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(7) ABSTRACT

A substrate for use in a liquid crystal display, including an
insulating substrate cooperating with an oppositely arranged
opposite substrate to hold a liquid crystal. A plurality of pixel
regions are arranged on the insulating substrate in a matrix
form, in each of which a switching element is formed. At least
one resin color filter layer is formed on the pixel regions to
cover the switching element. Additionally, at least one layer
of the resin color filter layers of the plural colors has a cruci-
form-shaped pattern protruding to cover the switching ele-
ments of neighboring pixels when viewed in a direction of a
normal of a substrate surface.
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SUBSTRATE FOR USE IN A LIQUID
CRYSTAL DISPLAY HAVING A PATTERNED
RESIN COLOR FILTER LAYER

BACKGROUND OF THE INVENTION

This is a divisional of Application Ser. No. 10/259,977,
filed Sep. 27, 2002 now U.S. Pat. No. 7,050,137.

FIELD OF THE INVENTION

The present invention relates to a substrate for use in a
liquid crystal display, a method of manufacturing the same,
and a liquid crystal display using the same, and particularly to
asubstrate for use in a liquid crystal display, which is used for
an active matrix type liquid crystal display using a switching
element of a thin film transistor (TFT) or the like, and a
method of manufacturing the same. Further, the invention
relates to a substrate for use in a liquid crystal display of a
CF-on-TFT structure in which a color filter (CF) is formed on
the side of an array substrate on which a switching element is
formed, a method of manufacturing the same, and a liquid
crystal display using the same.

DESCRIPTION OF THE RELATED ART

An active matrix type liquid crystal display (LCD) using a
TFT as a switching element is disclosed in, for example,
Japanese Patent Laid-Open No. 202153/1994. The publica-
tion discloses, as outlined below, a reversed stagger type
TFT-LCD in which a channel protection film is formed.

A passivation film made of an inorganic insulating material
is formed on almost the whole surface of a substrate on which
a TFT is formed. A pixel electrode formed of a transparent
electrode material is formed on the passivation film. The pixel
electrode is connected to a source electrode of the TFT
through a contact hole opened in the passivation film.

An external connection terminal (hereinafter abbreviated
to a drain terminal) connected to a drain bus line includes a
lower electrode formed of an n*-type a-Si layer and a metal
layer. An upper electrode made of an oxide conductive film of
the same material as the pixel electrode is laminated on the
lower electrode through the contact hole opened in the pas-
sivation film so that oxidation of the lower electrode is pre-
vented. A connection terminal of a drain bus line driving
circuit is connected to the upper electrode, and a predeter-
mined gradation voltage is applied to the respective drain bus
lines.

An external connection terminal (hereinafter abbreviated
to a gate terminal) connected to a gate bus line includes a
lower electrode formed of a metal layer constituting a layer
common to a gate electrode and the gate bus line. An upper
electrode made of an oxide conductive film of the same mate-
rial as the pixel electrode is laminated on the lower electrode
through a contact hole opened in an insulating film constitut-
ing a layer common to a gate insulating film and in the
passivation film, so that oxidation of the lower electrode is
prevented. A connection terminal of a gate bus line driving
circuit is connected to the upper electrode and a predeter-
mined gate pulse is sequentially applied to the respective gate
bus lines.

Next, a method of manufacturing the reversed stagger type
TFT-LCD in which the channel protection film is formed will
be outlined. A plurality of gate bus lines and gate terminal
lower electrodes are formed on a transparent insulating sub-
strate such as a glass substrate. Next, an insulating film is
formed on the whole surface. Incidentally, in this insulating
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film, its part on the gate electrode is especially called a gate
insulating film. Subsequently, an a-Si layer is formed on the
insulating film, and next, a channel protection film is formed.
Next, after an n™-type a-Si laver is formed, a metal layer is
formed, and etching is collectively carried out while using the
channel protection film as an etching stopper, so that an active
semiconductor layer of the a-Si layer is formed on the gate
insulating film of a TFT portion, and a source electrode and a
drain electrode are formed at both sides of the channel pro-
tection film, whereby a TFT is completed.

Besides, at the same time, the drain terminal lower elec-
trode connected to the drain bus line and made of the n*-type
a-3i layer and the metal layer is formed.

Next, a passivation film made of an inorganic insulating
material, such as an SiN film, an SiO, film, or a composite
film of these, and having a thickness of 400 nm is formed on
the whole surface. Next, after a resist is coated, a photolithog-
raphy method is used to form a resist pattern having openings
over the source electrode, the drain terminal lower electrode,
and the gate terminal lower electrode. Then, the passivation
film or the passivation film and the insulating film are etched
using the resist pattern as a mask, so that contact holes are
opened.

Next, a transparent conductive film having a thickness of
100 nm and made of ITO or the like is formed on the whole
surface by using a sputtering method or the like. Next, the
transparent conductive film is patterned into a predetermined
shape, and the pixel electrode connected to the source elec-
trode through the contact hole is formed. At the same time, the
drain terminal upper electrode connected to the drain terminal
lower electrode through another contact hole is formed, and
the gate terminal upper electrode connected to the gate ter-
minal lower electrode through still another contact hole is
formed.

As stated above, according to the description of the above
publication, in the case where the gate terminal and the drain
terminal are formed, the gate terminal lower electrode and the
drain terminal lower electrode are formed, the passivation
film covering the upper portions of the gate terminal lower
electrode and the drain terminal lower electrode is formed,
the passivation film is etched to open the contact holes, and
the gate terminal upper electrode made of the transparent
conductive film connected to the gate terminal lower elec-
trode through the contact hole and the drain terminal upper
electrode made of the transparent conductive film connected
to the drain terminal lower electrode are formed simulta-
neously with the pixel electrode.

Japanese Patent Laid-Open No. 2000-231123 discloses
that an edge portion of a color filter formed for each pixel is
overlapped with a light shielding film (black matrix; BM) for
shading a storage capacitance bus line intersecting a region
between pixels and the inside of a pixel against light, when
viewed in the direction of a normal of a substrate surface.

Further, Japanese Patent Laid-Open No. 092022/1979 dis-
closes that a light shielding film is provided on an array
substrate or an opposite substrate in order to suppress the
generation of leak current due to the photoconductivity of a
TFT.

Furthermore, with respect to a CF-on-TFT structure in
which a color filter is formed on the side of an array substrate,
for example, Japanese Patent Laid-Open No. 140324/1981
discloses that spectroscopic characteristics between adjacent
pixels are different and color filters between pixels are
stacked to form a columnar spacer.

Besides, in the CF-on-TFT structure, it is well known that
alight shielding function is provided by stacking color resins,
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a wiring line is used as a light shielding film to ensure an
opening ratio, and a color resin is overlapped with an edge of
a light shielding film.

Besides, Japanese Patent Laid-Open No. 068726/1989 dis-
closes that a pixel is formed on a flattened transparent insu-
lating film which is thin in a region over a TFT and is thick in
other regions.

Further, a frame region at an outer periphery of the display
region formed by a plurality of pixels arranged in a matrix
form is required to function as a light shielding region to
block out the leakage light from a backlight. Therefore, in
case of an LCD in which CF is formed on the side of the
opposite substrate, the light shielding function is provided by
laminating a resin CF layer in the frame region or by forming
alow reflection Cr(chrome) film. Further, in the LCD with the
CF-on-TFT structure, the light shielding function is provided
by laminating the resin CF in the frame region.

A case will be considered in which an overcoat (OC) layer
of an insulating organic resin material is used instead of the
passivation film of the inorganic insulating film disclosed in
the above publication of Japanese Patent Laid-Open No.
202153/1994. The film thickness of an inorganic insulating
film, such as a silicon nitride film (SiN), is generally as thin as
300to 400 nm, whereas the OC layer has a feature that its film
thickness becomes very thick, for example, 1000 to 3000 nm.
Besides, the dielectric constant of a resin forming the OC
layer is about 3 or less and is relatively small, and in combi-
nation with the large film thickness, the OC layer has a merit
that parasitic capacitance to deteriorate TFT characteristics
can be reduced.

On the other hand, the OC layer is inferior to the passiva-
tion film made of the inorganic insulating material in adhe-
sion to an electrode material formed on an upper layer, and a
large stepped portion is formed since the film thickness is
large. Thus, defective conduction due to discontinuity of the
electrode material formed on the upper layer is apt to occur,
and a problem of poor etching, such as formation of a residual
substance of the electrode material or the occurrence of thin-
ning of an electrode width, is apt to occur.

Further, also in the case where a contact hole is opened in
the OC layer to electrically connect the lower electrode, it
becomes necessary to sufficiently consider the shape of the
contact hole formed in the thick resin layer of the OC layer or
the positional relation between the hole position and the
upper and lower electrodes.

Moreover, there also arises a problem that in an inspection
process of a wiring pattern formed on a substrate for use in a
liquid crystal display, since the film thickness of the resin CF
layer is large, it is difficult to focus a measurement device
equipped with an incident-light optical system on the wiring
pattern of the lower layer of the resin CF layer.

Also, when a BM film is used for block out light at the
frame region, a low reflective Cr film or a black resin film is
ordinary used as a BM film. However, these formation pro-
cesses result in a high cost in panel production. When a shield
layer is formed by superposing the resin CF layers, there is a
laminated structure of three layers of R, G and B or a two-
layer structure of the CF resin layers using also the shielding
function of the liquid crystal layer to raise the shielding func-
tion. However, a problem of light leakage can be produced.

Besides, in the CF-on-TFT structure, in the case where for
example, a resin in which a pigment is dispersed as a color
component is used for the CF layer, attention must be given to
a possibility that an inorganic component of the pigment
pollutes a liquid crystal layer and a semiconductor layer.
According to the CF-on-TFT structure, basically, it is suffi-
cient if only a common electrode and an alignment film are
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formed on the side of the opposite substrate, and simplifica-
tion of the substrate can be realized. However, since the light
shielding function conventionally provided on the side of the
opposite electrode is also omitted, it becomes an important
problem how to cause the array substrate to have the light
shielding function optimally.

With respect to the light shielding function of the CF-on-
TFT structure, there arise a problem of an erroneous opera-
tion due to the photoconductivity of the TFT through the
incidence of external light such as room light or sun light, and
a problem of the glare of a peripheral frame portion due to
leakage light from a backlight in a transmission type display
and a drop in contrast of a pixel. With respect to the frame
portion of the periphery of a display region, it has been
clarified from experimental results that since the light of the
backlight is high, it becomes necessary to provide a light
shielding film in which resin CF layers of at least two colors
are laminated. However, when two layers of the resin CF
layers are laminated in the frame portion, and the CR layer of
one layer is formed in the pixel of the display region, there
arises a problem that the height of the display region becomes
different from that of the frame portion, and the cell gap
thickness becomes uneven. Evenif the OC layer is formed on
the whole surface to flatten, since the height of the laminated
resin CF layer 42 of the frame portion is relatively large, a
sufficient flattening effect can not be obtained.

SUMMARY OF THE INVENTION

The present invention has an object to provide a substrate
for use in a liquid crystal display, which can simplify a manu-
facturing process typified by a photolithography process and
has high reliability, a method for manufacturing the same, and
a liquid crystal display using the same.

The above object is achieved by a substrate for use in a
liquid crystal display, comprising an insulating substrate
cooperating with an oppositely arranged opposite substrate to
hold a liquid crystal; a pixel electrode formed in each of a
plurality of pixel regions arranged in a matrix form on the
insulating substrate; a switching element connected to the
pixel electrode and a bus line; and an external connection
terminal for electrically connecting an external circuit and the
bus line, the external connection terminal including a first
terminal electrode electrically connected to the bus line, a
second terminal electrode made of a forming material of the
pixel electrode on the insulating substrate, and an electrode
coupling region for electrically connecting the first and the
second terminal electrodes.

When a resin layer is formed on the whole surface of the
substrate, and an electrode wiring line made of, for example,
a transparent oxide electrode material or the like is formed on
the resin layer, the adhesion of the wiring line or the like to the
resin layer is often inferior to that to a glass substrate, and
there is a case where peeling occurs. The peeling of the wiring
line or the like can be suppressed by opening the resin layer
and patterning while the wiring line or the like is brought into
direct contact with the glass substrate. In the case where the
opening portion of the resin layer has a linear shape, there is
acase where a stepped portion is steep and an etching residual
substance of a transparent oxide electrode material or the like
is generated between the electrode wiring lines. On the other
hand, when an opening pattern of the resin layer between
electrode terminals is made a shape with a sharpened tip, the
shape of the stepped portion of the selection portion is mod-
erated and the generation of the etching residual substance
can be suppressed.
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In the CF-on-TFT structure in which the opposite electrode
does not have a light shielding film, an intense light leakage
from a backlight unit is problematic in the frame region of the
periphery of a display region. Thus, in the frame portion, it is
necessary to block out the light by superposition of resins of
two or more colors. However, in the construction provided
with the overcoat (OC) layer, the frame region has the film
thickness of a laminate of the two-layer lamination CF layer
and the OC layer, and becomes higher than the film thickness
of the CF layer of one layer and the OC layer in the display
region whereby a difference in level becomes large. The cell
thickness of the liquid crystal is changed by this, and display
unevenness, the so-called frame unevenness, is produced. In
order to deal with this, an opening region is provided such that
three layers of CF resin are laminated in the frame region, and
the OC layer is not formed in the region. Then, the frame
region is exposed to etching of the gate insulating film or the
like, so that the uppermost CF layer of the CF resin stacked
portion is removed by the etching and the film thickness of the
whole frame region is made two layers of the resin CF layers
+ @, and whereby formation of a noticeable stepped portion
relatively to the display region can be prevented.

Besides, after the film thickness of the whole frame region
is made two layers of the resin CF layers + a, according to the
need, the exposed region of the color filter layer is covered by
a transparent electrode pattern in the same process as the
formation of the pixel electrodes thereover. Further, by mak-
ing the transparent electrode and the opposite electrode (com-
mon electrode) the same in electric potential, a non-voltage
applied state can be realized in the liquid crystal layer on the
frame region, thereby a full light shielding capability can be
obtained in a display method of a normally-black (NB) type
like a MVA (Multi-Domain Vertical Alignment)-LCD.

In the NB type display system such as the MVA-LCD,
since the liquid crystal layer substantially has a light shielding
function to external light when the TFT is in an off state, if
even one layer of a green resin CF layer having highest
transmissivity among the resin CF layers exists in the light
shielding region, the light shielding function is sufficiently
fulfilled, and accordingly, an erroneous operation of the TFT
due to the photoconductivity does not occur.

Further, recently, a MVA-LCD which provides pre-tilt
angle to liquid crystal molecules appears, where monomer is
polymerize by irradiating UV light to the liquid crystal while
applying a voltage between the common electrode and the
pixel electrode after omitting the formation of bank which is
the structure for an alignment regulation on the opposite
substrate side and injecting liquid crystal which composes
monomer between the opposite substrate and the array sub-
strate. In this case of the MVA-LCD using a technology with
the pre-tilt angle using this polymer, it is also desirable to
form the transparent electrode pattern in the same process as
the formation of the pixel electrode in the exposed region of
the color filter layer on the surface of the light shielding
region of the frame region. Further, a full light shielding
capability can be obtained in the NB type display method
because it is possible not to provide the pre-tilt angle to liquid
crystal molecules of the region by making the transparent
electrode and the opposite electrode or common electrode the
same in electric potential to make the liquid crystal layer on
the light shielding region in the frame region non voltage-
applied state.

The reversed stagger type TFT includes two kinds, an NSI
(channel etch) type and an ISI (channel protection film) type,
of typical images, and in any structures, there is a problem of
pollution of an active semiconductor layer of a-Si or the like
by a pigment component contained in the resin CF layer.
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Concerning the problem of the pollution in the case where the
resin CF layer is directly formed on the TFT, it has been found
that the degree of pollution is changed by the difference in
volume resistivity of the forming material of the resin CF
layer.

A material having low volume resistivity stores an electric
charge and produces ghosting. Accordingly, it is preferable
that the volume resistivity of the CF material is as high as
possible. Further, it is preferable that an inorganic insulating
film of SiN or the like is provided as an interlayer insulating
film on the TFT. In this case, as compared with the film
thickness of 300 to 400 nm of the gate insulating film or the
protection film used for a conventional LCD, a very thin film
thickness, for example, a film thickness of about 10 to 150 nm
is sufficient, and preferably, the film thickness is about 50 to
120 nm.

In the CF-on-TFT structure, since the OC layer exists in
which not a conventional stepped portion of several tens to
several hundreds nm, a stepped portion of several thousands
nm is formed, defective focus occurs in an inspection device
of an incident-light optical system, or defective identification
of patterns occurs by the existence of the CF resin.

To these problems, for example, by providing an opening
pattern on a storage capacitance electrode, and further pro-
viding a similar opening pattern on the CF layer of the upper
layer, it is possible to eliminate the absorption of the incident
light by the CF layer, which becomes an obstacle to automatic
focusing, and the superposition of the opening pattern of the
storage capacitance electrode and the opening pattern opened
in the pixel electrode can be measured.

With respect to the shape of the contact hole for electrically
connecting the source electrode of the TFT and the pixel
electrode, when the relation between diameters of contact
holes of the CF layer, the SiN layer and the OC layer existing
over the source electrode is made CF layer>SiN layer>OC
layer, a structure can be formed such that the CF resin is
covered with the OC layer in the vertical direction, and it is
possible to remove the influence of pollution due to the pig-
ment or the like in the resin CF layer upon the liquid crystal or
the TFT.

In the case where the volume resistivity of the CF resin is
large and there is no problem of pollution or the like, for the
purpose of preventing discontinuity of the pixel electrode
from occurring, it is preferable that the contact hole diameters
are made OC layer>CF layer>SiN layer.

The OC layer or the CF layer is made of an organic resin,
and the thermal expansion coefficient is smaller than that of
glass by one digit. Besides, since the thermal expansion coef-
ficient is also different from that of the transparent oxide
conductive film used for the pixel electrode by one digit, there
is a case where the pixel electrode cracks by thermal stress.

Since the crack caused by the difference in thermal expan-
sion coefficient is apt to be generated in the contact hole as a
stepped portion, a contact hole structure capable of relieving
the stress is needed.

In order to decrease the crack at the contact hole, it is
necessary to take a sufficient distance between the pixel elec-
trode edge and the contact hole, and preferably, a distance of
6 um or more is needed. This distance is also correlated with
the film thickness of the resin film.

The positional relation between the resin film and the con-
tact hole is important, and the occurrence of the crack can be
suppressed when the distance of the pixel edge portion is
made 2.5 or more times as large as the film thickness of the
OC layer, the distance of a taper portion at the end of the
contact hole is made 1.5 or more times as large as the film
thickness, or the angle is made 45° or less.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view showing a construction of a liquid crystal
display according to a first embodiment of the present inven-
tion;

FIG. 2 isa view showing an equivalent circuit on the side of
a TFT substrate of the liquid crystal display according to the
first embodiment of the present invention;

FIG. 3 is a view showing a state of one pixel on a glass
substrate 3 in the case of a substrate for use in a liquid crystal
display according to the first embodiment of the present
invention when viewed from the side of a liquid crystal layer;

FIG. 4 is a view showing a section taken along line A-A of
FIG. 3;

FIG. 5 is a view showing a state of a TFT substrate 1 in the
substrate for use in the liquid crystal display according to the
first embodiment of the present invention when viewed from
the side of the liquid crystal layer, and a construction in the
vicinity of a frame region;

FIG. 6 is a view showing a construction in the vicinity of a
gate terminal on the glass substrate 3 in the case of the sub-
strate for use in the liquid crystal display according to the first
embodiment of the present invention;

FIG. 7 is a view showing a section taken along line C-C of
FIG. 6;

FIG. 8 is a view showing a section taken along line D-D of
FIG. 6;

FIG. 9 is a view showing a construction in the vicinity of a
drain terminal on the glass substrate 3 in the case of the
substrate for use in the liquid crystal display according to the
first embodiment of the present invention;

FIG. 10 s a view showing a section taken along line E-E of
FIG. 9;

FIG. 11 is a view showing a section taken along line F-F of
FIG. 9;

FIG. 12 is a manufacturing process sectional view (No. 1)
of a TFT formation region taken along line A-A of FIG. 3 in
the substrate for use in the liquid crystal display according to
the first embodiment of the present invention;

FIG. 13 is a manufacturing process sectional view (No. 2)
of the TFT formation region taken along line A-A of FIG. 3 in
the substrate for use in the liquid crystal display according to
the first embodiment of the present invention;

FIG. 14 is a manufacturing process sectional view (No. 3)
of the TFT formation region taken along line A-A of FIG. 3 in
the substrate for use in the liquid crystal display according to
the first embodiment of the present invention;

FIG. 15 is a manufacturing process sectional view (No. 4)
of the TFT formation region taken along line A-A of FIG. 3 in
the substrate for use in the liquid crystal display according to
the first embodiment of the present invention;

FIG. 16 is a manufacturing process sectional view (No. §)
of the TFT formation region taken along line A-A of FIG. 3 in
the substrate for use in the liquid crystal display according to
the first embodiment of the present invention;

FIG. 17 is a manufacturing process sectional view (No. 6)
of the TFT formation region taken along line A-A of FIG. 3 in
the substrate for use in the liquid crystal display according to
the first embodiment of the present invention;

FIG. 18 is a manufacturing process sectional view (No. 7)
of the TFT formation region taken along line A-A of FIG. 3 in
the substrate for use in the liquid crystal display according to
the first embodiment of the present invention;

FIG. 19 is a manufacturing process sectional view (No. 1)
of a storage capacitance formation region taken along line
B-B of FIG. 3 in the substrate for use in the liquid crystal
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display according to the first embodiment of the present
invention, which is a region extending through a contact hole
48;

FIG. 20 is a manufacturing process sectional view (No. 2)
of the storage capacitance formation region taken along line
B-B of FIG. 3 in the substrate for use in the liquid crystal
display according to the first embodiment of the present
invention, which is the region extending through the contact
hole 48;

FIG. 21 is a manufacturing process sectional view (No. 3)
of the storage capacitance formation region taken along line
B-B of FIG. 3 in the substrate for use in the liquid crystal
display according to the first embodiment of the present
invention, which is the region extending through the contact
hole 48;

FIG. 22 is a manufacturing process sectional view (No. 4)
of the storage capacitance formation region taken along line
B-B of FIG. 3 in the substrate for use in the liquid crystal
display according to the first embodiment of the present
invention, which is the region extending through the contact
hole 48;

FIG. 23 is a manufacturing process sectional view (No. 5)
of the storage capacitance formation region taken along line
B-B of FIG. 3 in the substrate for use in the liquid crystal
display according to the first embodiment of the present
invention, which is the region extending through the contact
hole 48;

FIG. 24 is a manufacturing process sectional view (No. 6)
of the storage capacitance formation region taken along line
B-B of FIG. 3 in the substrate for use in the liquid crystal
display according to the first embodiment of the present
invention, which is the region extending through the contact
hole 48;

FIG. 25 is a manufacturing process sectional view (No. 7)
of the storage capacitance formation region taken along line
B-B of FIG. 3 in the substrate for use in the liquid crystal
display according to the first embodiment of the present
invention, which is the region extending through the contact
hole 48;

FIG. 26 is a manufacturing process sectional view (No. 1)
of a region of a second terminal electrode 5256 of a gate
terminal 52 taken along line C-C of FIG. 6 in the substrate for
use in the liquid crystal display according to the first embodi-
ment of the present invention;

FIG. 27 is a manufacturing process sectional view (No. 2)
of the region of the second terminal electrode 524 of the gate
terminal 52 taken along line C-C of FIG. 6 in the substrate for
use in the liquid crystal display according to the first embodi-
ment of the present invention;

FIG. 28 is a manufacturing process sectional view (No. 3)
of the region of the second terminal electrode 525 of the gate
terminal 52 taken along line C-C of FIG. 6 in the substrate for
use in the liquid crystal display according to the first embodi-
ment of the present invention;

FIG. 29 is a manufacturing process sectional view (No. 4)
of the region of the second terminal electrode 526 of the gate
terminal 52 taken along line C-C of FIG. 6 in the substrate for
use in the liquid crystal display according to the first embodi-
ment of the present invention;

FIG. 30 is a manufacturing process sectional view (No. 1)
of an electrode coupling region 52¢ of the gate terminal 52
taken along line D-D of FIG. 6 in the substrate for use in the
liquid crystal display according to the first embodiment of the
present invention;

FIG. 31 is a manufacturing process sectional view (No. 2)
of the electrode coupling region 52¢ of the gate terminal 52
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taken along line D-D of FIG. 6 in the substrate for use in the
liquid crystal display according to the first embodiment of the
present invention;

FIG. 32 is a manufacturing process sectional view (No. 3)
of the electrode coupling region 52¢ of the gate terminal 52
taken along line D-D of FIG. 6 in the substrate for use in the
liquid crystal display according to the first embodiment of the
present invention;

FIG. 33 is a manufacturing process sectional view (No. 4)
of the electrode coupling region 52¢ of the gate terminal 52
taken along line D-D of FIG. 6 in the substrate for use in the
liquid crystal display according to the first embodiment of the
present invention;

FIG. 34 is a manufacturing process sectional view (No. 5)
of the electrode coupling region 52¢ of the gate terminal 52
taken along line D-D of FIG. 6 in the substrate for use in the
liquid crystal display according to the first embodiment of the
present invention;

FIG. 35 is a manufacturing process sectional view (No. 1)
of a second terminal electrode 546 of a drain terminal 54
taken along line E-E of FIG. 9 in the substrate for use in the
liquid crystal display according to the first embodiment of the
present invention;

FIG. 36 is a manufacturing process sectional view (No. 2)
of the second terminal electrode 54b of the drain terminal 54
taken along line E-E of FIG. 9 in the substrate for use in the
liquid crystal display according to the first embodiment of the
present invention;

FIG. 37 is a manufacturing process sectional view (No. 3)
of the second terminal electrode 54b of the drain terminal 54
taken along line E-E of FIG. 9 in the substrate for use in the
liquid crystal display according to the first embodiment of the
present invention;

FIG. 38 is a manufacturing process sectional view (No. 4)
of the second terminal electrode 5456 of the drain terminal 54
taken along line E-E of FIG. 9 in the substrate for use in the
liquid crystal display according to the first embodiment of the
present invention,;

FIG. 39 is a manufacturing process sectional view (No. 1)
of an electrode coupling region 54¢ of the drain terminal 54
taken along line F-F of FIG. 9 in the substrate for use in the
liquid crystal display according to the first embodiment of the
present invention;

FIG. 40 is a manufacturing process sectional view (No. 2)
of the electrode coupling region 54¢ of the drain terminal 54
taken along line F-F of FIG. 9 in the substrate for use in the
liquid crystal display according to the first embodiment of the
present invention;

FIG. 41 is a manufacturing process sectional view (No. 3)
of the electrode coupling region 54¢ of the drain terminal 54
taken along line F-F of FIG. 9 in the substrate for use in the
liquid crystal display according to the first embodiment of the
present invention;

FIG. 42 is a manufacturing process sectional view (No. 4)
of the electrode coupling region 54¢ of the drain terminal 54
taken along line F-F of FIG. 9 in the substrate for use in the
liquid crystal display according to the first embodiment of the
present invention;

FIG. 43 is a manufacturing process sectional view (No. 5)
of the electrode coupling region 54¢ of the drain terminal 54
taken along line F-F of FIG. 9 in the substrate for use in the
liquid crystal display according to the first embodiment of the
present invention;

FIG. 44 is a view showing a state of a plurality of pixel
regions P in which resin CF layers 42R, 42G and 42B are
formed in the substrate for use in the liquid crystal display
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according to the first embodiment of the present invention,
viewed in the direction of a normal of the glass substrate 3:

FIG. 45 is a view showing a modified example of the
vicinity of a contact hole 46 in the substrate for use in the
liquid crystal display according to the first embodiment of the
present invention;

FIG. 46 is a view showing a dimensional relation between
an OC layer 44, a resin CF layer 42, and an SiN film 40 at a
contacthole 46 in a substrate for use in aliquid crystal display
according to a second embodiment of the present invention
and corresponding to FIG. 1 of the first embodiment;

FIG. 47 is a view showing that an SiN film 40 is formed as
an interlayer insulating film in the substrate for use in the
liquid crystal display according to the second embodiment of
the present invention and corresponding to FIG. 8 of the first
embodiment;

FIG. 48 is a view showing that the SiN film 40 is formed as
the interlayer insulating film in the substrate for use in the
liquid crystal display according to the second embodiment of
the present invention and corresponding to FIG. 11 of the first
embodiment;

FIG. 49 is a view showing a substrate for use in a liquid
crystal display according to a third embodiment ofthe present
invention;

FIG. 50 is a sectional structure view of the vicinity of the
frame region 56 of the TFT substrate 1 in the liquid crystal
display substrate according to the first embodiment of this
invention and also shows a section along the extending direc-
tion of the gate bus line 6 or the drain bus line 8;

FIG. 51 is a sectional view showing a state where the liquid
crystal is sealed by bonding the liquid crystal display sub-
strate and the opposite substrate according to the second
embodiment of this invention; and

FIG. 52 is a sectional view showing another example of a
state where the liquid crystal is sealed by bonding the liquid
crystal display substrate and the opposite substrate according
to the second embodiment of this invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A substrate for use in a liquid crystal display according to
a first embodiment of the present invention, a method of
manufacturing the same, and aliquid crystal display using the
same will be described with reference to FIGS. 1 to 45 and
FIG. 50. First, a rough construction of a liquid crystal display
according to this embodiment will be described with refer-
ence to FIG. 1. The liquid crystal display according to this
embodiment has a construction in which a TFT substrate
(array substrate) 1 on which TFTs 2 or the like are formed is
made opposite to an opposite substrate 4 on which a common
electrode and the like are formed and is bonded thereto, and a
liquid crystalis sealed between them. The TFT substrate 1 has
a CF-on-TFT structure in which a resin CF layer of, for
example, a pigment dispersion type is formed on the side of a
formation surface of the TFTs 2, and an OC layer made of an
insulating organic resin material is formed on its upper layer.

FIG. 2 shows an equivalent circuit of elements formed on
the TFT substrate 1. A plurality of gate bus lines 6 extending
in the horizontal direction in the drawing are formed in par-
allel with each other, and a plurality of drain bus lines 8
intersecting with them at substantially right angles and
extending in the vertical direction in the drawing are formed
in parallel with each other on the TFT substrate 1. Respective
regions surrounded by the plurality of gate bus lines 6 and the
plurality of drain bus lines 8 become pixel regions. The TFT
2 and a pixel electrode 10 are formed in each of the pixel
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regions. A drain electrode of each of the TFTs 2 is connected
to the adjacent drain bus line 8, a gate electrode is connected
to the adjacent gate bus line 6, and a source electrode is
connected to the pixel electrode 10. A storage capacitance bus
line 12 is formed through substantially the center portion of
each of the pixel regions and in parallel with the gate bus line
6. The TFTs 2, the pixel electrodes 10, and the respective bus
lines 6, 8 and 12 are formed by a photolithography process,
and are formed by repeating a series of semiconductor pro-

cesses of “film formation—sresist
coating—exposure—development—etching—resist  peel-
ing”.

Referring to FIG. 1 again, the TFT substrate 1 arranged
opposite to the opposite substrate 4 to seal a liquid crystal is
provided with a gate bus line driving circuit 14 on which a
driver IC for driving the plurality of gate bus lines 6 is
mounted and a drain bus line driving circuit 16 on which a
driver IC for driving the plurality of drain bus lines 8 is
mounted. These driving circuits 14 and 16 output scanning
signals or data signals to the predetermined gate bus lines 6 or
drain bus lines 8 on the basis of predetermined signals out-
putted from a control circuit 18. A polarizing plate 20 is
disposed on a substrate surface of the TFT substrate 1 at the
side reverse to its element formation surface, and a backlight
unit 22 is attached to a surface of the polarizing plate 20 at the
side reverse to the TFT substrate 1. A polarizing plate 24
arranged in crossed Nicols to the polarizing plate 20 is bonded
to a surface of the opposite substrate 4 at the side reverse to a
common electrode formation surface.

Next, the construction of the TFT substrate 1 as the sub-
strate for use in the liquid crystal display according to this
embodiment will be described with reference to FIGS. 3 to 11
and FIG. 50. FIG. 3 shows a state of one pixel on a glass
substrate 3 when viewed from the side ofa liquid crystal layer.
FIG. 4 shows a section taken along line A-A of FIG. 3. FIG.
5 shows a state of the TFT substrate 1 viewed from the side of
the liquid crystal layer and a construction of the vicinity of a
frame region. FIG. 6 shows a construction of the vicinity of'a
gate terminal on the glass substrate 3. FIGS. 7 and 8 show
sections taken along line C-C and line D-D of FIG. 6. FIG. 9
shows a construction of the vicinity of a drain terminal on the
glass substrate 3. FIGS. 10 and 11 show sections taken along
line E-E and line F-F of FIG. 9. FIG. 50 shows a sectional
structure of the vicinity of a frame region 56 shown in FIG. §
and it also shows a section along the extending direction of the
gate bus line 6 or the drain bus line 8.

First, as shown in FIGS. 3 and 4, a plurality of gate bus lines
6 (only one line is shown in FIG. 3) extending in the horizon-
tal direction in the drawing are formed on the glass substrate
3 as a transparent insulating substrate. Besides, a plurality of
drain bus lines 8 (only two lines are shown in FIG. 3) inter-
secting with the gate bus lines 6 through an insulating film (a
film just over the gate bus line 6 is called a “gate insulating
film”) 32 and extending in the vertical direction in FIG. 3 are
formed on the glass substrate 3. Regions defined by these gate
bus lines 6 and the drain bus lines 8 become pixel regions. A
TFT 2 is formed in the vicinity of an intersection position
between each of the gate bus lines 6 and each of the drain bus
lines 8. As shown in FIGS. 3 and 4, a drain electrode 26 of the
TFT 2, constituted by an upper metal layer 62 and an ohmic
contact layer 36, is led out from the drain bus line 8 at the left
side in FIG. 3 and is formed so that its end portion is posi-
tioned at the side of one edge on a channel protection film 28
formed over the gate bus line 6. A source electrode 30 con-
stituted by an upper metal layer 62 and an ohmic contact layer
36 is formed at the side of the other edge on the channel
protection film 28 to be opposite to the drain electrode 26. In
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the construction as stated above, a region of the gate bus line
6 just under the channel protection film 28 functions as a gate
electrode of the TFT 2. As shown in FIG. 4, a gate insulating
film 32 is formed over the gate bus line 6, and an active
semiconductor layer 34 constituting a channel and made of,
for example, amorphous silicon (a-Si) is formed between the
gate insulating film 32 and the channel protection film 28 of
the upper layer. The active semiconductor layer 34 is con-
nected to the ohmic contact layers 36 of, for example, n*-Si
layers of the drain/source electrodes 26 and 30.

Besides, as shown in FIG. 3, a storage capacitance bus line
12 extending horizontally through substantially the center
portion of the pixel region is formed. A storage capacitance
electrode 38 is formed over the storage capacitance bus line
12 in the pixel region through the insulating film 32.

A predetermined resin CF layer 42R (Red), 42G (Green) or
42B (Blue) is formed for each pixel on the whole surface of
the pixel region including an upper layer of the TFT 2 shown
in FIG. 4 and a not-shown upper layer of the storage capaci-
tance electrode 38.

An OC layer 44 is formed on the resin CF layers 42R, 42G
and 42B of the pixel regions. A transparent oxide electrode
material is patterned to form a pixel electrode 10 on the OC
layer 44 of each pixel. The pixel electrode 10 is electrically
connected to the source electrode 30 through a contact hole 46
formed by opening the OC layer 44 and any one of the resin
CF layers 42R, 42G and 42B. Similarly, the pixel electrode 10
is electrically connected to the storage capacitance electrode
38 through a contact hole 48 formed by opening the OC layer
44 and any one of the resin CF layers 42R, 42G and 42B.

Next, a construction of the vicinity of a frame region of the
TFT substrate 1 will be described with reference to F1G. 5 and
FIG. 50. Incidentally, in FIG. 5, in order to clearly show
respective structural elements, the ratio of dimensions of a
display region 50, a frame region 56, formation regions 51
and 53 of gate terminal/drain terminal, and the like is different
from actual one. As shown in FIG. 5, a plurality of pixel
regions P arranged in a matrix form are formed on the TFT
substrate 1, and the TFT 2 is formed in each of the pixel
regions P. The display region 50 of an image is constituted by
the plurality of pixel regions P. The respective gate bus lines
6 are respectively connected to a plurality of gate terminals 52
formed in the gate terminal formation region 51 of an outer
periphery of the TFT substrate 1, and are connected to the gate
bus line driving circuit 14 (see FIG. 1) provided at the outside.

Similarly, the respective drain bus lines 8 are respectively
connected to a plurality of drain terminals 54 formed in the
drain terminal formation region 53 of an outer periphery of
the TFT substrate 1, and are connected to the drain bus line
driving circuit 16 (see FIG. 1) provided at the outside.

InFIG. 5, reference numeral 4' designates an edge position
of the opposite substrate 4 at the time when the TFT substrate
1 and the opposite substrate 4 are bonded to each other. The
edge 4'is positioned inside the edge of the TFT substrate 1 by
approximately a size of the formation region of the gate
terminal/drain terminal.

The resin CF layer 42 of at least one layer is formed at the
peripheral portion of each of the pixel regions P in the display
region 50, and functions as a light shielding layer (BM) The
BM layer is used for ensuring a contrast by defining the
plurality of pixel regions P in the display region 50 and for
preventing the occurrence of light leak current by shading the
TFT 2.

As shown in FIG. 50, a BM layer formed by laminating at
least two layers of the resin CF layers 42R, 42G and 42B is
provided in the frame region 56 of the outer periphery of the
display region 50 in order to block out the unnecessary light
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from the backlight unit 22 in the outer periphery of the display
region 50 (see FIG. 1). In an example shown in FIG. 50, the
resin CF layers 42R and the 42G are laminated in this order
and also a thin layer of the resin CF layer 42B is laminated.

Besides, in order to bond the TFT substrate 1 to the oppo-
site substrate 4, a main seal (sealing agent) 58 made of photo-
curing resin is formed at the periphery of the frame region of
the TFT substrate 1.

The OC layer 44 is not formed in the frame region 56, but
is formed in a region indicated by a bilateral arrow 44 in the
display region 50, the main seal 58, and the formation regions
51, 53 of the gate terminal/drain terminal shown in FIG. 5.

In the area in which no OC layer 44 in the frame region 56
is formed, a protection film 70 is formed by a transparent
conductive film material, for example, such as ITO used for
the pixel electrode 10 to prevent pollution of the liquid crystal
caused by the resin CF layer 42.

When the both substrates are attached, the protection film
70 having the conductivity is connected to the common elec-
trode on the opposite substrate 4 which is not shown. Inci-
dentally, when the both substrates are attached, the common
electrode is electrically separated from the storage capaci-
tance bus line 12 or connected at least at a high resistance
state.

The common electrode on the opposite substrate 4 and the
storage capacitance bus line 12 on the TFT substrate 1 are
held at the same potential through a transfer by mounting the
gate bus line driving circuit 14 and the drain bus line driving
circuit 16.

Next, the construction of the gate terminal will be
described with reference to FIGS. 6 to 8. FIG. 6 enlargedly
shows two of the plurality of gate terminals 52 shown in FIG.
5. In FIGS. 5 and 6, the gate terminal 52 includes a first
terminal electrode 52a and a second terminal electrode 5254.
Besides, an electrode coupling region 52¢ for electrically
connecting both the electrodes 52a and 525 is provided. The
first terminal electrode 52a is formed of the forming material
of the gate bus line 6 simultaneously with the formation of the
gate bus line 6. On the other hand, the second terminal elec-
trode 526 is formed of the forming material of the pixel
electrode 10 simultaneously with the formation of the pixel
electrode 10 formed on the OC layer 44.

As shown in FIG. 6 and FIG. 8 showing a section taken
along line D-D of FIG. 6, the OC layer 44 is opened at the
electrode coupling region 52¢, and further, the gate insulating
film 32 of the lower layer is also opened, and the surface of the
first terminal electrode 52a is exposed.

The OC layer 44 between the adjacent gate terminals 52
includes an end face substantially coincident with an end face
of the first terminal electrode 52¢ on the side of the electrode
coupling region 52¢. Further, the OC layer 44 includes a
protrusion 60 which protrudes from substantially the center
portion of the end face and in which a sectional shape parallel
to a substrate surface of the glass substrate 3 is formed into,
for example, a triangular shape having a vertical angle of an
acute angle.

As shown in FIG. 8, in the electrode coupling region 52c,
the second terminal electrode 525 is formed just over the first
terminal electrode 52a, and both the electrodes 52a and 526
are electrically connected to each other.

By the construction as stated above, since the OC layer 44
does not exist on the formation region of the second terminal
electrode 524 in the gate terminal formation region 51, as
shown in FIG. 7 showing a section taken along line C-C of
FIG. 6, the second terminal electrode 524 is directly formed
on the glass substrate 3 in the direction toward the end of the
glass substrate 3 from the electrode coupling region 52¢.
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Although the above description has been given of the gate
terminal formation region 51, the drain terminal formation
region 53 also has an almost similar construction. Next, the
construction of the drain terminal 54 will be described with
reference to FIGS. 9 to 11. FIG. 9 enlargedly shows two of the
plurality of drain terminals 54 shown in FIG. 5. In FIGS. 5 and
9, the drain terminal 54 includes a first terminal electrode 54a
and a second terminal electrode 545. Besides, an electrode
coupling region 54¢ for electrically connecting both the elec-
trodes 54a and 546 is provided. The first terminal electrode
54a is formed of the forming material of the drain bus line 8
simultaneously with the formation of the drain bus line 8. On
the other hand, the second terminal electrode 545 is formed of
the forming material of the pixel electrode 10 simultaneously
with the formation of the pixel electrode 10 formed on the OC
layer 44.

As shown in FIG. 9 and FIG. 11 showing a section taken
along line F-F of FIG. 9, the OC layer 44 at the electrode
coupling region 54¢ is opened and the surface of the first
terminal electrode 54a is exposed.

Besides, the OC layer 44 between the adjacent drain ter-
minals 54 includes an end face substantially coincident with
anend face of the first terminal electrode 54a on the side of the
electrode coupling region 54c¢. Further, the OC layer 44
includes a protrusion 60 which protrudes from substantially
the center portion of the end face and in which a sectional
shape parallel to the substrate surface of the glass substrate 3
is formed into, for example, a triangular shape having a ver-
tical angle of an acute angle.

As shown in FIG. 11, the second terminal electrode 545 is
formed just over the first terminal electrode 54a in the elec-
trode coupling region 54c¢, and both the electrodes 54a and
54p are electrically connected to each other.

By the construction as stated above, since the OC layer 44
does not exist on the formation region of the second terminal
electrode 545 in the drain terminal formation region 53, as
shown in FIG. 10 showing a section taken along line E-E of
FIG. 9, the second terminal electrode 545 is directly formed
on the glass substrate 3 in the direction toward the end of the
glass substrate 3 from the electrode coupling region 54c.

Incidentally, in addition to the structure of the drain termi-
nal 54 of the above construction, for example, the drain ter-
minal 54 including a wiring layer of the same layer as the gate
terminal 52 may be formed in the drain terminal formation
region 53 simultaneously with the formation of the gate ter-
minal 52 by using the forming material of the gate bus line 6.
In this case, two electrode coupling regions are formed, and
for example, the first terminal electrode 54a is constituted by
a wiring line formed of the same layer metal as the drain bus
line 8 and extending from the drain bus line 8, and a wiring
line connected to the end of the wiring line in a first electrode
coupling region and formed of the forming material of the
pixel electrode 10 extending from that. Then, the second
terminal electrode 545 in which the forming material of the
pixel electrode 10 extending from the first terminal electrode
54a is laminated on the surface of the terminal electrode
formed of the forming material of the gate bus line 6 is formed
from a second electrode coupling region toward the leading-
edge portion.

Next, a method of manufacturing the liquid crystal display
shown in FIGS. 1 to 11 and FIG. 50 will be described with
reference to FIGS. 12 to 45. Incidentally, in FIGS. 12 to 45,
the same structural elements as the structural elements shown
in FIGS. 1 to 11 and FIG. 50 are designated by the same
reference characters. Here, among FIGS. 12 to 45, FIGS. 12
to 18 are manufacturing process sectional views of a TFT
formation region taken along line A-A of FIG. 3. FIGS. 19 to
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25 are manufacture process sectional views of a storage
capacitance formation region taken along line B-B of FIG. 3,
which is a region extending through the contact hole 48.
FIGS. 26 to 29 are manufacturing process sectional views of
a region of the second terminal electrode 525 of the gate
terminal 52 taken along line C-C of F1G. 6. FIGS. 30 to 34 are
manufacturing process sectional views of the electrode cou-
pling region 52¢ of the gate terminal 52 taken along line D-D
of FIG. 6. FIGS. 35 to 38 are manufacturing process sectional
views of the second terminal electrode 545 of the drain ter-
minal 54 taken along line E-E of FIG. 9. FIGS. 39 to 43 are
manufacturing sectional views of the electrode coupling
region 54¢ of the drain terminal 54 taken along line F-F of
FIG. 9.

After a protection film of SiO, or the like is formed on a
glass substrate 3 as a transparent insulating substrate directly
or as the need arises, for example, a film of Al (aluminum)
alloy having a thickness of, for example, 130 nm, a film of
MoN (molybdenum nitride) having a thickness of, for
example, 70 nm, and a film of Mo (molybdenum) having a
thickness of, for example, 15 nm are formed in this order on
the whole surface by sputtering, so that a metal layer having
athickness ofabout 215 nm is formed. As the aluminum alloy,
a material containing Al and at least one or two or more of Nd
(neodymium), Si (silicon), Cu (copper), Ti (titanium), W
(tungsten), Ta (tantalum), Sc (scandium) and the like can be
used.

Next, after a resist layer is formed on the whole surface, a
resist mask is formed by exposure using a first mask (photo-
mask or reticle, hereinafter referred to as a mask), and a gate
bus line 6 (see FIG. 12), a storage capacitance bus line 12 (see
FIG. 19), and a first terminal electrode 52a (see F1G. 26) of a
gate terminal 52 are formed by a wet etching using a phos-
phoric acid system etchant.

Next, for example, a silicon nitride film (SiN) having a
thickness of about 400 nm is formed on the whole surface of
the substrate by a plasma CVD method to form a gate insu-
lating film (called an interlayer insulating film according to a
position of film formation; hereinafter, called a gate insulat-
ing film or an insulating film according to a position of film
formation) 32. Next, for example, an amorphous silicon
(a-Si)layer 34' for formation of an active semiconductor layer
34 is formed to a thickness of about 30 nm on the whole
surface of the substrate by the plasma CVD method. Further,
for example, a silicon nitride film (SiN) 28' for formation of a
channel protection film (etching stopper) 28 is formed to a
thickness of about 120 nm on the whole surface by the plasma
CVD method (see FIGS. 12, 19, 26, 30, 35 and 39).

Next, after a photoresist (not shown) is coated on the whole
surface by spin coating or the like, back exposure is per-
formed to the transparent glass substrate 3 while using the
gate bus line 6 and the storage capacitance bus line 12 as
masks. The resist layer in the exposed region is dissolved so
that a resist pattern (not shown) is formed in a self-aligning
manner on the gate bus line 6, the storage capacitance bus line
12, and the first terminal electrode 52a of the gate terminal 52.
This resist pattern is further exposed from the forward direc-
tion while using a second mask, so that a resist pattern is
formed in which the resist layer remains only on a formation
region of the channel protection film 28. A dry etching using
a fluorine-based gas is performed to the silicon nitride film 28’
while using this pattern as an etching mask, so that the chan-
nel protection film 28 is formed (see FIGS. 13, 20, 27, 31, 36
and 40).

Next, after the surface of the amorphous silicon layer 34' is
washed (removal of a natural oxide film) using dilute hydro-
gen fluoride, as shown in FIGS. 14, 21, 28, 32, 37 and 41, for
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example, an n* a-Si layer 36' for formation of an ohmic
contact layer 36 is quickly formed to a thickness of about 30
nm on the whole surface of the transparent glass substrate 3
by the plasma CVD method. Next, a metal layer 62 consti-
tuted by, for example, Ti/AlI/Ti films for formation of a drain
electrode 26, a source electrode 30, a storage capacitance
electrode 38, a drain bus line 8, and a first terminal electrode
54a of a drain terminal 54 is formed by sputtering so that the
respective films have thicknesses of 20/75/40 nm. As the
metal layer 62, a single body of Cr (chromium), Mo (molyb-
denum), Ta (tantalum), Ti (titanium) or Al (aluminum), or a
composite film of those may be used in addition to the com-
posite film of Ti/Al/Ti or the like.

Next, a photoresist layer (not shown) is formed on the
whole surface of the substrate, and after the resist is exposed
using a third mask, the resist layer is patterned by develop-
ment. While the patterned resist layer is used as an etching
mask (not shown), a dry etching using a chlorine-based gas is
performed to the metal layer 62, the n* a-Si layer 36", and the
amorphous silicon layer 34', so that the drain bus line 8, the
first terminal electrode 54a of the drain terminal 54, the drain
electrode 26, the source electrode 30, the storage capacitance
electrode 38, the ohmic layer 36, and the active semiconduc-
tor layer 34 are formed as shown in FIGS. 15, 22, 29, 33, 38
and 42. In this etching treatment, since the channel protection
film 28 functions as an etching stopper, the amorphous silicon
layer 34' of the lower layer is not etched but remains, and a
desired active semiconductor layer 34 is formed.

When the above process is completed, as shown in FIG. 42,
the first terminal electrode 54a in which the amorphous sili-
con layer 34', the n* a-Si layer 36', and the metal layer 62 are
laminated in this order, is formed in the drain terminal 54.
Besides, as shown in FIG. 15, the active semiconductor layer
34 is formed over the gate bus line 6 through the gate insu-
lating film 32, and an original of a TFT structure is formed in
which the channel protection film 28, the drain electrode 26,
and the source electrode 30 are provided on the active semi-
conductor layer 34. The drain electrode 26 and the source
electrode 30 are formed to have such a structure that the
ohmic contact layer 36 and the metal layer 62 are laminated in
this order. Besides, as shown in FIG. 22, the amorphous
silicon layer 34' is formed over the storage capacitance bus
line 12 through the insulating film 32, and the storage capaci-
tance electrode 38 in which the n™ a-Si layer 36' and the metal
layer 62 are laminated in this order is formed thereon.

Next, resin CF layers 42R, 42G and 42B are respectively
formed for respective pixel regions P of R, G and B. As shown
in the pixel regions P of FIG. 5, the resin CF layers 42R, 42G
and 42B are formed into a stripe shape so that the same color
is arranged in the vertical direction.

First, for example, an acrylic negative photosensitive resin
in which a red (R) pigment is dispersed is coated to a thick-
ness of, for example, 170 nm on the whole surface of the glass
substrate 3 by using a spin coater, a slit coater or the like.
Next, a pattern is exposed by close exposure (proximity expo-
sure) using a large mask so that the resin remains into a stripe
shape in the predetermined lines of pixel regions P. Next, the
red resin CF layer 42R is formed by development using an
alkaline developing solution such as KOH. By this, the red
spectrum characteristic is given to the red pixel region P, and
alight shielding function to obstruct the incidence of external
light to the TFT 2 can be added (see FIGS. 16 and 23).

Similar to the above, an acrylic negative photosensitive
resin in which a blue (B) pigment is dispersed, is coated and
is patterned, so that the blue resin CF layer 42B of the stripe
shape is formed in the pixel regions P of the adjacent line of
the red resin CF layer 42R. By this, the blue spectrum char-
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acteristic is given to the blue pixel regions P, and the light
shielding function to obstruct the incidence of external light
to the TFT 2 is added.

Further, an acrylic negative photosensitive resin in which a
green (B) pigment is dispersed, is coated and is patterned, so
that the stripe-like green resin CF layer 42G is formed in the
pixel regions P adjacent to the red resin CF layer 42R and the
blue resin CF layer 52B. By this, the green spectrum charac-
teristic is given to the green pixel regions P, and the light
shielding function to obstruct the incidence of external light
to the TFT 2 is added.

The resin CF layers 42R, 42G and 42B are formed in the
display region 50 shown in FIG. 5 and FIG. 50 and in the
frameregion 56 inside of the main seal. The three layers of the
resin CF layers 42R, 42G and 42B are laminated in the frame
region 56.

In the above process, although any one of the resin CF
layers 42R, 42G and 42B is formed for each of the pixel
regions P, for example, it is preferable to adopt the laminate
structure as shown in FIG. 44. FIG. 44 shows a state of the
plurality of pixel regions P in which the resin CF layers 42R,
42G, 42B are formed, viewed in the direction of a normal of
a substrate surface of the glass substrate 3. The resin CF layer
42 exemplified at a row (A) in FIG. 44 has a +-shaped pattern
protruding to cover the TFT 2 of the right adjacent pixel. By
this, since the portion over the TFT 2 of each of the pixel
regions P has a two-layer laminate structure of the resin CF
layers, the light shielding capability can be further improved.

Inan example shown atarow (B)in FIG. 44, the green resin
CF layer 42G having highest transmissivity of visible light
has a T-shaped (or cruciform) pattern protruding to cover the
TFTs 2 of the neighboring pixels. By this, since the portions
over the TFTs 2 of the pixel regions P of red and blue have a
two-layer laminate structure in which the green resin CF layer
42G is overlapped, the light shielding capability can be fur-
ther improved.

In an example at a row (C) of FIG. 44, the green resin CF
layer 42G having highest transmissivity of visible light has a
pattern protruding over the whole in the row directionto cover
the TFTs 2. By this, since the portions over the TFTs 2 of the
red and blue pixel regions P have a two-layer structure in
which the green resin CF layer 42G is overlapped, the light
shielding capability can be further improved.

With respect to the light shielding function, the problem of
external light is not very important in the LCD of the NB
(normally black) mode. Even if the pixel and the bus line are
not overlapped, since an electric field is not applied between
pixel wiring lines, a black display is produced, and there
hardly occurs a drop in contrast. However, in order to prevent
the influence of photoconductivity, minimum light shielding
becomes necessary in the portion over the TFT 2. As a result
of experiments, it has been found that in the case where three
colors of R, G and B are realized by the resin CF layers 42,
even when the G (green) resin CF layer 42G of highest trans-
missivity of visible light is used, a sufficient light shielding
effect in relation to the photoconductivity can be obtained by
only one layer.

Accordingly, it is also possible to form a light shielding
layer of a single layer structure of only the resin CF layer 42G
in which the +-shaped pattern or the T-shaped or cruciform
pattern protruding to the adjacent pixels is formed of the
green resin CF layer 42G having the highest transmissivity of
visible light, and the other resin CF layers 42R and 42B are
not formed in the upper and lower layers of the pattern. It is
desirable that the single layer pattern of the light shielding
resin CF layer 42G in this case is formed so that it covers only
the necessary region in the vicinity of the gate bus line 6 and
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does not enter the formation regions of the resin CF layers
42R and 42B inthe pixel regions when viewed in the direction
of a normal of a substrate surface.

In view of the above, the portion over the TET 2 has only to
be selectively shaded against light by the resin CF layer 42 to
satisfy the light shielding function.

The formation order of the color resins in the laminate
structure of the resin CF layers as stated above is arbitrary,
and in this example, they are formed in the order of R, G and
B. However, it is necessary to consider a possibility that the
resin CF exerts a bad influence such as pollution on the liquid
crystal layer or the TFT 2, and from this viewpoint, in the
resin CF layer in direct contact with the TFT 2, it is desirable
to use the resin CF layer made of a material having the highest
volume resistivity among the resin CF layers 42R, 42G and
42B. The desirable resistivity is 10'® Q-cm or more, and
preferably, 2.0x10% to 2.2x10"° €-cm or more.

After the resin CF layers 42R, 42G and 42B are formed,
subsequently, contact holes 46 are opened in the resin CF
layers 42R, 42G and 42B of the upper layers of the source
electrodes 30 of the TFTs 2 (see FIG. 16). Similarly, contact
holes 48 are opened in the resin CF layers 42R, 42G and 42B
on the storage capacitance electrodes 38 (see FIG. 23).

Next, as shown in FIGS. 17 and 24, an OC layer 44 is
formed. Similarly to the formation of the resin CF layer, an
OC resin is coated on the whole surface of the glass substrate
3 using a spin coater, a slit coater or the like, and a heat
treatment at a temperature of 140° C. or lower is carried out.
The used OC resin is an acrylic resin having negative photo-
sensitivity. Next, proximity exposure is performed using a
large mask, and development is performed using an alkaline
developing solution such as KOH, so that the OC layer 44 is
formed.

As shown in FIG. 34, the patterned OC layer 44 is opened
at the electrode coupling region 52¢ of the gate terminal
formation region 51, and the insulating film 32 is exposed at
the bottom portion.

Besides, between the adjacent gate terminals 52, an end
face of the OC layer 44 is formed to be almost coincident with
an end face of the first terminal electrode 524 on the side of the
electrode coupling region 52¢. Further, a protrusion 60 is
formed which protrudes from substantially the center portion
of the end face of the OC layer 44 and in which a sectional
shape parallel to the substrate surface of the glass substrate 3
is formed into, for example, a triangular shape having a ver-
tical angle of an acute angle.

Similarly, as shown in FIG. 43, the OC layer 44 of the drain
terminal formation region 53 is opened at the electrode cou-
pling region 54¢, and the surface ofthe first terminal electrode
54a is exposed.

Besides, between the adjacent drain terminals 54, an end
face of the OC layer 44 is formed to be almost coincident with
anend face of the first terminal electrode 544 on the side of the
electrode coupling region 54¢. Further, a protrusion 60 is
formed which protrudes from substantially the center portion
of the end face of the OC layer 44 and in which a sectional
shape parallel to the substrate surface of the glass substrate 3
is formed into, for example, a triangular shape having a ver-
tical angle of an acute angle.

The protrusion 60 effectively functions in such a case that
in an etching process using the OC layer 44 as a mask, as ina
portion between the gate terminals 52 or the drain terminals
54, a residual substance in patterning of the second terminal
electrodes 52b and 54b as the upper wiring lines causes a
short-circuit defect. In addition to the case where the OC layer
44 is made as a mask, in an etching process using a resist
pattern of either one of positive/negative resists as a mask,
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since the shape of a stepped portion at a position is moderated
by the shape effect of the protrusion 60 as the position
approaches the tip portion, the protrusion 60 has an effect to
suppress the generation of the residual substance in the upper
wiring line.

Further, the OC layer 44 on the frame region 56 is peeled
and removed by patterning of the OC layer 44, and the OC
layer 44 does not exist in the frame region 56 (see FIG. 50).
With respect to the frame region 56 of the outer peripheral
portion of the display region, it has been clarified from experi-
mental results that since light from the backlight unit 22 is
high, it is necessary to provide light shielding of at least two
colors by laminating the resin CF layers 42. Thus, there arises
a problem that when the resin CF layer 42 of the laminate
structure is formed in the frame region 56 and the OC layer 44
is further laminated, the height of the display region 50
becomes different from that of the frame region 56, and the
cell thickness of the liquid crystal is influenced.

Accordingly, in order to make the height of the display
region 50 basically having one layer of the resin CF layer 42
equal to that of the frame region having two or more layers,
with respect to the resin CF layer 42+the OC layer 44 of the
display region 50, it is appropriate that the frame region 56 is
made to have the two-layer structure of the resin CF layers 42
or the structure a little as high as that.

Moreover, in the patterning of the OC layer 44, while
alignment is made with respect to the contact hole 46 formed
in the resin CF layer 42 over the source electrode 30 of the
TFT 2, a contact hole 46 is formed in the OC layer 44 as well
(see FIG. 17). Similarly, while alignment is made with respect
to the contact hole 48 formed in the resin CF layer 42 over the
storage capacitance electrode 38, a contact hole 48 is formed
in the OC layer 44 as well (see FIG. 24).

Subsequently, the insulating film 32 of the lower layer is
removed by a dry etching using a fluorine-based gas while the
OC layer 44 is used as a mask. The insulating film 32 of the
formation region (including the electrode coupling region
52¢) of the second terminal electrode 524 of the gate terminal
52 shown in FIG. 5 and that of the formation region of the
second terminal electrode 545 of the drain terminal 54 are
removed by this etching.

At the time of the etching of this insulating film 32, since
the frame region 56 is exposed to the etching process, a
reduction in film occurs. In the case where the resin CF layer
42 is used, a decrease of film thickness of one layer occurs in
any color. By this, the frame region in which three layers of
the resin CF layers are laminated is decreased to substantially
the thickness of two-layer lamination of the resin CF layers
(see FIG. 50).

Since Ti (or Mo) constituting the metal layer 62 of the
source electrode 30 and the storage capacitance electrode 38
under the contact holes 46 and 48 has low resistance to a
fluorine-based gas, Al is partially exposed, mainly from the
side of the center portion. However, since Ti (or Mo) remains
at the peripheral portion, there is no problem in the subse-
quent connection with the pixel electrode 10. Similarly, since
Ti (or Mo) of the metal layer of the first terminal electrode 525
of the electrode coupling region 526 of the gate terminal
formation region 51 and that of the first terminal electrode
545 of the electrode coupling region 545 of the drain terminal
formation region 54 also has low resistance to the fluorine-
based gas, Al is partially exposed, mainly from the side of the
center portion. However, since Ti (or Mo) remains at the
peripheral portion, there does not arise a problem in the
subsequent connection with the second terminal electrodes
525 and 54b.
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When the above etching process is ended, a heat treatment
is carried out within the range of 200 to 230° C.

Subsequently, after an ITO film (thickness of 70 nm) for
formation of the pixel electrode 10 made of ITO (Indium Tin
Oxide) as a transparent oxide conductive material is formed
on: the whole surface of the substrate by a thin film formation
method such as sputtering, a resist mask of a predetermined
pattern is formed, and the pixel electrode 10 electrically con-
nected to the source electrode 30 and the storage capacitance
electrode 48 through the contact holes 46 and 48 is formed by
a wet etching using an oxalic etchant (see FIGS. 18 and 25).
At the same time, as shown in FIGS. 5 and 8, the second
terminal electrode 525 connected to the first terminal elec-
trode 52a through the electrode coupling region 52¢ is pat-
terned in the gate terminal formation region 51, and as shown
in FIGS. 5 and 11, the second terminal electrode 545 con-
nected to the first terminal electrode 54a through the elec-
trode coupling region 54c is patterned in the drain terminal
formation region 54. Thereafter, a heat treatment is carried
out within the range of 150 to 230° C., preferably 200° C.

Further, at the same time, as shown in FIG. 50, the protec-
tion film 70 is patterned to cover the resin CF layer 42 which
exposes in a region where the OC layer 44 of the frame region
56 is not formed.

FIG. 45 shows a modified example of the vicinity of the
contacthole 46. As shown in FIG. 45, after the resin CF layer
42 is formed, a rather wide contact hole 46' is formed in the
resin CF layer 42. When the OC layer 44 is formed and the
contact hole 46 is opened, the OC layer 44 is made to remain
on the inner wall of the contact hole 46'. By doing so, the resin
CF layer 42 can be covered with the OC layer 44 on the inner
wall of the contact hole 46 as well.

Besides, in this embodiment, it is important that the dis-
tance in the direction of the substrate surface from the edge of
the contact hole 46 to the gate bus line 6, indicated by width
0. 1n FIG. 3, is 6 um or more in the case where the size of the
pixel region is approximately 300 pm by 100 pm.

As stated above, when the OC layer 44 is made to remain
on the inner wall of the contact hole 46, and the width is made
6 um or more, in the process, a possibility thata crack (fissure)
or the like due to stress by difference in thermal expansion
coefficient is produced in the contact hole 46, can be sup-
pressed to a very low level.

In the case where the pixel electrode 10 is disposed on the
OClayer 44, a crack defect is apt to occur by the difference in
thermal expansion coefficient as described above, and it dis-
tinctively occurs not in a flat portion, but in the vicinity of a
portion having a stepped portion such as a contact hole.
Accordingly, the relation between the OC layer 44 and the
contact hole is important, and the defect can be improved by
adjusting the relation of the distance and area of the flat
portion of the pixel region with respect to the film thickness
and hole diameter of the resin layer forming the contact hole
and the taper length of the contact hole. Preferably, the dis-
tance of the end portion of the pixel is made 2.5 or more times
as large as the film thickness of the OC layer 44, the distance
ofthe taper portion at the contact hole end is made 1.5 or more
times as large as the film thickness, or the angle is made 45°
or less.

Besides, as shown in FIG. 3, the pixel electrode 10 of the
pixel region according to this embodiment has such a struc-
ture that except for the source electrode 30 of the TFT 2 and
the storage capacitance electrode 38, when viewed in the
direction of a normal ofa substrate surface, the pixel electrode
does not overlap with the lower electrode wiring line such as
the gate bus line 6 or the drain bus line 8. Thus, the occurrence
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of cross talk can be sufficiently suppressed, and excellent
display quality can be obtained.

From the above, the substrate for use in the liquid crystal
display (TFT substrate 1) according to this embodiment is
completed. Thereafter, through a panel unit process, the lig-
uid crystal display shown in FIG. 1 is completed. In order to
cause the light shielding function of this embodiment to be
more effectively fulfilled, it is preferable to adopt a normally-
black (NB) mode, and more preferably, it is preferable to use
a vertical alignment negative liquid crystal typified by the
MVA.

According to this embodiment using the above construc-
tion and the manufacturing method, with respect to the exter-
nal connection terminal, since the second terminal electrodes
525 and 545 made of oxide conductive material are directly
formed on the glass substrate 3 with excellent adhesion, a
short-circuit defect between the adjacent terminals due to
peeling of a terminal or the like can be prevented.

Besides, according to the light shielding structure of this
embodiment, since at least the green resin CF layer can be
formed on all the TFTs 2 of the pixel region, the light shield-
ing film of sufficient light shielding capability can be formed.
Further, since the resin CF layer 42 of two-layer structure can
be formed in the frame region 56, sufficient light shielding to
light leakage from the backlight unit becomes possible. On
the other hand, since the pixel region P can be made to have
the laminate structure of the resin CF layer 42 of one layer and
the OC layer 44, if the film thickness of the resin CF layer 42
of the two-layer structure is made substantially equal to the
film thickness of the laminate structure of the resin CF layer
42 of one layer and the OC layer 44, it is possible to realize the
substrate for use in the liquid crystal display, in which the
uniform cell gap can be obtained.

Further, in the panel unit process, when the pre-tilt angle is
provided to liquid crystal molecules by using polymer, mono-
mer in the liquid crystal is polymerized by irradiating UV
light to the liquid crystal while a predetermined voltage is
applied between the common electrode on the opposite sub-
strate 4 and the pixel electrode 10 on the TFT substrate 1 after
sealing the liquid crystal. Thereby, a predetermined pre-tilt
angle is provided to liquid crystal molecules. At this time, if a
voltage is applied also on the frame region 56, a pre-tilt angle
is provided to liquid crystal molecules on the frame region 56
by polymerization, therefore a light shielding performance by
the liquid crystal layer decreases in NB mode. To suppress
this, non-voltage applied state is produced to theliquid crystal
on the frame region 56 by connecting the conductive protec-
tion film 70 on the frame region 56 to the common electrode.

The voltage applied to the storage capacitance bus line 12
when this pre-tilt angel is provided is different from the
common voltage, therefore it is important that the protection
film 70 on the frame region 56 is electrically separated from
the storage capacitance bus line 12 or connected in high
resistance.

Next, a substrate for use in a liquid crystal display accord-
ing to a second embodiment of the present invention, a
method of manufacturing the same, and a liquid crystal dis-
play using the same will be described with reference to FIGS.
46 to 48, FIG. 51 and FIG. 52. In this embodiment, a descrip-
tion will be given of a case where an SiN film 40 as an
interlayer insulating film is formed between a TFT 2 and a
resin CF layer 42. Incidentally, structural elements having the
same function and operation as those of the first embodiment
are designated by the same characters, and the description is
omitted.

First, an original of the TFT 2 is completed through the
same process as that of FIGS. 12 to 15 showing the manufac-
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turing process of the TFT 2 in the method of manufacturing
the substrate for use in the liquid crystal display according to
the first embodiment. Next, as a protection film, the SiN film
40 of an inorganic insulating film is formed to a thickness of
10 to 150 nm, preferably, about 50 nm by a plasma CVD
method.

Preferable film formation conditions of the SiN film 40 and
film quality conditions are as follows:

film formation temperature: gate insulating film (SiN film)
32>270° C.zSiN film 40;

refractive index (R.1.): when the refractive index of the gate
insulating film (SiN film) 32 is 1.82 to 1.92, the refractive
index of the SiN film 40 exceeds 1.92; and

etching rate (E.R.): (SiN film 40)/(gate insulating film (SiN
film) 32)=0.7.

Next, although the procedure proceeds to a formation pro-
cess of color resin, since it is the same as the firstembodiment,
the description is omitted. Subsequently, although an OC
layer 44 is formed, since it is the same as the first embodi-
ment, the description is omitted. The dimensional relation of
the OC layer 44, the resin CF layer 42, and the SiN film 40 in
a contact hole 46 is as shown in FIG. 46. That is, the relation
of the resin CF layer 42>the SiN film 40>the OC layer 44 is
satisfied, and the resin CF layer 42 is covered with the OC
layer 44. By doing so, it becomes possible to prevent the
influence of pollution of the color resin.

The characteristic construction of the substrate for use in
the liquid crystal display according to this embodiment is
shown in FIGS. 46 to 48. FIGS. 46 to 48 respectively corre-
spondto FIGS. 1, 8 and 11 in the first embodiment. As shown
in FIGS. 46 to 48, the SiN film 40 is formed as the interlayer
insulating film between the TFT 2 and the resin CF layer 42,
for preventing the pollution due to the color resin.

The substrate for use in the liquid crystal display according
to this embodiment also has the same effect as the first
embodiment. Further, since the pollution due to the color
resin can be prevented by disposing an interlayer protection
film on the TFT 2, the degree of freedom concerning the
selection of the color resin can be improved. Further, the
invention can be preferably applied to not only the TFT sub-
strate of the channel protection type (ISI) TFT structure
according to the first and the second embodiments, but also to
a TFT substrate of an etch back type (NSI) TFT structure
which is more apt to receive the influence of pollution.
Besides, also with respect to the liquid crystal layer, since the
construction is such that the OC layer 44 covers the color
resin, it is possible to prevent the pollution to the liquid
crystal.

FIG. 51 is a state where liquid crystal 84 is sealed by
attaching the TFT substrate 1 and the opposite substrate 4
according to this embodiment and it shows a section taken
along a line through liens A-A and B-B in FIG. 3. As shown
in FIG. 51, when the TFT substrate 1 of the CF-on-TFT
structure according to this embodiment is used, only a com-
mon electrode 80 and an orientation film (not shown) are
required to be formed on the glass substrate of the opposite
substrate 4. A cell gap is obtained by a globular spacer (bead)
82 made of glass or resin. FIG. 52 shows a LCD in which a
photolithography process is used for forming a columnar
spacer 86 instead of the globular spacer 82 and thereby a
predetermined cell gap is obtained by the columnar spacer 86.
In FIG. 52, although the columnar spacer 86 is formed on the
side of the opposite substrate 4, it can be, of course, formed on
the side of the TFT substrate 1. Also, the structure showed in
FIG. 51 and FIG. 52 can be, of course, applied to the first
embodiment and to a third embodiment to be explained next.
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Next, a substrate for use in a liquid crystal display accord-
ing to a third embodiment of the present invention, a method
of manufacturing the same, and a liquid crystal display using
the same will be described with reference to FIG. 49. The
substrate for use in the liquid crystal display according to this
embodiment has a feature that as shown in FIG. 49, a vernier
pattern for confirmation of a position shift is added to the TFT
substrate 1 described in the first and the second embodiments.

As shown in FIG. 49, the vernier pattern for confirmation
of the position shift includes a rectangular first opening pat-
tern 64 formed by opening the storage capacitance electrode
38, a rectangular second opening pattern 66 formed by open-
ing the pixel electrode 10 and having such a size that it is
contained in the first opening pattern, and a rectangular third
opening pattern 68 formed by opening the resin CF layer 42
and having such a size that it contains the first and the second
opening patterns 64 and 66.

By doing so, it is possible to eliminate an automatic focus-
ing error of a dimension measurement device provided with
an incident-light optical system, and incident-light absorp-
tion in the resin CF layer 42, and it becomes possible to easily
and accurately make a superposition measurement of the
pixel electrode 10 and the lower layer metal pattern. Besides,
if the OC layer 44 and the contact hole 46 are separately
formed, the OC layer 44 on the vernier pattern for confirma-
tion of the position shift can also be removed, and a focus shift
of an inspection device can be improved.

The present invention is not limited to the above embodi-
ments, but can be variously modified.

For example, in addition to the illustrations of the embodi-
ments, the present invention is naturally applicable even if the
kind and structure of wiring metal, the film thickness and
formation method, or the etching method varies.

Besides, in the above embodiments, although the TFT 2 is
of the IS type, the present invention is not limited to this, but
naturally, the invention can also be applied to an NSI, a
positive stagger type, a coplanar type or the like. Further, the
present invention can be naturally applicable even when a
semiconductor forming a channel of the TFT is made poly-
silicon (P-Si) instead of a-Si. Besides, even if the structure of
the insulating film varies or the insulating substrate is a plastic
substrate instead of the glass substrate, the present invention
is naturally applicable.

Besides, according to the above embodiments, although
the description has been given of the example of the pixel
structure of the so-called independent CS system in which the
storage capacitance (CS) bus line 12 intersects the center of
the pixel, the invention is not limited to this, but the invention
can be naturally applied to a pixel structure of the so-called
CS on gate system using a next stage gate bus line as a storage
capacitance bus line, instead of the independent CS system.

As described above, according to the present invention,
even in the construction in which a novel resin is not used for
the CF layer or the OC layer, the wiring layer and the pixel
region end portion are not overlapped with each other, and a
special light shielding pattern is not included, the liquid crys-
tal display which is excellent in display characteristics and
has high reliability and high performance can be realized.

Besides, according to the present invention, since the resin
CF layer is provided and the light shielding function is also
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provided on the side of the array substrate, the manufacturing
process of the liquid crystal display can be simplified on the
whole, and further, even if bonding accuracy to the opposite
substrate is rather low, a panel having a high opening ratio and
high definition can be mass-produced.

Further, according to this invention, a full light shielding
function can be obtained in the frame region without forming
a remarkable stepped portion between the frame region and
the display region. Furthermore, since the resin CF forming
the light shielding layer can be made not to contact directly to
the liquid crystal layer, pollution to the liquid crystal can be
prevented.

Further, according to this invention, the liquid crystal layer
on the frame region can be efficiently utilized as a light
shielding layer.

What is claimed is:

1. A substrate for use in a liquid crystal display, compris-
ing:

an insulating substrate cooperating with an oppositely
arranged opposite substrate to hold a liquid crystal,

a plurality of pixel regions arranged on the insulating sub-
strate in a matrix form, in each of which a switching
element is formed; and

at least one resin color filter layer formed on the pixel
regions to cover the switching element,

wherein at least one layer of the resin color filter layers of
the plural colors has a cruciform-shaped pattern protrud-
ing to cover the switching elements of neighboring pix-
els when viewed in a direction of a normal of a substrate
surface.

2. A substrate for use in a liquid crystal display according
to claim 1. wherein in the resin color filter layer, layers of
plural colors are laminated over the switching element.

3. A substrate for use in a liquid crystal display according
to claim 2, wherein the resin color filter layer in direct contact
with the switching element is formed of a material having
highest volume resistance among the resin color filter layers
of the plural colors.

4. A substrate for use in a liquid crystal display according
to claim 3, wherein the resin color filter layer in direct contact
with the switching element has the volume resistance of 2.0x
10*% to 2.2x10"® Q-cm or more.

5. A substrate for use in a liquid crystal display according
to claim 1, further comprising an interlayer insulating film of
SiN between the switching element and the resin color filter
layer.

6. A substrate for use in a liquid crystal display according
to claim 5, wherein a refractive index of the interlayer insu-
lating film exceeds 1.92 when a refractive index of a gate
insulating film of the switching element is 1.82 to 1.92.

7. A substrate for use in a liquid crystal display according
to claim 5, wherein a thickness of the interlayer insulating
film is from 10 nm to 150 nm.

8. A substrate for use in a liquid crystal display according
to claim 5, wherein an etching rate at a time of patterning of
the interlayer insulating film is (an etching time of the inter-
layer insulating film)/(an etching time of the gate insulating
film)=0.7.
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