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(57) ABSTRACT

A display device having high reliability is provided. A frame
of a display device is narrowed. A display device such as a
liquid crystal display device includes a first substrate, a
second substrate overlapping with the first substrate, a liquid
crystal layer between the first substrate and the second
substrate, a first sealant surrounding the liquid crystal layer
between the first substrate and the second substrate, and a
second sealant surrounding the first sealant, closing a gap
between the first substrate and the second substrate, and
extending to at least a side surface of the second substrate.
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DISPLAY DEVICE AND ELECTRONIC
DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] One embodiment of the present invention relates to
a display device. Further, one embodiment of the present
invention relates to an electronic device.

[0003] 2. Description of the Related Art

[0004] In recent years, techniques for improvement in
performance (e.g., reduction in power consumption or
increase in definition) of a display device have been devel-
oped.

[0005] Examples of the display device include a liquid
crystal display device, an electroluminescent display device
(also referred to as an EL display device), and the like.

[0006] As a transistor for driving a display element (a
liquid crystal element, an EL element, or the like) in the
display device, a transistor in which a silicon semiconductor
is used for a channel formation region, a transistor in which
ametal oxide semiconductor is used for a channel formation
region, or the like can be used. For example, a display device
disclosed in Patent Document 1 is an example of a display
device including, as a transistor for driving a display ele-
ment, a transistor in which a metal oxide semiconductor is
used for a channel formation region.

REFERENCE

[0007] [Patent Document 1] Japanese Published Patent
Application No. 2011-44699

SUMMARY OF THE INVENTION

[0008] A conventional display device has a problem of
low reliability. For example, in a conventional display
device, a display element is provided between two sub-
strates, and further, a sealant is provided between the two
substrates so as to surround the display element. By attach-
ing the two substrates to each other, the display element is
sealed. However, entry of water or the like from the outside
through the sealant into a sealed region degrades the char-
acteristics of the display element or a transistor for driving
the display element; thus, a malfunction is likely to occur.

[0009] In a region where the two substrates overlap with
each other of the display device, a region other than a display
portion (also referred to as a frame), such as a region
overlapping with the sealant, is preferably small. When the
frame is wide, for example, the area occupied by the display
portion becomes small.

[0010] It is an object of one embodiment of the present
invention to improve the reliability of a display device. It is
an object of one embodiment of the present invention to
suppress an increase in size of a frame of a display device.
Note that in one embodiment of the present invention, it is
only necessary that at least one of the above-stated objects
1s achieved.

[0011] In one embodiment of the present invention, entry
of impurities from the outside which cause a malfunction of
a display device is suppressed by closing a gap between a
first substrate and a second substrate with a plurality of
sealants.
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[0012] In one embodiment of the present invention, a
narrower frame is obtained by providing at least one of the
plurality of sealants so as to extend to at least a side surface
of the second substrate.

[0013] One embodiment of the present invention is a
display device which includes a first substrate, a second
substrate overlapping with the first substrate, a liquid crystal
layer between the first substrate and the second substrate, a
first sealant surrounding the liquid crystal layer between the
first substrate and the second substrate, and a second sealant
surrounding the first sealant, closing a gap between the first
substrate and the second substrate, and extending to at least
a side surface of the second substrate.

[0014] One embodiment of the present invention is an
electronic device including a panel with the display device.
[0015] In accordance with one embodiment of the present
invention, the reliability of a display device can be
improved. An increase in size of a frame of a display device
can be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIGS. 1A and 1B illustrate a structural example of
a display device.

[0017] FIGS. 2A and 2B illustrate a structural example of
a display device.

[0018] FIGS. 3A and 3B illustrate a structural example of
a display device.

[0019] FIGS. 4A and 4B each illustrate a structural
example of a display device.

[0020] FIGS. 5A and 5B each illustrate a structural
example of a display device.

[0021] FIGS. 6Al, 6A2, 6B1, and 6B2 illustrate an
example of a method for manufacturing a display device.
[0022] FIGS. 7A1, 7A2, 7B1, and 7B2 illustrate an
example of a method for manufacturing a display device.
[0023] FIGS. 8Al, 8A2, 8B1, and 8B2 illustrate an
example of a method for manufacturing a display device.
[0024] FIGS. 9A1 and 9A2 illustrate an example of a
method for manufacturing a display device.

[0025] FIGS. 10A1 and 10A2 illustrate an example of a
method for manufacturing a display device.

[0026] FIGS. 11A and 11B illustrate a structural example
of a liquid crystal display device.

[0027] FIG. 12 illustrates a structural example of a liquid
crystal display device.

[0028] FIGS. 13Ato 13D each illustrate an example of an
electronic device.

DETAILED DESCRIPTION OF THE
INVENTION

[0029] Embodiments of the present invention will be
described below. Note that it will be readily appreciated by
those skilled in the art that details of the embodiments can
be modified in various ways without departing from the
spirit and scope of the present invention. Thus, the present
invention should not be limited to, for example, the descrip-
tion of the following embodiments.

[0030] Note that the contents in different embodiments can
be combined with one another as appropriate. In addition,
the contents of the embodiments can be replaced with each
other as appropriate.
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[0031] Further, the ordinal numbers such as “first” and
“second” are used to avoid confusion between components
and do not limit the number of each component.

[0032] In this specification, a term “parallel” indicates that
the angle formed between two straight lines is greater than
or equal to —=10° and less than or equal to 10°, and accord-
ingly also includes the case where the angle is greater than
or equal to =5° and less than or equal to 5°. In addition, a
term “perpendicular” indicates that the angle formed
between two straight lines is greater than or equal to 80° and
less than or equal to 100°, and accordingly includes the case
where the angle is greater than or equal to 85° and less than
or equal to 95°.

[0033] In this specification, trigonal and rhombohedral
crystal systems are included in a hexagonal crystal system.

Embodiment 1

[0034] Inthis embodiment, an example of a display device
which is one embodiment of the present invention will be
described.

[0035] A structural example of the display device accord-
ing to this embodiment will be described with reference to
FIGS. 1A and 1B.

[0036] FIG. 1A is a schematic top view of the display
device, and FIG. 1B is a schematic cross-sectional view
along line A-A'in FIG. 1A. Note that for convenience, some
of the components of the display device are not shown in
FIG. 1A.

[0037] The display device illustrated in FIGS. 1A and 1B
includes a substrate 101, a substrate 104, a liquid crystal
layer 105 included in a display element, a sealant 106, a
sealant 107, and a sealant 108.

[0038] The substrate 101 is provided with a layer 113 in
which an element such as a transistor for controlling an
electric field of the liquid crystal layer 105 is formed. Note
that the layer 113 also includes an insulating layer having a
function as a protective layer, a planarization layer, or the
like over the transistor.

[0039] The substrate 104 overlaps with the substrate 101.
The substrate 104 is provided with a layer 114 in which a
coloring layer, a light blocking layer, an insulating layer
having a function as a planarization layer, and the like is
formed. Note that in FIG. 1A, the substrate 104 is indicated
by a dotted line for convenience.

[0040] As the substrate 101 and the substrate 104, glass
substrates can be used, for example.

[0041] The liquid crystal layer 105 is provided between
the substrate 101 and the substrate 104.

[0042] The sealant 106 is provided between the substrate
101 and the substrate 104 so as to surround the liquid crystal
layer 105.

[0043] The sealant 106 has at least a function of prevent-
ing or suppressing entry of substances (such as water) from
the outside which are impurities for the display element or
the transistor. Note that the sealant 106 may have another
additional function. For example, the sealant 106 may have
a structure-reinforcing function, an adhesion-enhancing
function, an impact-resistance-enhancing function, or the
like.

[0044] Note that as the sealant 106, it is preferable to use
a material which does not dissolve in the liquid crystal layer
105 even when being in contact with the liquid crystal layer
105 before being hardened. As the sealant 106, an epoxy
resin, an acrylic resin, or the like can be used, for example.
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Note that the above resin material may be either thermoset-
ting or photocurable. A mixture of an acrylic-based resin and
an epoxy-based resin may be used as the sealant 106. In that
case, a UV initiator, a thermosetting agent, a coupling agent,
or the like may be mixed. Further, a filler may be contained.

[0045] The sealant 107 is provided so as to surround the
sealant 106, and is provided so as to close a gap between the
substrate 101 and the substrate 104 and extend to at least a
side surface of the substrate 104. Accordingly, a frame can
be narrower than in the case where the sealant 107 is
provided between the substrate 101 and the substrate 104.
The frame can be narrower when the sealant 107 is provided
in a peripheral circuit portion for a gate driver 1034, a gate
driver 1035, or the like between the substrate 101 and the
substrate 104. Further, the mechanical strength of the sub-
strate 104, for example, can be increased by providing the
sealant 107 so as to extend to the side surface of the substrate
104. In addition to the substrate 104, the mechanical strength
of the substrate 101 can also be increased by providing the
sealant 107 so as 1o extend to a side surface of the substrate
101. Note that in the case where the gap between the
substrate 101 and the substrate 104 is closed by the sealant
106, the sealant 107 may be provided so as to be in contact
with the sealant 106 and extend to at least the side surface
of the substrate 104.

[0046] The sealant 107 has at least a function of prevent-
ing or suppressing entry of substances (such as water) from
the outside which are impurities for the display element or
the transistor. Note that the sealant 107 may have another
additional function. For example, the sealant 107 may have
a structure-reinforcing function, an adhesion-enhancing
function, an impact-resistance-enhancing function, or the
like.

[0047] Tt is preferable that the sealant 107 has a lower
moisture permeability than the sealant 106. As the sealant
107, a resin material or a material containing frit glass or the
like can be used, for example. Note that the resin material is
preferably thermosetting.

[0048] Here, the “moisture permeability” refers to the
mass of water permeating a material such as a film with a
unit area of 1 m? per day (unit: g/m* day). By making the
moisture permeability low, entry of an impurity such as
water or moisture from the outside can be prevented or
suppressed.

[0049] The moisture permeability can be calculated by a
moisture permeability test called a MOCON method or a
cup method. The MOCON method refers to a method in
which water vapor permeating a target material is measured
using an infrared sensor. The cup method refers to a method
in which moisture permeability is measured from a change
in the weight of a moisture absorbent which is placed in a
cup and absorbs water vapor that has permeated a target
material.

[0050] The moisture permeability of a sealant commer-
cially available for use in a light-emitting device, for
example, is 16 g/m?>-day in the case where the thickness
thereof is 100 um. In the case of glass frit, the moisture
permeability is 0.01 g/m> day or less. With the use of a
sealing structure according to one embodiment of the pres-
ent invention, the moisture permeability of a display device
can be lower than or equal to the above value.

[0051] The sealant 108 is provided so as to surround the
sealant 107.
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[0052] For the sealant 108, a material containing a metal
material, a thermoplastic resin (such as plastic), or the like
can be used, for example, and as the metal material, a
material containing aluminum, coppet, lead, nickel, or the
like can be used, for example. For the sealant 108, solder
may be used. In that case, it is preferable that the melting
point of solder be lower than the melting point of the sealant
107. As solder, a Sn—Pb-based, Pb—Sn—Sb-based, Sn—
Sb-based, Sn—Pb—Bi-based, Sn—Cu-based, Sn—Pb—
Cu-based, Sn—In-based, Sn—Ag-based, Sn—Pb—Ag-
based, or Pb—Ag-based material or the like can be used.
Note that Pb is harmful to human bodies or environment, so
lead-free solder is preferably used. It is preferable that the
sealant 108 have a lower moisture permeability than the
sealant 106. It is also preferable that the sealant 108 have a
lower moisture permeability than the sealant 107. As the
sealant 108, a stainless steel plate (such as a SUS plate) may
be provided.

[0053] Note that a material which can be used for the
sealant 108 may be used for the sealant 107. In that case, the
sealant 108 is not necessarily provided.

[0054] Note that the width of the sealant 107 and the
sealant 108 is preferably 1 mm or less, more preferably 0.5
mm or less.

[0055] As the transistor included in the layer 113, a
transistor in which an oxide semiconductor is used for a
channel formation region can be used, for example.

[0056] For example, an In-based metal oxide, a Zn-based
metal oxide, an In—Zn-based metal oxide, or an In—Ga—
7n-based metal oxide can be used as the oxide semiconduc-
tor. Alternatively, a metal oxide including another metal
element instead of part or all of Ga in the In—Ga—Z7n-based
metal oxide may be used. The oxide semiconductor may
include a crystal.

[0057] A structure of an oxide semiconductor film which
can be used for the channel formation region of the transistor
will be described below.

[0058] An oxide semiconductor film is classified roughly
into a single-crystal oxide semiconductor film and a non-
single-crystal oxide semiconductor film. The non-single-
crystal oxide semiconductor film includes any of an amor-
phous oxide semiconductor film, a microcrystalline oxide
semiconductor film, a polycrystalline oxide semiconductor
film, a c-axis aligned crystalline oxide semiconductor
(CAAC-0S) film, and the like.

[0059] The amorphous oxide semiconductor film has dis-
ordered atomic arrangement and no crystalline component.
A typical example thereof is an oxide semiconductor film in
which no crystal part exists even in a microscopic region,
and the whole of the film is amorphous.

[0060] The microcrystalline oxide semiconductor film
includes a microcrystal (also referred to as nanocrystal) with
a size greater than or equal to 1 nm and less than 10 nm, for
example. Thus, the microcrystalline oxide semiconductor
film has a higher degree of atomic order than the amorphous
oxide semiconductor film. Hence, the density of defect states
of the microcrystalline oxide semiconductor film is lower
than that of the amorphous oxide semiconductor film.
[0061] The CAAC-OS film is one of oxide semiconductor
films including a plurality of crystal parts, and most of the
crystal parts each fit inside a cube whose one side is less than
100 nm. Thus, there is a case where a crystal part included
in the CAAC-OS film fits inside a cube whose one side is
less than 10 nm, less than 5 nm, or less than 3 nm. The
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density of defect states of the CAAC-OS film is lower than
that of the microcrystalline oxide semiconductor film. The
CAAC-OS film is described in detail below.

[0062] In a transmission electron microscope (TEM)
image of the CAAC-OS film, a boundary between crystal
parts, that is, a grain boundary is not clearly observed. Thus,
in the CAAC-OS film, a reduction in electron mobility due
to the grain boundary is less likely to occur.

[0063] According to the TEM image of the CAAC-OS
film observed in a direction substantially parallel to a sample
surface (cross-sectional TEM image), metal atoms are
arranged in a layered manner in the crystal parts. Each metal
atom layer has a morphology reflected by a surface where
the CAAC-OS film is formed (hereinafter, a surface where
the CAAC-OS film is formed is referred to as a formation
surface) or a top surface of the CAAC-OS film, and is
arranged in parallel to the formation surface or the top
surface of the CAAC-OS film.

[0064] On the other hand, according to the TEM image of
the CAAC-OS film observed in a direction substantially
perpendicular to the sample surface (planar TEM image),
metal atoms are arranged in a triangular or hexagonal
configuration in the crystal parts. However, there is no
regularity of arrangement of metal atoms between different
crystal parts.

[0065] From the results of the cross-sectional TEM image
and the planar TEM image, alignment is found in the crystal
parts in the CAAC-OS film.

[0066] A CAAC-OS film is subjected to structural analysis
with an X-ray diffraction (XRD) apparatus. For example,
when the CAAC-OS film including an InGaZnO, crystal is
analyzed by an out-of-plane method, a peak appears fre-
quently when the diffraction angle (20) is around 31°. This
peak is derived from the (009) plane of the InGaZnO,
crystal, which indicates that crystals in the CAAC-OS film
have c-axis alignment, and that the c-axes are aligned in a
direction substantially perpendicular to the formation sur-
face or the top surface of the CAAC-OS film.

[0067] On the other hand, when the CAAC-OS film is
analyzed by an in-plane method in which an X-ray enters a
sample in a direction perpendicular to the c-axis, a peak
appears frequently when 20 is around 56°. This peak is
derived from the (110) plane of the InGaZnQO, crystal. Here,
analysis (¢ scan) is performed under conditions where the
sample is rotated around a normal vector of a sample surface
as an axis (¢ axis) with 20 fixed at around 56°. In the case
where the sample is a single-crystal oxide semiconductor
film of InGaZnO,, six peaks appear. The six peaks are
derived from crystal planes equivalent to the (110) plane. On
the other hand, in the case of a CAAC-OS film, a peak is not
clearly observed even when ¢ scan is performed with 26
fixed at around 56°.

[0068] According to the above results, in the CAAC-OS
film having c-axis alignment, while the directions of a-axes
and b-axes are different between crystal parts, the c-axes are
aligned in a direction parallel to a normal vector of a
formation surface or a normal vector of a top surface. Thus,
each metal atom layer arranged in a layered manner
observed in the cross-sectional TEM image corresponds to
a plane parallel to the a-b plane of the crystal.

[0069] Note that the crystal part is formed concurrently
with deposition of the CAAC-OS film or is formed through
crystallization treatment such as heat treatment. As
described above, the c-axis of the crystal is aligned in a
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direction parallel to a normal vector of a formation surface
or a normal vector of a top surface of the CAAC-OS film.
Thus, for example, in the case where a shape of the CAAC-
OS film is changed by etching or the like, the c-axis might
not be necessarily parallel to a normal vector of a formation
surface or a normal vector of a top surface of the CAAC-OS
film.

[0070] Further, the degree of crystallinity in the CAAC-
OS film is not necessarily uniform. For example, in the case
where crystal growth leading to the CAAC-OS film occurs
from the vicinity of the top surface of the film, the degree of
the crystallinity in the vicinity of the top surface is higher
than that in the vicinity of the formation surface in some
cases. Further, when an impurity is added to the CAAC-OS
film, the crystallinity in a region to which the impurity is
added is changed, and the degree of crystallinity in the
CAAC-OS film varies depending on regions.

[0071] Note that when the CAAC-OS film with an
InGaZnQ, crystal is analyzed by an out-of-plane method, a
peak of 20 may also be observed at around 36°, in addition
to the peak of 20 at around 31°. The peak of 20 at around 36°
indicates that a crystal having no c-axis alignment is
included in part of the CAAC-OS film. It is preferable that
in the CAAC-OS film, a peak of 20 appear at around 31° and
a peak of 20 do not appear at around 36°.

[0072] In a transistor using the CAAC-OS film, change in
electrical characteristics due to irradiation with visible light
or ultraviolet light is small. Thus, the transistor has high
reliability.

[0073] Note that an oxide semiconductor film may be a
stacked film including two or more films of an amorphous
oxide semiconductor film, a microcrystalline oxide semi-
conductor film, and a CAAC-OS film, for example.

[0074] When the oxide semiconductor film contains a
compound including hydrogen such as water, the compound
may partly serve as an impurity which imparts n-type
conductivity and may cause a defect in electrical character-
istics such as an increase in off-state current of a transistor
or a shift of the threshold voltage in the negative direction.
However, entry of water into the display device of this
embodiment can be suppressed or prevented because the
display device includes the sealant 106 having a function of
suppressing or preventing the entry of substances (such as
water) from the outside which are impurities for the display
element or the transistor and the sealant 107 provided
outside so as to surround the sealant 106 and having a lower
moisture permeability than the sealant 106. Thus, degrada-
tion and changes of electrical characteristics of the transistor
included in the display device can be suppressed, and the
reliability of the display device can be improved.

[0075] Note that the transistor included in the layer 113 is
not limited to a transistor including an oxide semiconductor,
and for example, a transistor including a semiconductor
including a Group 14 element (such as silicon) may be used.
In this case, the semiconductor including a Group 14 ele-
ment may be single-crystal, polycrystalline, or amorphous.

[0076] The display device illustrated in FIGS. 1A and 1B
further includes a display portion 102 where a plurality of
pixel circuits is provided, a gate driver 1034, and a gate
driver 1035. For example, the gate driver 103a and the gate
driver 103) are provided in a portion of the layer 113 over
the substrate 101. Note that the display device may include
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either the gate driver 103a or the gate driver 1034. In that
case, the frame is preferably 1 mm or less, more preferably
0.5 mm or less.

[0077] The plurality of pixel circuits is arranged in a
matrix in the display portion 102. The pixel circuits each
include a liquid crystal element, a transistor, and a capacitor.
The liquid crystal element includes a pair of electrodes and
the liquid crystal layer 105 in which the orientation of a
liquid crystal is controlled by a voltage applied between the
pair of electrodes. The transistor controls the electric field of
the liquid crystal layer 105 and is electrically connected to
one of the pair of electrodes of the liquid crystal element.
The capacitor has a function of maintaining a voltage
applied to the liquid crystal element.

[0078] Furthermore, a source driver 112 is electrically
connected to the display device illustrated in FIGS. 1A and
1B through a flexible printed board (also referred to as FPC)
110. The flexible printed board 110 is electrically connected
to a terminal electrode provided in the layer 113 through an
anisotropic conductive layer 115. Note that the source driver
112 may be provided in the layer 113.

[0079] Note that the structure of the display device in this
embodiment is not limited to that illustrated in FIGS. 1A and
1B.

[0080] For example, a display device illustrated in FIGS.
2A and 2B includes a sealant 116 in addition to the com-
ponents of the display device illustrated in FIGS. 1A and 1B.
FIG. 2A is a schematic top view of the display device, and
FIG. 2B is a schematic cross-sectional view along line B-B'
in FIG. 2A. Note that for the same portions as those of the
display device in FIGS. 1A and 1B, the description of the
display device illustrated in FIGS. 1A and 1B can be referred
to as appropriate.

[0081] The sealant 116 is provided so as to surround the
sealant 106 and close the gap between the substrate 101 and
the substrate 104. The sealant 107 is provided so as to
surround the sealant 116.

[0082] As the sealant 116, a material containing frit glass
can be used, for example.

[0083] The sealant 116 can enhance the effect of suppress-
ing entry of impurities (such as water) from the outside
which cause a malfunction of the display device.

[0084] A display device illustrated in FIGS. 3A and 3B
differs from the display device illustrated in FIGS. 2A and
2B in that the substrate 101 extends beyond the edge of the
substrate 104. FIG. 3A is a schematic top view of the display
device, and FIG. 3B is a schematic cross-sectional view
along line C-C' in FIG. 3A. Note that for the same portions
as those of the display device in FIGS. 1A and 1B, the
description of the display device illustrated in FIGS. 1A and
1B can be referred to as appropriate.

[0085] The sealant 107 is provided so as to surround the
sealant 116, close the gap between the substrate 101 and the
substrate 104, and extend to an upper surface of the substrate
101 and the side surface of the substrate 104. The sealant
108 is provided so as to surround the sealant 107. The above
structure is employed in the case where flexible printed
boards 117a and 1175 are provided so that a plurality of
flexible printed boards is provided as illustrated in FIGS. 3A
and 3B, for example.

[0086] Furthermore, as illustrated in FIG. 4A, a structure
may be employed in which the sealant 108 in the display
device illustrated in FIGS. 1A and 1B is not provided.
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[0087] Moreover, as illustrated in FIG. 4B, a structure may
be employed in which the sealant 108 in the display device
illustrated in FIGS. 1A and 1B is not provided and the
sealant 107 extends to part of the upper surface, to the side
surface (excluding the side surface overlapping with the
flexible printed board 110) of the substrate 101, and to the
side surface of the substrate 104. As illustrated in FIG. 4B,
the sealant 107 may be in contact with a side surface of the
sealant 106.

[0088] FIGS. 1A and 1B illustrate the example of the
display device in which the upper surfaces of the substrates
101 and 104 and end portions of the sealants 107 and 108 are
roughly aligned with each other, but the present invention is
not limited to this example. For example, as illustrated in
FIG. 5A, a structure may be employed in which a region of
an end portion of the sealant 107 is in contact with part of
a surface of the substrate 101 or 104, or both, opposite the
liquid crystal layer 105 side. In that case, an end portion of
the sealant 108 may be provided so as to overlap with that
region. Accordingly, the mechanical strengths of the sub-
strate 101 and the substrate 104 can be increased.

[0089] Furthermore, as illustrated in FIG. 5B, a structure
may be employed in which a region of an end portion of the
sealant 107 is in contact with part of a surface of the
substrate 101 or 104, or both, opposite the liquid crystal
layer 105 side, and in which a region of an end portion of the
sealant 108 overlaps with that region and is in contact with
part of a surface of the substrate 101 or 104, or both,
opposite the liquid crystal layer 105 side. Accordingly, the
mechanical strengths of the substrate 101 and the substrate
104 can be increased, and in addition, the effect of suppress-
ing the entry of impurities which cause a malfunction of the
display device can be enhanced.

[0090] Note that the structure of the display device illus-
trated in FIGS. 2A and 2B may be combined as appropriate
with any of the structures of the display devices illustrated
in FIGS. 3A and 3B, FIGS. 4A and 4B, and FIGS. 5A and
5B.

[0091] Next, as an example of a method for manufacturing
the display device according to this embodiment, an
example of a method for manufacturing the display device
illustrated in FIGS. 1A and 1B will be described with
reference to FIGS. 6A1, 6A2, 6B1, and 6B2, FIGS. 7Al,
7A2, 7B1, and 7B2, FIGS. 8A1, 8A2, 8B1, and 8B2, and
FIGS. 9A1 and 9A2. Here, as one example, an example of
a method for manufacturing the display device by using a
one drop filling (also referred to as ODF) method will be
described. Note that the present invention is not limited to
this example, and a liquid crystal injection method may be
used instead of the ODF method.

[0092] First, the substrate 101 is prepared, the layer 113 is
formed by forming elements such as transistors over the
substrate 101, and the sealant 106 is formed over the layer
113 (see FIGS. 6A1 and 6A2).

[0093] In the formation of the layer 113, transistors which
are arranged in the display portion 102 and included in the
pixel circuits and transistors which are included in the gate
driver 103a and the gate driver 1035 are formed. Further-
more, at this time, an insulating layer may be formed over
the transistors and electrodes included in the liquid crystal
elements may be formed over the insulating layer. In the
case where an alignment film or the like is necessary, the
alignment film may be formed and rubbing treatment may be
performed.
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[0094] 1In the formation of the sealant 106, a seal pattern
is formed in a closed loop shape over the layer 113 by using
a screen printing method, an inkjet apparatus, a dispenser
apparatus, or the like, for example. Note that the seal pattern
may be formed in a rectangular, circular, elliptical, or
polygonal shape. The seal pattern is not necessarily formed
over the substrate 101. For example, the substrate 104
provided with the layer 114 in advance may be prepared, and
the seal pattern may be formed over the layer 114 as the
sealant 106.

[0095] Next, a liquid crystal 120 is dripped into a region
surrounded by the sealant 106 in a plan view (see FIGS. 6B1
and 6B2).

[0096] Forexample, the liquid crystal 120 is dripped using
a dispenser apparatus, an inkjet apparatus, or the like. Note
that a plurality of drops of the liquid crystal 120 may be
dripped.

[0097] Next, the substrate 104 provided with the layer 114
including the coloring layer and the light blocking layer in
advance and the substrate 101 are attached to each other so
that the layer 113 and the layer 114 face each other. In
addition, heat treatment is performed to harden the sealant
106, and then the substrate 101 and the substrate 104 are
divided (see FIGS. 7A1 and 7A2). The liquid crystal 120 in
the region surrounded by the sealant 106 corresponds to the
liquid crystal layer 105. Note that in the case where the layer
114 should be provided with an alignment film or the like,
the alignment film may be formed and rubbing treatment
may be performed in advance.

[0098] In the case where the substrate 101 and the sub-
strate 104 are attached to each other under a reduced
pressure atmosphere, for example, the region surrounded by
the sealant 106 can be easily filled with the liquid crystal
120. In addition, after the substrate 101 and the substrate 104
are attached to each other, heat treatment for controlling the
orientation of the liquid crystal may be performed.

[0099] Note that in the case where a liquid crystal exhib-
iting a blue phase is used as the liquid crystal layer 105,
treatment for phase transition from an isotropic phase to a
blue phase and polymer stabilization treatment are prefer-
ably performed on the liquid crystal layer 105 before the
sealant 106 is hardened. For example, the phase transition
treatment can be performed as follows: heat treatment is
performed on the liquid crystal layer 105 at a temperature
within +10° C., preferably +5° C. from the phase transition
temperature between the blue phase and the isotropic phase,
and then the temperature is gradually decreased. Note that
the phase transition temperature between the blue phase and
the isotropic phase is a temperature at which the phase
changes from the blue phase to the isotropic phase when the
temperature rises, or a temperature at which the phase
changes from the isotropic phase to the blue phase when the
temperature decreases. For example, the polymer stabiliza-
tion treatment can be performed in such a manner that a
liquid crystal material including a liquid crystal, a chiral
material, an ultraviolet curable resin, and a photopolymer-
ization initiator is irradiated with light having a wavelength
with which the ultraviolet curable resin and the photopoly-
merization initiator are reacted, in a state in which the blue
phase is exhibited.

[0100] The substrate 101 and the substrate 104 are each
divided using a cutting apparatus such as a scriber apparatus
or a roll cutter, for example.
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[0101] Next, the sealant 107 is formed so as to close the
gap between the substrate 101 and the substrate 104 (see
FIGS. 7B1 and 7B2).

[0102] Inthe case where the sealant 107 is formed after the
substrate 101 and the substrate 104 are attached to each other
as illustrated in FIGS. 7B1 and 7B2, a narrower frame can
be obtained than in the case where the substrate 101 and the
substrate 104 are attached to each other after the sealant 107
is formed over the substrate 101 or the substrate 104.
[0103] In the formation of the sealant 107, a paste includ-
ing a material which can be used for the sealant 107 is
dripped along a side surface of the substrate 104 by using a
dispenser apparatus or the like, for example. Here, the case
of forming the sealant 107 using frit glass is described as an
example.

[0104] In the case where the sealant 107 is formed using
frit glass, the gap between the substrate 101 and the substrate
104 is closed first by dripping a frit paste obtained by mixing
glass powder and an adhesive organic resin, along the side
surface of the substrate 104 by using a dispenser apparatus
or the like. Then, heat treatment is performed to remove an
organic material from the frit paste and melt and solidify the
frit paste, whereby the sealant 107 is formed. Without
limitation to this example, the sealant 107 may be formed by
attaching a glass ribbon or the like to the side surface of the
substrate 104 and then performing heat treatment to close
the gap between the substrate 101 and the substrate 104, for
example.

[0105] Note that laser light irradiation may be performed
as the heat treatment. In that case, the output is preferably
adjusted so as to prevent laser light from deteriorating the
liquid crystal layer 103. In the case of laser light irradiation,
laser light may be output from a laser through an optical
fiber or the like, for example. Note that it is preferable that
the sealant 106 and the sealant 107 be apart from each other,
but without limitation thereto, the sealant 106 and the sealant
107 may be in contact with each other.

[0106] For the laser light, a gas laser typified by an
excimer laser or a solid-state laser typified by a YAG laser
can be used as a light source. The wavelength of the laser
light is preferably within an infrared light region, and a
wavelength of from 780 nm to 2000 nm is employed. For
example, laser light having a wavelength of 810 nm to 940
nm is preferably used. The beam shape is not particularly
limited and can be a rectangular, linear, or circular shape or
the like, for example.

[0107] As the glass powder used for the frit glass, it is
possible to use a material containing one or more of the
following: magnesium oxide, calcium oxide, barium oxide,
lithium oxide, sodium oxide, potassium oxide, boron oxide,
vanadium oxide, zinc oxide, tellurium oxide, aluminum
oxide, silicon dioxide, lead oxide, tin oxide, phosphorus
oxide, ruthenium oxide, rhodium oxide, iron oxide, copper
oxide, titanium oxide, tungsten oxide, bismuth oxide, anti-
mony oxide, lead borate glass, tin phosphate glass, vanadate
glass, and borosilicate glass, for example. In the case where
a pigment or the like is added to the frit paste, the laser light
absorptance can be increased and the laser light output can
be decreased. In addition, damage to another layer by laser
light can be reduced.

[0108] Note that in the case where the sealant 116 illus-
trated in FIGS. 2A and 2B is formed using frit glass, a
material and a method similar to those described above can
be used. In that case, the sealant 116 can be formed by laser
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light irradiation from above the substrate 104 to melt the frit
paste and bind the glass powder and then by solidification.
[0109] In the case where the sealant 116 illustrated in
FIGS. 2A and 2B is formed using frit glass, the adhesion
between the substrate 101 and the substrate 104 can be
increased by forming the sealant 107 under reduced pres-
sure.

[0110] Next, the sealant 108 is formed so as to surround
the sealant 107 (see FIGS. 8A1 and 8A2).

[0111] In the case of using a metal material for the sealant
108, the sealant 108 can be formed by forming a film of a
metal material which can be used for the sealant 108, on the
side surface of the sealant 107 by using a sputtering method
or the like, for example.

[0112] In the case of using solder for the sealant 108, the
sealant 108 may be formed by melting solder onto the
sealant 107 using a heated soldering iron while ultrasonic
waves are being emitted from the tip of the soldering iron,
for example. In such a method, ultrasonic cavitation occurs
and the sealant 108 can be formed while a coating on the
sealant 107 is being removed, for example; thus, the adhe-
sion between the sealant 107 and the sealant 108 can be
increased.

[0113] Note that the present invention is not limited to this
example, and the sealant 108 may be formed as illustrated in
FIGS. 10A1 and 10A2 by placing a frame-like object 130,
which has a hollow structure and is formed in advance using
a material that can be used for the sealant 108, from above
onto a structure body including the substrate 101 and the
substrate 104, for example. Note that the present invention
is not limited to this example, and the sealant 107 and the
sealant 108 may be formed by forming the sealant 107 on the
inner side of the frame-like object 130 and then placing the
frame-like object 130 provided with the sealant 107 onto the
structure body, for example.

[0114] Next, the side surface of the sealant 108 is irradi-
ated with laser light 121 (see FIGS. 8B1 and 8B2). As the
laser light 121, the same laser light as that used in the heat
treatment for forming the sealant 107 may be used, for
example.

[0115] For example, irradiation with the laser light 121 is
performed in a direction parallel to the substrate 101 is
performed while the substrate 101 is being rotated in the
parallel direction. In that case, the output of the laser light
121 is preferably at a level sufficient to melt part of the
sealant 107 through the sealant 108, for example. By irra-
diation with the laser light 121, the adhesion between the
sealant 107 and the sealant 108 can be increased. Note that
the irradiation with the laser light 121 is not necessarily
performed on the side surface of the sealant 108, and for
example, irradiation with laser light may be performed at an
angle of 10° to 45° with respect to the surface of the
substrate 101.

[0116] Inthe case of using frit glass for the sealant 107, the
sealant 107 may be irradiated with laser light for pre-baking
before the sealant 108 is formed. After that, the sealant 108
may be formed, the side surface of the sealant 108 may be
irradiated with the laser light 121 to melt the sealant 107 and
bind glass powder, and then the sealant may be solidified.
[0117] Next, the flexible printed board 110 connected to
the source driver 112 is attached to a terminal portion by
using the anisotropic conductive layer 115 (see FIGS. 9A1
and 9A2).
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[0118] The above is the descriptions of the example of the
method for manufacturing the display device illustrated in
FIGS. 1A and 1B.

[0119] As described with reference to FIGS. 1A to 10A2,
in one example of the display device according to this
embodiment, a first sealant which has a function of sealing
aliquid crystal layer between two substrates is provided, and
a second sealant which closes a gap between the first
substrate and the second substrate and extends to at least a
side surface of the second substrate is provided. The second
sealant can suppress entry of impurities (such as water)
which cause a malfunction of the display device. Accord-
ingly, the reliability can be improved. In addition, in the case
where a third sealant is further provided so as to surround the
second sealant, the effect of suppressing entry of the impu-
rities can be enhanced.

[0120] In one example of the display device according to
this embodiment, the second sealant is provided so as to
close the gap between the first substrate and the second
substrate and extend to at least the side surface of the second
substrate, after the first substrate and the second substrate are
attached to each other. Accordingly, a narrower frame can be
obtained than in the case where the first substrate and the
second substrate are attached to each other after the second
sealant is formed over the first substrate.

[0121] The method and the structure described above in
this embodiment can be combined as appropriate with any of
the methods and structures described in the other embodi-
ments.

Embodiment 2

[0122] In this embodiment, an example of a liquid crystal
display device including a transistor in which a metal oxide
semiconductor is used for a channel formation region will be
described as an example of the display device.

[0123] Examples of display methods of the liquid crystal
display device according to this embodiment include a TN
(twisted nematic) mode, an IPS (in-plane switching) mode,
a STN (super twisted nematic) mode, a VA (vertical align-
ment) mode, an ASM (axially symmetric aligned micro-cell)
mode, an OCB (optically compensated birefringence) mode,
an FLC (ferroelectric liquid crystal) mode, an AFLC (anti-
ferroelectric liquid crystal) mode, an MVA (multi-domain
vertical alignment) mode, a PVA (patterned vertical align-
ment) mode, an FFS (fringe field switching) mode, a TBA
(transverse bend alignment) mode, and the like.

[0124] A liquid crystal element may be formed using a
liquid crystal composition including a liquid crystal exhib-
iting a blue phase and a chiral material. The liquid crystal
exhibiting a blue phase has a short response time of 1 msec
or less and is optically isotropic; therefore, alignment treat-
ment is not necessary and the viewing angle dependence is
small.

[0125] The liquid crystal exhibiting a blue phase has a
short response time and is optically isotropic; therefore,
alignment treatment is not necessary and the viewing angle
dependence is small. Therefore, with the liquid crystal
exhibiting a blue phase, the operation speed of the liquid
crystal display device can be increased.

[0126] A structural example of the liquid crystal display
device in this embodiment will be described with reference
to FIGS., 11A and 11B.

[0127] FIG. 11A is a schematic top view of the liquid
crystal display device, and FIG. 11B is a schematic cross-
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sectional view along line M-N in FIG. 11A. Note that for
convenience, some of the components of the liquid crystal
display device are not shown in FIG. 11A.

[0128] The liquid crystal display device illustrated in
FIGS. 11A and 11B includes a display portion 702 where a
pixel circuit is provided, a gate driver 703q, a gate driver
7035, and a source driver 712.

[0129] Conductive layers 753a and 753b are provided
over the same plane of a substrate 701 with an insulating
layer 751 provided therebetween.

[0130] The conductive layer 753« is provided in the gate
driver 703b. The conductive layer 753a serves as a gate of
a transistor in the gate driver 7034.

[0131] The conductive layer 753 is provided in the
display portion 702. The conductive layer 753b serves as a
gate of a transistor in the pixel circuit. The transistor in the
pixel circuit has a function of controlling an electric field
applied to a liquid crystal layer 705.

[0132] An insulating layer 754 is provided over the con-
ductive layers 753¢ and 753b. The insulating layer 754
serves as a gate insulating layer of the transistor in the gate
driver 7035 and a gate insulating layer of the transistor in the
pixel circuit.

[0133] A semiconductor layer 755a overlaps with the
conductive layer 753a with the insulating layer 754 provided
therebetween. The semiconductor layer 755a serves as a
layer where a channel is formed (also referred to as a
channel formation layer) of the transistor in the gate driver
7035.

[0134] A semiconductor layer 7555 overlaps with the
conductive layer 7535 with the insulating layer 754 provided
therebetween. The semiconductor layer 7555 serves as a
channel formation layer of the transistor in the pixel circuit.
Note that the semiconductor layers 755¢ and 7554 are
formed using the same semiconductor layer.

[0135] A conductive layer 756a is electrically connected
to the semiconductor layer 7554. The conductive layer 755q¢.
serves as one of a source and a drain of the transistor in the
gate driver 7035.

[0136] A conductive layer 7565 is electrically connected
to the semiconductor layer 755a. The conductive layer 7565
serves as the other of the source and the drain of the
transistor in the gate driver 703b.

[0137] A conductive layer 756c¢ is electrically connected to
the semiconductor layer 755b. The conductive layer 756¢
serves as one of a source and a drain of the transistor in the
pixel circuit.

[0138] A conductive layer 756d is electrically connected
to the semiconductor layer 7554. The conductive layer 7564
serves as the other of the source and the drain of the
transistor in the pixel circuit.

[0139] A conductive layer 756e is provided over the
insulating layer 754. The conductive layer 756e is electri-
cally connected to the gate driver 7035, for example. The
conductive layer 756eserves as a terminal electrode. Note
that the conductive layers 7564 to 756¢ are formed using the
same conductive layer.

[0140] An insulating layer 757 is provided over the semi-
conductor layers 755a and 7556 and the conductive layers
756a to 756d. The insulating layer 757 serves as an insu-
lating layer for protecting the transistors (also referred to as
a protective insulating layer).

[0141] An insulating layer 758 is provided over the insu-
lating layer 757. The insulating layer 758 serves as a
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planarization layer. The insulating layer 758 can prevent
parasitic capacitance from being generated between a con-
ductive layer placed below the insulating layer 758 and a
conductive layer placed above the insulating layer 758.
[0142] A conductive layer 759a is provided over the
insulating layer 758.

[0143] The conductive layer 7594 overlaps with the semi-
conductor layer 7554 with the insulating layers 757 and 758
provided therebetween. The conductive layer 759a serves as
a gate of the transistor in the gate driver 703b. For example,
the conductive layer 759a may serve as a back gate of the
transistor in the gate driver 7035. For example, in the case
of an n-channel transistor, a voltage between the back gate
and the source may be a negative voltage. In that case, a
threshold voltage of the transistor can be shifted in the
positive direction. The conductive layer 759a may be fixed
to a constant potential.

[0144] A conductive layer 7595 is provided over the
insulating layer 758. The conductive layer 7595 serves as
one of a pair of electrodes of a capacitor in the pixel circuit.
Note that the conductive layers 759a and 7595 are formed
using the same conductive layer.

[0145] An insulating layer 760 is provided over the insu-
lating layer 758 with the conductive layer 7594 provided
therebetween. The insulating layer 760 in the region over the
transistors in the gate drivers 703a and 7035 may be
removed, so that hydrogen or water in the insulating layer
758 can be released to the outside, which prevents the
insulating layer 758 from being separated from the insulat-
ing layer 757. The insulating layer 760 serves as a protective
insulating layer. The insulating layer 760 also serves as a
dielectric layer of the capacitor in the pixel circuit.

[0146] A conductive layer 761 is provided over the insu-
lating layer 760 and electrically connected to the conductive
layer 756d through an opening penetrating the insulating
layers 757, 758, and 760. Further, the conductive layer 761
overlaps the conductive layer 7595 with the insulating layer
760 provided therebetween. The conductive layer 761 serves
as one of a pair of electrodes of a liquid crystal element and
the other of the pair of electrodes of the capacitor in the pixel
circuit.

[0147] An insulating layer 762 is provided over the insu-
lating layer 758 or the insulating layer 760 with the con-
ductive layer 761 provided therebetween. The insulating
layer 762 serves as an alignment film.

[0148] A coloring layer 771 is provided on part of a plane
surface of a substrate 704. The coloring layer 771 serves as
a color filter.

[0149] An insulating layer 772 is provided on the plane
surface of the substrate 704 with the coloring layer 771
provided therebetween. The insulating layer 772 serves as a
planarization layer.

[0150] A conductive layer 773 is provided on a plane
surface of the insulating layer 772. The conductive layer 773
serves as the other of the pair of electrodes of the liquid
crystal element in the pixel circuit.

[0151] An insulating layer 774 is provided on the conduc-
tive layer 773. The insulating layer 774 serves as an align-
ment film.

[0152] A sealant 706 is provided between the substrate
701 and the substrate 704 so as to surround the liquid crystal
layer 705. The sealant 706 corresponds to the sealant 106
illustrated in FIGS. 1A and 1B, for example.
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[0153] A sealant 707 is provided so as to surround the
sealant 706, close a gap between the substrate 701 and the
substrate 704, and extend to a side surface of the substrate
704 and an upper surface or a side surface of the substrate
701. The sealant 707 corresponds to the sealant 107 illus-
trated in FIGS. 1A and 1B, for example.

[0154] A sealant 708 is provided so as to surround the
sealant 707. The sealant 708 corresponds to the sealant 108
illustrated in FIGS. 1A and 1B, for example.

[0155] A flexible printed board 710 is electrically con-
nected to the conductive layer 756¢ through a conductive
layer 780 and an anisotropic conductive layer 781. The
flexible printed board 710 is electrically connected to the
gate driver 703q, the gate driver 703, the source driver 712,
and the pixel circuit in the display portion 702, for example.
[0156] FIG. 12 is a schematic cross-sectional view of a
horizontal electric field display device, which differs from
the display device illustrated in FIGS. 11A and 11B in not
including the insulating layer 758, the insulating layer 760,
the insulating layer 762, the conductive layer 773, and the
insulating layer 774, additionally including a conductive
layer 753¢, a conductive layer 793, and a conductive layer
756/, including a conductive layer 791a instead of the
conductive layer 761, including a conductive layer 7915
instead of the conductive layer 7594, and including a liquid
crystal layer 792 instead of the liquid crystal layer 705. For
the same portions as those of the display device in FIGS.
11A and 11B, the description of the display device illustrated
in FIGS. 11A and 11B can be referred to as appropriate.
[0157] The conductive layer 753¢ is provided over the
insulating layer 751. The conductive layer 753¢ serves as a
capacitor line. The conductive layer 753¢ is formed using
the same conductive layer as the conductive layers 753a and
753b.

[0158] The conductive layer 793 is provided over the
insulating layer 754. The conductive layer 793 serves as one
of a pair of electrodes of a capacitor.

[0159] The conductive layer 756/ is provided over the
insulating layer 754 and electrically connected to the con-
ductive layer 753¢ through an opening penetrating the
insulating layer 754. The conductive layer 756/ is further
electrically connected to the conductive layer 793. The
conductive layer 756f serves as a wiring. The conductive
layer 756f'is formed using the same conductive layer as the
conductive layers 756a to 756e.

[0160] The conductive layer 791a is provided over the
insulating layer 757 and electrically connected to the con-
ductive layer 7564 through an opening penetrating the
insulating layer 757. The conductive layer 791a has a
comb-shaped portion; each of teeth of the comb-shaped
portion overlaps with the conductive layer 793 with the
insulating layer 757 provided therebetween. The conductive
layer 791a serves as one of the pair of electrodes of the
liquid crystal element in the pixel circuit. Further, the
conductive layer 791a serves as the other of the pair of
electrodes of the capacitor in the pixel circuit. The conduc-
tive layer 793 serves as the other of the pair of electrodes of
the liquid crystal element in the pixel circuit.

[0161] The conductive layer 7915 is provided over the
insulating layer 757 and overlaps with the semiconductor
layer 755a with the insulating layer 757 provided therebe-
tween. The conductive layer 7915 serves as a gate of the
transistor in the gate driver 7035. For example, the conduc-
tive layer 791bmay serve as a back gate of the transistor in
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the gate driver 703b. For example, in the case of an
n-channel transistor, a voltage between the back gate and the
source may be a negative voltage. In that case, a threshold
voltage of the transistor can be shifted in the positive
direction. The conductive layer 7915 may be fixed to a
constant potential.

[0162] The liquid crystal layer 792 is surrounded by the
sealant 706 and provided over the conductive layers 791a
and 793.

[0163] Note that an insulating layer serving as a protective
layer may be provided over the insulating layer 757 with the
conductive layers 791a and 7915 provided therebetween. An
insulating layer serving as a protective layer may be pro-
vided on the insulating layer 772. The protective layer may
also serve as an alignment film.

[0164] Note that although the transistors in FIGS. 11A and
11B and FIG. 12 are of channel-etched type, without being
limited to this type, they may be of channel-protection type
or top-gate type.

[0165] Next, components of the display devices illustrated
in FIGS. 11A and 11B and FIG. 12 are described. Note that
each layer may have a stacked-layer structure.

[0166] As the substrates 701 and 704, glass substrates can
be used, for example. As the glass substrate, for example, an
alkali-free glass substrate of barium borosilicate glass, alu-
minoborosilicate glass, aluminosilicate glass, or the like may
be used.

[0167] The insulating layer 751 can be, for example, a
layer containing a material such as silicon oxide, silicon
nitride, silicon oxynitride, silicon nitride oxide, aluminum
oxide, aluminum nitride, aluminum oxynitride, aluminum
nitride oxide, or hafaium oxide. The insulating layer 751 is
preferably capable of suppressing entry of impurities from
the substrate 701. Note that the insulating layer 751 is not
necessarily provided.

[0168] The conductive layers 753a to 753¢ can be formed
using a layer containing a metal material such as molybde-
num, titanium, chromium, tantalum, magnesium, silver,
tungsten, aluminum, copper, neodymium, or scandium, for
example.

[0169] Each of the insulating layers 754 and 757 can be,
for example, a layer containing a material such as silicon
oxide, silicon nitride, silicon oxynitride, silicon nitride
oxide, aluminum oxide, aluminum nitride, gallium oxide,
gallium oxynitride, yttrium oxide, yttrium oxynitride, alu-
minum oxyunitride, aluminum nitride oxide, or hafnium
oxide. The insulating layer 754 may be an oxide layer. The
oxide layer may be a layer of an oxide having an atomic ratio
of In:Ga:Zn=1:3:2.

[0170] Note that in order that an oxide semiconductor
layer is supersaturated with oxygen, insulating layers in
contact with the oxide semiconductor layer (the insulating
layers 754 and 757) each preferably include a layer con-
taining excess oxygen.

[0171] As the insulating layer containing excess oxygen, a
silicon oxide film or a silicon oxynitride film containing a
large amount of oxygen as a result of film formation by a
plasma CVD method or a sputtering method under the
conditions which are set as appropriate is used. Oxygen may
be added by an ion implantation method, an ion doping
method, or plasma treatment.

[0172] In addition, blocking layers against oxygen, hydro-
gen, or water are preferably provided as the insulating layers
754 and 757 outside the insulating layers containing excess
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oxygen. Accordingly, diffusion of oxygen contained in the
oxide semiconductor layer to the outside and entry of
hydrogen, water, or the like into the oxide semiconductor
layer from the outside can be prevented. The blocking layers
can be, for example, layers containing a material such as
silicon nitride, aluminum oxide, aluminum nitride, gallium
oxide, gallium oxynitride, yttrium oxide, yttrium oxynitride,
aluminum oxynitride, aluminum nitride oxide, or hafhium
oxide or the like.

[0173] In the case where the oxide semiconductor layer is
surrounded by the insulating layers containing excessive
oxygen or the blocking layers, the oxide semiconductor
layer can contain oxygen in a proportion which is substan-
tially the same as that in the stoichiometric composition, or
in a supersaturated state in which oxygen exceeding the
stoichiometric composition is contained.

[0174] For example, the insulating layer 754 may be
formed by a stack of a first silicon nitride layer, a second
silicon nitride layer, and a silicon oxynitride layer. In that
case, it is preferable that the first silicon nitride layer have
fewer defects than the second silicon nitride layer. It is also
preferable that less hydrogen and less ammonia be released
from the second silicon nitride layer than from the first
silicon nitride layer.

[0175] For example, the insulating layer 757 may be
formed by a stack of a first silicon oxynitride layer, a second
silicon oxynitride layer, and a silicon nitride layer. In that
case, it is preferable that the second silicon oxynitride layer
contains more oxygen than the first silicon oxynitride layer.
It is also preferable that the silicon nitride layer have a
higher oxygen, hydrogen, or water blocking property than
the first silicon oxynitride layer and the second silicon
oxynitride layer.

[0176] As the semiconductor layers 755a and 7555, oxide
semiconductor layers can be used, for example.

[0177] For example, an In-based metal oxide, a Zn-based
metal oxide, an In—Zn-based metal oxide, or an In—Ga—
7n-based metal oxide can be used as the oxide semiconduc-
tor. Furthermore, a metal oxide including another metal
element instead of part or all of Ga in the In—Ga—Zn-based
metal oxide may be used.

[0178] The oxide semiconductor may include a crystal.
For example, the oxide semiconductor may be polycrystal-
line or single-crystal. Alternatively, the oxide semiconductor
may be amorphous.

[0179] As the metal element included instead of part or all
of Ga, a metal element that is capable of combining with
more oxygen atoms than gallium can be used, for example,
and specifically one or more elements of titanium, zirco-
nium, hafnium, germanium, and tin can be used, for
instance. Alternatively, as the metal element, one or more
elements of lanthanum, cerium, praseodymium, neo-
dymium, samarium, europium, gadolinium, terbium, dys-
prosium, holmium, erbium, thulium, ytterbium, and lutetium
may be used. These metal elements function as a stabilizer.
Note that the amount of such a metal element added is
determined so that the metal oxide can function as a semi-
conductor. When a metal element that is capable of com-
bining with more oxygen atoms than gallium is used and
oxygen is supplied to the metal oxide, oxygen vacancies in
the metal oxide can be reduced.

[0180] Further, the semiconductor layers 755a and 7556
may each have a stacked layer structure including a first
oxide semiconductor layer with an atomic ratio of In:Ga:
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Zn=1:1:1, a second oxide semiconductor layer with an
atomic ratio of In:Ga:Zn=3:1:2, and a third oxide semicon-
ductor layer with an atomic ratio of In:Ga:Zn=1:1:1. By
employing this stacked layer structure for the semiconductor
layers 755a and 7555, the transistors can have buried
channels and high electric field mobility, for example.

[0181] The transistor containing the oxide semiconductor
has low leakage current due to thermal excitation because of
its wide bandgap. Further, the effective mass of a hole is
large, which is 10 or more, and the height of the tunnel
barrier is high, which is 2.8 eV or higher. Thus, the amount
of tunnel current is small. Furthermore, the number of
carriers in the semiconductor layer is very small; therefore,
the off-state current can be made low. For example, the
off-state current per micrometer of the channel width at
room temperature (25° C.) is lower than or equal to 1>107°
A (100 zA), preferably lower than or equal to 1x107** A
(100 yA). It is preferable that the off-state current of the
transistor be as low as possible; the lowest value of the
off-state current of the transistor is estimated to be about
1x107>° A/um. The semiconductor layers 755a and 7555 are
each not limited to the above-described oxide semiconductor
layer and may be a semiconductor layer including a Group
14 element (e.g., silicon). For example, as the semiconduc-
tor layer including silicon, a single-crystal silicon layer, a
polycrystalline silicon layer, an amorphous silicon layer, or
the like can be used.

[0182] The transistor including the oxide semiconductor
can be fabricated in such a manner that, for example,
impurities such as hydrogen or water are reduced as much as
possible and oxygen vacancies are reduced as much as
possible by supply of oxygen. At this time, the amount of
hydrogen regarded as a donor impurity in the channel
formation region is preferred to be lower than or equal to
1x10*/en1®, further preferably lower than or equal to
1x10*¥/cm® when measured by secondary ion mass spec-
trometry (SIMS).

[0183] For example, a layer containing oxygen is used as
the layer in contact with the oxide semiconductor layer, and
heat treatment is performed; thus, the oxide semiconductor
layer can be highly purified.

[0184] In addition, the oxide semiconductor layer just
after its formation is preferably supersaturated with oxygen
so that the proportion of oxygen is higher than that in the
stoichiometric composition. For example, in the case of
using sputtering, the oxide semiconductor layer is preferably
formed under the condition where the proportion of oxygen
in a deposition gas is high, and particularly in an oxygen
atmosphere (e.g., oxygen gas: 100%).

[0185] In a sputtering apparatus, the amount of moisture
remaining in a deposition chamber is preferably small.
Therefore, an entrapment vacuum pump is preferably used
in the sputtering apparatus. Further, a cold trap may be used.

[0186] For formation of the oxide semiconductor layer,
heat treatment is preferably performed. The temperature of
the heat treatment is preferably higher than or equal to 150°
C. and lower than the strain point of the substrate, more
preferably higher than or equal to 300° C. and lower than or
equal to 450° C. Note that the heat treatment may be
performed more than once.

[0187] A rapid thermal annealing (RTA) apparatus such as
a gas rapid thermal annealing (GRTA) apparatus or a lamp
rapid thermal annealing (LRTA) apparatus can be used as a
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heat treatment apparatus for the heat treatment. Alterna-
tively, another heat treatment apparatus such as an electric
furnace may be used.

[0188] After the heat treatment, a high-purity oxygen gas,
a high-purity N,O gas, or ultra-dry air (having a dew point
of -40° C. or lower, preferably -60° C. or lower) is
preferably introduced in the furnace where the heat treat-
ment has been performed while the heating temperature is
being maintained or being decreased. In that case, it is
preferable that the oxygen gas or the N,O gas do not contain
water, hydrogen, and the like. The purity of the oxygen gas
or the N,O gas which is introduced into the heat treatment
apparatus is preferably 6N or higher, more preferably 7N or
higher. That is, the impurity concentration of the oxygen gas
or the N, O gas is preferably 1 ppm or lower, more preferably
0.1 ppm or lower. Through this step, oxygen is supplied to
the oxide semiconductor layer, and defects due to oxygen
vacancies in the oxide semiconductor layer can be reduced.
Note that the introduction of the high-purity oxygen gas, the
high-purity N,O gas, or the ultra-dry air may be performed
at the time of the above heat treatment.

[0189] With the use of the highly purified oxide semicon-
ductor layer for the field-effect transistor, the carrier density
of the oxide semiconductor layer can be lower than 1x10"%/
cm?, preferably lower than 1x10'%/cm?, further preferably
lower than 1x10''/cm®. Such a low carrier density can
reduce the off-state current of the field-effect transistor per
micrometer of the channel width to 1x107'% A (100 zA) or
less, preferably 1x107>* A (100 yA) or less. It is preferable
that the off-state current of the field-effect transistor be as
low as possible; the lowest value of the off-state current of
the field-effect transistor is estimated to be approximately
1x1073° A/um.

[0190] Note that the oxide semiconductor may be a
CAAC-OS.
[0191] For example, the oxide semiconductor layer that is

a CAAC-OS can be formed by a sputtering method. In that
case, the sputtering is performed using a polycrystalline
oxide semiconductor sputtering target. When ions collide
with the sputtering target, a crystal region included in the
sputtering target may be separated from the target along an
a-b plane; in other words, a sputtered particle having a plane
parallel to an a-b plane (flat-plate-like sputtered particle or
pellet-like sputtered particle) may flake off from the sput-
tering target. In that case, the sputtered particle reaches a
substrate while maintaining its crystal state, whereby a
crystal state of the sputtering target is transferred to a
substrate. In this manner, the CAAC-OS is formed.

[0192] For the deposition of the CAAC-OS, the following
conditions are preferably used.

[0193] For example, the CAAC-OS is formed while the
impurity concentration is reduced, whereby the crystal state
of the oxide semiconductor can be prevented from being
broken by the impurities. For example, impurities (e.g.,
hydrogen, water, carbon dioxide, and nitrogen) existing in a
deposition chamber of a sputtering apparatus are preferably
reduced. Further, impurities in a deposition gas are prefer-
ably reduced. For example, a deposition gas whose dew
point is =80° C. or lower, preferably -100° C. or lower is
preferably used as a deposition gas.

[0194] Itis preferable that the temperature of the substrate
at the time of deposition be high. In the case of high
substrate temperature, when the flat-plate-like sputtered
particle reaches the substrate, migration of the sputtered
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particle occurs, so that a flat plane of the sputtered particle
can be attached to the substrate. For example, an oxide
semiconductor film is deposited at a substrate heating tem-
perature of higher than or equal to 100° C. and lower than
or equal to 740° C., preferably higher than or equal to 200°
C. and lower than or equal to 500° C., whereby the oxide
semiconductor layer is formed.

[0195] Further, it is preferable to suppress plasma damage
at the time of deposition by increasing the oxygen percent-
age in the deposition gas and optimizing electric power. For
example, the oxygen percentage in the deposition gas is
preferably 30 vol % or higher, still preferably 100 vol %.
[0196] The conductive layers 756a to 756/ and 780 can be
formed using a layer containing a metal material such as
molybdenum, titanium, chromium, tantalum, magnesium,
silver, tungsten, aluminum, copper, neodymium, scandium,
or ruthenium, for example. For example, the conductive
layers 756a to 756/ may be formed by a stack of a tungsten
layer, an aluminum layer, and a titanium layer.

[0197] The insulating layer 758 can be, for example, a
layer of an organic insulating material or an inorganic
insulating material. For example, the insulating layer 758
may be formed using an acrylic resin or the like.

[0198] As the conductive layers 759a and 7594, a layer of
a metal oxide that functions as a conductor and transmits
light or the like can be used, for example. For example,
indium zinc oxide, indium tin oxide, or the like can be used.
[0199] The insulating layers 760, 762, and 774 can be
formed using a material which can be used for the insulating
layer 754, for example. The insulating layer 762 can be
formed using a silicon nitride layer, for example.

[0200] As the conductive layers 761 and 773, a layer of a
metal oxide that transmits light or the like can be used, for
example. For example, indium zinc oxide, indium tin oxide,
or the like can be used.

[0201] The coloring layer 771 has a function of transmit-
ting light of one of red (R), green (G), and blue (B), for
example. As the coloring layer 771, for example, a layer
including a dye or a pigment can be used.

[0202] The insulating layer 772 can be, for example, a
layer of an organic insulating material or an inorganic
insulating material.

[0203] As the liquid crystal layer 705, a layer including
TN liquid crystal. OCB liquid crystal, STN liquid crystal,
VA liquid crystal, ECB liquid crystal, GH liquid crystal,
polymer dispersed liquid crystal, or discotic liquid crystal
can be used, for example.

[0204] As the liquid crystal layer 792, a layer including a
liquid crystal exhibiting a blue phase can be used, for
example. Note that as long as orientation can be controlled,
alayer including another liquid crystal which can be used for
the liquid crystal layer 705 may be used in a horizontal
electric field mode, for example.

[0205] The layer including the liquid crystal exhibiting a
blue phase contains a liquid crystal composition including
the liquid crystal exhibiting a blue phase, a chiral material,
a liquid-crystalline monomer, a non-liquid-crystalline
monomer, and a polymerization initiator. The liquid crystal
exhibiting a blue phase has a short response time and is
optically isotropic; therefore, alignment treatment is not
necessary and the viewing angle dependence is small. There-
fore, with the liquid crystal exhibiting a blue phase, the
operation speed of the liquid crystal display device can be
increased.
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[0206] For the conductive layer 793, a light-transmitting
conductive material can be used, and for example, a layer of
a light-transmitting metal oxide or the like can be used. For
example, indium zinc oxide, indium tin oxide, or the like can
be used. Note that the conductive layer 793 may be formed
by changing a semiconductor layer, which is formed using
the same layer as the semiconductor layers 755a and 7555,
into an n-type. For example, a semiconductor layer can be
changed into an n-type by increasing oxygen vacancies in,
or adding an element imparting n-type conductivity to, a
semiconductor layer formed using the same layer as the
semiconductor layers 755a and 755b.

[0207] For the sealant 706, a material similar to that of the
sealant 106 described in Embodiment 1 can be used. The
sealant 706 can be formed by a method similar to that used
for the sealant 106 described in Embodiment 1.

[0208] For the sealant 707, a material similar to that of the
sealant 107 described in Embodiment 1 can be used. The
sealant 707 can be formed by a method similar to that used
for the sealant 107 described in Embodiment 1.

[0209] For the sealant 708, a material similar to that of the
sealant 108 described in Embodiment 1 can be used. The
sealant 708 can be formed by a method similar to that used
for the sealant 108 described in Embodiment 1.

[0210] The above is the description of the structural
examples of the liquid crystal display devices illustrated in
FIGS. 11A and 11B and FIG. 12.

[0211] As described with reference to FIGS. 11A and 11B
and F1G. 12, one example of the liquid crystal display device
according to this embodiment includes a pixel circuit in a
display portion, and the pixel circuit includes a liquid crystal
element, a transistor, and a capacitor. In addition, as the
transistor, a transistor having a channel formation region in
an oxide semiconductor is used. Further, a first sealant which
has a function of sealing a liquid crystal layer between two
substrates is provided, and a second sealant which closes a
gap between the first substrate and the second substrate and
extends to at least a side surface of the second substrate is
provided.

[0212] As described with reference to FIGS. 11A and 11B
and FIG. 12, in one example of the liquid crystal display
device according to this embodiment, a transistor having a
channel formation region in an oxide semiconductor is used
as the transistor. Further, the first sealant which has a
function of sealing the liquid crystal layer between the two
substrates is provided, and the second sealant which closes
a gap between the first substrate and the second substrate and
extends to at least a side surface of the second substrate is
provided.

[0213] In a transistor in which a channel is formed in an
oxide semiconductor, if water or the like enters the semi-
conductor layer, it partly serves as a donor and may cause
degradation of electrical characteristics such as an increase
in off-state current or may cause a change in electrical
characteristics such as a shift of the threshold voltage in the
negative direction. However, the second sealant can sup-
press entry of impurities such as water from the outside;
thus, degradation and changes of electrical characteristics of
the transistor can be suppressed. Accordingly, the reliability
of the liquid crystal display device can be improved. In
addition, when a third sealant is further provided so as to
surround the second sealant, the effect of suppressing entry
of the impurities can be enhanced.
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[0214] 1In one example of the display device according to
this embodiment, the second sealant is provided so as to
close the gap between the first substrate and the second
substrate and extend to at least the side surface of the second
substrate, after the first substrate and the second substrate are
attached to each other. Accordingly, a narrower frame can be
obtained than in the case where the first substrate and the
second substrate are attached to each other after the second
sealant is formed over the first substrate.

[0215] Further, in the example of the liquid crystal display
device according to this embodiment, a driver circuit such as
a gate driver is provided over the same substrate as the pixel
circuit. Thus, the number of wirings for connecting the pixel
circuit and the driver circuit can be reduced.

Embodiment 3

[0216] Inthis embodiment, examples of electronic devices
each provided with a panel including a display device are
described with reference to FIGS. 13A to 13D.

[0217] An electronic device in FIG. 13A is an example of
a portable information terminal.

[0218] The electronic device illustrated in FIG. 13A
includes a housing 1011 which is provided with a panel
1012, a button 1013, and a speaker 1014.

[0219] Note that the housing 1011 may be provided with
a connection terminal for connecting the electronic device to
an external device and a button for operating the electronic
device.

[0220] The panel 1012 may be formed using the display
device in Embodiment 1 or 2.

[0221] The panel 1012 may be a touch panel, in which
case touch detection can be performed on the panel 1012. As
the touch panel, an optical touch panel, a capacitive touch
panel, a resistive touch panel, or the like can be used, for
example.

[0222] The button 1013 is provided on the housing 1011.
When the button 1013 is a power button, for example, the
electronic device can be turned on or off by pressing the
button 1013.

[0223] The speaker 1014 is provided on the housing 1011.
The speaker 1014 outputs sound.

[0224] Note that the housing 1011 may be provided with
a microphone, in which case the electronic device in FIG.
13A can function as a telephone, for example.

[0225] The electronic device illustrated in FIG. 13 A func-
tions as at least one of a telephone, an e-book reader, a
personal computer, and a game machine, for example.
[0226] An electronic device illustrated in FIG. 13B is an
example of a foldable information terminal.

[0227] The electronic device illustrated in FIG. 13B has a
housing 1021a provided with a panel 10224, a housing
10215 provided with a panel 10225, a hinge 1023, a button
1024, a connection terminal 1025, a recording media insert-
ing portion 1026, and a speaker 1027.

[0228] The housing 1021¢ and the housing 10215 are
connected by the hinge 1023.

[0229] The panels 10224 and 10225 may be formed using
the display device in Embodiment 1 or 2.

[0230] The panels 1022a and 10225 may be touch panels,
in which case touch detection can be performed on the
panels 1022a and 1022b. As the touch panel, an optical
touch panel, a capacitive touch panel, a resistive touch panel,
or the like can be used, for example.

Aug. 10,2017

[0231] Since the electronic device in FIG. 13B includes
the hinge 1023, it can be folded so that the panels 1022a and
10225 face each other.

[0232] The button 1024 is provided on the housing 10215.
Note that the button 1024 may be provided on the housing
1021a. For example, when the button 1024 is a power
button, for example, the electronic device can be turned on
or off by pressing the button 1024.

[0233] The connection terminal 1025 is provided on the
housing 1021a. Note that the connection terminal 1025 may
be provided on the housing 10215. Alternatively, a plurality
of connection terminals 1025 may be provided on one or
both of the housings 1021a and 10216. The connection
terminal 1025 is a terminal for connecting the electronic
device illustrated in FIG. 13B to another device.

[0234] The recording media inserting portion 1026 is
provided on the housing 1021a. The recording media insert-
ing portion 1026 may be provided on the housing 102154.
Alternatively, a plurality of recording media inserting por-
tions 1026 may be provided on one or both of the housings
1021a and 10215 For example, a card-type recording
medium is inserted into the recording media inserting por-
tion so that data can be read to the electronic device from the
card-type recording medium or data stored in the electronic
device can be written to the card-type recording medium.
[0235] The speaker 1027 is provided on the housing
10215, The speaker 1027 outputs sound. Note that the
speaker 1027 may be provided on the housing 1021a.
[0236] Note that the housing 1021« or the housing 10215
may be provided with a microphone, in which case the
electronic device in FIG. 13B can function as a telephone,
for example.

[0237] The electronic device illustrated in FIG. 13B func-
tions as at least one of a telephone, an e-book reader, a
personal computer, and a game machine, for example.
[0238] An electronic device illustrated in FIG. 13C is an
example of a stationary information terminal. The electronic
device illustrated in FIG. 13C has a housing 1031 which is
provided with a panel 1032, a button 1033, and a speaker
1034.

[0239] The panel 1032 may be formed using the display
device in Embodiment 1 or 2.

[0240] The panel 1032 may be a touch panel, in which
case touch detection can be performed on the panel 1032. As
the touch panel, an optical touch panel, a capacitive touch
panel, a resistive touch panel, or the like can be used, for
example.

[0241] Note that a panel similar to the panel 1032 may be
provided on a top board 1035 of the housing 1031.

[0242] Further, the housing 1031 may be provided with a
ticket slot for issuing a ticket or the like, a coin slot, a bill
slot, and/or the like.

[0243] The button 1033 is provided on the housing 1031.
For example, when the button 1033 is a power button, for
example, the electronic device can be turned on or off by
pressing the button 1033.

[0244] The speaker 1034 is provided on the housing 1031.
The speaker 1034 outputs sound.

[0245] The electronic device in FIG. 13C serves as an
automated teller machine, an information communication
terminal (also referred to as multimedia station) for ordering
a ticket or the like, or a game machine, for example.
[0246] FIG. 13D illustrates an example of a stationary
information terminal. The electronic device in FIG. 13D has
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a housing 1041 provided with a panel 1042, a support 1043
for supporting the housing 1041, a button 1044, a connection
terminal 1045, and a speaker 1046.

[0247] Note that the housing 1041 may be provided with
another connection terminal for connecting the electronic
device to an external device.

[0248] The panel 1042 may be formed using the display
device in Embodiment 1 or 2.

[0249] The panel 1042 may be a touch panel, in which
case touch detection can be performed on the panel 1042. As
the touch panel, an optical touch panel, a capacitive touch
panel, a resistive touch panel, or the like can be used, for
example.

[0250] The button 1044 is provided on the housing 1041.
For example, when the button 1044 is a power button, the
electronic device can be turned on or off by pressing the
button 1044.

[0251] The connection terminal 1045 is provided on the
housing 1041. The connection terminal 1045 is a terminal
for connecting the electronic device in FIG. 13D to another
device. For example, when the electronic device in FIG. 13D
and a personal computer are connected with the connection
terminal 1045, the panel 1042 can display an image corre-
sponding to a data signal input from the personal computer.
For example, when the panel 1042 of the electronic device
in FIG. 13D is larger than a panel of another electronic
device connected thereto, a displayed image of the other
electronic device can be enlarged, so that a plurality of
viewers can easily see the image at the same time.

[0252] The speaker 1046 is provided on the housing 1041.
The speaker 1046 outputs sound.

[0253] The electronic device in FIG. 13D functions as at
least one of an output monitor, a personal computer, and a
television set, for example.

[0254] The above is the description of the electronic
devices illustrated in FIGS. 13A to 13D.

[0255] When the display device in Embodiment 1 or 2 is
used in a panel of an electronic device of this embodiment
as described with reference to FIGS. 13A to 13D, the
electronic device can have high reliability.

[0256] This application is based on Japanese Patent Appli-
cation serial no. 2012-188060 filed with Japan Patent Office
on Aug. 28, 2012, the entire contents of which are hereby
incorporated by reference.

1. (canceled)

2. A display device comprising:

a first substrate;

a second substrate overlapping with the first substrate;

a liquid crystal layer between the first substrate and the
second substrate;

a transistor between the first substrate and the second
substrate;

a first sealant between the first substrate and the second
substrate, the first sealant surrounding and enclosing
the liquid crystal layer so as to seal the liquid crystal
layer and the transistor;

a second sealant surrounding and enclosing the first
sealant so as to seal the liquid crystal layer and the
transistor; and

a third sealant surrounding and enclosing the second
sealant so as to seal the liquid crystal layer and the
transistor,

wherein the second sealant closes a gap between the first
substrate and the second substrate, and
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wherein the second sealant extends to at least a side
surface of the second substrate.

3. The display device according to claim 2,

wherein the first sealant comprises an epoxy resin or an
acrylic resin.

4. The display device according to claim 2,

wherein the second sealant comprises a frit glass.

5. The display device according to claim 2,

wherein the third sealant comprises any one of aluminum,
copper, lead, and nickel.

6. An electronic device comprising a panel including the

display device according to claim 2.

7. The display device according to claim 2,

wherein a moisture permeability of the second sealant is
lower than a moisture permeability of the first sealant.

8. The display device according to claim 2,

wherein a moisture permeability of the second sealant is
lower than a moisture permeability of the first sealant,
and

wherein a moisture permeability of the third sealant is
lower than the moisture permeability of the second
sealant.

9. The display device according to claim 2,

wherein the first sealant and the second sealant are apart
from each other.

10. The display device according to claim 2,

wherein a moisture permeability of the second sealant is
lower than a moisture permeability of the first sealant,

wherein a moisture permeability of the third sealant is
lower than the moisture permeability of the second
sealant, and

wherein the first sealant and the second sealant are apart
from each other.

11. A display device comprising:

a first substrate;

a second substrate overlapping with the first substrate;

a liquid crystal layer between the first substrate and the
second substrate;

a transistor between the first substrate and the second
substrate;

a first sealant between the first substrate and the second
substrate, the first sealant surrounding and enclosing
the liquid crystal layer so as to seal the liquid crystal
layer and the transistor; and

a second sealant surrounding and enclosing the first
sealant so as to seal the liquid crystal layer and the
transistor,

wherein the second sealant closes a gap between the first
substrate and the second substrate,

wherein the first sealant is in direct contact with the liquid
crystal layer,

wherein the second sealant is in direct contact with a first
side surface of the first substrate, a first side surface of
the second substrate and a second side surface of the
second substrate,

wherein the second sealant is not in direct contact with a
second side surface of the first substrate,

wherein the first side surface of the first substrate and the
first side surface of the second substrate face a first
direction, and

wherein the second side surface of the first substrate and
the second side surface of the second substrate face a
second direction.
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12. The display device according to claim 11,

wherein the first sealant comprises an epoxy resin or an
acrylic resin.

13. The display device according to claim 11,

wherein the second sealant comprises a frit glass.

14. The display device according to claim 11,

wherein the display device comprises a third sealant
surrounding and enclosing the second sealant so as to
seal the liquid crystal layer and the transistor,

wherein the third sealant is in direct contact with the
second sealant, and

wherein the third sealant comprises any one of aluminum,
copper, lead, and nickel.

15. An electronic device comprising a panel including the

display device according to claim 11.

16. The display device according to claim 11,

wherein a moisture permeability of the second sealant is
lower than a moisture permeability of the first sealant.
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17. The display device according to claim 14

wherein a moisture permeability of the second sealant is
lower than a moisture permeability of the first sealant,
and

wherein a moisture permeability of the third sealant is
lower than the moisture permeability of the second
sealant.

18. The display device according to claim 11,

wherein the first sealant and the second sealant are apart
from each other.

19. The display device according to claim 14

wherein a moisture permeability of the second sealant is
lower than a moisture permeability of the first sealant,

wherein a moisture permeability of the third sealant is
lower than the moisture permeability of the second
sealant, and

wherein the first sealant and the second sealant are apart
from each other.
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