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7) ABSTRACT

A liquid crystal dripping method has a problem in that an
uncured sealant increases in width at the time of attaching a
pair of substrates and thus a liquid crystal material enters the
sealant and unevenness occurs in the inner periphery of the
sealant. A region in which reduced is the speed of diffusion of
liquid crystal at the time of attaching a pair of substrates is
provided between a sealant and an orientation film. Further,
time for diffusing the liquid crystal and coming in contact
with the sealant is made long. Accordingly, the sealant is
subjected to photo-curing before the liquid crystal comes in
contact with the sealant. The region in which reduced is the
speed of diffusion of the liquid crystal is formed using a
material for forming a vertical orientation film, a silane cou-
pling agent, a substance having a photocatalytic function, or
the like.
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METHOD FOR MANUFACTURING A LIQUID
CRYSTAL DISPLAY DEVICE HAVING A
SECOND ORIENTATION FILM
SURROUNDING A FIRST ORIENTATION
FILM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
device and a method for manufacturing the liquid crystal
display device. For example, the present invention relates to
an electro-optical device typified by a liquid crystal display
panel having a circuit including a thin film transistor (here-
inafter, a TFT) and a method for manufacturing the electro-
optical device, and a method for manufacturing an electronic
device provided with such an electro-optical device as a com-
ponent.

2. Description of the Related Art

In recent years, attention has focused on a technique for
forming a thin film transistor (TFT) by using a semiconductor
thin film (having a thickness of approximately several
nanometers to several hundreds of nanometers) formed over
a substrate having an insulating surface. Thin film transistors
are widely applied to electronic devices such as ICs and
electro-optical devices, and in particular, their rapid develop-
ment as switching elements for image display devices is
desired.

A liquid crystal display device is known as an example of
the image display devices. Compared to passive matrix liquid
crystal display devices, high-definition images can be
obtained with active matrix liquid crystal display devices;
therefore, the active matrix liquid crystal display devices have
become widely used. In the active matrix liquid crystal dis-
play devices, when pixel electrodes arranged in matrix are
driven, a display pattern is formed on a screen. In more detail,
when voltage is applied between a selected pixel electrode
and a counter electrode that corresponds to the selected pixel
electrode, a liquid crystal layer provided between the pixel
electrode and the counter electrode is optically modulated,
and this optical modulation is recognized as a display pattern
by a viewer.

The application range of such active matrix electro-optical
devices is expanding, and demands for high definition, a
higher aperture ratio, and high reliability are increasing as a
screen size gets larger. At the same time, demands for
improvement in productivity and cost reduction are increas-
ing.

The cost for materials is increased as the size of the panel
gets larger. In particular, a liquid crystal material provided
between a pixel electrode and a counter electrode is expen-
sive.

In the case of using a liquid crystal injection method,
sealing of liquid crystal requires a complex process such as
drawing of a sealant, attachment of a counter substrate, divi-
sion of substrates, injection of liquid crystal, and sealing of an
inlet for injecting liquid crystal. In particular, as a panel size
gets larger, it becomes difficult to fill a region surrounded by
the sealant (including at least a pixel portion) with liquid
crystal since liquid crystal is injected using a capillary phe-
nomenon. When liquid crystal is injected using a capillary
phenomenon, a larger amount of liquid crystal than that to be
injected from the liquid crystal inlet is used in vain.

Further, when a liquid crystal injection method is used, two
substrates are attached to each other and divided, and then, a
liquid crystal material is injected from a liquid crystal inlet
formed on the divided surface. At this time, a path of the liquid
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crystal material extending from the liquid crystal inlet to a
pixel region is also filled with the liquid crystal. Further, when
a driver circuit portion and a pixel portion are provided over
one substrate, not only the pixel portion but also a region
overlapping with the driver circuit portion is filled with the
liquid crystal in some cases. In such a manner, a region except
the region to be a display portion is also filled with the liquid
crystal material.

In addition, an extremely large amount of liquid crystal
flows in the path of the liquid crystal material extending from
the liquid crystal inlet to the pixel region especially around
the liquid crystal inlet, compared to other portions in the
panel. Therefore, there is a concern that around the inlet, the
surface of an orientation film is changed due to friction caused
by injecting the liquid crystal, and orientation of liquid crystal
molecules is disordered as a result.

Further, in a liquid crystal injection method, a step of
sealing the liquid crystal inlet is necessary after the liquid
crystal injection.

The present applicant propose a technique of attaching a
pair of substrates to each other under reduced pressure after
dripping liquid crystal, in Reference 1 (U.S. Pat. No. 4,691,
995).

SUMMARY OF THE INVENTION

The technique disclosed in Reference 1 is called a liquid
crystal dripping method (ODF: one drop fill). A liquid crystal
dripping method can eliminate the loss of materials because
only a necessary amount of liquid crystal is dripped to a
necessary portion. Since a seal pattern has a closed loop
shape, a seal pattern for aliquid crystal inlet and a path is not
necessary. Accordingly, defects caused at the time of liquid
crystal injection (such as defective orientation) is eliminated.

A Tiquid crystal dripping method is greatly different from a
liquid crystal injection method in the order of steps.

Manufacturing steps of a liquid crystal display device
using a liquid crystal injection method will be described.
First, a sealant is drawn on a counter substrate by a screen
printing method or using a dispenser apparatus. Next, the
counter substrate is attached to another substrate, and the both
substrates are bonded to each other by curing the sealant with
heat press. Then, the pair of substrates is divided so that part
of the sealant (a liquid crystal inlet) is positioned at the edge
of the substrate. After that, the pair of substrates are disposed
in a chamber under reduced pressure, the pressure in the
chamber is made to return gradually from the reduced pres-
sure to the atmospheric pressure with a liquid crystal material
being in contact with the liquid crystal inlet, so that the liquid
crystal material is injected from the liquid crystal inlet using
acapillary phenomenon. The liquid crystal inlet is sealed with
a scaling material, and the sealing material is cured by being
irradiated with ultraviolet light. Finally, heat treatment is
performed to align the liquid crystal molecules.

Manufacturing steps of a liquid crystal display device
using a liquid crystal dripping method will be described.
First, a sealant having a closed pattern is drawn on a counter
substrate using a dispenser apparatus. Next, only a desired
amount of liquid crystal is dripped to a region surrounded by
the sealant of the counter substrate. The counter substrate is
attached to another substrate under reduced pressure. An
atmosphere around the pair of substrates is changed from the
reduced pressure to the atmospheric pressure. The sealant is
cured by being irradiated with ultraviolet light. Then, heat
treatment for further curing the sealant and heat treatment for
aligning the liquid crystal molecules are performed at the
same time. Finally, the pair of substrates is divided.
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In a liquid crystal injection method, the pair of substrates
are bonded to each other by heat press and divided, and then,
the liquid crystal is injected. In a liquid crystal dripping
method, the liquid crystal is dripped to the substrate, and then,
the pair of substrates is attached to each other under reduced
pressure and divided.

Tt is necessary to perform heat treatment to align the liquid
crystal molecules. In a liquid crystal injection method, heat
treatment is performed to align the liquid crystal molecules
after curing the sealing material. In a liquid crystal dripping
method, heat treatment for curing the sealant and heat treat-
ment for aligning the liquid crystal molecules are performed
at the same time, whereby a liquid crystal display device is
efficiently manufactured.

In a liquid crystal injection method, the sealant which is
cured by heat press and the liquid crystal are in contact with
each other, while in a liquid crystal dripping method, the
sealant which is not cured and the liquid crystal are in contact
with each other.

Inaliquid crystal dripping method, the sealant which isnot
cured increases in width at the time of attaching the pair of
substrates, and the liquid crystal is spread from a portion at
which liquid crystal is dripped.

As a result, a problem occurs in that the liquid crystal
material enters the sealant and unevenness occurs in the inner
periphery of the sealant. The unevenness caused in the inner
periphery of the sealant may lead poor display.

It is an object of the present invention to provide a panel
structure in which unevenness does not occur in the inner
periphery of a sealant by contact between liquid crystal and
the sealant which is not cured at the time of attaching a pair of
substrates, and a method for manufacturing the panel.

Thus, in the present invention, a region in which reduced is
the speed of diffusion of liquid crystal at the time of attaching
a pair of substrates is provided between a sealant and an
orientation film. Further, time for diffusing the liquid crystal
and coming in contact with the sealant is made long. Accord-
ingly, the sealant is cured before the liquid crystal comes in
contact with the sealant. Note that it is not necessary that
sealant be cured before the liquid crystal comes in contact
with the sealant. Even when the sealant is cured in the state
where the liquid crystal partly comes in contact with the
sealant, unevenness can be prevented in the inner periphery of
the sealant. Further, an impurity can be prevented from seep-
ing into the liquid crystal from the sealant which is not cured.

Further, it is preferable to subject the sealant to photo-
curing by irradiation with ultraviolet before the liquid crystal
is spread and comes in contact with the sealant through
attachment of a pair of substrates to each other.

For the sealant, an ultraviolet curable resin which is curable
in a short time is preferably used. Further, for the sealant, a
resin which is cured by both ultraviolet irradiation and heat-
ing may be used. Furthermore, in the case of the sealant
having a low viscosity, an inkjet method is suitable in drip-
ping the sealant, and in the case of the sealant having a high
viscosity, a dispensing method is suitable in dripping the
sealant.

The region in which reduced is the speed of diffusion of the
liquid crystal is formed using a material for forming a vertical
orientation film, a silane coupling agent, a substance having a
photocatalytic function, or the like.

As a structure of the present invention which relates to a
manufacturing method which is disclosed in this specifica-
tion, a method for manufacturing a liquid crystal display
device includes the steps of forming a first orientation film
over a first substrate, forming a second orientation film sur-
rounding the first orientation film over the first substrate,
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forming a sealant surrounding the first orientation film and
the second orientation film over the first substrate, dripping
liquid crystal to the first orientation film, and partly overlap-
ping the sealant with the second orientation film with the
width of the sealant increased and subjecting at least part of
the sealant to photo-curing while the first substrate and the
second substrate are attached to each other under reduced
pressure. It is to be noted that the second orientation film is a
vertical orientation film, which is different from the first
orientation film.

The liquid crystal display device obtained by the above-
described method has a feature, and as a structure thereof, a
liquid crystal display device includes a first substrate, a sec-
ond substrate facing the first substrate, liquid crystal between
the first substrate and the second substrate, a first orientation
region, a second orientation region surrounding the first ori-
entation region, and a sealant surrounding the first orientation
region and the second orientation region, where the amount of
light passing through the first orientation region is controlled
in each pixel to display an image. In the liquid crystal display
device, a vertical orientation film is selectively formed over
part of a surface of the first substrate which overlaps with the
second orientation region or on part of a surface of the second
substrate which overlaps with the second orientation region,
and the vertical orientation film and the sealant partly overlap.

In the above-described structure, the amount of light pass-
ing through the first orientation region is controlled in each
pixel to display an image. Therefore, an orientation region of
liquid crystal which is different from a displaying region is
formed using the second orientation film surrounding the
displaying region, whereby leakage of light can be reduced.
Further, in order to reduce leakage of light, it is desirable that
there be no space between the first orientation film and the
second orientation film. Thus, the first orientation film and the
second orientation film are formed to be in contact with each
other, and preferably, the second orientation film is partly
formed over a terminal portion of the first orientation film.

There is no particular limitation on the liquid crystal mate-
rial, and TN liquid crystal, OCB liquid crystal, STN liquid
crystal, VA liquid crystal, ECB liquid crystal, GH liquid crys-
tal, polymer dispersed liquid crystal, discotic liquid crystal, or
the like can be used.

In the above description, the second orientation film is
made different from the first orientation film, and a vertical
orientation film is used as the second orientation film. How-
ever, alternatively, a vertical orientation film may be used as
the first orientation film and an orientation film which is
different from the vertical orientation film may be used as the
second orientation film, whereby a normally black liquid
crystal panel, such as a transmissive liquid crystal display
device employing a vertical alignment (VA) mode can be
obtained. Some examples are given as a vertical alignment
mode. For example, an MVA (multi-domain vertical align-
ment) mode, a PVA (patterned vertical alignment) mode, an
ASV mode, or the like can be employed. Specifically, one
pixel is divided into a plurality of sub pixels and a projection
is provided in a position of a counter substrate corresponding
to the center of each sub pixel, so that a multi-domain pixel is
formed. It is to be noted that the projection may be provided
over/on either one or both of the counter substrate and the
element substrate. The projection makes liquid crystal mol-
ecules orient radially and improves controllability of the ori-
entation. An MVA mode provides a plurality of different
orientation states in a pixel portion. Therefore, in the case of
applying the present invention, an orientation state which is
further different is provided outside the pixel portion.
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As another structure of the present invention which relates
to a manufacturing method, a method for manufacturing a
liquid crystal display device includes the steps of forming an
orientation film over the first substrate, subjecting the orien-
tation film to rubbing treatment, forming a coating portion by
dripping a liquid repellent treatment agent so as to surround
the orientation film, forming a sealant surrounding the coat-
ing portion over the first substrate, dripping liquid crystal to a
region surrounded by the coating portion, and aligning the
inner periphery of the sealant with the outer periphery of the
coating portion with the width of the sealant increased and
subjecting at least part of the sealant to photo-curing while the
first substrate and the second substrate are attached to each
other under reduced pressure.

The liquid crystal display device obtained by the above-
described method has a feature, and as a structure thereof, a
liquid crystal display device includes a first substrate, a sec-
ond substrate facing the first substrate, liquid crystal between
the first substrate and the second substrate, a sealant sur-
rounding the liquid crystal, and a coating portion obtained by
dripping a liquid repellent treatment agent to either one or
both of the first substrate and the second substrate, where the
coating portion has a frame-like shape, and the outer periph-
ery of the coating portion is disposed along the inner periph-
ery of the sealant. It is to be noted that the liquid repellent
treatment agent is a silane coupling agent.

In this specification, the silane coupling agent is a silicon-
based compound including a site which can be bound with
(chemically adsorbed to) a substrate (for example, an alkoxy
group which hydrolyzes and provides a silanol group (such as
a trialkoxysilane-based compound) or a halogen atom (such
as a trihalosilane-based compound)) and a site having vertical
alignment with respect to liquid crystal molecules (for
example, an alkyl group having 10 to 22 carbon atoms, a
fluoroalkyl group, or the like). Therefore, it can be said that
the silane coupling agent is also one kind of materials for
forming a vertical orientation film. In this specification, a film
formed using a silane coupling agent is a self-assembled
monolayer. Since the film is extremely thin, the film is named
in distinction from the vertical orientation film such as a resin
film. The coating portion to which a silane coupling agent is
applied has low adhesion with the sealant. Therefore, it is
preferable that the coating portion do not overlap with the
sealant even when the sealant is increased in width at the time
of attachment, and the outer periphery of the coating portion
is disposed along the inner periphery of the sealant.

As a specific example of the silane coupling agent, octa-
decyltrimethoxysilane (also referred to as ODS), octadecyl-
trichlorosilane (also referred to as OTS), N,N-dimethyl-N-
octadecyl-3-aminopropyl trimethoxysilyl chloride (also
referred to as DMOAP), and the like can be given. However,
the silane coupling agent is not limited thereto.

In addition, the silane coupling agent forms a self-as-
sembled monolayer through reactions such as hydrolysis and
condensation. Therefore, a solvent such as water, alcohol, or
ketone may be added in order to promote hydrolysis; how-
ever, the silane coupling agent is hydrolyzed enough with
atmospheric moisture or the like. In addition, it is possible
that a liquid crystal material is mixed with water, alcohol,
ketone, or the like due to temporal exposure to the atmosphere
in a liquid crystal synthesis process or in a normal manufac-
turing step of a liquid crystal display device. Such content is
asufficientamount to complete the reactions such as hydroly-
sis and condensation; thus, it is not necessarily needed to
intentionally add the solvent. In the case of intentionally
adding water, alcohol, ketone, or the like, the content thereof
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is preferably 1 wt % or less because excessive addition results
in an adverse influence such as a reduction in voltage holding
ratio characteristics.

Since the above-described silane coupling agent including
a trihalosilane-based compound has high hydrolyzability, a
solvent without a hydroxyl group or a carbonyl group is
preferably used.

In the case of using the silane coupling agent including a
trialkoxysilane-based compound, a carboxylic acid may be
added as a catalyst to further promote a hydrolysis reaction.

Further, a region in which reduced is the speed of diffusion
of liquid crystal can be formed using a substance having a
photocatalytic function. The photocatalytic substance has
photocatalytic activity. Therefore, a surface of the substance
is activated by light irradiation, so that the surface of the
substance can be modified by energy generated from the
activation. In this case, a region which is selectively not
irradiated with light serves as aliquid repellent layer. After an
orientation film is subjected to rubbing treatment, a liquid
repellent layer including a photocatalytic substance is formed
over an entire surface of the orientation film by a spin coating
method or the like. After that, light irradiation is selectively
performed using a metal mask or the like to decompose the
liquid repellent layer. In the present invention, a region which
surrounds a region where the orientation film is formed and a
region inside a region where a sealant is to be formed later are
selectively shielded from light.

Titanium oxide (TiO,), strontium titanate (SrTi0;), cad-
mium selenide (CdSe), potassium tantalate (KTaOj), cad-
mium sulfide (CdS), zirconium oxide (ZrQ, ), niobium oxide
(Nb,0s), zinc oxide (ZnO), iron oxide (Fe,O;), tungsten
oxide (WO,), or the like is desirable for the photocatalytic
substance. The photocatalytic substance may be irradiated
with light in the ultraviolet region (having the wavelength of
400 nm or less, preferably 380 nm or less) to generate pho-
tocatalytic activity.

The light used for the treatment of modifying the property
is not particularly limited, and any one of infrared light,
visible light, ultraviolet light or a combination thereof can be
used. For example, light emitted from an ultraviolet lamp, a
black light, a halogen lamp, a metal halide lamp, a xenon arc
lamp, a carbon arc lamp, a high-pressure sodium lamp, or a
high-pressure mercury lamp may be used. In this case, light
from a light source may be emitted for a required period or
emitted several times.

Further, in order to narrow the frame, the outer periphery of
the sealant is formed into a rectangular shape, and conductive
particles are located inside the rectangle. The conductive
particles are located to electrically connect the counter elec-
trode provided on the counter substrate and the connection
wiring connected to the terminal portion. The conductive
particles are formed using a fluid including a plurality of
conductive particles in a resin by a dispensing method.
Accordingly, it is difficult to perform electrical conduction in
the case where an insulating film such as an orientation film
and conductive particles overlap with each other. Therefore, it
is preferable that, before the pair of substrate is attached to
each other, a conductive portion in which conductive particles
are located be formed at a position which does not overlap
with the first orientation film, the second orientation film, and
the coating portion. It is to be noted that, since the resin is
spread after the pair of substrates is attached, part of the resin
including the conductive particles may overlap with the insu-
lating film such as the orientation film. It is to be noted that at
least one conductive portion in which conductive particles are
located may be provided.



US 8,049,851 B2

7

When the liquid crystal material is dripped, the Liquid
crystal material is preferably heated and dripped by a dispens-
ing method to reduce the viscosity of the liquid crystal mate-
rial. In order to prevent the liquid crystal material from being
spread and being in contact with the sealant at the time of
dripping, the surface temperature of a substrate on which the
liquid crystal material is dripped is preferably set to be lower
than at least the temperature of the liquid crystal at the time of
dripping. Further, the substrate on which the liquid crystal
material is dripped may be cooled so that the viscosity of the
liquid crystal material is increased at the time of dripping.

Furthermore, in order to prevent the liquid crystal material
from being spread and being in contact with the sealant at the
time of dripping, the dripping amount per spot where the
liquid crystal is dripped may be decreased and thus dripping
may be performed at plural spots without entirely dripping
the liquid crystal at one spot.

When the pair of substrates is attached to each other, the
sealant which is not cured and the liquid crystal come in
contact with each other. Accordingly, a panel structure in
which unevenness does not occur in the inner periphery of the
sealant can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIGS.1A to 1D are cross-sectional views and a perspective
view which illustrate part of a manufacturing process;

FIGS. 2A and 2B are cross-sectional views illustrating part
of a manufacturing process;

FIGS. 3A to 3G illustrate process cross-sectional views;

FIGS. 4A to 4C illustrate a top view and cross-sectional
views of a liquid crystal display device;

FIG. 5 is a cross-sectional structural view of an active
matrix liquid crystal display device;

FIGS. 6A and 6B are top views of liquid crystal modules;
and

FIGS.7A to TH illustrate examples ofan electronic device.

DETAILED DESCRIPTION OF THE INVENTION
Embodiment Mode

Embodiment modes of the present invention are described
below.

Embodiment Mode 1

Here, an example of performing drawing of a sealant and
liquid crystal dripping on the side of one of substrates and
attaching a pair of substrates is described below.

First, a first orientation film 101 is formed over a first
substrate 100. For the first substrate 100, glass substrates used
for electronics industry (also called a “non-alkali glass sub-
strate”) such as an aluminosilicate glass substrate, an alumi-
noborosilicate glass substrate, or a barium borosilicate glass
substrate; a quartz substrate; a ceramic substrate; a plastic
substrate; or the like can be used, as appropriate.

For the first orientation film 101, a liquid material for
forming a horizontal orientation film, for example polyimide
is selectively applied by an off-set printing method, a screen
printing method, or the like, and baking is performed. Rub-
bing treatment is performed after the baking, and thus, the
first orientation film 101 is formed. Pretilt angles of 0.1° to
10° of liquid crystal are set by the rubbing treatment so that a
horizontal orientation state can be obtained.
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If the first orientation film 101 has the area almost the same
as a region to be a display region later, when a second orien-
tation film is formed later, there is a concern that orientation
of liquid crystal molecules due to the second orientation film
may affect orientation of liquid crystal molecules in the dis-
play region. Therefore, the first orientation film 101 is made
to have the area sufficiently larger than the area of the region
to be the display region.

It is to be noted that a substrate to which liquid crystal is
dripped is referred to as a first substrate and a substrate to be
attached to the first substrate is referred to as a second sub-
strate. In the case of forming a pixel portion including TFTs
over the first substrate, the second substrate serves as a
counter substrate. In the case of forming a pixel portion
including TFTs over the second substrate, the first substrate
serves as a counter substrate.

Then, a second orientation film 103 is formed. Since rub-
bing treatment had been performed on the first orientation
film 101, the second orientation film 103 is formed by an
off-set printing method, or adroplet discharge method such as
a dispenser method or an ink-jet method. The second orien-
tation film 103 makes pretilt angles of liquid crystal mol-
ecules be 80° to 90° just by applying and baking without
performing orientation treatment such as rubbing treatment;
thus, a vertical orientation state can be obtained. Here, for the
second orientation film 103, a material for forming a vertical
orientation film is used. The material for forming a vertical
orientation film includes an organic resin formed from a
material in which a long-chain alkyl group or a functional
group with a plain structure is introduced into the side chain,
though the main skeleton thereof is polyimide which is the
same as the first orientation film. With the use of such a
material for forming a vertical orientation film, when, for
example, the main chain portion is aligned horizontally with
respect to a substrate surface, the side chain portion can make
liquid crystal molecules orient almost vertically. The second
orientation film 103 is formed into a closed-frame shape so as
to surround the first orientation film 101. The inner periphery
of the second orientation film 103 is aligned with the outer
periphery of the first orientation film 101. If there is a space
between the first orientation film 101 and the second orienta-
tion film 103, there is a concern that an orientation state of
liquid crystal molecules may be disordered. So, it is prefer-
able that the second orientation film 103 partly overlap with
the first orientation film 101 so as to prevent the space.

Then, a sealant 112 with a closed pattern is formed by a
droplet discharge method such as a dispensing method or an
ink-jet method. As the sealant 112, a material containing a
visible light curable resin, an ultraviolet curable resin, or a
thermosetting resin can be used. For example, an epoxy resin
such as a bisphenol-A liquid resin, a bisphenol-A solid resin,
a bromine-containing epoxy resin, a bisphenol-F resin, a
bisphenol-AD resin, a phenol resin, a cresol resin, a novolac
resin, a cycloaliphatic epoxy resin, an Epi-Bis type epoxy
resin, a glycidyl ester resin, a glycidyl amine resin, a hetero-
cyclic epoxy resin, or a modified epoxy resin can be used. As
the sealant 112, a sealant having a viscosity of 40 to 400 Pa-s
is used.

The sealant 112 is formed into a closed-frame shape with-
out a liquid crystal inlet. The sealant 112 is disposed so that
the inner periphery thereof'is aligned with the outer periphery
of the second orientation film 103. It is to be noted that the
sealant is formed so as to leave a space, in which the sealant
will increase in width, between the sealant and the outer
periphery of the second orientation film 103, in consideration
of increase in width of the sealant in a later step of attaching
a pair of substrates.
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The sealant 112 may include a gap material (filler with a
diameter of 1 to 24 um, fine particles, or the like) which keeps
a space between the pair of substrates. When the size of a
panel is less than or equal to 2 inches, a space between a pair
of substrates can be kept by a gap material included in a
sealant without a columnar spacer or a spherical spacer in a
pixel portion.

Then, a liquid crystal material 104 is dripped to the first
orientation film 101 by a droplet discharge method such as a
dispenser method or an ink-Jet method. Here, the liquid crys-
tal material 104 is dripped the viscosity of which is reduced
by heating using a liquid crystal dispenser 118. FIG. 1A
illustrates a cross-sectional view in this step.

FIG. 1B illustrates a perspective view of FIG. 1A. In FIG.
1B, a region 102 indicated by a dashed line corresponds to a
region to be a display region later.

Subsequently, a second substrate 110 is attached under
reduced pressure. FIG. 1C shows the state upon the attach-
ment. FIG. 1D shows the state where more time has passed,
and thus, a space is filled with liquid crystal.

The second substrate 110 is preferably formed from a
material having a thermal expansion coefficient which is
almost the same as that of the first substrate 100 so that the
sealant is not broken by deformation dueto heat when aliquid
crystal display device is obtained later. Further, as each of the
first substrate 100 and the second substrate 110, a plastic
substrate having flexibility can be used, whereby a liquid
crystal display device having flexibility can also be manufac-
tured.

A third orientation film 111 and a fourth orientation film
113 are formed on the second substrate 110 in advance.
Although not shown, an electrode, a thin film transistor, or the
like for driving liquid crystal is formed. Belt-like electrodes
are arranged over the first substrate 100 and on the second
substrate 110, and a pair of substrate is attached to each other
so that electrodes formed over/on each substrate intersect.
Thus, a passive matrix liquid crystal display device can be
manufactured.

Alternatively, a counter electrode is formed over the first
substrate 100, and a thin film transistor and a pixel electrode
which is electrically connected to the thin film transistor are
formed on the second substrate 110. The pair of substrates is
attached to each other, and thus, an active matrix liquid crystal
display device can be manufactured.

The third orientation film 111 is formed using the same
formation method and the same material as the first orienta-
tion film 101, and the third orientation film 111 has almost the
same area as the first orientation film 101. However, the
direction of rubbing treatment in the third orientation film 111
is different from that in the first orientation film 101. The pair
of substrates is attached to each other so that the rubbing
direction ofthe third orientation film 111 is almost orthogonal
to that of the first orientation film 101.

The fourth orientation film 113 is formed using the same
formation method and the same material as the second orien-
tation film 103, and has almost the same closed-frame shape
as the second orientation film 103.

As shown in FIG. 1C, the sealant is pressed upon the
attachment, so that a sealant 122 with an increased width is
obtained. Part of the sealant 122 with an increased width
overlaps with the second orientation film 103 and the fourth
orientation film 113. If there is a space between the sealant
122 with an increased width and the second orientation film
103 in the state after the attachment of the pair of substrates,
there is a concern that an orientation state of liquid crystal
molecules may be disordered. Therefore, it is preferable that
the sealant 122 with an increased width and the second ori-
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entation film 103 partly overlap as shown in FIG. 1C. Accord-
ingly, light leakage at the time of obtaining a liquid crystal
display device can be suppressed.

Although the liquid crystal material 104 is spread between
the first orientation film 101 and the third orientation film 111,
there is still a space 105 with reduced pressure between the
liquid crystal material 104 and the sealant 122 with an
increased width. In such a state where the liquid crystal mate-
rial 104 and the sealant 122 with an increased width are not in
contact with each other, irradiation with ultraviolet 115 is
performed, so that photo-curing of the sealant 122 with an
increased width is started. Subsequently, after part of the
sealant 122 with an increased width, preferably the inner
periphery of the sealant 122, is cured, the cured sealant and
the liquid crystal material are in contact with each other with
the liquid crystal material spread.

It is to be noted that irradiation with the ultraviolet 115 is
selectively performed. The irradiation may be performed on
an entire surface of the substrate as long as the liquid crystal
material is not changed in quality by irradiation with ultra-
violet.

Thus, the state where the inside of the sealant 122 with an
increased width is filled with the liquid crystal material, that
is, the state shown in FIG. 1D is obtained. Finally, heat treat-
ment for adjusting orientation of the liquid crystal molecules
1s performed if necessary.

In such a manner, a first orientation region 114 in a liquid
crystal layer is formed between the first orientation film 101
and the third orientation film 111, and a second orientation
region 117 in the liquid crystal layer is formed between the
second orientation film 103 and the fourth orientation film
113.

Here, an example is described where liquid crystal is
dripped to a substrate over which a sealant is drawn. However,
the present invention is not particularly limited. A second
substrate over which a sealant is drawn may be attached after
liquid crystal is dripped to a first substrate.

Here, an example is described where after the first orien-
tation film is formed, the second orientation film is formed,
and the sealant is further formed. However, the present inven-
tion is not particularly limited. The first orientation film may
be formed and the sealant may be further formed after the
second orientation film is formed in advance.

Further, here, a so-called multi-panel method is described
in which four liquid crystal panels are manufactured using a
pair of substrates. In a liquid crystal dripping method, liquid
crystal can be sealed before division in such a multi-panel
method. Therefore, it is suitable for mass production. It is
needless to say that the present invention can be applied to a
method for manufacturing one liquid crystal panel per sub-
strate, instead of the multi-panel method.

Embodiment Mode 2

This embodiment mode describes an example of forming a
coating portion having a layer which offers a contact angle
with 