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(57) ABSTRACT

A liquid crystal display device includes a pair of opposite
substrates, and a liquid crystal layer as a display medium
disposed between said substrates. The pair of substrates are
adhered together by a resin sealing material disposed on the
periphery portion of at least one of the substrates at the
prescribed gap, and an outflow preventing portion having a
plurality of concave portions is provided so that at least a
part of the outflow preventing portion overlaps with the
sealing material.
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LIQUID CRYSTAL DISPLAY DEVICE AND
PROCESS FOR PRODUCING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal
display device and a process for producing the same. In
particular, the present invention relates to a liquid crystal
display device having excellent mechanical strength as well
as sealing property without any poor display caused by a
sealing material, and a process for producing the same.

[0003] 2. Description of the Related Art

[0004] A liquid crystal display device comprises a pair of
insulating substrates (typically, glass substrates) 101 and
102, and a liquid crystal layer 110 as a display medium
which is disposed between the substrates, as illustrated in
FIG. 36. On the glass substrate 101, an active element
(typically, thin film transistor (TFT)) which controls the
electro-optical characteristics of the liquid crystal, and a
scanning line and a signal line which give a gate signal and
a source signal, respectively, to the active element are
provided. This substrate 101 is designated as a TFT substrate
(or an active matrix substrate). On the glass substrate 102,
color layers 106, 107 and 108 which constitute color filters,
and a black matrix 105 which is a light-shading layer are
formed. This substrate 102 is designated as a color filter
substrate.

[0005] Ordinarily, the TFT substrate 101 and the color
filter substrate 102 are adhered together by a sealing material
103 to form a cell. In adhering these substrates, the TET
substrate 101 and the color filter substrate 102 are adhered
together by using an intra-sealing spacer 304 and a liquid
crystal layer spacer 303 at a certain gap (a cell gap). The cell
gap is approximately 4 ym to 6 um and its variation is £10%
in the conventional TN-type liquid crystal display device.

[0006] The intra-sealing spacer 304 is included in the
sealing material 103. Usually, the diameter of the intra-
sealing spacer is about 5 um. The sealing materials that can
be used include thermosetting resins and ultraviolet curable
resins. The sealing material is coated on either the TFT
substrate or the color filter substrate in the prescribed pattern
by a screen printing method, a letterpress printing method or
a dispenser coating method. According to each coating
method, the viscosity of the sealing material is adjusted at a
level optimal for the coating. The viscosity is usually
adjusted by the addition of a filler (for example, silicon
oxide or alumina having a particle size of 1 um to 3 um). The
liquid crystal layer spacer 303 is sprinkled in a portion of the
substrates on which the sealing material is not coated.
Usually, the diameter of the liquid crystal layer spacer is also
about 5 ym. The liquid crystal layer spacer is sprinkled in an
amount of about 100 pieces/mm”~.

[0007] In adhering the substrates, the TFT substrate and
the color filter substrate are aligned, and then a sufficient
load applied so that the prescribed cell gap is retained, and
heated or irradiated with ultraviolet ray at that state. The
heating and ultraviolet ray irradiation conditions may be
varied depending upon the hardening characteristics of the
sealing material, and the load may be varied depending upon
the sizes of the substrates, and the area and viscosity of the
sealing material, and the like. Then, a liquid crystal material
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is injected into the cell from an inlet formed in a portion of
the sealing material 103 by, for example, a vacuum injection
method, and further the inlet is sealed by, for example, an
ultraviolet curable resin. Thus, the liquid crystal display
device is completed.

[0008] Such a liquid crystal display device provides dis-
play information on the screen by selecting a display pixel
arranged in a matrix shape. For example, an active matrix-
type liquid crystal display device (a type using a switching
element (an active element) such as TFT for each pixel
electrode as a selective procedure of the display pixel) is
capable of providing a high contrast display, and has been
widely used for liquid crystal televisions, notebook-type
personal computers, and the like. The switching element of
the active matrix-type liquid crystal display device has the
function of turning on and off a signal voltage applied
between the pixel electrode and a transparent electrode
(counter electrode) formed opposite to said pixel electrode
through the liquid crystal layer, and displays an image
information by the optical variation of the liquid crystal
layer caused by the potential difference between the pixel
electrode and the counter electrode.

[0009] A gate bus line which is a scanning line operating
the pixel electrode and the switching element, and a source
bus line which is a signal line for applying a signal voltage
are usually formed through, for example, a silicon nitride
insulating film of several hundreds to one thousand and
several hundreds angstroms, and formed at a gap of several
microns to ten and several microns.

[0010] A liquid crystal display device comprising an inter-
layer insulating film made from for example silicon nitride
and having a thickness of several thousands angstroms
which is formed on the gate bus line and the source bus line,
and pixel electrodes further formed thereon has been pro-
posed (e.g, Japanese Laid-open Publication No.
58-172685). According to this liquid crystal display device,
since it is possible to form a pixel electrode also on each bus
line, the area of the pixel electrodes can be enlarged to
provide the increased light transmittance (i.e., aperture ratio)
of the liquid crystal display device.

[0011] The following illustrates one example of the struc-
ture of an active matrix substrate used for this liquid crystal
display device. FIGS. 37 and 38 are a schematic plan view
and a schematic cross-sectional view of the active matrix
substrate, respectively. The active matrix substrate com-
prises a gate electrode 609, a gate insulating film 610, a
semiconductor layer 611, an n*-Si layer 612 which consti-
tutes a source and drain electrode, a metal layer 613 which
constitutes a source signal line, an interlayer insulating film
607, and a transparent conductive layer 603 which consti-
tutes a pixel electrode, all of which are formed in this order
on a transparent insulating substrate 608. The pixel electrode
is electrically connected to the drain electrode of the TFT
through a contact hole 614 penctrating the interlayer insu-
lating film 607. Since the interlayer insulating film is formed
between the pixel electrode and the scanning and signal lines
in the active matrix substrate illustrated in the figures, it is
possible to form the pixel electrode as overlapping with the
signal line.

[0012] On the effective display portion of the finished
active matrix substrate, an alignment film made from a
polyimide or the like is formed to provide an alignment
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function by a treatment such as rubbing, UV irradiation, and
the like. Also, a transparent counter common electrode is
formed using ITO (indium tin oxide) or the like on the
counter substrate, and thereafter its effective display portion
is subjected to the same treatment. A sealing material is
coated on the periphery portion of the panel by a printing
procedure or the like in such a manner that the panel is
surrounded by the sealing material. An inlet is formed in a
part of the sealing material. Moreover, a conductive material
is attached to the signal input terminal for the counter
electrode located on the active matrix substrate. Then, a
spacer is sprinkled so as to provide a uniform cell gap of the
liquid crystal layer, the liquid crystal layer and the counter
electrode are aligned, and the sealing material is heated and
cured. Thereafter, a liquid crystal is injected from the liquid
crystal inlet which is then closed with a sealing material to
complete the glass portion of the active matrix-type liquid
crystal display device. Since a flat surface is obtained
according to the liquid crystal display device using such an
active matrix substrate, there is a benefit that the orientation
disturbance of the liquid crystal molecules inside the display
region can be prevented.

[0013] A liquid crystal display device using a photosen-
sitive transparent acrylic resin as the interlayer insulating
film has also been proposed. The acrylic resin has the
following benefits: (1) providing a high transmittance in the
prescribed visible light region; and (2) permitting the reduc-
tion of a capacity between each line and the pixel electrode
due to easy control of the film thickness to result in the
reduction of the cross talk, and the like.

[0014] However, the above-described liquid crystal dis-
play devices suffer from a problem as having poor display
caused by the sealing material.

[0015] Since the sealing material includes a filler and a
spacer, it has the following problems when applying a load
in adhering the substrates. The conditions under which the
load is imposed (for example, a period until the load reaches
the prescribed level (a load imposing rate), a cell gap, and
the like) may be varied depending upon the applications (the
types) of the intended liquid crystal display device. There-
fore, for example, when applying a large load such that a
sealing material using an ultraviolet curable resin is com-
pressed up to a level less than two-fold of the filler diameter,
aseparation phenomenon is observed in which a low viscous
resin component contained in the sealing material is sepa-
rated from the additives (e.g., the filler, the spacer) and flows
out. This separation phenomenon may occur in the case of
using not only an ultraviolet curable resin, but a thermoset-
ting resin. Since the thermosetting resin is once softened
with heating and thereafter cured, a rapid viscosity reduction
of the resin material during the softening may cause a
separation between the resin component and the additives.
Although the separation phenomenon itself does not affect
the characteristics of the liquid crystal display device, it may
cause poor display in the case where the separated resin
component flows out into the display portion. Ordinarily, the
separated resin component flows through the concave por-
tion of the uneven portion proximate to the sealing material
(i.e., using the concave portion as a gutter) into the display
portion. These uneven portions include an unevenness of the
lines formed on the surface of the TFT substrate (having a
difference in level of 3000 angstroms to 5000 angstroms), an
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unevenness between the black matrix of the color filter and
the color layers (difference in level of about 15000 ang-
stroms), and the like.

[0016] For the purpose of improving these problems, an
attempt has been made to prevent the resin from flowing out
using the concave portion as a gutter by flattening the
surface of each substrate with an insulating film, and the
like. However, because the resin flows out randomly, the
poor display is not eliminated.

[0017] Recently, an attempt at changing the BM material
of the color filter from a metal material (such as Cr or Al) to
a resin material has been made for the purpose of reducing
the cost. The film thickness of the metal material BM is
about 2000 A. However, when a resin material is used as the
BM material, it is necessary that the film thickness of the
resin material BM be about 1 gum or more so as to provide
a shading property equivalent to that of a metal material.
This thickness is about the same as that of the color filter
(about 1.3 um). Aliquid crystal display device using a metal
BM has a different cell gap between the display portion and
the sealing material portion, and the diameter of the spacer
sprinkled on the display portion, dL.C and a cell gap of the
sealing material portion (ie., the thickness of the sealing
material resin), dS have always such a relationship, dL.C<dS.
Therefore, the sealing material is not so compressed during
adhering the substrates. On the other hand, when a resin BM
is used, dLC=~dS. In general, dLC is about 5 um, and dS is
about 6 um which is almost equivalent to dL.C. Thus, the
compression of the sealing material will be increased by
20% during adhering the substrates. As a result, a low
viscous resin component contained in the sealing material is
liable to be separated from the additives.

[0018] Tt is theoretically possible to solve the above-
described problems by optimizing the load and heating
conditions. However, because various types of liquid crystal
display devices are usually manufactured using the same
manufacturing apparatus, an enormous labor is required for
the determination of the load and heating conditions espe-
cially at the time of introducing a novel type of manufac-
turing apparatus. Therefore, this attempt is not practical.

[0019] The following further illustrates the problems of an
active matrix-type liquid crystal display device.

[0020] According to an active matrix-type liquid crustal
display device, when a sealing material is cured in adhering
the active matrix substrate to the counter substrate in, a
gushing phenomenon of a solvent contained in the sealing
resin may occur. That is, the bumping of the sealing material
may take place with the heat due to the thermal distribution
and the variation of the blended components before the
sealing material is completely cured. Thus, a solvent or a
component (e.g., a filler) for adjusting the viscosities of the
sealing material overflows from a region in which the
sealing material is originally formed. The gushing phenom-
enon is largely associated with the cell gap of the sealing
portion, as illustrated in detail. In adhering the substrates
together and curing the sealing material, the heat and pres-
sure are simultaneously applied and the desirable cell gap is
controlled by a spacer included in the sealing material and
a spacer sprinkled on the substrates prior to the adhering.
When a substrate gap (a cell gap) is narrow in the sealing
portion, a great pressure is concentrated together with heat
on the sealing material, which mainly contributes to the
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gushing, and in an extreme case, the gushed sealing material
reaches the effective display area. Even when it does not
reach the display area, there is also a reliability problem that
the sealing material has a different formulation from the
desirable formulation due to the gushing of the sealing
material components, and thus remains uncured inside the
cell even after the completion of the panel and is oozed out
into the display region during using to cause poor display.
For that reason, it is thought that the interlayer insulating
film (which is the thickest component of the active matrix
substrate) under the sealing material is removed. However,
when the interlayer insulating film in this portion is com-
pletely removed by patterning, another problem arises that it
is difficult to ensure the uniformity of a substrate gap (a cell
gap) in the entire panel. The interlayer insulating film is
formed by a spin coating method, and the like. Since the
required thickness of the interlayer insulating film is gener-
ally 3 um or more, it is extremely difficult to provide this
film having a uniform film thickness in the entire portion of
a large substrate. Therefore, when the interlayer insulating
film is not formed under the lower portion of the sealing
material and it is formed on the display region, the cell gap
of the display portion is varied in accordance with the
variation of the film thickness of the interlayer insulating
film.

[0021] Then, there has been proposed a structure that the
film thickness of a part of the interlayer insulating film under
the sealing material is made thinner instead of removing it
completely. FIGS. 39 and 40 are a schematic plan view of
such a substrate and a cross-sectional view taken along with
the B-B'line of this substrate, respectively. According to this
structure, since a part of the interlayer insulating film under
the sealing material has a film thickness thinner than the
other part by the prescribed amount, even when the film
thickness of the interlayer insulating film is varied, the film
thickness of a part of the interlayer insulating film under the
sealing material has the same variation, and therefore the
film thickness difference between the thinner film thickness
portion 604 and the other portion 607 remains at the same
level. The film thickness is controlled by the exposure and
development periods when the interlayer insulating film is
made from a photosensitive material, and the etching period
when it is made from a non-photosensitive material.

[0022] When a thinner film thickness portion is formed in
the prescribed portion of the interlayer insulating film, this
portion may have poorer chemical resistance than the other
portion. For example, when the thinner film thickness por-
tion is formed by an exposure and development procedure
using a positive-type photosensitive resin, it is exposed to a
light for a shortened suitable exposure period than the case
where the film is completely removed by patterning which
requires a sufficient exposure of the light, the exposure
stopped at the time when its crosslinking structure is par-
tially decomposed, and then developed. Therefore, this
partially exposed portion may have poorer chemical stability
compared to the non-exposed portion. Also, when it is
formed by a photolithography and etching procedure using
a non-photosensitive resin, the thinner film thickness portion
may be structurally unstable compared to the other portion
because it is exposed to an etchant, and the like. When a
transparent conductive film which constitutes a pixel elec-
trode is formed on the interlayer insulating film thus formed,
defects such as film lifting and peeling may occur on the
interlayer insulating film because the thinner film thickness
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portion of the interlayer insulating film comes into contact
with the developer and the etchant.

[0023] Moreover, the adhesion of both substrates of a
liquid crystal display device having an interlayer insulating
film is made by a sealing material through the interlayer
insulating film (for example, an acrylic resin film) on the
TFT substrate. Since the sealing material has an insufficient
adhesive strength to the interlayer insulating film, the result-
ing liquid crystal display device has insufficient mechanical
strength as well as sealing property.

[0024] As described above, a liquid crystal display device
having excellent mechanical strength as well as sealing
property without any poor display caused by the sealing
material, and a convenient process for producing the same
are desirable.

SUMMARY OF THE INVENTION

[0025] The liquid crystal display device of the invention
includes a pair of opposite substrates, and a liquid crystal
layer as a display medium disposed between said substrates.
The pair of substrates are adhered together by a resin sealing
material disposed on the periphery portion of at least one of
said substrates at the prescribed gap, and an outflow pre-
venting portion having a plurality of concave portions is
provided so that at least a part of said outflow preventing
portion overlaps with said sealing material.

[0026] In one embodiment of the invention, said plurality
of concave portions are alternatively arranged on both sides
of one straight line, the adjacent concave portions arranged
on both sides of said straight line are at least contacted or
overlapped with each other, and the concave portions
arranged on the same side of said straight line are separated
from each other by a flat portion.

[0027] In another embodiment of the invention, the depth
of each of said plurality of concave portions is 5000 ang-
stroms or more.

[0028] In another embodiment of the invention, said out-
flow preventing portion is provided in a region located on
the liquid crystal layer side from the center of the width of
said scaling material and not reaching said liquid crystal
layer.

[0029] In still another embodiment of the invention, said
plurality of concave portions are arranged in a checkered
shape.

[0030] In still another embodiment of the invention, said
sealing material is continuously disposed on the four sides of
the periphery portion of at least one of said substrates, and
said outflow preventing portion is provided along with said
sealing material.

[0031] In still another embodiment of the invention, said
outflow preventing portion is provided in an interlayer
insulating film formed on one of said substrates.

[0032] In still another embodiment of the invention, a
color filter having color layers divided by a resin black
matrix is provided on one of said pair of substrates.

[0033] In still another embodiment of the invention, the
substrate having said color filter formed thereon has a flat
surface in at least the vicinity of said sealing material, and
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the other substrate has a flat surface in at least the vicinity
of said sealing material by an interlayer insulating film
formed thereon.

[0034] According to another aspect of the invention, a
process for producing a liquid crystal display device is
provided. The method includes the steps of: forming an
outflow preventing portion on the prescribed location of one
of a pair of substrates; disposing a sealing material on the
prescribed location of the other substrate; adhering said
substrate having said outflow formed thereon to said sub-
strate having said sealing material disposed thereon so as not
to overlap said outflow preventing portion with said sealing
portion; and pressing said pair of the adhered substrates to
deform said sealing material into a compressed shape, and
overlapping at least a part of said outflow preventing portion
with said sealing material when the gap of said substrates
reaches the prescribed gap.

[0035] According to still another aspect of the invention,
the liquid crystal display device includes: a first substrate
having a switching element, an interlayer insulating film
formed on said switching element, and a pixel electrode
formed on said interlayer insulating film; a second substrate
adhered together to the first substrate a sealing material at
the prescribed gap; and a liquid crystal layer disposed in a
space defined by the first and second substrates and said
sealing material. An adhesion reinforcing portion is pro-
vided in at least a part of said interlayer insulating film
contacting said sealing material.

[0036] According to still another aspect of the invention,
the liquid crystal display device includes: an active matrix
substrate having a plurality of scanning lines and signal lines
crossing to each other, a display pixel provided in a region
surrounded by the adjacent scanning lines and adjacent
signal lines, a switching element corresponding to said
display pixel, said switching element receiving a scanning
signal from said scanning lines and an input signal from said
signal line, an interlayer insulating film covering said lines
and said switching element, and a pixel electrode provided
on said interlayer insulating film corresponding to said
display pixel; a counter substrate having a counter electrode
opposite to said pixel electrode and adhered to said active
matrix substrate by a sealing material at the prescribed gap;
and a liquid crystal layer disposed in a space defined by said
active matrix substrate, said counter substrate electrode and
said sealing material. An adhesion reinforcing portion is
provided in at least a part of said interlayer insulating film
contacting said sealing material.

[0037] Inoneembodiment of the invention, said switching
clement is a thin film transistor, and wherein said active
matrix substrate has a gate insulating film formed on the gate
electrode of said thin film transistor, and a part of said
adhesion reinforcing portion is provided in said gate insu-
lating film and the outside of the display region.

[0038] In another embodiment of the invention, said dis-
play region is a rectangular shape, and said adhesion rein-
forcing portion is provided in the corner portions of said
interlayer insulating film.

[0039] In still another embodiment of the invention, said
adhesion reinforcing portion is a space defined by removing
the corner portions of said interlayer insulating film, or a
hole penetrating said interlayer insulating film.

Nov. 7, 2002

[0040] According to still another aspect of the invention,
the liquid crystal display device includes: an active matrix
substrate having a plurality of scanning lines and signal lines
crossing to each other, a switching element provided in a
matrix shape, said switching element receiving a scanning
signal from said scanning lines and an input signal from said
signal line, and a pixel electrode provided corresponding to
said switching element; a color filter substrate having color
filter layers and a black matrix and adhered to said active
matrix substrate by a sealing material at the prescribed gap;
and a liquid crystal layer disposed between said active
matrix substrate and said color filter substrate. An interlayer
insulating film is provided between said lines and said pixel
electrode and in a region including a region having said
sealing material disposed.

[0041] 1In one embodiment of the invention, an outflow
preventing portion is provided in said interlayer insulating
film under said sealing material.

[0042] 1In another embodiment of the invention, said out-
flow preventing portion comprises two or more portions
having different thicknesses.

[0043] In still another embodiment of the invention, said
outflow preventing portion comprises a portion having the
same thickness as that of said interlayer insulating film
formed in a region corresponding to said pixel electrode, and
a portion defined by removing a part of said interlayer
insulating film.

[0044] In still another embodiment of the invention, said
outflow preventing portion comprises three or more portions
having different thicknesses, and said three or more portions
having different thicknesses include a portion having the
same thickness as that of said interlayer insulating film
formed in a region corresponding to said pixel electrode, and
a portion defined by removing a part of said interlayer
insulating film.

[0045] In still another embodiment of the invention, said
black matrix is made from a resin.

[0046] In still another embodiment of the invention, a
level between said color filter layer and said black matrix
layer is constant.

[0047] In still another embodiment of the invention, a
transparent conductive film constituting said pixel electrode
is provided on said outflow preventing portion.

[0048] In still another embodiment of the invention, said
transparent conductive film is provided so as to cover the
entire portion of said outflow preventing portion.

[0049] In still another embodiment of the invention, said
transparent conductive film is provided in regions other than
a region corresponding to said line formed under said
outflow preventing portion.

[0050] In still another embodiment of the invention, said
transparent conductive film is provided in regions corre-
sponding to said lines formed under said outflow preventing
portion, and wherein said transparent conductive film pro-
vided in the regions corresponding to said lines is electri-
cally separated from each other.

[0051] In still another embodiment of the invention, a
convex portion is provided in said outflow preventing por-
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tion corresponding to the electrically separated portion of
said transparent conductive film.

[0052] In still another embodiment of the invention, a
portion defined by removing a part of the interlayer insu-
lating film is provided in the outflow preventing portion
corresponding to the electrically separated portion of said
transparent conductive film.

[0053] According to still another aspect of the invention,
a process for producing a liquid crystal display device is
provided. The method includes the steps of: forming an
interlayer insulating film using a photosensitive resin mate-
rial; and exposing the prescribed portion of said interlayer
insulating film with a prescribed exposure amount of light
and developing said portion, so as to form an outflow
preventing portion.

[0054] In one embodiment of the invention, the prescribed
portion of said interlayer insulating film is exposed with n
classes of the exposure amounts and developed to form said
outflow preventing portion having n types of different thick-
nesses.

[0055] Thus, the invention described herein makes pos-
sible the advantages of: (1) providing a liquid crystal display
device having excellent mechanical strength as well as
sealing property without any poor display caused by the
sealing material; and (2) providing a convenient process for
producing such a liquid crystal display device.

[0056] These and other advantages of the present inven-
tion will become apparent to those skilled in the art upon
reading and understanding the following detailed descrip-
tion with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0057] FIG.1is aschematic cross-sectional view showing
the vicinity of the sealing material of a liquid crystal display
device according to a preferred embodiment of the present
invention.

[0058] FIG. 2 is a schematic plan view of the liquid
crystal display device of FIG. 1.

[0059] FIG. 3 is a schematic cross-sectional view showing
the TFT portion of a liquid crystal display device according
to a preferred-embodiment of the present invention.

[0060] FIGS. 4A to 4C are schematic cross-sectional
views showing a process for producing a liquid crystal
display device according to a preferred embodiment of the
present invention.

[0061] FIG. 5 is a schematic view illustrating a display
screen size (13.8") of a liquid crystal display device used for
a test demonstrating the effects of the present invention.

[0062] FIG. 6 is a schematic view illustrating a display
screen size (12.1") of a liquid crystal display device used for
a test demonstrating the effects of the present invention.

[0063] FIG. 7 is a schematic view illustrating a display
screen size (10.4") of a liquid crystal display device used for
a test demonstrating the effects of the present invention.

[0064] FIG. 8 is a schematic view illustrating a display
screen size (6.4") of a liquid crystal display device used for
a test demonstrating the effects of the present invention.
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[0065] FIG. 9 is a schematic plan view showing the
vicinity of the sealing material of a liquid crystal display
device used for evaluating the shape of the concave portion
of an outflow preventing portion formed on the liquid crystal
display device of the present invention.

[0066] FIG. 10 is a schematic plan view showing the
vicinity of the sealing material of another liquid crystal
display device used for evaluating the shape of the concave
portion of an outflow preventing portion formed on the
liquid crystal display device of the present invention.

[0067] FIG. 11 is a schematic plan view illustrating a case
where a contact hole of the wire breakage inspection pad for
the signal line is also used for an outflow preventing portion
according to a preferred embodiment of the present inven-
tion.

[0068] FIG. 12 is a schematic cross-sectional view show-
ing the vicinity of the sealing material of a liquid crystal
display device according to another embodiment of the
present invention.

[0069] FIG. 13 is a schematic cross-sectional view show-
ing the vicinity of the sealing material of a liquid crystal
display device used for comparing with the liquid crystal
display device of FIG. 12.

[0070] FIG. 14 is a circuit structural view of a liquid
crystal display device according to still another embodiment
of the present invention.

[0071] FIG. 15 is a schematic plan view of the whole of
the liquid crystal display device of FIG. 14.

[0072] FIG. 16 is a schematic plan view of one pixel
portion of the liquid crystal display device of FIG. 14.

[0073] FIG. 17 is a cross-sectional view taken along with
the XVII-XVII line of FIG. 16.

[0074] FIG. 18 is an enlarged plan view of the XVIII
portion of FIG. 15.

[0075] FIG. 19 is a cross-sectional view taken along with
the XIX-XIX line of FIG. 18.

[0076] FIG. 20 is a cross-sectional view taken along with
the XX-XX line of FIG. 18.

[0077] FIG. 21 is a schematic cross-sectional view show-
ing the vicinity of the sealing material of a liquid crystal
display device according to a preferred embodiment of the
present invention.

[0078] FIG. 22 is a schematic cross-sectional view of the
TFT substrate used for the liquid crystal display device of
FIG. 21.

[0079] FIG. 23 is a schematic plan view of the TFT
substrate of FIG. 22.

[0080] FIG. 24 is a graph showing a relationship between
the exposure energy and the remaining resin film amount of
a positive-type photosensitive resin.

[0081] FIG. 25 is a schematic cross-sectional view of the
conventional liquid crystal display device for comparison.

[0082] FIG. 26 is a schematic cross-sectional view of the
conventional liquid crystal display device for comparison.
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[0083] FIG. 27 is a schematic cross-sectional view show-
ing the vicinity of the sealing material of a liquid crystal
display device according to another embodiment of the
present invention.

[0084] FIG. 28 is a schematic plan view of the liquid
crystal display device of FIG. 27.

[0085] FIGS. 29A to 29C are schematic cross-sectional
views showing a process for producing a liquid crystal
display device according to a preferred embodiment of the
present invention.

[0086] FIG. 30 is a schematic cross-sectional view show-
ing the vicinity of the sealing material of a liquid crystal
display device according to still another embodiment of the
present invention in a direction crossing at a right angle of
the sealing material.

[0087] FIG. 31 is a schematic cross-sectional view show-
ing the vicinity of the sealing material of a liquid crystal
display device according to still another embodiment of the
present invention in a direction crossing at a right angle of
the sealing material.

[0088] FIG. 32 is a schematic cross-sectional view show-
ing the vicinity of the sealing material of a liquid crystal
display device according to still another embodiment of the
present invention in a direction parallel to the sealing
material.

[0089] FIG. 33 is a schematic cross-sectional view show-
ing the vicinity of the sealing material of a liquid crystal
display device according to still another embodiment of the
present invention in a direction parallel to the sealing
material.

[0090] FIG. 34 is a schematic cross-sectional view show-
ing the vicinity of the sealing material of a liquid crystal
display device according to still another embodiment of the
present invention in a direction parallel to the sealing
material.

[0091] FIG. 35 is a schematic cross-sectional view show-
ing the vicinity of the sealing material of a liquid crystal
display device according to still another embodiment of the
present invention in a direction parallel to the sealing
material.

[0092] FIG. 36 is a cross-sectional view showing the
vicinity of the sealing material of the conventional liquid
crystal display device.

[0093] FIG. 37 is a schematic plan view of the conven-
tional active matrix substrate.

[0094] FIG. 38 is a schematic cross-sectional view taken
along with the A-A' line of the active matrix substrate of
FIG. 37.

[0095] FIG. 39 is a schematic plan view of the conven-
tional active matrix substrate.

[0096] FIG. 40 is a schematic cross-sectional view taken
along with the B-B' line of the active matrix substrate of
FIG. 39.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0097] The following specifically illustrates the preferred
embodiments of the present invention with reference to the
drawings, but the present invention is not limited to these
embodiments.
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[0098]

[0099] FIG.1is aschematic cross-sectional view showing
the vicinity of the sealing material of a liquid crystal display
device according to a preferred embodiment of the present
invention, and FIG. 2 is a schematic plan view of the liquid
crystal display device. FIG. 3 is a schematic cross-sectional
view showing the TFT portion of the liquid crystal display
device.

[0100] The liquid crystal display device comprises a TFT
substrate 101 and a color filter substrate 102 both of which
are opposite to each other, and a sealing material 103 formed
in the periphery portion between the substrates 101 and 102.
Preferably, the sealing material 103 is continuously formed
on the four sides of the periphery portion. A liquid crystal
layer 110 is interposed between the substrates 101 and 102
and is sealed by the sealing material 103. The liquid crystal
layer may contain any suitable liquid crystal material. The
substrates 101 and 102 are disposed at the prescribed cell
gap by using an intra-sealing spacer and a liquid crystal layer
spacer (both not shown in FIGS. 1 to 3, but described later).
Aliquid crystal inlet which is closed after the injection of the
liquid crystal material constituting the liquid crystal layer
110 is formed in the sealing material 103.

[0101] An interlayer insulating film 104 is formed on the
entire surface of the color filter 102 side of the TFT substrate
101. The interlayer insulating film 104 is extended to the
outside of the sealing material 103. A pixel electrode 202
which is a transparent conductive film is formed on the
interlayer insulating film 104 in a matrix shape, as illustrated
in FIG. 3, and a region on which the pixel electrode 202 is
formed constitutes a display portion. The above-described
sealing material 103 is formed on the periphery portion of
the substrates as surrounding the display portion. Under the
interlayer insulating film 104, any suitable TFT 201 is
formed in a matrix shape, and a scanning line 203 and a
signal line 204 for transmitting a gate signal and a source
signal (a display signal), respectively, to the TFT 201 are
also formed. The scanning line 203 and the signal line 204
are formed as crossing at a right angle to each other. A part
of the scanning line 203 constitutes a gate electrode of the
TFT 201, while a part of the signal line 204 constitutes its
source electrode. One terminal of a connecting piece 2054 is
electrically connected to a drain electrode 205 of the TFT
201, while the other terminal of the connecting piece 205
is electrically connected to the pixel electrode 202 through
a contact hole (not shown) formed as penetrating the inter-
layer insulating film 104.

[0102] An outflow preventing portion 109 is further
formed on the interlayer insulating film 104 as overlapping
the edge of the sealing material 103. The outflow preventing
portion 109 has concave portions 109a alternatively
arranged on both sides of one straight line. The adjacent
concave portions arranged on both sides of the straight line
are at least contacted or overlapped with each other, and the
concave portions arranged on the same side of the straight
line are separated from each other by a flat portion. The
outflow preventing portion 109 is, for example, in a check-
ered pattern, as illustrated in FIG. 2. A pitch of the outflow
preventing portion (an interval between the adjacent rect-
angles arranged on the same side) corresponds to, for
example, a pixel pitch. In this embodiment, the pitch of the
concave portions of the outflow preventing portion is pref-

Embodiment 1
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erably 100 um or less. The depth of each concave portion
1094 is preferably 5000 A or more (the upper limit of the
depth may be the film thickness of the interlayer insulating
film). The shape of each concave portion of the outflow
preventing portion viewed from the normal line direction of
the substrate may be, for example, rectangle, square, or a
polygon (for example, trapezoid, pentagon, hexagon). The
outflow preventing portion 109 is formed on the liquid
crystal layer 110 side from the center of the width of the
sealing material 103.

[0103] On the color filter substrate 102, a color filter
having red (R), green (G) and blue (B) color layers 106, 107
and 108 divided by a black matrix 105 is formed. The color
layers 106, 107 and 108 are formed using an acrylic resin or
gelatin on a region corresponding to the pixel electrode 202
of the above-described display portion. The black matrix
105 is formed using a metal such as Cr or CrO, or the like,
as its outside end portion extending to the outside of the
sealing material 103.

[0104] The following illustrates one preferred example of
a process for producing the liquid crystal display device of
this embodiment with reference to FIGS. 3 and 4A to 4C.

[0105] First, as illustrated in FIG. 4A, a color filter (a
color filter layer) having the R, G and B color filters 106, 107
and 108 divided by the black matrix 105 is formed on the
color filter substrate 102. Then, the sealing material 103 is
formed on the black matrix 105 by any suitable method (for
example, coating). The sealing material 103 comprises an
intra-sealing spacer 302 (for example, a glass fiber having a
diameter of 5.5 cm). The width of the sealing material 103
at the time of its formation is, for example, about 300 gam.
The sealing material 103 is designed as not overlapping with
the outflow preventing portion 109 at the time of its forma-
tion on the substrate 102, as illustrated in FIG. 4A.

[0106] Then, as illustrated in FIG. 3, the TFT 201, the
scanning line 203, the signal line 204 and the connecting
piece 205¢ are formed on the TFT substrate 101 using any
suitable materials by any suitable methods. Subsequently,
the interlayer insulating film 104 is formed thereon by
coating for example a photosensitive acrylic resin with a
film thickness of 3 um by a spin coating method. Then, a
contact hole is formed in the interlayer insulating film 104
by any suitable method (for example, etching), and the
outflow preventing portion 109 is formed in the prescribed
pattern (for example, a checkered pattern having a pixel
pitch). Then, a transparent conductive film is formed by a
sputtering method, and thereafter the transparent conductive
film is patterned by any suitable method to form the pixel
electrode 202. The pixel electrode 202 is electrically con-
nected to the drain electrode 205 of the TFT 201 through the
contact hole (not shown) and the connecting picce 205a.

[0107] According to this structure (i.c., having the inter-
layer insulating film formed), it is possible to form the pixel
electrode 202 as overlapping with the scanning line 203 and
the signal line 204. Therefore, because it is possible to
greatly enlarge an aperture portion which contributes to the
display (i.e., a portion applying an electric field on the liquid
crystal layer), a very bright liquid crystal display device can
be obtained. Also, since the interlayer insulating film 104 is
formed by, for example, a spin coating method, the lower
portion of the sealing material 103 is substantially flattened.
Additionally, either the TFT substrate 101 or the color filter
substrate 102 may be fabricated first.
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[0108] Then, the liquid crystal layer spacer 303 (for
example, a plastic spacer having a diameter of 4.5 um) is
spinkled on the TFT substrate 101, and as illustrated in FIG.
4B, the TFT substrate 101 and the color filter substrate 102
are adhered together, and pressed with a load until the
prescribed cell gap is obtained. The load, a period until the
load reaches the prescribed level (a load imposing rate), and
a pressing period (a maintaining period with the prescribed
load) may be varied depending upon the applications of the
intended liquid crystal display device and the size of the cell
gap, but the load is preferably 1000 to 1200 kgf, the load
imposing rate is preferably 5 to 15 seconds, and the pressing
period is 60 minutes or more in this embodiment.

[0109] The sealing material 103 is deformed into a com-
pressed shape by the pressing, As illustrated in FIG. 4C, the
width of the sealing material 103 at the time of the comple-
tion of the curing procedure is, for example, about 1000 ym.
Also, the edge portion of the sealing material 103 is over-
lapped with the outflow preventing portion 109, and as
illustrated in FIG. 2, the outflow preventing portion 109 is
located on the liquid crystal layer 110 side from the center
of the width of the sealing material 103. Moreover, the
outflow preventing portion 109 does not reach the liquid
crystal layer 110. As mentioned above, the width of the
sealing material 103 at the time of its formation is, for
example, about 300 um, and the sealing material 103 is
designed as not overlapping with the outflow presenting
portion 109. This is to prevent the bubbles present in the
outflow preventing portion 109 from remaining inside the
sealing material 103 by deforming the sealing material into
the prescribed sealing width while pushing out the bubbles
present in the outflow preventing portion 109 during the
course of the deformation of the sealing material.

[0110] Then, any suitable liquid crystal material is injected
between the adhered substrates by any suitable method to
form a liquid crystal layer. As described above, the liquid
crystal display device of this embodiment is fabricated.

[0111] The liquid crystal display device of this embodi-
ment and the conventional liquid crystal display device were
actually fabricated, and their display characteristics were
evaluated. The following illustrates the results.

[0112] Four types of the liquid crystal display devices of
this embodiment (those comprising an interlayer insulating
film having an outflow preventing portion provided with
concave portions having a depth of 3 um) having different
display screen sizes as illustrated in FIGS. 5 to 8§ were
fabricated using a glass substrate (No. 7059 manufactured
by Corning, Corp.) having a size of 465 mmx360 mm and
a thickness of 1.1 mm. Also, another four types of the liquid
crystal display devices of this embodiment were fabricated
by the same procedure except that the depth of the concave
portion is set 5000 A. On the other hand, four types of the
conventional liquid crystal display devices (comparative
examples) having different display screen sizes as illustrated
in FIGS. 5to 8 were fabricated by the same procedure as that
for the liquid crystal display devices of this embodiment
except that the outflow preventing portion is not formed in
the interlayer insulating film. A thermosetting resin (XN-21S
manufactured by Mitsui Toatsu Kagaku, Corp.) was used as
the sealing material for all of the liquid crystal display
devices fabricated.

[0113] Specific fabrication conditions (the adhering con-
ditions of the substrates) for all of the liquid crystal display
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devices thus fabricated were as follows: (A) a load imposing
rate, 10 second; (B) a pressing load, two levels of 1000 kgf
and 1200 kgf; (C) a curing temperature, 170° C.; and (D) a
heating rate until reaching the curing temperature, two levels
of 10° C./minute and 5° C./minute. However, the load
imposing rate, the pressing load and the heating rate until
reaching the curing temperature were 10 seconds, 1000 kgf
and 5° C./mi nute, respectively, for the liquid crystal display
devices having a concave portion depth of 5000 A in the
outflow preventing portion.

[0114] They were evaluated based on whether the resin
component of the sealing material was separated and flowed
out or not, and whether the resin component of the sealing
material reaches the display portion (2 mm apart from the
edge portion of the sealing material) or not. The results of
the evaluation are illustrated in Table 1.
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any poor display. Therefore, it is preferred that the concave
depth of the outflow preventing portion be 5000 A or more
in the present invention.

[0117] Also, the display characteristics were evaluated by
varying the shape (viewed from the normal line direction of
the substrate) of the concave portion of the outflow prevent-
ing portion. The following illustrates the results.

[0118] A liquid crystal display device having a display
screen size of 12.1 inches was fabricated by the same
procedure as described above except that the outflow pre-
venting portion was formed as shown in FIG. 9. Also, a
liquid crystal display device having a display screen size of
12.1 inches was fabricated by the same procedure as
described above except that the outflow preventing portion
was formed as shown in FIG. 10. Other test conditions were
the same as those described above. The outflow preventing

TABLE 1
Pressing
load The depth of
Heating 1000 ke 1200 kg concave portion
Sample rate 5°C/min  10° C/min  10° C./min 5000A
Embodiment 1 With concave ~ 12.1" O O O O
portion 13.8" O O O O
(The depth 10.4" O O O A
of 3 um) 6.4" O O O A
Conventional ~ Without 12.1" A X X —
concave 13.8" A X X —
portion 10.4" A A X —
6.4" O A A —

[0115] In Table 1, O indicates that the device provides a
good display (the resin component of the sealing material
neither flows out nor reaches the display portion); A indi-
cates that the device provides a slightly poor display (the
resin component of the sealing material flows out, but does
not reach the display portion); and x indicates that the device
provides a poor display (the resin component of the sealing
material flows out and reach the display portion).

[0116] As can be seen from Table 1, none of the conditions
according to this embodiment provides a poor display.

portion illustrated in FIG. 9 has concave portions 1094
having a pitch half of that of FIG. 2 and arranged in a
checkered shape, and the outflow preventing portion 109'
illustrated in FIG. 10 has island-like concave portions
arranged in a row.

[0119] The display characteristic of each liquid crystal
display device was evaluated based on the same criteria as
described above. The results of the evaluation are illustrated
in Table 2.

TABLE 2
The depth of
Sample Pressing load 1000 ke 1200 kg concave portion
(12.17 Heating rate 5°C/min  10° C/min  10° C./min 5000A
With concave portion  Half pitch O O O O
(The depth of 3 #gm)  concave portion
Island-like O A A A

concave portion

Although a separation of the resin component is observed in
two types of the liquid crystal display devices having a
concave depth of 5000 A in the outflow preventing portion
and having a smaller display screen size, they do not provide

[0120] As can be seen from Table 2, the display charac-
teristic of the liquid crystal display device comprising an
outflow preventing portion with checker-shaped concave
portions having a half pitch is good, while the display
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portions arranged in a row is slightly poor (i.e., the resin
component flows out from a portion on which the concave
portions are not formed).

[0121] Therefore, it is preferred in the present invention
that the outflow preventing portion 109 formed on the
interlayer insulating film have concave portions 1094 alter-
natively arranged on both sides of one straight line, the
adjacent concave portions arranged on both sides of the
straight line be at least contacted or overlapped with each
other, and the concave portions arranged on the same side of
the straight line be separated from each other by a flat
portion (for example, in a checkered shape). In other words,
it is preferred that the adjacent concave portions be not
completely separated from each other. The formation of the
outflow preventing portion allows the resin component
separated from the sealing material to be collected in the
concave portions, and thus prevents it from randomly flow-
ing out. Also, as described above, the shape of the concave
portion may be, for example, square, or a polygon (for
example, trapezoid, pentagon, hexagon) in addition to a
rectangle. This will be applied to other embodiments.

[0122] This embodiment also includes a case where a
contact hole of an inspection pad 206 for the breakage of the
signal line 204 and the scanning line 203 is formed under the
lower portion of the sealing material 103, and used as the
outflow preventing portion. In this case, it is preferred that
the ratio of the areas of the concave portions 109 to a part
of the interlayer insulating film 104 on which the sealing
material 103 is formed (See, FIGS. 1 and 2 for both) be as
equal as possible in four sides of the substrates in order to
provide a uniform cell gap in four sides of the substrates.
Thus, an inspection pad-shaped concave portion (an outflow
preventing portion) may be formed on a side on which the
inspection pad 206 is not formed.

[0123] Although the outflow preventing portion is formed
on the liquid crystal layer side of the sealing material 103 in
this embodiment, it may be formed on the outside of the
sealing material. In this case, it is also possible to prevent the
resin component of the sealing material from flowing out in
the same manner. The outside of the sealing material 103
provides an increased cell gap due to an difference in level
between the color filter substrate 102 and the black matrix
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same resin material as that of the color layers 106, 107 and
108, as illustrated in FIG. 12. The outflow preventing
portion 109 is formed in the interlayer insulating film 104 of
the TFT substrate 101 as with Embodiment 1.

[0126] In this case, since the black matrix is formed from
a resin material, it is possible to increase the thickness of the
black matrix 301. For example, the thickness of the black
matrix is about 15000 angstroms in this embodiment. There-
fore, it is possible to flatten the surface of the color filter.
When a black matrix made from a resin material is used, the
cell gap of the liquid crystal layer portion will be substan-
tially equal to that of the sealing portion, unlike a case of
using a black matrix made from a metal (for example, Cr).
Thus, a difference in level between the black matrix 105
made from Cr (ie., not made from a resin) and the color
layers 106, 107 and 108, which is observed in the conven-
tional liquid crystal display device shown in FIG. 36, is
eliminated to provide a benefit that the outflow of the resin
component of the sealing material into the color layers can
be prevented.

[0127] The following illustrates a comparison in display
characteristics between the liquid crystal display device of
this embodiment shown in FIG. 12 and the conventional
liquid crystal display device shown in FIG. 13. The con-
ventional liquid crystal display device shown in FIG. 13 is
fabricated by adhering a color filter substrate 102 to a TFT
substrate 101a comprising an interlayer insulating film hav-
ing no outflow preventing portion. Two types (display screen
sizes of 12.1 inches and 6.4 inches) of each of the liquid
crystal display devices of this embodiment and the conven-
tional liquid crystal display devices were fabricated. Also,
the cell gap of each of these four liquid crystal display
devices was varied from 4 ym to 6 um. The fabrication
conditions (the adhering conditions of the substrates) were a
press load of 1200 kgf, a curing temperature of 170° C., and
a heating rate until reaching the curing temperature of 10°
C./minute.

[0128] The display characteristic of each liquid crystal
display device was evaluated based on the same criteria as
described above. The results of the evaluation are illustrated
in Table 3.

TABLE 3
Cell gap
Sample 4um  45um Spm 55um 6 um
Conventional ~ Without concave ~ 12.1" X X X A o
portion 6.4" X X A ! o
Embodiment 2 With concave 12.1" o ) o o o
portion (The 6.4" o o o o o

depth of 3 ym)

105, as illustrated in FIG. 1. Therefore, the resin component
of the sealing material does not usually flow out into the
display portion located inside of the sealing material, and
thus no poor display caused by the sealing material occurs.

[0124]

[0125] This embodiment provides a case where a black
matrix 301 of the color filter substrate 102 is made from the

Embodiment 2

[0129] As can be seen from Table 3, the conventional
liquid crystal display device provides a very poor display,
when the cell gap is small (5 um or less).

[0130] Therefore, it is theoretically preferred that the cell
gap of the liquid crystal layer be 5.5 um for all the liquid
crystal display devices to be fabricated, but it is practically
very difficult to change the cell gap in a case where the cell
gap is already determined by a birefringence ratio An of the
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liquid crystal material so that it provides a relationship of
d<5.5 um. The birefringence ratio An of the liquid crystal
material in the liquid crystal layer must be varied so as to
change the cell gap. The variation of An may change the
reliability, electro-optical characteristics and the like of the
liquid crystal display device.

[0131] Thus, when the cell gap is reduced in the conven-
tional liquid crystal display device, a poor display caused by
the sealing material occurs. On the other hand, according to
this embodiment, even when the cell gap is reduced to 4 um,
no poor display caused by the outflow of the resin compo-
nent of the sealing material is observed by the formation of
the outflow preventing portion 109 on the TFT substrate
101, as illustrated in FIG. 12. Therefore, this embodiment is
especially useful for the improvement of the poor display of
a liquid crystal display device having an already determined
An value based on a relationship of d<5.5 um.

[0132] Also, the same effect was observed, when the same
outflow preventing portion was formed on the color filter
substrate. Accordingly, the outflow preventing portion may
be formed on at least one of the TFT substrate and the color
filter substrate in the present invention.

[0133] Although a liquid crystal display device compris-
ing a liquid crystal layer as a display medium between a pair
of substrates is illustrated above for simplicity, the present
invention is applicable to any liquid crystal display devices
comprising substrates adhered together by a sealing mate-
rial. For example, the present invention can be applied to a
liquid crystal display device comprising a liquid crystal
region and a polymer region surrounding said liquid crystal
region between a pair of substrates.

[0134] Embodiment 3

[0135] The following illustrates an active matrix-type lig-
uid crystal display device which is still another embodiment
of the present invention. First, the circuit of the active
matrix-type liquid crystal display device is illustrated with
reference to FIG. 14. Gate bus lines 4 which are scanning
lines are connected to a plurality of scanning terminals 2
located in the linear direction, while source bus lines 8
which are signal lines are connected to a plurality of signal
terminals 6 located in the row direction. Each of the gate bus
lines 4 and each of the source bus lines 8 cross each other
(substantially at a right angle in this embodiment). A display
pixel 10 is formed in a region surrounded by the adjacent
gate bus lines and the adjacent source bus lines. The display
pixel 10 comprises a pixel electrode 12, a switching element
(an active element) 14 such as TFT, and a storage capacitor
16. The pixel electrode 12 is opposite to a counter electrode
18. The storage capacitor 16 is commonly connected to a
storage capacitor bus line 20. A gate signal is scanned on
each gate bus line 4 in a direction indicated by an arrow in
the figure, and applied to a gate electrode of each switching
element 14, thereby applying a signal from each source bus
line 8 to the pixel electrode 12 through the source electrode
and drain electrode of the switching element 14. A liquid
crystal layer which is a display medium is disposed between
the pixel electrode 12 and the counter electrode 18, and an
orientation of the liquid crystal molecules is varied depend-
ing upon the applied voltage to change the optical properties
of the liquid crystal layer. A display is performed using the
variation of the optical properties of the liquid crystal layer.

[0136] The whole plane structure of a liquid crystal dis-
play device having such a circuit is illustrated with reference
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to FIG. 15. The liquid crystal display device comprises a
pair of substrates which are oppositely disposed. On one
substrate 22 (an active matrix substrate), a scanning terminal
2, a gate bus line 4, a signal terminal 6, a source bus line 8,
and a display pixel 10, and the like are formed, while on the
other substrate 24 (a counter substrate), a counter electrode
18 and the like are formed. The active matrix substrate 22
and the counter substrate 24 are adhered together at the
prescribed gap (a cell gap) by a sealing material 28. The
sealing material is formed on the periphery portion of the
substrates. A liquid crystal material is injected and sealed
into a region surrounded by the sealing material (a display
region 26).

[0137] Then, one pixel portion of this liquid crystal dis-
play device is illustrated with reference to FIG. 16. FIG. 16
is a schematic plan view of one pixel portion of the liquid
crystal display device. A pixel electrode 12 is formed in each
of the rectangular regions surrounded by the adjacent gate
bus lines 4 and source bus lines 8 which are formed on an
active matrix substrate 22. A part of the gate bus line 4 and
the source bus line 8 is overlapped with the periphery
portion of the pixel electrode 12. In the vicinity of a crossing
point of the gate bus line 4 and the source bus line 8, a
switching element 14 (for example, TFT) which is con-
nected to the pixel electrode 12 is formed. The gate bus line
4 and the source bus line 8 arc connected to the gate
electrode and the source electrode of the switching element
14, respectively. The drain electrode of the switching ele-
ment 14 is connected to the pixel electrode 12 through a
contact hole 30. A bus line 32 which constitutes a storage
capacitor between the switching element 14 and the drain
electrode through an insulating film is connected to the
counter electrode at the same potential.

[0138] Then, the cross-sectional structure of one pixel
portion of this liquid crystal display device is illustrated with
reference to FIG, 17. FIG. 17 is a cross-sectional view taken
along with the XVII-XVII line of FIG. 16. A gate electrode
36 of the switching element 14 is formed on a transparent
insulating substrate 22. A gate insulating film 38 is formed
on the gate electrode 36. A semiconductor layer 40 is formed
and layered on the gate electrode 36. On both edge portions
of the semiconductor layer 40, N°° -Si layers 42 and 44 are
formed. While a source electrode 46 of the switching
clement 14 is formed on one N*-Si layer 42, a drain
electrode 48 is formed on the other N*-Si layer 44. An
interlayer insulating film 50 is formed as covering the
switching element 14, the gate bus line 4 and the source bus
line 8. A pixel electrode 12 made from a transparent con-
ductive film is formed on the interlayer insulating film 50.
The drain electrode 48 of the switching element 14 is
electrically connected to the pixel electrode 12 through a
contact hole 30 penetrating the interlayer insulating film 50.
An alignment film 54 is formed on the pixel electrode 12.

[0139] On the other hand, a color filter layer 58, a counter
electrode 18 made from a transparent conductive film, and
an alignment film 60 are formed on a transparent insulating
substrate 24. The substrates 22 and 24 are adhered together
by a sealing material (described below) as maintaining a gap
therebetween with a spacer 62.

[0140] A liquid crystal layer 64 is disposed between the
substrates 22 and 24. A polarizing plate, a lighting equip-
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ment, a phase difference plate, and the like which are located
on the outer surface of each of the substrates 22 and 24 are
not shown in the figure.

[0141] Then, the structure of a corner portion of the liquid
crystal display device is illustrated with reference to FIGS.
18 to 20. FIG. 18 is an enlarged plan view of the XVIII
portion of FIG. 15; FIG. 19 is a cross-sectional view taken
along with the XIX-XIX line of FIG. 18; and FIG. 20 is a
cross-sectional view taken along with the XX-XX line of
FIG. 18. A scaling material 28 is disposed between the
substrates 22 and 24, and a liquid crystal material is sealed
in a space defined by the substrates 22 and 24 and the sealing
material 28. A region in which the liquid crystal material is
sealed is a display region 26. An interlayer insulating film 50
on the substrate 22 is formed on the outside of the display
region 26, and an adhesion reinforcing portion 50« is formed
on its corner portion. The adhesion reinforcing portion 50a
is defined by such a space that the sealing material 28 can be
directly contacted with the gate insulating film 38 of the
substrate 22 and also directly contacted with a light-shading
layer (a black matrix) of the color filter layer 58. The
adhesion reinforcing portion 50z may be for example a
space defined by removing the corner portion of the inter-
layer insulating film 50, or a hole penetrating the interlayer
insulating film. Neither the lines and alignment film formed
on the substrate 22 nor the transparent conductive film and
alignment film formed on the substrate 24 extends over the
adhesion reinforcing portion 50a. Therefore, the sealing
material 28 can be directly contacted with the gate insulating
film 38 of the substrate 22 and the light-shading layer (a
black matrix made from a metal such as Cr) of the substrate
24 in the adhesion reinforcing portion 50a. Since both the
gate insulating film 38 and the light-shading layer have
excellent adhesiveness to the sealing material 28 (for
example, an epoxy region), the substrates 22 and 24 are
adhered together with an adequate adhesive strength by the
sealing material 28. The adhesion reinforcing portion 50a is
formed in a corner portion of the interlayer insulating film
50, because it does not affect the display characteristics of
the liquid crystal display device in the corner portion.
Therefore, the adhesion reinforcing portion 50a may be
formed in any location of the interlayer insulating film 50,
so long as it does not affect the display characteristics of the
liquid crystal display device.

[0142] The following illustrates a process for producing
the liquid erystal display device of this embodiment. First, a
glass substrate is used as the substrate 22. A single layer or
multi-layers of a metal film such as Ta, Ti, Al, Cr and the like
are deposited on the substrate 22 by a sputtering method, and
patterned to form a gate bus line and a storage capacitor bus
line. In this embodiment, Ta is used. Subsequently, a silicon
nitride (SiNy) is deposited at 3000 angstroms to form a gate
insulating film 38 by a plasma CVD method. A semicon-
ductor layer 40 is formed by a plasma CVD method. The
semiconductor layer is made from, for example, an amor-
phous silicon (a-Si), and has for example a film thickness of
about 1000 angstroms. Then, the semiconductor layer 40 is
patterned, and phosphorus-doped amorphous silicon layers
42 and 44 are formed. These layers 42 and 44 are formed in
order to accomplish an ohmic contact between the semicon-
ductor layer 40 and the subsequently formed source elec-
trode 46 and drain electrode 48. In this embodiment, a
phosphorus-doped amorphous silicon is deposited at a thick-
ness of 800 angstroms by a plasma CVD method, and then
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patterned by any suitable method to form the phosphorus-
doped amorphous silicon layers 42 and 44. Subsequently, a
metal such as Ta, Ti, Al, Cr and the like is deposited by a
sputtering method, and then patterned by any suitable
method to form a source bus line 8 and a source electrode 46.
In this embodiment, Ta is used. A transparent conductive
film is further formed by any suitable method, and patterned
to form a drain electrode 48. In this embodiment, the
transparent conductive film is formed using a tin-doped
indium oxide by a sputtering method. A photosensitive
acrylic resin is further coated by a spin coating method to
form an interlayer insulating film 50. The interlayer insu-
lating film is exposed in the desirable pattern, and developed
with an alkaline solution. Thus, only the exposed portion is
etched to form a contact hole 30 penetrating the interlayer
insulating film 50. An adhesion reinforcing portion 50a is
formed at the same time of the formation of the contact hole.
Then, A pixel electrode 18 is formed on the interlayer
insulating film 50. In this embodiment, the pixel electrode
18 is formed by depositing a tin-doped indium oxide film by
a sputtering method, and patterning the film.

[0143] On the other hand, a glass substrate is used as the
substrate 24 in this embodiment. A color filter layer 58
comprising color layers providing red, blue and green trans-
mitting lights and arranged in a stripe shape is formed on the
substrate 24. A light-shading layer for preventing the switch-
ing element from operating mistakenly by an incoming light
from outside is formed between each of the color layers. In
this embodiment, an acrylic resin comprising the prescribed
color pigment dispersed therein is used for the color layers,
and Cr is used for the light-shading layer. A transparent
counter electrode 18 is formed on the color filter 58 by a
sputtering method using a tin-doped indium. In the forma-
tion of the counter electrode, it is preferred that the counter
electrode be not formed by using a mask in a portion with
which the sealing material is contacted, because the sealing
material has an inadequate adhesiveness to the counter
electrode.

[0144] On each of the substrates 22 and 24 thus fabricated,
a polyimide resin-containing solution is coated by an offset
printing method to form alignment films 54 and 60. In the
formation of the alignment films, the alignment films 54 and
60 are not formed in a portion with which the sealing
material 28 is contacted by using a suitable printing plate.
This is to prevent water from invading inside the liquid
crystal display device due to the polyimide resin which is
highly hygroscopic, and to increase the adhesive strength of
the sealing material 28. The substrates 22 and 24 on which
the alignment films are formed are baked in an oven, and the
alignment films are subjected to rubbing treatment. Then, a
spacer 62 is sprinked on the surface of the substrates 22 and
24, which are struck together through the sealing material. A
polymer bead having the prescribed size are used for the
spacer 62, and a resin (for example, an epoxy resin) is used
for the sealing material 28. Thereafter, a liquid crystal
material which constitutes a liquid crystal layer 64 is
injected between the adhered substrates by a vacuum injec-
tion method. Thus, the liquid crystal display device is
fabricated.

[0145]

[0146] This embodiment, and Embodiments 5 and 6
described later, illustrate cases in which an outflow prevent-
ing portion is formed under the sealing material.

Embodiment 4
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[0147] FIG. 21 is a schematic cross-sectional view show-
ing the vicinity of the sealing material of a liquid crystal
display device in this embodiment. FIG. 22 is a schematic
cross-sectional view of the active matrix substrate used for
the liquid crystal display device. FIG. 23 is a schematic plan
view of the active matrix substrate of FIG. 22. FIG. 22
corresponds to a cross-section taken along with the A-A'line
of FIG. 23.

[0148] The liquid crystal display device comprises an
active matrix substrate 401 and a color filter substrate 402
both of which are opposite to each other, and a sealing
material 403 formed in the periphery portion between the
substrates 401 and 402. Preferably, the sealing material 403
is continuously formed on the four sides of the periphery
portion. A liquid crystal layer 410 is interposed between the
substrates 401 and 402 with being sealed by the sealing
material 403. The liquid crystal layer contains any suitable
liquid crystal material. The substrates 401 and 402 are
disposed at the prescribed cell gap by using a spacer 412
contained in the sealing material (an intra-sealing spacer)
and a spacer 416 sprinkled on the display portion (a liquid
crystal layer spacer). A liquid crystal inlet which is closed
after the injection of the liquid crystal material forming the
liquid crystal layer 410 is formed in the sealing material 403.

[0149] An interlayer insulating film 404 is formed on the
entire surface of the color filter 402 side of the active matrix
substrate 401. The interlayer insulating film 404 is extended
to the outside of the sealing material 403. The interlayer
insulating film 404 is formed, for example, using a photo-
sensitive acrylic resin by a spin coating method. A pixel
electrode 502 which is a transparent conductive film is
formed on the interlayer insulating film 404 in a matrix
shape, as illustrated in FIG. 22, and a region on which the
pixel electrode 502 is formed constitutes a display portion.
The transparent conductive film which constitutes the pixel
electrode 502 is formed, for example, by a sputtering
method. The above-described sealing material 403 is formed
on the periphery portion of the substrates as surrounding the
display portion. Under the interlayer insulating film 404, any
suitable TFT 501 is formed in a matrix shape, and a scanning
line 503 and a signal line 504 for transmitting a gate signal
and a source signal (a display signal), respectively, to the
TFT 501 are also formed. The scanning line 503 and the
signal line 504 are formed as crossing at a right angle to each
other. A part of the scanning line 503 constitutes a gate
electrode of the TFT 501, while a part of the signal line 504
constitutes its source electrode. One terminal of a connect-
ing piece is electrically connected to a drain electrode 505 of
the TFT 501, while the other terminal of the connecting
piece is electrically connected to the pixel electrode 502
through a contact hole 507 formed as penetrating the inter-
layer insulating film 404. Also, a storage capacitor line 508
is extended under the contact hole.

[0150] An outflow preventing portion 409 is further
formed in the interlayer insulating film 404 under the sealing
material 403. In this embodiment, the outflow preventing
portion 409 is a thinner film thickness portion of the inter-
layer insulating film 404. For example, the thickness of the
interlayer insulating film is 3 um, while the thickness of the
outflow preventing portion 409 is 1.8 um. The outflow
preventing portion 409 may comprise two or more portions
having different thickness. That is, portions having different
thickness (for example, convex portion or concave portions)
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may be formed in the prescribed location of the outflow
preventing portion 409 depending upon its purposes. The
thickness of the outflow preventing portion 409 may suitably
be varied (for example, from zero up to the thickness of the
interlayer insulating film) depending upon its purposes.

[0151] On the color filter substrate 402, a color filter
having red (R), green (G) and blue (B) color layers 406, 407
and 408 divided by a black matrix 405 is formed. The color
layers 406, 407 and 408 are formed using an acrylic resin or
gelatin on a region corresponding to the pixel electrode 502
of the above-described display portion.

[0152] According to a structure as described above, since
the pixel electrode which applies an electric field on the
liquid crystal layer inside the display region can be formed
as overlapping the signal line and the like made from a
metal, a portion other than the signal line and the TFT
pattern becomes a display aperture, which results in a very
bright liquid crystal display device.

[0153] When the pixel electrode is overlapped with the
signal line through the interlayer insulating film, the thick-
ness of the interlayer insulating film is set so that a capacity
generated in the overlapping portion does not affect the
display quality. The thickness of the interlayer insulating
film may be varied depending upon the dielectric constant,
etc., of the interlayer insulating film material. For example,
because the dielectric constant & of the photosensitive
acrylic resin employed is 3.7 in this embodiment, the
thickness of the interlayer insulating film is set 3 ym.

[0154] In this embodiment, a positive-type photosensitive
resin is used as the photosensitive acrylic resin, and the
thickness of the outflow preventing portion is 1.8 gm. That
is, a part of the interlayer insulating film an under the lower
portion of the sealing material is removed by 1.2 um from
its total thickness of 3 um. The removal is made by utilizing
a relationship between the exposure energy and the remain-
ing resin film amount of the positive-type photosensitive
resin as illustrated in FIG. 24, wherein the remaining resin
film amount indicates a thickness of the film remaining after
the development. The molecular bonds of the resin mol-
ecules in the exposed portion are decomposed by light
energy, and the decomposed molecules are dissolved in a
developer. As a result, only the non-exposed portion (a
portion having resin molecules with non-decomposed
molecular bonds) remains as the film. Actually, because the
exposure energy is absorbed by the resin molecules located
closer to the surface of the film which is successively
decomposed, the remaining resin film amount can be con-
trolled by the control of the exposure energy.

[0155] Actually, an energy E, required for the complete
removal of the interlayer insulating film and an energy E;
required for only the 1.2 um removal of the interlayer
insulating film are determined in this embodiment. Then, a
region in which the film is to be completely removed (for
example, the contact hole, the terminals, and the like) is
subjected to the exposure treatment with an exposure energy
of E,, while a region in which the film is to be only partially
removed (for example, the outflow preventing portion under
the sealing material) is subjected to the exposure treatment
with an exposure energy E;, and then both regions are
developed. According to this procedure, it is possible to
simultaneously pattern both regions.

[0156] The same exposure procedure can be applied in the
case of forming several outflow preventing portions having



US 2002/0163615 Al

two or more different thicknesses. When several outflow
preventing portions having a types of different thicknesses
are formed, the prescribed locations of the interlayer insu-
lating film are exposed with n classes of the exposure
amounts, and developed. Specifically, the exposure can be
made by the following procedure. When n types of the
remaining resin film amounts (the thicknesses) are D;>D,>
. >D,_;>D, and the exposure energies (the exposure
amounts) are E;, E,, . . ., E__,, E_, the entire region to be
exposed is first exposed with E;. Then, a region for a
thickness of D, is exposed with an exposure amount of
E,-E,, and a region for a thickness D, is successively
exposed with an exposure amount of E,-E,, and finally a
region for a thickness of D, is exposed with an exposure
amount of E__,-E,_. As a result, several outflow preventing
portions having n types of different thicknesses are obtained.
The formation of several outflow preventing portions having
different thicknesses in the prescribed locations can further
prevent the outflow or gushing of the sealing material.

[0157] A resin material is used for a black matrix (BM) of
the color filter substrate. This resin material is, for example,
an acrylic resin comprising a pigment dispersed therein as
with the color filter layer. When a resin material is used, a
large-scale device (for example, a sputtering device) which
is used for a metal material is not required. That is, a black
resin layer which is formed in the prescribed location in the
formation of the color filter layer can be the BM. Therefore,
the use of a resin material is very advantageous in light of
the cost.

[0158] However, when a resin material is used for the BM
of the conventional liquid crystal display device, it is nec-
essary for the resin BM to have a film thickness of 1.5 um,
compared to a metal BM which requires a thickness of only
0.3 um for shading a light. Since the thickness required for

Nov. 7, 2002

13

crystal layer spacer 416 which corresponds to the film
thickness difference (1.2 um) between the color filter and the
metal BM, as illustrated in FIG. 26. In this case, a large-
scale device (for example, a sputtering device) is required
for the formation of the metal BM. Therefore, both the
reduction of the cost and the prevention of the poor display
caused by the outflow of the sealing material do not stand
together in the conventional liquid crystal display device.

[0159] According to the present invention, the separation
and outflow of the low viscous resin component in the
sealing material can be prevented by the formation of the
outflow preventing portion, even when a level between the
color filter layer and the BM is constant by using a resin BM.

[0160] The following experiment was actually conducted
in order to confirm the effects of the liquid crystal display
device of this embodiment. Four liquid crystal display
devices having a display diagonal size of 10.4 inches as
shown in FIG. 7 were provided on a glass substrate of
465%360x1.1 mm (7059, manufactured by Corning Corp.).
A thermosetting resin (XN-21S manufactured by Mitsui
Toatsu Kagaku, Corp.) was used as the sealing material, and
the diameter of the liquid crystal layer spacer (i.c., a cell gap
of the liquid crystal layer) was set 4.5 um. The separation
phenomenon of the resin component of the sealing material
was observed as varying (1) a reduction amount of the film
thickness of a part of the interlayer insulating film under the
sealing material (the thickness of the outflow preventing
portion is a difference between the original thickness of the
interlayer insulating film and its reduction amount), (2) a
pressing load, and (3) a heating rate until reaching the curing
temperature of the sealing material (170° C.). The results are
illustrated in Table 4.

TABLE 4

Reduction amount of the

film thickness of the

Adhering conditions

interlayer insulating Pressing load 1000 kg 1200 kg
film (pm) Heating speed  5° C./min. 10° C/min. 10° C./min.
Embodiment 4 0.5 A X X
0.8 O A A
1.0 O O O
12 ) O O
15 O O O
2.0 ) O )
2.5 @) O @)
Conventional 0.0 A A X
[0161] As can be seen from Table 4, when the reduction

the resin BM 1is substantially the same as the film thickness
of the color filter which is also 1.5 um, the diameter d1' of
an intra-sealing spacer 413 is substantially identical to the
diameter d1 of a liquid crystal layer spacer 416 in the
conventional liquid crystal display device, as illustrated in
FIG. 25. According to such a structure, the outflow of the
sealing material is remarkable at the time of adhering
together the substrates. Thus, a metal material is used as the
BM in the conventional liquid crystal display device to
create a difference in level between the diameter d2 of an
intra-sealing spacer 414 and the diameter d1 of the liquid

amount of the film thickness of a part of the interlayer
insulating film under the sealing material is 1 82 m or more,
good results are obtained regardless of either the pressing
load or the heating rate.

[0162] The variation of the cell gap in the vicinity of the
sealing material was measured (at a site of the display region
5 mm apart from the sealing material) with respect to the
reduction amount of the film thickness of a part of the
interlayer insulating film under the lower portion of the
sealing material. The results are illustrated in Table 5.
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TABLE 5
Reduction amount of the 05 10 15 20 25 3.0
film thickness of the
interlayer insulating film (zm)
Variation of cell gap (rm) 0.1 01 =015 +0.2 025 0.3

[0163] As can be seen from Table 5, the variation of the
cell gap is greater with the increase of the reduction amount.
This is because a certain variation (normally, +10%) exists
with respect to an absolute value of the film thickness during
an ordinary film manufacturing process (for example, spin
coating, sputtering, printing). In this case, because the
variation of the cell gap corresponds to the variation of the
reduction amount, the variation of the cell gap becomes
greater with the increase of the reduction amount. Eventu-
ally, the variation of the cell gap corresponds to the variation
of the film thickness. That is, the variation of the cell gap
will be greater, when a part of the interlayer insulating film
under the sealing material is completely removed.

[0164] As can be scen from Tables 4 and 5, the liquid
crystal display device comprising an interlayer insulating
film having an outflow preventing portion according to this
embodiment and a process for producing the same are
effective for reducing the variation of the cell gap and
preventing the separation phenomenon of the resin compo-
nent of the sealing material.

[0165] An interlayer insulating film to which the present
invention is applied is not limited to a single layer structure,
but may have a multi-layer structure with two or more
layers. Also, an outflow preventing portion may be formed
in a portion other than the interlayer insulating film. For
example, the same effect can be attained by an outflow
preventing portion which is a difference in level created
between the display region of the active matrix substrate and
the sealing material.

[0166]

[0167] The following illustrates another embodiment of
the present invention with reference to FIGS. 27 and 28.
Since a general structure of the liquid crystal display device
is the same as that of Embodiment 4, only a characteristic
portion of this embodiment is illustrated, and omitting the
structural elements having the same functions as those of
Embodiment 4.

[0168] In this embodiment, the outflow preventing portion
409 has concave portions 411 (i.e., the outflow preventing
portion 409 has two or more portions having different
thicknesses). For example, the concave portions 411 may
alternatively be arranged on either side of one straight line.
The adjacent concave portions arranged on either side of the
straight line are at least in contact or overlap with each other,
and the concave portions arranged on the same side of the
straight line are separated from each other by a flat portion.
The concave portions 411 are formed, for example, in a
checkered pattern, as illustrated in FIG. 28. A pitch of each
concave portion of the outflow preventing portion (an inter-
val between the adjacent rectangles arranged on the same
side) corresponds to, for example, a pixel pitch. In this
embodiment, the concave portions are formed by completely
removing the interlayer insulating film as with the contact
holes of the pixel electrode, the terminals, and the like, but

Embodiment 5
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the depth of each concave portion may suitably be adjusted.
The shape of each concave portion viewed from the normal
line direction of the substrate may be, for example, rect-
angle, square, or a polygon (for example, trapezoid, penta-
gon, hexagon).

[0169] The concave portions 411 are formed on the liquid
crystal layer 410 side from the center of the width of the
sealing material 403 (the width of the sealing material is
1000 to 1200 um in this embodiment). The sealing material
403 has a width of 300 gm at the time of its formation on the
color filter substrate 402, and is designed as not overlapping
the concave portion 411 with the sealing material 403 at the
time of its formation, as illustrated in FIG. 29A. Then, as
illustrated in FIG, 29B, the active matrix substrate and the
color filter substrate are adhered together, and pressed with
a load until the prescribed cell gap is obtained. The sealing
material 403 is deformed into a compressed shape by the
pressing. At this time, the sealing material is deformed into
a compressed shape having the prescribed sealing width as
pushing out the bubbles in the concave portion 411. As a
result, it prevents the bubbles of the concave portion from
remaining in the sealing material. As illustrated in FIG. 29C,
the adhering of the substrates is completed at the time of the
completion of the curing of the sealing material.

[0170] The following experiment was actually conducted
in order to confirm the effects of the liquid crystal display
device of this embodiment. The following illustrates the
detail. Four liquid crystal display devices having a display
diagonal size of 10.4 inches as shown in FIG. 7 were
provided on a glass substrate of 465x360x1.1 mm (7059,
manufactured by Corning Corp.). A thermosetting resin
(XN-21S manufactured by Mitsui Toatsu Kagaku, Corp.)
was used as the sealing material. The separation phenom-
enon of the resin component of the sealing material was
observed as varying (1) a reduction amount of the film
thickness of the interlayer insulating film located under the
lower portion of the sealing material (the thickness of the
outflow preventing portion is a difference between the
original thickness of the interlayer insulating film and its
reduction amount), and (2) a diameter of the liquid crystal
layer spacer (i.c., the cell gap of the liquid crystal layer). The
results are illustrated in Table 6. The adhering conditions of
the substrates were a pressing load of 1200 kgf, and a
heating rate until reaching the curing temperature (170° C.)
of 10° C./minute.

TABLE 6

Reduction amount
of the film thick-
ness of the inter-
layer insulating film _Cell gap in a display region (ym)

(um) 50 40 30 20 10

Embodiment 5 0.5

Embodiment 4 1.0
Conventional 0.0

&
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[0171] As can be scen from Table 6, no separation phe-
nomenon of the resin component of the sealing material is
observed when (1) the reduction amount of the film thick-
ness of the interlayer insulating film in the sealing region is
1 um and (2) the diameter of the spacer in the display region
(the liquid crystal layer) is up to 2 ym.

[0172] In this embodiment, a contact hole of an inspection
pad for the wire breakage inspection of the signal line may
be formed under the sealing material, and used together with
the outflow preventing portion. In this case, it is preferred
that the ratio of the areas of the concave portions to a part
of the interlayer insulating film on which the sealing mate-
rial is formed be as equal as possible in the four sides of the
substrates in order to provide a uniform cell gap in the four
sides of the substrates. Thus, an inspection pad-shaped
concave portion may be formed on a side on which the
inspection pad is not formed.

[0173] Although the outflow preventing portion is formed
on the liquid crystal layer side of the sealing material in this
embodiment, it may be formed on the outside of the sealing
material. In this case, it is also possible to prevent the resin
component of the sealing material from flowing out in the
same manner. The outside of the sealing material provides
an increased cell gap due to the difference in level between
the color filter substrate and the black matrix, as illustrated
in FIG. 27. Therefore, the resin component of the sealing
material does not usually flow out into the display portion
located inside the sealing material, and thus no poor display
caused by the sealing material occurs.

[0174] Embodiment 6

[0175] The following illustrates a liquid crystal display
device and a process for producing the same in another
embodiment of the present invention with reference to
FIGS. 30 to 35, 37 and 38.

[0176] The liquid crystal display device of this embodi-
ment comprises an active matrix substrate 606, a counter
substrate 601 (a color filter substrate) which is adhered to the
active matrix substrate through a sealing material 602, and
a liquid crystal layer disposed between the substrates.

[0177] The active matrix substrate 606 comprises a gate
electrode 609, a gate insulating film 610, a semiconductor
layer 611, an n*-Si layer 612 which constitutes a source and
drain electrode, a metal layer 613 which constitutes a source
signal line, an interlayer insulating film 607, and a trans-
parent conductive layer (for example, ITO film) 603 which
constitutes a pixel electrode, all of which are formed in this
order on a transparent insulating substrate 608. The pixel
electrode is electrically connected to the drain electrode of
the TFT through a contact hole 614 penetrating the interlayer
insulating film 607. As illustrated in FIG. 30, an outflow
preventing portion 604 is formed in the interlayer insulating
film 607 under the sealing material in this embodiment. The
outflow preventing portion is a thinner film thickness portion
of the interlayer insulating film 607. In this embodiment, the
thickness of the interlayer insulating film is 3 ym, and the
thickness of the outflow preventing portion is 1.0 um. Also,
the transparent conductive layer 603 is formed between the
outflow preventing portion 604 and the sealing material 602.
The formation of the transparent conductive layer 603
between the outflow preventing portion 604 and the sealing
material 602 can prevent, for example, the film lifting of the
interlayer insulating film at the time of etching the trans-
parent conductive layer 603.
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[0178] The active matrix substrate is fabricated by, for
example, the following procedure. For example, the gate
electrode 609, the gate insulating film 610, the semiconduc-
tor layer 611, and the n*-Si layer 612 which constitutes a
source and drain electrode are formed in this order on the
transparent insulating substrate 608 by any suitable method.
Then, any suitable metal is deposited thereon by a sputtering
method, and patterned to form the metal layer 613. Then, a
photosensitive resin (for example, a photosensitive acrylic
resin) is coated at the prescribed thickness (for example, 3
um) by a spin coating method, and exposed and developed
in the prescribed pattern to form the interlayer insulating
film 607 together with the contact hole 614. In this embodi-
ment, the outflow preventing portion is formed at the same
time of the formation of the interlayer insulating film and the
contact hole. The outflow preventing portion is formed by
exposing the interlayer insulating film for the prescribed
exposure period and developing it. For example, when the
interlayer insulating film is made from a photosensitive
acrylic resin, it is exposed with an exposure energy E,
shown in FIG. 24 so as to completely remove a portion of
the interlayer insulating film in a thickness direction, thereby
forming the contact hole, while it is exposed with an
exposure energy E , shown in FIG. 24 so as to partly remove
a portion of the interlayer insulating film at the prescribed
thickness (2 ym in this embodiment) in a thickness direction,
thereby forming the outflow preventing portion (i.e., form-
ing the outflow preventing portion having thickness of 1
um). The development is conducted in any suitable devel-
oper (for example, an aqueous alkaline solution) under any
suitable conditions. Then, the transparent conductive layer
603 which constitutes a pixel electrode is formed by a
sputtering method, and patterned. The pixel electrode is
electrically connected to the drain electrode of the TFT
through the contact hole 614 penetrating the interlayer
insulating film 607. In this embodiment, the patterning is
conducted so that the transparent conductive layer (ITO
film) 603 is disposed between the outflow preventing portion
604 and the sealing material 602, as illustrated in FIG. 30.
The formation of the transparent conductive layer 603
between the outflow preventing portion 604 and the sealing
material 602 can prevent, for example, the film lifting of the
interlayer insulating film at the time of etching the trans-
parent conductive layer 603.

[0179] According to a further preferred embodiment, the
transparent conductive layer 603 between the outflow pre-
venting portion 604 and the sealing material 602 is formed
as covering the entire portion of the outflow preventing
portion, 604, as illustrated in FIG. 31. According to such a
structure, the interlayer insulating film is not contacted with
an etchant, etc., at the time of the patterning of the ITO film
603. As a result, the above described effect of preventing the
film lifting is further improved. FIGS. 30 and 31 are
cross-sectional views in a direction crossing the sealing
material at a right angle.

[0180] When a line 605 is formed under the lower portion
of the outflow preventing portion 604, it is preferred that the
ITO film 603 be not formed only on the line 605, as
illustrated in FIG. 32 in order to prevent the line 605 from
having a coupling capacity through the ITO film 603. In
order to prevent the line 605 from having a coupling
capacity through the ITO film 603, a slit-shaped pattern may
also be formed in a portion of the ITO film 603 between the
lines 605 and 6051, as illustrated in FIG. 33.
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[0181] The formation of the ITO film 603 on the outflow
preventing film 604 can prevent the film lifting and peeling,
but it is preferred that the film lifting and peeling in a portion
on which the ITO film is not formed be prevented so as to
provide a further reliable liquid crystal display device. Thus,
it is preferred that a film peeling preventing portion 6044 be
formed. The film peeling preventing portion 604a may be a
convex portion formed in a part of the outflow preventing
portion 604 between the lines 605 and 605', as illustrated in
FIG. 34. Since the outflow preventing portion 604 is formed
by making the film thickness of the interlayer insulating film
thinner, the convex portion 6044 is formed by maintaining
the original film thickness of the interlayer insulating film at
the prescribed location in the formation of the outflow
preventing portion. Specifically, a portion between the lines
605 and 605' is not exposed at the time of the formation of
the outflow preventing portion. As a result, the non-exposed
portion maintains its original thickness while the exposed
portion becomes the outflow-preventing portion having the
prescribed thickness, so as to form the convex portion 604a.
Since the convex portion 604a is not exposed, the crosslink-
ing structure of its resin is maintained and thus stable against
chemicals and the like. The ITO film 603 is formed on the
outflow preventing portion thus formed, and then patterned
by an ordinary photolithography. At that time, a portion of
the ITO film 603 is removed in the convex portion 604a of
the outflow preventing portion 604 by etching. Thus, a
further reliable active matrix substrate (consequently, a
liquid crystal display device) can be obtained.

[0182] Alternatively, the film peeling preventing portion
6042 may be a concave portion formed in a part of the
outflow preventing portion between the lines 605 and 605",
as illustrated in FIG. 35. The concave portion 604a is
formed by removing a portion of the interlayer insulating
film between the lines 605 and 605'. Specifically, a portion
of the interlayer insulating film in which the film peeling
preventing portion is formed is exposed for 3000 msec. at
the time of the formation of the contact hole 614, and then
the entire portion of the interlayer insulating film in which
the outflow preventing portion is formed is exposed for 1800
msec. to form the outflow preventing portion 604 and the
concave portion 604a. The ITO film 603 is formed on the
outflow preventing portion thus formed, and then patterned
by an ordinary photolithography. At that time, a portion of
the ITO film 603 is removed in the concave portion 6044 of
the outflow preventing portion 604 by etching. Thus, a
further reliable active matrix substrate (consequently, a
liquid crystal display device) can be obtained. FIGS. 32 to
35 are cross-sectional views in a direction parallel to the
sealing material.

[0183] On the effective display portion of the active matrix
substrate 606 thus fabricated, an alignment film made from
a polyimide or the like is formed to provide an alignment
function by a treatment such as rubbing, UV irradiation, and
the like. Also, a transparent counter common electrode is
formed using ITO or the like on the counter substrate 601,
and thereafter its effective display portion is subjected to the
same treatment. A sealing material 602 is coated on the
periphery portion of the panel by a printing procedure or the
like in such a manner that the panel is surrounded by the
sealing material. An inlet is formed in a portion of the
sealing material. Moreover, a conductive material is
attached to the signal input terminal for the counter electrode
located on the active matrix substrate. Then, a spacer is
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sprinkled so as to provide a uniform cell gap of the liquid
crystal layer, the liquid crystal layer and the counter elec-
trode 601 are aligned, and the sealing material 602 is heated
and cured. Thereafter, a liquid crystal is injected from the
liquid crystal inlet which is then closed with a sealing
material to complete the glass portion of the active matrix-
type liquid crystal display device. FIG. 31 is a cross-
sectional view showing the vicinity of the sealing material of
the liquid crystal display device thus fabricated and taken
along with the sealing material 602. As illustrated in FIG.
31, a portion having a wider gap between the glass sub-
strates (i.e., the outflow preventing portion) is formed so as
to relax the pressure imposed on the sealing material 602,
thereby preventing the sealing material 602 from gushing.

[0184] The above-described embodiments may suitably be
combined. For example, an adhesion reinforcing portion
may be formed in the interlayer insulating film of the liquid
crystal display device of Embodiment 1, and an outflow
preventing portion may be formed in the interlayer insulat-
ing film of the liquid crystal display device of Embodiment
3. Also, for example, the light-shading layer (the black
matrix) of Embodiment 3 may be made from a resin mate-
rial.

[0185] The following illustrates the functions of the
present invention.

[0186] According to one aspect of the present invention, a
liquid crystal display device comprising an outflow prevent-
ing portion having a plurality of concave portions and
formed on the vicinity of the resin sealing material for
adhering a pair of substrates together is provided. The
outflow preventing portion is provided such that at least a
part thereof overlaps with the sealing material. Thus, even
when the resin component of the sealing material flows out
at the time of adhering the substrate together, the flowed
resin component is collected in the concave portions of the
outflow preventing portion, and does not reach the display
portion. Therefore, it is possible to stably prevent the poor
display caused by the outflow of the sealing material regard-
less of the load and heating conditions at the time of the
manufacture (adhering of the substrates). As a result, the
process margin and yield at the time of the manufacture are
significantly improved.

[0187] In one preferred embodiment, a plurality of the
concave portions of the outflow preventing portion are
alternatively arranged on either side of one straight line. The
adjacent concave portions arranged on either side of the
straight line are at least in contact or overlap with each other,
and the concave portions arranged on the same side of the
straight line are separated from each other by a flat portion.
According to such a structure, since each concave portion is
small, it is possible to prevent a poor cell gap (an uneven cell
gap) in the vicinity of the concave portions. Also, even when
bubbles are contained in the flowed resin component col-
lected in one concave portion, they hardly affect the entire
sealing property, since each concave portion is small. In
addition, because the outflow preventing portion is suffi-
ciently functional, the poor display caused by the sealing
material can be adequately prevented.

[0188] In another preferred embodiment, the depth of each
concave portion is 5000 angstroms or more. In this case,
each concave portion has a small area, but can collect a large
amount of the flowed resin component. Therefore, it is
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possible to minimize its adverse effect on the size of the
liquid crystal display device. The outflow preventing portion
provides excellent effect whether it is formed on the TFT
substrate or the color filter substrate.

[0189] According to another aspect of the present inven-
tion, a process for producing the above-described liquid
crystal display device is provided. This process comprises
adhering a substrate having an outflow preventing portion
formed therein to a substrate having a sealing material
formed thereon so as nct to overlap the outflow preventing
portion with the sealing portion; and pressing a pair of the
adhered substrates to deform the sealing material into a
compressed shape, and overlapping at least a part of the
outflow preventing portion with the sealing material when
the gap of the substrates reaches the prescribed gap. Accord-
ing to such a process, the sealing material is collected in the
concave portions as pushing out the bubbles of the concave
portions of the outflow preventing portion, and deformed to
the prescribed sealing width and cell gap. Therefore, since
no bubbles remain in the sealing material, the sealing
property can be largely improved. On the other hand, when
an outflow preventing portion is formed on the display
portion side from the sealing material in such as manner that
it is not contacted with the sealing material, it must be
formed at a location not affecting the display. Thus, the
distance between the sealing material and the display portion
may be enlarged, which results in a large-scale liquid crystal
display device. Alternatively, when the outflow preventing
portion is previously formed in a portion in which the
sealing material is formed, large bubbles are trapped in the
concave portions at the time of the formation of the sealing
material, which results in an inadequate sealing property.

[0190] According to still another aspect of the present
invention, a liquid crystal display device comprising a first
substrate having a switching element, an interlayer insulat-
ing film formed on the switching element, and a pixel
electrode formed on the interlayer insulating film; a second
substrate adhered together to the first substrate by a sealing
material at the prescribed gap; and a liquid crystal layer
disposed in a space defined by a pair of said substrates and
the sealing material, is provided. This liquid crystal display
device comprises an adhesion reinforcing portion formed in
at least a part of the interlayer insulating film contacting with
the sealing material. A pair of the substrates of the liquid
crystal display device is adhered together by the sealing
material with an adequate adhesive strength by the forma-
tion of the adhesion reinforcing portion. As a result, a liquid
crystal display device having excellent mechanical strength
as well as sealing property can be obtained.

[0191] In a preferred embodiment, the adhesion reinforc-
ing portion is formed in the corner portions of the interlayer
insulating film. It is possible to increase the adhesive
strength without affecting the display characteristic of the
liquid crystal display device by the formation of the adhe-
sion reinforcing portion in the corner portions of the inter-
layer insulating film.

[0192] According to still another aspect of the present
invention, the outflow preventing portion is formed under
the sealing material. Thus, a structure that the cell gap of the
sealing material is greater than the cell gap of the liquid
crystal layer can be accomplished in the active matrix
substrate, and the outflow and gushing of the resin material
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of the sealing material due to the compression of the sealing
material at the time of adhering together the substrates can
be prevented. Since the outflow preventing portion can be
formed at the same time of the formation of the contact hole
by using a photosensitive resin as the interlayer insulating
film, this procedure can readily be introduced into the
existing production lines. As a result, it is possible to prevent
the poor display caused by the outflow and gushing of the
resin component of the sealing material without increasing
the production steps. Therefore, it is possible to improve the
process margin of the production steps and the percentage of
good items.

[0193] In a preferred embodiment, a transparent conduc-
tive film is formed on the outflow preventing portion. Thus,
even when a part of the interlayer insulating film is lifted, the
film lifting does not lead to any defects because the trans-
parent conductive film which constitutes a pixel electrode
will suppress the film lifting. More preferably, the transpar-
ent conductive film covers the entire portion of the outflow
preventing portion. Thus, the outflow preventing portion is
not brought into contact with a chemical liquid (for example,
an etchant) in the subsequent production steps. As a result,
the film lifting and peeling are further prevented.

[0194] Moreover, by forming the transparent conductive
film in regions other than a region corresponding to the line
formed under the outflow preventing portion, it is possible
to prevent a poor display caused by a capacity coupling of
the lines through the transparent conductive film. Alterna-
tively, the poor display caused by the capacity coupling can
be prevented by forming the transparent conductive films in
regions corresponding to the lines formed under the outflow
preventing portion and then electrically separating the trans-
parent conductive films from each other. Also, the film
lifting and peeling in the electrically separated portion (i.e.,
a portion in which the transparent conductive film is not
formed) can be prevented by forming a convex portion or a
portion defined by removing the interlayer insulating film in
the outflow preventing portion corresponding to the electri-
cally separated portion. Since the transparent conductive
film may be formed on the outflow preventing portion at the
time of the formation of the pixel electrode, there is no need
to increase the number of the steps. Therefore, it is possible
to suppress the production of poor items without the reduc-
tion of the production efficiency.

[0195] As described above, according to the present
invention, a liquid crystal display device having excellent
sealing property as well as reliability and without any poor
display caused by the sealing material can be obtained
without the reduction of the production efficiency.

[0196] The liquid crystal display device of the present
invention is suitably used as, for example, a display means
for computers, word processors, and the like.

[0197] Various other modifications will be apparent to and
can be readily made by those skilled in the art without
departing from the scope and spirit of this invention.
Accordingly, it is not intended that the scope of the claims
appended hereto be limited to the description as set forth, but
rather that the claims be broadly construed.
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What is claimed is:

1. A liquid crystal display device, comprising a pair of
opposite substrates, and a liquid crystal layer as a display
medium disposed between said substrates,

wherein said pair of substrates are adhered together by a
resin sealing material disposed on the periphery portion
of at least one of said substrates at the prescribed gap,
and

wherein an outflow preventing portion having a plurality
of concave portions is provided so that at least a part of
said outflow preventing portion overlaps with said
sealing material.

2. The liquid crystal display device according to claim 1,
wherein said plurality of concave portions are alternatively
arranged on either side of one straight line, the adjacent
concave portions arranged on either side of said straight line
are at least in contact or overlap with each other, and the
concave portions arranged on the same side of said straight
line are separated from each other by a flat portion.

3. The liquid crystal display device according to claim 1,
wherein the depth of each of said plurality of concave
portions is 5000 angstroms or more.

4. The liquid crystal display device according to claim 1,
wherein said outflow preventing portion is provided in a
region located on the liquid crystal layer side from the center
of the width of said sealing material and not reaching said
liquid crystal layer.

5. The liquid crystal display device according to claim 1,
wherein said plurality of concave portions are arranged in a
checkered shape.

6. The liquid crystal display device according to claim 1,
wherein said sealing material is continuously disposed on
the four sides of the periphery portion of at least one of said
substrates, and said outflow preventing portion is provided
along with said sealing material.

7. The liquid crystal display device according to claim 1,
wherein said outflow preventing portion is provided in an
interlayer insulating film formed on one of said substrates.

8. The liquid crystal display device according to claim 1,
wherein a color filter having color layers divided by a resin
black matrix is provided on one of said pair of substrates.

9. The liquid crystal display device according to claim 8§,
wherein the substrate having said color filter formed thereon
has a flat surface in at least the vicinity of said sealing
material, and the other substrate has a flat surface in at least
the vicinity of said sealing material by an interlayer insu-
lating film formed thereon.

10. A process for producing a liquid crystal display
device, comprising the steps of:

forming an outflow preventing portion on the prescribed
location of one of a pair of substrates;

disposing a sealing material on the prescribed location of
the other substrate;

adhering said substrate having said outflow formed
thereon to said substrate having said sealing material
disposed thereon so as not to overlap said outflow
preventing portion with said sealing portion; and

pressing said pair of the adhered substrates to deform said
sealing material into a compressed shape, and overlap-
ping at least a part of said outflow preventing portion
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with said sealing material when the gap of said sub-
strates reaches the prescribed gap.
11. A liquid crystal display device, comprising:

a first substrate having a switching element, an interlayer
insulating film formed on said switching element, and
a pixel electrode formed on said interlayer insulating
film;

a second substrate adhered together to the first substrate a
sealing material at the prescribed gap; and

a liquid crystal layer disposed in a space defined by the
first and second substrates and said sealing material;

wherein an adhesion reinforcing portion is provided in at
least a part of said interlayer insulating film contacting
said sealing material.

12. A liquid crystal display deice, comprising:

an active matrix substrate having a plurality of scanning
lines and signal lines crossing each other, a display
pixel provided in a region surrounded by the adjacent
scanning lines and adjacent signal lines, a switching
element corresponding to said display pixel, said
switching element receiving a scanning signal from
said scanning lines and an input signal from said signal
line, an interlayer insulating film covering said lines
and said switching element, and a pixel electrode
provided on said interlayer insulating film correspond-
ing to said display pixel;

a counter substrate having a counter electrode opposite to
said pixel electrode and adhered to said active matrix
substrate by a sealing material at the prescribed gap;
and

a liquid crystal layer disposed in a space defined by said
active matrix substrate, said counter substrate electrode
and said sealing material;

wherein an adhesion reinforcing portion is provided in at
least a part of said interlayer insulating film contacting
said sealing material.

13. The liquid crystal display device according to claim
12, wherein said switching element is a thin film transistor,
and wherein said active matrix substrate has a gate insulat-
ing film formed on the gate electrode of said thin film
transistor, and a part of said adhesion reinforcing portion is
provided in said gate insulating film and the outside of the
display region.

14. The liquid crystal display device according to claim
13, wherein said display region is a rectangular shape, and
said adhesion reinforcing portion is provided in the corner
portions of said interlayer insulating film.

15. The liquid crystal display device according to claim
11, wherein the adhesion reinforcing portion is a space
defined by removing the corner portions of said interlayer
insulating film, or a hole penetrating said interlayer insulat-
ing film.

16. A liquid crystal display deice, comprising:

an active matrix substrate having a plurality of scanning
lines and signal lines crossing each other, a switching
element provided in a matrix shape, said switching
element receiving a scanning signal from said scanning
lines and an input signal from said signal line, and a
pixel electrode provided corresponding to said switch-
ing element;
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a color filter substrate having color filter layers and a
black matrix and adhered to said active matrix substrate
by a sealing material at the prescribed gap; and

a liquid crystal layer disposed between said active matrix
substrate and said color filter substrate,

wherein an interlayer insulating film is provided between
said lines and said pixel electrode and in a region
including a region having said sealing material dis-
posed.

17. The liquid crystal display device according to claim
16, wherein an outflow preventing portion is provided in
said interlayer insulating film under said sealing material.

18. The liquid crystal display device according to claim
17, wherein said outflow preventing portion comprises two
or more portions having different thicknesses.

19. The liquid crystal display device according to claim
18, wherein said outflow preventing portion comprises a
portion having the same thickness as that of said interlayer
insulating film formed in a region corresponding to said
pixel electrode, and a portion defined by removing a part of
said interlayer insulating film.

20. The liquid crystal display device according to claim
18, wherein said outflow preventing portion comprises three
or more portions having different thicknesses, and said three
or more portions having different thicknesses include a
portion having the same thickness as that of said interlayer
insulating film formed in a region corresponding to said
pixel electrode, and a portion defined by removing a part of
said interlayer insulating film.

21. The liquid crystal display device according to claim
16, wherein said black matrix is made from a resin.

22. The liquid crystal display device according to claim
21, wherein a level between said color filter layer and said
black matrix layer is constant.

23. A process for producing a liquid crystal display
device, comprising the steps of:

forming an interlayer insulating film using a photosensi-
tive resin material; and
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exposing the prescribed portion of said interlayer insu-
lating film with a prescribed exposure amount of light
and developing said portion, so as to form an outflow
preventing portion.

24. The process according to claim 23, wherein the
prescribed portion of said interlayer insulating film is
exposed with n classes of the exposure amounts and devel-
oped to form said outflow preventing portion having n types
of different thicknesses.

25. The liquid crystal display device according to claim
17, wherein a transparent conductive film constituting said
pixel electrode is provided on said outflow preventing
portion.

26. The liquid crystal display device according to claim
25, wherein said transparent conductive film is provided so
as to cover the entire portion of said outflow preventing
portion.

27. The liquid crystal display device according to claim
25, wherein said transparent conductive film is provided in
regions other than a region corresponding to said line
formed under said outflow preventing portion.

28. The liquid crystal display device according to claim
25, wherein said transparent conductive film is provided in
regions corresponding to said lines formed under said out-
flow preventing portion, and wherein said transparent con-
ductive film provided in the regions corresponding to said
lines is electrically separated from each other.

29. The liquid crystal display device according to claim
28, wherein a convex portion is provided in said outflow
preventing portion corresponding to the electrically sepa-
rated portion of said transparent conductive film.

30. The liquid crystal display device according to claim
28, wherein a portion defined by removing a part of the
interlayer insulating film is provided in the outflow prevent-
ing portion corresponding to the electrically separated por-
tion of said transparent conductive film.
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