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7) ABSTRACT

A liquid crystal display device is made up of a TFT
substrate, an opposed substrate and a liquid crystal layer
arranged between these substrates, in which the TFT sub-
strate is provided with gate lines, data lines and TFT on its
transparent insulative substrate, in addition, a passivation
film is provided so as to cover them. Color filter is provided
on the passivation film, and black matrix is provided at
corresponding area to above part of the TFT and to above
part of the data line on the color filter. In addition, a first
overcoat layer with film thickness of degree of 1 to 3 um is
provided so as to cover the black matrix. Further, a second
overcoat layer with film thickness of approximate 0.5 um is
provided at the whole surface except for a contact hole.
Furthermore, a pixel electrode is provided on pixel forma-
tion area on the second overcoat layer.

7 7
V d d //, // // // // /
// // / 4 / 4 / /
K<< . 4 £ YA

AAANANAANANANANAN

SANSNANNNY

X LTI

AANNNY,

715474,
4
',\\ \

1+




Patent Application Publication  Jul. 11,2002 Sheet 1 of 14 US 2002/0089615 Al

F1G.1
(PRIOR ART)

Lb
Vayayd s s a
/ / / / /7
’ / / A
NN N N S SN S UONUNSONONSINYCN N NN NN

AN
= = — 16 — 3
1 19 14 10 2 10
24




Patent Application Publication  Jul. 11,2002 Sheet 2 of 14 US 2002/0089615 Al

F10. 2

__1a

i L
S M U 3
— _% po %//-d
m
- 4
S S




Patent Application Publication  Jul. 11,2002 Sheet 3 of 14 US 2002/0089615 Al

FI1G. 3




US 2002/0089615 A1

Jul. 11,2002  Sheet 4 of 14

Patent Application Publication

FI1G. 4




Patent Application Publication  Jul. 11,2002 Sheet 5 of 14 US 2002/0089615 Al

FIG.5

' r . & 74 II

,-//////
\ X

Illl’




Patent Application Publication  Jul. 11,2002 Sheet 6 of 14 US 2002/0089615 Al

12

.\\‘&

FIG. 6E

Q’ '("""\"’\'wA (\““‘

= \’/

IIIIII

v, a.\\ " KL ' ’ /Aﬁ o A A 4
A ,,)u '\\\\\\\\\\\w




Patent Application Publication  Jul. 11,2002 Sheet 7 of 14 US 2002/0089615 Al

IIIIIII’IIKIIIIIIII ““V

SN 7 NN

\ ‘l\\\\\\\\\\\ III‘ \\\ Illl.
I/I/

‘;\‘\““\" AANNN

83155b}7 Jb 6 10 9 7 la

— = — T
= 16 - 29 - 12 = 3
4L 1
13 19 14 13 10
12 ‘ )
1 |
g 7 >1
d // // Z ‘ ya Z QJ

1 [ \ b 1T 1T\
8a15 50 8 10 6 10 9 71 ia
17




Patent Application Publication  Jul. 11,2002 Sheet 8§ of 14 US 2002/0089615 Al

FI1G.9
b

A
(
L)

\\\\\\\\\\\\\\\

MMM BR AR LAY AR

NN\ SN

\;/////é

’d
\\\\\\‘II”II A’ & & HN I’I’

k\\\“,k‘\‘ﬂsk\ |

//////// //’/ /)(//////////%
i; ’ (1 s
yd £ yd Z

\\\\\\\ ANANAN NN RRRRN N

1
10
13




Patent Application Publication  Jul. 11,2002 Sheet 9 of 14 US 2002/0089615 Al

FIG. 11

_---8b




Patent Application Publication  Jul. 11,2002 Sheet 10 of 14  US 2002/0089615 Al

FI1G.12

Lb

//////////3

INNNANN \\\\\\\\\\\\\\\\A\\\\\\\\\Y

SW T, BB, 0 3
1 [
10—
9—
/7 Y dvs i yal 7 ‘ 4 / 17

£

\ / ]
L $ 77 8 610 9 7 s

FIG.13

Lb

V///////

\\\\\\\\\\A\\\\\\\\\\

12 1 13 3
0 9 L 1

( 10

13

/
pal Z

D D TS D W NS B ¢
gath 17 8 6 10 § 7 la



Patent Application Publication  Jul. 11,2002 Sheet 11 of 14  US 2002/0089615 Al

FIG.14

v P 7 Vd \ Vd 7 d
/s / /s / /s . 7/
7 / / / / / 7/
yd yd Vi / z Z Z

NN N NN AN NN TSNS T ARSI RSN

— ) — 3
= ba — 16 =
- 25b
10
yd i \ 7 \/’ 4 // // /, //
Qa 15 % 17 gy 6 \9 71 Da



Patent Application Publication  Jul. 11,2002 Sheet 12 of 14  US 2002/0089615 Al

FIG.15A

WY
oo
77 y' 4 IIII/IA‘\\, ’
AL\ EA L4 Illlll
,};

FIG.15C
22 R < 4

\\"I Ny I/ l’l’l




Patent Application Publication  Jul. 11,2002 Sheet 13 of 14  US 2002/0089615 Al

FI1G.15D

25a 25b
11
11 19 0 10

10/

N/

I \‘Itlflll\ ‘\;"rl

’/////:\\\

\““\\ r g4 2 s 4 \\\ r £ &4

NN\

A /7]




Patent Application Publication  Jul. 11,2002 Sheet 14 of 14  US 2002/0089615 Al

F1G.16

7 / / 7/ / 4 q
/ / J/ / / // / / / / /
yd / / / / / Va
SUONOUOSOSOSOONOUONSOSIOOIOSOSAIONOSNISSSSNSNNY
20 1% 1 3
11 1, 1
10 10

12




US 2002/0089615 Al

ACTIVE-MATRIX TYPE LIQUID CRYSTAL
DISPLAY DEVICE AND MANUFACTURING
METHOD THEREOF

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an active-matrix
type liquid crystal display device and manufacturing method
thereof. More particularly, the present invention relates to an
active-matrix type liquid crystal display device of CF on
TFT structure of forming both a switching element such as
TFT (Thin Film Transistor) and so forth and CF (color filter)
on the same substrate and its manufacturing method.

[0003]

[0004] Recently, development of active-matrix type liquid
crystal display device of using thin film transistor and so
forth as switching element is advanced. The active-matrix
type liquid crystal display device is composed of TFT
substrate on which switching element such as thin film
transistor and so forth are formed, opposed substrate on
which opposed electrode is formed, and liquid crystal put
between these substrates. The TFT substrate has thin film
transistor consisting of gate electrode, gate insulating film,
semiconductor layer, and source/drain electrode, pixel elec-
trode formed in every pixel, passivation film covering them,
orientation film, and terminals for connecting external cir-
cuit, and so forth. In addition, the opposed substrate has
black matrix for interrupting incident light heading toward
thin film transistor area and wiring layer, color filter of each
color of RGB (Red, Green and Blue) of conducting color
display, transparent electrode made from ITO (Indium Tin
Oxide) and so forth and orientation film and so forth.
Further, spacers for keeping gap between both substrates by
predetermined distances are put between both substrates.

[0005] About such active-matrix type liquid crystal dis-
play device, in order to improve display appearance quality,
high precision fine display is required. For that reason, it is
necessary to achieve pixel with high density. However, in
the liquid crystal display device of structure, in which above
described color filter and black matrix are arranged at the
side of opposed substrate, since error occurs on position
matching between both substrates in assembly process, it is
necessary to form color filter and black matrix somewhat
largely in anticipation of margin beforehand. For that reason,
it is difficult to make rate of area of opening section to area
of pixel large, namely it is difficult to make opening rate
large, thus it becomes obstruction for the pixel with high
density.

[0006] Accordingly, in order to improve opening rate
while reducing margin of color filter and black matrix,
method for forming color filter and black matrix at TFT
substrate side of forming switching element such as thin film
transistor and so forth, so called CF on TFT is proposed. For
instance, Japanese Patent Application Laid-Open No. Hei
2-54217 and Japanese Patent Application Laid-Open No.
Hei 3-237432 disclose CF on TFT.

[0007] In CF on TFT, since color filter and black matrix
are formed on the TFT substrate, it is unnecessary to take
into consideration position matching margin between the
TFT substrate and the opposed substrate. Accordingly, it is

1. Field of the Invention

2. Description of the Related Art
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possible to simplify manufacturing process and it is possible
to achieve improvement of opening rate of pixel.

[0008] However, in CF on TFT, since pixel electrode is
formed on color filter, step occurs at pixel electrode while
reflecting unevenness of color filter and so forth. Then,
disturbance occurs in orientation of liquid crystal caused by
the step, so, there is the problem that the step causes defects
such as disclination and reverse tilt domain and so forth.

[0009] In order to solve the problem, Japanese Patent
Application Laid-Open No. Hei 8-122824 discloses method
for forming flattened film after conducting patterning of
color filter and black matrix in order to fill unevenness of
color filter and black matrix. FIG.1 is a sectional view
illustrating configuration of conventional CF on TFT
described in Japanese Patent Application Laid-Open No. Hei
8-122824. Tt should be noted that the Japanese Patent
Application Laid-Open No. Hei 8-122824 discloses tech-
nique of using polycrystal silicon TFT (p-Si TFT) as switch-
ing element, however, in the present specification, for con-
venience of explanation, explanation is made that channel-
etch type amorphous silicon TFT (a-Si TFT) is used as
switching element.

[0010] As illustrated in FIG.1, in liquid crystal display
device described in the Japanese Patent Application Laid-
Open No. Hei 8-122824, a gate electrode 5b is formed on a
transparent insulative substrate 4a, and a gate insulator 6 is
formed so as to cover the gate electrode 5b. A semiconductor
layer 15 is formed so as to overlap a gate electrode 5b with
several times over on the gate insulator 6. In addition, a
source electrode 8b and a drain electrode 8a separated on the
center section of the gate electrode 3b are connected to the
semiconductor layer 15 through an ohmic contact layer (not
illustrated), thus thin film transistor is formed. Further, a
passivation film 9 is formed so as to cover the thin film
transistor.

[0011] In the liquid crystal display device of CF on TFT
structure, a color filter 10 and black matrix 11 are formed on
the passivation film 9, and a pixel electrode 14 is formed
thereon through the overcoat layer. In the liquid crystal
display device illustrated in FIG.1, in order to flatten step
formed by the color filter 10 and the black matrix 11, a
flattening film of thick film 24 is provided. For this measure,
it is characterized in that the color filter 10 and the black
matrix 11 are made to embed completely in the flattening
film 24. In addition, a contact hole 19 of penetrating the
flattening film 24 and the passivation film 9 is formed, after
that, the pixel electrode 14 made of transparent conductive
film is formed, and the pixel electrode 14 is connected to the
source electrode 8b.

[0012] On the other hand, an opposed electrode 16 is
formed on surface of the transparent insulative substrate 4b
that stands opposite to the transparent insulative substrate
4g. In addition, liquid crystal (not illustrated) is filled
between the transparent insulative substrate 4a and the
transparent insulative substrate 4b.

[0013] 1In formation process of CF on TFT substrate, it
becomes necessary to form fine pattern of black matrix with
high light shielding characteristic of degree of Optical
Density (OD)=3 made of photosensitive resin as light shield-
ing film of thin film transistor. It should be noted that OD is
value defined as OD=-log,(T1/T0) when incident amount
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of light into black matrix is taken to be T0, and amount of
projected light is taken to be T1. In this configuration, when
black matrix is made to execute exposure, neighborhood of
surface of black matrix is only executed exposure, so there
is the problem that adhesion to base section becomes low.

[0014] Japanese Patent Application Laid-Open No. 2000-
013571 discloses technique for forming fine pattern in such
a way as to conduct exposure while providing photocon-
ductive resin black matrix on color filter to be base section.
According to this method, even though only surface neigh-
borhood of high-OD black matrix layer is executed expo-
sure, since adhesion is good between color filter to be base
section and black matrix layer, it is possible to form fine
pattern without separating black matrix from the base sec-
tion.

[0015] However, there are problems indicated below in the
above-described conventional technique. According to flat-
tening technique described above, the flattening film 24 is
applied so as to cover a step formed at TFT substrate.
Generally, film thickness of the black matrix 11 and the color
filter 10 is degree of 1 to 2 um, thus step of degree of 2 to
3 um is created when the black matrix 11 and the color filter
10 are overlapped. Accordingly, when the step is made to
cover by the flattening film 24, film thickness of degree of
1.5 times the step becomes necessary, so, film thickness of
degree of 3 to 4.5 um is necessary as the flattening film 24.
As a result, film thickness of the flattening film 24 becomes
thick.

[0016] When photoconductive type acrylic resin as mate-
rial of the flattening film 24, in particular, positive type
photoconductive acrylic resin is used, since transmittance of
light in the neighborhood of wavelength of 400 to 500 nm
in this acrylic resin is degree of 95% in every film thickness
1 um, transmittance of the whole flattening film 24 with film
thickness of 3 um becomes degree of 85%. For that reason,
problem occurs in which transmittance of light in the liquid
crystal display device deteriorates, and/or white balance
collapses. Thus, since effective transmittance becomes low
caused by thick film of the flattening film 24, step of the
color filter 10 and the black matrix 11 is not flattened
completely, but disclination created by the step is made to
execute light shielding by using black matrix, so, on the
contrary, in some cases, effective transmittance becomes
high.

[0017] On the other hand, when no flattening film 24 is
provided completely, the color filter 10 and the black matrix
11 are subjected to swelling by remover and so forth used at
patterning process to create release from end section. In
addition, if thin film made of acrylic material and so forth
identical with the flattening film 24 is made to form on the
color filter 10 and the black matrix 11, so that only overcoat
layer is made to form thereon, following problems occur.
Generally, overcoat layer is applied by using spin coat
method. However, since step of the color filter 10 and the
black matrix 11 is extremely large, it is next to impossible to
apply overcoat layer to area in which the step is large on
surface of the color filter 10 and the black matrix 11. For that
reason, in process after forming overcoat layer, for instance,
in resist exfoliation process in pixel electrode formation
process, defect occurs such that black matrix is subjected to
swelling to create release from end section.

[0018] As described above, as for liquid crystal display
device of CF on TFT structure, it is possible to improve
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opening rate while reducing margin of position matching
between TFT substrate and opposed substrate, however,
large step occurs caused by color filter and black matrix on
surface of TFT substrate. When forming thick flattening film
for filling the step, light transmittance of TFT substrate
lowers because flattening film absorbs light, thus there is the
problem that effect of opening rate improvement is cancelled
out.

SUMMARY OF THE INVENTION

[0019] Ttis an object of the present invention to provide an
active-matrix type liquid crystal display device of CF on
TFT structure and its manufacturing method capable of
protecting color filter and black matrix surely without reduc-
ing transmittance. In addition, it is another object of the
present invention to provide an active-matrix type liquid
crystal display device and its manufacturing method capable
of obtaining gap between TFT substrate and opposed sub-
strate in high precision and simply without providing spacer
specifically.

[0020] An active-matrix type liquid crystal display device
according to the present invention comprises first and sec-
ond transparent substrates being arranged opposite to each
other, a plurality of gate lines and data lines formed on a
surface of the first transparent substrate being in opposite
state to the second transparent substrate, in which the gate
lines and the data lines cross mutually, a thin film transistor,
provided at the surface of the first transparent substrate, in
which the gate line is connected to its gate electrode and the
data line is connected to its one of source/drain electrode
thereof, a color filter which is provided, at least, at pixel
area, which is an area surrounded by said gate line and said
data line except both transistor formation area on which said
thin film transistor is formed and data line formation area on
which said data line is formed, an overcoat layer which is
provided in such a way as to cover at least end section of
both the thin film transistor and the color filter. The overcoat
layer comprises a thin film part which is formed, at least, on
the pixel area, and a thick film part which is formed on the
transistor formation area or formed on both the transistor
formation area and the data line formation area, in which
film thickness of the thick film part is thicker than film
thickness of the thin film part. The active-matrix type liquid
crystal display device further comprises a pixel electrode
which is provided at the pixel area, in which the pixel
electrode is connected to the other of the source/drain
electrode, an opposed electrode which is provided at surface
of the second transparent substrate being in opposite state to
the first transparent substrate, and liquid crystal which is
provided between the first transparent substrate and the
second transparent substrate.

[0021] In the present invention, overcoat layer consists of
thin film part and thick film part. Then, the thick film part is
arranged at transistor formation area, whereby it is possible
to protect surely constituted subject in the transistor forma-
tion area, and it is possible to improve transmittance of the
light in such a way as to arrange thin film part on pixel area.

[0022] In addition, it is possible to obtain large distance
between data line and pixel electrode in such a way as to
arrange thick film part of the overcoat layer on data forma-
tion area. For this configuration, it is possible to reduce
coupling capacitance between data line and pixel electrode,
so that it is possible to improve display quality.
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[0023] The overcoat layer may be formed from first over-
coat layer and second overcoat layer, in which the thin film
part consists of only the second overcoat layer and the thick
film part is formed in such a way as to pile the first overcoat
layer up the second overcoat layer. Further, the first overcoat
layer may have an opening section in the pixel area, the color
filter may be formed within the opening section, and the
second overcoat layer may be formed on the first overcoat
layer and on the color filter.

[0024] By this configuration, the color filter and the first
overcoat layer are not overlapped with each other, thus it is
possible to control creation of step at end section of color
filter. As a result, display quality of liquid crystal display
device is improved.

[0025] The active-matrix type liquid crystal display device
may have spacers between convex section which is formed
with both the thin film transistor and the thick film part of
overcoat layer contained, and the opposed electrode. By this
configuration, it is possible to use the first overcoat layer as
the spacer while utilizing positively, so that height of colum-
nar spacer of forming thereon can be made to lessen. As a
result, it is possible to prevent defect in which columnar
spacer collapses, thus it is possible to control gap between
the first transparent substrate and the second transparent
substrate in high precision and simply.

[0026] The convex section formed with both the thin film
transistor and the thick film part of overcoat layer contained
may come into contact with the opposed electrode. By this
configuration, it is possible to eliminate process for forming
columnar spacer.

[0027] A manufacturing method of active-matrix type
liquid crystal display device which according to the present
invention, comprises the steps of: forming a plurality of gate
lines and data lines crossed mutually on a surface of first
transparent substrate, forming a thin film transistor on the
surface, in which its gate electrode is connected to the gate
line and one of its source/drain electrode is connected to the
data line, forming color filter at least on pixel area, which is
an area surrounded by said gate line and said data line except
both transistor formation area on which said thin film
transistor is formed and data line formation area on which
said data line is formed, forming overcoat layer so as to
cover at least end section of both the thin film transistor and
the color filter in which its thin film part is arranged on at
least the pixel area and in which its thick film part whose
film thickness is thicker than film thickness of the thin film
part is arranged on the transistor formation area or on both
the transistor formation area and the data line formation
area, forming the pixel electrode connected to the other of
the source/drain electrode on the pixel area, forming
opposed electrode on surface of a second transparent sub-
strate, arranging the first transparent substrate and the sec-
ond transparent substrate so that a surface of the first
transparent substrate on which the thin film transistor is
formed and a surface of the second transparent substrate on
which the opposed electrode is formed are opposed each
other, and filling liquid crystal between the first transparent
substrate and the second transparent substrate.

[0028] 1In addition, the step of forming the overcoat layer
may have the steps of forming selectively first overcoat
layer, and forming selectively second overcoat layer, in
which the step of forming the overcoat layer forms only the
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second overcoat layer on the thin film part and forms both
the first overcoat layer and the second overcoat layer on the
thick film part. Further, each of the steps of forming selec-
tively the first overcoat layer and forming selectively the
second overcoat layer may have the steps of forming appli-
cation film while applying application material by using spin
application method, and conducting patterning of this appli-
cation film, in which the viscosity of application material of
forming the second overcoat layer is lower than that of
application material of forming the first overcoat layer. Or,
each of the steps of forming selectively the first overcoat
layer and forming selectively the second overcoat layer may
have steps of forming application film while applying appli-
cation material by using spin application method, and con-
ducting patterning of this application film, in which number
of spin revolution in step of forming the second overcoat
layer increases than number of spin revolution in step of
forming the first overcoat layer. By these methods, it is
possible to form overcoat layer provided with thick film part
and thin film part with simple method.

[0029] Further, the step of forming the overcoat layer may
have steps of forming application layer, executing exposure
of the application layer in such a way that amount of
exposure is made to differ in every part, and executing
patterning of the application layer in such a way as to
remove the application layer selectively while executing
development of the application layer and for forming thick
film part and thin film part. Furthermore, the step for
executing exposure of the application layer in such a way
that amount of exposure is made to differ in every part while
using masks have light shielding section, half-transmission
section, and transmission section. By these methods, it is
possible to form overcoat layer provided with thick film part
and thin film part by one time execution of application,
exposure and development.

[0030] Another active-matrix type liquid crystal display
device which comprises the steps of: forming a plurality of
gate lines and data lines crossed each other on a surface of
first transparent substrate, forming a thin film transistor on
the surface, in which its gate electrode is connected to the
gate line and one of its source/drain electrode is connected
to the data line, forming first overcoat layer at both transistor
formation area on which the thin film transistor is formed
and data line formation area on which the data line is formed
in an area surrounded by the gate line and the data line,
forming color filter at least on pixel area, which is an area
surrounded by said gate line and said data line except both
transistor formation area on which said thin film transistor is
formed and data line formation area on which said data line
is formed, forming second overcoat layer so as to cover at
least end section of both the thin film transistor and the color
filter, forming pixel electrode connected to the other of the
source/drain electrode on the pixel area, forming opposed
electrode on surface of a second transparent substrate,
arranging the first transparent substrate and the second
transparent substrate so that a surface of the first transparent
substrate on which the thin film transistor is formed and a
surface of the second transparent substrate on which the
opposed electrode is formed are opposed each other, and
filling liquid crystal between the first transparent substrate
and the second transparent substrate.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG.1 s asectional view illustrating configuration
of conventional CF on TFT described in Japanese Patent
Application Laid-Open No. Hei 8-122824;

[0032] FIG. 2 is a circuit diagram illustrating configura-
tion of liquid crystal display device according to a first
embodiment of the present invention;

[0033] FIG. 3 is a top plan view illustrating typically
position relationship among color filter, black matrix and
overcoat layer in the present embodiment;

[0034] FIG. 4 is a top plan view illustrating typically
position relationship among color filter, black matrix and
overcoat layer in the present embodiment;

[0035] FIG. 5 is a sectional view illustrating structure of
liquid crystal display device of the present embodiment;

[0036] FIG. 6A to FIG. 6E are sectional views illustrating
manufacturing method of liquid crystal display device
according to the present embodiment in connection with its
process order;

[0037] FIG. 7 is a sectional view illustrating structure of
liquid crystal display device of a second embodiment of the
present invention,

[0038] FIG. 8 is a sectional view illustrating structure of
liquid crystal display device of a third embodiment of the
present invention,

[0039] FIG. 9 is a sectional view illustrating structure of
liquid crystal display device of a fourth embodiment of the
present invention,

[0040] FIG. 10 is a sectional view illustrating structure of
liquid crystal display device of a fifth embodiment of the
present invention,

[0041] FIG. 11 is a top plan view illustrating position of
a spacer in the present embodiment;

[0042] FIG. 12 is a sectional view illustrating structure of
liquid crystal display device of a sixth embodiment of the
present invention,

[0043] FIG. 13 is a sectional view illustrating structure of
liquid crystal display device according to a modified
example of the present invention;

[0044] FIG. 14 is a sectional view illustrating structure of
liquid crystal display device of a seventh embodiment of the
present invention,

[0045] FIG. 15A to FIG. 15E are sectional views illus-
trating manufacturing method thereof in connection with its
process order; and

[0046] FIG. 16 is a sectional view illustrating structure of
liquid crystal display device of an eighth embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0047] A preferred embodiment of the active-matrix type
liquid crystal display device according to the present inven-
tion is CF on TFT structure based-liquid crystal display
device in which color filter, black maitrix formed on TFT-
upper layer and data line upper layer and pixel electrode are
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provided on the TFT substrate on which gate lines, data lines
and TFT are formed. Further, thick film first overcoat layer
and thin film second overcoat layer are arranged on the black
matrix. At this time, only thin film second overcoat layer is
arranged on the color filter of display area, whereby, the
black matrix is protected surely by thick film first overcoat
layer and attenuation of incident light is restrained by thin
film second overcoat layer, thus it is possible to scheme
improvement of effective transmittance of the light.

[0048] About embodiment of the present invention will be
described in detail referring to accompanying drawings
below.

First Embodiment

[0049] Firstly, an active-matrix type liquid crystal display
device and its manufacturing method according to the first
embodiment of the present invention will be described
referring to FIG. 2 to FIG. 5 and FIG. 6A to FIG. 6E. FIG.
2 is a circuit diagram illustrating configuration of the liquid
crystal display device of the present embodiment, and FIG.
3 and FIG. 4 are top plan views illustrating typically
position relationship among the color filter, the black matrix
and the overcoat layer that is characteristic part of the
present embodiment. In addition, FIG. 5 is a sectional view
illustrating structure of the liquid crystal display device of
the present embodiment, and FIG. 6A to FIG. 6E are
sectional views illustrating manufacturing method of the
liquid crystal display device according to the present
embodiment in process order.

[0050] As illustrated in FIG. 2, in the active-matrix type
liquid crystal display device according to the present
embodiment, a gate line 5 and a data line 7 are arranged so
that the gate line 5 and the data line 7 are at right angles to
cach other on a transparent insulative substrate (not illus-
trated). In addition, a TFT 17 is formed so as to correspond
to crossing part of these wirings. The gate line 5 is connected
to gate electrode of the TFT 17, in which the TFT 17
corresponding to pixel is driven by scanning signal input to
gate electrode from the gate line 5. In addition, the data line
7 is connected to drain electrode of the TFT 17, inputting
data signal to drain electrode. Further, pixel electrode is
connected to source electrode of the TFT 17, and a pixel
capacitance 18 is formed by a liquid crystal layer 3 between
pixel electrode and opposed electrode formed on opposed
substrate. The gate line § and the data line 7 are connected
to a gate terminal 5a and a data terminal 7a respectively.

[0051] Next, position relationship will be described
among a color filter 10, black matrix 11, a first overcoat layer
12 and a second overcoat layer 13 in the liquid crystal
display device of the present embodiment referring to FIG.
3 and FIG. 4. It should be noted that FIG. 3 and FIG. 4
illustrate configuration of pixel part, however, if respective
layers are illustrated in the same drawing, overlap relation
becomes obscure, so, position relationship between the gate
line 5, the data line 7 and the black matrix 11, the first and
the second overcoat layers 12, 13 are described in FIG. 3,
while position relationship between the gate line 5, the data
line 7 and the color filter 10, the black matrix 11 are
described in FIG. 4.

[0052] As illustrated in FIG. 3 and FIG. 4, the black
matrix 11 is formed on the TFT 17, and the data line 7, in
which the black matrix serves role of light shielding of the
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TFT 17, and light shielding of light leakage of wiring
periphery. Then, the first overcoat layer 12 is provided so as
to cover black matrix 11, thus protecting the black matrix 11.
Further, the second overcoat layer 13 is provided so as to
cover the black matrix 11, the color filter 10 and the first
overcoat layer 12. It should be noted that pixel electrode (not
illustrated) is connected to a source electrode 8b via a
contact hole 19 of the second overcoat layer 13.

[0053] The first overcoat layer 12 and the second overcoat
layer 13 in the present embodiment are not intended to
flatten upper surface of TFT substrate, if anything, the first
overcoat layer 12 and the second overcoat layer 13 are
formed thickly on the black matrix 11 to be a convex section
of the TFT substrate, and are formed thinly on the color filter
10. For that reason, since step of the black matrix 11 or the
color filter 10 is not flattened by the overcoat layers 12, 13,
it is necessary to conceal disclination created caused by
disarrangement of orientation of liquid crystal. Accordingly,
it is suitable that degree of 2 to 5 um should be obtained as
overlap width between the black matrix 11 and pixel elec-
trodes.

[0054] Next, about structure of the active-matrix type
liquid crystal display device of the present embodiment will
be described referring to FIG. 5. As illustrated in FIG. 3, in
a TFT substrate 1 of the present embodiment, a gate elec-
trode 5b is provided on a transparent insulative substrate 44,
and a gate insulator 6 is formed so as to cover them. The gate
electrode 5b and a semiconductor layer 15 are provided in
such a way as to be overlapped several times over on the gate
insulator 6, a source electrode 8b, a drain electrode 8a that
are isolated on center section of the semiconductor layer 15
are connected to the semiconductor layer 15 via an ohmic
contact layer (not illustrated). In addition, the ohmic contact
layer between the source electrode 85 and the drain elec-
trode 84 is removed by etching to provide channel section.
Thus, the TFT 17 is formed. Further, a passivation film 9 is
formed so as to cover the TFT 17, and the color filter 10 of
respective colors RGB is arranged at display area of respec-
tive pixels on the passivation film 9 and TFT area. Further,
the black matrix 11 for light shielding is formed on the
semiconductor layer 15 within TFT area and on the data line
7.

[0055] In addition, on the black matrix 11, the thick film
first overcoat layer 12 for covering the black matrix 11 is
provided along outer shape of the black matrix 11. The first
overcoat layer 12 is formed in order to cover part where is
not covered by the second overcoat layer 13 described later,
and film thickness thereof is suitable to be, for instance,
degree of 1 to 3 um in which film thickness is one capable
of covering the black matrix 11. Or, as indicated in the
second embodiment described later, in cases where gap
between substrates is made to adjust by using the first
overcoat layer 12, it is suitable to form the first overcoat
layer 12 more thickly.

[0056] In addition, the second overcoat layer 13 of thin
film is provided so as to cover the first overcoat layer 12
provided on the color filter 10 and the black matrix 11, thus
the color filter 10 is protected. Film thickness of the second
overcoat layer 13 is suitable to be thin in order to control
lowering of transmittance of the color filter 10, thus for
instance, film thickness is preferable to be approximately 0.5

um.
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[0057] The contact hole 19 that reaches to the source
electrode 8b is formed on the second overcoat layer 13 and
the passivation film 9. In addition, a pixel electrode 14 made
from transparent conductive material such as ITO and so
forth is formed on the second overcoat layer 13. When the
TFT 17 is used as switching element, the source electrode 8b
serves as pullout electrode for connection to the pixel
electrode 14, and the pixel electrode 14 is connected to the
source electrode 8b through the contact hole 19. In addition,
the color filter 10 of respective color layers of R, G, B is
provided at part corresponding to pixel display area on the
passivation film 9, however, the color filter 10 is not formed
at periphery of the contact hole 19.

[0058] Thus, the TFT substrate 1 is composed of the
transparent insulative substrate 4a, the data line 7, the TFT
17, the passivation film 9, the color filter 10, the black matrix
11, the first overcoat layer 12 and the second overcoat layer
13. Further, the transparent insulative substrate 4b is pro-
vided opposite to surface on which the TFT 17 is formed in
transparent insulative substrate 4a. An opposed electrode 16
is formed on surface that stands opposite to the TFT sub-
strate 1 of the transparent insulative substrate 4b. An
opposed substrate 2 is formed by using the transparent
insulative substrate 4b and the opposed electrode 16. Then,
a liquid crystal layer 3 is provided between the TFT sub-
strate 1 and the opposed substrate 2. The liquid crystal
display device according to the present embodiment is
formed by using the TFT substrate 1, the opposed substrate
2 and the liquid crystal layer 3.

[0059] Tt should be noted that, as illustrated in FIG. 5, in
the liquid crystal display device of the present embodiment,
the color filter 10 is formed on also TFT formation area, in
order to enhance adhesion of the black matrix 11, if adhesion
between the black matrix 11 and the passivation film 9 is
made to enhance by measure of HMDS processing and so
forth, it is possible to remove the color filter 10 between the
black matrix 11 and the TFT 17. In addition, in FIG. 5, the
black matrix 11 is also formed on the data line 7. The black
matrix 11 prevents incidence of the light into area in which
orientation direction is disturbed caused by influence of
electric potential of the data line 7, thus it is possible to
improve display quality. However, it is not necessarily
provide the black matrix 11 on the data line 7.

[0060] Next, manufacturing method of the above TFT
substrate 1 will be described referring to FIG. 6A to FIG.
6E. Firstly, as illustrated in FIG. 6A, channel-etch type TFT
is formed on the transparent insulative substrate 4a. Spe-
cifically, thin film with film thickness of degree of 100 to 400
nm is made to form on the transparent insulative substrate 4a
made from glass and so forth by using sputtering method and
so forth with metal such as aluminum (Al), molybdenum
(Mo) or chromium (Cr) or so forth as material. Then, thin
film is subjected to patterning by known photolithography
method to form required shape in order to form the gate
electrode 5b and the gate line 3.

[0061] Next, on the gate electrode 5b and the transparent
insulative substrate 4, the gate insulator 6 is formed in such
a way as to form an insulating film such as silicon oxide film,
silicon nitride film or laminated film thereof or so forth with
film thickness of degree of 100 to 200 nm by using CVD
method and so forth. Next, amorphous silicon film is made
to form so that film thickness becomes degree of 400 nm by
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using CVD method and so forth, then the semiconductor
layer 15 is formed while being subjected to patterning this
film into required shape. In addition, thin film whose film
thickness is degree of 100 to 400 nm is formed with metal
such as Al, Mo, Cr and so forth as material by using
sputtering method and so forth. In addition, the source
electrode 86 and the drain electrode 8¢ are formed in such
a way that thin film is subjected to patterning into required
electrode shape by using photolithography method. At this
time, channel section is formed while removing unnecessary
ohmic contact layer between the source electrode 8 and the
drain electrode 8a. Thus, the TFT 17 is formed.

[0062] Further, the passivation film 9 such as silicon
nitride film and so forth is made to deposit so as to cover the
TFT 17 with film thickness of degree of 100 to 200 nm. After
that, the contact hole is formed in order to connect the pixel
electrode 14 to the source electrode 8b while executing
patterning of this passivation film 9. It should be noted that
it is possible to use as material for the passivation film 9,
except for inorganic material such as silicon nitride and so
forth, transparent resin material such as epoxy resin, acrylic
resin and so forth.

[0063] Next, as illustrated in FIG. 6B, the color filter 10
and the black matrix 11 are formed on the passivation film
9. First, negative type photo-curing color resist of scattering
red pigment into acrylic resin is made to apply on substrate
by using spin coat method. At this time, number of spin
revolution is made to adjust so that coating film thickness
becomes degree of 1.6 um. Next, pre-bake in which tem-
perature is 80 degrees and time is 2 minutes is executed by
using hot plate. Then, color resist is made to expose, before
removing color resist selectively while developing color
resist by using liquid solution of TMAH (Tetra Methyl
Ammonium Hydro-oxide) with density of 0.04 mass %, in
order to execute patterning into required shape. After that,
color resist is made to execute baking of condition that
temperature is 230 degrees, time is 1 hour, to form a red
color filter 10. Similarly, a green color filter 10 and a blue
color filter 10 are formed. At this time, the red color filter,
the green color filter and the blue color filter are formed at
different positions mutually in the passivation film 9, how-
ever, it is also good that end section of respective color filters
may be overlapped mutually.

[0064] After that, the black matrix 11 is formed at an area
of the TFT 17 on the color filter 10 and at a corresponding
area to above part of the data line 7 in the same way as the
color filter 10.

[0065] Next, as illustrated in FIG. 6C, the first overcoat
layer 12 of thick film is formed so as to cover the black
matrix 11. According to the configuration, it is possible to
protect surface of the black matrix 11. Formation of the first
overcoat layer 12 is that for instance, acrylic positive type
photosensitive resin of viscosity: approximate 15 cp is
applied by spin coat method with number of revolution 800
rpm/10s on the color filter 10 and the black matrix 11. After
that, the first overcoat layer 12 is made to develop by using
liquid solution of TMAH (Tetra Methyl Ammonium Hydro-
oxide) with density of 0.4 mass %, in order to execute
patterning into required shape, then, the first overcoat layer
12 is made to execute baking of condition that temperature
is 220 degrees, time is 1 hour. For this operation, the first
overcoat layer 12 is formed on the black matrix 11 with film
thickness of degree of 1 um.
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[0066] Continuously, as illustrated in FIG, 6D, the second
overcoat layer 13 of thin film is formed in order to protect
the color filter 10. Formation of the second overcoat layer 13
is that for instance, acrylic positive type photosensitive resin
of viscosity: approximate 5 cp is applied by spin coat
method with number of revolution 1000 rpm/10s. After that,
the second overcoat layer 13 is made to develop by using
liquid solution of TMAH (Tetra Methyl Ammonium Hydro-
oxide) with density of 0.4 mass %, in order to exccute
patterning into required shape. On this occasion, opening is
formed at part corresponding to over contact hole formed at
the passivation film 9 in the second overcoat layer 13 so as
to form the contact hole 19 for connecting the pixel electrode
14 to the source electrode 8b.

[0067] After that, in order to make positive type photo-
conductive resin transparent, optical cross-linkage is made
to execute in such a way as to conduct all-surface exposure
with illuminance of degree of 4 to 8J using g h i combined
UV light, so that it causes the second overcoat layer 13 to be
transparent. After that, the second overcoat layer 13 is made
to execute baking of condition that temperature is 220
degrees, time is 1 hour. For this processing, film thickness of
the second overcoat layer 13 formed on the color filter 10
becomes degree of 0.5 yum to 1.5 um.

[0068] It should be noted that, in the present embodiment,
on the occasion of forming the first overcoat layer 12 and the
second overcoat layer 13, in order to obtain different film
thickness, positive type photoconductive resins whose vis-
cosities are different with each other are used, and the
number of revolution of spin application is made to change.
However, on the occasion of forming the first overcoat layer
12 and the second overcoat layer 13, it is possible to change
film thickness while changing only the number of revolution
of spin application using photoconductive resin with equal
viscosities. In addition, in the present embodiment, the first
overcoat layer 12 of thick film is formed before the second
overcoat layer 13 of thin film is formed, however it is
preferable to form the overcoat layer of thin film previously,
before forming the overcoat layer of thick film while revers-
ing the order. Further, in the present embodiment, the contact
hole of the passivation film 9 is formed before the contact
hole of the second overcoat layer 13 is formed, however, it
is also possible to form the contact hole of the second
overcoat layer 13, before executing patterning of the contact
hole of passivation film 9 while reversing the order.

[0069] Then, as illustrated in FIG. 6E, the pixel electrode
14 is formed in such a way as to form transparent conductive
film of ITO and so forth by using Sputtering method and so
forth to execute patterning. At this time, the more the film
thickness of the pixel electrode 14 is thick, the more
appropriate coverage is obtained, so, in order to keep
transparency of ITO, degree of 40 to 100 nm of film
thickness is appropriate. In addition, at this time, overlap-
width W between the black matrix 11 and the pixel electrode
14 is taken to be 2 to 5 um.

[0070] After that, following general method, orientation
film 1s formed on the TFT substrate 1 and the opposed
substrate 2 on which the opposed electrode 16 such as ITO
and so forth are arranged, after that, both substrates are made
to overlap, before injecting liquid crystal to form liquid
crystal display device of CF on TFT structure.

[0071] As described above, in the liquid crystal display
device of CF on TFT structure in which both the color filter
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10 and the black matrix 11 are formed on the TFT substrate
1, step of the substrates becomes large caused by the color
filter 10 and the black matrix 11, so, it becomes difficult to
cover the overcoat layer on the step. For that reason, it
becomes difficult to protect the black matrix sufficiently.
When attempt is made to cover the overcoat layer on the step
sufficiently, it is necessary to provide thick overcoat layer,
namely, it is necessary to provide flattened film, with the
result that transmittance of the light deteriorates. However,
in the present embodiment, the first overcoat layer 12 of
thick film with large viscosity is provided on the black
matrix 11, and the second overcoat layer 13 of thin film with
small viscosity is formed on the color filter 10, whereby,
surface of the black matrix 11 is made to coat and protect
sufficiently, and it is possible to control lowering of trans-
mittance of incident light into the color filter 10 while
making the overcoat layer on the color filter 10 thin.

[0072] Specifically, in the liquid crystal display device
which is formed in such a method of the present embodi-
ment, transmittance of the substrate becomes degree of 97%
at wavelength of 400 to 450 nm. In the liquid crystal display
device provided with the conventional flattened film 24
illustrated in FIG. 1, transmittance of the light is approxi-
mate 85%, therefore, the liquid crystal display device of the
present embodiment is capable of improving transmittance
remarkably in comparison with the conventional liquid
crystal display device.

[0073] Tt should be noted that, in the present embodiment,
the first overcoat layer 12 on the black matrix 11 is formed
thickly by the sacrifice of flatness, accordingly, in order to
prevent disclination caused by unevenness of the pixel
electrode 14 formed thereon, overlap-width W between the
black matrix 11 and the pixel electrode 14 is taken to be 2
to 5 um. On the contrary, when surface of TFT substrate is
made to flatten completely while providing conventional
flattened film, it is good that overlap-width W is degree of
1.5 pum. Thus, in the present embodiment, since overlap-
width W is made wide in comparison with the conventional
method, opening rate of the liquid crystal display device
becomes small. However, since transmittance is improved,
practical transmittance of panel becomes larger than that of
the liquid crystal display device of the flattened structure.

[0074] In addition, in the liquid crystal display device of
the present embodiment, the first overcoat layer 12 of thick
film is formed on the data line 7, whereby, distance between
the data line 7 and the pixel electrode 14 can be made large,
for that reason, it is possible to reduce coupling capacitance
between the data line 7 and the pixel electrode 14 to improve
display quality.

[0075] 1t should be noted that, in the present embodiment,
explanation was made about example in which the first and
the second overcoat layers 12, 13 are formed in such a way
as to use acrylic positive type photoconductive resin with
spin coat method. However, the first and the second overcoat
layers 12, 13 are not limited to the above-described material,
S0, it is appropriate that, as for material of the first overcoat
layer 12, material is one in which adjustment of viscosity is
easy and pattern formation is possible, and as for material of
the second overcoat layer 13, material with further high
transmittance is appropriate, further, it is good that different
materials with each other are used for respective layers. In
addition, formation method is not limited to application
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method, for instance, it is appropriate that insulating film
and so forth are formed by using sputtering method and/or
CVD method and so forth.

[0076] In addition, the present invention is capable of
being applied to the liquid crystal display device in which
connection between the pixel electrode and the switching
element is executed while penetrating the color filter 10 and
the black matrix 11, as for the switching element, there is no
limitation, it is not apply only to the TFT, but it is suitable
to be MIM, diode and so forth, in addition, the TFT is
suitable to be reverse stagger-forward stagger type a-Si TFT
and/or planer type p-Si TFT.

[0077] In addition, in the liquid crystal display device of
the present invention, there is no specific limitation except
for the above-described configuration, thus, for instance, for
the sake of liquid crystal material, orientation film, opposed
substrate, opposed electrode and so forth, it is appropriate to
use general materials for the active-matrix type liquid crystal
display device. Further, respective color filters are generally
constituted by three colors of red (R), green (G) and blue (B)
for full colors display, however, the present invention is not
limited by this method, thus it is possible to change appro-
priately.

Second Embodiment

[0078] Next, an active-matrix type liquid crystal display
device and its manufacturing method according to the sec-
ond embodiment of the present invention will be described
referring to FIG. 7. FIG. 7 is a sectional view illustrating
structure of the liquid crystal display device of the present
embodiment. The present embodiment is characterized in
that step on data line is made to reduce in such a way as to
embed the black matrix on the data line in the color filter to
eliminate the first overcoat layer on the data line. As for
structure and manufacturing method of part except for the
above matter, they are the same as the structure and manu-
facturing method of the above-described first embodiment.

[0079] Tt should be noted that, in FIG. 7, the same signs
are added to the same element as that of the liquid crystal
display device according to the first embodiment illustrated
in FIG. 2 to FIG. 6E to eliminate detailed explanation.
Provided element to which the same sign as that illustrated
in FIG. 2 to FIG. 6E and which is illustrated in FIG. 7
possesses the same essential function, however, it does not
mean that the shape and arrangement position are entirely
identical therewith. For instance, the black matrix 11 illus-
trated in FIG. § and the black matrix 11 illustrated in FIG.
7 have common essential function of executing light shield-
ing and have common material for forming the black matrix
itself, however, shape and arrangement position are different
from with each other.

[0080] As illustrated in FIG. 7, the TFT substrate of the
present embodiment forms the gate electrode 5b and the gate
insulator 6 on the transparent insulative substrate 4, and the
semiconductor laver 15 is provided so as to be overlapped on
the gate electrode 5b with several times over thereon. Then,
the TFT 17 is formed in such a way that the source electrode
8b is connected to the semiconductor layer 15, and the drain
electrode 8a is connected to the semiconductor layer 15 via
ohmic contact layer. Further, the passivation film 9 is
provided so as to cover the TFT 17.
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[0081] In addition, the color filter 10 of respective colors
of R, G, B is provided on the passivation film 9 at its
corresponding part to pixel display area, and the black
matrix 11 for light shielding is provided thereon. In the first
embodiment described-above, in order to improve adhesion,
the black matrix 11 is provided on the color filter 10,
however, in the present embodiment, gap is provided
between adjacent the color filters 10, the black matrix 11 is
embedded in gap.

[0082] Then, in the first embodiment, the first overcoat
layer 12 of thick film is provided in order to cover the black
matrix 11, however, in the present embodiment, since the
black matrix 11 on the data line 7 is embedded in the color
filter 10, step is small, thus it is not necessary to provide the
first overcoat layer 12 on this part. In addition, the second
overcoat layer 13 of thin film is provided so as to cover the
first overcoat layer 12 provided on the color filter 10 and the
black matrix 11.

[0083] In the present embodiment, following effect can be
obtained in addition to the effect of the above-described first
embodiment. In the liquid crystal display device of the
present embodiment, since large step (0.5 to 1 um) is formed
on the TFT 17, the first overcoat layer 12 for protecting the
black matrix 11 formed on the color filter 10, however, since
step on the data line 7 is small: 0.1 to 0.2 um, it is possible
to eliminate the first overcoat layer 12.

[0084] Further, since the first overcoat layer 12 of the data
line 7 is eliminated, the step in the neighborhood of the
above data line 7 in surface of the TFT substrate 1 becomes
small. For this configuration, buildup of the pixel electrode
14 in above part of the data line 7 is prevented, so that it is
possible to control creation of disclination and so forth.
Further, for this configuration, it is possible to minimize
overlap-width between the black matrix 11 and the pixel
electrode 14, thus, it is possible to make opening rate large
than the above-described first embodiment. In addition,
since the step caused by the black matrix 11 in end section
of the color filter 10 becomes small, standing liquid is
difficult to occur on the occasion of forming the second
overcoat layer 13, thus it is possible to form the second
overcoat layer 13 on the color filter 10 with thin and even
condition.

Third Embodiment

[0085] Next, an active-matrix type liquid crystal display
device and its manufacturing method according to the third
embodiment of the present invention will be described
referring to FIG. 8. FIG. 8 is a sectional view illustrating
structure of the liquid crystal display device of the present
embodiment. In the present embodiment, a technique of
arranging black matrix on data line between color filters is
the same as that of the above-described second embodiment,
however, the present embodiment is characterized in that the
first overcoat layer is formed before color filter is formed
and shape of color filter is shaped depending on shape of
opening section of the first overcoat layer, and the second
overcoat layer is formed thereon. Accordingly, as for struc-
ture and manufacturing method except for black matrix,
color filter, the first overcoat layer and the second overcoat
layer, these are the same as those of the above-described first
embodiment.

[0086] As illustrated in FIG. 8, in the TFT substrate of the
present embodiment, the gate electrode 5b and the gate

Jul. 11, 2002

insulator 6 are formed on the transparent insulative substrate
4a, and the gate electrode 5b and the semiconductor layer 15
are provided in such a way as to be overlapped with several
times over on the gate insulator 6, thus, the TFT 17 is formed
in such a way that the source electrode 85 and the drain
electrode 84 are connected to the semiconductor layer 135 via
the ohmic contact layer. In addition, the data line 7 is formed
on the gate insulator 6. Further, the passivation film 9 is
provided so as to cover the TFT 17 and the data line 7. The
black matrix 11 is provided at corresponding area to an
above part of the semiconductor layer 15 and an above part
of the data line 7 on the passivation film 9, and the first
overcoat layer 12 is formed so as to cover the black matrix
11. Opening section is formed at the first overcoat layer 12.

[0087] In addition, the color filter 10 is formed at part of
opening section of the first overcoat layer 12 on the passi-
vation film 9. For that reason, shape of the color filter 10 is
specified by the shape of opening section of the first overcoat
layer 12. Further, the second overcoat layer 13 is formed so
as to cover the passivation film 9, the color filter 10 and the
first overcoat layer 12. Furthermore, the contact hole 19 is
formed at the passivation film 9, the color filter 10 and the
second overcoat layer 13 so as to reach the source electrode
8b. Furthermore, the pixel electrode 14 is formed on the
second overcoat layer 13, and the pixel electrode 14 is
connected to the source electrode 8b via the contact hole 19.
In the present embodiment, photoconductive acrylic resin is
used as material of the first overcoat layer 12 and the second
overcoat layer 13. In addition, the drain electrode 8a serves
as signal electrode.

[0088] In the present embodiment, total of film thickness
of the overcoat layers formed on the drain electrode 8a
becomes sum between the first overcoat layer 12 and the
second overcoat layer 13. For that reason, it is possible to
maintain distance between the drain electrode 8a and the
pixel electrode 14 as distance in which both do not affect
with each other. In addition, since the overcoat layer on the
color filter 10 is formed by only the second overcoat layer
13, it is possible to maintain sufficient transmittance while
controlling deterioration of back light at the time of action.

[0089] Manufacturing method of CF on TFT substrate of
the present embodiment will be described. By the same
method as the first embodiment described-above, the gate
electrode 5b, the gate insulator 6, the semiconductor layer
15, the drain electrode 8a, the source electrode 8b and the
passivation film 9 are formed on the transparent insulative
substrate 4a. Next, the black matrix 11 is formed at corre-
sponding area to above part of the TFT 17 and above part of
the data line 7 on the passivation film 9. After that, the first
overcoat layer 12 is formed so as to cover the black matrix
11 by using photo resist method. Photoconductive type resist
made of acrylic resin and so forth is used as overcoat
material that is used at this time. Photoconductive type resist
is made to apply by using application method of being
obtained even film thickness such as spin coat method or
printing method or so forth, subsequently, to conduct expo-
sure, to conduct development, to conduct patterning and to
conduct baking to form the first overcoat layer 12. At this
time, an opening section 29 is formed in order to accom-
modate the color filter of being formed at next process at the
first overcoat layer 12. In addition, the first overcoat layer 12
is formed with thickness of several um depending on its
dielectric constant.
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[0090] Next, photoconductive acrylic resin resist is made
to apply on surface of substrate by printing method, con-
tinuously, to conduct exposure, to conduct development and
to conduct baking, whereby, the color filter 10 is made to
embed in the opening section 29 of the first overcoat layer
12 that is formed at previous process. At this time, the
opening section is provided at the color filter 10 so that the
color filter 10 is not formed at an area of being formed the
contact hole 19.

[0091] After that, similar to the first overcoat layer 12
made of acrylic resin and so forth, photoconductive type
resist is made to apply by using application method of being
obtained even film thickness such as spin coat method,
printing method and so forth, to conduct exposure, to
conduct development and to conduct baking to form the
second overcoat layer 13 as flattened film. After that, in
order to form the contact hole 19, the contact hole 19 is
formed at the passivation film 9 while removing the passi-
vation film 9 that is exposed at bottom section of the opening
section 29 by using photo resist method. Next, the pixel
electrode 14 is formed on the second overcoat layer 13 so as
to connect to the source electrode 85 through the contact
hole 19.

[0092] In such a way described above, CF on TFT sub-
strate can be obtained in which film thickness of the overcoat
layer of above part of wiring of the drain electrode 8a and
the data line 7 and so forth differs from film thickness of the
overcoat layer of above part of the color filter 10.

Fourth Embodiment

[0093] Next, an active-matrix type liquid crystal display
device and its manufacturing method according to the fourth
embodiment of the present invention will be described
referring to FIG. 9. FIG. 9 is a sectional view illustrating
structure of the liquid crystal display device of the present
embodiment. It should be noted that, in the present embodi-
ment, up and down relationship between the black matrix
and the first overcoat layer is different in comparison with
the above described third embodiment. Accordingly, as for
structure and manufacturing method except for the black
matrix and the first overcoat layer, it is the same as that of
the third embodiment.

[0094] As for the liquid crystal display device of the
present embodiment, the gate electrode 5b and the gate
insulator 6 are formed on the transparent insulative substrate
4a, as well as, the semiconductor layer 15, the drain elec-
trode 8a and the source electrode 8b and the data line 7 are
formed on the gate insulator 6. Further, the passivation film
9 is formed so as to cover these elements. The first overcoat
layer 12 is provided at corresponding areas to above part of
the semiconductor layer 15 and above part of the data line
7 on the passivation film 9, and the opening section 29 is
formed at the first overcoat layer 12. The black matrix 11 is
formed on the first overcoat layer 12. Similar to the third
embodiment, the color filter 10 is formed within the opening
section 29 of the first overcoat layer 12. Further, the second
overcoat layer 13 is formed so as to cover the first overcoat
layer 12 and the color filter 10, and the pixel electrode 14 is
formed thereon. The pixel electrode 14 is connected to the
source electrode 8b via the contact hole 19. The first and the
second overcoat layers are made of photoconductive acrylic
resin.
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[0095] In the present embodiment, similar to the third
embodiment, it is possible to maintain distance between the
drain electrode 8a and the pixel electrode 14 as distance in
which both do not affect with each other. In addition, since
the overcoat layer on the color filter 10 is formed by only the
second overcoat layer, it is possible to maintain sufficient
transmittance while controlling attenuation of back light at
the time of action.

[0096] Forming method of the CF on TFT substrate of the
present embodiment will be indicated below. By the same
way as the third embodiment described-above, the gate
electrode 5b, the gate insulator 6, the semiconductor layer
15, the drain electrode 8a, the source electrode 8b, the data
line 7 and the passivation film 9 are formed on the trans-
parent insulative substrate 4a. After that, photoconductive
type resist made of acrylic resin and so forth is made to apply
on surface of substrate by using application method of being
obtained even film thickness such as spin coat method,
printing method and so forth, continuously, to conduct
exposure, to conduct development and to conduct baking,
whereby, the first overcoat layer 12 having the opening
section 29 for accommodating the color filter 10 is formed
at corresponding area to above part of the TFT 17 and above
part of the data line 7 on the passivation film 9.

[0097] After that, the black matrix 11 is formed by using
photo resist method. At this time, the first overcoat layer 12
and the black matrix 11 are formed in such a way as to have
approximately the same flat pattern, and the opening section
29 is also formed at the black matrix 11.

[0098] Next, photoconductive acrylic resin resist is made
to apply by using the printing method in the same way as the
first overcoat layer 12, to conduct exposure, to conduct
development and to conduct baking, whereby, the color filter
10 is formed in such a way as to embed in the opening
section 29 of the first overcoat layer 12 and the black matrix
11. At this time, the color filter 10 is not formed at planned
area in which the contact hole 19 is formed.

[0099] Continuously, similar to the first overcoat layer 12,
photoconductive type resist made of acrylic resin and so
forth is made to apply by using application method of being
obtained even film thickness such as spin coat method or
printing method or so forth, to conduct exposure, to conduct
development and to conduct baking to form the second
overcoat layer 13 as flattened film. At this time, similar to the
color filter 10, the second overcoat layer 13 1s not formed on
planned area in which the contact hole 19 is formed.

[0100] After that, the passivation film 9 which is exposed
within the opening section 29 is removed selectively by
using photo resist method to form the contact hole 19 at the
passivation film 9. Then, the pixel electrode 14 connected to
the source electrode 8b via the contact hole 19 is formed on
the second overcoat layer 13. For this configuration, CF on
TFT substrate is obtained in which film thickness of the
overcoat layer of corresponding area to above part of wiring
such as the drain electrode 8a (signal electrode), the data
electrode 7 and so forth is different from film thickness of
the overcoat layer of corresponding area to above part of the
color filter 10.

Fifth Embodiment

[0101] Next, an active-matrix type liquid crystal display
device and its manufacturing method according to the fifth
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embodiment of the present invention will be described
referring to FIG. 10 and FIG. 11. FIG. 10 is a sectional view
illustrating structure of liquid crystal display device, and
FIG. 11 is a top plan view illustrating position of spacer for
forming gap between substrates. It should be noted that the
present embodiment is characterized in that formation of
spacer for gap adjustment is made easy while utilizing
positively step of creating on the occasion of formation of
the first overcoat layer.

[0102] Generally, in the liquid crystal display device, in
order to maintain interval between the TFT substrate 1 and
the opposed substrate 2, usually, gap of degree of 3 to 4.5 um
is formed in such a way as to scatter ball shaped spacer ball.
However, when gap is formed while using the spacer ball,
unevenness of substrate at part on which the spacer ball is
arranged impairs evenness of gap. For that reason, in order
to conduct control of the gap accurately, it is effective that
columnar spacer is formed by patterning at the predeter-
mined position of the substrate.

[0103] In this case, negative type photoconductive acrylic
resin and so forth are made to apply with thickness of degree
of 3 to 5 um, to conduct exposure, to conduct development
and to conduct baking, whereby, columnar spacer is formed,
however, film thickness of applying resin is thick, and
particularly when conducting exposure by using g h i
combined ray or g h combined ray, it is impossible to
execute pattern formation accurately caused by the fact that
depth of focus is different according to wavelength of each
g ray or i ray, thus shape of the columnar spacer becomes
uneven, depending on the circumstances, columnar spacer
collapses, so there are some cases that defect occurs in
which gap becomes uneven.

[0104] On the contrary, in the liquid crystal display device
of the present embodiment, as illustrated in FIG. 10, in the
same way as the first embodiment and the second embodi-
ment described-above, since the first overcoat layer 12 of
thick film is formed at TFT part, TFT part is raised in
comparison with the conventional case, thus it is possible to
lower height of a columnar spacer 20 of forming on TFT part
while utilizing positively step created on TFT by the first
overcoat layer 12.

[0105] Specifically, since step of 1 to 2 um is formed on
TFT by the first overcoat layer 12, it is possible to control
film thickness of resin for forming the columnar spacer 20
into 1 to 2 um. Accordingly, even though this resin is made
to conduct exposure by using g h i combined ray or g h
combined ray, it is possible to execute patterning into
accurate shape, thus it is possible to prevent defect that the
columnar spacer 20 collapses. It should be noted that, in case
of structure of the present embodiment, since step of the first
overcoat layer 12 is utilized, as illustrated in FIG. 11, the
columnar spacer 20 is formed at the position on the TFT 17.

Sixth Embodiment

[0106] Next, an active-matrix type liquid crystal display
device and its manufacturing method according to the sixth
embodiment of the present invention will be described
referring to FIG. 12. FIG. 12 is sectional view illustrating
structure of the liquid crystal display device of the present
embodiment. The present embodiment forms the first over-
coat layer on TFT more thickly, and its TFT part is used as
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spacer for forming gap, whereby, columnar spacer forming
process is made to eliminate, so that simplification of
process is executed.

[0107] The liquid crystal display device of the present
embodiment, in the same way as the second embodiment
described-above, switching element such as the TFT 17 and
so forth is formed on the transparent insulative substrate 4a,
and the color filter 10 and the black matrix 11 are formed
thereon via the passivation film 9. Then, the first overcoat
layer 12 is formed so as to cover the black matrix 11 on the
TFT 17, on this occasion, viscosity of material of acrylic
positive type photoconductive resin and so forth of forming
the first overcoat layer 12 is increased.

[0108] In addition, the second overcoat layer 13 is formed
on the passivation film 9, the color filter 10, the black matrix
11 and the first overcoat layer 12. At this time, as illustrated
in FIG. 12, thickness of the first overcoat layer 12 is made
to adjust so that thickness of adding the first overcoat layer
12 to the second overcoat layer 13 approximately equals to
required gap between substrates. For this configuration, on
the occasion that the opposed substrate 2 is made to overlap,
it 1s possible to control gap accurately without forming the
columnar spacer 20 separately by contacting the second
overcoat layer 13 to the opposed substrate 2.

[0109] FIG. 13 is a sectional view illustrating a configu-
ration of liquid crystal display device according to modified
example of the present embodiment. In the liquid crystal
display device illustrated in FIG. 12, in order to conduct
pattern formation surely of the first overcoat layer 12, it is
preferable that film thickness of the first overcoat layer 12 is
not so much thickened. Accordingly, in the present modified
example, as illustrated in FIG. 13, film thickness of the color
filter 10 is made to thicken in such a way as to obtain film
thickness while overlapping the color filter 10 with 2 to 3
layers under the black matrix 11, thus film thickness of the
first overcoat layer 12 is made to minimize by only corre-
sponding thickness thereto. It should be noted that, in this
case, it is preferable that the first overcoat layer 12 protects
the color filter 10 in such a way as to be formed to cover side
surface of the color filter 10.

Seventh Embodiment

[0110] Next, an active-matrix type liquid crystal display
device and its manufacturing method according to the sev-
enth embodiment of the present invention will be described
referring to FIG. 14 and FIG. 15A to FIG. 15E. FIG. 14 is
a sectional view illustrating structure of liquid crystal dis-
play device of the present embodiment, and FIG. 15A to
FIG. 15E are sectional views illustrating manufacturing
method in process order. It should be noted that the present
embodiment provides manufacturing method in which lig-
uid crystal display device with the same configuration as
liquid crystal display device according to the first embodi-
ment described-above is made to manufacture by less pro-
cess.

[0111] Namely, in the first embodiment described-above,
since the first overcoat layer 12 and the second overcoat
layer 13 are formed separately, respective two times pro-
cessing such as application of resin, exposure, development
and so forth are necessary to conduct. To the contrary, in the
present embodiment, in order to plan reduction of number of
process, the first overcoat layer 12 and the second overcoat



US 2002/0089615 Al

layer 13 are formed integrally in the following manufactur-
ing method. Method thereof will be described below.

[0112] Firstly, as illustrated in FIG. 15A, similar to the
first embodiment described-above, switching element such
as the TFT 17 and so forth and the data line 7 are formed on
the transparent insulative substrate 4a, and the passivation
film 9 is formed thereon. Next, as illustrated in FIG. 15B,
the color filter 10 is formed selectively on the passivation
film 9, and the black matrix 11 is formed at corresponding
area to above part of the TFT 17 and at corresponding area
to above part of the data line 7 on the color filter 10.

[0113] Next, as illustrated in FIG. 15C, an overcoat layer
25 is formed. In the present embodiment, one kind of
overcoat layer forms both thick film part and thin film part.
For instance, acrylic positive type photoconductive resin
with viscosity of degree of 15 cp is made to apply under the
number of revolution of degree of 800 rpm/10s to form
positive type photoconductive resin film of film thickness of
degree of 1 um.

[0114] Further, a light shielding film 22 for interrupting
light completely is provided at remaining part of an overcoat
layer 25a (referring to FIG. 15D) of thick film on a black
matrix 11, a diffusion shell 23 is provided at remaining part
of an overcoat layer 25b (referring to FIG. 15D) of thin film
on the color filter 10 and so forth, and a transparent
gray-tone mask 21 is used at part, from which the overcoat
layer 254 is removed completely, on contact hole 19 and so
forth, so, positive type photoconductive resin film is made to
execute exposure. By this configuration, intensity of UV
light irradiated to respective parts of this resin film is made
to be different to change etching rate of respective parts to
developer. As a result, it becomes possible to obtain an
overcoat film 25 in which film thickness of respective parts
are different from mutually.

[0115] Specifically, transmittance of light in the diffusion
shell 23 is taken to be 50%. UV light is made to irradiate 1J
toward positive type photoconductive resin film while pass-
ing through the gray tone mask 21 containing the diffusion
shell 23, after that, development with TMAH 0.4% solution
is executed, and baking is executed under the condition that
temperature is 220 degrees, and time is 1 hour. As a result,
as illustrated in FIG. 15D, film thickness of the overcoat
layer 25a on the black matrix 11 becomes approximate 1 um,
and film thickness of the overcoat layer 25b on the color
filter 10 becomes approximate 0.5 um. After that, as illus-
trated in FIG. 15E, the pixel electrode 14 made of ITO and
so forth is formed. By this configuration, TFT substrate of
the present embodiment is formed. An opposed substrate in
which the opposed electrode 16 is formed on the transparent
insulative substrate 4b is made to arrange to this TFT
substrate oppositely, and liquid crystal is filled up between
the TFT substrate and the opposed substrate, so that the
liquid crystal display device illustrated in FIG. 14 is formed.

[0116] In the present embodiment, as described above,
amount of exposure is made to differ mutually according to
position while using the gray tone mask 21, whereby, it is
possible to form the overcoat layer 25 in such a way that
thick overcoat layer is formed on the TFT 17, and thin
overcoat layer is formed on the color filter 10 of pixel area
by each one time execution of application of resin, exposure
and development. For that reason, it is possible to design
reduction of the number of process in comparison with
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above-described respective embodiments. It should be noted
that, in the present embodiment, amount of exposure is made
to adjust using the gray tone mask 21, however, as another
method, exposure is made to execute two times, and at this
time, in each exposure, monochrome mask whose patterns
are different from each other is used so as to cause amount
of exposure of respective parts in resin layer to be different
into 3 or 4 gradations, whereby it is possible to form
overcoat layer with different film thickness in every part by
one time execution of application of overcoat resin and
development.

Eighth Embodiment

[0117] Next, an active-matrix type liquid crystal display
device and its manufacturing method according to the eighth
embodiment of the present invention will be described
referring to FIG. 16. FIG. 16 is a sectional view illustrating
structure of liquid crystal display device of the present
embodiment. The present embodiment is characterized in
that the second overcoat layer 13 is eliminated, and the first
overcoat layer 12 is only used.

[0118] In the present embodiment, in the same way as the
first embodiment described-above, the TFT 17 and the data
line 7 are formed on the transparent insulative substrate 44,
and the passivation film 9 is formed thereon. In addition, the
color filter 10 is formed selectively on the passivation film
9, and the black matrix 11 is formed selectively thereon.
Further, photoconductive resin is made to apply thereon, to
conduct exposure and to conduct development, whereby the
first overcoat layer 12 is formed. At this time, the first
overcoat layer 12 is not formed at flat section in surface of
the color filter 10 by adjusting amount of exposure and
development time, while the first overcoat layer 12 is formed
s0 as to cover the black matrix 11 on the TFT 17 and on the
data line 7 and the first overcoat layer 12 is made to remain
in step section (TFT 17 section, data line 7 section, edge
section of color filter 10). After that, the pixel electrode 14
is formed on the first overcoat layer 12 and the color filter
10.

[0119] By this method, since the black matrix 11 is made
to protect, and it is possible to leave the first overcoat layer
12 at edge section of the color filter 10, it is possible to
prevent disconnection of the pixel electrode 14 without the
second overcoat layer 13. By this configuration, it is possible
to further improve transmittance of light of TFT substrate. It
should be noted that, at this case, the color filter 10 is
exposed in the liquid crystal layer 3 through the pixel
electrode 14 made of ITO, so, impurity of the color filter 10
is easy to mix with the liquid crystal layer 3, therefore, it
becomes necessary to device a plan in which impurity is not
dispersed in the liquid crystal layer 3 by thickening film
thickness of orientation film and so forth.

[0120] It should be noted that, in respective embodiments
described-above, description is made about liquid crystal
display device of CF on TFT structure, however, the present
invention is not restricted by the above-described embodi-
ments, it i possible to apply to structure in which the color
filter 10 and the black matrix 11 are formed at the side of
opposed substrate.
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What is claimed is:
1. An active-matrix type liquid crystal display device
comprising;

first and second transparent substrates being arranged
opposite to each other;

a plurality of gate lines and data lines formed on a surface
of said first transparent substrate being in opposite state
to said second transparent substrate, in which the gate
lines and the data lines cross mutually;

a thin film transistor, provided at the surface of said first
transparent substrate, in which said gate line is con-
nected to its gate electrode and said data line is con-
nected to its one of source/drain electrode thereof;

a color filter which is provided, at least, at pixel area,
which is an area surrounded by said gate line and said
data line except both transistor formation area on which
said thin film transistor is formed and data line forma-
tion area on which said data line is formed;

an overcoat layer which is provided in such a way as to
cover at least end section of both said thin film tran-
sistor and said color filter;

said overcoat layer comprising:

a thin film part which is formed, at least, on said
pixel area; and

a thick film part which is formed on said transistor
formation area or formed on both said transistor
formation area and said data line formation area,
in which film thickness of the thick film part is
thicker than film thickness of said thin film part,

a pixel electrode which is provided at said pixel area, in
which the pixel electrode is connected to the other of
said source/drain electrode;

an opposed electrode which is provided at surface of said
second transparent substrate being in opposite state to
said first transparent substrate; and

liquid crystal which is provided between said first trans-

parent substrate and said second transparent substrate.

2. The active-matrix type liquid crystal display device
according to claim 1, wherein said thick film part is formed
in such a way as to pile up a plurality of layers.

3. The active-matrix type liquid crystal display device
according to claim 2, wherein said overcoat layer is formed
from a first overcoat layer and a second overcoat layer, in
which said thin film part consists of only said second
overcoat layer and said thick film part is formed in such a
way as to pile said first overcoat layer up said second
overcoat layer.

4. The active-matrix type liquid crystal display device
according to claim 3, wherein said first overcoat layer has an
opening section in said pixel area, said color filter is formed
within said opening section, and said second overcoat layer
is formed on said first overcoat layer and on said color filter.

5. The active-matrix type liquid crystal display device
according to claim 1, further comprising spacers which are
provided between convex section which is formed with both
said thin film transistor and said thick film part of overcoat
layer contained, and said opposed electrode.

6. The active-matrix type liquid crystal display device
according to claim 1, wherein said convex section formed
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with both said thin film transistor and said thick film part of
overcoat layer contained comes into contact with said
opposed electrode.

7. The active-matrix type liquid crystal display device
according to claim 1, further comprising black matrix which
is formed on at least a part of area except for said pixel area,
and said overcoat layer is formed so as to cover said black
matrix.

8. The active-matrix type liquid crystal display device
according to claim 7, wherein said black matrix is provided
at said transistor formation area.

9. The active-matrix type liquid crystal display device
according to claim 8, wherein said color filter is provided
under said black matrix in said transistor formation area.

10. The active-matrix type liquid crystal display device
according to claim 7, wherein said black matrix is provided
at said data line formation area.

11. The active-matrix type liquid crystal display device
according to claim 10, wherein said color filter is not formed
at said data line formation area.

12. A manufacturing method of active-matrix type liquid
crystal display device comprising the steps of:

forming a plurality of gate lines and data lines crossed
mutually on a surface of first transparent substrate;

forming a thin film transistor on said surface, in which its
gate electrode is connected to said gate line and one of
its source/drain electrode is connected to said data line;

forming a color filter at least on pixel area, which is an
area surrounded by said gate line and said data line
except both transistor formation area on which said thin
film transistor is formed and data line formation area on
which said data line is formed;

forming an overcoat layer so as to cover at least end
section of both said thin film transistor and said color
filter, in which its thin film part is arranged on at least
said pixel area and in which its thick film part whose
film thickness is thicker than film thickness of said thin
film part is arranged on said transistor formation area or
on both said transistor formation arca and said data line
formation area,

forming a pixel electrode connected to the other of said
source/drain electrode on said pixel area;

forming an opposed electrode on surface of a second
transparent substrate;

arranging said first transparent substrate and said second
transparent substrate so that a surface of said first
transparent substrate on which said thin film transistor
is formed and a surface of said second transparent
substrate on which said opposed electrode is formed are
opposed each other; and

filling liquid crystal between said first transparent sub-
strate and said second transparent substrate.

13. The manufacturing method of active-matrix type
liquid crystal display device according to claim 12, wherein
the step of forming said overcoat layer has the step of
forming successively a plurality of layers, and said thick film
part is formed in such a way as to pile up more layers than
said thin film part.
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14. The manufacturing method of active-matrix type
liquid crystal display device according to claim 13, wherein
the step of forming said overcoat layer comprises the steps
of:

forming a first overcoat layer only on said thick film part;
and

forming a second overcoat layer both on said thick film

part and on said thin film part.

15. The manufacturing method of active-matrix type
liquid crystal display device according to claim 14, wherein
each of the steps of forming said first overcoat layer and
forming said second overcoat layer comprises the steps of:

forming an application film while applying application
material by using spin application method; and

conducting patterning of said application film, in which
the viscosity of application material of forming said
second overcoat layer is lower than that of application
material of forming said first overcoat layer.

16. The manufacturing method of active-matrix type
liquid crystal display device according to claim 14, wherein
each of the steps of forming said first overcoat layer and
forming said second overcoat layer comprises the steps of:

forming an application film while applying application
material by using spin application method; and

conducting patterning of this application film, in which
number of spin revolution in process for forming said
second overcoat layer increases than number of spin
revolution in process for forming said first overcoat
layer.

17. The manufacturing method of active-matrix type
liquid crystal display device according to claim 12, wherein
the step of forming said overcoat layer comprises the steps
of:

forming an application layer;

executing exposure of said application layer in such a way
that amount of exposure is made to differ in every part;
and

executing patterning of said application layer in such a
way as to remove said application layer selectively
while executing development of said application layer
and for forming thick film part and thin film part.

18. The manufacturing method of active-matrix type
liquid crystal display device according to claim 17, wherein
the step of executing exposure of said application layer in
such a way that amount of exposure is made to differ in
every part while using masks having light shielding section,
half-transmission section, and transmission section.

19. A manufacturing method of active-matrix type liquid
crystal display device comprising the steps of:

forming a plurality of gate lines and data lines crossed
mutually on a surface of a first transparent substrate;

forming a thin film transistor on said surface, in which its
gate electrode is connected to said gate line and one of
its source/drain electrode is connected to said data line;

forming first overcoat layer at both transistor formation
area on which said thin film transistor is formed and
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data line formation area on which said data line is
formed in an area surrounded by said gate line and said
data line;

forming a color filter at least on pixel area, which is an
area surrounded by said gate line and said data line
except both transistor formation area on which said thin
film transistor is formed and data line formation area on
which said data line is formed,

forming a second overcoat layer so as to cover at least end
section of both said thin film transistor and said color
filter;

forming a pixel electrode connected to the other of said
source/drain electrode on said pixel area;

forming an opposed electrode on surface of second trans-
parent substrate;,

arranging said first transparent substrate and said second
transparent substrate so that a surface of said first
transparent substrate on which said thin film transistor
is formed and a surface of said second transparent
substrate on which said opposed electrode is formed are
opposed each other; and

filling liquid crystal between said first transparent sub-

strate and said second transparent substrate.

20. The manufacturing method of active-matrix type
liquid crystal display device according to claim 12, further
comprising the step of forming spacers between convex
section formed with both said thin film transistor and thick
film part of said overcoat layer contained, and said opposed
electrode.

21. The manufacturing method of active-matrix type
liquid crystal display device according to claim 12, wherein,
in the step of arranging said first transparent substrate and
said second transparent substrate so that a surface of said
first transparent substrate on which said thin film transistor
is formed and a surface of said second transparent substrate
on which said opposed electrode is formed are opposed each
other, a convex section formed with both said thin film
transistor and said thick film part of said overcoat layer
contained is made to contact to said opposed electrode.

22. The manufacturing method of active-matrix type
liquid crystal display device according to claim 12, further
comprising the step of forming black matrix on at least a part
of area except for said pixel area, in which said overcoat
layer is formed in such a way as to cover said black matrix.

23. The manufacturing method of active-matrix type
liquid crystal display device according to claim 22, wherein
said black matrix is formed on said transistor formation area.

24. The manufacturing method of active-matrix type
liquid crystal display device according to claim 23, wherein
said color filter is formed under said black matrix in said
transistor formation area.

25. The manufacturing method of active-matrix type
liquid crystal display device according to claim 22, wherein
said black matrix is formed on said data line formation area.

26. The manufacturing method of active-matrix type
liquid crystal display device according to claim 25, wherein
said color filter is not formed on said data line formation
area.



LR EH(F)

RE(EFR)AGE)

FRI&R B A

KRN

H AT SR
ShERaELE

BE(X)

RELNEEBRTFTER , AXNERMREEXLEERENREZY
B, ERTFTERERZERALEGER LREAMRG , BIREMTFT , It
A REMMRUEBEZREN). RemREEHLRL  BREEMRRER
TFTHY EERAMEN X E AR @R EWBIEEN 3. 35, REEREE
HIBZIMWE - NRBEUBEREER., WA, RTEMAZHN £
MRELREREEAN0S UMW EZINRE. WA, BRBRREES

BRERERRZETRRERHEHIESE

US20020089615A1

US10/042144

NECZAH]

SAKAMOTO MICHIAKI
YAMAMOTO YUJI
OKAMOTO MAMORU
KIMURA SHIGERU
NAKATA SHINICHI
KUROHA SHOUICHI
HIDEHIRA MASANOBU
HORIE YOSHITAKA
ISHINO TAKAYUKI

SAKAMOTO, MICHIAKI
YAMAMOTO, YUJI
OKAMOTO, MAMORU
KIMURA, SHIGERU
NAKATA, SHINICHI
KUROHA, SHOUICHI
HIDEHIRA, MASANOBU
HORIE, YOSHITAKA
ISHINO, TAKAYUKI

GO02F1/136 GO2F1/1335 G02F1/1362

GO02F1/133514 G02F1/136209 G02F1/136227

2001004161 2001-01-11 JP

US6693697

Espacenet USPTO

ZHARE ENGBEEERXE L,

2

|

2002-07-11

2002-01-11

patsnap

s s ,/ /
__\_\n)\/\\\ ANSANN \{/\\\/\/\\/\/V
=6 B =
1l
10

g [ 15 % g

8a

/

il'ﬂ""""'/ "’

A MN NNV ASN



https://share-analytics.zhihuiya.com/view/eedcddf7-1146-4f07-9cd1-20790f869f9b
https://worldwide.espacenet.com/patent/search/family/018872391/publication/US2002089615A1?q=US2002089615A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220020089615%22.PGNR.&OS=DN/20020089615&RS=DN/20020089615

