1 DESCRIPTION TITLE OF INVENTION: SEALING GLASS, GLASS MEMBER PROVIDED WITH
SEALING MATERIAL LAYER, ELECTRONIC DEVICE AND PROCESS FOR 5PRODUCING IT
TECHNICAL FIELD The present invention relailes to a glass material for laser sealing, a glass
member provided with a sealing material Iay %l&@onic device employing 10such a material,
and a process for producing such an electronlc ewce KGROUND ART A flat panel display
device (FPD) such as an organlc EL (electro-luminescence) display (OELD), a plasma display panel
(PDP) or a I uid créﬁal dIS 'N devmﬁé}BCD 15has such a structure that aélass substrate for an

element havH L IE0he H o%ﬁ%?g%éé%&f%%ﬁ%ﬁsg ﬁ%@(‘&%@l}]imﬂéd to face
each other a“@ﬁ?ﬂ.‘l‘ﬂ@ WWIE@WEﬁ EAEETRAQIRSHRIGKIIR (PMRSIBE YO Sug glass

substrates bonded (Patent Document 1). Further, for a solar cell such as a dye-sensitized solar cell,
application of a glass package having a solaP BEN2UEBING IT

TECHNICAL FIELD
The present invention relates to a glass material for laser sealing, a glass
member provided with a sealing material layer and an electronic device employing

10 such a material, and a process for producing such an electronic device.

BACKGROUND ART

A flat panel display device (FPD) such as an organic EL (electro-luminescence)

display (OELD), a plasma display panel (PDP) or a liquid crystal display device (LCD)

15  has such a structure that a glass substrate for an element having a light-emitting
element formed and a glass substrate for sealing are disposed to face each other and
the light-emitting element is sealed in a glass package comprising two such glass
substrates bonded (Patent Document 1). Further, for a solar cell such as a dye-
sensitized solar cell, application of a glass package having a solar cell element

20  (photoelectric conversion element) sealed with two glass substrates has been studied
(Patent Document 2).

As a sealing material to seal a space between two glass substrates, a sealing
resin or a sealing glass has been used. Since an organic EL (OEL) element or the
like is likely to undergo deterioration by water, application of sealing glass excellent in

25 the moisture resistance, etc. is in progress. Since the sealing temperature of the
sealing glass is at a level of from 400 to 600°C, properties of an electronic element
portion of the OEL element or the like will be deteriorated when heating treatment is
conducted by using a conventional firing furnace. Accordingly, it has been attempted
that a layer of a glass material for sealing containing a laser absorbent is disposed

30 between sealing regions provided on the peripheral portions of two glass substrates,
and the layer of the glass material for sealing is irradiated with a laser light to heat and

melt the layer thereby to conduct sealing (Patent Documents 1 and 2).



20(photoelectric conversion element) sealed with two glass substrates has been studied (Patent
Document 2). As a sealing material to seal a space between two glass substrates, a sealing resin
or a sealing glass has been used. Since an organic EL (OEL) element or the like is likely to undergo
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However, it is not possible to sufficiently increase the bonding strength between a
sealing layer and glass substrates by simply using a Bi,O3-B,O3 glass frit to be for
heating in a conventional firing furnace, as a glass frit for laser sealing. For example,
Patent Documents 4 and 5 disclose a Bi,O3-B,03 glass frit to be used for heating in a

15  firing furnace. It is difficult to sufficiently increase the bonding strength to glass
substrates by a laser heating process with such a Bi,O3-B,03 glass composition. This
is considered to be because of the difference in e.g. melting conditions of glass frit
between the heating by a firing furnace and laser heating. Particularly, when soda
lime glass having a high thermal expansion coefficient is used for glass substrates, the

20 bonding strength between the sealing layer formed by laser sealing and glass
substrates tends to be low.

Also in a case of employing alkali-free glass having a low thermal expansion
coefficient for glass substrates, the bonding strength tends to be low like the case of
soda lime glass.

25
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However, it is not possible to sufficiently increase the bonding strength between a sealing layer and
glass substrates by simply using a Bi203-B203 glass frit to be for heating in a conventional firing
furnace, as a glass frit for laser sealing. For exampl®, Patent Documents 4 and 5 disclose a
Bi203-B203 glass frit to be used for heating in a 15firing furnace. It is difficult to sufficiently increase
the bonding strength to glass substrates by a laser heating process with such a Bi203-B203 glass
composinsdisSe RENSIBdMUENDEdNM cause of the difference in e.g. melting conditions of glass frit
between the heating by a firing furnace and laser heating. Particularly, when soda lime glass having a
high therﬁ%@%@ébé%@ﬁh&%t is used for glass substrates, the 20bonding strength between the
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employing alkali-free glass having a low thermal expansion coefficient for glass substrates, the
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PATENT DOCUMENTS Patent IDocumept }:HP-A-2006-524.419 Pa}tent Docvment 2;
IP-A-2068TPESIY soda lime glass or alkali-free glass at a time of laser sealing; a glass

member provided with a sealing material layer employing such a glass material; an
electronic device having e.g. an improved sealing reliability and an improved
mechanical reliability achieved by increasing the bonding strength between the sealing

10 layer and the glass substrates; and a process for producing such an electronic device.

SOLUTION TO PROBLEM
The glass material for laser sealing according to an embodiment of the present
invention contains sealing glass comprising, as represented by mass percentage, from

15 70 to 90% of Bi,O3, from 1 to 20% of ZnO, from 2 to 12% of B,O3 and from 10 to 380
ppm of Na,O. Further, this glass material for laser sealing contains the above sealing
glass, a low-expansion filler and a laser absorbent. Here, in the present invention, the
composition of the sealing glass is represented by mass% or ppm based on oxides of
the respective components.

20 The glass member provided with a sealing material layer according to an
embodiment of the present invention comprises a glass substrate comprising soda
lime glass or alkali-free glass and having a sealing region; and a sealing material layer
comprising a fired layer of a glass material for sealing containing a sealing glass, a
low-expansion filler and a laser absorbent, provided on the sealing region of the glass

25  substrate; wherein the sealing glass comprises, as represented by mass percentage,
from 70 to 90% of Bi,O3, from 1 to 20% of ZnO, from 2 to 12% of B,O3 and from 10 to
380 ppm of Na,O.

The electronic device according to another embodiment of the present invention
comprises a first glass substrate comprising soda lime glass or alkali-free glass and

30 having an element-formed region provided with an electronic element and a first
sealing region provided on the outer peripheral side of the element-formed region; a

second glass substrate comprising soda lime glass and having a second sealing



30 Patent Document 3: JP-A-2008-059802 Patent Document 4: JP-A-2003-128430 Patent Document
5: JP-A-2006-137637 3 DISCLOSURE OF INVENTION TECHNICAL PROBLEM It is an object of the
present invention to provide a glass material for laser sealing 5which can increase with good
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sealing glass comprising, as represented by mass percentage, from 15 70 to 90% of Bi203, from 1 to
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oxides ob k1R EAERGSING HOTORBNEHYS of Bi,O3, from 1 to 20% of ZnO, from 2 to 12% of B,O3
and from 10 to 380 ppm of Na,O.
The process for producing an electronic device according to another embodiment
10  of the present invention comprises a step of preparing a first glass substrate
comprising soda lime glass or alkali-free glass and having an element-formed region
provided with an electronic element and a first sealing region provided on the outer
peripheral side of the element-formed region; a step of preparing a second glass
substrate comprising soda lime glass and having a second sealing region
15 corresponding to the first sealing region of the first glass substrate and a sealing
material layer comprising a fired layer of a glass material for sealing containing a
sealing glass, a low-expansion filler and a laser absorbent, formed on the second
sealing region; a step of laminating the first glass substrate and the second glass
substrate via the sealing material layer while a space is formed on the element-formed
20 region; and a step of irradiating the sealing material layer with a laser light through the
second glass substrate to melt the sealing material layer thereby to form a sealing
layer to seal the space between the first glass substrate and the second glass
substrate; wherein the sealing glass comprises, as represented by mass percentage,
from 70 to 90% of Bi»O3, from 1 to 20% of ZnO, from 2 to 12% of B,O3; and from 10 to
25 380 ppm of Na,O.

ADVANTAGEOUS EFFECTS OF INVENTION
The glass material for laser sealing according to the present invention and the
glass member provided with a sealing material layer employing such a material, can
30 improve the bonding strength between soda lime glass substrates and a sealing layer
at a time of laser sealing with good reproducibility. Further, it is possible to improve

the bonding strength between alkali-free glass substrates and the sealing layer at a



20The glass member provided with a sealing material layer according to an embodiment of the present
invention comprises a glass substrate comprising soda lime glass or alkali-free glass and having a
sealing region; and a sealing material layer compriskg a fired layer of a glass material for sealing
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of the gl trate; wherein the sealing glass comprises, as represented by mass percentage,
from 70 tacgo¥dint Bi2ad dnoboditeed0Uf tieZplestntirk¢ntidvantiBRO D cuek o forlfrdal3G0gppm of
NaZ20. The electronic device according to another embodiment of the present inventign comprises a
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region prgvjdeduith i Elfsiteric element and a first sealing region provided on the outer peripheral
side of the element-formed region; a second glass substrate comprising soda lime glass and having a
secand sealing 4 region corresponding to the first sealing region of the first glass substrate; and a

sealing | rsi ed- r.of a glass material for sealing containing a sealing
glass, a %ﬁ@%ﬁ%ﬁ@ﬁ&i%ﬁ%ﬁ%@éﬁm formed to seal a space between the first sealing
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space is provided on the element- formed region; wherein the sealing glass comprises, as represented
by mass degeetingto thenemhaslvoenidBIEBrésantineentvnof ZnO, from 2 to 12% of B203 and from

100 380 ppn]zlog]]c.l\éa%OCross-sectional views illustrating the procedure for production of an

10  electronic device according to the embodiment of the present invention.
Fig. 3 is a plan view illustrating a first glass substrate used in the procedure for
production of an electronic device shown in Fig. 2.
Fig. 4 is a cross-sectional view along the line A-Ain Fig. 3.
Fig. 5 is a plan view illustrating a second glass substrate used in the procedure
15  for production of an electronic device shown in Fig. 2.

Fig. 6 is a cross-sectional view along the line A-Ain Fig. 5.

DESCRIPTION OF EMBODIMENTS
Now, the embodiments of the present invention will be described with reference
20 todrawings. Fig. 1is a view illustrating the constitution of an electronic device
according to the embodiment of the present invention, Fig. 2 is views illustrating the
procedure for production of an electronic device, and Figs. 3 and 6 are views
illustrating the structures of glass substrates used therefor. An electronic device 1
shown in Fig. 1 constitutes a FPD such as an OELD, a PDP or a LCD, an illumination
25 apparatus employing a light-emitting element such as an OEL element, or a solar cell
such as a dye-sensitized solar cell.
An electronic device 1 comprises a first glass substrate (glass substrate for an
element) having an element-formed region 2a provided with an electronic element, and
a second glass substrate (glass substrate for sealing) 3. The first and the second
30 glass substrates 2, 3 comprise soda lime glass. It is possible to apply various known
compositions of soda lime type glass. A soda lime glass usually has a thermal

expansion coefficient of about from 85 to 90 x 107/°C. For example, as soda lime



The process for producing an electronic device according to another embodiment 100f the present
invention comprises a step of preparing a first glass substrate comprising soda lime glass or alkali-free
glass and having an element-formed region provided with an electronic element and a first sealing
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The glass material for'laser sealing according to the present invention and the glass member provided
with a sealifdanegdii fayemesmphgiiycdiRinciranicceigmenissoieipas/a tighbemiliigoselenentbetween
soda Ilmelgyclﬁsg sub%reteglgrrr\%n %eralm Alarygé{ t a time, of laser see%Ji/nr with.good r OEo%FECéPlllty.
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sealthg laygivatslon part has known structures, and the electronic element is not limited to such
an element structure.

The first glass substrate 2 has a first sealing region 2b provided on the outer
peripheral side of the element-formed region 2a, as shown in Figs. 3 and 4. The first
sealing region 2b is provided so as to surround the element-formed region 2a. The

15  second glass substrate 3 has a second sealing region 3a shown in Figs. 5 and 6. The
second sealing region 3a is to correspond to the first sealing region 2b. That is, the
first sealing region 2b and the second sealing region 3a are provided so as to face
each other when the first glass substrate 2 and the second glass substrate 3 are
disposed to face each other, to be a sealing layer 4-formed region (a sealing material

20 layer 5-formed region with respect to the second glass substrate 3) as described
hereinafter.

The first glass substrate 2 and the second glass substrate 3 are disposed to face
each other to form a space on the element-formed region 2a. The space between the
first glass substrate 2 and the second glass substrate 3 are sealed by a sealing layer 4.

25 That is, the sealing layer 4 is formed to seal the space between the sealing region 2b
of the first glass substrate 2 and the sealing region 3a of the second glass substrate 3
while a space is provided on the element-formed region 2a. The electronic element
formed on the element-formed region 2a is hermetically sealed in a glass panel
constituted by the first glass substrate 2, the second glass substrate 3 and the sealing

30 layer 4.

The sealing layer 4 comprises a melt-bonded layer having a sealing material

layer 5 formed on the sealing region 3a of the second glass substrate 3 melted by a



5 time of laser sealing with good reproducibility. Accordingly, with the electronic device according to an
embodiment of the present invention and the process for producing such a device, it is possible to
improve the sealing reliability and mechanical reliability of the electronic device. 5 BRIEF
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DESCRIpgain GfgieMBODIMENESONd glass substrate 3 by heat of the laser light 6 on the
sealing region 2b of the first glass substrate 2, a sealing layer 4 to seal the space
(element-disposed space) between the first glass substrate 2 and the second glass
substrate 3 is formed.
The sealing material layer 5 is a fired layer of a glass material for sealing
10  containing a sealing glass (glass frit), a laser absorbent and a low-expansion filler.
The glass material for sealing comprises sealing glass as the main component, and a
laser absorbent and a low-expansion filler incorporated. The glass material for
sealing may contain additives in addition to the above components as the case
requires. As the sealing glass (glass material for laser sealing) as the main
15  component of the glass material for sealing, a bismuth glass (Bi»,O3-B,0O3 glass) having
a composition of from 70 to 90% of Bi,Og, from 1 to 20% of ZnO, from 2 to 12% of
B,O3 and from 10 to 380 ppm of Na,O as represented by mass percentage, is
employed.
The sealing glass for laser sealing (glass frit) is preferably a glass absorbing no
20 laser (transparent glass) from the viewpoint of controlling the melting temperature of
the glass. By controlling the melting temperature by the type or the amount, etc. of
the laser absorbent added to the sealing glass, it is possible to carry out the laser
sealing step with high reliability. Further, the sealing glass (glass frit) preferably has a
lower melting temperature from the viewpoint of suppressing thermal shock to the
25 glass substrates 2 and 3. Further, considering the influence on environment or
human body, the sealing glass preferably contains no lead and no vanadium etc. A
bismuth glass frit meets these requirements.
In the sealing glass (glass frit) employed in this embodiment, a glass constituted
by three elements that are Bi,O3, ZnO and B,03, has characteristics such as
30 transparency and low glass-transition point, and thus such a glass is suitable as a
sealing material for low heating temperature. However, it is not possible to sufficiently

increase the bonding strength between the glass substrates 2, 3 and the sealing layer



Now, the embodiments of the present invention will be described with reference 20to drawings. Fig. 1
is a view illustrating the constitution of an electronic device according to the embodiment of the present
invention, Fig. 2 is views illustrating the procedure f@& production of an electronic device, and Figs. 3
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soda lime glass. It is possible to apply various known compositions of sodd lime type glass. A soda
limeglass esidiiplhstsaintbarrsed dyptresioalcagifcisionadifb oendeohe 8Ecenah est0rrebdreramdample,
as soda Izilrrq(?nt%rface reaction between the glass substrates and the glass frit. In a case of

applying heating using a common firing furnace, a reacted layer is formed on an

interface between each glass substrate and the glass frit (sealing layer) regardless of

the type of the glass substrate or the glass frit, which increases the bonding strength

10 by chemical bonding. In other words, in a sealing step using heating by a firing

furnace, the heating time is long enough to form a reacted layer on the bonding

interface, whereby a sufficient bonding strength can be obtained.

On the other hand, a sealing step using laser heating is carried out by irradiation
with a laser light 6 with scanning along the sealing material layer 5 in the form of a

15 frame. The sealing material layer 5 is sequentially melted from a portion irradiated
with the laser light 6 and is quenched and solidified upon completion of the irradiation
with laser light 6. Thus, it is not possible to obtain a sufficient time for forming a
reacted layer in the laser sealing step. Accordingly, it is not possible to sufficiently
increase the bonding strength between the glass substrates 2, 3 and the sealing layer

20 4 at the time of laser sealing with a glass frit constituted by three components that are
Bi»O3, ZnO and B,0s.

In the sealing step using laser heating, in order to form a reacted layer on a
bonding interface, it is effective to make the glass frit contain an element easily
dispersible into the glass frit, specifically, a monovalent light metal. Particularly, it is

25  effective to make a bismuth glass frit contain Na,O that is also contained in the
composition of glass substrates (soda lime glass composition). By using such a four-
component type bismuth glass frit, it becomes possible to increase the bonding
strength between the glass substrates 2, 3 and the bismuth glass frit (sealing layer 4)
at a time of laser sealing.

30 That is, by making a bismuth glass frit constituted by three components that are
Bi>O3, ZnO and B,03, contain a proper amount of Na,O, even in a laser sealing

wherein local melt-solidification of glass frit occurs in a short time, reactivity of a



glass, AS (manufactured by Asahi Glass Company, Limited), PD200 (manufactured by Asahi Glass
Company, Limited) etc. that are commercially available glasses, may be employed. Further, chemically
tempered glasses of them may also be employed. Cn the element-formed region 2a of the first glass
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and the second glass substrate 3 are disposed to face each other, to be a sealing layer 4-formed
region (a/$etgifg fmassialin the sealing glass. If the content of Bi,O3 is less than 70 mass%,

the softening temperature of the glass frit becomes high, and sealing at a low

10 temperature becomes difficult. Further, it becomes necessary to increase the power
of the laser light 6 to soften the glass frit, and as a result, e.g. cracks tend to be formed
in the glass substrates 2 and 3. If the content of Bi,O3 exceeds 90 mass%,
vitrification becomes difficult, production of a glass becomes difficult and the thermal
expansion coefficient tends to be too high.

15 ZnO is a component for lowering the thermal expansion coefficient and the
softening temperature, and ZnO is contained in an amount of from 1 to 20 mass% in
the sealing glass. If the content of ZnO is less than 1 mass%, vitrification becomes
difficult. If the content of ZnO exceeds 20 mass%, stability at a time of forming a low
melting point glass decreases, whereby devitrification tends to occur and a sealing

20 glass may not be obtained. Considering e.g. the stability of glass production, the
content of ZnO is more preferably within a range of from 7 to 12 mass%.

B,O3 is a component for expanding a range wherein forming of glass network to
achieve vitrification becomes possible, and B,O3 is contained in an amount of from 2 to
12 mass% in the sealing glass. If the content of B,Oj3 is less than 2 mass%,

25  vitrification becomes difficult. If the content of B,O3 exceeds 12 mass%, the softening
point becomes high, whereby the power of the laser light 6 needs to be increased and
e.g. cracks may be formed in the glass substrates 2 and 3. Considering e.g. the
stability of glass and laser power, the content of B,O3 is more preferably within a range
of from 5 to 10 mass%.

30 Na,O is a component for improving the bonding strength between the glass
substrates 2, 3 comprising soda lime glass and a sealing layer 4 (a melt-bonded layer

of a sealing material layer 5 containing a sealing glass, a laser absorbent and a low-



20layer 5-formed region with respect to the second glass substrate 3) as described hereinafter.  The
first glass substrate 2 and the second glass substrate 3 are disposed to face each other to form a
space on the element-formed region 2a. The spacelbetween the first glass substrate 2 and the second

dlass suSEAIRRATIESRIEHI K2 Erng RYRLS IR B Rlng GiPaddpiamed o seal the

space between the seal ng reglo Irst glass su strate 3a of the

second glesresebatiditsy Invalibepa sentage mmhmledmmg‘@ﬁememmnfmﬁeagmmﬁﬁsagectronic
element formed on the element-formed region 2a is hermetically sealed in a glass E( anel constituted by

the first §l2R% L0RRMNE aieckebiBRyRLeSHesHAE SUGRAtRE SBARG IGIATCIENtYIRPEIARSY layer 4
comprises ameiRerie PYEhRaviMch SN (alR R dayRic BN e RBAREMRPUNY (Gl 3a of the
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substrate 2, a sealing layer 4 to seal the space (element-disposed space) between the first glass
substratd=Xcassite NacOrnnayaeactnitindie3niingsen the first glass substrate 2 to cause e.qg.

breakage of the wirings. Further, if the content of Na,O is too high, the stability of the

10  sealing glass is deteriorated to cause devitrification, whereby a sealing glass may not
be obtained. Considering the effect of improving the bonding strength between the
glass substrates 2, 3 and the sealing layer 4, the influence on e.g. wirings and the
stability of sealing glass etc., the content of Na,O is more preferably within a range of
from 10 to 100 ppm as represented by mass percentage.

15 In the same manner as the above-mentioned Na,O, Li,O and K;O also function
as components for forming a reacted layer on the bonding interface between the glass
substrates 2, 3 and the sealing layer 4. However, among these alkaline metal oxides,
Na,O essentially contained in the composition of glass substrates (soda lime glass
composition) is particularly effective, and accordingly, the sealing glass of this

20 embodiment contains Na,O as an essential component. A part of Na,O may be
substituted by at least one member selected from Li,O and K,O. The amount of
Na,O substituted by Li,O or K,O is preferably at least 50 mass% of the amount of
Na,O considering e.g. formation of a reacted layer on the bonding interface. Ina
case of substituting Na,O by Li,O or K;0, the content of Na,O is preferably within a

25 range of from 10 to 190 ppm as represented by mass percentage.

The sealing glass constituted by the above four components has a low glass
transition point, and is suitable as a sealing material at low temperature. The sealing
glass may contain an optional component such as Al,Oz, CeO,, SiO,, Ag,0, WOs3,
MoOs3, Nb,O3, Ta,0s, Ga,03, Sh,03, Cs,0, CaO, SrO, BaO, P,0s or SnO (x is 1 or 2).

30 However, if the content of such optional component is too high, the sealing glass
becomes unstable, and devitrification may occur, or the glass transition point or the

softening point may become high. Accordingly, the total content of such optional



The sealing material layer 5 is a fired layer of a glass material for sealing 10containing a sealing glass
(glass frit), a laser absorbent and a low-expansion filler The glass material for sealing comprises
sealing glass as the main component, and a laser atisorbent and a low-expansion filler incorporated.
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requires. e sealing glass aser sealing) as the main 15component of the glass
material the sgztlmgplacbmpurib gkis (BI2R6BHE AR g lhskebaviAgois ot glaissn gtk i 0rtayd0% of
Bi203, from 1 to 20% of ZnQ, from 2 to 12% of B203 and from 10 to 380 ppm of Na20 as represented
by mass GNAERORIMAIRBACHRBIIB A § ERLEY S AN RIS ) ¥PBRFerably a glass
absorbingipzfager (transparent glass) from the viewpoint of controlling the melting temperature of
the glass. By controlling the melting temperature by the type or the amount, etc. of the laser absorbent
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the sealing glass (glass frit) preferably has a lower melting temperature from the vi oint.of
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bismuth glass frit meets these requirements.  In the sealing glass (glass frit) employed in this

embodiniemperglaise obadgirssdandikie@ chananstieat flesRiRIZimntbeafuidiRos! Agiassaracteristics
such as Ag-0, WO3, MoOs, Nb,Os, Ta;0s, Ga,03, Sb,03, P,0s, SnOy etc. may be contained as

10 components for adjusting e.g. the viscosity or the thermal expansion coefficient of a
glass. The content of these components may be appropriately selected within a
range wherein the total content does not exceed 10 mass%.

The glass material for sealing contains a low-expansion filler. The low-
expansion filler is preferably at least one member selected from silica, alumina,

15  zirconia, zirconium silicate, cordierite, a zirconium phosphate compound, soda lime
glass and a borosilicate glass. As the zirconium phosphate compound, (ZrO),P,0-,
AZr,(PO,)s (Ais at least one member selected from Na, K and Ca), NbZr, (POy,)s,
Zr,(WO3)(PO4)2 or a complex compound of them may be mentioned. The low-
expansion filler is one having a lower thermal expansion coefficient than that of the

20 sealing glass as the main component of the glass material for sealing.

The content of the low-expansion filler is appropriately set so that the thermal
expansion coefficient of the sealing glass becomes close to the thermal expansion
coefficient of the glass substrates 2 and 3. The low-expansion filler is preferably
contained in an amount of from 1 to 50 vol% based on the glass material for sealing

25 depending on the thermal expansion coefficients of the sealing glass and the glass
substrates 2 and 3. In this embodiment, since the glass substrates 2 and 3 comprise
soda lime glass (thermal expansion coefficient: 85 to 90x107/°C), the low-expansion
filler is more preferably contained in an amount of from 15 to 45 vol% based on the
glass material for sealing.

30 The glass material for sealing further contains a laser absorbent. As the laser
absorbent, at least one metal selected from Fe, Cr, Mn, Co, Ni and Cu, or a compound

such as an oxide containing the above metal, is employed. The content of the laser



30transparency and low glass-transition point, and thus such a glass is suitable as a sealing material
for low heating temperature. However, it is not possible to sufficiently increase the bonding strength
between the glass substrates 2, 3 and the sealing lager 8 4 simply by applying the sealing glass

containing, (g ALAE [KAE ATRARAILS I APRGRERIING, TS SAORsLlerer 1A.0r egause of the

difference In e.g. melting conditions of glass™rit between the heating by a firing furnace and a laser

heating. irzedrizhdingstitmgth Hetwesontbatghatiseslassiratpsabdrihiz ¢hasstifviln 6. basahoit i a residual
strain caused by thermal expansion difference between these members and an interface reaction
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of a 15frame. The sealing material layer 5 is sequentially melted from a portion irradiated with the laser
light 6 artiRegimth&erditgtwhssicthgitre@npletion of the irradiation

The thickness T1 of the sealing material layer 5 is set according to the required
10 space between the first glass substrate 2 and the second glass substrate 3, that is, the
thickness T2 of the sealing layer 4. An electronic device 1 and its production process
in this embodiment are effective particularly in a case of setting the thickness T1 of the
sealing material layer 5 to be at least 10 um. Even in a case where a sealing material
layer 5 having such a thickness T1 is irradiated with a laser light 6 to carry out sealing,
15 it becomes possible to improve e.g. the bonding strength between the glass substrates
2, 3 and the sealing layer 4 and the hermetic sealing property of the glass panel by this
embodiment.
The thickness T1 of the sealing material layer 5 is set according to the required
space T2 between the first glass substrate 2 and the second glass substrate 3, and in
20 this case, the cross-sectional area represented by the product of the thickness T1 and
the line width W of the sealing material layer 5, is preferably at most 15,000 pm?.  If
the cross-sectional area of the sealing material layer 5 exceeds 15,000 pm?, it
becomes necessary to increase a laser power for softening and flowing the glass
material for sealing to carry out bonding, and as a result, e.g. cracks tend to be formed
25 inthe glass substrates 2, 3 or the sealing layer 4. Considering the effect of
suppressing e.g. cracks due to the laser power, the cross-sectional area of the sealing
material layer 5 is more preferably at most 12,000 pm?.
The line width W of the sealing material layer 5 is appropriately set depending on
the thickness T1 and the cross-sectional area, but if the line width W of the sealing
30 material layer 5 is too small, e.g. the hermetic sealing performance or the bonding
reliability of the sealing material layer 4 may decrease. For this reason, the line width

W of the sealing material layer 5 is preferably at least 400 um. Further, the thickness



with laser light 6. Thus, it is not possible to obtain a sufficient time for forming a reacted layer in the
laser sealing step. Accordingly, it is not possible to sufficiently increase the bonding strength between
the glass substrates 2, 3 and the sealing layer 204 a8the time of laser sealing with a glass frit
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heating, in order to reacte er on a bonding’interface, It ective to he glass frit
contain &orehetienoédsd\sdispreysdyeridtothiecgbassifirity sgethiitsily, RuntomoTdlésipighdratetaht
Particularly, it is 25effective to make a bismuth glass frit contain Na20 that is also contained in the
composi!ﬁ?&fldﬁgs substrates (soda lime glass composition). By using such a four-component type

bismuth glass fill, L baGaMEs RORFIRICAPINSRATRING MRNGHSLSIFREEHY H@&ﬁ&@s”?ﬁa%?% fyfostrates

2, 3 and the bismuth glass frit (sealing layer 4) at a time of laser sealing. 30That is, by making a

bisntuth gkagfiitisdnstitedednbi ehsealommpomenatbdtzeesBi208, glaSsauh 8PAB, Sdnytain a proper

amount of Na20, even in a laser sealin Faerein I|9.cal melt-solidification of glass frit occurs in a short
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step. Accordingly, it becomes possible to increase the bonding strength between glass substrate 2, 3
and a bigtiiixia yeRicIRit¢sergnajeay sea)iag asvetaopaster sealing.

The vehicle may, for example, be one having methyl cellulose, ethyl cellulose,

10  carboxymethyl cellulose, oxyethyl cellulose, benzyl cellulose, propyl cellulose,
nitrocellulose or the like dissolved in a solvent such as terpineol, butyl carbitol acetate
or ethyl carbitol acetate, or one having an acrylic resin of e.g. methyl (meth)acrylate,
ethyl (meth)acrylate, butyl (meth)acrylate or 2-hydroxyethyl methacrylate dissolved in a
solvent such as methyl ethyl ketone, terpineol, butyl carbitol acetate or ethyl carbitol

15  acetate.

The viscosity of the sealing material paste is fitted to the viscosity in accordance
with an apparatus which applies the paste on the glass substrate 3, and may be
adjusted by the ratio of the resin (binder component) to the solvent or the ratio of the
glass material for sealing to the vehicle. To the sealing material paste, known

20 additives for a glass paste, such as an antifoaming agent or a dispersing agent may be
added. For preparation of the sealing material paste, a known method employing a
rotary mixer equipped with a stirring blade, a roll mill, a ball mill or the like may be
applied.

The sealing material paste is applied on the sealing region 3a of the second

25 glass substrate 3, and the paste is dried to form a coating layer of the sealing material
paste. The sealing material paste is applied on the second sealing region 3a
employing, for example, a printing method such as screen printing or gravure printing,
or applied along the second sealing region 3a using a dispenser or the like. The
coating layer of the sealing material paste is dried, for example, at a temperature of at

30 least 120°C for at least 10 minutes. The drying step is carried out to remove the
solvent in the coating layer. If the solvent remains in the coating layer, the binder

component may not sufficiently be removed in the following firing step.



In a sealing glass (a bismuth glass frit) to be employed in this embodiment, Bi203 is a component for
forming glass network, and Bi203 is contained in an amount of from 70 to 90 mass% in the sealing
glass. If the content of Bi203 is less than 70 mass%,4he softening temperature of the glass frit

becomes highTﬂBdaB‘Bi’}E”ﬁo%ﬁﬁé‘j%%? é?%eﬁéﬁlfﬁﬁgﬁ%ggﬁi ORI Fung sl s U gecessary

to increase the power of the las to soiten t and as a result, e.g. crackstend to be
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becomes difficult, production of a glass becomes difficult and the thermal exBansio,n coefficient tends
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content of ZnO is less than™1 mass%, vitrification beécomes difficult. If the content of ZnO exceeds 20
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B203 is contained in an amount of from 2 to 12 mass% in the sealing glass. It the content of B203 is
less thanaiesisdJor Sealinficistioirmedomes difficult. If the content of B203 exceeds 12 mass%, the

softening p0|ntlll}](-:-ecnomesérr]1(|)g/\r/1h whlgrebégél};é)ower of the Iaserclf%ﬂt 6 ne d? t({ bg“ ncreaSﬁ%jeand e.g.
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power, theamniemiaeé R 03yierBoemarafesphawith ity épareaeries fgass sadsianes3Haildjasl is a
component for improving the bonding strength between the glass substrates 2, 3 comprising soda lime
glass an§l&rseal Qf@?é? GOMBROYBIRIEW IR\ P Slecionin g itariapa Rie resrtaaM§a Lealing

glass, a l&f@ﬁ agsgﬁgﬂt%%aaéo% &LD, a PDP or a LCD, an illumination apparatus using an

OEL element, or a solar cell such as a dye-sensitized solar cell, is prepared. That is,
as shown in Fig. 2(b), the first glass substrate 2 and the second glass substrate 3 are
15 laminated so that a face having the element-formed region 2a and a face having the
sealing material layer 5 face each other. On the element-formed region 2a of the first
glass substrate 2, a space is formed based on the thickness of the sealing material
layer 5.
Then, as shown in Fig. 2(c), the sealing material layer 5 is irradiated with a laser
20 light 6 through the second glass substrate 3. The laser light 6 is applied with
scanning along the sealing material layer 5 in the form of a frame. The laser light 6 is
not particularly limited, and a laser light from e.g. a semiconductor laser, a carbon
dioxide laser, an excimer laser, a YAG laser or a HeNe laser may be employed. The
output of the laser light 6 is properly set depending on e.g. the thickness of the sealing
25  material layer 5, and is preferably within a range of from 2 to 150 W for example. If
the laser output is less than 2 W, the sealing material layer 5 may not sometimes be
melted, and if it exceeds 150 W, the glass substrates 2 and 3 are likely to have cracks,
fractures and the like. The output of the laser light is more preferably within a range
of from 5 to 100 W.
30 The sealing material layer 5 is sequentially melted from a portion irradiated with
the laser light 6 with scanning along the sealing material layer 5, and is quenched and

solidified upon completion of irradiation with the laser light 6, to be bonded on the first



expansion filler), and Na20 is contained in an amount of from 10 to 380 ppm as represented by mass
percentage in the sealing glass. If the content of Na20 is less than 10 ppm, the effect of improving
bonding strength cannot be sufficiently obtained. On%he other hand, if the content of Na20 exceeds

380 ppmqugsctg%rﬁwmeezg- M%?@W%ﬂ;ﬁ@ﬂé%ﬁ@%&%ﬁﬂ Flé/&”@%f’rﬁﬁ%%%m '{;"re of

laser sealing. at Is, in a sealing region the ass substrate 2, e.g. lead wiring
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Na20 may react with the wirings on the first glass substrate 2 to cause e.g. b,reaka%ge of the wirings.
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alkaline metal oxides, Na20 essentially contained in the composition of glass substrates (soda lime
glass coppesibieripiineaeaceiahg berading stiragibdortivesy the slesmsubisisatostRisSandriitvdiment

contains I\é% IO as an e sential component. A part of Na20 may be substituted by at least one member
selected I6m 320ahd K20. The amount of Na20 substituted by Li20 or K20 is preferably at least 50

masgg% of the amgyNiof AlgRsoraideopostiadermation kadeaciedayenon thecbansbng interface.
In a case of substituting Na20 by Li20 or K20, the content of Na20 is preferably within a 25 range of
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temperature. The sealin
The reliability of the electronic device 1 depends on e.g. the hermetic sealing property

by the sealing layer 4 or the bonding strength between the glass substrates 2, 3 and
15 the sealing layer 4, etc. In this embodiment, since it is possible to increase the
hermetic sealing property or the bonding strength, it becomes possible to obtain an
electronic device 1 excellent in reliability. The glass panel inside of which is
hermetically sealed, can be applied not only to the electronic device 1, but also a
sealed body (package) of an electronic component or a glass member (e.g. building
20 material) such as a vacuum double glazing.
As another embodiment wherein alkali-free glass having a thermal expansion
coefficient of about from 35 to 40 x 107/°C is employed as the glass substrates 2 and
3 of the electronic device 1, the same effects can be obtained as in the case of using
the above soda lime glass. The preferred content of Na,O in the glass frit in this
25 embodiment is also similar to that of the above case.
As the alkali-free glass, for example, AN100 (manufactured by Asahi Glass
Company, Limited), EAGEL2000 (manufactured by Corning Inc.), EAGEL GX
(manufactured by Corning Inc.), JADE (manufactured by Corning Inc.), #1737
(manufactured by Corning Inc.), OA-10 (manufactured by Nippon Electric Glass Co.,

30 Ltd.) or TEMPAX (manufactured by Schott AG), etc. may be employed.



glass may contain an optional component such as Al203, Ce02, Si02, Ag20, W03, Mo03, Nb203,
Ta205, Ga203, Sb203, Cs20, CaO, Sr0, BaO, P205 or SnOx (x is 1 or 2). 30However, if the content of
such optional component is too high, the sealing gld$s becomes unstable, and devitrification may
occur, orl—_Ttp&\ ﬁsETéansition point or the softening point may become high. Accordingly, the total
content of such optional 11 components is preferably at most 10 mass%. The lower limit of the total
content of the KptigrpleniinoxeEnisiés nbdtpeumiadanyihvetaibrAdndthalr gladadtassdst]tnayiicontain
an optional compgonent in an effective amount according to the type of component. 5Among the above

optional B6HESAERRT-AIdtTEsiBS, TellRyiRg P Pighatiens Ao eh HBHERS PErREBLIMG RIS Rshtion of
glass, ang i, LANRNHSRIEER B MAHBAFEaIGHRIHTRR §id o MaSsés&RaRVaRig{unction of

lowering the softening temperature of a glass, and Ce02 has an effect of stabilizing the fluidity of a
glass. AG2RAWBBEM003, Nb203, Ta205, Ga203, Sb203, P205, SnOx etc. may be contained as
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low-expansion filler is preferably at least one member selected from silica, alumina,

of ZnO and 0.5% of Al,O3 and further containing 18 ppm of Na,O as represented by

mass percentage; a cordierite powder being a low-expansion filler; and a laser

10 absorbent having a composition comprising, as represented by mass percentage
35%o0f Fe,03, 35% of Cr,03, 20% of Co,03 and 10% of MnO; were prepared. The
content of Na,O was analyzed by ICP. Further, as a binder component, 5 mass% of
ethyl cellulose having a viscosity of 45 cps was dissolved in 95 mass% of 2,2,4-
trimethyl-1,3pentanediol monoisobutyrate to prepare a vehicle.

15 85 vol% of the bismuth glass frit, 10 vol% of the cordierite powder and 5 vol% of
the laser absorbent were mixed to prepare a glass material for sealing (thermal
expansion coefficient: 72x107/°C). 84 mass% of this glass material for sealing was
mixed with 16 mass% of the vehicle to prepare a sealing material paste.

Subsequently, to a peripheral region of a second glass substrate (dimensions:

20 100x100x0.55 mmt) comprising soda lime glass (thermal expansion coefficient: 87x10
’I°C), the sealing material paste was applied by a screen printing method (line width W:
500 pm) and dried at 120°C for 10 minutes. This coating layer was fired at 460°C for
10 minutes to form a sealing material layer having a thickness T1 of 20 pum.

Next, the second glass substrate having the sealing material layer, and a first

25 glass substrate (soda lime glass substrate having the same composition and the same
shape as those of the second glass substrate) having an element-formed region
(region in which an OEL element was formed) were laminated. Subsequently, the
sealing material layer was irradiated with a laser light (semiconductor laser) having a
wavelength of 940 nm and a power of 65 W at a scanning rate of 5 mm/s through the

30 second glass substrate, to melt and quench to solidify the sealing material layer,
thereby to bond the first glass substrate and the second glass substrate. Thus, an

electronic device wherein an element-formed region was sealed in a glass panel, was



15zirconia, zirconium silicate, cordierite, a zirconium phosphate compound, soda lime glass and a
borosilicate glass. As the zirconium phosphate compound, (Zr0)2P207, AZr2(PO4)3 (A is at least one
member selected from Na, K and Ca), NbZr2 (PO4)3, Zr2(W03)(P0O4)2 or a complex compound of

them may a6 et doRes wThedals SPARSIRR JURL 5 ARG BINEE figaalgrpansion coefficien

than that of the 2 ng glas component of the glass material for sealing.  The
content dE XreMeWESAtON filler is appropriately set so that the thermal expansion coefficient of the
sealing glass becomes close to the thermal expansion coefficient of the glass substrates 2 and 3. The
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glass substrates 2 and 3. In this embodiment, since the glass substrates 2 and 3 comprise soda lime
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is employed. The content of the laser 12 absorbent is preferably within a range of from 0.1 to 10 vol/0
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10 device having an element-formed region sealed in a glass panel, was prepared and it
was subjected to property evaluation to be described later.
EXAMPLES 7t0 9

A sealing material paste was prepared in the same manner as Example 1 except

that the material of the glass substrates was changed to alkali-free glass (thermal

15 expansion coefficient: 37x107/°C), and the composition of the bismuth glass frit
(including the content of Na,O), the types of the low-expansion filler and the laser
absorbent and their composition ratio were changed to the conditions shown in Table 1.
Further, formation of a sealing material layer on the second glass substrate and laser
sealing of the first glass substrate and the second glass substrate were carried out in

20 the same manner as Example 1 except that the above sealing material paste was
employed. Thus, an electronic device having an element-formed region sealed in a
glass panel, was prepared and it was subjected to property evaluation to be described
later.
COMPARATIVE EXAMPLE 1

25 Preparation of a glass material for sealing, preparation of a sealing material paste,
formation of a sealing material layer on the second glass substrate and laser sealing of
the first glass substrate and the second glass substrate were carried out in the same
manner as Example 1 except that a bismuth glass frit having a compaosition comprising,
as represented by mass percentage, 82.0% of Bi,O3, 6.5% of B,O3, 11.0% of ZnO and

30 0.5% of Al,O3 and containing 500 ppm of Na,O as represented by mass percentage,
was employed. Thus, an electronic device having an element-formed region sealed

in a glass panel, was prepared and it was subjected to property evaluation to be



5for sealing in the vicinity of the interface with the second glass substrate 3 may be locally heated by
laser irradiation to cause e.g. cracks of the second glass substrate 3, or the flowability of melted glass
material for sealing decreases to deteriorate the adh&sion to the first glass substrate 2. The thickness
Ti of the agggﬂgél?%qgﬁl layer 5 is set according to the required 10 space between the first glass
substrate the second glass substrate 3, that is, the thickness T2 of the sealing layer 4. An
electroniCdavrARAANY BEMAMRLIBrPprocess in this embodiment are effective particularly in a case of
setting the thickness Ti of the sealing material layer 5 to be at least 10 pm. Even in a case where a

sealing materifl YR8OB AL DRG HRFS{HhRRHBGATE RNRSHIRELAMPASING: AR IRRERSRURY BYit sealing,
L5 1L Dechfags BRRSpIf R MRISYRP WL IeRONS SEedimacriPEnsle glasa IRt Ry and the

sealing layer 4 and the hermetic sealing property of the glass panel by this embodiment.

thicknes$ HdofaheiSeakng mamdie kg erdvidescieingorddng explaasepufidbel space fizpatacen the first
glass sut%straﬁe 2 andﬁe@secondrﬁl‘ass supstrate 3, ?nd in 2? trq;s case, the cross-sectional area
representeti B gt RIICE LF MR N S ant R HRESHIIOYE Bih '§§8||¥F‘gar+¥h id13ayel 5, is
preferablyrafRpehidio i bstetel téhsr spase-a88I00R1. area of the sealing material layer 5 exceeds

15,000 pm2, it becomes necessary to increase a laser power for softening and flowing the glass
material for se20mp ¥ sdriyeovanamivimoglasd bl andsuilvelt ofdbrsoritiietii® e MvrirsIVES the glass

substrates.Zétﬁ %r the seahn&:ger 4. Co derlng .theﬁf]fect 0] s%ressmgoeeﬁ. cracks due to the

|
Mmix repare a glass materialtor sealin er expansion Ient:
laser power, thec SIS 304 Of e Zea ing % ené?%ye IS more pre‘f:era ly at most 12,000

pmz2o The ine Vi)W gBtheaseading meatgriallayerehiis rRpoiitiensSerRRRING! tndhe tirkness
Ti and the cross-sectional area, but if the line width W of the sealing

were mixed to prepare a sealing material paste. Subsequently, to a peripheral region
of a second glass substrate comprising the same soda lime glass as that of Example 1,
the sealing material paste was applied by a screen printing method (line width W: 500
pm), and it was dried at 120°C for 10 minutes. This coating layer was fired at 450°C

15  for 10 minutes to form a sealing material layer having a film thickness T1 of 20 pum.

Next, the second glass substrate having a sealing material layer and a first glass

substrate (soda lime glass substrate having the same composition and the same
shape as those of the second glass substrate) having an element-formed region
(region in which an OEL element was formed) were laminated. Subsequently, the

20 sealing material layer was irradiated with a laser light (a semiconductor laser) having a
wavelength of 940 nm and a power of 40 W at a scanning rate of 5 mm/s through the
second glass substrate, to melt and quench the sealing material layer thereby to bond
the first glass substrate and the second glass substrate. Thus, an electronic device
having an element-formed region sealed in a glass panel, was prepared and it was

25 subjected to property evaluation to be described later.

Next, with respect to the outer appearance of the glass panel of each of

Examples 1 to 6 and Comparative Examples 1 and 2, presence or absence of cracks
of glass plates and presence or absence of breakage of wirings were evaluated. The
outer appearance was evaluated by observation with an optical microscope. Further,

30 airtightness of each glass panel was measured. The airtightness was evaluated by
applying a helium leak test. Further, the bonding strength of glass substrates with the

glass material for sealing employed in each of Examples 1 to 6 and Comparative



30material layer 5 is too small, e.g. the hermetic sealing performance or the bonding reliability of the
sealing material layer 4 may decrease. For this reason, the line width W of the sealing material layer 5
is preferably at least 400 pm. Further, the thickness123 Ti of the sealing material layer 5 is preferably at

most 30 pyrcRSIdaing 20, 19UNALn pLING SSRGS A10a OO feliabiiy. Further, Ti i

preferably at least 1 p e sealing materiaf layer 5 comprising the above-mentioned glass material

for 5sealmgasuf@medt andhevahadingnregsoitsSarefshevsedondiglesd suttbateTalligsa pevmkas such as
one described below. First, a glass material for sealing containing a sealing glass (bismuth_glass frit), a

laser ab<YF9FR AN PERAAPLARUIIANS AL HARSPHIE S VAR COHRIRNOR SLiRE $RaISAI paste.
The vehigle Jugy 195 @RERIRRA AReIteind SBetticRIMesH LI IceYaRE ot fRarPoxymethy |

cellulose; oxyethyl cellulose, benzyl cellulose, propyl cellulose, nitrocellulose or the like dissolved in a
solvent st psrtentsnisdl Obutyhssihitor aoatapienethyiutdstahamathief, Nagddbingray an acrylic resin

of e.g. methyl (meth)acrylate, ethyl (meth)acrylate, butyl (meth)acrylate or 2-hydroxyethyl methacrylate
ek M R A A R
15acetatgeg|inhfifiadgcosity of the sealing material paste is fitted to the viscosity in accordance with an
apparatus which applies the paste on the glass substrate 3, and may be adjusted by the ratio of the

resin (binder cbgpmeasy reniesissletmbptibe fnn dng sihrng it plesssalbsiraseReviéhicle. To

the seallrt]rg m:flterlal g?stel Fnown 20 ad(Htlves for %|8\§Vs p?_.'lste such as an antlffamlnlgo%%%get&or a

. . the glass material tar sealing 1s described ISt, a case where glass s
dispersing a&en may Ee ad ea. ?—uor reparaﬁlon of the sealing mgterlanasFe, ag nown me

empioyingbenprise soda lime glass will be described.
STRENGTH MEASUREMENT METHOD A: IN A CASE OF EMPLOYING GLASS
SUBSTRATES MADE OF SODA LIME GLASS
In the vicinity of an end of a first glass substrate having a width of 30 mm, the
sealing material paste of each Example is applied to form a sealing material layer
15  having a thickness of 60 um and a line width of 1 mm. The paste coating layer is fired
under a suitable condition of each Example. Subsequently, an end portion of the
second glass substrate is disposed on the sealing material layer. The second glass
substrate is disposed so that the second glass substrate and the first glass substrate
are alternately disposed from each other (the first and the second glass substrates are
20 linearly arranged centering the sealing material layer). While they are pressurized
with a load of 10 kg, the sealing material layer is irradiated with a laser light having a
wavelength of 940 nm at a scanning rate of 10 mm/s to carry out sealing. The power
of the laser light is set to a power suitable for each material. One of glass substrates
of a bonding strength measurement sample thus prepared, is fixed by a jig, and a
25  portion of the other glass substrate 20 mm from the sealing material layer is
pressurized with a speed of 1 mm/min to break the sealing material layer, and a load at
which the sealing material layer is broken is defined as the bonding strength.
STRENGTH MEASUREMENT METHOD B: IN A CASE OF EMPLOYING SODA
LIME GLASS FOR GLASS SUBSTRATES
30 In the vicinity of an end of a first glass substrate having a width of 25 mm, the
sealing material paste of each Example is applied to form a sealing material layer

having a thickness of 10 um and a line width of 1 mm. The paste coating layer is fired



rotary mixer equipped with a stirring blade, a roll mill, a ball mill or the like may be applied. The sealing
material paste is applied on the sealing region 3a of the second 25glass substrate 3, and the paste is
dried to form a coating layer of the sealing material Zfaste. The sealing material paste is applied on the

o form a coat e se: te 2
seoond sealbg {egifn 2 SOTBIGNnGs LLAKeRRISR PSR SAELINY SRS SEAGH R0 or aravure

printing, or app a e second sealing regi ispenser or t e coating layer
of the sesogriajkial paisterisalitedisforsadomptacadcaliem pestdvice Riyalr. 30Tleasiet200 {asd least 10
minutes. The drying step is carried out to remove the solvent in the coatin? layer. If the solvent

remains FHERIER IR IRRRsE therdinRicinEorREORE AR SHESE IR RIS ISHass RV BRI ARowing
firing steg,d 4 o183 RYSRAIIREHAXEL AT IR PR A IR 3hRARIEdR d51d40 fopapealing

material layer 5. In the firing step, first, the coating layer is heated to a temperature of at most the

glass trahsgmty iyt € sptdimpdlae s églass Mmiatesathayagin dothioitieey ef¢heredsssineaterial for
sealing to remove the binder component in the 5cpating layer, and then heated to a temperature of at
st the LBREHHB DIt oKt ST AR YEHRLLEH) 15 PG BIECLIALE Frio b SEAM et burn
on the 9'%@@@@%@40 ﬁHﬁ:BtaqrﬁéQ_Hﬁfm@r%ﬁé'HleG‘ﬁﬁﬁﬂ@'t@)é‘érr@ %Qﬁ‘@éiaﬁiiﬂ@.therﬁ@ﬁ%ﬂi@te”m for
sealing is formed. Then, as shown in Fig. 2(a), by using the second glass substrate 3 having the

10sealingftizedaseraentss sed @ sepaveteisubiaipartad thstyrissisLiobthad-zampiag af bonding

strength measurement sample thus prepared is subjected to a three point bending

10  bonding strength test according to JIS K6856 except for the size of the sample, and a
load at which the sealing layer is broken or the glass substrate is broken is defined as
the bonding strength.

Subsequently, a case where alkali-free glass is employed for glass substrates will

be described. In the vicinity of an end of a first glass substrate having a width of 25

15  mm, the sealing material paste of each Example is applied to form a sealing material
layer having a thickness of 10 um and a line width of 1. mm. The paste coating layer
is fired under a suitable condition of each Example. Subsequently, an end portion of
the second glass substrate is disposed on the sealing material layer. The second
glass substrate is disposed so that the second glass substrate and the first glass

20  substrate are alternately disposed from each other (the first and the second glass
substrates are linearly arranged centering the sealing material layer). While they are
pressurized with a load of 10 kg, the sealing material layer is irradiated with a laser
light having a wavelength of 940 nm at a scanning rate of 10 mm/s to carry out sealing.
The power of the laser light is set to a power suitable for the material of each Example.

25 A bonding strength measurement sample thus prepared is subjected to a three point
bending bonding strength test according to JIS K6856 except for the size of the sample,
and a load at which the sealing layer is broken or the glass substrate is broken is

defined as the bonding strength.



element-formed region provided with an electronic element, an electronic device 1 such as a FPD
such as an OELD, a PDP or a LCD, an illumination apparatus using an OEL element, or a solar cell
such as a dye-sensitized solar cell, is prepared. Thatlis, as shown in Fig. 2(b), the first glass substrate
2 and therﬁ%(f_ (19lass substrate 3 are 15 laminated so that a face having the element-formed region
2a and a face having the sealing material layer 5 face each otherOn the element-formed region 2a of
the first|glass substrate 2, a space is formed®4skd on thé&thiékness offiieXealing mdtetidl layer|5.
Then, as shown in Fig. 2(c), the sealing magjialilaver $isdganiatedayinaiaser 206giiaiRouah the
second|glass suGsasges@b3inatéaser light 6 is applied with scanning along the sealing material layer 5
in the form of a frame. The laser light 6 is no8l&&gicularly B$Sd, ahd a98SSr light fronPBgS a
semiconductor 1aser, g carbogizo'@%x_ide ias_er, P GXCIMET 135Lh avYAG laSeh or a !-ieNej'Qg@r may bg
employed. The output|of the laser light 6 is properly set depending|on e.qg. the thickness of the sealing
25material layer 5, and is prefefably within a &8ge of| from®30 150W fh-Bxample. If tA&4@ser output is
less than 2 sealing magerl tayer[5 may,not sgmetirges be melteq and if it exceggs 150 W, the
glass substr%%gqsn%an 3 are?@e% to have crati: S, fracturersﬁgnd the Iikefi'ithe output o??h%éslaser light is
more preferal@s@ithin|a rangd2634rom 5/to 10D®. 30The sealing materididayer 5 is sedu@ntially
melted fro%ggg}gg)n irradiategyvithrthe taserfight 6-with-scanningatong_the-seating matgriat fayer 5,
ched a

and is dque solidifie uﬁon completion of irradiation with the laser light 6, to be bonded pn the
first 15 BaO - - - 6.0
Na (ppm) 18 100 350 350
) ] o o o (1) Cordierite
Low-expansion filler Cordierite | Cordierite | Cordierite _
+(2) zircon

Fe-Cr-Co- | Fe-Cr-Co- | Fe-Cr-Co- Fe-Mn-Cu-
Laser absorbent

Mn-O Mn-O Mn-O Al-O
Sealing glass 85 85 85 94
Glass :
_ Low-expansion 1) 25
material for ) 10 10 10
_ filler (2) 2.0
sealing
Laser
(vol%) 5 5 5 15
absorbent
Airtightness o o o o
Bonding
250 310 350 240
strength A (g)
Evaluation Bonding
441 520 540 450
results strength B (Q)
Wiring
o @) o o
breakage
Substrate crack o o o o




glass substrate 2. Then, by irradiating the sealing material layer 5 with the laser light 6 over the
perimeter thereof, a sealing layer 4 to seal a space between the first glass substrate and the second
glass substrate 3 is formed as shown in Fig. 2(d). A22his time, since the sealing glass (bismuth glass
frit) contafiﬂ%[}@%) excellent in reactivity 5 with the glass substrate 2 made of soda lime glass, even in
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Low-expansion filler

Zircon

Zirconium

phosphate

Zirconium

phosphate

Zirconium

phosphate

Laser absorbent

Fe-Mn-
Cu-Al-O

Fe-Cr-Co-
Mn-O

Fe-Cr-Co-
Mn-O

Glass

Sealing glass

73

77.5

85

90

material for

Low-expansion

filler

26

20

10

10

sealing
(vol%)

Laser
absorbent

2.5

Airtightness

the

g

Bonding
strength A (g)

300

250

320

At most 20

Evaluation

results

Bonding
strength B (Q)

500

460

600

Wiring
breakage

Substrate crack

As apparent from Tables 1 and 2, the glass panels of Examples 1 to 6 are each

excellent in outer appearance and airtightness, and have a good bonding strength.



30 Ltd.) or TEMPAX (manufactured by Schott AG), etc. may be employed. 16 EXAMPLES  Now,
specific Examples of the present invention and their evaluation results will be described. Here, the
following explanations do not limit the present invergon, and the present invention can be modified
within the-gist of t. ' D I [ ature:
1200 han 8 e e oo LY TR & o6 o
B203, 11g06ofirif eOndanieliAdbhrove A0B38tddpnthelr ap@si tivegbb® gipiop sité&NaRb aasepeddmied by
mass percentage; a cordierite powder being a low-expansion filler; and a laser 10 absorbent having a

compositbRAGIARRIMYRES ¥ste SERRINEF thass S HIBETRHE 59558 9T SBRE(ES, 20% of
00203 arel 1o DM hIERG BrEBATRMiGASISANEARM MO Pas ANRIYRE DG Furiger. as a

binder component, 5 mass% 0f ethyl cellulose having a viscosity of 45 cps was dissolved’in 95 mass%
of 2,2,4- Wwamddtvy hiq3pentalirdal |ty bt sylbasypatecio plepareia dehict . \via8paol/0 of the bismuth
glass frit_[é%}/r%g of the cordierite powder and 5 vol/0 of the laser absorbent were mixed to prepare a

glass ma sealing (thermal expansion coefficient: 72x10-7PC). 84 mass% of this glass material
for sealjng was mixed with 16 mass% of the velicle teXprépare| a se&din@material pasted Subjequently,
to a peripheratregion-of asecond glass-substrate {dimensigns:26100x100x6-55mmtrcomprising
soda lime glass (thegypalexpeasiar coefficient: |87x @@fg% the éékéﬁr:gérﬁlateri% %(%'tgrsv%s applied
by a screen printing method (line width W: 500 pm) agldsdried at 12Qflafs 10 minut@gadshis coating
layer was-fired-at460€-for10 m‘“luﬁs to-form-g-seatingsmaterigl Iayef3 having g thickggss Fof 20 pm.
Next, the second glass substrate'E%fa\ﬁng the sealing material Igyer, anc?a first[25 glassS substrate (soda
lime glass substrate having the d3s@z composition and the same 6.5 6.5
Sealing Zn0O 11 11 11
glass Al,O3 0.5 0.5 0.5
(mass%) SiO, - - -
BaO - - -
Na (ppm) 18 100 350
Low-expansion filler Cordierite Cordierite Cordierite
Fe-Cr-Co- Fe-Cr-Co- Fe-Cr-Co-
Laser absorbent
Mn-O Mn-O Mn-O
Glass Sealing glass 85 85 85
material for Low-expansion filler 10 10 10
sealing
Laser absorbent 5 5 5
(vol%)
Airtightness o o o
Evaluation Bonding strength (g) 817 1183 1400
results Wiring breakage o ° o
Substrate crack o o o

10

Further, as apparent from Table 3, each of the glass panels of Examples 7 to 9 is

excellent in outer appearance and airtightness, and the bonding strength improves as

the amount of Na,O increases from 10 to 380 ppm.

EXAMPLES 10 to 14 and REFERENCE EXAMPLES 1 and 2

A glass panel (Example 10) was prepared in the same manner as Example 1



shape as those of the second glass substrate) having an element-formed region (region in which an
OEL element was formed) were laminated. Subsequently, the sealing material layer was irradiated
with a laser light (semiconductor laser) having a walength of 940 nm and a power of 65 W at a

' f I : idify th
Sealing A B R e e e e,

an electroroe siegictiowhledieda dasdehoentHem) ectregibangas sealetldoralgiass phoet \wasableptepared
and it was subjected to propert){ evaluation to be described later EXAMPLES 2to 6 A sealing
material Ph1€ RAYPEGARN iFHRS LANEIFERRP RS EA DM WRERRBRARL 2OMBbEon of bismuth

glass fritdinghiding he SoRRRLALNARD) a8 DAGE Qlhd BearRRaS|RB Ulen angkig dasesghsorbent

and their composition ratio were changed to the conditions shown in Table 1. Further, formation of a
sealthg nrafEtdeldyerfanttey, s giask glaselsoiis watepde d 1ases seralagest thé¢hir siagiesssninstrate and

the second glass substrate were carried oyt in the same manner as in Example 1 except that the
aove st ADRLFI2H CUELD RS BT, N HATE e St e RO RTERR EPHAUARS TP EiEment formed
region sqalachisy %@Eﬁér’iﬁ\zﬁ@bw% W@@@%@@(&M‘@é§ﬁ%@%@ @é@ﬂﬁ%’%ﬁt@r‘i‘dﬂ%m be
described later EXAMPLES 7 to 9 A sealing material paste was prepared in the same manner as
ExamplehBRexgeptcross-sectional area of more than 15,000 um? was applied. With respect to
outer appearance of each of these glass panels, presence or absence of cracks of
10 glass substrates and presence or absence of cracks of the sealing material layer, were
evaluated. External appearance was evaluated by optical microscopic observation.
Further, in the same manner as Example 1, airtightness was evaluated. Table 4

shows these measurement and evaluation results.

TABLE 4
Glass Sealing material layer Evaluation result
material . Line Cross- . Sealing
Thickness . . Air- Substrate
for width sectional _ layer
. (um) , tightness crack
sealing (um) | area (um®) crack
Ex. 10 Ex. 1 10 1000 10000 o o o
Ex. 11 Ex. 2 30 400 12000 o o o
Ex. 12 Ex. 3 45 200 9000 o o o
Ex. 13 Ex. 3 90 100 9000 o o o
Ex. 14 Ex. 3 6 1400 8400 o o o
Ref.
Ex. 1 20 1000 20000 X o X
Ex. 1
Ref.
Ex. 2 45 400 18000 X o X
Ex. 2

15
As apparent from Table 4, by making the cross-sectional area of the sealing
material layer at most 15,000 um?, it is possible to increase the sealing ability and the
airtightness of glass panels with good reproducibility. When the cross-sectional area
of the sealing material layer exceeds 15,000 um?, it becomes necessary to increase

20 the laser power for softening the glass material for sealing to be flowable, and as a



that the material of the glass substrates was changed to alkali-free glass (thermal 15expansion
coefficient: 37x10-7PC), and the composition of the bismuth glass frit (including the content of Na20),
the types of the low-expansion filler and the laser aBSorbent and their composition ratio were changed
to the co@gﬂ(;{n&sd]&\g@?ilda@b%} anLﬂé?%’tﬁg@@gﬁ’ﬁ‘gqgg aling material layer on the second glass
substrate and laser sealing of the ﬁrst glass substrate®and the second glass substrate were carried out
in 20 the same manner as Example 1 except that the above sealing material paste was employed.
Thus, an electronic device havin% an element-formed region sealed in a glass panel, was prepared

and it wd&‘%&l’:’f’é&%%&% Uamuqn to be described later. COMPARATIVE EXAMPLE 1
25Preparationgfadgilass materialinn s6aegaRrePsr ﬁﬁ@?r@s@ﬁ?ﬁ%ﬁ%ﬁt%ﬁ' iRRRiesiormation of a

sealing material layer on the second glass substrate and laser sealing of the first glass substrate and
the secohdnylass suesgtiteivrdahmedlaasiauthstisias tharseadiag BEyamnpie 1hexedglttiege bismuth
glass frit having a composjtion comprising,.as. represented by mass percentage, 82.0% of Bi203, 6.5%
of 8203,Qf§)%)3]3fe \%{Hh g@ﬁg@g)g}(}&?ﬁ@%d containing 500 ppm of Na20 as represented by
mass percentage, was employed. Thus, an electronic device having an element-formed region sealed
in a glass panel, was prepared and it was subjected to property evaluation to be 18 described later
COMPARATIVRERRNPUEClosura ohdagrie sggeajensippliealing AeoRiisidibbtdshiediag, as

represented by mas tage, 44.3%0f V203, 35.1% of Sp203, 19.7% of P205, 0.5% of Al203 and
50 4% oI EBTIIE 44 aomTading SpRRCanen ST Shanings and Sumialy 1o

10 incorporated herein by reference in its entirety.

REFERENCE SYMBOLS
1: Electronic device, 2: first glass substrate, 2a: element-formed region, 2b: first
sealing region, 3: second glass substrate, 3a: second sealing region, 4: sealing layer,

15  5: sealing material layer, 6: laser light.



Further, as a binder component, 4 mass% of nitrocellulose was dissolved in 96 mass% of butyl
diglycol acetate to prepare a vehicle. 90 vol/0 of the vanadium glass frit and 10 vol/O of the
cordierite powder were mixed to prepare a glass material for sealing (thermal expansion coefficient:
10 74x 1 0-7/ C). 73 mass% of the glass materiaﬁl:fplg\lﬁgling and 27 mass% of the vehicle were mixed
to prepare a sealing material paste. Subsequently, to a peripheral region of a second glass substrate

comprising theAsspadirsy déabsegigassasythad of freaemtedlhyhe ssshegomatays)| fpastey vas epiied by
a screen printing method (line width W:500 Iim%qtand it was dried at 120C for 10 minutes. This coating

layer waStiRle 100t S0P AlidDEs 19Tomia 564G BaQerari Fr HQARFEiPR T Rkness Ti of

20 Nq{ﬂ,ﬂz@j_e second glass substrate having a sealing material layer and a first glass substrate
(soda lime glass substrate having the same composition and the same shape as those of the second
glass suldstratd)neastayiao ¢lesaatconaeg tee Giamirégivhiah whithina & ftastemnennesdésrmed) were

laminated. Sub tly, th 0 li terial irradiat ' light
cemiton EEEIAIThAUT &-Heerier oAV oM pOE bt SO o daar ol ate of 5
mm/s thredgh tre;eponirs @lass subsinate thoelkasd @iensh Hieansling sralerdidaysriiaigly to

bond the first glass substrate and the second glass substrate. Thus, an electronic device having an
element-formef edasormigie ivnlatesspaliey oRBpishar dirasrilingas 23sabjdefétetbiproperty

evaluation,to be de ride later Nexlti, with rgsaolect to the oHter appearance of the glass panel of
laim 1 Or Qu-SXpansion lleran aser absar ent.
each of Examples 1106 and Comparative Examples 1 and 2, presence or absence of cracks of glass

plates angl preaegiee PrrEBEEPRVTEaKANe QicwHingsiateiavriyaiedhidiecotprieppeaass was
evaluated by observation with an optical microscope. Further, 30 airtightness of each glass panel was
measureSUNHEAHGORRESIE o dadiMadinsy apglyiayathe RaaliRAKaEIRN Fanter SaRIR8Nnding

strength : tr It i i ved | f E ples 1to 6
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15 wherein the sealing glass comprises, as represented by mass percentage, from
70 to 90% of Bi,O3, from 1 to 20% of ZnO, from 2 to 12% of B,O3 and from 10 to 380
ppm of Na,O.

5. Aqglass member provided with a sealing material layer, which comprises a glass
substrate comprising alkali-free glass and having a sealing region; and a sealing

20 material layer comprising a fired layer of a glass material for sealing containing a
sealing glass, a low-expansion filler and a laser absorbent, provided on the sealing
region of the glass substrate;

wherein the sealing glass comprises, as represented by mass percentage, from
70 to 90% of Bi»O3, from 1 to 20% of ZnO, from 2 to 12% of B,O3 and from 10 to 380

25  ppm of Na,O.

6. The glass member provided with a sealing material layer according to Claim 4 or
5, wherein the low-expansion filler comprises at least one member selected from silica,
alumina, zirconia, zirconium silicate, cordierite, a zirconium phosphate compound,
soda lime glass and borosilicate glass, and the glass material for sealing contains the

30 low-expansion filler in an amount of from 1 to 50 vol%.

7. The glass member provided with a sealing material layer according to any one of

Claims 4 to 6, wherein the laser absorbent comprises at least one metal selected from



5 components is 100 mass% for convenience, but the amount of Na20 being a component of slight
amount is also included in the total component (100 mass%) of the sealing glass. The
measurement method of the bonding strength of th@glass substrates with the glass material for
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GLASS FOR GLASS SUBSTRATES
lime glass and having an element-formed region provided with an electronic element
and a first sealing region provided on the outer peripheral side of the element-formed
region;
a second glass substrate comprising soda lime glass and having a second
15  sealing region corresponding to the first sealing region of the first glass substrate; and
a sealing layer comprising a melt-bonded layer of a glass material for sealing
containing a sealing glass, a low-expansion filler and a laser absorbent, formed to seal
a space between the first sealing region of the first glass substrate and the second
sealing region of the second glass substrate while a space is provided on the element-

20 formed region;

wherein the sealing glass comprises, as represented by mass percentage, from
70 to 90% of Bi,O3, from 1 to 20% of ZnO, from 2 to 12% of B,O3 and from 10 to 380
ppm of Na,O.
11. An electronic device which comprises a first glass substrate comprising alkali-

25 free glass and having an element-formed region provided with an electronic element
and a first sealing region provided on the outer peripheral side of the element-formed
region;

a second glass substrate comprising alkali-free glass and having a second
sealing region corresponding to the first sealing region of the first glass substrate; and

30 a sealing layer comprising a melt-bonded layer of a glass material for sealing
containing a sealing glass, a low-expansion filler and a laser absorbent, formed to seal

a space between the first sealing region of the first glass substrate and the second



30In the vicinity of an end of a first glass substrate having a width of 25 mm, the sealing material paste
of each Example is applied to form a sealing material layer having a thickness of 10 pm and a line
width of 1 mm. The paste coating layer is fired 20 w8der a suitable condition of each Example.
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The second glas strate is disposed so that the second glass substrate and the first glass
substratdaractesgadaly disposed from each other (the first and the second glass substrates are
S5linearly arranged centering the sealing material layer). While they are pressurized with a load of 10

kg, the sealing"\‘ﬁﬁf@ﬂbﬂl‘&y%‘??éiWaﬂiﬁﬁé&?\ﬂ?ﬁ%%&eﬁi@?ﬁ@éﬁﬂ@% %U@éﬁd%ﬁ@?@lﬁgﬁrﬁ@%
scanningz@tg ahdf SRBISIQ FYRY Pib KIS ﬂ@,ﬁ%rﬁotﬁ%%ﬁré'%?ﬁ Srerf B RPWEEgYItable for

the material of the Example. A bonding strength measurement sample thus prepared is subjected to a
threé poippbeatidg,Q0 bonding strength test according to JIS K6856 except for the size of the sample,
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material paste of each Example is applied to form a sealing material layer having a thickness of 10 pm
and a linM@fkhNp OmaiPe esfex&iidpldysrGs i@, upder BafitRbescurditoRoleksch example.
Subsequ%rzﬂyﬁan end ﬁ{)rt#oaq of tgteﬁsagnond &(I)gss substrate is disposed on the sealing material layer
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10 13. The electronic device according to any one of Claims 10 to 12, wherein the
electronic element is an organic EL element or a solar cell element.
14. A process for producing an electronic device, which comprises a step of
preparing a first glass substrate comprising soda lime glass and having an element-
formed region provided with an electronic element and a first sealing region provided
15 on the outer peripheral side of the element-formed region;

a step of preparing a second glass substrate comprising soda lime glass and
having a second sealing region corresponding to the first sealing region of the first
glass substrate and a sealing material layer comprising a fired layer of a glass material
for sealing containing a sealing glass, a low-expansion filler and a laser absorbent,

20 formed on the second sealing region;

a step of laminating the first glass substrate and the second glass substrate via
the sealing material layer while a space is formed on the element-formed region; and

a step of irradiating the sealing material layer with a laser light through the
second glass substrate to melt the sealing material layer thereby to form a sealing

25 layer to seal the space between the first glass substrate and the second glass
substrate;

wherein the sealing glass comprises, as represented by mass percentage, from
70 to 90% of Bi»O3, from 1 to 20% of ZnO, from 2 to 12% of B,O3 and from 10 to 380
ppm of Na.O.

30 15. Aprocess for producing an electronic device, which comprises a step of
preparing a first glass substrate comprising alkali-free glass and having an element-

formed region provided with an electronic element and a first sealing region provided



20substrate are alternately disposed from each other (the first and the second glass substrates are
linearly arranged centering the sealing material layer). While they are pressurized with a load of 10 kg,
the sealing material layer is irradiated with a laser light having a wavelength of 940 nm at a scanning
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onding strength measurement sample thus prepared is subjected to
a three point bertépydiprdpeyisyengttiest glasy dingstaléScK il iexcaliblofrie glizssairide sample,
and a load at which the sealing layer is broken or the glass substrate is broken is defined as the
bonding Eﬁ'}éﬁ@tﬁ second sealing region corresponding to the first sealing region of the first
glass substrate and a sealing material layer comprising a fired layer of a glass material
5 for sealing containing a sealing glass, a low-expansion filler and a laser absorbent,
formed on the second sealing region;
a step of laminating the first glass substrate and the second glass substrate via
the sealing material layer while a space is formed on the element-formed region; and
a step of irradiating the sealing material layer with a laser light through the

10 second glass substrate to melt the sealing material layer thereby to form a sealing
layer to seal the space between the first glass substrate and the second glass
substrate;

wherein the sealing glass comprises, as represented by mass percentage, from
70 to 90% of Bi,O3, from 1 to 20% of ZnO, from 2 to 12% of B,O3 and from 10 to 380

15  ppm of NaxO.

16. The process for producing an electronic device according to Claim 13 or 15,
wherein the sealing glass further contains at least one member selected from Al,Os3,
CeO,, SiO,, Ag20, WO3, M0O3, Nb,O3, Tax0s, Ga,03, Sh,03, Cs,0, CaO, SrO, BaO,
P>0s5 and SnOy (x is 1 or 2) in an amount of at most 10 mass%.

20 17. The process for producing an electronic device according to any one of Claims
14 to 16, wherein the sealing material layer has a cross-sectional area, as represented
by the product of the thickness and the width, of at most 15,000 um?.

18. The process for producing an electronic device according to any one of Claims
14 to 17, wherein the electronic element is an organic EL element or a solar cell

25 element.





