity is increased.
Accordingly, by combining one first filter layer 204a and
one second filter layer 2045, it is possible to form the green
color filters which differ in color tone.

[0089] Further, in forming the color filter (red) of the R
pixel, as a pigment which determines the color tone, for
example, C.I. pigment red is used. Further, as the binder
resin and the cross-linking agent, materials which are used
in forming the above-mentioned blue color filter are used,
for example. Further, in both of the first filter layer 2034 and
the second filter layer 2035, the pigment, the binder resin
and the cross-linking agent are mixed at a weight ratio of
2.5:1:1, for example.

[0090] Further, materials which are used as the photosen-
sitive agent and the sensitizer and mixing ratios of these
materials may be set equal to the corresponding materials
and the mixing ratios used in forming the blue color filters.

[0091] When the first filter layer 203a and the second filter
layer 2035 having such compositions are used, for example,
by exposing these layers such that the half-tone exposure
region L, is exposed at 100 mJ/cm® and the full-tone
exposure region L. is exposed at 200 mJ/cm?, and, thereafter,
by developing these layers, it is possible to allow the second
filter layer 2035 to remain only on the full-tone exposure
region L.

[0092] Here, for example, three kinds of red color filters
which respectively have the remaining areas of the second
filter layer 2036 of 0%, 50% and 100% are formed by
changing the area ratio between the half-tone exposure
region L, and the full-tone exposure region L, for example.
By comparing the respective color tones (chromaticity), a
result shown in following Table 4 is obtained. Table 4 shows
one example of the relationship between the remaining area
and the chromaticity of the second color filter layer of the
red filter.

TABLE 4
Remaining area
of second CF layer 0% 50% 100%
chromaticity x value 0.53 0.59 0.64
y value 0.37 0.35 0.33

[0093] In this manner, in case of the red color filter, for
example, when the remaining area of the second filter layer
2035 is increased, the x value of chromaticity is increased
and, at the same time, they value of chromaticity is
decreased. Accordingly, by combining one first filter layer
203a and one second filter layer 2035, it is possible to form
the red color filters which differ in color tone.

[0094] As has been explained heretofore, according to the
color liquid crystal display device of this embodiment, in
forming the color filters of respective colors of the liquid
crystal display panel (color filter substrate 2), by stacking the
first filter layer and the second filter layer and by changing
the remaining area of the second filter layer, the color tones
of the respective color filters can be easily changed and
hence, it is possible to easily control the color temperature
of white and color reproducibility of respective colors.

[0095] Further, in forming each color filter, by directly
exposing the first filter layer and the second filter layer and
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by controlling the remaining area of the second filter layer
2035, it is possible to efficiently form each color filter in a
short time. Here, by using the direct drawing exposure
machine in exposing respective filter layers, it is possible to
easily change the combination of the remaining area of the
second filter layer at the time of forming the respective color
filters. Further, it is possible to change color tone by chang-
ing the remaining area of the second filter layer and hence,
due to the combination of one first filter layer and one
second filter layer, it is possible to form the color filter
having the arbitrary color tone. Accordingly, it is possible to
easily manufacture the liquid crystal display panels which
differ in the color temperature of white and the color
reproducibility of respective colors.

[0096] Further, in the display device of this embodiment,
it is possible to finely adjust the color tone of each color filter
based on the remaining area of the second filter layer.
Accordingly, for example, it is possible to obviate the color
irregularities which are generated due to a factor other than
the color tone of the color filter by adjusting the remaining
area of the second filter layer.

[0097] Further, in exposing the first filter layer and the
second filter layer, with the use of the direct drawing
exposure machine, it is possible to finely control the remain-
ing area of the second filter layer, that is, the half-tone
exposure region L, and the full-tone exposure region L, and
hence, it is possible to increase the degree of freedom in
determining the color tones of respective color filters.

[0098] Further, in this embodiment, the explanation has
been made assuming that the first filter layer and the second
filter layer have the same color tone. However, the present
invention is not limited to such a case and filter layers which
differ in color tone may be stacked. In this case, by using the
filter layer having the deeper color tone as the second filter
layer, it is possible to obtain the color tone having a wider
range compared to the case in which the color tone is set
equal.

[0099] Further, in this embodiment, the case in which the
color tone of each color filter is controlled using the two-
layered filter having the first filter layer, and the second filter
layer is taken as an example. However, the present invention
is not limited to such a case and three or more filter layers
are stacked to form the color filter and the color filter layers
may be controlled.

[0100] Further, in forming the first filter layer and the
second filter layer on the glass substrate 201, by performing
the transfer operation using the transfer film shown in FIG.
5, for example, it is possible to form the first filter layer and
the second filter layer in one step.

[0101] Further, it is needless to say that the composition of
the materials used for forming the first filter layer and the
second filter layer and the combination of the developers are
not limited to the above-mentioned examples and various
combinations can be suitably selected.

[0102] FIG. 14 is a schematic view for explaining an
application example of the above-mentioned embodiment.

[0103] In the above-mentioned embodiment, for example,
using the direct drawing exposure machine provided with
DMD mirrors which have the constitution shown in FIG. 8
and FIG. 9, the half-tone exposure region L, and the full-
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tone exposure region L are controlled. However, informing
the color filters of the present invention, the formation of
such regions is not limited to the exposure using such a
direct drawing exposure machine and it is possible to form
the color filters by the exposure which uses a conventional
mask.

[0104] In forming the color filters of the present invention
by the exposure which uses the conventional mask, for
example, as shown in FIG. 14, an exposure mask 8 which
includes a completely opened opening portion 8a in the
full-tone exposure region L, and a slit portion 85 in which
slits having a size smaller than the exposure resolution are
formed in the half-tone exposure region L, around the
full-tone exposure region L; may be used.

[0105] Here, out of light which is radiated from a light
source, a quantity of light which is radiated to a first filter
layer 203a and a second filter layer 20354 through the slit
portions 86 formed in the exposure mask 8 becomes smaller
than a quantity of light which is radiated to the first filter
layer 203a and the second filter layer 2035 through the
opening portion 8a formed in the exposure mask 8. Accord-
ingly, by controlling the area of the slit portion 8B, a curing
action of an exposure region 203a, of the first filter layer
203a progresses until the exposure region 203a, becomes
insoluble to a developer, while a curing action of an expo-
sure region 2035, of the second filter layer 2035 progresses
until the exposure region 2035, is dissolved to a developer.

[0106] Further, in performing the exposure using the expo-
sure mask, the exposure mask is not limited to the mask
shown in FIG. 14 and it may be possible to perform the
primary exposure and the secondary exposure using two
exposure masks which differ in a light blocking area.

[0107] Further, the above-mentioned embodiment exem-
plifies the method in which, for example, as shown in FIG.
5, the first filter layer 203a and the second filter layer 2035
are transferred to the glass substrate 201 using the transfer
film in which the first filter layer 2034 and the second filter
layer 2035 are preliminarily stacked. However, the first filter
layer 203a and the second filter layer 2035 may be formed
by other forming method. As other method for forming the
first filter layer 203a and the second filter layer 2035, for
example, there exists a method which uses two transfer films
consisting of the transfer film which transfers the first filter
layer 203a and the transfer film which transfers the second
filter layer 2035, wherein the first filter layer 203a and the
second filter layer 2035 are sequentially laminated or
stacked. Besides these methods, for example, it may be
possible to transfer (laminate) the second filter layer 2035
after coating the first filter layer 2034, or the second filter
layer 2035 maybe coated after transferring (laminating) the
first filter layer 203a.

[0108] Although the present invention has been specifi-
cally explained in conjunction with the embodiments
described above, it is needless to say that the present
invention is not limited to the embodiments and various
modifications are conceivable without departing from the
gist of the present invention.

[0109] Forexample, in the above-mentioned embodiment,
the color liquid crystal display device is exemplified as one
example of the display device. However, it is needless to say
that the present invention is not limited to the color liquid
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crystal display device and is applicable to any display device
provided that the display device color filters having the
constitution substantially equal to the constitution of the
color filter substrate 2 explained in conjunction with the
above-mentioned embodiment. As the display device to
which the present invention is applicable except for the color
liquid crystal display device, for example, a CRT (Cathode
Ray Tube) display, a PDP (Plasma Display Panel), a FED
(Field Emission Display) or the like is named.

What is claimed is:

1. A display device including a display panel on which a
plurality of color filters different in color from each other are
arranged for each pixel, wherein

at least the color filter of one color is formed of a plurality
of filter layers stacked on a transparent substrate.
2. A display device according to claim 1, wherein

the plurality of stacked filter layers are configured such
that an area of the first filter layer close to the trans-
parent substrate is set larger than an area of the second
filter layer remoter from the transparent substrate than
the first filter layer.

3. A display device according to claim 2, wherein

the second filter layer is arranged on a plurality of regions
of the first filter layer in an island array.
4. A display device according to claim 1, wherein

the plurality of stacked filter layers have the same color
tone.
5. A display device according to claim 1, wherein

at least one filter layer out of the plurality of the stacked
filter layers differs from other filter layers in color
tones.

6. A display device according to claim 1, wherein

the filter layer which is remotest from the transparent
substrate out of the plurality of stacked filter layers has
color thereof deeper than colors of other filter layers.
7. A display device according to claim 1, wherein the
display device is a liquid crystal display device.
8. A manufacturing method of a display device including
steps of forming color filters on a transparent substrate, the
manufacturing method comprising:

a first step of stacking a plurality of photosensitive filter
layers on the transparent substrate;

a second step of exposing the stacked photosensitive filter
layers; and

a third step of developing the exposed photosensitive filter
layers, wherein
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in the first step, the photosensitive filter layers which
differ in exposure sensitivity are stacked in order that
the exposure sensitivity is decreased as the photosen-
sitive filter layer is arranged remoter from the trans-
parent substrate, and

in the second step, a first region of the stacked photosen-
sitive filter layer is exposed and, thereafter, a portion of
or the whole first region is continuously exposed.

9. The manufacturing method of the display device
according to claim 8, wherein the respective photosensitive
filter layers are formed of a negative-type photosensitive
filter, wherein in the second step, the exposure is performed
until the first region of at least the photosensitive filter layer
closest to the transparent substrate is made insoluble to a
developer and, thereafter, the portion of or the whole first
region is continuously exposed.

10. The manufacturing method of the display device
according to claim 9, wherein

in the second step, the portion of or the whole first region
is exposed only for a preset time and, thereafter, the first
region is continuously exposed.
11. The manufacturing method of the display device
according to claim 9, wherein

in the second step, a first region is exposed with a preset
light quantity and, thereafter, the portion or the whole
first region is continuously exposed while increasing
the light quantity.
12. The manufacturing method of the display device
according to claim 9, wherein

in the second step, the collective exposure is performed by
changing exposure quantities for respective regions
such that the first region is collectively exposed with an
exposure quantity which makes the first photosensitive
filter layer insoluble to a developer, and the portion or
the whole first region is collectively exposed with an
exposure quantity which makes the second photosen-
sitive filter layer insoluble to a developer.

13. The manufacturing method of the display device

according to claim 9, wherein

in the first step, a transfer film which sequentially stacks
photosensitive filter layers on a base film in order from
the photosensitive layer having low exposure sensitiv-
ity is used, and the photosensitive filter layer which is
remotest from the base film is adhered to the transpar-
ent substrate, and the stacked photosensitive filter lay-
ers are transferred.
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