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1. 

METHOD OF MANUFACTURING SEALED 
BODY AND METHOD OF MANUFACTURING 

LIGHT-EMITTING DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to methods of manufactur 

ing a sealed body and a light-emitting device that can be 
protected from impurities from the outside. 

2. Description of the Related Art 
Frit glass sealing is known as a technique of sealing a 

space formed by two bonded glass Substrates. A sealed body 
using frit glass sealing has high airtightness, and is applied 
to an organic electroluminescence (hereinafter referred to as 
EL) display device, a liquid crystal display device, a plasma 
display device, and the like. 

Frit glass sealing is used particularly in an organic EL 
display device so that reliability of an organic EL element is 
improved. This is because reliability of the organic EL 
element is rapidly reduced when an organic EL layer and 
electrodes between which the organic EL layer is interposed 
are exposed to moisture or oxygen. As a sealing technique 
using frit glass for preventing exposure of an organic EL 
layer and electrodes to the air, for example, the technique 
described in Patent Document 1 is known. 

In the technique described in Patent Document 1, a frit 
glass paste is scanned along an edge of a glass Substrate 
while being discharged from a nozzle, whereby a partition is 
formed into a closed curve line of the frit glass paste. After 
that, baking is performed so that the frit glass paste is fused 
to be a frit glass. Further, the frit glass is pressed against the 
other glass Substrate, and the frit glass is heated and melted 
by laser light irradiation; thus, the frit glass is welded to the 
other glass Substrate. In Such a manner, a highly airtight 
sealed body is formed. 

However, in some cases, a frit glass sealed body has a 
region in which a crack is easily generated when conditions 
of laser light irradiation (e.g., irradiation intensity and scan 
ning speed of laser light) are not adjusted, which results in 
low airtightness. For example, in an overlap region where 
laser light irradiation is started and ended, a crack is easily 
generated when the region is irradiated with the same laser 
light power as Scanned regions other than the overlap region. 
The reason of this is as follows: the amount of heat applied 
to the overlap region is larger than that to the Scanned 
regions other than the overlap region, and the frit glass and 
the glass Substrate in the overlap region are thermally 
expanded in comparison with those in the scanned regions 
other than the overlap region. As a countermeasure against 
this, conditions such as irradiation intensity and scanning 
speed of laser light in the overlap region are controlled in a 
complex manner (Patent Document 2). 

REFERENCE 

Patent Documents 

Patent Document 1 Japanese Published Patent Application 
No. 2011-065895 

Patent Document 2 Japanese Published Patent Application 
No. 2008-527655 

SUMMARY OF THE INVENTION 

In the above conventional method for preventing genera 
tion of a crack in the overlap region, conditions of laser light 
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2 
irradiation need to be controlled in a complex manner, which 
has been troublesome. Further, when the conditions of laser 
light irradiation are adjusted in a wrong manner, a crack is 
generated in the frit glass in the overlap region; thus, the 
yield of a sealed body is reduced. 

In view of this, an object of the present invention is to 
provide methods of manufacturing a sealed body and a 
light-emitting device with high airtightness in which gen 
eration of a crack in a substrate and a frit glass in an overlap 
region where laser light irradiation is started and ended is 
prevented. 
One embodiment of the present invention is a method of 

manufacturing a sealed body, including the steps of dispos 
ing a second Substrate in contact with a frit glass containing 
a low-melting-point glass on a first Substrate which faces the 
second Substrate; and irradiating the fit glass with laser light 
to weld the frit glass to the second substrate. The frit glass 
is provided on a surface of the first Substrate. In a region 
which overlaps with the frit glass and is over the second 
Substrate, a high-reflectivity region having high reflectivity 
with respect to the laser light and a low-reflectivity region 
having lower reflectivity than the high-reflectivity region are 
provided. In a state where the frit glass is disposed between 
the first substrate and the second substrate, the frit glass is 
irradiated with the laser light to be melted, so that a closed 
space is formed by the frit glass, the first substrate, and the 
second Substrate. Scanning with the laser light is started 
from the low-reflectivity region. 
As modes in which the frit glass is heated with laser light, 

there are a mode in which the frit glass is directly heated 
with laser light passing through the first Substrate and a 
mode in which the fit glass is heated with laser light which 
passes through the frit glass and is then reflected by an 
interface. The amount of laser light which is reflected by an 
interface and then enters the frit glass is affected by a film 
structure in a region which overlaps with the frit glass and 
is over the second substrate. 
When the second substrate is not provided with a reflec 

tive layer, the amount of reflected laser light is not uniform. 
This is because film structures between the frit glass and the 
second Substrate differ depending on where the frit glass is 
applied, and laser light is reflected by interfaces therebe 
tWeen. 

In one embodiment of the present invention, a reflective 
layer reflecting laser light is provided over the second 
substrate so as to overlap with the frit glass on the first 
Substrate. Accordingly, among portions provided with the 
reflective layer, the amount of laser light which is reflected 
by the reflective layer and then enters the frit glass is almost 
uniform in the same substrate. Therefore, as for the condi 
tions of laser light irradiation for welding the frit glass to the 
Substrate in manufacture of a sealed body, the range of the 
conditions of laser light irradiation (e.g., irradiation intensity 
and scanning speed of laser light) that can be employed can 
be made wide by providing the reflective layer. 
The amount of heat applied by laser light irradiation to the 

overlap region where the laser light irradiation is started and 
ended is larger than that to scanned regions other than the 
overlap region. This is because the overlap region is irradi 
ated with laser light twice, i.e., at the time of starting and 
ending the laser light irradiation. 
When heat the amount of which is large enough to weld 

the frit glass to the second substrate is applied to the frit 
glass, the frit glass and the second substrate are thermally 
expanded. Due to a difference in thermal expansion coeffi 
cient therebetween, a crack is generated in the frit glass. In 
the present invention, the low-reflectivity region having 
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lower reflectivity with respect to laser light than the other 
regions is provided in the overlap region so that the amount 
of reflected laser light which enters the frit glass is reduced; 
thus, the amount of heat applied to the frit glass in the 
overlap region and that to the frit glass in the other regions 
can be substantially equal to each other. Therefore, a sealed 
body with high airtightness in which a crack is less likely to 
be generated in the frit glass in the overlap region can be 
provided. 

Another embodiment of the present invention is a method 
of manufacturing a light-emitting device, including the steps 
of disposing a second Substrate over which an organic EL 
element is formed, in contact with a frit glass containing a 
low-melting-point glass on a first Substrate which faces the 
second Substrate; and irradiating the frit glass with laser light 
to weld the frit glass to the second substrate. The frit glass 
is provided on a surface of the first Substrate. In a region 
which overlaps with the frit glass and is over the second 
Substrate, a high-reflectivity region having high reflectivity 
with respect to the laser light and a low-reflectivity region 
having lower reflectivity than the high-reflectivity region are 
provided. In a state where the frit glass is disposed between 
the first substrate and the second substrate, the frit glass is 
irradiated with the laser light to be melted, so that a closed 
space is formed by the frit glass, the first substrate, and the 
second Substrate. Scanning with the laser light is started 
from the low-reflectivity region. 
As modes in which the frit glass is heated with laser light, 

there are a mode in which the frit glass is directly heated 
with laser light passing through the first Substrate and a 
mode in which the frit glass is heated with laser light which 
passes through the frit glass and is then reflected by an 
interface. The amount of laser light which is reflected by an 
interface and then enters the frit glass is affected by a film 
structure in a region which overlaps with the frit glass and 
is over the second substrate. 
When the second substrate is not provided with a reflec 

tive layer, the amount of reflected laser light is not uniform. 
This is because film structures between the frit glass and the 
second Substrate differ depending on where the frit glass is 
applied, and laser light is reflected by interfaces therebe 
tWeen. 

The reflective layer reflecting laser light is provided over 
the second substrate so as to overlap with the frit glass on the 
first Substrate. Accordingly, the amount of laser light which 
is reflected by the reflective layer and then enters the frit 
glass is almost uniform in the same Substrate. Therefore, as 
for the conditions of laser light irradiation for welding the 
frit glass to the Substrate in manufacture of a light-emitting 
device, the range of the conditions of laser light irradiation 
(e.g., irradiation intensity and scanning speed of laser light) 
that can be employed can be made wide by providing the 
reflective layer. 
The amount of heat applied by laser light irradiation to the 

overlap region where the laser light irradiation is started and 
ended is larger than that to Scanned regions other than the 
overlap region. This is because the overlap region is irradi 
ated with laser light twice, i.e., at the time of starting and 
ending the laser light irradiation. 
When heat the amount of which is large enough to weld 

the frit glass to the second substrate is applied to the frit 
glass, the frit glass and the second substrate are thermally 
expanded. Due to a difference in thermal expansion coeffi 
cient therebetween, a crack is generated in the frit glass. In 
the present invention, the low-reflectivity region having 
lower reflectivity with respect to laser light than the other 
regions is provided in the overlap region so that the amount 
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4 
of reflected laser light which enters the frit glass is reduced; 
thus, the amount of heat applied to the frit glass in the 
overlap region and that to the frit glass in the other regions 
can be substantially equal to each other. Therefore, a light 
emitting device with high airtightness in which a crack is 
less likely to be generated in the frit glass in the overlap 
region can be provided. 

According to the present invention, methods of manufac 
turing a sealed body and a light-emitting device with high 
airtightness can be provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A to 1C are top views and a cross-sectional view 
of a sealed body according to one embodiment of the present 
invention. 

FIG. 2 shows a cross-sectional view and a top view 
illustrating a manufacturing process of a sealed body and a 
light-emitting device according to one embodiment of the 
present invention. 

FIGS. 3A to 3D show cross-sectional views and top views 
illustrating a manufacturing process of a sealed body accord 
ing to one embodiment of the present invention. 

FIGS. 4A to 4D are top views each illustrating a mode of 
a reflective layer that can be used in a sealed body and a 
light-emitting device according to one embodiment of the 
present invention. 

FIGS. 5A to 5D are top views each illustrating a mode of 
a reflective layer that can be used in a sealed body and a 
light-emitting device according to one embodiment of the 
present invention. 

FIGS. 6A to 6C show cross-sectional views and top views 
illustrating a manufacturing process of a sealed body accord 
ing to one embodiment of the present invention. 

FIGS. 7A to 7C are top views and a cross-sectional view 
of a light-emitting device according to one embodiment of 
the present invention. 

FIGS. 8A to 8C show cross-sectional views and top views 
illustrating a manufacturing process of a light-emitting 
device according to one embodiment of the present inven 
tion. 

FIGS. 9A to 9C show cross-sectional views and top views 
illustrating a manufacturing process of a light-emitting 
device according to one embodiment of the present inven 
tion. 

FIGS. 10A to 10C are cross-sectional views illustrating an 
organic EL element used in a light-emitting device accord 
ing to one embodiment of the present invention. 

FIGS. 11A to 11E each illustrate an electronic device to 
which a light-emitting device according to one embodiment 
of the present invention is applied. 

FIGS. 12A to 12C show an electronic device to which a 
light-emitting device according to one embodiment of the 
present invention is applied. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Hereinafter, embodiments of the invention disclosed in 
this specification will be described with reference to the 
accompanying drawings. Note that the invention disclosed 
in this specification is not limited to the following descrip 
tion, and it is easily understood by those skilled in the art that 
modes and details can be variously changed. Therefore, the 
invention disclosed in this specification is not construed as 
being limited to the description in the following embodi 
mentS. 
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Embodiment 1 

In this embodiment, a method of manufacturing a sealed 
body according to one embodiment of the present invention 
will be described. A method of manufacturing a sealed body 
161 in FIGS 1A to 1C will be described with reference to 
FIG. 2, FIGS. 3A to 3D, FIGS. 4A to 4D, FIGS. 5A to 5D, 
and FIGS. 6A to 6C. 
(Structure of Sealed Body) 
The sealed body 161 includes a first substrate 301, a 

second substrate 302, a frit glass layer 500c, a reflective 
layer 140, and an inorganic insulating layer 501. FIG. 1A is 
a top view of the sealed body 161. FIG. 1B is a top view in 
which part of the reflective layer 140 is enlarged, and FIG. 
1C is a cross-sectional view taken along dotted line S-T in 
FIG. 1B. Note that double wave lines in FIGS 1B and 1C 
show that some components are not illustrated here. 

In this specification, a frit glass which has been applied as 
a frit glass paste to a Substrate is defined as a frit glass layer 
500a, a frit glass obtained by baking the frit glass layer 500a 
for removing a binder or the like is defined as a frit glass 
layer 500b, and a frit glass which has been welded to a 
substrate with a laser is defined as a frit glass layer 500c. A 
material for the frit glass layer 500a will be described in 
detail in the description of the method of manufacturing the 
sealed body. 
As the first substrate 301, a substrate transmitting laser 

light may be used. This is because the frit glass layer 500b 
is irradiated with laser light through the first substrate 301. 
A glass substrate is preferably used as the first substrate 301. 

Over the second substrate 302, a region overlapping with 
the frit glass layer 500b may be flat. This is for improving 
the airtightness of the sealed body. As the second substrate 
302, a glass Substrate or a metal Substrate can be used. 
The reflective layer 140 is formed over the second sub 

strate 302. This is for heating the frit glass layer 500b by 
reflecting laser light passing through the frit glass layer 500b 
formed on the first substrate 301. The reflective layer 140 
can be formed using a metal Such as tungsten, tantalum, 
molybdenum, copper, or iron. In particular, the reflective 
layer 140 is preferably formed using tungsten. 
The inorganic insulating layer 501 is preferably provided 

so as to cover the reflective layer 140. This is for preventing 
oxidation of a surface of the reflective layer 140. The 
inorganic insulating layer 501 can be formed using silicon 
oxide, silicon oxynitride, or silicon nitride. 
(Method of Manufacturing Sealed Body) 

Next, the method of manufacturing the sealed body 161 
according to one embodiment of the present invention will 
be described with reference to FIG. 2, FIGS. 3A to 3D, 
FIGS. 4A to 4D, FIGS. 5A to 5D and FIGS. 6A to 6C. 
(Application of Frit Glass) 
As illustrated in FIG. 2, the frit glass layer 500a is fainted 

into a continuous closed curve line over the first substrate 
301. This is in order that the sealed body with high airtight 
ness can be formed. The frit glass layer 500a includes a 
low-melting-point glass and a binder. The low-melting-point 
glass preferably contains at least one compound selected 
from, for example, magnesium oxide, calcium oxide, barium 
oxide, lithium oxide, Sodium oxide, potassium oxide, boron 
oxide, Vanadium oxide, Zinc oxide, tellurium oxide, alumi 
num oxide, silicon dioxide, lead oxide, tin oxide, phospho 
rus oxide, ruthenium oxide, rhodium oxide, iron oxide, 
copper oxide, titanium oxide, tungsten oxide, bismuth oxide, 
antimony oxide, lead borate glass, tin phosphate glass, 
Vanadate glass, and borosilicate glass. Afrit glass is prepared 
by mixing such a compound with a resin binder diluted with 
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6 
an organic solvent, for example. In order that the frit glass 
can be heated in the later-described laser light irradiation, a 
frit glass to which a laser light absorbent material is added 
is used. The laser absorbent material is selected as appro 
priate depending on the wavelength of the laser light used. 
As a method of forming the frit glass layer 500a, a 

dispenser method, a screen printing method, or an inkjet 
method can be used. In this embodiment, the frit glass layer 
500a has a substantially rectangular shape suitable for 
sealing of a display device or the like, but may have another 
shape Such as a circular shape or an elliptical shape as long 
as it is formed into a closed curve line. 
(Baking of Frit Glass) 

Next, the frit glass layer 500a over the first substrate 301 
is heated in order to vaporize the binder in the frit glass layer 
500a. The first substrate 301 over which the frit glass layer 
500a is formed may be subjected to heat treatment at 300° 
C. to 450° C. The heat treatment can be performed using a 
lamp, a heater, or the like. Through the heat treatment, the 
low-melting-point glass is melted and Solidified to be 
welded. 
(Formation of Reflective Layer) 

Then, the reflective layer 140 is formed over the second 
substrate 302. FIG. 3A shows a top view of the second 
substrate 302 over which the reflective layer 140 is formed. 
The reflective layer 140 is formed over the second substrate 
302 so as to overlap with a region where the frit glass layer 
500b is to be formed on the first Substrate 301. 

FIG. 3B shows a top view of the second substrate 302 
over which a low-reflectivity region is provided in a region 
where laser light irradiation is started and ended in the 
reflective layer 140 (hereinafter, this region is referred to as 
an overlap region 10) and in a corner region 20 at the corner 
of the reflective layer 140. FIG. 3C and FIG. 3D are enlarged 
top views of the overlap region 10 and the corner region 20, 
respectively. A description of the corner region 20 will be 
made later. 

Note that in this embodiment, the low-reflectivity region 
having lower reflectivity than a high-reflectivity region 
corresponds to the overlap region 10 and the corner region 
20. The high-reflectivity region having high reflectivity 
corresponds to a region of the reflective layer 140 other than 
the overlap region 10 and the corner region 20. 
A crack is easily generated in the frit glass layer 500c 

when the frit glass in the overlap region 10 is heated by laser 
light irradiation without adjusting irradiation intensity. The 
reason of this is as follows: since the amount of heat applied 
to the overlap region 10 is larger than that to Scanned regions 
other than the overlap region 10, the frit glass layer 500c and 
the second substrate 302 are thermally expanded and thus a 
crack due to a difference in thermal expansion coefficient is 
easily generated. 

In the manufacturing method according to one embodi 
ment of the present invention, the reflectivity of the reflec 
tive layer 140 in the overlap region 10 with respect to laser 
light is made lower than that in the scanned regions other 
than the overlap region 10. Accordingly, the amount of heat 
applied to the overlap region 10 and that to the scanned 
regions other than the overlap region 10 can be substantially 
equal to each other without adjusting irradiation intensity. 
Therefore, a crack is less likely to be generated in the frit 
glass layer 500c in the overlap region 10, whereby the sealed 
body 161 can have high airtightness. 

FIGS. 4A to 4D each illustrate an example of an upper 
surface pattern of the reflective layer 140 that can be used in 
the case of reducing the reflectivity of the reflective layer 
140 with respect to laser light. In FIG. 4A, the area of the 
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reflective layer 140 is made smaller by forming square holes 
in order to reduce the reflectivity of the overlap region 10 
with respect to laser light. The shape of such a hole for 
reducing the area of the reflective layer 140 may be rectan 
gular (FIG. 4B), triangular (FIG. 4C), or polygonal (FIG. 
4D). The reflective layer 140 may have an appropriate form 
with which a crack is not generated in the frit glass layer 
500c in the overlap region 10. 
The reflective layer 140 in the corner region 20 also 

preferably has lower reflectivity than in the other regions. 
FIGS. 5A to 5D each illustrate an example of a pattern of the 
reflective layer 140 that can be used in the corner region. In 
FIG. 5A, the area of the reflective layer 140 is made smaller 
by forming square holes in order to reduce the reflectivity of 
the corner region 20 with respect to laser light. The shape of 
such a hole for reducing the area of the reflective layer 140 
may be rectangular (FIG. 5B), triangular (FIG. 5C), or 
polygonal (FIG. 5D). The reflectivity of the reflective layer 
140 in the corner region with respect to laser light can be 
reduced with Such a pattern. 

Although irradiation with laser light is performed at 
constant scanning speed, the amount of heat applied to an 
inner region of the corner region is larger than that to the 
other regions in some cases. This is because spots of laser 
light overlap with each other in the inner region of the corner 
region in comparison with those in an outer region of the 
corner region. The reflective layer 140 may have an appro 
priate form with which a crack is not generated in the frit 
glass layer 500c in the corner region 20. 
The reflective layer 140 can be formed by a known 

technique; for example, the reflective layer 140 can be 
formed by etching with a resist mask formed using a 
photomask. 
(Irradiation with Laser Light) 

Next, the frit glass layer 500b over the first substrate 301 
is made to be in close contact with the second substrate 302, 
and the frit glass layer 500b is irradiated with laser light 800. 
These steps are shown in FIGS. 6A to 6C. Consequently, the 
first substrate 301 and the second substrate 302 are bonded 
by melting of the frit glass layer 500b. The frit glass layer 
500b is irradiated with the laser light 800 passing through 
the first substrate 301. The wavelength of the laser light used 
can be 750 nm to 1200 nm. Specifically, a 800-nm semi 
conductor laser is preferred. 
As modes in which the frit glass layer 500b is heated with 

laser light, there are a mode in which the frit glass layer 500b 
is directly heated with laser light passing through the first 
substrate 301 and a mode in which the frit glass layer 500b 
is heated with laser light which passes through the frit glass 
layer 500b and is then reflected by an interface. The amount 
of laser light which is reflected by an interface and then 
enters the frit glass layer 500b is affected by a film structure 
in a region which overlaps with the frit glass layer 500b and 
is over the second substrate 302. 
The reflective layer 140 reflecting laser light is provided 

over the second substrate 302 so as to overlap with the frit 
glass layer 500b on the first substrate 301. Accordingly, the 
amount of laser light which is reflected by the reflective 
layer 140 and then enters the frit glass layer 500b is almost 
uniform in the same substrate. Therefore, as for the condi 
tions of laser light irradiation for welding the frit glass layer 
500b to the second substrate 302 in manufacture of the 
sealed body 161, the range of the conditions of laser light 
irradiation (e.g., irradiation intensity and Scanning speed of 
laser light) that can be employed can be made wide by 
providing the reflective layer 140. 
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8 
The amount of heat applied by laser light irradiation to the 

overlap region 10 is larger than that to Scanned regions other 
than the overlap region 10. This is because the overlap 
region 10 is irradiated with laser light twice, i.e., at the time 
of starting and ending the laser light irradiation. 
When heat the amount of which is large enough to weld 

the frit glass layer 500b to the second substrate 302 is 
applied to the frit glass layer 500b, the frit glass layer 500b 
and the second substrate 302 are thermally expanded further. 
When they are thermally expanded further, a crack is gen 
erated in the frit glass layer 500b due to a difference in 
thermal expansion coefficient between the frit glass layer 
500b and the second substrate 302. In the present invention, 
the low-reflectivity region having lower reflectivity with 
respect to laser light than the other regions is provided in the 
overlap region 10 so that the amount of reflected laser light 
which enters the frit glass layer 500b is reduced; thus, the 
amount of heat applied to the frit glass layer 500b in the 
overlap region 10 and that to the fit glass layer 500b in the 
other regions can be substantially equal to each other. 
Therefore, the sealed body 161 can have high airtightness in 
which a crack is less likely to be generated in the frit glass 
layer 500c in the overlap region 10. 

Through the above steps, the sealed body 161 illustrated 
in FIGS. 1A to 1C can be manufactured. 
As described above, with the method of manufacturing 

the sealed body 161 described in this embodiment, a crack 
is less likely to be generated in the frit glass. Accordingly, 
the sealed body 161 with high airtightness can be manufac 
tured. 

Embodiment 2 

In this embodiment, a method of manufacturing a light 
emitting device according to one embodiment of the present 
invention will be described. A method of manufacturing a 
light-emitting device 163 in FIGS. 7A to 7C will be 
described with reference to FIGS. 8A to 8C and FIGS. 9A 
to 9C. 
(Structure of Light-Emitting Device) 
The light-emitting device 163 includes the first substrate 

301, the second substrate 302, the fit glass layer 500c, the 
reflective layer 140, the inorganic insulating layer 501, an 
organic EL element 125, a terminal 126a, and a terminal 
126b. FIG. 7A is a top view of the light-emitting device 163. 
FIG. 7B is a top view in which part of the reflective layer 140 
is enlarged, and FIG. 7C is a cross-sectional view taken 
along dotted line S-T in FIG. 7B. Note that double wave 
lines in FIGS. 7B and 7C show that some components are 
not illustrated here. 

In this specification, a frit glass which has been applied as 
a frit glass paste to a substrate is defined as the frit glass layer 
500a, a frit glass obtained by baking the frit glass layer 500a 
for removing a binder or the like is defined as the frit glass 
layer 500b, and a frit glass which has been welded to a 
substrate with a laser is defined as the frit glass layer 500c. 
A material for the frit glass layer 500a is described in detail 
in the description of the method of manufacturing the sealed 
body. 
As the first substrate 301, a substrate transmitting laser 

light may be used. This is because the frit glass layer 500b 
is irradiated with laser light through the first substrate 301. 
A glass substrate is preferably used as the first substrate 301. 
Over the second substrate 302, a region overlapping with 

the frit glass layer 500b may be flat. This is for improving 
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the airtightness of the light-emitting device. As the second 
substrate 302, a glass substrate or a metal substrate can be 
used. 

The reflective layer 140 is formed over the second sub 
strate 302. This is for heating the frit glass layer 500b by 
reflecting laser light passing through the frit glass layer 500b 
formed on the first substrate 301. The reflective layer 140 
can be formed using a metal Such as tungsten, tantalum, 
molybdenum, copper, or iron. In particular, the reflective 
layer 140 is preferably formed using tungsten. 
The inorganic insulating layer 501 is preferably provided 

so as to cover the reflective layer 140. This is for preventing 
oxidation of a surface of the reflective layer 140. The 
inorganic insulating layer 501 can be formed using silicon 
oxide, silicon oxynitride, or silicon nitride. 
(Method of Manufacturing Light-Emitting Device) 

Next, the method of manufacturing the light-emitting 
device 163 according to one embodiment of the present 
invention will be described with reference to FIGS. 8A to 8C 
and FIGS. 9A to 9C. 
(Application of Frit Glass) 
The frit glass layer 500a is formed into a continuous 

closed curve line over the first substrate 301. Embodiment 1 
can be referred to for the formation of the frit glass layer 
500. 
(Baking of Frit Glass) 

Next, the frit glass layer 500a over the first substrate 301 
is heated in order to vaporize the binder in the frit glass layer 
500a. Embodiment 1 can be referred to for the details of the 
heating method. 
(Formation of Reflective Layer) 

Then, the reflective layer 140 is formed over the second 
substrate 302. FIG. 8A shows a top view of the second 
substrate 302 over which the reflective layer 140 is formed. 
The reflective layer 140 is formed over the second substrate 
302 so as to overlap with a region where the frit glass layer 
500b is to be formed on the first Substrate 301. 

FIG. 8B shows a top view of the second substrate 302 
over which a low-reflectivity region is provided in a region 
where laser light irradiation is started and ended in the 
reflective layer 140 (hereinafter, this region is referred to as 
the overlap region 10). In FIG. 8B, the low-reflectivity 
region is provided also in the corner region 20 at the corner 
of the reflective layer 140. 

Note that in this embodiment, the low-reflectivity region 
having lower reflectivity than a high-reflectivity region 
corresponds to the overlap region 10 and the corner region 
20. The high-reflectivity region having high reflectivity 
corresponds to a region of the reflective layer 140 other than 
the overlap region 10 and the corner region 20. 
A crack is easily generated in the frit glass layer 500c 

when the frit glass in the overlap region 10 is heated by laser 
light irradiation without adjusting irradiation intensity. The 
reason of this is as follows: since the amount of heat applied 
to the overlap region 10 is larger than that to Scanned regions 
other than the overlap region 10, the frit glass layer 500c and 
the second substrate 302 are thermally expanded and thus a 
crack due to a difference in thermal expansion coefficient is 
easily generated. 

In the manufacturing method according to one embodi 
ment of the present invention, the reflectivity of the reflec 
tive layer 140 in the overlap region 10 with respect to laser 
light is made lower than that in the Scanned regions other 
than the overlap region 10. Accordingly, the amount of heat 
applied to the overlap region 10 and that to the scanned 
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10 
regions other than the overlap region 10 can be substantially 
equal to each other without adjusting irradiation intensity. 
Therefore, a crack is less likely to be generated in the frit 
glass layer 500c in the overlap region 10, whereby the 
light-emitting device 163 can have high airtightness. 

FIGS. 4A to 4D each illustrate an example of an upper 
surface pattern of the reflective layer 140 that can be used in 
the case of reducing the reflectivity of the reflective layer 
140 with respect to laser light. In FIG. 4A, the area of the 
reflective layer 140 is made smaller by forming square holes 
in order to reduce the reflectivity of the overlap region 10 
with respect to laser light. The shape of such a hole for 
reducing the area of the reflective layer 140 may be rectan 
gular (FIG. 4B), triangular (FIG. 4C), or polygonal (FIG. 
4D). The reflective layer 140 may have an appropriate form 
with which a crack is not generated in the frit glass layer 
500c in the overlap region 10. 
The reflective layer 140 in the corner region 20 also 

preferably has lower reflectivity than in the other regions. 
FIGS. 5A to 5D each illustrate an example of a pattern of the 
reflective layer 140 that can be used in the corner region. In 
FIG. 5A, the area of the reflective layer 140 is made smaller 
by forming square holes in order to reduce the reflectivity of 
the corner region 20 with respect to laser light. The shape of 
such a hole for reducing the area of the reflective layer 140 
may be rectangular (FIG. 5B), triangular (FIG. 5C), or 
polygonal (FIG. 5D). The reflectivity of the reflective layer 
140 in the corner region with respect to laser light can be 
reduced with Such a pattern. 

Although irradiation with laser light is performed at 
constant scanning speed, the amount of heat applied to an 
inner region of the corner region is larger than that to the 
other regions in some cases. This is because spots of laser 
light overlap with each other in the inner region of the corner 
region in comparison with those in an outer region of the 
corner region. The reflective layer 140 may have an appro 
priate form with which a crack is not generated in the frit 
glass layer 500c in the corner region 20. 
The reflective layer 140 can be formed by a known 

technique; for example, the reflective layer 140 can be 
formed by etching with a resist mask formed using a 
photomask. 

Next, the organic EL element 125 is formed over the 
second substrate 302. FIG. 8C is a top view of the second 
substrate 302 over which the organic EL element 125 is 
formed. The inorganic insulating layer 501 is preferably 
formed over the reflective layer 140 before the organic EL 
element 125 is formed. The structure of the organic EL 
element 125 will be described in Embodiment 3. 
(Irradiation with Laser Light) 

Next, the frit glass layer 500b over the first substrate 301 
is made to be in close contact with the second substrate 302, 
and the frit glass layer 500b is irradiated with the laser light 
800. These steps are shown in FIGS. 9A to 9C. Conse 
quently, the first substrate 301 and the second substrate 302 
are bonded by melting of the frit glass layer 500b. The frit 
glass layer 500b is irradiated with the laser light 800 passing 
through the first substrate 301. The wavelength of the laser 
light used can be 750 nm to 1200 nm. Specifically, a 800-nm 
semiconductor laser is preferred. 
As modes in which the fit glass layer 500b is heated with 

laser light, there are a mode in which the frit glass layer 500b 
is directly heated with laser light passing through the first 
substrate 301 and a mode in which the frit glass layer 500b 
is heated with laser light which passes through the frit glass 
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layer 500b and is then reflected by an interface. The amount 
of laser light which is reflected by an interface and then 
enters the frit glass layer 500b is affected by a film structure 
in a region which overlaps with the frit glass layer 500b and 
is over the second substrate 302. 
The reflective layer 140 reflecting laser light is provided 

over the second substrate 302 so as to overlap with the frit 
glass layer 500b on the first substrate 301. Accordingly, the 
amount of laser light which is reflected by the reflective 
layer 140 and then enters the frit glass layer 500b is almost 
uniform in the same substrate. Therefore, as for the condi 
tions of laser light irradiation for welding the fit glass layer 
500b to the second substrate 302 in manufacture of the 
light-emitting device 163, the range of the conditions of 
laser light irradiation (e.g., irradiation intensity and scanning 
speed of laser light) that can be employed can be made wide 
by providing the reflective layer 140. 

The amount of heat applied by laser light irradiation to the 
overlap region 10 is larger than that to Scanned regions other 
than the overlap region 10. This is because the overlap 
region 10 is irradiated with laser light twice, i.e., at the time 
of starting and ending the laser light irradiation. 
When heat the amount of which is large enough to weld 

the fit glass layer 500b to the second substrate 302 is applied 
to the frit glass layer 500b, the frit glass layer 500b and the 
second substrate 302 are thermally expanded further. When 
they are thermally expanded further, a crack is generated in 
the fit glass layer 500b due to a difference in thermal 
expansion coefficient between the frit glass layer 500b and 
the second substrate 302. In the present invention, the 
low-reflectivity region having lower reflectivity with respect 
to laser light than the other regions is provided in the overlap 
region 10 so that the amount of reflected laser light which 
enters the frit glass layer 500b is reduced; thus, the amount 
of heat applied to the frit glass layer 500b in the overlap 
region 10 and that to the frit glass layer 500b in the other 
regions can be substantially equal to each other. Therefore, 
the light-emitting device 163 can have high airtightness in 
which a crack is less likely to be generated in the frit glass 
layer 500c in the overlap region 10. 

Through the above steps, the light-emitting device 163 
illustrated in FIGS. 7A to 7C can be manufactured. 
As described above, with the method of manufacturing 

the light-emitting device 163 described in this embodiment, 
a crack is less likely to be generated in the frit glass. 
Accordingly, the light-emitting device 163 with high air 
tightness can be manufactured. 

Embodiment 3 

In this embodiment, one mode of an organic EL element 
that can be used in a light-emitting device according to one 
embodiment of the present invention will be described with 
reference to FIG. 10A. 

In this embodiment, an organic EL element 100 includes 
a first electrode 101, a light-transmitting conductive layer 
103, an organic EL layer 200, and a second electrode 102. 
The light-transmitting conductive layer 103 is in contact 
with the first electrode 101. Note that in this embodiment, 
the following description will be made on the assumption 
that the first electrode 101 and the light-transmitting con 
ductive layer 103 function as an anode and the second 
electrode 102 functions as a cathode. In other words, the 
following description will be made on the assumption that 
light emission can be obtained when Voltage is applied 
between the first electrode 101 and the second electrode 102 
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12 
such that the potential of the first electrode 101 is higher than 
that of the second electrode 102. 
(First Electrode) 
The first electrode 101 is an electrode that functions as an 

anode and as a reflective electrode. The thickness of the first 
electrode 101 is preferably 50 nm to 300 nm. 
The first electrode 101 is preferably formed using a silver 

alloy. Copper, gold, palladium, neodymium, Samarium, tin, 
indium, bismuth, or the like is preferably added to the silver 
alloy. 
The first electrode 101 can be formed by a sputtering 

method or a screen printing method. 
The first electrode 101 has high reflectivity with respect to 

light in the entire visible light region, so that a light-emitting 
element with high light extraction efficiency can be pro 
vided. 
(Light-Transmitting Conductive Layer) 
The light-transmitting conductive layer 103 is provided 

on and in contact with the first electrode 101. The light 
transmitting conductive layer 103 has resistance to an acid 
solution, and thus functions as a protective film of the first 
electrode 101. 
The thickness of the light-transmitting conductive layer 

103 may be determined such that the first electrode 101 is 
not oxidized, and is typically greater than or equal to 1 nm 
and less than or equal to 100 nm, preferably greater than or 
equal to 5 nm and less than or equal to 10 nm. 
As a material for the light-transmitting conductive layer 

103, a metal oxide Such as titanium oxide, tantalum oxide, 
tin oxide, indium oxide, a mixed oxide of indium oxide and 
tin oxide, a mixed oxide of indium oxide and Zinc oxide, or 
a mixed oxide of silicon oxide and Zinc oxide can be used. 
In particular, a layer containing titanium is preferably used 
for the light-transmitting conductive layer 103, and typi 
cally, a layer containing titanium oxide is preferably used. 
This is because titanium oxide has high resistance to an acid 
Solution. 
The light-transmitting conductive layer 103 can be 

formed by a sputtering method, a molecular beam epitaxy 
method, a pulsed laser deposition method, an atomic layer 
deposition method, or the like as appropriate. The light 
transmitting conductive layer 103 can also be formed using 
a sputtering apparatus which performs deposition with Sur 
faces of a plurality of Substrates set Substantially perpen 
dicular to a Surface of a sputtering target. 

Titanium oxide may be formed in Such a manner that 
titanium is formed over the first electrode 101 and then 
oxidized. For example, titanium oxide can be formed over 
the first electrode 101 containing silver in such a manner that 
a film of titanium is formed with a thickness of 6 nm by a 
sputtering method over the first electrode 101 and then heat 
treatment is performed at 300° C. for one hour in an air 
atmosphere. By Such a method, a thin film of titanium oxide 
can be uniformly formed over the substrate. 
(Second Electrode) 

There is no particular limitation on the second electrode 
102 as long as it can inject electrons into the organic EL 
layer 200 and has a light-transmitting property. This is 
because electrons are injected into the organic EL layer So 
that light emission from the organic EL layer can be 
extracted to the outside through the second electrode 102. As 
a material for the second electrode 102, a metal or a 
conductive metal oxide can be used. As the metal, aluminum 
or an alloy of silver and magnesium can be used. As the 
conductive metal oxide, a mixed oxide of indium oxide and 
tin oxide, a mixed oxide of indium oxide and Zinc oxide, or 
any of the conductive metal oxide materials containing 
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silicon or silicon oxide can be used. In the case where the 
metal is used, the thickness of the second electrode 102 is 
preferably greater than or equal to 1 nm and less than or 
equal to 10 nm in order that the second electrode 102 has a 
light-transmitting property. In order to improve the electron 
injection property of the second electrode 102, an electron 
injection layer containing an alkali metal Such as lithium or 
cesium, an alkaline earth metal Such as calcium or strontium, 
or magnesium is preferably provided between the second 
electrode 102 and the organic EL layer 200. 

In the case where the second electrode 102 is formed 
using the metal, the second electrode 102 can be formed by 
a vacuum evaporation method, a sputtering method, or the 
like as appropriate. 

In the case where the second electrode 102 is formed 
using the conductive metal oxide, the second electrode 102 
can be formed by a sputtering method. The conductive metal 
oxide can be formed under an atmosphere containing argon 
and oxygen. 

For the conductive metal oxide, a layered structure 
including a first conductive metal oxide formed under an 
atmosphere containing argon with reduced oxygen concen 
tration and a second conductive metal oxide formed under 
an atmosphere containing argon and oxygen is preferably 
used. This is for reducing damage to the organic EL layer 
200 due to the formation of the second electrode 102. In this 
case, in the formation of the first conductive metal oxide, it 
is preferable to use an argon gas with high purity, for 
example, an argon gas whose dew point is -70° C. or lower, 
more preferably -100° C. or lower. 
(Organic EL Layer) 
An organic EL layer that can be used as the organic EL 

layer 200 will be described with reference to FIG. 10B. The 
organic EL layer 200 described in this embodiment includes 
a hole-injection layer 211, a hole-transport layer 212, a 
light-emitting layer 213, an electron-transport layer 214, and 
the like. The hole-injection layer 211 is a layer containing a 
Substance having a high hole-injection property. The hole 
transport layer 212 is a layer containing a Substance having 
a high hole-transport property. The light-emitting layer 213 
is a layer containing a light-emitting material. The electron 
transport layer 214 is a layer containing a Substance having 
a high electron-transport property. 

Although the organic EL layer 200 can be formed to have 
a single-layer structure, it is normally formed to have a 
layered structure. For example, the organic EL layer 200 can 
be formed by combining, as appropriate, the hole-injection 
layer 211, the hole-transport layer 212, the light-emitting 
layer 213, the electron-transport layer 214, and the like. FIG. 
10B illustrates, as the organic EL layer 200, a structure in 
which the hole-injection layer 211, the hole-transport layer 
212, the light-emitting layer 213, and the electron-transport 
layer 214 are sequentially stacked. 

In order to suppress energy transfer from an exciton which 
is generated in the light-emitting layer 213, the hole-trans 
port layer 212 or the electron-transport layer 214 which is in 
contact with the light-emitting layer 213, particularly a 
carrier- (electron- or hole-) transport layer in contact with a 
side closer to a light-emitting region in the light-emitting 
layer 213, is preferably formed using a Substance having a 
larger energy gap than a light-emitting material contained in 
the light-emitting layer or an emission center Substance 
contained in the light-emitting layer. 
The hole-injection layer 211 contains a Substance having 

a high hole-injection property, and has a function of helping 
injection of holes from the light-transmitting conductive 
layer 103 to the hole-transport layer 212. For the hole 
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14 
injection layer 211, a substance which reduces a difference 
in ionization potential between the light-transmitting con 
ductive layer 103 and the hole-transport layer 212 and thus 
makes hole injection easy, is selected. Specifically, it is 
preferable that the hole-injection layer 211 be formed to 
have a smaller ionization potential than the hole-transport 
layer 212 and a larger ionization potential than the light 
transmitting conductive layer 103, or it is preferable that the 
hole-injection layer 211 be formed using a substance by 
which the energy band is bent when the substance is 
provided as a thin film with a thickness of 1 nm to 2 nm 
between the hole-transport layer 212 and the light-transmit 
ting conductive layer 103. 
The hole-transport layer 212 contains a substance having 

a high hole-transport property. Note that a Substance having 
a high hole-transport property means a Substance having 
higher hole mobility than electron mobility, and the ratio of 
hole mobility to electron mobility in the substance (hole 
mobility/electron mobility) is preferably more than 100. The 
hole-transport layer 212 preferably has a hole mobility of 
1x10 cm/Vs or higher. Specifically, 4,4'-bis(N-(1-naph 
thyl)-N-phenylaminobiphenyl (abbreviation: NPB), copper 
phthalocyanine (abbreviation: CuPc), or the like can be 
used. Note that the hole-transport layer 212 may have a 
single-layer structure or a layered structure. 
The electron-transport layer 214 contains a Substance 

having a high electron-transport property. Note that a Sub 
stance having a high electron-transport property means a 
Substance having higher electron mobility than hole 
mobility, and the ratio of electron mobility to hole 
mobility (-electron mobility/hole mobility) in the substance 
is preferably more than 100. The electron-transport layer 
214 preferably has an electron mobility of 1x10 cm/Vs or 
higher. Specifically, a metal complex having a quinoline 
skeleton, a metal complex having a benzoquinoline skeleton, 
a metal complex having an oxazole-based ligand, or a metal 
complex having a thiazole-based ligand can be used. A 
specific example of a metal complex having a quinoline 
skeleton includes tris(8-quinolinolato)aluminum (abbrevia 
tion: Alq). As a specific example of a metal complex having 
a benzoquinoline skeleton, bis(10-hydroxybenzohquinoli 
nato)beryllium (abbreviation: BeBq) is given. As a specific 
example of a metal complex having an oxazole-based 
ligand, bis2-(2-benzoxazolyl)phenolatozinc (abbreviation: 
Zn(BOX)) is given. As a specific example of a metal 
complex having a thiazole-based ligand, bis2-(2-benzothi 
azolyl)phenolatozinc (abbreviation: Zn(BTZ)) is given. In 
addition to the metal complexes, bathophenanthroline (ab 
breviation: BPhen), bathocuproine (BCP), or the like can be 
used. The substances specifically listed above are mainly 
substances having an electron mobility of 1x10 cm/Vs or 
higher. Note that any substance other than the above sub 
stances may be used for the electron-transport layer 214 as 
long as the electron-transport property is higher than the 
hole-transport property. Further, the electron-transport layer 
214 may have a single-layer structure or a layered structure. 

Further, a layer for controlling transport of electron car 
riers may be provided between the light-emitting layer 213 
and the electron-transport layer 214. Note that the layer for 
controlling transport of electron carriers is a layer obtained 
by adding a small amount of Substance having a high 
electron-trapping property to the above-described material 
having a high electron-transport property. By providing the 
layer for controlling transport of electron carriers, transfer of 
electron carriers can be suppressed and carrier balance can 
be adjusted. Such a structure is very effective in preventing 
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a problem (such as reduction in element lifetime) caused 
when electrons pass through the light-emitting layer. 

Between the electron-transport layer 214 and the second 
electrode 102, an electron-injection layer may be provided in 
contact with the second electrode 102. As the electron 
injection layer, a layer which includes a Substance having an 
electron-transport property and an alkali metal, an alkaline 
earth metal, a halide of the alkali metal, or a halide of the 
alkaline earth metal may be used. As the alkali metal or the 
alkaline earth metal, lithium, magnesium, cesium, or cal 
cium can be used. As the halide of the alkali metal or the 
halide of the alkaline earth metal, lithium fluoride, cesium 
fluoride, or calcium fluoride can be used. Specifically, a 
layer of Alq containing magnesium can be used. By provid 
ing the electron-injection layer, electrons can be efficiently 
injected from the second electrode 102. 
Any of various methods can be employed for forming the 

organic EL layer 200 regardless of whether it is a dry process 
or a wet process. 
As described above, in the organic EL element 100 

described in this embodiment, the light-transmitting con 
ductive layer 103 is provided in contact with the first 
electrode 101. Since the light-transmitting conductive layer 
103 has resistance to an acid solution, oxidation of the first 
electrode 101 can be prevented. Therefore, a reduction in 
reflectivity of the first electrode 101 can be prevented. As a 
result, a light-emitting element with high light extraction 
efficiency can be provided. 

In the case where the light-transmitting conductive layer 
103 contains titanium, oxidation of the first electrode 101 
can be prevented because the light-transmitting conductive 
layer 103 containing titanium has high resistance to an acid 
solution. As a result, the reflectivity of the first electrode 101 
is not reduced; thus, a light-emitting element with high light 
extraction efficiency can be provided. 
When a layer having a semi-reflective and semi-transmit 

ting property with respect to light in the visible light region 
is used for the second electrode 102, the light-emitting 
element can have a microcavity structure with the first 
electrode 101 and the second electrode 102. The first elec 
trode 101 has high reflectivity with respect to light in the 
entire visible light region. Therefore, even with a microcav 
ity structure with which the efficiency of extracting light 
having a specific wavelength is improved, the efficiency of 
extracting light having a desired wavelength in the visible 
light region can be improved. 
When an alloy layer containing magnesium and silver is 

used for the second electrode 102, the driving voltage of the 
light-emitting element can be reduced because the alloy 
layer containing magnesium and silver is excellent in elec 
tron-injection property. Further, since the alloy layer con 
taining magnesium and silver has low electric resistance, 
voltage applied to the second electrode is less likely to be 
lowered in the light-emitting element having a large emis 
sion area; thus, the light-emitting element can have less 
emission unevenness. 

Embodiment 4 

In this embodiment, a tandem organic EL layer 400 that 
can be used instead of the organic EL layer 200 in Embodi 
ment 3 will be described with reference to FIG. 10C. 
The tandem organic EL layer 400 is an organic EL layer 

having a structure in which a plurality of light-emitting units 
is stacked (hereinafter, referred to as tandem organic EL 
layer). 
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The organic EL layer 400 includes a first light-emitting 

unit 411 and a second light-emitting unit 412. Further, the 
structures of the first light-emitting unit 411 and the second 
light-emitting unit 412 may be the same or different from 
each other, and each of the structures can be similar to the 
structure described in Embodiment 3. 
A charge generation layer 413 is provided between the 

first light-emitting unit 411 and the second light-emitting 
unit 412. The charge generation layer 413 has a function of 
injecting electrons to one side of the light-emitting unit and 
holes to the other side of the light-emitting unit, when 
voltage is applied between the first electrode 101 containing 
silver and the second electrode 102. The composite material 
of an organic compound and a metal oxide used for the 
charge generation layer 413 enables low-voltage driving and 
low-current driving because it is excellent in carrier-injec 
tion property and carrier-transport property. 
As the hole-transport organic compound, an organic com 

pound having a hole mobility of 1x10 cm/Vs or higher is 
preferably used. For example, an aromatic amine derivative, 
a carbazole derivative, an aromatic hydrocarbon derivative, 
or an oligomer, a dendrimer, or a polymer containing any of 
the derivatives can be used. An oxide of a metal belonging 
to any of Groups 4 to 8 in the periodic table is preferable as 
the metal oxide mixed with Such an organic compound; 
specifically, Vanadium oxide, niobium oxide, tantalum 
oxide, chromium oxide, molybdenum oxide, tungsten oxide, 
manganese oxide, and rhenium oxide are preferable. Such 
metal oxides are preferable since they have high electron 
accepting properties. In particular, molybdenum oxide is 
preferable because it is stable in the air, its hygroscopic 
property is low, and it can be easily handled. 
The charge generation layer 413 may have a single-layer 

structure or a layered structure. For example, the charge 
generation layer 413 may have a structure in which a layer 
containing a composite material of an organic compound 
and a metal oxide and a layer containing one compound 
selected from electron-donating Substances and a compound 
having a high electron-transport property are stacked; or a 
structure in which a transparent conductive layer and a layer 
containing a composite material of an organic compound 
and a metal oxide are stacked. 
A plurality of light-emitting units partitioned by a charge 

generation layer is arranged between a pair of electrodes in 
the light-emitting element including the tandem organic EL 
layer 400 of this embodiment, and thus the light-emitting 
element including the tandem organic EL layer 400 can emit 
light with high luminance while the current density is kept 
low. Since the current density can be low, the light-emitting 
element can achieve high luminance and a long lifetime. 
The methods and the like described in this embodiment 

can be combined as appropriate with any of the methods and 
the like described in the other embodiments. 

Embodiment 5 

In this embodiment, examples of an electronic device and 
a lighting device to which a light-emitting device manufac 
tured by a method of manufacturing a light-emitting device 
according to one embodiment of the present invention is 
applied will be described with reference to FIGS. 11A to 11E 
and FIGS. 12A to 12C. 

Examples of the electronic devices to which the light 
emitting device is applied are television devices (also 
referred to as TV or television receivers), monitors for 
computers and the like, cameras Such as digital cameras and 
digital video cameras, digital photo frames, cellular phones 
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(also referred to as portable telephone devices), portable 
game machines, portable information terminals, audio play 
back devices, large game machines Such as pin-ball 
machines, and the like. Specific examples of these electronic 
devices are illustrated in FIGS. 11A to 11E. 

FIG. 11A illustrates an example of a television device. In 
the television device 7100, a display portion 7103 is incor 
porated in a housing 7101. Images can be displayed on the 
display portion 7103, and the light-emitting device can be 
used for the display portion 7103. In addition, here, the 
housing 7101 is supported by a stand 7105. 

The television device 7100 can be operated by an opera 
tion switch of the housing 7101 or a separate remote 
controller 7110. With operation keys 7109 of the remote 
controller 7110, channels and volume can be controlled and 
images displayed on the display portion 7103 can be con 
trolled. Furthermore, the remote controller 7110 may be 
provided with a display portion 7107 for displaying data 
output from the remote controller 7110. 

Note that the television device 7100 is provided with a 
receiver, a modem, and the like. With the receiver, a general 
television broadcast can be received. Furthermore, when the 
television device 7100 is connected to a communication 
network by wired or wireless connection via the modem, 
one-way (from a transmitter to a receiver) or two-way 
(between a transmitter and a receiver, between receivers, or 
the like) data communication can be performed. 

FIG. 11B illustrates a computer, which includes a main 
body 7201, a housing 7202, a display portion 7203, a 
keyboard 7204, an external connection port 7205, a pointing 
device 7206, and the like. This computer is manufactured by 
using a light-emitting device for the display portion 7203. 

FIG. 11C illustrates a portable game machine having two 
housings, a housing 7301 and a housing 7302, which are 
connected with a joint portion 7303 so that the portable 
game machine can be opened or folded. A display portion 
7304 is incorporated in the housing 7301 and a display 
portion 7305 is incorporated in the housing 7302. In addi 
tion, the portable game machine illustrated in FIG. 11C 
includes a speaker portion 7306, a recording medium inser 
tion portion 7307, an LED lamp 7308, an input unit (an 
operation key 7309, a connection terminal 7310, a sensor 
7311 (a sensor having a function of measuring force, dis 
placement, position, speed, acceleration, angular velocity, 
rotational frequency, distance, light, liquid, magnetism, tem 
perature, chemical Substance, Sound, time, hardness, electric 
field, current, Voltage, electric power, radiation, flow rate, 
humidity, gradient, oscillation, odor, or infrared rays), or a 
microphone 7312), and the like. It is needless to say that the 
structure of the portable game machine is not limited to the 
above as long as a light-emitting device is used for at least 
either the display portion 7304 or the display portion 7305, 
or both, and may include other accessories as appropriate. 
The portable game machine illustrated in FIG. 11C has a 
function of reading a program or data stored in a recording 
medium to display it in the display portion, and a function 
of sharing information with another portable game machine 
by wireless communication. Note that the functions of the 
portable game machine illustrated in FIG. 11C are not 
limited to these functions, and the portable game machine 
can have various functions. 

FIG. 11D illustrates an example of a cellular phone. The 
cellular phone 7400 is provided with a display portion 7402 
incorporated in a housing 7401, operation buttons 7403, an 
external connection port 7404, a speaker 7405, a micro 
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phone 7406, and the like. Note that the cellular phone 7400 
is manufactured using the light-emitting device for the 
display portion 7402. 
When the display portion 7402 of the cellular phone 7400 

illustrated in FIG. 11D is touched with a finger or the like, 
data can be input into the cellular phone 7400. Further, 
operations such as making a call and creating an e-mail can 
be performed by touch on the display portion 7402 with a 
finger or the like. 

There are mainly three screen modes of the display 
portion 7402. The first mode is a display mode mainly for 
displaying images. The second mode is an input mode 
mainly for inputting data such as text. The third mode is a 
display-and-input mode in which two modes of the display 
mode and the input mode are combined. 

For example, in the case of making a call or composing 
an e-mail, a text input mode mainly for inputting text is 
selected for the display portion 74.02 so that text displayed 
on a screen can be input. In this case, it is preferable to 
display a keyboard or number buttons on almost the entire 
screen of the display portion 7402. 
When a detection device including a sensor for detecting 

inclination, Such as a gyroscope or an acceleration sensor, is 
provided inside the cellular phone 7400, display on the 
screen of the display portion 7402 can be automatically 
changed by determining the orientation of the cellular phone 
7400 (whether the cellular phone is placed horizontally or 
vertically for a landscape mode or a portrait mode). 
The screen modes are Switched by touching the display 

portion 7402 or operating the operation buttons 7403 of the 
housing 7401. The screen modes can also be switched 
depending on the kind of image displayed on the display 
portion 7402. For example, when a signal of an image 
displayed on the display portion is a signal of moving image 
data, the screen mode is changed to the display mode. When 
the signal is a signal of text data, the screen mode is changed 
to the input mode. 

Moreover, in the input mode, when input by touching the 
display portion 7402 is not performed within a specified 
period while a signal detected by an optical sensor in the 
display portion 7402 is detected, the screen mode may be 
controlled so as to be changed from the input mode to the 
display mode. 
The display portion 74.02 may function as an image 

sensor. For example, an image of a palm print, a fingerprint, 
or the like is taken by touch on the display portion 7402 with 
the palm or the finger, whereby personal authentication can 
be performed. Further, by providing a backlight or a sensing 
light source which emits a near-infrared light in the display 
portion, an image of a finger vein, a palm vein, or the like 
can be taken. 

FIG. 11E illustrates an example of a lighting device. In a 
lighting device 7500, light-emitting devices 7503a, 7503b, 
7503c, and 7503d manufactured by a manufacturing method 
according to one embodiment of the present invention are 
incorporated as light sources in a housing 7501. The lighting 
device 7500 can be attached to a ceiling, a wall, or the like. 

Further, the light-emitting devices 7503a to 7503d each 
emit light having high brightness and a pale color and 
causing less eyestrain even in the case of long-time use, light 
of a bright red color, and light of a bright color different from 
the other colors. By adjusting conditions under which the 
light-emitting element is driven for each emission color, a 
lighting device whose hue can be adjusted by a user can be 
achieved. 

FIGS. 12A and 12B illustrate a tablet terminal that can be 
folded in two. FIG. 12A illustrates the tablet terminal in the 



US 9,666,755 B2 
19 

state of being unfolded. The tablet terminal includes a 
housing 9630, a display portion 9631a, a display portion 
9631b, a display-mode switch9034, a power switch9035, a 
power-saving-mode switch 9036, a fastener 9033, and an 
operation switch 9038. The tablet terminal is manufactured 
using the light-emitting device for either the display portion 
9631a or the display portion 9631b or both. 

Part of the display portion 9631a can be a touch panel 
region 9632a and data can be input when a displayed 
operation key 9637 is touched. Although a structure in which 
a half region in the display portion 9631a has only a display 
function and the other half region also has a touch panel 
function is shown as an example, the display portion 9631a 
is not limited to the structure. The whole region in the 
display portion 9631a may have a touch panel function. For 
example, the display portion 9631a can display keyboard 
buttons in the whole region to be a touch panel, and the 
display portion 9631b can be used as a display screen. 
As in the display portion 9631a, part of the display 

portion 9631b can be a touch panel region 9632b. When a 
keyboard display switching button 9639 displayed on the 
touch panel is touched with a finger, a stylus, or the like, a 
keyboard can be displayed on the display portion 9631b. 

Touch input can be performed in the touch panel region 
9632a and the touch panel region 9632b at the same time. 
The display mode switch 9034 can switch the display 

between portrait mode, landscape mode, and the like, and 
between monochrome display and color display, for 
example. The power saver switch 9036 can control display 
luminance in accordance with the amount of external light in 
use of the tablet terminal detected by an optical sensor 
incorporated in the tablet terminal. In addition to the optical 
sensor, another detection device including a sensor for 
detecting inclination, such as a gyroscope or an acceleration 
sensor, may be incorporated in the tablet terminal. 

Note that FIG. 12A shows an example in which the 
display portion 9631a and the display portion 9631b have 
the same display area; however, without limitation thereon, 
one of the display portions may be different from the other 
display portion in size and display quality. For example, one 
display panel may be capable of higher-definition display 
than the other display panel. 

The tablet terminal is closed in FIG. 12B. The tablet 
terminal includes the housing 9630, a solar cell 9633, a 
charge and discharge control circuit 9634, a battery 9635. 
and a DCDC converter 9636. In FIG. 12B, a structure 
including the battery 9635 and the DCDC converter 9636 is 
illustrated as an example of the charge and discharge control 
circuit 9634. 

Since the tablet terminal can be folded in two, the housing 
9630 can be closed when the tablet terminal is not used. As 
a result, the display portion 9631a and the display portion 
9631b can be protected; thus, a tablet terminal which has 
excellent durability and excellent reliability in terms of 
long-term use can be provided. 

In addition, the tablet terminal illustrated in FIGS. 12A 
and 12B can have a function of displaying a variety of kinds 
of data (e.g., a still image, a moving image, and a text 
image), a function of displaying a calendar, a date, the time, 
or the like on the display portion, a touch-input function of 
operating or editing the data displayed on the display portion 
by touch input, a function of controlling processing by a 
variety of kinds of software (programs), and the like. 

The solar cell 9633 provided on a surface of the tablet 
terminal can Supply power to the touch panel, the display 
portion, a video signal processing portion, or the like. Note 
that the solar cell 9633 can be provided on one or both 
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surfaces of the housing 9630, so that the battery 9635 can be 
charged efficiently. The use of a lithium ion battery as the 
battery 9635 is advantageous in downsizing or the like. 
The structure and the operation of the charge and dis 

charge control circuit 9634 illustrated in FIG. 12B will be 
described with reference to a block diagram in FIG. 12C. 
The solar cell 9633, the battery 9635, the DCDC converter 
9636, a converter 9638, switches SW1 to SW3, and the 
display portion 9631 are illustrated in FIG. 12C, and the 
battery 9635, the DCDC converter 9636, the converter 9638, 
and the switches SW1 to SW3 correspond to the charge and 
discharge control circuit 9634 illustrated in FIG. 12B. 

First, an example of the operation in the case where power 
is generated by the solar cell 9633 using external light is 
described. The voltage of power generated by the solar cell 
9633 is stepped up or down by the DCDC converter 9636 so 
that the power has a voltage for charging the battery 9635. 
Then, when the power from the solar cell 9633 is used for 
the operation of the display portion 9631, the switch SW1 is 
turned on and the Voltage of the power is stepped up or down 
by the converter 9638 so as to be a voltage needed for the 
display portion 9631. In addition, when display on, the 
display portion 9631 is not performed, the switch SW1 is 
turned off and the switch SW2 is turned on so that the battery 
9635 may be charged. 

Note that the solar cell 9633 is described as an example 
of a power generation means; however, without limitation 
thereon, the battery 96.35 may be charged using another 
power generation means such as a piezoelectric element or 
a thermoelectric conversion element (Peltier element). For 
example, a non-contact electric power transmission module 
which transmits and receives power wirelessly (without 
contact) to charge the battery 9635, or a combination of the 
solar cell 9633 and another means for charge may be used. 

It is needless to say that one embodiment of the present 
invention is not limited to the electronic device illustrated in 
FIGS. 12A to 12C as long as the display portion described 
in the above embodiment is included. 
The above-described electronic devices and lighting 

devices are light-emitting devices manufactured by a manu 
facturing method according to one embodiment of the 
present invention. Therefore, the electronic devices and 
lighting devices can have high reliability. 

This embodiment can be combined with any of the other 
embodiments disclosed in this specification as appropriate. 

This application is based on Japanese Patent Application 
serial no. 2011-260826 filed with Japan Patent Office on 
Nov. 29, 2011, the entire contents of which are hereby 
incorporated by reference. 

What is claimed is: 
1. A method of manufacturing a sealed body, comprising 

steps of 
forming a frit glass layer along a continuous closed curve 

line over a first substrate; 
forming a reflective layer over a second Substrate, the 

reflective layer comprising a first region, a second 
region and a third region; 

wherein the first region is provided in a corner region of 
the reflective layer, 

wherein the second region and the third region are pro 
vided in regions other than the corner region of the 
reflective layer, 

forming a first terminal and a second terminal over the 
reflective layer, the first terminal and the second ter 
minal intersecting with the frit glass layer and the 
reflective layer; 
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disposing the first Substrate and the second Substrate so 
that entirety of the reflective layer is provided under the 
frit glass layer, and 

Scanning and irradiating the frit glass layer with laser light 
to weld the frit glass layer to the second substrate, 

wherein each of the first region and the second region has 
lower reflectivity than the third region, 

wherein the first terminal and the second terminal extend 
in parallel with each other when seen from a top of the 
sealed body, 

wherein the frit glass layer and the reflective layer are 
provided between the first substrate and the second 
Substrate, 

wherein the scanning is started from the second region 
and ended at the second region, and 

wherein an amount of heat from laser light applied to the 
second region is Substantially equal to an amount of 
heat applied to each of the first region and the third 
region without adjusting irradiation intensity. 

2. The method of manufacturing a sealed body, according 
to claim 1, 

wherein each of the first region and the second region is 
provided with a hole, and 

wherein a shape of the hole is square. 
3. The method of manufacturing a sealed body, according 

to claim 1, wherein the reflective layer comprises at least one 
of tungsten, tantalum, molybdenum, copper and iron. 

4. The method of manufacturing a sealed body, according 
to claim 1, 

wherein a closed space is formed between the first sub 
strate and the second substrate by welding the frit glass 
layer to the second substrate. 

5. The method of manufacturing a sealed body, according 
to claim 1, further comprising a step of forming an insulating 
layer over the reflective layer, 

wherein the insulating layer is in contact with the frit glass 
layer at the step of scanning and irradiating the frit glass 
layer. 

6. The method of manufacturing a sealed body, according 
to claim 1, wherein the laser light passes through the first 
substrate and is reflected by the reflective layer. 

7. The method of manufacturing a sealed body, according 
to claim 1, wherein a light-emitting element is formed over 
the second Substrate. 

8. A method of manufacturing a light-emitting device, 
comprising steps of: 

forming a frit glass layer along a continuous closed curve 
line over a first substrate; 

forming a reflective layer over a second Substrate, the 
reflective layer comprising a first region, a second 
region and a third region; 

wherein the first region is provided in a corner region of 
the reflective layer, 

wherein the second region and the third region are pro 
vided in regions other than the corner region of the 
reflective layer, 
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forming a first terminal and a second terminal over the 

reflective layer, the first terminal and the second ter 
minal intersecting with the frit glass layer and the 
reflective layer; 

forming a light-emitting layer over the second Substrate; 
disposing the first Substrate and the second Substrate so 

that entirety of the reflective layer is provided under the 
frit glass layer, and 

scanning and irradiating the frit glass layer with laser light 
to weld the frit glass layer to the second substrate, 

wherein each of the first region and the second region has 
lower reflectivity than the third region, 

wherein the first terminal and the second terminal extend 
in parallel with each other when seen from a top of the 
light-emitting device, 

wherein the frit glass layer and the reflective layer are 
provided between the first substrate and the second 
Substrate, 

wherein the scanning is started from the second region 
and ended at the second region, and 

wherein an amount of heat from laser light applied to the 
second region is Substantially equal to an amount of 
heat applied to each of the first region and the third 
region without adjusting irradiation intensity. 

9. The method of manufacturing a light-emitting device, 
according to claim 8, 

wherein each of the first region and the second region is 
provided with a hole, and 

wherein a shape of the hole is square. 
10. The method of manufacturing a light-emitting device, 

according to claim 8, wherein the reflective layer comprises 
at least one of tungsten, tantalum, molybdenum, copper and 
iron. 

11. The method of manufacturing a light-emitting device, 
according to claim 8, 

wherein a closed space is formed between the first sub 
strate and the second Substrate by welding the fit glass 
layer to the second substrate. 

12. The method of manufacturing a light-emitting device, 
according to claim 8, further comprising a step of forming 
an insulating layer over the reflective layer, 

wherein the insulating layer is in contact with the frit glass 
layer at the step of scanning and irradiating the frit glass 
layer. 

13. The method of manufacturing a light-emitting device, 
according to claim 8, wherein the laser light passes through 
the first substrate and is reflected by the reflective layer. 

14. The method of manufacturing a sealed body, accord 
ing to claim 1, 

wherein the second region comprises a first hole, 
wherein the third region comprises a second hole, and 
wherein the first hole is larger than the second hole. 
15. The method of manufacturing a light-emitting device, 

according to claim 8, 
wherein the second region comprises a first hole, 
wherein the third region comprises a second hole, and 
wherein the first hole is larger than the second hole. 
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