1 DESCRIPTION TITLE OF INVENTION: GLASS MEMBER PROVIDED WITH SEALING MATERIAL
LAYER, ELECTRONIC 5 DEVICE USING IT AND PROCESS FOR PRODUCING THE ELECTRONIC
DEVICE TECHNICAL FIELD The present invention telates to a glass member provided with a sealing
material layer, an electronic device using it ag%gee&q;ﬁgr producing the electronic device. 10
BACKGROUND ART A flat panel display device such as an organic EL
(Electro-Luminescence) display (OELD), a field emission display (FED), a plasma display panel (PDP)
or a liquid crystal display device (LCD) has such a structure that a glass substrate for an 15 element
having aHi-gg%)p@éM\é UNss a light-emitting element formed and a glass substrate for sealing are

disposeddp Azge FRANSEI PREIBEBNIGTIHEE AN MSTTHRIRE NAY BRSEPREXAEBRAEIPTiSINg two

such glass substrates that are sealed together (Patent Document 1). Also for a solar cell such as a
dye-sendiz¥tColdSENI; &pAINNBXIBR OGES&sE QRcR&{eDd Uiy Bdlartddl @ldrG2NtGdatad Gith two
glass 20 substrates has been studied (Patent Document 2).  As a sealing material to seal a space
between two glass substrates, application of sealing glass excellent in the moisture resistance, etc. is
in progresecipae e sgaling temperature of the sealing glass is at a level of from 400 to 600C,
properties of an electronic element portion of the organic EL (OEL) element or the dye-sensitized
25solar cell will be peaeentawantican élatesisacarglastcan ey b avided avith A erimthgalaiiede.

Accordingly, t Rasbespaltempled ot a seding malerial javerda ayet plaglassmatedaldor sealing
containing-a’laser absorbent’1s disposed between"sealing reglons provided on the pefiphieral portions
of ty¢p glass substrates, and the layer is irradiated with a laser light to heat and melt the layer thereby
to form a sealing layer 30 (Patent Documents 1 and 2).  Sealing by laser irradiation (laser sealing)

can supPéssierbNIBEREes over the electronic element portion, and on the contrary, it has a

disadvantage t)ilﬂ%?%@&p%éﬁé%ﬁ%ém@{gdﬁ?Q(st%"égﬁé:ﬁi‘é‘% 9@:‘33&5’8—%@% fsﬂla%égz””g

Iayer. One reason o erence int ermal pansion coefficient between

the glassdigialy d@ELD) kefrddlsgigiiss. d¥ithaseHED) (@ thispeintisistsnp et PBM) Ddascribes a
sealing material havintgél? thermal expansion coefficient within 510x111710C from that of the glass

substratdi WA YA HHTRIAY SRAPRIBA-LILRRISHOT 8 SEHRHY YIS R ATRSHRIBIS 'of #Blass
SUBRIrAISIBHENP v RIS U BRA1LAEleARSION SBRh BJHHGHDBARIANG A Peeh A7 A% dTiasroonia

or cordierite is added to the sealihg glass to obtain a s€aling matérial having a low expansion
coefficiestubstrate for sealing are disposed to face each other and the light-emitting element is
sealed in a glass package comprising two such glass substrates that are sealed
together (Patent Document 1). Also for a solar cell such as a dye-sensitized solar cell,
application of a glass package having a solar cell element sealed with two glass
20 substrates has been studied (Patent Document 2).

As a sealing material to seal a space between two glass substrates, application
of sealing glass excellent in 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 organic EL (OEL) element or the dye-sensitized

25 solar cell will be deteriorated when firing is conducted by using a conventional heating
furnace. Accordingly, it has been attempted that a sealing material layer (a layer of a
glass material for sealing) containing a laser absorbent is disposed between sealing
regions provided on the peripheral portions of two glass substrates, and the layer is
irradiated with a laser light to heat and melt the layer thereby to form a sealing layer

30 (Patent Documents 1 and 2).

Sealing by laser irradiation (laser sealing) can suppress thermal influences over

the electronic element portion, and on the contrary, it has a disadvantage that cracking,



Whereas, reduction of the thickness of a glass package constituting e.g. a FPD 10or a solar cell tends
to be in progress, and for this purpose, it is required to narrow the distance (the gap) between the
glass substrates to be, for example, less than 7 pm.Zince e.g. the low-expansion filler is added to the

sealing ryatefial e desarasf abaueseIneaReC IR SRe e Rrile sizeLihe filer

particles along With narrowing of the substrate distance. uction of the particle size of the filler
15particlesscanseftthne makdent thagpecifie sifftreaceda thndheshaliogminstsnbedefiieietite sealing
glass melted by heat of the IaserHIi?ght and the filler particles increases to reduce fluidity. Accordingly, it

becomeLREVEREANAIS AR OSSP e SRAIEIGRIRS the i) fSPRRFLIE) B P AR BRI ht, but

when theyageRh IIMRIAIIES ié@éﬂﬁéerﬂa?e%qmSW&QHQ%QF@%&&&H%@@E@F&-MH% to
occur 20in the g7lass substrates or the séaling layer. PRTOR ART DOCUMENTS PATENT

DOGUMEOKR® ' /°C frBaténd Dufdhengidsk Sibsl2006-551444 s tPatend BogansionZoefficient
JP-A-2008-115057 DISCLOSURE QF INVENTION TECHNICAL PROBLEM It is an object of the
orosont FLEAFAIS G35 RS B AuREER St S B IRE RS SRPARRER is capable
of IOreVe'ﬂH&)%Hﬁﬂtﬂqméér@%%m&%%ﬁaé@gmé&giﬁﬁﬁiﬁ‘é?%if@@ﬁﬁé)bﬁc‘éﬁdmw%dﬂ@@ !n a
case where the distance between two glass substrates Is narrowed; an electronic device employing

such a 3glassaerlinbegipssvid e taithanssslingmeaiesialihayndadovaexiephighrmraghieiess. and

reliability; and f/process for, pr duci?gnsu h an elect onic] device. SOLUTION TO PROB 5The
oraas, re%uc on of the thickness of g glass gacktaﬁ]]e CONSLity |%es% a

glass member provided with a sealing material fayer of the présent mvention COmprises a glass

subgiratehawothd csllfecrRiaving mfeireIeaeiy Rrdnfopuasbes thessrainigse ehanedidhegass

substrate, a sealing material layer having a thickness of less than 7 pm and made of a material

obtainedd§tAnag Ehparmhbedsen the iassisabebniemicbse 40h§6AaRenle EhthitgaHB filler
containing: a lase 0 X e} 3 terial | i Inarganic filler in an
amount Wil £ B ST S e e e Sen R S AL IR
inorganidtfhlecoamnsbtheyacy areaduicd thio prgdicle kites of the §lagspanalelbs! drgeadithg is within a
range of more than 6 m2/cm3 and less than 14 m2/cm3; and wherein the difference between the

thermal SYPERYIBA ShdrcrinsEats: dRignstriaRedveliesLfdfePrdiefrs of hRifther thermal
expansiqnceaiicient e ohBeAast SR SBRIGHE Wil & JA09eALPEhARAG LRESpENIEdn  The

electronic device of the present invention comprises a first glass substrate having a first surface having
a first setiegeatimngka secoealtiegldss e distifdtesHasergig e theufifkrephaicies arereandstaling

' ding to the first sealing 20region and di d so that th d surface | d
ot 2P QR e B B AV o BGR RS Do HHB P GESE SSmeirate and he
second Qigep EHRBYE (@i G eARPBELIRYET MIMtAR B4RIMEHIPBINGATEMhErBFS&&d¥g region of the first

glass substrate and the second sealing region of the second glass substrate to seal the electronic

element [rigTatnevbiceieasedhicRrelder sk that a piacker ibreskagicalt atensde talasisidined by

melio g B dRe s R R

PRIOR ART DOCUMENTS
PATENT DOCUMENTS
Patent Document 1:  JP-A-2006-524419
25 Patent Document 2: JP-A-2008-115057

DISCLOSURE OF INVENTION
TECHNICAL PROBLEM
It is an object of the present invention to provide a glass member provided with a
30 sealing material layer which is capable of preventing a trouble such as cracking or
breakage of glass substrates or a sealing layer even in a case where the distance

between two glass substrates is narrowed; an electronic device employing such a



contains a sealing glass and an inorganic filler containing a laser absorbent; wherein the glass material
for sealing contains the inorganic filler in an amount within a range of from 2 to 44 vial% based on the
total amount of the sealing glass and the inorganic filler, and the surface area of the inorganic filler in

the glass efj INELIS Withi - r ﬂtp@rg 4 m2/cm3;
and whe (i]lgr? %@%@?ﬁ?ﬁ%ﬁﬂmﬁsﬁ%@%ﬁ e%%g?s% (?o%e |C|er}%ﬁgl@%a t%zt? ater%aﬁ éﬁﬁw
sealing laghalsitity tlze the pratesp fmsprodusfigismntinamtiddeasiodevitshe first glass substrate and

the 4 second glass substrate is within the range of from 15 to 70(x10-7/0C).  The process for
producing an electronic device of the present invention comprises preparing a first glass substrate

having adirsit sH@RE RS BRI EhfEliNg region; preparing a second glass substrate having a second
surface having a second 5sealing region corresponding to the first sealing region and provided with a

sealthg materidlHeygasaviregrd dripkoeste d vibsasaalihgrmideriet ayethef $beqd swalingesticon and
de of terial obtained by firi I terial f ling that contai Ij I d

inorgani TP ERR A 1EPS PRUb IS LIS A SRR TRY RS SRS (RIS 2RG TRIITELAR glass

substratqpyutfethimgaaifieonieray layssiBstataoseskanihah i iplafans Madihn qarasd surface

are opposed to each other; and irradiating the sealing material layer with a laser light through the first
glass sulgsatban thessuhigrkestavvatadababtdinatiofitng tealessimgteriabion s@adinthereby to

form a sc—t\ﬁtgpg layer to seal Hﬁe ellectronlc element rqlrtl?ln éJrowqed betW(?en the flrstb%I%%s substrate

and the seconang%{gg &g r&%;%%grgﬁldtﬁg érl]gsrg ma erlaff%?rlglsrggﬁnag ggﬁfa?r?g’%e indrganic filler in

an agnouherlinthdanassantiesnial forkbuiaidpdernamhotidemisighaivaust pf thesnasling wlass and the

inorganic filler, and the surface area of the inorganic filler in the glass material for sealing is within a

range of iABEE P hRle4 ¥aldidasehan iheotshamalniwidhenserlingraleseandiigen the

thermal e I fficl Il ri th ¥ 2ria) Ja : rmal
expansio? ﬁ( Bc%ﬁél?:ﬁﬁl%izé %? gb?egg{rf?r% né? %qegrf.r@{egﬁ%?g%{ﬁ%%@ %é%%%ﬁ%éﬁgju bstrate is
within a reegingfifranthld 4o TOGELOF ARES. thaT Bensiiave Zpie pesintharfinst oldssrsy bsidaieicnsich
"preparin%a second glass substrate” may be carried out in the order as described above, orin a

reversedBroRiTIPIRS MRRYasD dhefsrER SYRaNR0a Seeifidianriife hbematsi Bfinating the

25Tt lgsa PR aniyae SRAGRA diesmarBRBaRiandobmAIng BRnedingsuaitipligyer are

carried out mﬁé#?s order. "The above expression "to " showing a numerical range is used to include
the numaevitisihvaltsrsybeibfeoand Rfte7 0 (8 10</8G3 lower limit value and the upper limit value,
respectively, the same applies heyeinafter in this specification. 30 ADVANTAGEOUS EFFECTS
OF INVENTIORNS SRR P AR STt BESR RIAG ST Bato AL Ho s S PHRSragen

inventiorhétviﬁq%Sﬁ%{est&fa@/ﬁamga% %@q“ﬁ?? (EGeINg QEEsRAKASSLEAIATR R PRNHEROr 2

sealing layer at a time of laser sealing in a case where the distance between two glass substrates is
narrowe$ea&o0oraiithcetie yogsibte condcseatingiegioalicerimepengimhtatee fitglesgrlsigsubstrates

and s relatiiy, snd 0 provde ap lceronie devics havine ot g nesa gl wih ood

electronic element portion provided between the first glass substrate and the second
glass substrate; and a sealing layer which is formed between the first sealing region of
the first glass substrate and the second sealing region of the second glass substrate to
seal the electronic element portion and which has a thickness of less than 7 uym and is

25 made of a material obtained by melting and solidifying a glass material for sealing that
contains a sealing glass and an inorganic filler containing a laser absorbent; wherein
the glass material for sealing contains the inorganic filler in an amount within a range of
from 2 to 44 vol% based on the total amount of the sealing glass and the inorganic filler,
and the surface area of the inorganic filler in the glass material for sealing is within a

30  range of more than 6 m?cm?® and less than 14 m?cm?; and wherein the difference
between the thermal expansion coefficient a4, of the material of the sealing layer and

the thermal expansion coefficient a, of at least one of the first glass substrate and the



Fig. 1 is a cross-sectional view illustrating the construction of an electronic device toaccording to an
embodiment of the present invention.  Figs. 2(a) to 2(d) are cross-sectional views illustrating
production states in the respective steps in the procéss for production of an electronic device

accordin t ' [ iQn. iq. -l iew illustrating a first
alass subeCar LR RE e A o LB B A o i Figs. 22 to
2(d). Fig. 4 is & heopsesestcivalprisav alogatheldiceohid devie 8f thefpgeserst inplartivrew illustrating a
second glass substrate used in the process for production of an electronic device shown in Figs. 2(a)

to 2(d). FIgMEPISELRISORERIGH HIhEIR STopiPRIEAR ARG AHIES S WiRGg. FeMno Rl RSAINY an
example abiBR "B IRUAMNNG WEEAMNE §HA8I ABSHAtChAVHRSS SHESHASUMAdHIARRG SPARDRY

employing a sealing material layer having a thickness of Ieéss than 7 pm, and the laSer processing
temperatseal ihg a6 g p reaqperspane]irgHtD HECRIPI¢ah OregMBarl peMded witoavsdadirgnbodiments

f th ti ti ill be d ibed with ref tod i .Fig. 1 iew illustrating th
constrc TR BT B DENIBGBEARE FhiF 25 NP ok (RS BT (e SBHR TR BRELRS igs. 2(2) to
2(d) are Yé%%ni'&ﬂﬁiﬂﬁ&b%ﬁ@@é@bﬁaﬁ%&&ﬂ%@mmwmﬁt@%Pﬁ)ﬁ%‘é‘[ﬁi@gﬁgﬂhe

30embodiment of the present invention, and Figs. 3 to 6 are views illustrating the structures of first and
second (flastadudsiseeling plassemihandnorgests filepasmiaivngod aselcabemibardyiesimting\n

electronig deyice f-showp, o Fig 4 aqpeitites A ERR.sudi s pn QEhR, L5, ABRRANALED: an
illumination” device employing a light-emifting element such as an OEL elément;or a solar cell such as

a dye-senabizribsalas ¢rit enthmdilisusilicenaselansbeb AL GreIpisOssl etas schasteel; An

electronic device 1 comprises 5 a first glass substrate 2 and a second glass substrate 3. The first and
second Passisapiatng e featingreateratiaver it dalagts B iREdUBBREHYS09I868a lime glass
having a vali C it kali- aal L iGl bout
from 35 S IO DALY S e STas e el 48 T e i R o o
90(x1 O-TH&rp Y typicahgtassativ pegiiiao fwatlikali dleetthiglasermneayt pertioa peswjttsingstaseen
represented by mass%, from 50 to 70% of 5i02, from 1 to 20% of Al203, from 0 to 15% of B203, from

0 to 30940¢ H§OIIRSTH RSIERI% TS, Ir5NE DA R rBtany iR the Wassnierialiara

typical glassFRRARLIAL RE SRSRAME BRSPS PAMBRRSSHERIRRIESENGE BYBASS A, AN g1,to 75% of
5i02, from 0.5 {0 10% of Al203, from 2 to 10% of CaO, from 0 to 10% of SrO, from 151 to 10% of Na20

and fromb@sed 0% tbEKatal ldowewt oftitiey sealing Gragedtal shelhregamieéller, Bedvibesarfaotace 2a
a surface 3a of the se

f the first gl bstrate 2.an dal bstrate 3 thereto,
Clocton BEB LR B L s s BB AR ed FROSRLHSTE ermment
portion 4yfar @XRMERIA? 4R hassantakl1 2l aPemiin gasert ML S S EAE WaIRRIGN R Plasma

emission element in a case of PDP, a liquid crystal display element in a case of LCD, and a solar cell

element thervad expantieceheffiriasibotrorfthaenaiatipbed dhessealing adtgricd daiyen@edttthent such

cleffont IS ARy T b OB R t, 2 EAh BLC AL TSLVBR SUTREIe A Bimbodiment
is not Iin@@m slenpH Rt GENRRIN REr SIRFET BN MR PO[K90F-C). In the electronic device 1

shown in Fig. 1, the first glass substrate 2 constitutes a glass substrate for an element, and an element
structure of e.d.habeveelpraeafioe 2 Hirsd @repawistiaimands RieeasHEAIERIEATLAIESStion 4 on a

e O Y 0 RSB e P R SRUR A SHRln g
constructe thefytheagleetrsinialteeetidlyscantidondad ithpeetileh.or Exarspisaygbentttiaminating the
25 first glass substrate and the second glass substrate” and “irradiating the sealing
material layer” are carried out in this order.
The above expression “ to ” showing a numerical range is used to include the
numerical values before and after “ to ” as the lower limit value and the upper limit
value, respectively, and the same applies hereinafter in this specification.
30
ADVANTAGEOUS EFFECTS OF INVENTION

By the glass member provided with a sealing material layer, an electronic device



7 electronic element portion 4 is e.g. a liquid crystal display element or a solar cell element, element
films such as wire films or electrode films forming element structures are formed on surfaces 2a and
3a of the first and second glass substrates 2 and 3. Fhe element films constituting the electronic

element [N t ims r 0 the
curiaces D R D S O e B AR s
substratét 2stp dssibieployard enpeoioohmnuidhaslecicting deviceakage sfiglassnshigstrdtendrda a first
sealing region 6 is provided along the entire or .substantiagl\lég entire outer periphery of an element

region 5 IPAKIEHAYMSLRURSHRT kIR BaBPHYICrRTRFISIBIRG) ReHIGE8 WRHIFRR so as
1o surrounghiE-REMERLFRAIIYD- QG&BF‘dﬁHﬁ%ﬁ?i§%8§§mé?&9¥&£§§%ﬁé‘Q@éﬂ%%@%éﬁ&wn in Figs.

5 and 6, a second sealing region 7 corresponding to the first sealing region 6 is provided. The first and
secdnd sesiliveeretieng@sarslFshedemand dionslifaifitynangd thepsevtiegpla e ¢thensedenitsealing

region 7 pecomes a region for formi oa sealing material la ? e, also on the surface 3a of the
second %@&Tﬂgﬁa@ﬁi’ﬁaﬂee?érﬂ@ﬁ?é@%ﬁ&%ﬁﬁ@%?&ﬁﬁ@ﬁgg ‘ffEélﬁé‘;lse requires. The first glass
substrate 2 and the second glass substrate 3 are disposed with a predetermined gap so that the
surface 2a having the element region 5 and the first sealing region 6 is opposed to the surface 3a

having tHRRI&do RIESEARHG Kb OF. DRAVENGS between the first glass substrate 2 and the second

glass substrate 3 is sealed by a sealing layer 8 Namely, the sealing layer 8 is formed between the
ceaiing region 01 118 1 OTE R R e I LA SRR Rl S S e e 5

ovefothe gogisednedipbery einthediisd ol a3 bebsdatdrveshtiod second glass substrate 3 so as to seal
the electronic element portion 4. The electronic element portion 4 is 25hermetically sealed by a glass

panel co_nstitul’é@%y?ﬂ?é ¥ﬁ§_(ﬁll)a§§es@l§§c$a$602i§tﬁ@| é’é%‘dﬁd'|§§i§§t%§fﬁﬁé§i9ﬂ&%%é’aﬁh@ layer 8.
The sealpggé%%ﬁ(,g QJWWSFSCESQI% 1‘85%?8800%8%#5@ é@%?r%{%ﬁd’%%% I%%oiﬁb%??“em as

the electronic element portion 4, partia pace remains between and the

second giasiscaiisigatitth 8. preskn ispe@etionay remain as it is or the space may be filled with e.g. a
transparent resin. The transparent resin may be bonded to the glass substrates 2 and 3 or it may be
simply in contddBwitstRePRAsY R\ LSadinaAdrst BlagsstuRsHagdeseddndpRIRIRFess. Riiquid crystal
display Slemanipi-aofuhr SRSHERE SeRECThalrmEN: 3s pRleesppjc element portion 4. the
electronic element portion 4 may be disposed in the entire gap between the first glass substrate 2 and
the second gldsig sdbsteateo3sTderseaihyitayal@ 3 tinadeofa/mielEigodded layer formed by melting

th ling Smaterial | 9 f th li jon 7 of th d bstrate 3 by |
gt 1o bond 1D S TIOR8 A L L R R KR b OSBRI e 7 o

the secopg,giastorEFHAEISHRIRFceIBRIe¥ah&NPIRGGHOD @) taexpisctronic device 1, a frame-shaped

(i.e. frame-form) sealing material layer 9 is formed along the entire or substantially entire periphery of
the second gldsig stlisteatsos3 secthoaiviawiglorg dhe e Ae’staliigy Material layer 9 formed in the

li [ - of th dal b 3 It-b d li ion 6 of the fi I
SCthote 2 by Hial O SAP NG ISP YO & SCA SOy e Eh e (LA L posing.

space) bgtyiaes updnsitelanasisnatiaiesdad BicesRpRIVihglasscalipRf@igterial layer having a
thickness of less than 7 ym, and the laser processing temperature (heating

temperature).

25 DESCRIPTION OF EMBODIMENTS
Now, the embodiments of the present invention will be described with reference
to drawings. Fig. 1 is a view illustrating the construction of an electronic device
according to an embodiment of the present invention, Figs. 2(a) to 2(d) are views
illustrating the process for production of an electronic device according to the
30 embodiment of the present invention, and Figs. 3 to 6 are views illustrating the
structures of first and second glass substrates to be used in the process for production

of an electronic device.



15The sealing material layer 9 is a layer formed by firing a layer of the glass material for sealing and is
made of a material having the glass material for sealing fired. The glass material for sealing contains a
sealing glass and a laser absorbent and may furthe®contain a low-expansion filler as the case
requires. Herei ' sorbent i i f% eperally
efermed o as MDA B B e O et nd
may furthii BpatRiD R deve-exnsoiditen atohelevise mopimsng artiyht-tmigingsepaternakimhsealing
may further contain other additives, as the case requires. The glass material for sealing contains a

sealing fREs3TaRlFbiPIRBIGAhieASOAHCRILSERAS e POfEr e BRIGES s IO BT HGRBS.
Such othes|apdily 83 SayrRsJIREaais cotRERRB6INaY thedRsaE BRSRID BRI AR the iprgygansion

filler. However, as mentioned hereinafter, such other additives exclude components which disappear
at the tinsefosfiglagsisubstprtsranadve seoonithglabsepsénatierded Jdwdificsttass sesendigtasbent and

low- ion fill , tively, be i d i ticle f , and th li |
AT SR e e R R ER T
absorbemt RIS ERYSRRbIAEISHRSERSINAS AllaaRfRBSERRN R NS s mgignsion filler

particles or low-expansion filler powder may sirpply be referred to as a low-expansion filler. 9  For
the sealingefficiert.of gleast fitonmfa@Scicadtiire! low Gheltiby pailimgl aassuichsaa threpiekpkpangians,

oroperty (TSN Breny e B0 Gl es 2 B AN Rm GG BT AT e
hergeticgleatng e RME/ sSApAsMadaiiesp tbsanfbEpgen Y, AN BoaTent aidig human

body, it is preferred to use sealing glass com risin%;aismuth glass or tin-phosphate glass. The bismuth

glass (gI&8Mrt)preRSkapiydaa tomdIRiAAdh B, Eamdbiasitieatyatsiom foin 30%o 90
e e A A a0 SR SO AT AN o ahe, Brdrehd & e ase e . e o

content wil IS'a component to form a glass n e content of Bi203 is

less tharcéthpesition foeswafteing gleiss ebinericesmadting gissatedl he igds W heoeh b 5aalingat low
temperature will be difficult. If the content of Bi203 exceeds 90 mass%, the glass will hardly be vitrified

and in aditR2tHEMePmCekPénSid« BerfRAt ARG 198 tRhiRM EZRA KadoriBof@ib to lower
the fhermal LXBINSON L2 LGP LA 6‘?0"*6%!‘??%%9.”@%%@89%& SRSt hepig dignglass wil

hardly be vitrified. If the ‘content of ZnO excee mass%, the stability at the time of formation of the
low meltiexagigdeswill be decreased, and devitrification is likely to occur. B203 is a component to form

a glass skeletgn and to broaden a range within which the glass can he vitrified. 20If content of
3503 s less R FRARRURREG AU RS TSI A S PP SIRCE RALIDE the softening

point willd3e.tpp g KBraP SeRlpE CSJaMHERRE AR M AR WHSRIH YRR A JoaddsrapRjied at the

time of the sealing.  The glass formed by the above three components has a low glass transition

point andadhkeieieniragia devibeymistorevidedw iEhspelentianiasdement nasticirfafoopianapies
component suct@ég?% Ce02, Si02, %@ ,Hiﬂo()rBOEQZIfB }I’a 05, Gai03 Sb203, ll_i20, Na20, K20,
cs28, cAB° S Je0 R PBGs SPE Rt i ks 695 1982 PSR E TR of the
optional epsARsHtEAtS el dTIGID NG GLARE W8] Winshrd)eswheialy desdsdiertiaTDnan®ecssid the
glass transition point or the softening point may be increased. Thus, the total content of the optional
componéifih element in a case of solar cell.  The electronic element portion 4 having a light-
emitting element such as a liquid crystal display element, a plasma-emitting element or
an OEL element, or a solar cell element etc., has any one of various known structures.
25 The electronic device 1 of this embodiment is not limited to the element structure of the
electronic element portion 4.
In the electronic device 1 shown in Fig. 1, the first glass substrate 2 constitutes a
glass substrate for an element, and an element structure of e.g. an OEL element or a
PDP element is formed as an electronic element portion 4 on a surface of the substrate.
30 The second glass substrate 3 constitutes a glass substrate for sealing the electronic

element portion 4 formed on the surface of the first glass substrate 2. However, the

construction of the electronic device 1 is not limited thereto. For example, when the



30is preferably at most 30 mass%. In this case, the glass composition is adjusted so that the total
amount of the basic components and the optional components basically becomes 100 mass%. 10
The tin-phosphate glass (glass frit) preferably has atomposition comprising, as represented by mac/0,

rom 20 @ BAAEASIN OO 2 05 a0LSZ A9 LipdA agtpagp casialy

the total amount wi nO is'a component to m he glass have a low melting point. If
the contesienfebinlisress Sithans2@maduitbdivircosityeatgldsSilmis herivgly atehtenisstaliotures
temperature will be too high, and if the content exceeds 68 mass%, the glass will nat be vitrified.

Sn02 is AGIMPPRERACEHEABIRRAARRD Paef LRI GNEMEERN SaFR ARG SRO2will be
separateghand) BrECIRIFRI IR SHARSSHLP ORL ABRICARATEAL RsitRS Lt hfSaRING ARG aLRMe aNd

the fluidity will be impaired and the sealing operation 10property will be decreased. If the content of
Sn03 extesds Dmslih 8in02 dsdiketntdprecpieast onecofibie slifiedesvdactidBglassh@ oS is a
componentaso form @ﬂ@? S els%on. f the content of P205 is less than 20 mol%, the glass will not be
vitrified, A4 PEHE" Se€40 Tholo, deterioration of the weather resistance which is a

drawback Speeifi¢ fiRRERR B BRISINRY ASEE dierRetDa s MR PP R A0EHSAAS in the

glass frit can be determined as follows. First, the glass frit (low-melting glass powder) is subjected to

acid decthepelsitivanierderiea fhasoshioarndarftios Shandms adiisiisealimotreditass feitieomdadured by

ICP emission spectroscopy. Then, the amount of Sn2+ (S O&/c be obtained by the iodometric
tiration AiSPa e an e oY sLBSRAbARBRE Sl peRReR R GRS el S R

subfpactifgetbrRalore AkaRed poraontiofShredfromibeitataeamay régibthe BpatemedTdeagass

formed bg}the above three components has a low glass transition point and is suitable as a sealing

material £ QAP dPRe@Iement rasify Gont&in &g SEGHH SRR RFrerfoNdIalassIRIBEARIGh as

5i02,ac t. il g I!'&' 2-3-53 ---3 -2-8 2.2 -2 -2 -
-2-25 S%E]SQ%%nﬁgﬁ%I%%M%E’%ﬁ n ma}ﬁﬂgl ?neg\&nlgn% grgeﬂ%@déggfo&g gr aS(%aa!tlg %n
optional eegigeBastpriaidexkr, IT ecficonient o chad ptiaha cegipas@hisdt@okighmitd ecgliass will be
unstable, whereby devitrification may occur, or the glass transition point or the softening point may be

increasetP RIRIMGGAFEYRR RS tHEDBEGRAFHTAIBASREIAS ArERGABIFHAFRAPIIThHKTIRShis
casty SVAeAlRy rﬁ%‘i@ﬂ%?i@?&rj? AU LR BRUHESSIRIGT NG IR CARE PRt the

optional components basically becomes 100 mac/0. The glass material for sealing contains an
inorganicfikker elemaininggidaseryl beapsovined as dhe lcasexpgusEs filler. However, since it is possible

to obtain the fupctig ' ic filler by the | ber alone, the low-¢ ion filler i
optional compREVERA A4S DGR SHN IR AGPATH ABCe-SUry B coRTANRPORSS e
absorbeﬁr@d@%%ﬁﬁ@&@&&@W%ﬁh@éﬂﬁé@@@ﬁ%W@&iﬂ%"éil@hlé?ﬁrrggmrf@ﬁr%ﬁ%@%r'%‘late”m layer

9 formed by firing the glass material for sealing. Thus, the glass material for sealing contains besides
the sealisgallagsegior& isteepbentdds e surface 3a having the second sealing region 7.

20 The gap between the first glass substrate 2 and the second glass substrate 3 is sealed
by a sealing layer 8. Namely, the sealing layer 8 is formed between the sealing region
6 of the first glass substrate 2 and the sealing region 7 of the second glass substrate 3
over the entire periphery of the first glass substrate 2 and the second glass substrate 3
so as to seal the electronic element portion 4. The electronic element portion 4 is

25 hermetically sealed by a glass panel constituted by the first glass substrate 2, the
second glass substrate 3 and the sealing layer 8. The sealing layer 8 has a thickness
T of less than 7 um.

In a case of applying e.g. an OEL element as the electronic element portion 4,

partially, a space remains between the first glass substrate 2 and the second glass

30 substrate 3. Such a space may remain as it is or the space may be filled with e.g. a
transparent resin. The transparent resin may be bonded to the glass substrates 2 and

3 or it may be simply in contact with the glass substrates 2 and 3. Further, in a case



essential component and may further contain a low-expansion filler as an optional component. As the
laser absorbent, at least one metal selected from the group consisting of 10 Fe, Cr, Mn, Co, Ni and
Cu, or at least one member selected from metal corBpounds such as oxides containing such metals,

may be einplgyGthd el h‘%%i&?ﬁc{%?%%ﬁ%&%@é%ﬂ%rpégg‘g%%é’ﬁ@ﬁf A HgsEe [UEXRIRPIE, an

oxide of vanadium speEcifica e low-expansion filler, at least one member
selected dothesitilett@lniniakrdatrportisnzrciviad wie siloaie efumeinpo tiian ten aydelispodiedite,
eucryptite, spondumene, a zirconium phosphate compound, quartz solid solution, soda lime glass and

borosilicHiltfa8RlITE SRAREGHNPEMIG HS Alassssrbshiion? L HiRe conthalass, 2hsiEpesy,
NaZr2(PO4)3, ¢y %(epa%é%a(}é}oé%‘%B&E&M%%Qﬁéédﬁ_é@@?’%}%@ﬂ? memﬁgm%sﬁngoound

of them may, for example, bé mentioned. 20The low-expansion filler is one’having a therma
expansianaiseidicieye té&hier et ohdhef shalsephegigtaénf therseogiad glastssidvstasedling may

oy L R el S e Rl R R R I i
absorbenkang Hia 2 RSP Bleh QS RUBSIHAY 3t R0 RRFSHSATHED IRERIRRIAtSFSUCh

another filler. Hereinafter, the inorganic filler means the laser absorbent as an essential component
and the |bw-elgeirenin divicas! an bpnoeshanagdhentramea-fognheeqlinotinaiesizhiryer Sésinorganic
filer means faerauachiotarsmount of (e sty absorbent and ins lpw-cxpansiandller upless
otherwise specme8. Yo TREthiCk TS 16T e é’eaﬁn'g rﬁa{e'!?la‘?rlgyer i HET? pm or farther

preferably as kieshv MFigRreeie farpretResifpirritdiatiigs OHertisianceneesaarpngtirediost glass
substrate 2 and the second glass substrate 3) after sealing. 12 Although the thickness T of the sealing

material %%ﬁ@oﬁf&m%gi&ﬁ&h‘W%ﬁj@tlﬁ@@fttﬁ@@@&ﬂ@rﬁﬁ%éﬁﬁi@g,rﬁgéoﬁr_ﬁc_(ﬁfcﬁlﬁ/fb'ﬁiferably at
least 1 pgl)aﬂL% U tF?tgoﬂTbgﬁ%Q{'BgIgéaetgﬁ'gﬁggﬁcﬂr?e }@%ﬁH@S%éWi'ﬁ i“g?ér § IsIargd to

miniaturi e particle size of the laser a or the fow-expansion as the inorganic filler.
5Specificsplycdt (sloarassaizpiosmgleptive mtivaen trartickt sizeobthssirategariadiire padiotes to be
less than the thickness T of the sealing material layer 9. In conventional fillers, along with
miniaturi AR BRPEAIRImum particle size, all inorganic filler particles tend to be miniaturized.

Furjier, convepfignal glassaatatinls foF 852lingsapainaaalitinely aras amauRL ¢asiow-expansion

filler in order to reduce 10the dlfferenge in the thermal expansion coefficient from the glass substrates
2 and 3. materaldhrasghlsygraattisahiad sezfla gnedett hivay i gelladi\gias argetariad dot séalilogvfieegansion

inoreased HebLE i e 18 R SEOIOUS. e RIg GO A ek PSP G AN BB eases
acoorcinglrg USRS SARIGRAIRSI Ml SRAURGJIAGA - Ay, idasickah it s, or

example, necessary to increase the power of laser light to raise the processing temperature (heating

temperat@ssr Blesesbent\andropiopaddewstpansiperfitiercany gereihtrefeaisddocagaking or breakage
e B T A R AR hHOP AU YR Bl S ABSNE R Ry ment f
further contain a low-expansion filler as the case requires. Further, the glass material
for sealing may further contain other additives, as the case requires. The glass
material for sealing contains a sealing glass and an inorganic filler and may further
contain other additives, as the case requires. Such other additives may be inorganic
25 fillers other than the laser absorbent and the low-expansion filler. However, as
mentioned hereinafter, such other additives exclude components which disappear at
the time of firing. In the present invention, the above-mentioned sealing glass, laser
absorbent and low-expansion filler may, respectively, be in a powder form or in a
particle form, and the sealing glass powder may simply be referred to as a sealing
30 glass, and the laser absorbent particles or laser absorbent powder may simply be

referred to as a laser absorbent. Further, the low-expansion filler particles or low-

expansion filler powder may simply be referred to as a low-expansion filler.



20expansion filler to be incorporated to the glass material for sealing is reduced. Specifically, the total
content of the low-expansion filler and the laser absorbent in the glass material for sealing is set to be
within the range of from 2 to 44 vork. When the content of the low-expansion filler in the glass material

for sealingisr , i .het i fiC| '
matenal for 25 ol S e A e dob il o e P e S s
increasefingghosghetthgtazal, dpansioglaite rencadhatwiiesdive kealigtassteapldayesed comprising a

fired glass material for sealing and the glass substrates 2 and 3 is considered to be the main cause of

cracking DM IR oF RS IfRiiRks ReRlin g RIRPe Y @ENSSIRR R1aPerty) iRdeMRsRional glass
mate“a'%[%s?%ﬂlé%%%@a%eﬂéﬁ%{ﬁmﬁﬁm&ﬁ@}%lﬂ@bﬂftﬁé%‘ﬁéﬂﬂaﬁm Eg%'iiﬁﬁ BRSSEReH above.

Hereinafter the fired glass material for séaling being a material constituting the sealing material layer 9

may5alscabe isfedditian,sinepinfae thre s ealinghaatexi@brirhentl 8ritdéhaduarparisioy, dbifficient all of the
li terial Iso be referred t the th I i efficient all of t l terial

aer. . PEREGER U BB A9 106 56 FmE T S M AR AR e AR HEP Sonstiing the

sealing materigiHayas (e gised ERsssMRHIRIEPEBRAAG)a Jothibbs RidsHedhnBraxgy, fasmed by

melting and then cooling to solidify the sealing material layer 9. Even if the constituting material of the

sealing mmﬁaemslérta/imaﬁ_a%pfw@um@ t&@m%qde&éaiﬁgqrmé tsbﬁ@tima@"_/mﬁeﬁ@of the
sealing ayel B0 e consllitng malsiinl LS Seplb g MpLab NGl arsdiphsiderp) o be

substantially not changed as mater rdingly; the thermal expansion” coettic al2 of the

10censtiwtiay majestrhpbimsaafoglaygra{iretherriaterineobiaiieed SyBREYNY lasd gaiiiong the
sealing material) is equal to the thermal expansion coefficient an of the above-described sealing

material. MassrackiySefteriagRpiniahthglley nigldnaassandl B nigl. yharePmyening atlaser
i . . . : "
seaiing jl 0 {ér%;é?%]ﬂ@mfyb@'&fﬁ%ﬁ' ualﬁ}tés@ﬁér’]ﬂfhggﬁgﬁﬁa§8§3&'§’§6aﬁ?ags%5/g ﬂ@ﬁ%@tme ting

and solidification e sealing material layer expansion coefficient a he
sealing maliehialdly lbegeitrified thelthresuditiexpansithenvellicxpainabaf dbeflitiesttehsiksatebe tand 3, the
shrinkage of the sealing material layer 9 is larger than the shrinkage of the glass substrates 2 and 3 in
the Iaser@@ﬁling step (heating and cooling step), and a strong compressive stress (residual stress) is

20 farmed n e @ass UhBIRTR 816 er e 1iEal SYBSRARIREHInINC Alae beirpiER2 and

is represented by the following formula. a=a AT E/(1-v)(1) In ove formula (1), a is the
differencedmeenteh Zn©trelesal tbapah sias st fiiwayiban vilthaaipdigutitrdietate tifah@ealmgnnaterial)

fth ' terial 25 9 and the thermal i fficient a2 of the gl bstrates 2 ad
3. AT o DA AUEREAS ARG Lot ECPVREUNASL LT G £ I b Bt LIRS rom the
melting tgaRe Rl (RERTESSEY, ISRaRssa e iIdhesShalipadnaienal layeh Sidoaenpiern spet

temperature) divided by cooling time, E is Young's modulus of the sealing material or the glass
substratdermam@lasarskeleian Roiddorbsaadien Ia eangsanithissvihBi dbalglgssines e \Gubiag-time

e S RS R B B s v
exceeds 12 mass%, the softening point will be too high, whereby sealing at low
temperature will be difficult even if a load is applied at the time of the sealing.

The glass formed by the above three components has a low glass transition point
and is suitable as a sealing material at low temperature, and it may contain an optional
25 component such as Al,O3, CeO,, SiO,, Ag20, MoO3, Nb,O3, Ta,0s, Gax0s3, Sb,0s3,
Li2O, Naz0, K0, Cs,0, CaO, SrO, BaO, WO3, P,0s or SnOx (wherein x is 1 or 2).
However, if the content of the optional components is too high, the glass will be
unstable, whereby devitrification may occur, or the glass transition point or the
softening point may be increased. Thus, the total content of the optional components
30 is preferably at most 30 mass%. In this case, the glass composition is adjusted so
that the total amount of the basic components and the optional components basically

becomes 100 mass%.



14  In conventional glass materials for sealing, a method of reducing the residual stress by reducing
a in formula (1) of the material at the time of laser sealing or after laser sealing, has been mainly
employed. With respect to such a point, it has become clear that when the thickness T of the sealing
material layer § s, redt I Q f dfuhenio be LR HﬂyEH %the
value of AT incre%ses%h%%@%mﬁ%%%é f%a%s%r rf)?ggéses}iﬁg en%%eﬁuﬂ&%%ee%n??e pegr[}a%ﬁr% is

increaseceioreésee@scinenitiiditfrofii2® se @t enoigtastab g rease Mbthe Seatldaloft8red cdpeicomes
significant. Fi% 7 shows an example of the relation between the strain amount of glass 10 substrates

and the 15987 BRI 48 mBampERerd pAs Gy TP ARt R TAHR AYithReih0 SPRI% l-s@T‘ngjstr?e glass
substrates, (GRG0 Inb KAt AGHRIEXRATSIAN FR&TFFIGISIAL: SPHAdURtamLESLfadhin

sealing material layer 9 (thickness: 4 pm, thermal expansion coefficient all: 82x10-7/0C). As evident
fromeFig tTaith2lstmailvarteunisobdtity giogassivatt e higbreaddbekeg]ingtteanpseadti th eMididee

processing temperatyre, 15which indicates that the resjdyal stress in the glass. sybstrates is increased
by the 120 B e TR SRINE  EHEBEHRL AP ER ee A AH O e Biknoss T of the

sealing mate”@r@_éﬁ"s%‘%dﬁ%%b?o?s’iébiﬁz%s Ragthap tﬁé’@brﬁ'éﬁ?thrﬂ@EJi%ﬂégsofHBﬁ @_tglnkage
amount of the sealing material layer 9 is reduced, the stress due to the difference in the shrinkage
amount (helfnabaihaniide dieeasatas) dedwrresinitatzoigiss Japstraiienedang aalietkaddbéng
material arxercg ecomes small as.com ac{(%ﬁi v¥ithPatcas t\gvhere the glm '@'ﬁknesslT of the sealing
material 5y8r 1SgnicR g ?Rﬁga\}v TS ANNT Sehhin Vrﬂate%émg%?e gvingeastef'nal‘c'fgﬁe%% o iess than

7 P is eFRGhRYBOWilliBEngsersarataANI{eHRUBHIESSt FISP OF BLclses Brafnss Bhiepeiasiy edthan
reduction of the thermal expansion difference between the sealing 25material layer 9 and the glass
substrate¥ ciitRte inHke Meakisldhblnmeeling 61ags o [afsritha rBPPRGEELSIfiRfte A Siaakure, the

| hieidrlomR o kit re.
giass maTEA AT e EoLLE B L AR I T o 1 o IR S R g

material gnigfiigircedntoniteke bydbd ma¥padstiondibdohufdlse Wgdtielasisi@absoubéti.isar this
reason, the total content of the low-expansion filler and the laser absorbent in the glass material for

sealing iSEVRaSE NGRS WAPRIRONGIR AIBRS (BYRY Q5%ént of the low-expansion filler and the laser
absgybent is a;mastdd MafKs ifiso35) %??ieﬁrgeatﬁoogm 'ihetl?é'f%%tﬁ *ﬁW@JWSé%@?ﬁﬁrﬁ’éﬂ%smg

temperature (heating temperature). ~ W the total content of ow-expansion filler and the laser
absorberibi®vesiucEntsthih ehglasal feik flamsioe ifig glase petvdeshitheubdaditegl oasmidl layer 9 and 5the

(ow-oxpeARSEHIRS 1 APAATRE 1oAY BT AR or b B A B R SRR e

possible {odauRetNByaess BHARBRSINGpERTRRISHE (TeRINGHETRRIAHIS) SHia(Endircapaley material

can be well fluidized at a relatively low laser processing temperature, and accordingly, residual stress

in the 10gkisinegbieyrthesodameliguiirajidreatiss the anid decotpesitivacantiblys fhe posyibik to
suppress cracking or.breakage of the glass substrates 2 and 3 or the sealing layer.8, . The laser
oo L3N aIHERD B SHAURG Got et cb Shig aet P S S B brereray
within thenangaldHeunldptde veradrased on the 15glass material for sealing. When the content of
the laser absorbent is less than 2 vor/o, it may not be possible to sufficiently melt the sealing material

layer 9 at a timENSf ey fREORAiION. tRigPANG LR GIBPPRLRIR QO R few @lassHERSIHIARPeBHtent of
e A0 AR AP UARABE L F400 i seond
component to form a glass skeleton such as SiO,, a component to stabilize the glass
25 such as Zn0O, B,03, Al,03, WO3, MoOs, Nb,Os, TiOz, ZrO,, Li20O, Naz0, K20, Cs,0,
MgO, CaO, SrO or BaO as an optional component. However, if the content of the
optional component is too high, the glass will be unstable, whereby devitrification may
occur, or the glass transition point or the softening point may be increased. Thus, the
total content of the optional components is preferably at most 30 mol%. In this case,
30 the glass composition is adjusted so that the total amount of the basic components and

the optional components basically becomes 100 mol%.

The glass material for sealing contains an inorganic filler containing a laser



20cracking in the second glass substrate 2, or fluidity of the molten glass material for sealing may be
deteriorated to deteriorate the bonding property with the first glass substrate 2. In a case where the
thickness T of the sealing material layer 9 is as thintds less than 7 pm, the function of the inorganic
e can SEBARERL I e st ainar oM AN A d A AR RPsLafiadent ey be
incorporated up to vor/o based on the glass material for sealing. e low-expansion filler is
preferablynotidai raadsho ireshgesid &l keby thexpsasabs difiererioadyetvecientbemaaiog fileteisahtayer 9
and the glass substrates 2 and 3, but when the Iqw-eg@el}nsion filler has a particle size applicable to a

thin seal MRHPRRLAAMRRECS HRRNGhES NG TRNFiIoR BILr MY PRhIaFRSSEHIX RS CRARSSly reduced
since 30thedquseXRBASINR MR ARAYRERRRICBHSRER] IBVRERGHT S MMIRIB AR Y draght

processing. For this reason, the content of the low-expansion filler’is preferably at most 40 vor/o based
on the gltes seataiphfateseadllagetfAioroveddry Gfitietlmgldss enptersdfofilteatingee BB vk, a rise
of the laser processing femperature is unavoidable. The content of the low-expansion filler is
oractcal NI LRSI B AP T SRS BIER 52l NS4SR 56T ZODRRSEPIAR, the
glass maé%@éhf%l%%ﬂiﬁ@ﬁ@ﬁym_ﬂwmﬁbf CORRIN @%Wyé)@dméwlﬂlfﬂlreéém&@éps- 5Since

the sealing material of this embodiment has a reduced content of the low- expansion filler, the

differencedsepesentthe thermal expansion coefficient all of the sealing material layer 9 or the thermal
expansion coefficient 012 of the sealing, layer, 8 and the thermal ansion coefficient 02. of the glass
Subatrates 2 a1 T8 Rrok a0 B S e R ot DS e SRk Y mateora

layat 9 oF é0the pRal0e, |aNed @ teaglrsssuhstrtenbepBdISdewfimthttanesned diamstS to
70(x10-71C). In other words, when the thermal expansion difference is within the range of from 15 to
70(x1 0-PYCh, ASHWIesvRNRIRIBGR G B BRMRAGMRIRKaAsioh uMiaetothe 188e6r zero to

maintain id) Ing.k [l I the Jaser Ssi ratur. ting
tormporal il Lo 19 e AR L LD S e s SRS T EAar
substratgspealiidap\Mde ¥&aliog\Vadey) 8. Here, the thermal expansion coefficient an of the sealing
material layer 9, the thermal expansign coefficient 012 of the sealing layer 8 and the thermal

expansion coeffRi8t oy sripRGiessiighsabledss ane MemPeiseleHied neusiFasmlyRipash-rod 20

pqdhersal xR ROR A UL AR IRIReARRE! A ddRRdRIPEIRIyisfenge for measuring

the thermal expansion coefficients a, 012 and 02 is from 50 to 250C. Further, the thermal expansion
differencefuetdizarribe sealiogioratphablayaiccanththendlapsastibstidesofutiod, 3cxda ialaeg(é8%1-02)

or (02-011)), obtained by subtracting the smaller value from the larger value of the coefficients, and the
arge. 253N BORRISA eSS B HEFALL) STRIRIGH cobf RS ¢ LBl TePOSaE Miatoral layer o

and the (BgrpRhARAERONPRSIING PO, IagiPeLhsiiEsA PO MAKEREOY Ielation. The

same applies to the thermal expansion difference between the sealing layer 8 and the glass substrates
2 and 3. EufiiVér; HE Qntoiecoaniolex, chanpreumnshpelpemsioaycdeffiemue2les tentienied layer 8 is

et oA T L Lo Ao 5 5 T e e A P babeion.
coefficieny 3e stahaserling layer 8. 17
The glass material for sealing may contain another inorganic filler (for example,
an inorganic filler having a thermal expansion coefficient equivalent or higher than the
thermal expansion coefficient of the sealing glass) besides the laser absorbent and the
25 low-expansion filler. However, usually, it is not necessary to incorporate such another
filler. Hereinafter, the inorganic filler means the laser absorbent as an essential
component and the low-expansion filler as an optional component, and e.g. the
quantitative ratio of the inorganic filler means the ratio of total amount of the laser
absorbent and the low-expansion filler, unless otherwise specified.
30 The thickness T of the sealing material layer 9 is less than 7 um or further
preferably at most 6 uym in order to narrow the substrate distance (the distance

between the first glass substrate 2 and the second glass substrate 3) after sealing.



When the thermal expansion difference between the sealing material and the glass substrates 2 and 3
is less than 15x1071C, the sealing material contains a relatively large amount of the low-expansion
filler, and a rise of the above-mentioned laser procetsing temperature is unavoidable. If the thermal

expansioniUSChrfiTekiEes 119 el mAHa AN dap dassaubtales Gapd fexoeeds

70x10- e Influence of the laser processing temperature, an influence of the ditference in the

shrinkagefahwelddirinieatethesgladisis phatticety?prefebhddahie ssalingrmateriatday¢o $opecames
large, whereby the cracking or breakage of the glass substrates 2 and 3 or the sealing layer 8 tends to

occur evERatfieMAEr Bl RSN THAR FBiFkRKRFErdY'S reatRd ihBHRLUiZE G expansion
differencg hepeen s $6819%MatRh Ve AR AR RUPRAER 2R Grianitindhe range of

at most 70x10-7/0C, it is possible to reduce the content of the low-expansion fillef in the sealing
matérial. Jpetifeca iy ehitnre cassamht erthicestied i npristeniap adittk rsszecobteskmagsioia filler, 15 when

the th I ' Iff t th ' terial | 9 and the gl bstrates 2 and
3 o ot BB HORTOOTOCCR S FILA 5 P ok e D BEUTEARARb ME Of 1 giase subevates 2
and 3 or foR RENIGEPHRSTS; HI%PWM%H’ﬁ%hﬂi%ﬁ@ﬁ'm%%wtﬁmiaéaﬁﬁé?Qﬁorbent as an

inorganic filler, and the content of the low-expansion filler may be zero. For this reason, it is sufficient
that the 20068 rioriken festittas Emuddms qaimiatikzpds tHeudhes gemeotidiet glagsinaatesals
absorbe% }nsteh : rglassn aalg]eéiar!a g{. sglalilng ig aFnlgasrt % fv{ij‘o g)/o pein% tge lr?WFerr“Flnict)rOf tth cfgratent of the
laser absorbeht, 9 ?—?ere,' IPora@rtS Pedlics Mo Ars Erd e %Xeosﬂrllrﬂ(ade ar'nour% etneen the glass
subgiratere @fferdisidithe senbag anatasi dane cOatidhent merp tirsgraseadings 2o dacotbed sl

expansion difference between the sealing material and the glass substrates 2 and 3 is preferably at

most 60x107160, sHshepERsRBIRiarialder sselipgrontaining e selpbiely frrdeRMAETI8ES keaerial for
g | | : SXED IO e :
seaing p&%@%’@{ncﬂh%?.'fﬁsaﬂ?ﬁéogﬁv ﬁ?@g%@b‘%@l dlRLey mméﬂﬁé%gﬁ%r%ggﬁgﬁiﬁ&ﬁf'cl%‘)&?e\é’@%t ©

sealing ma ayer 9 is one produce ng a glass m g containing t Olaser

absorbendwithipahsioanieoffcosaseothe giniicerardacds texpibesiaibbiVer, wighiluidieyrahtreeof from 1
to 40 vork, it is possible to lower the laser processing temperature while reducingi the difference in the

shrinkag8l 2Rt BeANSS S A gbdeCrRRSEBSFARISIING 3 AIAREISERRIGHRAERS MBS Eht the
IMaept 198 SBERNIhAVING LRIV LIRS 6y BRIEMURET R 17 SR RBEENART Siehandly.

The fluidity of ealing material andthe laser pfocessing temperature to be set'according to the
fluidity, atteeipfwvesrcetlaset ol by treéseotite rotdssimp tgampe filters (lasatiradp sontyeertcdunc pr
low-expansion filler) in the sealing material but also by the particle shape of the inorganic filler. As
describel BBV OB B LTIEIE SIBRY b Brer T far R KB B lss than the

thickness, % gk 3 seAHRATRENAIHANE’ faS8EhBSHIE LIRS & frgluaaiing RRARAIEC surface area of

the inorganic filler particles. Specifically, the surface area of the inorganic filler in the 10glass material

for sealing is pféfesaiithetalroreeaigs vnensief therpeaseitingentidkdbenamauninolenidwin the
present invention, tl?j suifakge area of tge@or%?nicl fille?ﬁ rticl(?j in the %Iass materia for sealing is
me&ht for the StIHAdI 48 BF HSOLRQAIBA SR BRSSP bP oSS §EYSHEnt particles and
the low egpasisieafil aidstitlesntdprenfthe (arcenpaneitiefineraricHides s ielesrpentrimpesed of
laser 15absorbent particles and low expansion filler particles, the surface area of the inorganic filler

particles @agfe reaterirlfrr sgales irsgatdrthe Mibinathsorpeae pifiesslaindtihe @rtac¥Varea tbethe low
iesxga”Sioé‘oﬂ'JSBng HleR b IeipaNSisH HREPIATER Y428 InateRliGNSL IhARE IRt AL el for sealing
difference between the thermal expansion coefficient a4, of the glass material for
25 sealing and the thermal expansion coefficient a, of the glass substrates 2 and 3
increases. Since the thermal expansion difference between the sealing material layer
9 comprising a fired glass material for sealing and the glass substrates 2 and 3 is
considered to be the main cause of cracking or breakage of the glass substrates 2 and
3 or the sealing layer 8, the conventional glass materials for sealing contain a relatively
30 large amount of a low-expansion filler as described above.
Hereinafter the fired glass material for sealing being a material constituting the

sealing material layer 9 may also be referred to simply as the sealing material. The



value represented by [(specific surface area of inorganic filler) x (specific gravity of 20 inorganic filler) x
(content of inorganic filler (vol%))]. For example, in a glass material for sealing containing a laser
absorbent and a low-expansion filler, the surface ar&& of the inorganic filler in the glass material for

sealing ( I : er : ion filleg) i i

epeaii B S R R R E e,
absorbenhérnist e ain &pe cbefliviéatearebthblgaatirpgansienifil zyek ((specific gravity of
low-expansion_filler) x &content of low-expansion filler (vog@g)]. By making the surface area of the filler

in the glass mABRAGBING S & SRR Thda )@ SeioPerdsd RIS/ ahetdhe ralariah 14
m2/cm3, dbFSRRRTY eQ LUAiRG MRS 1RGP heOfiag 5%?4@%51@?%%?@@59@?%&%@ the

laser 30processingtemperature. In a case where the thickness T of the sealing material layer 9 is as
thin as lassuhignar|pyerifosnped diglentdtingreaddhire ftomitygditiselsbblitiee reesdingl méiermltayger area of

the i ic filler in the glass, material for . ing is 19, h 2/cm3. On the other hand, if th
orfaoe Bon Y S VRGBTt BSAUM I B LR B bR R A
particles igdikbydiedaers in g SerliBaomiaiiay lRvae SNayine adirkgasyer afdaasian 7 pm, and a

local thermal expansion difference tends to be large. This causes stress concentration, whereby
5crackingOopaiikiioe neatetatiof thaseslingtragterablay e Or ane censidgraddodeadesiontialllt.  The

surface areg

f the inarganic filler in the glass material for sealing is.more preferabl Wi?}'narange of
more (AL SHEIIE B 0t 1S ST, SIS LS Aol o R e Tean pe

satigfied gyre@iniitiing dherpraiciesEsalkfglisidrgigneotibartaseniabssiEnast na/ inlaery el
low-expansion filler particles. Specifically, such a surface area can be obtained by adjusting the
particle steidif¥inadnersegnassiBritpthis Rapacit/ B pdneerabsxprRagIeHLasfisedravir Yaration

at the “”5‘388(/8f88§‘£‘ﬁ|9e%‘§é%ﬁﬁ§arH%?éHSPt or the low-expansion filler. The electronic device 1 of the
m prep ,

above embodiment Is prepared, Tor example, by 15the following process. First, as shown in Figs. 2(a),

5 and 6, a seallrgckinigivalbeyeksyis dithmedlasasttaingeedemd 8fa seceedijigdagabstiate 3. In
forming the seali%E material layer 9, first, a glass material for sealing is prepared so that the total

content (@5ePERIMASIRBrFFRUARETERYRN.- sidich Filesa fr ekl MissBlRRheIORIRIR e

range of %%Zst%jﬁw)éﬂ\?{b SAASSRJFLEBRIH IS VRlRHE IMRHERML0EAtheymAl 2 eRRRTAan
difference from the glass substrates 2 and 3 within the range of from 15 to 70x10710C). The glass

material éxpseaiong coefficises @y coftpesstating maitdrigl asdaaiegthassha lhsenabszpamsiand
optionally a lgw-expansijon filler and further containj dditjives other than those as the case requires.
I this erfOBEIRIEN AN GBS S LS ahd LBk BRSPS REA AT ifhpositon by
evaporatjgpegrgqgrm ﬁ?@aﬁfﬂ?@iﬁﬁ%@@&%@@%@%ﬁb@l%?@i@%‘mWW@%@FSS%W%@‘?‘SS

material for sealing. The components disappearing from the composition by evaporation or burning at
the time sfefrititpatingddidvesolisgailp el sndial stiohgranyriéspireosies g lkesichabaiiess) $ealing on a

surface qf glass supstrate by e g..coating. However, 30 since these disappeari mponents are not
corfon AL o Fe S Hoterian they L2 SOt NELICER S HERA LR AifRonents o
the glasssoisdeaed s apalivgs asskée s RIsiHeTIRGRIAG TsBanstituent components is defined as a
20 o=a-AT E/(1~v) (1)

In the above formula (1), a is the difference between the thermal expansion

coefficient a4¢ of the constituting material (sealing material) of the sealing material layer
25 9 and the thermal expansion coefficient a, of the glass substrates 2 ad 3, AT is the
temperature difference at a time of laser sealing (i.e. the temperature difference from
the melting temperature (processing temperature) of the sealing material layer 9 to a
cooled room temperature) divided by cooling time, E is Young’s modulus of the sealing
material or the glass substrates 2 and 3, and v is a Poisson’s ratio. In a case of laser
30 sealing, since the cooing time becomes substantially constant when the scanning
speed and the spot size of laser light are constant, AT substantially becomes the

temperature difference at the time of laser sealing.



constituent ratio excluding these disappearing components. A composition for forming a layer to be a
sealing material layer 9 after firing, which contains the constituent components of the glass material for
sealing and disappearing components such as a soldent and a binder, is hereinafter referred to as a

sealing materigh pastee S SHIRORARIAUTIdbE SN ATABRBRINAY fling5 determined

considering properties suc a coating property requ e sealing mat paste as well as the
composittresstlyabthecrampontortavenidinofgraiteradtee dirmgthetinse alfitgseadeatihpastefiz prepared
by mixing the constituent components of the glass material for sealing and a vehicle. 10The vehicle is

a materid®pPOEEEHAD GREG6M G A PUKIRBRIRYSS bindeicERPBHEiR FYE B R THARBRFRIPthe
vehicle gy, (Oh SARMINGNBARBINGRDE Epeib WElliAg MmERIE s M isYEB RRERII f&dWlose, ethyl

cellulose, carboxymethyl cellulose, oxyethyl cellulose; benzyl cellulose, propyl cellulose or nitro
cellulosethaman jaorditdrésith ebtaibedabynosly/bnenzinglae teasobtietypkiefdcylinoneaseser such as

15meth th te, ethyl th late, butyl t late, 2-hyd thyl th late, butyl
oryiate NPT MRS 0P AERE B R L 1Sl 2L LR D SRR D G SSs G,
butylcarhitelasssaies athvispBritakassinte AlsteRBr indhasasst Haroamiulis saeiss o sebrasmay be

methylethyl ketone, terpineol, butylcarbitol acetate, ethylcarbitol acetate, etc. 20The viscosity of the
sealing reigeiiiggidste may be adjusted to the viscosity suitable for an apparatus for coating the glass

substrate 3, and hg yiseosity may be adlysied Bi.fhs rale begen e resinbinder somponent and
the solvent or the TAtio BEtween 156 omponent oF the glass aterTar 167 segﬂng 5t $i&%ehicle. To the

seajthg rsatssipd leasépcarieiiyesrprelt@ssthgatanpurstaee(ile sHéanaesiathparittrelcalththaire
known as additives to a glass paste, may be added. These additives are also components usually

disappedirgsar=saanafhaasspphsyatesdingknessedidgmiatEripalsexransionsesdipsdusing a

rotation typ: @;'?(Fd'-pr \d j i 1ol mill or | rgill,,& [ , above
sealing rfélggtegrlal past/eo(‘lz('s5 §gpeﬁ(§§ ﬁ%ﬁ?&%@%%@e@o@%ﬁ?ﬁg gélérgnt Z%&%S%%ﬁ‘jﬁ}%@%d dried to
form a ceatpzgéyrcoktficisptling 8mte0al payte. Abe sealingroratEiipl Dabie strapptietsaattbat the film
thickness after firing becomes less than 7 pm. The sealing material paste is applied on the second

sealing réficHlaBBPUPEHRIRS,IRSTeRBFROBONIIRy TR MbH e iR PECRESRIBANBRPBFHiGure
Prinkng, QRRRPIIACRAS 2R IRE TSGR0 SRELYIA e L b GrARRASHTCEIR ERBY AR (e

sealing material paste is preferably dried at a temperature of at least 120C for at least 10 minutes. The
drying stepatrgasied thedbmg mod edoirggistent)in e doathibeslagad,|irtherstiedhicienesisn J iofthe

coating layer, components sych as a binder, etc. that are to be dis red in.the subsegquent firing
step, mal O\ H SRR IENTEE MaREIR PReble TR R er e e HldRAP Baste is
fired to fefMra SeRAHIGGRARABLIRYST Bel SdBRIY RARARI FHybr DeCRAUNGIMABISREMILEB

10temperature of at most the glass transition point of the sealing glass (i.e. glass frit), to remove e.g.

the binddhedtitissasaeiin the shuting gg/emanatttberarialrexpansiarcdifie e reeeeingerctng least the
softening temperatyre,of the sealing glass (glass frit) to melt the glass material for sealing to bond it to
ool SRt R R A e S s var § S cval o e TS hntoria
for sealingiiseadagelaireiad) finomnanh esstireoserdng saap matetidiasre ik glask, substrate 3.

Next, a first glass substrate 2 is prepared separately from the second glass substrate 3, and using
these glass subBtataheRFdthinasealingratatedaligyar SURRIRGAPISKIRGP s }fHesSE LR PBP or an

o o PSR SRR RS e g SRRl AR st ol
substrateedrerature than reduction of the thermal expansion difference between the sealing
25 material layer 9 and the glass substrates 2 and 3. Thus, in this embodiment, in order
to lower the laser processing temperature, the total content (content of the inorganic
filler) of the low-expansion filler and the laser absorbent in the glass material for
sealing is set to be within the range of from 2 to 44 vol%. Fluidity of the sealing
material is influenced not only by the low-expansion filler but also by the laser
30 absorbent. For this reason, the total content of the low-expansion filler and the laser
absorbent in the glass material for sealing is set to be at most 44 vol%. When the

total content of the low-expansion filler and the laser absorbent is at most 44 vol%, it is



laminated via the sealing material layer 9 so that the surfaces 2a and 3a of the substrates are opposed
to each other. Between the first glass substrate 2 and the second glass substrate 3, a gap based on
the thickness of the sealing material layer 9, is form#&l. 25Next, as shown in Fig. 2(c), the sealing

matcriol Y8 Oy e A L [T RO el B B LTS The sealing

material teyepéraguregdiated with the laser light 10 while the laser light 10 is scanned along the frame
shaped (i.e. frame-form) sealing material layer 9 formed over the 30entire periphery of the second

glass substratdVRBANBYGRAGRRIRN IR tisileverenansiendiien and deailrgenahsfiPeRkiSg with the
laser light1f), L2 el i RliNGPUHSINA (varch @ SRR VRS 89l thaBRBINGIWEE LI first

glass substrate 2 and 22 the second glass substrate 3 is formed as shown in Fig. 2(d). The thickness
of the setiimglesesoistaine? slighliydessréanethpatiickliabsof the seblarenafardlicyen 6fbut since

the thick f th [ terial | i thir, | than 7 h ducti f the thick
by laser SO FRG N QI ARG G DK o R A S AL M ) dP8 Beibes.
approximatabrifiasS3npp AS R Gk RS Bidhe RepinenaeErRISRiMptEIRpERRedabove, the

thickness of the sealing material layer 9 is set to be less than 7 pm, and accordingly, the obtainable
sealing l4peatngiermpasatine) lesEhabis 7thensaaling arataselreackiewed fluisizegatet, which

comprises & I%}%fslg\?vc Kage 1OConsUtut?grrl? ethaet first g{ln%ss sub tratfa 2 thSUSélelcqnd ?glas substrate 3

and the seaahng Yydl's’ And AR eleatrohic Blemen %’or 1on° %%v'%%&’ BRI RS Tral g %s substrate

2 angl thejrreostbatrsesubatiats duaithhremeticpbrsardad adineealasppeskaagiyHers, the glass

package of this embodiment is not limited to be used as a component of the electronic device 1, but it
can be appREtPIS 19 SERIRTGTRSHASKING ah kNe_lRefcof 406 a|asscriktEatRgss aREtR R buildings,
such as gé’g%@éﬁgg@ss. The laser light 10 is not particularly limited, and it may be a laser light
emitted from aSemiconductor laser, a carbonoxide gas laser, an excimer laser, a YAG laser, a HeNe

laser, etc. TheTrwvesef tissarbentdhhOcissapiticn pontglyreaitedfoc aslingnig eut ahestrceuisg) of the
sealing material layer 9, and it is, for example, preferably within the 20range of from 2 to 150 W. If the

laser poitiRs BSTACIIPNHE BEaiRgbhatdhin R raeR P HEPRL e ihvala hased e e sow,
cragking g, breakage fapds to ke formgel in the GlaRsRYhaHatRR 2 AL G ole BORE! @fhe aser light

10 is more preferably within the range of from 5 to 100 W. By the electronic device 1 of this
embodimai?aridnitsypnod betipogsibte &3 selferie2 iyt the théckimess atefidhdayealthgtradtaréabfayer 9

is reduced to he less than 7 t th trate dist N ible tg reduce th idual
stress of FRELIHESEraidl'S HRY S TEPRE LS seihg SRR BOBESRNS T Bress
€.g. Cracidggroisusisie b HiR1 91265 8HRS ISP a1 deh SF NG SRAINDVRYSHPo \GRGHIkHY !t IS

possible to produce an electronic device 1 having a thin glass 30package with good yield, and to
improve wighsibalingqorp glasarsd iisératerd eneylonsalira) troging of tascslsmdialioddoicausand their

N R R e e R A et A S A T
sealing may be deteriorated to deteriorate the bonding property with the first glass
substrate 2. In a case where the thickness T of the sealing material layer 9 is as thin
as less than 7 ym, the function of the inorganic filler can be obtained even by the laser
absorbent only, and accordingly, the laser absorbent may be incorporated up to 40

25 vol% based on the glass material for sealing.

The low-expansion filler is preferably contained to reduce the thermal expansion
difference between the sealing material layer 9 and the glass substrates 2 and 3, but
when the low-expansion filler has a particle size applicable to a thin sealing material
layer 9 having a thickness T of less than 7 ym, the content is preferably reduced since

30 the low-expansion filler may become a factor of lowering the fluidity at a time of laser
processing. For this reason, the content of the low-expansion filler is preferably at

most 40 vol% based on the glass material for sealing. If the content of the low-



respect to a case where the difference of the thermal expansion coefficient a2 of both of the first glass
substrate 2 and the second glass substrate 3 from the thermal expansion coefficient all of the sealing
material layer 9, is within the range of from 15 to 70{810-7PC), but the construction of the glass
substrat [ ynited _Siherets. iff . expansion
coefﬁcieeﬁ?(éﬁggotﬁ(ﬂ%ﬁégg&a&gg&%gmb\%ﬁ\%gﬁ oﬂ%h%r%r}iﬁ E]E%sgsé %%?g;iéﬂgé; %Hrgg;ﬁ% thermal
expansiameneiticielat aZPhef thateat af dngl dow s xpairaie s fitlemisher dotivaly evfranston repefdicént an of
the sealing material layer 9 is within the rangile of from 15 to 70(x10- 7PC), it is possible to obtain the

effect of AR the PGB ey B '8ashdruakh YRR IIRYB P ratab NS 9Rsh argiaTigtiller
amount ip,the, s6alNG AN atefiALRRLLY K HHREAR m&r]Svlﬁé%bQﬁ%?&?ﬁﬁ@rﬁﬁr@Bﬁ@tHé%eE.e' the effect of

suppressing cracking or breakage in the glass substrates 2 and 3 or the sealing layer 8. When the first
glass substrat&hea dhth s saioy dgleszEbabiratenstad metdastheadnce dyqenté glasshadoavial, of

, the diff e of t I ' fficient a21 of the firsf.gl bstrate 2 and th
thermal SHBARS VS ATnE 2501 CBHo 1A LD AL R 6 U e on

coefficiereaR Heiehaling BrscsiaaNAEAbrERmARINHUBINR AR FHITON dedmaliyh

-4PC). In
such a case, in melt-bonding the sealing material layer 9 to the first glass substrate 2 by heat of the
laser lighand thradheronalieyranpioBasipffoeatesmpfder 9ass|aubpiiged 8)andsddsgatgible to improve
the adhegion t%etvxffee{hthﬁ]g?stgllass substr?lijergc(ea or the,second qﬁ;less substrate 3 a q the gjeglrlng layer

8 and its PRITDI |t€§‘/ ¥ased on SHEG 13 P2 d %creels)le U4 Stress ?/ae'.rg]gg Irgv?/teer?nag P

progessifgetestrigiair 8 dAdthasglawiesatbedied gdlans isHatetire ddhgsset aaaldspsubstrate
3 are made of different types of glass materials, it is sufficient that the difference of at least 25one

thermal g)@iéﬂ@i'g)ﬁ@)efflﬁiéﬁﬁ% W dse hanetlsaiisomaberaaaioad ifée ierRcer & @l'ﬁhiﬁébgstra_te 2 and
e thermal unarsigh RS AeAe!ipisSeond alass SUPRISIS 3 m h perg) xpansion

coefficien of the sealing material layer 9, is'wi e range of from

differencexpidhsiathfiicihty ballewmansivo tweaiboeanithmfibikityesfresdakppnsitsriededficieot all of the
sealing material 30layer 9 may be less than 15x10-7PC. Namely, in the case of usinglthe, glass

substratdSWeAdRSOIPHFEPEREERSIIIEAIRSE FtitR (RRatPE: teTARSERL R bRRediRa i dl WEiRe thermal
eXp@Si%é&ﬂ?%‘?EhBBF’eQ?EFa%RPFgBFGoY\QHRQéESﬁH@ PJs‘é‘%ﬁIBélrﬁ’téseé 9 diffgrence from the
eria ermal expanSio | of t

sealing mat layer 9, from the th n coefficient all of the sealing material layer 9, is

within theeatige lafyod 15 to 70(x10- For example, when the difference between the thermal

expansion coefficient a21 50f the first glass substrate 2 and the thermal expansjon coefficient an of the
i i Rt

sealing materi&l§55el§ iGRAH RO SOFH1$8! 7ML SERIN LA fInceBtween the
thermal qaARBIBERALIIRRLIATRTING 50406 SlathguBsieteshanehiodihe ssaling materil layer

9 is formed and the thermal expansion coefficient an of the sealing material layer 9 is less than

15x10-7/ce:ffickrt sepfibadiiasdsutesiratesaianhateraykliyes Meargedighusgledisidng
property between the first glass substrate 2 and the sealing layer,8 and its reliability are improved
e by i EIRe e B e A S
The bondiigerereryiRIMES i eheesrN ¢ ghass BPsteffcr ARAdN e $ealing dB)sfpangottoreliability
are further improved not only by the effect to reduce the residual stress by 15lowering the laser

processiﬂ@@éﬁrpeﬁtd@fbm%@_@ﬁw@ @Mﬂﬂ*@ﬁrﬂéﬁ @mhﬁ%&@@@@iw@ﬂﬁﬂ%iéb@dﬁd glass
e AT DA SR TS CRTGERS § tarAre v e
a2?2 of theuseenstihgliss subdspteaRiaearppbeitarger value of the coefficients, and the large-
25 small relation between the thermal expansion coefficient a1 of the sealing material
layer 9 and the thermal expansion coefficient a, of the glass substrates 2 and 3 may be
any relation. The same applies to the thermal expansion difference between the
sealing layer 8 and the glass substrates 2 and 3. Further, as mentioned above, the
thermal expansion coefficient a4, of the sealing layer 8 is equal to the thermal
30 expansion coefficient a4 of the sealing material layer 9, whereby the thermal

expansion coefficient a1 of the sealing material layer 9 may be regarded as the

thermal expansion coefficient a4, of the sealing layer 8.



20In other words, in the case of using a first glass substrate 2 and a second glass substrate 3 made of
different types of glass materials, it is possible to set the thermal expansion coefficient an of the
sealing material layer 9 so that the difference from the thermal expansion coefficient of one of the

glass substratwlp st?é%;@é@ﬁ% %ﬁ@%t?%i}éﬂ@B&Qgﬁ%tggé@ﬁé%@m%ﬂar{ﬁé)efficient of

the other glass su ermal expansion co ent an of thHe sealing material layer 9

becomegylatgesiiibstpassikiata Suppesstagh ¢6ckinGg g, hnessegngfthegiassentastates 2 and 3 or
the sealing layer 8 by reducing the filler amount to, maintain the flujdity of the glass material for sealing

and theréB\PIYFOWEF IRARQUNS b |RY exRgesiandliRnamtiBuist AdR APRAERIAEEnsion
coefficie s gl of n&. SEA & MBLFHAIBYE LRL951R615. Of R dRAERALFYRBIRGB FaRFiriss of the

glass substrates 2 and 3 made of different types of materials. However, in this method, it is sufficient
that she thetwes e tipaissialingoeiittant Eyés Qdinstdoeoglys® shbshratasaP exphdstocesdsficiert®df one of

25 the glass substrates. Accordingly, it is possible to efficiently hermetically seal a space between the
glass sUbLRABY D18 ERCCoD TR ERST R RS TR AR\ BB RO blSpresent invention

will be deggekssLinidatail Mt katgsanes (R HSGE FREGIssEathiteeya b alirnd esidtmdiowever, it

should be understood that the present invention is by no means restricted to the following specific

Examplesealirgmariigidatitayenitiperenies haros tvdprebyrihis eeation gsop e ke ge0of e\gIRISE 1 First,

a bismuth t las frités ftening point: 410C{)§ vin compaoasition Qf,83 mass% of Bi203, 5 mass
% of B2 BATAIES BB T A BvS? A i R P a fhe BES R esend o

corgieritedinpisienas admwerpansion filler; and a laser absorbent powder having a composition of
Fe203-Al203-MnO-Cu0; 15 were prepared. The average particle size was measured by a laser

diffraction part@l‘é’§§%®§ti%fﬂﬁ%@£@ﬁ@@bﬁiﬁ%@%ﬁ%§éﬁ&ﬁ@ @RL@?MQQ)%%G?&&Y@d by
Shimadzy Lot %ﬁgﬁﬁ%&é@&gﬁr&%g rféﬂ&%‘%”ﬁ?@%ﬁﬂ%%%%@%? at mB%Fﬁ?{‘ft?Wo?:pﬂ"Yéjer asa

low-expansion an average particle sSize 0 m, a specific surface area of 12.4 m2/g
and a sppogisitgeatatyeofuzd theitberte 208fi¢Hasewadgauheitirpiiveddn fiesl senfingragrepriticle size (D50)
of 0.8 pm, a specific surface area of 8.3 m2/g and a specific gravity of 4.8. The specific surface areas

of the cofHBARI pRVRINHEARE YHaBr R ASaHNBIHRIST FrR RIS B oy B SRB RIS pecific
surice URRMFRMEMENLAREAGGAMARHRIE by fid SabiRPHARMHI % BY YGHRTGRD CO-

Ltd.). The measurement conditions were such that 25the adsorbent’is nitrogen, the carrier gas is
helium, thtassessbsaatest 2ratbdl s dloatist T0ethdd/ {BET ispopsivietype) iheessaraatinytemperature
was 200% the evacuation %me was 20 minutes, the evacuEtion 5 essure was N2. %agg %ow/atmospheric

pressurePBAAe sSR! DEGRTTAUPYHRS 2 2 RS HBS R AURGRYRIoth EriERUHERIL 3067.0
vol% of theeheve iRy Hdtapastdils Wids @ UnebibericigigHImBRY4ARE Mt 1ha wqeo of the laser

absorbent powder were mixed to prepare a glass material for sealing. The total content of the

cordieritepoteot phitetivamaasionfdier soaxbe 26rqasfB3. thisiaasanttics swfigentdivadecarea of

thez%ordi{aor{'ta? 8891"{8%{ &%%{Qﬁtlg?%e inorganic filler) of the low-expansion filler and the laser
absorbent in the glass material for sealing is at least 2 vol% being the lower limit of the
content of the laser absorbent.
Here, in order to reduce the difference in the shrinkage amount between the
glass substrates 2 and 3 and the sealing material layer 9 at the time of laser sealing,
25 the thermal expansion difference between the sealing material and the glass
substrates 2 and 3 is preferably at most 60x107/°C, more preferably at most
55x107/°C. From these points of view, the glass material for sealing preferably
contains the low-expansion filler within the range of at least 1 vol%. When the sealing
material layer 9 is one produced by firing a glass material for sealing containing the
30 laser absorbent within the range of from 2 to 40 vol% and the low-expansion filler
within the range of from 1 to 40 vol%, it is possible to lower the laser processing

temperature while reducing the difference in the shrinkage amount between the glass



absorbent powder in the glass material for sealing is 11.9 m2/cm3. Such a glass material for sealing
and a vehicle were mixed so that the glass material for sealing would be 80 mass%, and the vehicle
would be 20 mass%, to obtain a sealing material 5piste. The vehicle is a material prepared by

dissolvin | %ﬁﬁ!( . %% ' inder i s&%)
comprisigﬁgﬁoglﬁ%o'# %gﬂgiﬁéﬂ%%’gﬁﬁ?ﬁ%ﬁ&g mg(g?;{e[oﬂ%a&@ﬁs_%lgg % gsgegl@gfna exhpansion
coefficienbaZiitée 500D rBaxhent/6CthdimealitgpdPpdtxandritsntNeddliprepared, a sealing region
along the entire periphery of this glass substrate was coated with the 10sealing material paste by a

screen printing! iR fMIdIth RiRe-SeaiRAd MR 2LARGHER fR&T BIGCRRSIRG EHMRTAINE & Besfiently,
the coatigg lgyehyas lflLfgqllL‘?\Hﬂﬁ%}éqHﬂ@éﬁ‘&l&t%f%Fﬂgrﬁyﬁtﬁga&méﬂ@aﬂﬂb@(ﬁd&?ﬁmI@rihiCkneSS T

of 3.6 pm.  Thethermal expansion coefficient all of the Sealing material layer made of a material
obtatned(asériad shebsedlany materiaéppatesisrdiika)-in ¢ endatmrgdiffetenacoLb dfembhéhtermal

i fficient a2 (38x10-7/C) of t | bstrate is 42x10-71C. H ,.the th |
e e LN LT M e o B aBwsS e B BTG SRSt within
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absorbent) x (specific gravity of laser absorbent) x (content of laser absorbent (vol%))

25 + (specific surface area of low-expansion filler)} x {(specific gravity of low-expansion
filler) x (content of low-expansion filler (vol%))}].

By making the surface area of the filler in the glass material for sealing to be
within the range of more than 6 m%cm?® and less than 14 m%cm?, it is possible to
further improve the fluidity of the sealing material and to further lower the laser

30 processing temperature. In a case where the thickness T of the sealing material layer
9 is as thin as less than 7 uym, it is possible to increase the fluidity of the sealing

material if the surface area of the inorganic filler in the glass material for sealing is



20using such a sealing material paste, a sealing material layer was formed at a sealing region of the
second glass substrate in the same manner as in Example 1. The surface area of the inorganic filler in
the glass material for sealing, the thermal expansionoefficient all of the sealing material layer, the
differenc b Bamahe PRgeifR eoREIGIEntat aiNa idss sHhskriReand dimibifitaers of the
sealing 25material layer, are as shown in Table 1. ext, the second glass substrate having the
sealing matemialtateara6dret/iraf gloss|saltistiadé thavimorgansdeiiienpeetivhes(ie dikelyirtoviistlgim OEL
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The power of laser light was set to be the value shown in Table 1. The laser processing temperature
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the sealing layer at the end of irradiation with laser light, were evaluated. The external appearance
was evaluated Biediash/aaas} fAEaA3!BrassRtae it FESBBpEItIPRCamMRAtRe s ¥ dRh glass

package eyal [ ium-leakage test lltf t ajl k ling 5 layer
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measurement/evaluation results are shown in Tables 1 and 2 together with the production conditions
for GassFhareR¥ent and a binder disappearing from the composition by evaporation or burning

at a time of firing are not included in the constituent components of the glass material

for sealing. The components disappearing from the composition by evaporation or

burning at the time of firing are additives usually essential for forming a layer of the

glass material for sealing on a surface of glass substrate by e.g. coating. However,

30 since these disappearing components are not components constituting the sealing

material, they are not included in the constituent components of the glass material for

sealing, and the composition ratio of the constituent components is defined as a



30 TABLE 1 Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 Glass material for sealing Sealing glass Material Bismuth
glass Content (vol%) 67.0 74.3 69.7 62.9 75.1 Laser absorbent Material Fe-Al-Mn-Cu-O
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constituent ratio excluding these disappearing components. A composition for
forming a layer to be a sealing material layer 9 after firing, which contains the
constituent components of the glass material for sealing and disappearing components
such as a solvent and a binder, is hereinafter referred to as a sealing material paste.

5 The composition ratio of the components disappearing by firing is determined
considering properties such as a coating property required for the sealing material
paste as well as the composition ratio of the components remaining after the firing.
The sealing material paste is prepared by mixing the constituent components of the
glass material for sealing and a vehicle.

10 The vehicle is a material produced by dissolving a resin being a binder
component in a solvent. The resin for the vehicle may, for example, be an organic
resin such as a cellulose resin such as methyl cellulose, ethyl cellulose, carboxymethyl
cellulose, oxyethyl cellulose, benzyl cellulose, propyl cellulose or nitro cellulose; or an
acrylic resin obtained by polymerizing at least one type of acrylic monomer such as

15 methyl methacrylate, ethyl methacrylate, butyl methacrylate, 2-hydroxyethyl
methacrylate, butyl acrylate or 2-hydroxyethyl acrylate. In the case of a cellulose
resin, the solvent may be terpineol, butylcarbitol acetate, ethylcarbitol acetate, etc., and
in the case of an acrylic resin, the solvent may be methylethyl ketone, terpineol,
butylcarbitol acetate, ethylcarbitol acetate, etc.

20 The viscosity of the sealing material paste may be adjusted to the viscosity
suitable for an apparatus for coating the glass substrate 3, and the viscosity may be
adjusted by the ratio between the resin (binder component) and the solvent or the ratio
between the component of the glass material for sealing and the vehicle. To the
sealing material paste, additives such as a defoaming agent, a dispersing agent, etc.

25 that are known as additives to a glass paste, may be added. These additives are also
components usually disappearing at a time of firing. For preparation of the sealing
material paste, a known method using a rotation type mixer provided with stirring blade,
a roll mill or a ball mill, etc. may be used.

The above sealing material paste is applied on the sealing region 7 of the second

30 glass substrate 3 and dried to form a coating layer of the sealing material paste. The
sealing material paste is applied so that the film thickness after firing becomes less

than 7 ym. The sealing material paste is applied on the second sealing region 7 by



Average particle shape D50 (pm) 0.8 0.8 0.8 0.8 0.8 Specific surface area (m2/g) 8.3 8.3 8.3 6.1 8.3
Specific gravity (g/cm3) 4.8 4.8 4.8 4.8 4.8 Content (vac%) 13.9 14.7
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using, for example, a printing method such as screen printing or gravure printing, or
applied on the second sealing region 7 by using e.g. a disperser. The coating layer of
the sealing material paste is preferably dried at a temperature of at least 120°C for at
least 10 minutes. The drying step is carried out to remove the solvent in the coating

5 layer. If the solvent remains in the coating layer, components such as a binder, etc.
that are to be disappeared in the subsequent firing step, may not be sufficiently
removed.

Next, the above coating layer of the sealing material paste is fired to form a

sealing material layer 9. In the firing step, first, the coating layer is heated to a

10  temperature of at most the glass transition point of the sealing glass (i.e. glass frit), to
remove e.g. the binder component in the coating layer, and thereafter, it is heated to a
temperature of at least the softening temperature of the sealing glass (glass frit) to melt
the glass material for sealing to bond it to the glass substrate 3. Thus, a sealing
material layer 9 comprising a fired material of the glass material for sealing (sealing

15  material) is formed on the sealing region 7 of the second glass substrate 3.

Next, a first glass substrate 2 is prepared separately from the second glass
substrate 3, and using these glass substrates 2 and 3, an electronic device 1 such as a
FPD such as an OELD, a PDP or an LCD, an illumination device employing an OEL
element or a solar cell such as a dye-sensitized solar cell, is prepared. Namely, as

20 shown in Fig. 2(b), the first glass substrate 2 and the second glass substrate 3 are
laminated via the sealing material layer 9 so that the surfaces 2a and 3a of the
substrates are opposed to each other. Between the first glass substrate 2 and the
second glass substrate 3, a gap based on the thickness of the sealing material layer 9,
is formed.

25 Next, as shown in Fig. 2(c), the sealing material layer 9 is irradiated with laser
light 10 through the second glass substrate 3. Here, the sealing material layer 9 may
be irradiated with the laser light 10 through the first glass substrate 2. The sealing
material layer 9 is irradiated with the laser light 10 while the laser light 10 is scanned
along the frame shaped (i.e. frame-form) sealing material layer 9 formed over the

30 entire periphery of the second glass substrate. Then, by irradiating the entire
circumference of the sealing material layer 9 with the laser light 10 to melt the sealing

material layer 9, a sealing layer 8 sealing a gap between the first glass substrate 2 and



30.3 37.1 24.9 Low-expansion filler Material Cordierite - - - Average particle shape D50 (pm) 0.9 0.9
- - - Specific surface area (m2/g) 12.4 12.4 - - -
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the second glass substrate 3 is formed as shown in Fig. 2(d). The thickness of the
sealing layer 8 becomes slightly less than the thickness of the sealing material layer 9
but since the thickness of the sealing material layer 9 is as thin as less than 7 ym, the
reduction of the thickness by laser sealing is extremely small. Accordingly, the
5 thickness of the sealing layer 8 becomes approximately the same as the thickness of
the sealing material layer 9. As mentioned above, the thickness of the sealing
material layer 9 is set to be less than 7 um, and accordingly, the obtainable sealing
layer 8 becomes to be less than 7 um.
Thus, an electronic device 1 is prepared, which comprises a glass package
10  constituted by the first glass substrate 2, the second glass substrate 3 and the sealing
layer 8, and an electronic element portion 4 provided between the first glass substrate
2 and the second glass substrate 3 and hermetically sealed by the glass package.
Here, the glass package of this embodiment is not limited to be used as a component
of the electronic device 1, but it can be applied to a sealing member of an electronic
15  component or a glass member for buildings, such as a multilayer glass.
The laser light 10 is not particularly limited, and it may be a laser light emitted
from a semiconductor laser, a carbonoxide gas laser, an excimer laser, a YAG laser, a
HeNe laser, etc. The power of the laser light 10 is appropriately set according to e.g.
the thickness of the sealing material layer 9, and it is, for example, preferably within the
20 range of from 2 to 150 W. If the laser power is less than 2 W, the sealing material
layer 9 may not be melted, and if it exceeds 150 W, cracking or breakage tends to be
formed in the glass substrates 2 and 3. The power of the laser light 10 is more
preferably within the range of from 5 to 100 W.
By the electronic device 1 of this embodiment and its production process, even
25 when the thickness T of the sealing material layer 9 is reduced to be less than 7 ym to
narrow the substrate distance, it is possible to reduce the residual stress of the glass
substrates 2 and 3 at the time of laser sealing, whereby it is possible to suppress e.g.
cracking or breakage in the glass substrates 2 and 3 or the sealing layer 8.
Accordingly, it is possible to produce an electronic device 1 having a thin glass
30 package with good yield, and to improve the sealing property and the hermetical
sealing property of the electronic device 1 and their reliability.

By the way, in the above embodiment, explanation has been made mainly with
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respect to a case where the difference of the thermal expansion coefficient a; of both

of the first glass substrate 2 and the second glass substrate 3 from the thermal
expansion coefficient a4 of the sealing material layer 9, is within the range of from 15
to 70(x107/°C), but the construction of the glass substrates 2 and 3 is not limited
thereto. When the difference of at least one thermal expansion coefficient of the
thermal expansion coefficient ay4 of the first glass substrate 2 and the thermal
expansion coefficient ay, of the second glass substrate 3 from the thermal expansion
coefficient a4¢ of the sealing material layer 9 is within the range of from 15 to 70(x10"
’I°C), it is possible to obtain the effect of reducing the residual stress by an increase of
fluidity by reduction of the inorganic filler amount in the sealing material and by
reduction of the laser processing temperature, i.e. the effect of suppressing cracking or
breakage in the glass substrates 2 and 3 or the sealing layer 8.

When the first glass substrate 2 and the second glass substrate 3 are made of
the same type of glass material, of course, the difference of the thermal expansion
coefficient ayq of the first glass substrate 2 and the thermal expansion coefficient ay, of
the second glass substrate 3 from the thermal expansion coefficient a4 of the sealing
material layer 9, becomes within the range of from 15 to 70(x107/°C). In such a case,
in melt-bonding the sealing material layer 9 to the first glass substrate 2 by heat of the
laser light 10 (melt-bonding of the sealing material layer 9 by laser light 10), it is
possible to improve the adhesion between the first glass substrate 2 or the second
glass substrate 3 and the sealing layer 8 and its reliability based on the effect to reduce
the residual stress by e.g. lowering the laser processing temperature.

In a case where the first glass substrate 2 and the second glass substrate 3 are
made of different types of glass materials, it is sufficient that the difference of at least
one thermal expansion coefficient of the thermal expansion coefficient ay¢ of the first
glass substrate 2 and the thermal expansion coefficient a,, of the second glass
substrate 3 from the thermal expansion coefficient a4, of the sealing material layer 9, is
within the range of from 15 to 70(x107/°C), and the difference of the other thermal
expansion coefficient from the thermal expansion coefficient a44 of the sealing material
layer 9 may be less than 15x107/°C. Namely, in the case of using the glass
substrates made of different types of glass materials, it is sufficient that the difference

of the thermal expansion coefficient of a glass substrate which has a larger thermal



12.1 10.9 9.9 Thermal expansion coefficient ail (x104/0C) 80 90 105104 105 Glass substrate
Alkali-free glass (02 = 38x10-7/C) Thickness of sealing material layer (pm) 3.6 5.53.43.43.4
a-Difference between glass substrate and sealing n2dterial layer (x10-7/0C) 42 52 67 66 67 Sealing

step Lasgg(BgMg%rQ/g?f%}%e%%e from the sealing material layer 9, from the thermal expansion

coefficient a4¢ of the sealing material layer 9, is within the range of from 15 to 70(x10"
“I°C).

For example, when the difference between the thermal expansion coefficient az;

5 of the first glass substrate 2 and the thermal expansion coefficient a4 of the sealing

material layer 9 is within the range of from 15 to 70(x107/°C), and the difference
between the thermal expansion coefficient a,, of the second glass substrate 3 on
which the sealing material layer 9 is formed and the thermal expansion coefficient a4
of the sealing material layer 9 is less than 15x107/°C, in the melt-bonding of the

10  sealing material layer 9 by laser light 10, the bonding property between the first glass
substrate 2 and the sealing layer 8 and its reliability are improved based on the effect
to reduce the residual stress by e.g. lowering the laser processing temperature. The
bonding property between the second glass substrate 2 and the sealing layer 8 and its
reliability are further improved not only by the effect to reduce the residual stress by

15  lowering the laser processing temperature, but also by a small thermal expansion
difference between the second glass substrate 3 and the glass material for sealing.
The same effect is obtained also in a case where the thermal expansion coefficient ax1
of the first glass substrate 2 and the thermal expansion coefficient ay, of the second
glass substrate 3 are opposite.

20 In other words, in the case of using a first glass substrate 2 and a second glass
substrate 3 made of different types of glass materials, it is possible to set the thermal
expansion coefficient a41 of the sealing material layer 9 so that the difference from the
thermal expansion coefficient of one of the glass substrates becomes small. Although
the difference between the thermal expansion coefficient of the other glass substrate

25 and the thermal expansion coefficient a4 of the sealing material layer 9 becomes large,
it is possible to suppress e.g. cracking or breakage of the glass substrates 2 and 3 or
the sealing layer 8 by reducing the filler amount to maintain the fluidity of the glass
material for sealing and thereby to lower the laser processing temperature. Itis
difficult to adjust the thermal expansion coefficient a4 of the sealing material layer 9 to

30 both of the thermal expansion coefficients of the glass substrates 2 and 3 made of
different types of materials. However, in this method, it is sufficient that the thermal

expansion coefficient a41 is adjusted only to the thermal expansion coefficient of one of
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the glass substrates. Accordingly, it is possible to efficiently hermetically seal a space

between the glass substrates 2 and 3 made of different types of materials.

EXAMPLES

Now, the present invention will be described in detail with reference to specific
Examples and the evaluation results. However, it should be understood that the
present invention is by no means restricted to the following specific Examples, and

modification within the scope of the present invention is possible.

EXAMPLE 1

First, a bismuth type glass frit (softening point: 410°C) having a composition of 83
mass% of Bi2O3, 5 mass % of B,O3, 11 mass% of ZnO and 1 mass% of Al,O3 and
having an average particle size of 1.0 um; a cordierite powder as a low-expansion
filler; and a laser absorbent powder having a composition of Fe;03-Al,03-MnO-CuO;
were prepared. The average particle size was measured by a laser diffraction particle
size distribution measuring apparatus (tradename: SALD2100) manufactured by
Shimadzu Corporation using a laser diffraction/scattering method.

The cordierite powder as a low-expansion filler had an average particle size Dsg
of 0.9 um, a specific surface area of 12.4 m?/g and a specific gravity of 2.7. Further,
the laser absorbent powder had an average particle size (Dsp) of 0.8 um, a specific
surface area of 8.3 m?/g and a specific gravity of 4.8. The specific surface areas of
the cordierite powder and the laser absorbent powder were measured by using an BET
specific surface area measurement apparatus (Macsorb HM model-1201,
manufactured by Mountech Co., Ltd.). The measurement conditions were such that
the adsorbent is nitrogen, the carrier gas is helium, the measurement method is
floating method (BET one point type), the evacuation temperature was 200°C, the
evacuation time was 20 minutes, the evacuation pressure was N, gas
flow/atmospheric pressure, and the sample weight was 1 g. These conditions are
common to other Examples.

67.0 vol% of the above bismuth type glass frit, 19.1 vol% of the cordierite powder
and 13.9 vol% of the laser absorbent powder were mixed to prepare a glass material

for sealing. The total content of the cordierite powder and the laser absorbent powder



None None None None None Cracking None None None None None Airtightness Exist Exist Exist
Exist Exist 31 TABLE 2 Comp. Ex. 1 Comp.
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was 33.0 vol%. Further, the total surface area of the cordierite powder and the laser
absorbent powder in the glass material for sealing is 11.9 m%cm®.  Such a glass
material for sealing and a vehicle were mixed so that the glass material for sealing
would be 80 mass%, and the vehicle would be 20 mass%, to obtain a sealing material

5 paste. The vehicle is a material prepared by dissolving ethyl cellulose (2.5 mass%)
being a binder component in a solvent (97.5 mass%) comprising terpineol.

Next, a second glass substrate made of alkali-free glass (thermal expansion
coefficient a; (50 to 250°C): 38x107/°C, dimension: 90x90x0.7 mmt) was prepared, a
sealing region along the entire periphery of this glass substrate was coated with the

10  sealing material paste by a screen printing method to form a coating layer, and then
dried at 120°C for 10 minutes. Subsequently, the coating layer was fired at 480°C for
10 minutes to form a sealing material layer having a thickness T of 3.6 ym.

The thermal expansion coefficient a4y of the sealing material layer made of a

material obtained by firing the sealing material paste is 80x107/°C, and the difference
15 from the thermal expansion coefficient a, (38x107/°C) of the second glass substrate is
42x107/°C.

Here, the thermal expansion coefficient a4 of the sealing material layer is an
average linear expansion coefficient within a temperature range of from 50 to 250°C
obtained by firing the above sealing material paste within a temperature range of from

20  10°C below the transition point of the sealing glass to 50°C below the transition point
(300°C in Example 1) for 2 hours to remove the solvent and the binder component,
and sintering it within a temperature range of from 30°C above the softening point of
the sealing glass to 30°C below its crystallization point (480°C in Example 1) for 10
minutes to obtain a sintered product, grinding the sintered product to prepare a

25 cylindrical rod having a length of 20 mm and a diameter of 5 mm, and measuring the
value by a thermomechanical analyzer (device name: TMA8310 manufactured by
Rigaku Corporation). In this specification, the transition point is a temperature of the
first inflexion point of differential thermal analysis (DTA), the softening point is a
temperature of the fourth inflexion point of differential thermal analysis (DTA) and the

30 crystallization point is a temperature at which the heat generation caused by
crystallization in thermal differential analysis (DTA) is maximized.

The second glass substrate having the sealing material layer and the first glass



Ex. 2 Comp. Ex. 3 Comp. Ex. 4 Comp. Ex. 5 Glass material for sealing Sealing glass Material Bismuth
glass Content (vol%) 49.8 74.3 50.7 45.6 40.7 Laser absorbent Material Fe-Al-Mn-Cu-O Average
particle shape D50 (pm) 0.8 27
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substrate (a substrate comprising alkali-free glass having the same composition and
the same shape as those of second glass substrate) having an element region (region
in which an OEL element is formed) were laminated. Then, the sealing material layer
was irradiated with laser light (semiconductor laser) having a wavelength of 940 nm, a
power of 33 W and a spot diameter of 1.6 mm with a scanning speed of 10 mm/s
through the second glass substrate, to melt and quickly solidify the sealing material
layer to thereby seal the first glass substrate and the second glass substrate together.
The heating temperature of the sealing material layer at the time of laser irradiation
(measured by radiation thermometer) was 740°C. Thus, an electronic device wherein
an element region was sealed by a glass package (i.e. a glass package wherein the
element region is sealed by the two glass substrates) was subjected to property
evaluation to be described later.

EXAMPLES 2to 5

An inorganic filler having a particle-form as identified in Table 1 (in Example 2, an
inorganic filler containing a laser absorbent and a low-expansion filler, and in Examples
3 to 5, an inorganic filler composed solely of a laser absorbent), was mixed with a
bismuth type glass frit having the same composition as in Example 1, in the ratio as
shown in Fig. 1 to prepare a glass material for sealing, which was then mixed with a
vehicle in the same manner as in Example 1 to prepare a sealing material paste. By
using such a sealing material paste, a sealing material layer was formed at a sealing
region of the second glass substrate in the same manner as in Example 1. The
surface area of the inorganic filler in the glass material for sealing, the thermal
expansion coefficient a41 of the sealing material layer, the difference from the thermal
expansion coefficient a, of the glass substrate, and the thickness of the sealing
material layer, are as shown in Table 1.

Next, the second glass substrate having the sealing material layer and a first
glass substrate having an element region (region in which an OEL element is formed)
were laminated. The first and the second glass substrates are ones made of alkali-
free glass in the same manner as Example 1. Then, the sealing material layer was
irradiated with laser light (semiconductor laser) having a wavelength of 940 nm and a
spot size of 1.6 mm with a scanning speed of 10 mm/s through the second glass

substrate, to melt and quickly solidify the sealing material layer, thereby to seal the first



0.8 0.80.8 0.8 Specific surface area (m2/g) 8.3 8.3 8.3 8.3 8.3 Specific gravity (g/cm3) 4.8 4.8 4.8
4.8 4.8 Content (vol%) 4.4 14.7 49.3 54.4
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glass substrate and the second glass substrate together. The power of laser light was
set to be the value shown in Table 1. The laser processing temperature was as
shown in Table 1. Thus, an electronic device wherein an element region was sealed
by a glass package was subjected to property evaluation to be described later.

5 COMPARATIVE EXAMPLES 1t0 5

An inorganic filler having a particle-form as identified in Table 2 (a laser

absorbent and a low-expansion filler, or a laser absorbent only), was mixed with a
bismuth type glass frit having the same composition as in Example 1, in the ratio as
shown in Table 2 to prepare a glass material for sealing, which was then mixed with a

10  vehicle in the same manner as in Example 1 to prepare a sealing material paste. By
using such a sealing material paste, a sealing material layer was formed at a sealing
region of the second glass substrate in the same manner as in Example 1. In
Comparative Examples 1 and 3 to 5, a second glass substrate made of the same alkali
free glass as in Example 1, was used. In Comparative Example 2, a second glass

15  substrate made of quartz glass having a thermal expansion coefficient az (50 to 250°C)
of 5x107/°C, was used. The surface area of the inorganic filler in the glass material
for sealing, the thermal expansion coefficient a41 of the sealing material layer, the
difference from the thermal expansion coefficient a, of the glass substrate, and the
thickness of the sealing material layer, are as shown in Table 1.

20 Next, the second glass substrate having the sealing material layer and a first
glass substrate having an element region (region in which an OEL element is formed)
were laminated. The first glass substrate in each case is one having the same
composition and shape as the second glass substrate. Then, the sealing material
layer was irradiated with laser light (semiconductor laser) having a wavelength of 940

25 nm and a spot size of 1.6 mm with a scanning speed of 10 mm/s through the second
glass substrate, to melt and quickly solidify the sealing material layer, thereby to seal
the first glass substrate and the second glass substrate together. The power of laser
light was set to be the value shown in Table 2. The laser processing temperature was
as shown in Table 2. Thus, an electronic device wherein an element region was

30 sealed by a glass package was subjected to property evaluation to be described later.

Next, with respect to the external appearance of the glass package in each of

Examples 1 to 5 and Comparative Examples 1 to 5, pealing of the sealing layer and



59.3 Low-expansion filler Material Cordierite - - - Average particle shape D50 (pm) 0.9 0.9 - - -
Specific surface area (m2/g) 12.4 12.4 - - -
29

cracking of the glass substrates or the sealing layer at the end of irradiation with laser
light, were evaluated. The external appearance was evaluated by observation by
means of an optical microscope. The airtightness of each glass package was
evaluated by applying a helium-leakage test. Further, the thickness of the sealing

5 layer was measured by cutting a glass package in each Example sealed with the
sealing layer, by a dicing machine, and observing the cross section by a scanning
electron microscope. These measurement/evaluation results are shown in Tables 1

and 2 together with the production conditions for glass packages.



Specific gravity (g/cm3) 2.7 2.7 - - - Content (vol%) 45.8 11.0 - - - Content of inorganic filler
(vol%) 50.2 25.7 49.3 54.4 59.3 Surface area of inorganic filler in glass mggerial for sealing

(m2/cm3) 4.6 9.5 19.6 21.7

TABLE 1
Ex.1 | Ex.2 | Ex.3 | Ex.4 Ex. 5
Glass Sealing glass Material Bismuth glass
material for Content (vol%) 670 | 743 | 697 | 629 75.1
sealing Laser absorbent | Material Fe-Al-Mn-Cu-O
Average particle shape D50 (um) 0.8 0.8 0.8 0.8 0.8
Specific surface area (m?/g) 8.3 8.3 8.3 6.1 8.3
Specific gravity (g/cm®) 4.8 4.8 4.8 4.8 4.8
Content (vol%) 13.9 14.7 30.3 37.1 24.9
Low-expansion | Material Cordierite - - -
filler Average particle shape D50 (um) 0.9 0.9 - - -
Specific surface area (m?/g) 12.4 12.4 - - -
Specific gravity (g/cm®) 2.7 2.7 - - -
Content (vol%) 19.1 11.0 - - -
Content of inorganic filler (vol%) 33.0 25.7 30.3 37.1 249
(Sr:]JE/fgrcn%)area of inorganic filler in glass material for sealing 1.9 95 12 1 10.9 9.9
Thermal expansion coefficient a (x107/°C) 80 90 105 104 105
Glass substrate Alkali-free glass (a, = 38x107/°C)
Thickness of sealing material layer (um) 3.6 5.5 3.4 3.4 3.4
a-leFYerence between glass substrate and sealing material layer 42 50 67 66 67
(x107°/°C)
Sealing Laser power (W) 33 33 36 35 35
step Laser scanning speed (mm/s) 10 10 10 10 10
Processing temperature (°C) 740 740 790 770 770
Thickness of sealing layer (um) 3.5 5.4 3.1 3.2 3.2
Evaluation | External Pealing None None None None None
result appearance Cracking None None None None None
Airtightness Exist Exist Exist Exist Exist




23.6 Thermal expansion coefficient ail (x1071C) 52 80 104 103 103 Glass substrate
Alkali-free glass*1 Quartz glass*2 Alkali-free glass *1 Thickness of sealingimaterial layer (pm)
3.6 3.6 3.6 3.6 3.6 a-Difference between glass substrate and sealing material layer (x10 1C)

1475 _?EB6L5E6§ 32

Comp. Comp. Comp. Comp. Comp.
Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5
Glass Sealing glass Material Bismuth glass
material for Content (vol%) 49.8 74.3 50.7 45.6 40.7
sealing Laser absorbent | Material Fe-Al-Mn-Cu-O
Average particle shape D50 (um) 0.8 0.8 0.8 0.8 0.8
Specific surface area (m?/g) 8.3 8.3 8.3 8.3 8.3
Specific gravity (g/cm®) 4.8 4.8 4.8 4.8 4.8
Content (vol%) 4.4 14.7 49.3 54.4 59.3
Low-expansion | Material Cordierite - - -
filler Average particle shape D50 (um) 0.9 0.9 - - -
Specific surface area (m?/g) 12.4 12.4 - - -
Specific gravity (g/cm?®) 2.7 2.7 - - -
Content (vol%) 45.8 11.0 - - -
Content of inorganic filler (vol%) 50.2 25.7 49.3 54.4 59.3
Sugfac% area of inorganic filler in glass material for sealing 46 95 196 21 7 23 6
(m“/cm®)
Thermal expansion coefficient ay; (x107/°C) 52 80 104 103 103
Glass substrate AIkaIi-fr§e Quartz* Alkali-free glass *1
glass *1 | glass *2
Thickness of sealing material layer (um) 3.6 3.6 3.6 3.6 3.6
Ex;?;fg:gr;ce between glass substrate and sealing material layer 14 75 66 65 65




TABLE 2 (Continued) Comp. Ex. 1 Comp. Ex. 2 Comp. Ex. 3 Comp. Ex. 4 Comp. EX. 5
Sealing step Laser power (W) 45 32 37 37 37 Laser scanning speed (mngs) 10 10 10 10 10

TABLE 2 (Continued)

Comp. Comp. Comp. Comp. Comp.
Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5
Sealing Laser power (W) 45 32 37 37 37
step Laser scanning speed (mm/s) 10 10 10 10 10
Processing temperature (°C) 940 720 800 800 800
Thickness of sealing layer (um) 3.4 3.4 3.6 3.4 3.8
Evaluation | External Pealing None None Exist Exist None
result appearance Cracking Exist Exist Exist Exist Exist
Airtightness None None None None None

*1:  Alkali-free glass (a, = 38x107/°C)
*2:  Quartz glass (o, = 5%x107/°C)



Processing temperature (C) 940 720 800 800 800 Thickness of sealing layer (pm) 3.4 3.4 3.6 3.4 3.8
Evaluation result External appearance Pealing None None Exist Exist None Cracking Exist Exist

Exist
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As evident from Tables 1 and 2, each of glass packages in Examples 1 to 5 is

excellent in external appearance and airtightness. On the other hand, in Comparative
Example 1 wherein the content of the low-expansion filler was increased, and the laser
processing temperature was made to be correspondingly high, the residual stress
formed in the glass substrates in the laser-sealing step was large, whereby cracking
was observed in the glass substrates or the sealing layer. Further, in a case where
the difference in thermal expansion was too large between the sealing layer and the
glass substrate (Comparative Example 2), cracking was observed in the glass
substrate or the sealing layer, even if the amount of the inorganic filler was reduced.
Further, in a case where the amount of the inorganic filler was large, and the difference
in thermal expansion between the sealing layer and the glass substrate was large
(Comparative Examples 3 to 5), cracking was confirmed in the glass substrate or the
sealing layer.
EXAMPLE 6

In this Example, a bismuth type glass frit (softening point: 430°C) having a
composition comprising 79.3 mass% of Bi» O3, 7.1 mass% of B, O3, 7.6 mass% of
Zn0O, 5.6 mass% of BaO and 0.4 mass% of Al, O3 was used by replacing a part of ZnO
as a glass component of sealing glass with BaO. Other conditions were the same as
in Example 1, and an electronic device wherein an element region was sealed by a
glass package, was subjected to the above-described property evaluation. As a result,
it was confirmed that no peeling or cracking was observed as the external appearance,
and the airtightness was also excellent. Further, with this glass frit, by the above
replacement, the crystallization potential is lowered, the fluidity of glass is improved at
the time of laser sealing, and the laser processing temperature can be lowered,
whereby the effect to reduce the residual stress can also be expected.
EXAMPLE 7

In this Example, a bismuth type glass frit (softening point: 430°C) having a
composition comprising 81.8 mass% of Bi» O3, 6.0 mass% of B, O3, 10.6 mass% of
Zn0O, 0.7 mass% of SiO, and 0.9 mass% of Al, O3 was used by adding very small
amounts of Al,O3 and SiO; to the glass components for sealing glass. Other
conditions were the same as in Example 1, and an electronic device wherein an

element region was sealed by a glass package, was subjected to the above-described



Exist Exist Airtightness None None None None None *1: Alkali-free glass (02 = 38x10-7/0C) *2:
Quartz glass (02 = 5x1071C) 33  As evident from Tables 1 and 2, each of glass packages in
Examples 1 to 5 is excellent in external appearancedénd airtightness. On the other hand, in

Compargiite EXPRRRIereALbs Sanien oL capansian esineedrersags gad the faser

process rature was made to eéorrespondln high, the resi in the

glass sultisateethdbehasetaen rgppter svae |age tM@ar&tghﬂtasklmsvalsommmm the glass
substrates or the sealing la ﬁer Further, in a case Where the difference in thermal expansion was too

large bethddheh o EBAMR, E{qu}‘l@%gg ¥gpsaaR emAvaiR el A eRaApt I eri&ing was
observeq;f,%stmlgggn SHORIFRE R G erealingd angais Groiblie; amaseh ebtae tnorgariefilliapas

reduced. 10Further, in a case where the amount of the inorganic filler was large, and the difference in

thermal @qﬂmgoarmbm@mdm)smls@ngm&mhﬁglase belstrated;asHargby wrgfteatite
Examples 3to 5 crack%}/vag confirmed in the Iass s bstrate or the sealing layer. EXAMPLE 6 15In

this Exar{?pqé'cg iSanlviig ES ?ﬁ‘{‘(é Hf'h& 3OC) having a composition comprising 79.3
mass% of BadAB g mass% of B203,7.6 mass% of ZnO 5.6 mass% of BaO and 0.4 mass% of Al203
was used by replacing a part of ZnO as a glass component of sealing glass with BaO. Other conditions
were the samdrathis Example. 1araﬂteatrﬁcm'e;cd©mi'@edefh@@mmaleme@terﬁ@ﬁnm@@rsem%otbwed by a

20glass cka epvas su ected to the above-described Prt.}pere}/ 08 A? are sult it was
. % at agp in he e manner,as In Exam S ec ed tg the 8’:
confirmed Hhatho peeling or AL INg was observed as the Extefhat a pearance S the airtightness

wag @lsogealiasy. frapbay wituhifoalassceist Bydhmanaye: repiaceat Wakierligedigabae potential is
lowered, the fluidity of glass is improved at the time of laser sealing, and the laser processing
temperaftf¥iBardeeWerbl, O3 -MnO-Coz O3 -SiO2 composition. As a result, it was confirmed
that no peeling or cracking was observed as the external appearance, and the
airtightness was also excellent.
In this specification, the construction of the electronic device of the present
15 invention and the process for producing the electronic device have been described by
using an expression of “the first glass substrate” and “the second glass substrate”. In
these descriptions, the first glass substrate may be substituted by the second glass
substrate, or the second glass substrate may be substituted by the first glass substrate,
within the concept of the present invention. In the above Examples, a case where
20 one sealing region is provided on a glass substrate, is described, but the present
invention is applicable to a case where a plurality of sealing regions are formed on a
glass substrate. For example, there may be a case where a total of nine sealing
regions are disposed in 3 rows and 3 columns on a glass substrate. In such a case,
nine electronic devices may be formed on one glass substrate.
25
INDUSTRIAL APPLICABILITY
According to the present invention, at the time of narrowing the distance between
two glass substrates in an electronic device packaged by the two glass substrates, it is
possible to prevent cracking or breakage of the glass substrates or the sealing layer,
30 which is likely to occur at the time of laser sealing. Accordingly, it is possible to
improve the sealing property between the glass substrates or its reliability, whereby it

becomes possible to present an electronic device having the airtightness or its



25 whereby the effect to reduce the residual stress can also be expected. EXAMPLE 7 In this
Example, a bismuth type glass frit (softening point: 430C) having a composition comprising 81.8
mass% of Bi203, 6.0 mass% of B203,10.6 mass% 66Zn0, 0.7 mass% of Si02 and 0.9 mass% of
AI203 wa iagih DYnASIOR: shtiP sl PR BrRaHEIBAl R AB S RIOZ b e AlBss comaan Al or
sealing glass. er conditions were the same as in‘Example 1, and an electronic device wherein an
element egotroniesieerle thbyiagutastyctokagehavaim $hbjdith te thetakevetite sathgids84 property
evaluation. As a result, it was confirmed that no peeling or cracking was observed as the external
appearastOSEAEHEDAGAMess was also excellent. Further, with this glass frit, by adding very small
amounts of Al203 and Si02, the crystallization potential is lowered, the fluidity of glass is improved at
the time of laser 5 sealing, and the laser processing temperature can be lowered, whereby the effect to
reduge the resitheaéstirsdisalvalse bé taymtted. BX@M Rppli8dtichibl&xadifle) 204 tteshandevice

wherein an element regjon was sealed by a glass acf<a e in the same manner as in Example 7, was
subjecte DESHTEORIA-40 RLL IR s F 2 R0-ioH e CERMAGE MR SAPTER Sent was changed
to one hanig o FREPRMAOS MROYRBE P3itsi@RtFarpPosition. As a result, it was confirmed that no
peeling or cracking was observed as the external appearance, and the airtightness was also excellent.
In this specification, the construction of the electronic device of the present 15invention and the

process Ing-t ogic device have been described by using an expression of "the first
glass sut?s%r% e' %ﬁ%h&@%ﬁ%%lass substrate". In these descriptions, the first glass substrate may

be spbstituted pyRhesepadalires sSUhRtRserdhestenend Alass SubkitieINaycon dessiuted by the
first glass substrate, within the concept of the present invention. In the above Examples, a case where

200ne sediRRIrRigioIRIsSERNIEIHHIR GEg thiselettatistelesngad astianbat elepeadsaginveRiidFsts
applicablg tg. e rali ealing regi [0 xample,
there ma§ebgéﬁagi:?§§é%(zrf§ %a%)%tﬁgll %t%(%ﬁhé s%gﬂigﬁ% %%%%@ﬁgég |sb%'s§8%|}1 ﬁi‘ﬁﬁ%ﬁéﬁ%ﬁ? nq(;s on a
glass suliséeatéight.such a case, nine electronic devices may be formed on one glass substrate. 25
INDUSTRIAL APPLICABILITY  According to the present invention, at the time of narrowing the
distance between two glass substrates in an electronic device packaged by the two glass substrates, it
is possible to prevent cracking or breakage of the glass substrates or the sealing layer, 30which is
likely to occur at the time of laser sealing. Accordingly, it is possible to improve the sealing property
between the glass substrates or its reliability, whereby it becomes possible to present an electronic
device having the airtightness or its



35 reliability improved, with good reproducibility, and the present invention is useful for an electronic
device having a structure wherein the distance between the two glass substrates is narrow. 5The
entire disclosure of Japanese Patent Application No32010-291040 filed on December 27, 2010
including specification, claims, drawings and sungpamis incorporated herein by reference in its
entirety. EFEK( NCE SYI\{I)BOLS todl: Ieﬁgronic o\evice, %: fir tl lass s#b trate, 2a: first sPrface, 3:
: glass member provideg with 2 sealifig materidl layer |c}i_corr1 rises g dlass
second glass suBstrate, 3a:"second surtace, 4: electranic element portion; 5:”element regron; o: first

sealing regissirateSe@ARg aealifgde BIaVIng: $ealine danr)iod:; sealifarmatetal iy eeditidaseidgir 36
CLAIMS 1. A glass member provided with a sealing material layer, which comprises a glass substrate

having atbgrgleshavheiratecapRpifgdnataiial fayseddving @ dbiaimersgpbiesstiiag i dsdn @strate, a
sealing r ' ' Of | ial ined.hy firing
ol N e e S s o e A R ey
absorbenjtass wie minitbegglaissfitatenatdttisgalings eontasnsdbetjnorganic filler in an amount within a
range of from 2 to 44 vial% based on the total amount of the sealing glass and the inorganic filler, and

the surface ard¥6f82 e QaaR PRipTIALARr pasling seniains e nomanic Ilesiin 2RABCYRmore than
6 m2/cmgand 5"?5ﬁB@’b#ﬁr&ﬂ?@%&@%l%@é‘%@f%ﬁ %féelr&%?%rg%m‘ﬁ%?lmé Laeling! sxRansian

coefficient chi of the material of the sealing material layer and the thermal expansion Coefficient a2 of
the glasshailistrganic fikkinzmn doigesof face dre aoof tielioarg@aic fRlet e thastasembéenabiaded with a

2o 0 PV FAGH O RORP JF A R0 G Ro3a 418 18 aFint of e <caiing

glass and the igREgaMHG il Iiferehle BlaEvBle tAhRIAVA A YYHS B $R¥ETGBAIS R Jpyes according to

Claim 1 or 2, wherein the inorganic filler further contains a low-expansion filler, and the glass material
20for sednatpteheditkeisedbngaxgderal nayesrancingritemaliexpansinmeastificiand ok ©f Atevial%o

based on the totgl amount of the sealing glass and the inorganic filler. 4. The glass member provided
with a se%ff?ﬁé %%ghg%’a@e\fw @o?dﬁﬁag%%ﬁff%rﬂe 6’&%29?(?59@? E,Bwherein the laser absorbent
comprisezs at |3 gRRe@niRiepediienwith &sddnn§ tdleaad 4yeosédedisigreciampound

containing the metal. 25 5.The glass member provided with a sealing material layer according to any

ondbf CliliRseind s, alpesaneiEablpcspalirgronlaineshp iRt Alsediadmasmaseryalaritiom
e T AU e D B el S,
glass. inorganic filler.
3. The glass member provided with a sealing material layer according to Claim 1 or 2,
wherein the inorganic filler further contains a low-expansion filler, and the glass material

20 for sealing contains the low-expansion filler in an amount within a range of from 0.1 to
40 vol% based on the total amount of the sealing glass and the inorganic filler.

4. The glass member provided with a sealing material layer according to any one of
Claims 1 to 3, wherein the laser absorbent comprises at least one metal selected from
Fe, Cr, Mn, Co, Ni and Cu or at least one compound containing the metal.

25 5. The glass member provided with a sealing material layer according to any one of
Claims 1 to 4, wherein the low-expansion filler comprises at least one member selected
from silica, alumina, zirconia, zirconium silicate, aluminum titanate, mullite, cordierite,
eucryptite, spodumene, a zirconium phosphate compound, quartz solid solution, soda
lime glass and borosilicate glass.

30 6. The glass member provided with a sealing material layer according to any one of
Claims 1 to 5, wherein the glass substrate comprises alkali-free glass or soda lime glass,

and the sealing glass comprises bismuth glass or tin-phosphate glass.



30 6.The glass member provided with a sealing material layer according to any one of Claims 1 to 5,
wherein the glass substrate comprises alkali-free glass or soda lime glass, and the sealing glass
comprises bismuth glass or tin-phosphate glass. 3B77. An electronic device which comprises a first
glass S“@?”“%ﬂ%@&r%rﬁ\%éw&%_ %'Bgﬁéﬁéééeﬂ\@( @g&%&;ﬂ%ﬁ@%%@%ﬁﬁf%ﬁg&ng a
second surface having a second sealing regio corresponding to the first sealihg region an
disposechswitigttfiesseealidgtetaon;is Sopposed to the first surface;  an electronic element portion
provided between the first glass substrate and the second glass substrate; and  a sealing layer

which is forme® BRERREIIRRSFUPSHAA N RIS POTRRETH YIRS SRy SERPIbABIe8 kMg
region Ofc‘&‘?e%‘?ﬁ%mrrfﬁ]%stﬁék?ﬁgﬁé%éﬂr?&?éﬂﬂ?n%%'%%%%@%@t RS8R Wikchbss a

thickness of less than™7 pm and is made of & material obtained by melting and soliditying a glass
matérial fgrpsesshtptiae Gosttaimtagaealing glass and an inorganic filler containing a laser absorbent;
wherein the glass material for sealing caontains the inqrganic filler in. an gmount within a range of from 2
(044 vial% baBRP R IGEISTR R ST LB QTEL8 St D AR R RRPLE 2 thE e, rface
area of thaapwanisdilenitiiie gagp material for sealing is within a range of more than 6 m2/cm3 and
less than 14 m2/cm3; and  wherein the difference between the thermal expansion coefficient al2 of

the material ofatresbagngyaywhisitithioimathbebyrpandivnfistfrainga2 @patoé e dirst glare first

glass susale f0d the second gloss substite s wibindte rongp oL LamAS (020101410 7/C). 8
e electronic device accor Ing to Llaim=/, erein tne glass erial 10r sealing contains the laser

absgrberdistporaesleniantiporithrangaveidronag fotidkAalds bRRRSS eNd e tohalaT0s A adéhes sealing
glass and the inorganic filler. 9. The electronic device according to Claim 7 or 8, wherein the inorganic

fler furtiRMESeBAL AR ALY paHinerAAolAiving gualasemaieriabiacanatissinaleoniainsa
expansiog (e As merah Wio:a e Ao fhd 10402l igsg on the total amount o the

sealing glass a e inorganic process tof producing an electronic device, which
comprises prepaigngia firstgiassraabstisittohsguiling tsttainfte haorggridifificsealimgasgant
30preparing a second glass substrate havin%é:l second surface having a second sealing region

correspoVfHiig & ek & Seling iR gbrelihrestien etalabamey HAEHE sERINGIIAESANtkness
of legs thag 8 éﬂriH‘ﬁIT’eP'bmtﬁ%cﬁl'}‘f‘a%"eagﬂga%ﬂﬂ@éﬁ%rggﬂi@ﬁﬂser‘m fhogisdalnhtamaddpy firing a

glass material for sealing that contains a sealing glass n inorganic fillercontaining a laser
absorbersealingl@mirithing then §esof) assestiziratmAothihensclessdipass4oifdtrate avith the sealing

material layer interpqsed so that the fjrst surface and the second surface are opposed to 5 each other;
- e SO AL BB PR, BT AL ARG B NS hEs Gl Bate or the

second glaseaubsirale (e aal akalithieeerine malesiahauritbrieby, ieffame asteplingdayer to

seal the electronic element portion provided between the first glass substrate and the second glass
substratdhe first glass substrate and the second glass substrate is within the range of from 15 to

20  70(x107/°C).
8.  The electronic device according to Claim 7, wherein the glass material for sealing
contains the laser absorbent in an amount within the range of from 2 to 40 vol% based
on the total amount of the sealing glass and the inorganic filler.
9.  The electronic device according to Claim 7 or 8, wherein the inorganic filler further

25 contains a low-expansion filler, and the glass material for sealing contains the low-
expansion filler in an amount within a range of from 0.1 to 40 vol% based on the total
amount of the sealing glass and the inorganic filler.
10. A process for producing an electronic device, which comprises preparing a first
glass substrate having a first surface having a first sealing region;

30 preparing a second glass substrate having a second surface having a second
sealing region corresponding to the first sealing region and provided with a sealing

material layer having a thickness of less than 7 ym formed on the second sealing region



10wherein the glass material for sealing contains the inorganic filler in an amount within a range of
from 2 to 44 vial% based on the total amount of the sealing glass and the inorganic filler, and the
surface area of the inorganic filler in the glass matei@& for sealing is within a range of more than 6

m2/cm3 h - Al I iffere %Eﬁ\ﬁ‘?i n
coeﬁicier%ﬂagnl%%%tjéegfglnﬁ}'ag?ﬁgpgp t%érwsegagﬁ{g Hnbg:gr@%%%@%gr%?ﬁmstﬁhgeér?nﬁgae%%gon coeﬁicient az2
of at leagieniid gidbeditsid s snsubanatdiltrcctaintand lass sbdstoatetis within a range of from 15
to 70(x10-7/C). 11. The procgess for producing an electronic device according to Claim 10, wherein

the glass matdATIRFSKING TShlRRSALRsYaIeRE6 s BRPIRLAIBEH SHRBIRIR VN e8P 2 to
40 vial% BasedpmiRe iRfahcsReH Y LIHEEREF RS Qipse 820 e LNeLdBRiE éiu%cé%ryb?ﬂé‘%%%s&)for

producing an electronic device according to Claim 10 or 11, wherein the inorganic filler further contains
a low-expackiathidre@raohd the glass material for sealing contains the low-expansion filler in an amount

ithi of f 0.1to 40 vjal% b d the total t of th I dthei i
flor 25 30 AMEHIEREY We seal o rioal FeL ol ataser Jamhaimyath Bedirr g PSion. on e
sealing regisstatdns arasseudirirgles3 SBSRINE HRRIIGhFRYSHRiF\INg sothisknassrdrsgdran 7 pm

is formed. The sealing material layer 9 is made of a fired layer of a 5glass material for sealing which
contains thedintpdriss asgalingtaganto Ses doa elieohp aitaelenerioposionievidedeetoermt of the

morganl(‘tﬁlelk?lrré from 2 t%4t4rfa\{8l/o. The surface area of the wgﬁqrganlc filler in the glass material for

sealing is within glrazf‘nsg%uofs more%ﬂgnp%erﬁﬁfconqg glna(f ?ess%t{ﬁté T4 m2/cm3. The difference between the

therigmal expangipereaetheiesd ahfsrisealingaamiercdhpisSanthiigdhey Medrlifexpanstumeoefficient
az ol thev%!t%?r? : lﬁgﬁggtgf?%rig’mw ghtlc? 24%8%3 ggfsrgén O%Stﬁ% thg(llgﬁgﬁcr:\)t' of the sealing glass and
the inorganic filler, and the surface area of the inorganic filler in the glass material for
sealing is within a range of more than 6 m?cm? and less than 14 m%cm?; and
wherein the difference between the thermal expansion coefficient a4 of the
15  material of the sealing material layer and the thermal expansion coefficient a, of at least
one of the first glass substrate and the second glass substrate is within a range of from
15 to 70(x107/°C).
11.  The process for producing an electronic device according to Claim 10, wherein the
glass material for sealing contains the laser absorbent in an amount within the range of
20 from 2 to 40 vol% based on the total amount of the sealing glass and the inorganic filler.
12. The process for producing an electronic device according to Claim 10 or 11,
wherein the inorganic filler further contains a low-expansion filler, and the glass material
for sealing contains the low-expansion filler in an amount within a range of from 0.1 to
40 vol% based on the total amount of the sealing glass and the inorganic filler.
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ABSTRACT

A glass substrate 3 has a surface 3a provided with a sealing region. On the
sealing region of the glass substrate 3, a sealing material layer 9 having a thickness of
less than 7 um is formed. The sealing material layer 9 is made of a fired layer of a
glass material for sealing which contains a sealing glass and an inorganic filler
containing a laser absorbent, wherein the content of the inorganic filler is from 2 to 44
vol%. The surface area of the inorganic filler in the glass material for sealing is within a
range of more than 6 m?%cm? and less than 14 m%cm?®. The difference between the
thermal expansion coefficient a4 of the sealing material layer 9 and the thermal
expansion coefficient a, of the glass substrate 3 is within a range of from 15 to 70(x10°

’I°C).



