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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR MANUFACTURING THE
SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play 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.

[0003] 2. Description of the Related Art

[0004] Inrecentyears, attention has focused on a technique
for forming a thin film transistor (TFT) by using a semicon-
ductor 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.

[0005] 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 display 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 opti-
cally modulated, and this optical modulation is recognized as
a display pattern by a viewer.

[0006] 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.

[0007] The cost for materials is increased as the size of the
panel gets larger. In particular, a liquid crystal material pro-
vided between a pixel electrode and a counter electrode is
expensive.

[0008] Inthe case ofusinga 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.

[0009] 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
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ofthe liquid 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,
aregion except the region to be a display portion is also filled
with the liquid crystal material.

[0010] In addition, an extremely large amount of liquid
crystal flows in the path of the liquid crystal material extend-
ing 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.

[0011] Further, in a liquid crystal injection method, a step
of sealing the liquid crystal inlet is necessary after the liquid
crystal injection.

[0012] The present applicant propose a technique of attach-
ing 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

[0013] 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 a liquid crystal inlet and a path is not
necessary. Accordingly, defects caused at the time of liquid
crystal injection (such as defective orientation) is eliminated.
[0014] A liquid crystal dripping method is greatly different
from a liquid crystal injection method in the order of steps.

[0015] 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
ascreen printing method orusing 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
pressure 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 a capillary phenomenon. The liquid crystal inlet is
sealed with a sealing material, and the sealing material is
cured by being irradiated with ultraviolet light. Finally, heat
treatment is performed to align the liquid crystal molecules.
[0016] 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 sur-
rounded by the sealant of the counter substrate. The counter
substrate is attached to another substrate under reduced pres-
sure. 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
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treatment for aligning the liquid crystal molecules are per-
formed at the same time. Finally, the pair of substrates is
divided.

[0017] In aliquid crystal injection method, the pair of sub-
strates 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.

[0018] Itisnecessary 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 mol-
ecules after curing the sealing material. In a liquid crystal
dripping method, heat treatment for curing the sealant and
heat treatment for aligning the liquid crystal molecules are
performed at the same time, whereby a liquid crystal display
device is efficiently manufactured.

[0019] 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.

[0020] In a liquid crystal dripping method, the sealant
which is not 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.

[0021] As aresult, a problem occurs in that the liquid crys-
tal 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.

[0022] 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.
[0023] 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.
Accordingly, 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.
[0024] 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.

[0025] 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 heating may be used. Furthermore, in the case of the
sealant having a low viscosity, an ink-jet method is suitable in
dripping the sealant, and in the case of the sealant having a
high viscosity, a dispensing method is suitable in dripping the
sealant.

[0026] The region in which reduced is the speed of diffu-
sion of the liquid crystal is formed using a material for form-
ing a vertical orientation film, a silane coupling agent, a
substance having a photocatalytic function, or the like.
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[0027] As astructure of the present invention which relates
to a manufacturing method which is disclosed in this speci-
fication, 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,
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.

[0028] 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 sub-
strate, a second substrate facing the first substrate, liquid
crystal between the first substrate and the second substrate, a
first orientation region, a second orientation region surround-
ing the first orientation 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.

[0029] Inthe above-described structure, the amount of light
passing 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 surround-
ing 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 orienta-
tion film is partly formed over a terminal portion of the first
orientation film.

[0030] Thereis no particular limitation on the liquid crystal
material, and TN liquid crystal, OCB liquid crystal, STN
liquid crystal, VA liquid crystal, ECB liquid crystal, GH lig-
uid crystal, polymer dispersed liquid crystal, discotic liquid
crystal, or the like can be used.

[0031] Inthe 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
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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.
[0032] As another structure of the present invention which
relates to a manufacturing method, a method for manufactur-
ing a liquid crystal display device includes the steps of form-
ing an orientation film over the first substrate, subjecting the
orientation film to rubbing treatment, forming a coating por-
tion by dripping a liquid repellent treatment agent so as to
surround the orientation film, forming a sealant surrounding
the coating 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.

[0033] 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 sub-
strate, a second substrate facing the first substrate, liquid
crystal between the first substrate and the second substrate, a
sealant surrounding 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 sub-
strate, where the coating portion has a frame-like shape, and
the outer periphery of the coating portion is disposed along
the inner periphery of the sealant. It is to be noted that the
liquid repellent treatment agent is a silane coupling agent.
[0034] 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 mol-
ecules (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.

[0035] As a specific example of the silane coupling agent,
octadecyltrimethoxysilane (also referred to as ODS), octade-
cyltrichlorosilane (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.

[0036] In addition, the silane coupling agent forms a self-
assembled monolayer through reactions such as hydrolysis
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and condensation. Therefore, a solvent such as water, alcohol,
or ketone may be added in order to promote hydrolysis;
however, 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
a sufficient amount 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
is preferably 1 wt % or less because excessive addition results
in an adverse influence such as a reduction in voltage holding
ratio characteristics.

[0037] Since the above-described silane coupling agent
including a trihalosilane-based compound has high hydrolyz-
ability, a solvent without a hydroxyl group or a carbonyl
group is preferably used.

[0038] Inthe case ofusing the silane coupling agent includ-
ing a trialkoxysilane-based compound, a carboxylic acid may
be added as a catalyst to further promote a hydrolysis reac-
tion.

[0039] 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 sub-
stance 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 a liquid 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.

[0040] Titanium oxide (TiO,), strontium titanate (SrTiO;),
cadmium selenide (CdSe), potassium tantalate (K TaO,), cad-
mium sulfide (CdS), zirconium oxide (ZrO,), niobium oxide
(Nb,Os), zinc oxide (Zn0O), 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.

[0041] 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.

[0042] 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 electrode provided on the counter substrate and the
connection wiring connected to the terminal portion. The
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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 con-
duction in the case where an insulating film such as an orien-
tation 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 conduc-
tive particles are located be formed at a position which does
not overlap with the first orientation film, the second orienta-
tion 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 insulating 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.

[0043] When the liquid crystal material is dripped, the lig-
uid crystal material is preferably heated and dripped by a
dispensing method to reduce the viscosity of the liquid crystal
material. 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 drip-
ping.

[0044] 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.

[0045] 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

[0046] In the accompanying drawings:

[0047] FIGS. 1A to 1D are cross-sectional views and a
perspective view which illustrate part of a manufacturing
process;

[0048] FIGS. 2A and 2B are cross-sectional views illustrat-
ing part of a manufacturing process;

[0049] FIGS. 3A to 3G illustrate process cross-sectional
views;
[0050] FIGS. 4A to 4C illustrate a top view and cross-

sectional views of a liquid crystal display device;
[0051] FIG. 5 is a cross-sectional structural view of an
active matrix liquid crystal display device;

[0052] FIGS. 6A and 6B are top views of liquid crystal
modules; and
[0053] FIGS. 7A to 7H illustrate examples of an electronic
device.
DETAILED DESCRIPTION OF THE INVENTION
Embodiment Mode
[0054] Embodiment modes of the present invention are

described below.

Embodiment Mode 1
[0055] Here, an example of performing drawing of a seal-
ant and liquid crystal dripping on the side of one of substrates
and attaching a pair of substrates is described below.
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[0056] First, afirstorientation 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.

[0057] For the first orientation film 101, a liquid material
for forming a horizontal orientation film, for example poly-
imide is selectively applied by an off-set printing method, a
screen printing method, or the like, and baking is performed.
Rubbing 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.

[0058] If the first orientation film 101 has the area almost
the same as a region to be a display region later, when a
second orientation 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 mol-
ecules in the display 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.

[0059] 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 substrate. 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.

[0060] Then, a second orientation film 103 is formed. Since
rubbing treatment had been performed on the first orientation
film 101, the second orientation film 103 is formed by an
off-set printing method, or a droplet 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.
[0061] 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
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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.

[0062] Thesealant 112 is formed into a closed-frame shape
without 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 consid-
eration of increase in width of the sealant in a later step of
attaching a pair of substrates.

[0063] The sealant 112 may include a gap material (filler
with a diameter of 1 to 24 pum, fine particles, or the like) which
keeps a space between the pair of substrates. When the size of
apanel 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.

[0064] 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
crystal 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.

[0065] FIG. 1B illustrates a perspective view of FIG. 1A. In
FIG. 1B, aregion 102 indicated by a dashed line corresponds
to a region to be a display region later.

[0066] Subsequently, a second substrate 110 is attached
under reduced pressure. FIG. 1C shows the state upon the
attachment. FIG. 1D shows the state where more time has
passed, and thus, a space is filled with liquid crystal.

[0067] 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 due to heat when a liquid
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.

[0068] 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.

[0069] 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.

[0070] The third orientation film 111 is formed using the
same formation method and the same material as the first
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orientation film 101, and the third orientation film 111 has
almost the same area as the first orientation film 101. How-
ever, 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 of the third orientation film 111 is almost
orthogonal to that of the first orientation film 101.

[0071] The fourth orientation film 113 is formed using the
same formation method and the same material as the second
orientation film 103, and has almost the same closed-frame
shape as the second orientation film 103.

[0072] AsshowninFIG. 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-
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.

[0073] 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 material 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 seal-
ant 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.

[0074] It is to be noted that irradiation with the ultraviolet
115 is selectively performed. The irradiation may be per-
formed on an entire surface of the substrate as long as the
liquid crystal material is not changed in quality by irradiation
with ultraviolet.

[0075] Thus, the state where the inside of the sealant 122
with an increased width is filled with the liquid crystal mate-
rial, that is, the state shown in FIG. 1D is obtained. Finally,
heat treatment for adjusting orientation of the liquid crystal
molecules is performed if necessary.

[0076] Insuch 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 orienta-
tion region 117 in the liquid crystal layer is formed between
the second orientation film 103 and the fourth orientation film
113.

[0077] Here, an exampleis 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.

[0078] Here, an example is described where after the first
orientation film is formed, the second orientation film is
formed, and the sealant is further formed. However, the
present invention is not particularly limited. The first orien-
tation film may be formed and the sealant may be further
formed after the second orientation film is formed in advance.
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[0079] Further, here, a so-called multi-panel method is
described in which four liquid crystal panels are manufac-
tured 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 produc-
tion. It is needless to say that the present invention can be
applied to a method for manufacturing one liquid crystal
panel per substrate, instead of the multi-panel method.

Embodiment Mode 2

[0080] This embodiment mode describes an example of
forming a coating portion having a layer which offers a con-
tact angle with liquid crystal of greater than 40° and less than
130°, which is measured by an FTA125 (manufactured by
First Ten Angstroms, Inc.) by using a liquid repellent treat-
ment agent. A contact angle with liquid crystal is smaller than
a contact angle with water with respect to the same liquid
repellent treatment agent, and the contact angle varies
depending on a liquid crystal material. Therefore, the combi-
nation between a liquid repellent treatment agent and a liquid
crystal material is selected as appropriate, so that a coating
portion having a layer which offers a contact angle with liquid
crystal of greater than 40° and less than 130° is formed. If the
contact angle with the liquid crystal is less than 40°, it is
difficult to reduce the speed of diffusion of the liquid crystal.
If the contact angle with the liquid crystal is greater than or
equal to 130°, the shape of the contact area with the liquid
crystal becomes nearly a point. Accordingly, part of the liquid
crystal is formed into nearly a spherical shape and thus is
easily moved. Therefore, there is a concern that part of the
liquid crystal comes in contact with the sealant. It is to be
noted that the same portions as in FIGS. 1A to 1D are denoted
by the same reference numerals for explanation.

[0081] First, the first orientation film 101 is formed as in
Embodiment Mode 1.

[0082] Then, a coating portion 133 with a closed-frame
shape is formed. In this embodiment mode, the coating por-
tion 133 is formed instead of the second orientation film 103.
The coating portion 133 is formed using a liquid repellent
treatment agent by a droplet discharge method such as a
dispensing method or an ink-jet method. The coating portion
refers to a region over a surface of which a self-assembled
monolayer is formed. The self-assembled monolayer is
obtained in such a way that a liquid repellent treatment agent
is applied and baking is performed to remove a solvent.
[0083] The coating portion 133 is formed into a closed-
frame shape so as to surround the first orientation film 101.
The coating portion 133 is disposed so that the inner periph-
ery of the coating portion 133 is aligned with the outer periph-
ery of the first orientation film 101 as much as possible. The
alignment of the first orientation film 101 and the coating
portion 133 is important; therefore, an ink-jet method is pref-
erably used. An ink-jet method is performed in such a way
that a small amount of liquid is ejected (or dripped) in the
form of a plurality of drops. By an ink-jet method, the small
amount of a liquid repellent treatment agent can be freely
adjusted by the number of discharging, the number of dis-
charging points, or the like.

[0084] Here, octadecyltrimethoxysilane (also referred to as
ODS) is used for the liquid repellent treatment agent. In the
case where the coating portion 133 is formed using octade-
cyltrimethoxysilane, liquid crystal molecules can be oriented
with the long axes perpendicular to a substrate surface, owing
to the obtained self-assembled monolayer. Therefore, the
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obtained self-assembled monolayer can also be referred to as
a second orientation film which is extremely thin. It is need-
less to say that a material for the liquid repellent treatment
agentis not limited to octadecyltrimethoxysilane, and a mate-
rial which does not affect orientation of liquid crystal may be
used.

[0085] Then, a sealant with a closed pattern is formed by a
droplet discharge method such as a dispensing method or an
ink-jet method. However, 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 coating portion 133,
in consideration of increase in width of the sealant in a later
step of attaching a pair of substrates.

[0086] Then, the liquid crystal material 104 is dripped to
the first orientation film 101 by a droplet discharge method
such as a dispensing method or an ink-jet method.

[0087] Subsequently, a second substrate 110 is attached
under reduced pressure. FIG. 2A shows the state upon the
attachment. FIG. 2B shows the state where more time has
passed, and thus, a space is filled with liquid crystal.

[0088] The third orientation film 111 is formed on the sec-
ond substrate 110 in advance. The third orientation film 111 is
formed using the same formation method and the same mate-
rial as the first orientation 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 of the first orienta-
tion film 101. The pair of substrates is attached to each other
so that the rubbing direction of the third orientation film 111
is almost orthogonal to that of the first orientation film 101.
[0089] Asshownin FIG. 2A, the sealant is pressed upon the
attachment, so that a sealant 122 with an increased width is
obtained. Thus, the inner periphery of the sealant 122 with an
increased width is almost aligned with the outer periphery of
the coating portion 133 or a space is left therebetween.
[0090] 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.

[0091] This embodiment mode describes an example in
which only one of the pair of substrates is provided with the
coating portion 133. Therefore, irradiation with the ultravio-
let 115 is performed in the state where the liquid crystal
material 104 and the sealant 122 with an increased width are
partly in contact with each other, 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, prefer-
ably 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.

[0092] Even when only one of the pair of substrates is
provided with the coating portion 133 as described above, at
least part of the sealant can be cured. Accordingly, uneven-
ness hardly occurs in the inner periphery of the sealant as
compared to the case where the coating portion 133 is not
provided.

[0093] TItisneedless to say thateach of the pair of substrates
may be provided with a coating portion.

[0094] Thus, the state where inside the sealant 122 with an
increased width is filled with the liquid crystal material, that
is, the state shown in FIG. 2B is obtained. Finally, heat treat-
ment for adjusting orientation of the liquid crystal molecules
is performed if necessary.
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[0095] Here, an example is described where after the first
orientation film is formed, the coating portion is formed, and
the sealant is further formed. However, the present invention
is not particularly limited thereto. The first orientation film
may be formed and the sealant may be further formed after the
coating portion is formed in advance.

[0096] This embodiment mode can be freely combined
with Embodiment Mode 1. For example, a structure may be
used in which a second orientation film with a closed-frame
shape is formed outside a first orientation film, a coating
portion is further provided in a region with the closed-frame
shape, and a sealant is disposed outside the coating portion.

[0097] Further, this embodiment mode may be combined
with Embodiment Mode 1, so that a liquid crystal panel may
be manufactured in which the substrate provided with the
coating portion which is obtained in this embodiment mode
and the substrate provided with the second orientation film
which is obtained in Embodiment Mode 1 are attached to each
other.

Embodiment Mode 3

[0098] The flow of panel manufacturing is hereinafter
explained. FIGS. 3A to 3G illustrate main process cross-
sectional views.

[0099] First, a counter electrode 222 formed of a transpar-
ent conductive film is formed over a first substrate 220 serving
as a counter substrate. For the transparent conductive film,
indium tin oxide, zinc oxide, indium zinc oxide, zinc oxide to
which gallium is added, or the like is used. Further, the
counter electrode 222 can be formed using a conductive com-
position including a conductive high molecule (also referred
to as a conductive polymer). The counter electrode formed
using a conductive composition preferably has sheet resis-
tance of less than or equal to 10000Q/[] and has the rate of
light transmission at a wavelength of 550 nm of greater than
or equal to 70%. Further, resistivity of a conductive high
molecule included in the conductive composition is prefer-
ably equal to or lower than 0.1Q2-cm.

[0100] As a conductive high molecule, a so-called & elec-
tron conjugated conductive high-molecule can be used. For
example, polyaniline or a derivative thereof, polypyrrole or a
derivative thereof, polythiophene or a derivative thereof, and
a copolymer of two or more kinds of those materials can be
given.

[0101] Specific examples of a conjugated conductive high-
molecule are given below: polypyrrole, poly(3-methylpyr-
role), poly(3-butylpyrrole), poly(3-octylpyrrole), poly(3-de-
cylpyrrole), poly(3,4-dimethylpyrrole), poly(3,4-
dibutylpyrrole), poly(3-hydroxypyrrole), poly(3-methyl-4-
hydroxypyrrole), poly(3-methoxypyrrole), poly(3-
ethoxypyrrole), poly(3-octoxypyrrole), poly(3-
carboxylpyrrole), poly(3-methyl-4-carboxylpyrrole), polyN-
methylpyrrole, polythiophene, poly(3-methylthiophene),
poly(3-butylthiophene), poly(3-octylthiophene), poly(3-de-
cylthiophene), poly(3-dodecylthiophene), poly(3-methox-
ythiophene),  poly(3-ethoxythiophene),  poly(3-octox-
ythiophene), poly(3-carboxylthiophene), poly(3-methyl-4-
carboxylthiophene), poly(3,4-ethylenedioxythiophene),
polyaniline, poly(2-methylaniline), poly(2-octylaniline),
poly(2-isobutylaniline), poly(3-isobutylaniline), poly(2-
anilinesulfonic acid), poly(3-anilinesulfonic acid), and the
like.
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[0102] A columnar spacer 215 is formed over the counter
electrode 222. Instead of a columnar spacer, a spherical
spacer may be dispersed entirely on the substrate surface.

[0103] A first orientation film 221 which covers the counter
electrode 222 and the columnar spacer 215 is formed. Then,
rubbing treatment is performed on the first orientation film
221. A process cross-sectional view in this step is shown in
FIG. 3A.

[0104] A second orientation film 223 which overlaps with
an end portion of the first orientation film 221 is formed by an
ink-jet apparatus 224. The second orientation film 223 is
formed into a closed-frame shape so as to surround the first
orientation film 221. The second orientation film 223 gives
liquid crystal an orientation state different from that of the
first orientation film 221. A process cross-sectional view in
this step is shown in FIG. 3B.

[0105] Then, a sealant 212 is formed on the counter elec-
trode 122 so as to be apart from the second orientation film
223. The sealant 212 is drawn using a screen printing method,
anink-jet apparatus, or a dispensing apparatus. For the sealant
212, an acrylic-based photo-curing resin or the like may be
used. For the sealant 212, a sealant which includes a filler
(diameter of 6 um to 24 um) and has a viscosity of 40 Pa-s to
400 Pa-s is used. It is to be noted that the sealant which is not
dissolved in liquid crystal to be in contact later is preferably
selected. A process cross-sectional view in this step is shown
in FIG. 3C.

[0106] Then, liquid crystal is dripped to the first orientation
film 221. The dripping of the liquid crystal is performed using
an ink-jet apparatus or a dispensing apparatus. As shown in
FIG. 3D, liquid crystal 214 is dripped in a region, which is
surrounded by the sealant 212, by using a liquid crystal dis-
penser 218 under atmospheric pressure. For the liquid crystal
214, a known liquid crystal material having a viscosity which
enables dripping may be used. With the use of the liquid
crystal dispenser 218, only the needed amount of the liquid
crystal 214 can be held without waste in the region sur-
rounded by the sealant 212. Alternatively, the liquid crystal
may be dripped using an ink-jet method.

[0107] Then, a pair of substrates is attached to each other
under reduced pressure. A process cross-sectional view in this
step is shown in FIG. 3E. A pixel electrode 211 and a terminal
electrode 213 are formed over a second substrate 210 in
advance. Further, a third orientation film 231 which covers
the pixel electrode 211 is formed, and a fourth orientation film
233 is formed. An end face of the fourth orientation film 233
is almost aligned with that of the third orientation film 231.
The fourth orientation film 233 is formed into a closed-frame
shape so as to surround the third orientation film 231.

[0108] This embodiment mode describes an example in
which the area of the second orientation film 223 is different
from that of the fourth orientation film 233.

[0109] Upon attachment of the substrates, the sealant is
irradiated with ultraviolet. The speed of diffusion of the liquid
crystal is reduced by the second orientation film 223 or the
fourth orientation film 233, so that the sealant can be sub-
jected to photo-curing before the liquid crystal comes in
contact with the sealant.

[0110] Then, heat treatment is performed, so that the seal-
ant 212 is further cured and the liquid crystal is heated to align
the orientation of the liquid crystal molecules. A process
cross-sectional view in this step is shown in FIG. 3F. By the
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heat treatment, a space between the substrates is fixed. As
shown in FIG. 3F, the space between the substrates is kept by
the columnar spacers 215.

[0111] Here, the sealant is cured by the heat treatment
performed after the irradiation with ultraviolet. However, the
present invention is not particularly limited thereto, and the
curing is performed so that sufficient characteristics of adhe-
sion of the sealant, such as seal strength of greater than or
equal to 200 N/cm?, are obtained.

[0112] As shown in FIG. 3G, the substrate is divided. A
groove for scribing is formed, and pressure is applied along a
line of the scribing to perform division, so that the terminal
electrode 213 is exposed.

[0113] This embodiment mode describes an example in
which the columnar spacer 215 is formed over the first sub-
strate 220 serving as a counter substrate. However, the present
invention is not particularly limited thereto, and the columnar
spacer 215 may be formed over the second substrate 210.
[0114] This embodiment mode can be freely combined
with Embodiment Mode 1 or Embodiment Mode 2.

Embodiment Mode 4

[0115] This embodiment mode describes an example in
which a conductive portion is provided with the use of con-
ductive particles in order to electrically connect a counter
electrode provided on one of substrates and a connection
wiring provided over the other of the substrates.

[0116] FIG. 4A is a top view of a liquid crystal display
device in which an FPC has not been attached to a terminal
portion 1240 of a second substrate 1210. FIG. 4B is a cross-
sectional view taken along line A-B of FIG. 4A which illus-
trates a connection region of a pixel region and a connection
wiring. FIG. 4C is a cross-sectional view taken along line C-D
of FIG. 4A which illustrates a conductive portion to be a
connection portion of a conductive particle and a connection
wiring.

[0117] AsshowninFIG. 4A, aliquid crystal display device
includes a first substrate 1204 and a second substrate 1210
which are attached to each other with a sealant 1205. For the
second substrate 1210 and the first substrate 1204, a glass
substrate (also referred to as an “alkaline-free glass sub-
strate”), a quartz substrate, a ceramic substrate, a plastic
substrate, or the like can be used, as appropriate.

[0118] A pixel region 1202 surrounded by a dotted line, and
a signal line driver circuit 1200 and a scan line driver circuit
1201 which are used for driving a plurality of pixels arranged
in the pixel region 1202 are formed over the second substrate
1210. Further, a terminal portion 1240 is formed in an end
portion of the second substrate 1210. In the terminal portion
1240, a plurality of connection terminals is formed over a
plurality of respective connection wirings.

[0119] The pixel region 1202, the signal line driver circuit
1200, and the scan line driver circuit 1201 are disposed inside
the inner periphery of the sealant 1205. Part of the signal line
driver circuit 1200, part of the scan line driver circuit 1201,
and the pixel region 1202 are covered with the first orientation
film 1280. The second orientation film 1246 is disposed
between the sealant 1205 and the first orientation film 1280.
The second orientation film 1246 overlaps with part of the
signal line driver circuit 1200 as shown in FIG. 4B.

[0120] The conductive portion 1270 is disposed between
the first orientation film 1280 and the second orientation film
1246.
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[0121] Asshownin FIG. 4B, the pixel region 1202 includes
a pixel electrode 1250 and a switching TFT 1211 which is
electrically connected to the pixel electrode 1250. Further, the
pixel region 1202 includes a capacitor. In this embodiment
mode, amode of an active matrix liquid crystal display device
is used. Accordingly, the pixel electrode 1250 and the con-
nection wiring 1242 are not directly connected to each other
but are connected to each other via the switching TFT 1211 or
the signal line driver circuit 1200. An FPC and the connection
wiring 1242 are electrically connected to each other via a
connection terminal 1243 disposed in the connection portion
1240.

[0122] The s signal line driver circuit 1200 includes a CMOS
circuit having an n-channel TFT 1223 and a p-channel TFT
1224. It is to be noted that the signal line driver circuit 1200 or
the scan line driver circuit 1201 shown in FIG. 4A may be
formed using a CMOS circuit, PMOS circuit, or an NMOS
circuit.

[0123] Asaninsulatinglayer1215, an insulating layer serv-
ing as a base film may be formed, and the insulating layer
1215 is formed to have a single layer structure or stacked
structure of silicon oxynitride, silicon nitride oxide, silicon
oxide, and silicon nitride.

[0124] The switching TFT 1211, the n-channel TFT 1223,
and the p-channel TFT 1224 each include a semiconductor
layer having a source region, a drain region, and a channel
formation region; a gate insulating layer; and a gate electrode.
[0125] The semiconductor layer is a layer formed using a
non-single crystal semiconductor or a single-crystal semicon-
ductor which has a thickness of greater than or equal to 10 nm
and less than or equal to 100 nm, furthermore greater than or
equal to 20 nm and less than or equal to 70 nm. As a non-
single crystal semiconductor layer, a crystalline semiconduc-
tor layer, an amorphous semiconductor layer, a microcrystal-
line semiconductor layer, or the like can be used. As the
semiconductor, silicon, germanium, a silicon germanium
compound, or the like can be used. In particular, it is prefer-
able to use a crystalline semiconductor which is formed by
crystallization through rapid thermal annealing (RTA) or
thermal treatment using an annealing furnace, or a crystalline
semiconductor which is formed by crystallization through
heat treatment and laser beam irradiation. In the heat treat-
ment, a crystallization method using a metal element such as
nickel which has an effect of promoting crystallization of a
silicon semiconductor can be applied.

[0126] In the case of performing crystallization by laser
light irradiation in addition to heat treatment, crystallization
can be performed by continuously moving a melted zone of
the crystalline semiconductor, which is melted by irradiation
with a continuous wave laser beam or a high-repetition-rate
ultrashort pulsed laser beam having a repetition rate of 10
MHz or higher and a pulse width of 1 nanosecond or shorter,
preferably in the range of 1 picosecond to 100 picoseconds
inclusive, along the laser beam irradiation direction. By using
such a crystallization method, a crystalline semiconductor
having a large grain diameter with a crystal grain boundary
extending in one direction can be obtained.

[0127] Inthe case where the semiconductor layer is formed
using a single-crystal semiconductor, a single-crystal semi-
conductor substrate provided with a silicon oxide layer is
bonded to the second substrate 1210 and part of the single-
crystal substrate is polished or separated; accordingly, a semi-
conductor layer using a single-crystal semiconductor can be
formed over the second substrate 1210.
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[0128] The gate insulating layer is formed from an inor-
ganic insulator such as silicon oxide or silicon oxynitride
which has a thickness of greater than or equal to 5 nm and less
than or equal to 50 nm, preferably greater than or equal to 10
nm and less than or equal to 40 nm.

[0129] The gate electrode can be formed from a polycrys-
talline semiconductor to which metal or an impurity of one
conductivity type is added. In the case of using metal, tung-
sten (W), molybdenum (Mo), titanium (Ti), tantalum (Ta),
aluminum (Al), or the like can be used. Further, metal nitride
formed by nitriding metal can be used. Alternatively, the gate
electrode may have a stacked structure of a first layer made of
the metal nitride and a second layer made of the metal. By
forming the first layer using metal nitride, the first layer can be
used as a metal barrier. That is, the metal of the second layer
can be prevented from being spread into the gate insulating
layer or the semiconductor layer below the gate insulating
layer. In the case of employing a stacked structure, the gate
electrode may have a shape in which an edge of the first layer
extends beyond an edge of the second layer.

[0130] For the switching TFT 1211, the n-channel TFT
1223, and the p-channel TFT 1224 each of which is formed by
combination of a semiconductor layer, a gate insulating layer,
a gate electrode, and the like, various kinds of structures can
be used, such as a single-drain structure, an LDD (lightly-
doped drain) structure, and a gate-overlapped drain structure.
Here, a thin film transistor having an LDD structure is
described. Moreover, a multi-gate structure where transistors,
to which a gate voltage which is the same potential is equally
applied, are serially connected; a dual-gate structure where
the semiconductor layer is sandwiched by gate electrodes; an
inversely staggered thin film transistor; or the like can be
used.

[0131] Wirings which are in contact with the source region
and drain region of the semiconductor layers are preferably
formed by combination of a low-resistance material such as
aluminum and a barrier metal using a high-melting-point
metal material such as titanium or molybdenum, e.g., a
stacked structure of titanium and aluminum or a stacked
structure of molybdenum and aluminum.

[0132] As thethin film transistor, a thin film transistor using
metal oxide or an organic semiconductor material for a semi-
conductor layer can be used. As typical examples of the metal
oxide, zinc oxide, oxide of zinc gallium indium, and the like
can be given.

[0133] The pixel electrode 1250 connected to one of elec-
trodes of the switching TFT 1211 exists over the insulating
layer 1214. Further, the connection wiring 1208 connected to
the counter electrode via the conductive particle 1273 is
formed over the insulating layer 1214. Multiple layers of the
connection wiring 1208 and multiple layers of the insulating
layer 1214 may overlap with each other, depending on the
structure of the pixel region, the signal line driver circuit, or
the scan line driver circuit. In that case, the signal line driver
circuit or the scan line driver circuit can be formed in a smaller
area; and thus, the area of the pixel region can be enlarged.
[0134] The first orientation film 1280 is formed over the
pixel electrode 1250, and a columnar spacer 1255 is formed
thereover.

[0135] FIG. 4C is a cross-sectional view of a region where
the conductive particle 1273 and the connection terminal are
connected to each other. The connection wiring 1208 is
formed over the insulating layer 1214. A connection terminal
1241 which is formed concurrently with the pixel electrode is
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formed over the connection wiring 1208. The connection
terminal 1241 is electrically connected to the counter elec-
trode 1251 via the connection wiring 1208 and the conductive
particle 1273. Further, the connection terminal 1241 is con-
nected to an FPC. An adhesive 1271 is a medium which
makes the conductive particle 1273 easier to be discharged
inside the frame of the sealant 1205. Further, the adhesive
1271 which had been cured is a medium for fixing the con-
ductive particle 1273. The adhesive 1271 can be formed using
a material similar to that of the sealant 1205.

[0136] The adhesive 1271 is spread at the time of attaching
the substrates, and thus, the adhesive 1271 overlaps with an
end portion of the first orientation film 1280 and an end
portion of the second orientation film 1246.

[0137] The first substrate 1204 to be a counter substrate is
provided with a black matrix 1253 at a position overlapping
with the signal line driver circuit 1200, and a color filter 1249
and a protective layer 1252 at a position overlapping with at
least the pixel region 1202. In a case where color display is
performed by a color sequential method called field sequen-
tial, the color filter is not necessarily provided. The counter
electrode 1251 is formed on the color filter 1249 and the
protective layer 1252. The third orientation film 1206 is pro-
vided on the counter electrode 1251 which is subjected to
rubbing treatment. The third orientation film 1206 is disposed
at a position facing the first orientation film 1280. A fourth
orientation film 1207 is provided on the counter electrode
1251. The fourth orientation film 1207 is disposed at a posi-
tion facing the second orientation film 1246.

[0138] In order to further improve contrast, a first polariz-
ing plate 1290 and a second polarizing plate 1295 are pro-
vided outside the second substrate 1210 and the first substrate
1204, respectively.

[0139] Even when the second orientation film 1246 and the
fourth orientation film 1207 are provided, electrical connec-
tion can be surely performed in the conductive portion 1270.
Accordingly, quality of a liquid crystal display device can be
improved. Further, a liquid crystal display device can be
provided which can maintain connection in the conductive
portion even when the substrate is deformed by application of
external force such as shock.

[0140] This embodiment mode can be freely combined
with any one of Embodiment Modes 1 to 3.

[0141] The present invention including the above-de-
scribed structures is described in more detail with the use of
embodiments to be given below.

Embodiment 1

[0142] As shown in FIG. 5, an active matrix substrate is
manufactured using a substrate 600 having a light-transmit-
ting property. The manufacturing cost is preferably reduced
by using a large-area substrate having a size of, for example,
600 mmx720 mm, 680 mmx880 mm, 1000 mmx1200 mm,
1100 mmx1250 mm, 1150 mmx1300 mm, 1500 mmx1800
mm, 1800 mmx2000 mm, 2000 mmx2100 mm, 2200
mmx2600 mm, or 2600 mmx3100 mm. As for the substrate
which can be used, a glass substrate made of barium borosili-
cate glass, aluminoborosilicate glass, or the like typified by
Corning 7059 glass, 1737 glass, or the like manufactured by
Corning Incorporated can be used. As another example of the
substrate, a light-transmitting substrate such as a quartz sub-
strate can be used.

[0143] First, a conductive layer is formed over the entire
surface of the substrate 600 having an insulating surface by a
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sputtering method. After that, a resist mask is formed by a first
photolithography step, and an unnecessary portion is
removed by etching to form a wiring and an electrode (such as
a gate electrode, a storage capacitor wiring, and a terminal). It
is to be noted that a base insulating film is formed over the
substrate 600 if necessary.

[0144] The wiring and the electrode are formed using an
element selected from titanium, tantalum, tungsten, molyb-
denum, chromium, and neodymium, an alloy containing the
element as a component, or nitride containing the element as
a component. Further, two or more of elements selected from
titanium, tantalum, tungsten, molybdenum, chromium, and
neodymium, an alloy containing the element as a component,
and nitride containing the element as a component may be
selected and stacked.

[0145] Asascreensize gets larger, the length of each wiring
is increased, and the problem of an increase in wiring resis-
tance is caused, which causes an increase in power consump-
tion. Therefore, in order to decrease wiring resistance and
reduce power consumption, copper, aluminum, silver, gold,
chromium, iron, nickel, platinum, or an alloy thereof can be
used as materials of the above wiring and electrode. Further,
the wiring and the electrode may also be formed by an ink-jet
method using an independently dispersed ultrafine particle
dispersion liquid in which ultrafine particles (each with a
grain size of 5 to 10 nm) of metal such as silver, gold, copper,
or palladium are dispersed at high concentration without
being aggregated.

[0146] Next, a gate insulating film is formed over the entire
surface by a PCVD method. The gate insulating film is
formed using a stacked-layer of a silicon nitride film and a
silicon oxide film with a thickness of 50 to 200 nm, preferably
150 nm. It is to be noted that the gate insulating film is not
limited to a stacked-layer, and an insulating film such as a
silicon oxide film, a silicon nitride film, a silicon oxynitride
film, or a tantalum oxide film can also be used.

[0147] Then, over the entire surface of the gate insulating
film, a first amorphous semiconductor film is formed to a
thickness of 50 to 200 nm, preferably 100 to 150 nm by a
known method such as a plasma CVD method or a sputtering
method. Typically, an amorphous silicon (a-Si) film is formed
to a thickness of 100 nm. It is to be noted that since a chamber
size is increased when a film is formed over a large-area
substrate, it takes long processing time to evacuate the cham-
ber and requires a large amount of film formation gas. There-
fore, further cost reduction may be achieved by forming the
amorphous silicon (a-Si) film using a linear plasma CVD
apparatus under atmospheric pressure.

[0148] After that, a second amorphous semiconductor film
containing an impurity element imparting one conductivity
type (n-type or p-type) is formed to a thickness of 20 to 80 nm.
The second amorphous semiconductor film containing an
impurity element imparting one conductivity type (n-type or
p-type) is formed over the entire surface by a known method
such as a plasma CVD method or a sputtering method. In this
embodiment, the second amorphous semiconductor film con-
taining an impurity element imparting n-type conductivity is
formed using a silicon target to which phosphorus is added.
[0149] Next, a resist mask is formed by a second photoli-
thography step, and an unnecessary portion is removed by
etching to form a first island-shaped amorphous semiconduc-
tor film and a second island-shaped amorphous semiconduc-
tor film. Wet etching or dry etching is used as an etching
method at this time.
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[0150] Then, aconductive layer covering the second island-
shaped amorphous semiconductor film is formed by a sput-
tering method. After that, a resist mask is formed by a third
photolithography step, and an unnecessary portion is
removed by etching to form a wiring and an electrode (such as
a source wiring, a drain electrode, and a storage capacitor
electrode). The above wiring and electrode are formed using
an element selected from aluminum, titanium, tantalum,
tungsten, molybdenum, chromium, neodymium, coppet, sil-
ver, gold, chromium, iron, nickel, and platinum, or an alloy
containing the element as a component. Alternatively, the
wiring and the electrode may be formed by an ink-jet method
using an independently dispersed ultrafine particle dispersion
liquid in which ultrafine particles (each with a grain size of 5
to 10 nm) of metal such as silver, gold, copper, or palladium
are dispersed at high concentration without being aggregated.
By forming the wiring and the electrode by an ink-jet method,
the photolithography step becomes unnecessary and a further
cost reduction can be achieved.

[0151] Next, a resist mask is formed by a fourth photoli-
thography step, and an unnecessary portion is removed by
etching to form a source wiring, a drain electrode, and a
capacitor electrode. Wet etching or dry etching is used as an
etching method at this time. At this time, a storage capacitor
625 is formed which uses, as a dielectric, an insulating film
made of the same material as the gate insulating film. Then,
using the source wiring and the drain electrode as masks, part
of the second amorphous semiconductor film is removed in a
self-aligned manner and part of the first amorphous semicon-
ductor film is thinned. The thinned region serves as a channel
formation region of a TFT.

[0152] Then, afirst protective film made of a silicon nitride
film with a thickness of 150 nm and a first interlayer insulat-
ing film formed using a silicon oxynitride film with a thick-
ness of 150 nm are formed over the entire surface by a plasma
CVD method. It is to be noted that since a chamber size is
increased when forming a film over a large-area substrate, it
takes long processing time to evacuate the chamber and
requires a large amount of a film formation gas. Therefore, a
further cost reduction may be achieved by forming the pro-
tective film made of'a silicon nitride film using a linear plasma
CVD apparatus under atmospheric pressure. After that,
hydrogenation is performed and a channel-etched TFT 626 is
manufactured.

[0153] Although the channel-etched type is given in this
embodiment as an example of the structure of the TFT, the
TFT structure is not particularly limited thereto, and a chan-
nel stopper TFT, a top gate TFT, or a staggered TFT may be
used.

[0154] A second protective film 619 is formed by an RF
sputtering method. A silicon nitride film is formed as the
second protective film 619 by sputtering a single-crystal sili-
con target with an N, gas or a mixed gas of N, and a rare gas
under the condition that a back-pressure is set at 1x10~> Pa or
less by using a turbomolecular pump or a cryopump. This
dense silicon nitride film effectively prevents variations or the
like in threshold voltage which is caused by contamination of
the TFT due to alkali metal or alkaline earth metal such as
sodium, lithium, or magnesium. Further, the silicon nitride
film has an excellent blocking property against moisture or
oxygen. The oxygen and hydrogen content in the silicon
nitride film is preferably set at 10 at. % or less, more prefer-
ably 1 at. % or less in order to increase the blocking property.
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[0155] Next, a resist mask is formed by a fifth photolithog-
raphy step, and contact holes which reach the drain electrode
and the storage capacitor electrode are then formed by a dry
etching step. At the same time, a contact hole (not shown in
the drawing) for electrically connecting the gate wiring and a
terminal may be formed in a terminal portion, and a metal
wiring (not shown in the drawing) for electrically connecting
the gate wiring and the terminal may be formed. In addition,
at the same time, a contact hole (not shown in the drawing)
which reaches the source wiring may be formed, and a metal
wiring connected to the source wiring may be formed. A pixel
electrode of an alloy of indium oxide and tin oxide or the like
may be formed after forming these metal wirings, or these
metal wirings may be formed after forming the pixel elec-
trode of an alloy of indium oxide and tin oxide or the like.
[0156] Then, a transparent electrode film is formed of an
alloy of indium oxide and tin oxide, an alloy of indium oxide
and zinc oxide, zinc oxide, or the like with a thickness of 110
nm. After that, a sixth photolithography step and an etching
step are performed, so that a pixel electrode 601 is formed.
[0157] As described above, an active matrix substrate
including the source wiring, the inverted staggered TFT 626
of the pixel portion 627, the storage capacitor 625, and the
terminal can be manufactured by the six photolithography
steps.

[0158] Then, a first orientation film 623 is formed over the
active matrix substrate and rubbing treatment is performed. It
is to be noted that before formation of the first orientation film
623, a columnar spacer 602 is formed at the desired position
in order to keep a gap between the substrates by patterning an
organic resin film such as an acrylic resin film in this embodi-
ment. Alternatively, spherical spacers may be dispersed over
the entire surface of the substrate instead of the columnar
spacer.

[0159] Then, in accordance with Embodiment Mode 1, a
second orientation film 640 overlapping with the terminal
portion of the first orientation film 623 is formed.

[0160] Then, a counter substrate is prepared. This counter
substrate is provided with a color filter 620 in which a colored
layer and a light-blocking layer are arranged for each pixel. In
addition, a planarizing film is provided to cover the color filter
and the light-blocking layer. Then, a counter electrode 621 is
formed on the planarizing film using a transparent conductive
film. Then, a third orientation film 622 is formed on the entire
surface of the counter substrate and rubbing treatment is
performed thereto.

[0161] Next, a sealant is drawn so as to surround the pixel
portion of the active matrix substrate. Liquid crystal is
dripped to the region surrounded by the sealant 607 by a
liquid crystal dispenser. Then, the active matrix substrate and
the counter substrate are attached to each other under reduced
pressure with the sealant 607 to seal a liquid crystal layer 624.
[0162] Owing to the second orientation film 640, the speed
of diffusion of the liquid crystal at the time of attachment is
reduced, and a surface of the sealant is subjected to photo-
curing during that time. Accordingly, unevenness of the inner
periphery of the sealant is prevented, and further, impurities
are prevented from seeping into the liquid crystal from the
sealant which is not cured.

[0163] The sealant 607 is mixed with filler (not illustrated),
so that two substrates can be attached to each other with a
uniform gap therebetween by the filler and the spacer 602. By
using a liquid crystal dripping method, the amount of liquid
crystal used in the manufacturing process can be reduced, and
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particularly when a large-area substrate is used, the manufac-
turing cost can be drastically reduced.

[0164] Then, the active matrix substrate or the counter sub-
strate is divided into a desired shape. In such a manner, the
active matrix liquid crystal display device is completed.
[0165] Furthermore, optical films such as a polarizing plate
603 and a color filter are provided, as appropriate, using a
known technique. Then, an FPC is attached using a known
technique.

[0166] The liquid crystal module obtained through the
above steps is provided with a backlight 604 and a light
guiding plate 605 and covered with a cover 606, whereby the
active matrix liquid crystal display device (transmissive type)
is completed, a partial cross-sectional view of which is illus-
trated in FIG. 5. It is to be noted that the cover and the liquid
crystal module are fixed to each other using an adhesive or an
organic resin. In addition, since the liquid crystal display
device is of transmissive type, the polarizing plate 603 is
attached to each of the active matrix substrate and the counter
substrate.

[0167] Further, an example of the transmissive type is
described in this embodiment; however, the liquid crystal
display device is not limited thereto, and a reflective or semi-
transmissive liquid crystal display device can also be manu-
factured. In the case of obtaining a reflective liquid crystal
display device, a metal film with high optical reflectance,
typically, a film containing aluminum or silver as its main
component, a stack thereof, or the like may be used for a pixel
electrode. In the case of obtaining a semi-transmissive liquid
crystal display device, one pixel electrode is formed using a
transparent conductive film and a reflective metal film, so that
a transmissive portion and a reflective portion are provided.
[0168] This embodiment can be freely combined with any
one of Embodiment Modes 1 to 4.

Embodiment 2

[0169] In this embodiment, a top view of the liquid crystal
module described in Embodiment 1 is illustrated in FIG. 6A,
and a top view of aliquid crystal module different from that of
Embodiment 1 is illustrated in FIG. 6B.

[0170] The TFT whose active layer is formed using an
amorphous semiconductor film described in Embodiment 1
has low field-effect mobility, which is approximately only
about 1 cm*/Vsec. Therefore, a driver circuit for performing
image display is formed in an IC chip and mounted by a TAB
(tape automated bonding) method or a COG (chip on glass)
method.

[0171] InFIG. 6A, reference numeral 701 denotes an active
matrix substrate; 706, a counter substrate; 704, a pixel por-
tion; 707, a sealant; and 705, an FPC. It is to be noted that
liquid crystal is dripped by a dispenser apparatus or an ink-jet
apparatus under reduced pressure, and the pair of substrates
701 and 706 are attached to each other with the a sealant 707.
Further, a region in which reduced is the speed of diffusion of
the liquid crystal at the time of attaching the pair of substrates
is provided between the sealant and the orientation film, and
time until the liquid crystal is spread to come in contact with
the sealant is lengthened. Thus, the sealant is subjected to
photo-curing before the liquid crystal is in contact with the
sealant. As described in Embodiment Mode 1 or Embodiment
Mode 2, a region in which the speed of diffusion of the liquid
crystal is reduced is formed using a material for forming a
vertical orientation film, a silane coupling agent, a substance
having a photocatalytic function, or the like.
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[0172] The TFT according to Embodiment 1 has low field-
effect mobility, but in the case of mass-production using
large-area substrates, the cost for the manufacturing process
can be reduced since the manufacturing process is carried out
at low temperature. When the liquid crystal is dripped by a
dispenser apparatus or an ink-jet apparatus under reduced
pressure and a pair of substrates is attached to each other, the
liquid crystal can be held between the pair of substrates
regardless of their sizes, so that a display device provided
with a liquid crystal panel having a large-sized screen of from
20 to 80 inches can be manufactured.

[0173] When an active layeris formed using a semiconduc-
tor film which is formed by crystallizing an amorphous semi-
conductor film to obtain a crystalline structure by a known
crystallization treatment, typically, a polysilicon film, a TFT
which has high field effect mobility can be obtained, and a
driver circuit having a CMOS circuit can also be formed over
the same substrate as the pixel portion. Further, in addition to
the driver circuit, a CPU and the like can be manufactured
over the same substrate as the pixel portion.

[0174] When a TFT having an active layer formed using a
polysilicon film is used, a liquid crystal module as illustrated
in FIG. 6B can be manufactured.

[0175] InFIG. 6B, reference numeral 711 denotes an active
matrix substrate; 716, a counter substrate; 712, a source sig-
nal line driver circuit; 713, a gate signal line driver circuit;
714, apixel portion; 717, a first sealant; and 715, an FPC. It is
to be noted that liquid crystal is dripped by a dispenser appa-
ratus or an ink-jet apparatus under reduced pressure, and the
pair of substrates 711 and 716 is attached to each other with
the first sealant 717 and a second sealant 718. Since the liquid
crystal is not necessary for the driver circuit portions 712 and
713, the liquid crystal is held only in the pixel portion 714,
and the second sealant 718 is provided for reinforcement of
the whole panel.

[0176] This embodiment can be freely combined with
Embodiment Mode 1, 2, 3, or 4, or Embodiment 1.

Embodiment 3

[0177] Electronic devices can be manufactured by incorpo-
rating the liquid crystal display device obtained according to
the present invention into a display portion. Examples of the
electronic devices are as follows: cameras such as video cam-
eras or digital cameras, goggle type displays (head mounted
displays), navigation systems, sound reproduction devices
(car audios, audio components, or the like), laptop computers,
game machines, mobile information terminals (mobile com-
puters, mobile telephones, mobile game machines, electronic
books, or the like), image reproduction devices equipped with
recording media (specifically, a device which reproduces the
recording medium such as a digital versatile disc (DVD) and
which is equipped with a display for displaying the image),
and the like. Specific examples of those electronic devices are
illustrated in FIGS. 7A to 7H.

[0178] FIG. 7A illustrates a television which includes a
casing 2001, a supporting base 2002, a display portion 2003,
speaker units 2004, a video input terminal 2005, and the like.
The present invention can be applied to the display portion
2003. Itis to be noted that the term “television” includes every
television for displaying information such as one for a per-
sonal computer, one for receiving TV broadcasting, and one
for advertising.

[0179] FIG. 7B illustrates a digital camera which includes a
main body 2101, a display portion 2102, an image receiving
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unit 2103, operation keys 2104, an external connection port
2105, a shutter button 2106, and the like. The present inven-
tion can be applied to the display portion 2102.

[0180] FIG. 7C illustrates a laptop personal computer
which includes a main body 2201, a casing 2202, a display
portion 2203, a keyboard 2204, an external connection port
2205, a pointing device 2206, and the like. The present inven-
tion can be applied to the display portion 2203.

[0181] FIG. 7D illustrates a mobile computer which
includes a main body 2301, a display portion 2302, a switch
2303, operation keys 2304, an infrared ray port 2305, and the
like. The present invention can be applied to the display
portion 2302.

[0182] FIG. 7E illustrates a portable image reproducing
device equipped with a recording medium (specifically, a
DVD player). The device includes a main body 2401, a casing
2402, a display portion A 2403, a display portion B 2404, a
recording medium (such as DVD) reading unit 2405, opera-
tion keys 2406, speaker units 2407, and the like. The display
portion A 2403 mainly displays image information whereas
the display portion B 2404 mainly displays text information.
The present invention can be applied to the display portions A
2403 and B 2404. It is to be noted that the term “image
reproducing device equipped with a recording medium”
includes home-use game machines and the like.

[0183] FIG. 7F illustrates a game machine which includes a
main body 2501, a display portion 2502, operation switches
2504, and the like.

[0184] FIG. 7G illustrates a video camera which includes a
main body 2601, a display portion 2602, a casing 2603, an
external connection port 2604, a remote control receiving unit
2605, an image receiving unit 2606, a battery 2607, an audio
input unit 2608, operation keys 2609, and the like. The
present invention can be applied to the display portion 2602.
[0185] FIG. 7H illustrates a mobile phone which includes a
main body 2701, a casing 2702, a display portion 2703, an
audio input unit 2704, an audio output unit 2705, operation
keys 2706, an external connection port 2707, an antenna
2708, and the like. The present invention can be applied to the
display portion 2703.

[0186] As described above, the display device obtained by
implementing the present invention may be used as the dis-
play portions of various electronic devices. The electronic
devices of this embodiment may be manufactured using a
liquid crystal display device which uses any structures of
Embodiment Modes 1 to 4, and Embodiments 1 and 2.
[0187] When substrates are attached under reduced pres-
sure which is suitable for taking multiple panels, a liquid
crystal display device can be produced in which usability of a
liquid crystal material is high and unevenness in the inner
periphery of a seal is prevented.

[0188] This application is based on Japanese Patent Appli-
cation serial no. 2007-167346 filed with Japan Patent Office
on Jun. 26, 2007, the entire contents of which are hereby
incorporated by reference.

What is claimed is:

1. A liquid crystal display device comprising:

a display region on a first substrate;

a first orientation film on the display region;

a second orientation film surrounding the first orientation
film;

a liquid crystal layer on the first orientation film and the
second orientation film; and

a sealant surrounding the second orientation film.
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2. The liquid crystal display device according to claim 1,

wherein the second orientation film is a vertical orientation
film, and

wherein the second orientation film and the sealant partly
overlap.

3. The liquid crystal display device according to claim 1,

wherein an area of the first orientation film is larger than an
area of the display region.

4. The liquid crystal display device according to claim 1,
wherein the sealant surrounds the first orientation film with
the second orientation film interposed therebetween.

5. The liquid crystal display device according to claim 1,

further comprising:
a third orientation film on a second substrate; and
a fourth orientation film surrounding the third orientation
film on the second substrate,
wherein the liquid crystal layer is provided between the
first orientation film and the third orientation film.
6. The liquid crystal display device according to claim 5,
wherein the sealant overlaps with the second orientation
film and the fourth orientation film.
7. A liquid crystal display device comprising:
a display region on a first substrate;
a first orientation film on the display region;
a first liquid repellent region surrounding the first orienta-
tion film;
a liquid crystal layer on the first orientation film and the
first liquid repellent region; and
a sealant surrounding the first liquid repellent region,
wherein the first liquid repellent region is interposed
between the first orientation film and the sealant.
8. The liquid crystal display device according to claim 7,
wherein the first liquid repellent region has a layer which
offers a contact angle with liquid crystal of greater than
40° and less than 130°.
9. The liquid crystal display device according to claim 7,
wherein the first liquid repellent region is treated by a
silane coupling agent.
10. The liquid crystal display device according to claim 7,
wherein an area of the first orientation film is larger than an
area of the display region.
11. The liquid crystal display device according to claim 7,
further comprising:
a second orientation film on a second substrate,
wherein the liquid crystal layer is provided between the
first orientation film and the second orientation film on
the second substrate.
12. The liquid crystal display device according to claim 11,
wherein the first orientation film and the second orientation
film include a same material.
13. A method for manufacturing a liquid crystal display
device, comprising the steps of:
forming a first orientation film over a first substrate;
forming a first liquid repellent region by dripping a liquid
repellent treatment agent so as to surround the first ori-
entation film;

13
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forming a sealant surrounding the first liquid repellent
region over the first substrate;
dripping a liquid crystal to a region surrounded by the first
liquid repellent region;
attaching a second substrate to the first substrate with the
liquid crystal interposed therebetween; and
curing the sealant.
14. The method for manufacturing a liquid crystal display
device according to claim 13,
wherein the liquid repellent treatment agent is a silane
coupling agent or a material for forming a vertical ori-
entation film.
15. The method for manufacturing a liquid crystal display
device according to claim 13, further comprising the steps of:
forming a second orientation film over the second sub-
strate; and
wherein the step of attaching the second substrate to the
first substrate is performed to allow the liquid crystal to
be interposed between the first orientation film and the
second orientation film.
16. The method for manufacturing a liquid crystal display
device according to claim 15,
wherein the first orientation film and the second orientation
film include a same material.
17. The method for manufacturing a liquid crystal display
device according to claim 15, further comprising the step of:
forming a second liquid repellent region by dripping a
liquid repellent treatment agent so as to surround the
second orientation film.
18. The method for manufacturing a liquid crystal display
device according to claim 13, further comprising the step of:
subjecting the first orientation film to rubbing treatment
before the step of forming the first liquid repellent
region.
19. The method for manufacturing a liquid crystal display
device according to claim 13,
wherein the sealant surrounds the first orientation film with
the first liquid repellent region interposed therebetween.
20. The method for manufacturing a liquid crystal display
device according to claim 13, further comprising the step of:
forming a pixel region including a plurality of pixels,
wherein the pixel region is covered with the first orienta-
tion film.
21. The method for manufacturing a liquid crystal display
device according to claim 13,
wherein the step of attaching the second substrate to the
first substrate is performed under reduced pressure.
22. The method for manufacturing a liquid crystal display
device according to claim 13,
wherein the second substrate is attached to the first sub-
strate with the liquid crystal interposed therebetween
before curing the sealant.
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