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PRODUCI NG THE ELECTRONI C DEVI CE TECHNI CAL FI ELD The present
invention relates to a glass nenber provided with a sealing nmateri al

| ayer, an el ectronic device usingDES@ERIPTAORY ocess for producing the
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such gl ass substrates that are seal ed together (Patent Docunent 1).
Al so for a solar cell such as a dye-sensitized solar cell,

appl i caty package having a solar cell elenent

(phot oel-fé%@w@m&gmrsi on elenent) sealed with two gl ass 20
substrates haueplagent iflettiondelahsd 8 glRes HEMerdrovided withs &a‘ﬁﬁ?lrﬁsﬁgn I
material to seal a space between two gl ass substrates, applicalion
seal i ng lgyersan electbhierdevice uding mnnSELprecesess‘ospMGelngdhe eleclonio device.
progress. Since the sealing tenmperature of the sealing glass is at a
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sealing temperature of the sealing glass is at a level of from 400 to 600°C, properties

of an electronic element portion of the OEL element or the dye-sensitized solar cell will
25 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 (Patent
30 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 cracks,



By the way, reduction of the thickness of a gl ass package
constituting e.g. a FPD 10 or a solar cell tends to be in progress,
and for this purpose, it is required tq narrow the gap between the

gl ass substrates to be, for exanple, at®> nost 15 pm Since e.g. the
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expansion coefficient a2 of the glass substrate is within the range

of fzoomih&sealing3ayer0- 15 7rC). The el ectronic device according to an
enbodi nent of the present invention conprises a first glass substrate
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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 l[ayer which suppresses generation of failures such as cracks or
breakage of the glass substrates or the sealing layer even in a case where the

distance between two glass substrates is narrowed; an electronic device employing



between the first sealing region of the first glass substrate and the
second sealing region of the second glass substrate to seal the

el ectronic elenent portion and having a thickness of at nost 15 pm
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mat eri al sifcpra RSk MdEmSeiraliakagith £8841inddnatbAsSayar dnaisRiviraPsighbent

and optionally a | owexpansion filler, the total content of the |aser
absor benairtighthasiseandogliaxiiiynanda proddssfolprbdgcing sugh aowidctrooivpiavinet
being within the range of from2 to 44 vol% and wherein the

di fference between the thernmal expansion coefficient al of the

mat eri al ?ﬁéﬁl er and the thermal expansion coefficient
a2 of aIS?LgZP?gﬁS?& Lt e first glass substrate and the second

gl asg subst rieglass mdrither grbdideand® éeding Matbridldaye (@xtofinglie)an The
process for producing an el ectronic device according to an enbodi ment
of 4t r@nlptvcgg@nt of thedesai invenpen sempases aglass ybetsalei heying 4 puace

gl ass sybstrate having.a surface.having.a.first sealing region; a
Step of MovESE PRTS TeBiohk An pee g it s Drvipoz bidtpecRotalmey 12
second 64 lahRAdofeét FHHPESAREGHON B R %IQ@sélbﬁéﬂatﬁ%térQﬂ tﬁégbaﬁhgand
provided with a sealing material |ayer having a thickness of at "host
15 pm 5 rhatenablager ¢dmeprisesaniired endterigl ofegdlass materiat forakalimgcortaining) 4 he
first glass substrate and the second, gl ass substrate with the sealing

mat €0 alserlin@ plaskt 2 15565 absybentatd eptionally f deuregpansien fillarsthegpiabgontent

o sach SR pebhfaiibeRtihiheiol S3PEREn NATURLET RoRrky BpeBRREEino
with a lyagf the @hbe bhfroRON td B8 vbIE;SndhRSRINSHB HifdbRodbetWeenIRE Hifimal
gl ass substrate to nelt the sealing to material |ayer thereby to form

a seal i mxphasien coeffisient at blidhe Ineaterialnif the beatipgtmaterial layemarathddbermal
between the first glass subpstrate and the secon | ass bstrate; )
Per et exandinh BpefbRat e pne (RS SLbGITBIA 1 BANE e fea0s,al AT oH6 18iE54¢10

gl asg mar}c,@zi al for sealing containing a sealing glass, a |aser
absorbent "and optionally a | owexpansion filler, the total content of

the | aser alf$erdlesttonindetite atcovdipngansi embddimbar ofthe pgesent ivehtisral 15
conmponent being within the range of from2 to 44 vol% and wherein
t he di f Ferwiges affirstritassahsiiptechadng peurfaerhaying arirstageaing reglodal i ng

material |a r! fro tthg Elhermal expansi on coeffidci ent a2 .of at | east
one of SREST] Pless Siibattia ATPE R sits Hayig 8tond 1ealoo Baidh r ate | o
Wi thin EBﬁ'eéﬁélﬂJ%}g)i;ohthéqmtls‘éaﬁl‘?g BRfiord And Ehspoddl SN HER EE BEfdse ¥

| NVENTI ON e glass nenber provided wth a sealing materi al

| ayen, #Hre sirtadterdrihe fickk glase sebpiralg; ag eldeiranid eermpeniqestor provideadhetivagn
the el ectrgnic device according to an enbodi nent of the present

i nvent i §i¢ first olags sukslraie anddne aﬁmr&@ag%ﬁl&sa&ai% rRngra g2aing dayes armad

br eakag f . . | i i

seal i ngostrestAeTSealAg o bt (e FE A sB¥Bhieindirb 58004 sbARY

subst r at&gion of Ml de@vRE glale Gubeiraiel th sehl theldDRRideIEment pOVEIbR ARE Halifg
seal ing property between glass substrates and its reliability, and to

pr ovi deadhickhesast of@timost dilwe; whereinghrisghling layeytamprdzesanmetididngbi llayey
ith ducibility.. 30 BRI.EF DESCRI PT| ON W N

F B 3O BEa s SRaE Bl p SRl ORB NG GoaSalng HIpSerd ASORabOIBBMAND  an
g1 PeageR Tl . :

© rvont | Bpfioriy dBnAGERRGIORTIER 1A FARAARE 18 addtabRBARAR and the low-

i |1 ust r akpargidriillep beigdi epticrial podPuséntRiref within éhe edrigersi ¢rofeRite a4
according to the enbodi ment of the present invention. ) Fig. 3
i s a pl#el%iang whergit thawdiffeyeaca betwieey|the hasmpbexpansionsenefficient ive of the

ItO (r)oczz(e(cji;J _Fneaté rial o? R'lreosge% |}1|g ?apye?];ha "hé %heecrﬁ{a Q)'(p%ncsi%\r/'ll c%%ﬁ%?e%%g 'of aﬁ'eggt' onze(oaf)
30 the first glass substrate and the second glass substrate is within the range of from 15
to 65(x107/°C).

The process for producing an electronic device according to an embodiment of



Fig. 4 is a cross-sectional view along the line AAAin Fig. 3.

Fig. 5is a plan viewillustrating a second glass substrate used in
the procedure for production of an el e%troni c device shown in Figs.
2(a) to 2(d). Fig. 6 is a cross-sectional view along the line A-Ain
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vari ous known conposition. Al kali-free glass has a thermal expansion

coef f i cicontaining arealing glese3% [aser abgorhentang optpaally 3dow-enpangiosillaiatbea
t hermal _expansi on efficient of abpout from80.t0.90(x10-7PC)..
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el ement portion 4 aCcording 6°to the electronic device 1, 1Is

pr ovi dedhe Feemel extansitnccoefeimiti, pdtHe sealidg niateriaaygrlifem theshamaEL
el enent in a _case of OELD or COEL i I!S)%m' nation, a plasma em ssion

el enent eXAansieseefieieptrs ofat igaghoRe of {a st grsp sehstate ARt ing second glass

of LCD, - i 1lze - nt (dye-sensitized
phot oel ggp%%eg%ﬁ'\'}gﬁgﬂgﬁéﬁeeﬁfefﬁﬁ 5}?5&8?5%&-@8 f solar cell. The

el ectronic el enent portion 4 having a light-emtting el enent such as
an CEL el enment or a dye-sensitized solar cell elenment etc., has any
one 20f WAIVANBAGROWMS EFFEETS@E INVERITEDNCt roni c device 1 of this
enbodi nent i s to the nt structur

el enent - por GRS MasETneRBeLPeYERH I Tiave R0 HaleHabiave aRplponic drvice
first gbaffoinPR BhalEprdce Rt bldtiugthe electronic device according to an
embodiment of the present invention, it is possible to suppress generation of e.g.
cracks or breakage of glass substrates or a sealing layer at a time of laser sealing
25 even in a case where the distance between two glass substrates is narrowed.
Accordingly, it is possible to increase the sealing property between glass substrates
and its reliability, and to provide an electronic device having high airtightness and

reliability with good reproducibility.

30 BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is a cross-sectional view illustrating the construction of an electronic device

according to an embodiment of the present invention.



10 gl ass substrate for an elenment, and an el ement structure of e.g.
an OEL elenent or a PDP elenent is forned as an el ectroni c el enent
portion 4 on a surface of the substrate. The second gl ass substrate 3
constitutes a glass substrate for seali®g the el ectronic el enent
portion 4 fOFi’§§.dQ@§‘td bRY) ok ErReS-sBELSE viewsShusiaBiRg tSdPRickat® fér
However, the cConstruction of the electronic devicé 1 i1s not limted

t her et o. prieductprecireslecinenic tbdcd etardingdnitibe embodimeni@f theopredents e. g.
a dye-sensitjzed solar cell elenment, elenment filnms such as a wire
filnms orME¢ ode filns forming el enent structures are formed on
surfaces 2a gnd,: t i : £ t.
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the surfaces 2a and 3a of the first and second 20 substrates 2 and 3.
On the surf ddg. 2is atrasssettional vigvaglong ding tinadeh B kig. e enpl oyed for

ducti ot | ectr.oni i 1 h in Figs.,.3 d 4,
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el enent i D i i-C ion is fornmed.
The fi rsftBPgllé%PFﬁ%d (rgfe%}?%%&é&?gd%&@%fsggﬁrhg%ﬁa?gn?@)stﬁ?@%d Itfle el enent
25 regi on 5.Figne ishe cissisactorid vighv Albag secimdAQl iaFigBibstrate 3, as
shown in Fi 3;39% and 6, a second seali nfgmrre ion 7 corresponding to
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an elenment region is 30 provided as the case requires. Thé first
gl ass suespemtare) and t he second gl ass substrate 3 are disposed with
a predeterm ned gap so that the surface 2a having the el enment region
5 and the first 7 sealing region 6 is opposed to the surface 3a

havi1?g t[ﬂg%éﬁﬁ;gﬁ I\F@%Iémgtg@img. The gap between the first glass

substrate and e secont ass Ssubstrate 3 is sealed by a sealing
llayer 8. Namdw,.thé Bebderhéritg of feasreSemtSndentioh dvilbBé Westriidtewitie pdibRBice
region 6 of the first glass substrate 2 and the sealing region 7 of

t he secdndrayings shipst roa view ifusitating the corsifuciipe otae elactane daviagent
portion 4. The el ectroni.c elepent portion 4 is_her ] cal seal ed by
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el erant easbddirmert efche présentineartiun, podFHigs) 34andldpey views illustratisgthee
remai ns between the first glass substrate 2 and_the second gl ass
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An electronic device 1 comprises a first glass substrate 2 and a second glass substrate

3. The first and second glass substrates 2 and 3 are constituted, for example, by
alkali-free glass or soda lime glass stc. having a various known composition.  Alkali-
free glass has a thermal expansion coefficient of about from 35 to 40(x107/°C). Soda
30 lime glass has a thermal expansion coefficient of about from 80 to 90(x107/°C).
Between a surface 2a of the first glass substrate 2 and a surface 3a of the

second glass substrate 3 opposed thereto, an electronic element portion 4 according



The sealing |ayer 8 conprises a nelt-bonded |ayer fornmed by formng a
sealing material layer 9 on the sealing region 7 of the second gl ass
substrate 3 and nelting the sealing material |ayer 9 by |aser |ight
to bond it to the sealing region 6 of tthe first glass 20 substrate 2.
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as a filler. The glass material for sealin 8 contains the sealing
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di sappearing at a time of firing. For the 5 purpose of adjustnent of
expansi @aleroerf farioredtfonueden thessurfasedf tha finst glalhe sybsisate @at Elomavef, the
sealing preferably contains, a | owexpansion filler the fjller

ot her twgﬁsv%iqna%élﬁeg HPB'é?rﬂe.‘"OP&r‘Stﬂ%ﬁ@EﬁFi“?*fije@- a?ireﬁ@ragb FVF'PE')"?G
for exa j | 42 cli, Ji - S '

ol 58 edgrie et it 333 5 el orsyori e gl clored™Bpmien® e
consi dersughl aklkewpe film$gr Plecpedd Mrr(safdhﬁiag@lerﬁé@mmctt)reé ard faemet a8s
substrates 2 and 3 and reliability (bonding reliability and
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to 68 mol % of SNO, fromO.5 to 5 nol % of Sn02 and from 20 to 40 nol %

of PRB05 s@bstsateallgnd 3.he total amount will be 100 nol%9. SnOis a
conponent to neke the glass have a low nelting point. If the content
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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



9 of Sn4+ (Sn02) is determ ned by subtracting the above obtai ned
anount of Sn2+ fromthe total amount of the Sn atons. The gl ass
formed by the above three conponents has a | ow glass transition point
and is suitable as a sealing material dt |low tenperature, and it nay
contai n gedling &e@oﬁ@ﬁ'ﬁ@ﬂ?ﬂéedfbtﬁ@rsﬁHacQBaﬁévmeh@b@ébrﬂ@éhhﬁg r%@l&? a
conponent to stabilize the glass such as zZnO 6203, Al 203
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vitrifi edbstaste 4 ind ﬂqe@gceﬁd@abg JiBsiae 3. he sof t eni ng poi nt vm Il be
too hi gh, whereby sealin | ow tenperature will be difficult even
if aload id I@mﬂah@@laafer W@mnrﬁ@sgfmelhboa@%d lawgr formed bytiermjng gssealing
formed b above t orrponen s a |laow nsi tion
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this cages sédip Gbg@ﬁ 7C6TTRO Skt drNglaSs Sehsiated is Melttiindel %o e sdalipgount
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becones ragion fecf 498 first glasgebgjraie & hyshaat iohlaskolighietal tha@bgcbmma seakng

the filler Ia er absorbent and a | ow expansion fjl . HOWE\{);I’,

si née i ayeé QNG SPRGE ?@F‘H" IRROSING BPAGSH PSFWeSN Ihé 'rﬁﬂ'ﬁ‘%esq tale 2
absor be I 511@.&; 4on filler is an optional conponent and
t he Iow%lng)%@élaggc 1 on Ié er I'S not necessarily contai ned. The | aser

absorbent | TharecamsPmatarial layer 9 is a layer formed by firing a layer of a glass material
for sealing formed in the sealing region 7 of the glass substrate 3. The glass material
for sealing contains a sealing glass, a laser absorbent and optionally a low-expansion
30 filler, and further, the glass material for sealing may contain an additive other than
these components as the case requires. Hereinafter, the laser absorbent and the low-

expansion filler are collectively referred to as a filler. The glass material for sealing



10 conponent for melting the sealing material |ayer 9 being a fired
| ayer of the glass material for sealing, by heat of |aser light.
Thus, the glass material for sealing contains besides the sealing

gl ass, a | aser absorbent as an essentid conponent or both of the
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the | ow expansion filler increases the surface area as descri bed

above prasipitalé di the roélt ohibedbwsselting glasal If’gﬁs is @adarmppreet tetesmsa glass
d t |t th I al f fluidit
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terrpera ure r OCESS errper ature aser
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measured by ICP emission spectroscopy. Then, the amount of Sn* (SnQ) can be

obtained by the iodometric titration after the acid decomposition, and thus the amount



Hereinafter the fired glass material for sealing being a materi al
constituting the sealing material layer 9 may also be referred to as
sealing material. The thermal 12 expansion coefficient ai of the
sealing material may also be referred % as thernmal expansion

coef fi ci gngn‘alsed,)tiadefectminditbyRiifdchhg hﬂ%/ﬂﬁove obtainE8ahitRint of 86°* from
sealing layer 8 is a |layer conprising a nmelt-bonded material of the

gl ass ndthertoial amounis@‘ahem atomshe material of sealing material | ayer

9 (fired glass materi al ealing), and it is usually a la
For med by el 19 AGSa/RIMaskn g Abrue JapicAgARRPRihas 3 [pesiios tggiion poin
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8 and t heymidrint & forh 4 Hlass @leélem Sidh &I S10,) @M@hﬁSnéon eeitfizéene gk
be substantial ly not changed. Accordingly, the thermal expansion
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sol i di fisvaut, @ tid glabe transitiompoimtbetheadoftealngrpdint iéebe lifveedseel Mahus, the
expansi on coefficient al of the seali ng material is |arger than t he
t herifal to®l expankeidhe eptienal epewpongntsds ptaﬁeraglya@sn@ﬁ@ﬂma%s In thig $age,
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seal i ng tﬁéeetl& ‘bhponamd. tfaemau@aeéérﬁ@ém@%l% strong conpressive
stress (residual stress) is forhmed in the gl ass substrates 2 and 3.
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time, Eis modul tho n ter|
subst r acegtest o 8s Binpds Y Gigseh, HE RS wiitasol By rieed Bndir don
seal i ng tli’é‘r%”f%%estlﬂ@?ﬁ t| al l'y constant when
t he scam@r@?@gre%aﬂe%m%g !spclige-lt Sl ze | ase gﬁH‘l ight is constant, AT
subgbanti al lzﬁdoecanwmﬂpaﬁmmttcehmmrarnmﬂerrdafémaaem oniefficient or thee like. | dthe
30seal i ng I n_conventi onal gl ass materials for sealin a net hod

of r edu@pﬂtgnhoﬁ £nQ i legp tham | messimties olass wilt ardlyRevitrfied) i ﬁgh% cepenih
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when t héorhes ghasprshelem and to broaden a range within which the glass can be vitrified.

25 If the content of B2Os is less than 2 mass%, the glass will hardly be vitrified, and if it
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

30 component such as AlzO3, CeOg, SiOs, Ag:0, M0oOs, NbsOs, TasOs, Gas0s, Sbo0;,
Li2O, Nay0, K0, Cs,0, Ca0, SrQ, BaO, WO3, P205 or SnO, (wherein x is 1 or 2).

However, if the content of the optional components is too high, the glass will be



tenperature (heating tenperature) is increased to increase the
fluidity of sealing 5 material, increase of the residual stress a
becones significant. Fig. 7 shows an exanple of the relation between
a strain anount of glass substrates th3#® are |aser-sealed by using a
thin sealndisblaBlREreBY dedifilcafloh Ay titcar, (M ik BRSS transfio@poMPeF thk> PM
and the | aser procesS tenperature(heating tenperature). As evident

f r om Fi geoftgningeoisitmay beamweagedof Thus, tijedetal somisnt clttks optiana aseponents

along with 10 rise of the |laser progess tenperature, which indicates
that red? digierably alygosisq Wésﬁc’zasﬁ‘ g’t‘;’-’n@%freat‘ glpss corRPesiten ISRAIvsied so
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at nost peroptgs iongAassédae i nfluence of shrinkage anmount of the sealing
material layer 9 is reduced, the stress due to the difference of
shri nkage anthenglags materidl fengealing contabisdist the fiderce laspeabaasbenttandn ove
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reduction of thermal expansion difference between the sealing
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ot ar 1 amayaios Sy bRk g, IS R habIRERSTN or cer
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filler) of the |owexpansion filler and the |aser absorbent in the
gl ass nioir obtheflaserababibegt and et lo@sexpanbonillehi n t he range of from 2

to 44 vol % Fl ui di‘&l_)y of the Se%ﬁ;@g mat?rial is influenced not
onl'y by t he ASHIEdBgRAREBBIPEP: |8 GAMBRHN aatilerst ops sretabaieded from-ge,

thi g.reaso | ' %n‘g& 'nrralq-g, :
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for sealhidBsebabsirbést gy bé aPigimendtotiiel ftan\them. t A ti®low-efHsioM fillek, at
the | ow expansion filler and the 30l aser absorbent is at nost 44

vol % i fedst opedyicpsalegted domesilica glumisaearcanipairconjurarsilisate, sordierter a
rocess tenperature, (,heating te rature). When th otal content .of
et st igs oty S50 Bhe olss A ihrofiioatq hBiss S8 Besiitatii,
t her mal i 0 ihEf | § I 9 and
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the gl ass substrates 2 and 3'i's
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but since the lowering of fluidity of the sealing material is
suppr es&am may, fof gxa8le ke mentiongsk  The lpwwxpapsion ler is afijer havinga
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expansion filler unless otherwise specified.
30 The thickness T of the sealing material layer 9 is at most 15 pm or further at most
10 pm in order to narrow the substrate distance (the distance between the first glass

substrate 2 and the second glass substrate 3) after sealing. The thickness T of the



15cracks in the second gl ass substrate 2, or fluidity of nolten glass
material for sealing may be deteriorated to deteriorate the bonding
property with the first glass substrate 2. The | ow expansi on
filler is preferably contained to redud¢e the thermal expansion
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of | ow exparsdrocodffitiértrg, aiilde fifesieglads ateriablor sealing archiha thasesl

process tenperature is unavoidable. If the therml expansjon
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t enper afeMEentipnalasicmalssialision sealinosoniain felatively lazge amount of low-

30 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 as sealing material. The thermal



| ayer 9 and the glass substrates 2 and 3 is within the range of at
nost 65x10-7/C, it is possible to reduce the content of the

| ow- expansion filler in the sealing materl al. Further, even in a case
where the sealing material contains nol#ow expansi on Fill er, when the
ther mal  syRmaRinGEbetficidrit qg'ib? &@ﬁdﬁﬁ& dtfal higg b@ﬁ’éférrfe%ﬂ to'a%%ﬁém%la”d
the 30 gl ass substrates and 3 is at nost 65x1 0-7/C, it is possible
t o suppregmnsicacdcefiwiertce ak peseating masérial ttagyeg. ass substrat es 2 and 3

or the sealing layers. It is sufficient that, the se g,materi al
contains a | Bdheralbesiealing layer § is alaver comprsipga r@&ﬁ%@ﬁae%mth' of the

o PR e i BB 8 8o 8 R 4TI  Frie
absorenfor s8allrd§, AHERIE R TBRERY aaéyé‘r%m%y mmng ald édiﬁiﬁg te ¥6dlidy Pedtaaal

the lower limt of the content of the | aser absorbent. Here, in order
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40 vol %laééh ée‘én@g@.%hé alised s,dlﬁes&@s%%rrﬁé@ﬁﬁﬁ@ JISSPQIRLHIR Mhd 8
reducin nce in the shrinkage anmount bet'ween the gl ass
substr atmoﬂjnagmb iBeliing anbiesofidificatiog ofdbesealing ragteriablager 9.heNMhenthef

| aser sealin whi ch 15contributes to inprove the reliability
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St g SO B AR O L M e
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particle shape of the filler. As described above, the maxi num
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The 28ur f ace %F &la & - EhEV ;/l I1)in the glass material for sealing is a

val ue repre3gMeabde il |, iotis $he HfeREdRtWEer tHd 1BEIMA dxpagsibi | C
gravity of filler) x 25(content of filler (vol%)]. For exanple, in a
gl ass nevefficient fipof hesealing vwterial ahd theatheaval explansiobeveffigiett a» of the
Iowexpa sion filler hei tal surface area in the glei\ss materlal

for sealléss Subsialss ?e%l{_b‘?y‘% (epeerafyre diffrpaceabs BRed laseg spaling
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the fil Yeung'a nncb@hgﬁ @fsibe@&ahng ateriol oe@algla@ ?eLtbSb'@TQHZﬁhdﬁtﬁédVﬁr@e
of from0.5 t I t |s%oss‘lbeto urther ] 0

fluidity °<‘ﬁ°s°” f‘/ ai“l’re ‘é’eaa??%?gOfdﬁﬁ aling, FIcedne GPeREtin ‘$/°e”i.’€h°e | aser
52 e RSPl s e -
constant, AT substantially becomes the temperature difference at the time of laser
30 sealing.
In conventional glass materials for sealing, a method of reducing a in formula (1)

of material after laser sealing step to reduce residual stress, has been mainly



distributions of the | owexpansion filler and the | aser absorbent.
Specifically, the specific surface area can be obtai ned by
classifying particles by a nesh or wind 5 separation at a time of

preparing the | owexpansion filler or #he | aser absorbent. The
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by the follow ng process. First s shown 1 n Figs , b and 6, a
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gl ass substrate 3. In the step of formng the sealing material |ayer
9, firstmoat il s infiyeaee af thesfalugeel] Ahicreaspgs. pbladglys when dfte taser prpcess

t ot al e £ nt
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mat erg al mbfyyial, |ﬁ@¥é§&oﬁhéh@§r6@él s%*é@@&sdééﬁrﬁ@sfé;@{ fromt he gl ass
substrates 2 and within the range of form 15 to 65x10-7/C. The

gl ass nmat eriFg. 7ehoweahlerxgmptmpfmeerelaaombawmma strain amauinbiohglaas
sealing glass, a | aser absorbent and optionally a | ow expansi on

filler andsiralesibat argdasarsealediby wing Pltﬂ'@sgeé{'mﬂamaﬁf&% laygk mhhayingrfe
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and a bi sappear ng rrom evapor

bur ni ng ﬁ?é eﬂdémtrfﬁ)r@hg‘ 7, tHtOstAdie® af®unt aﬁﬂqu@@bg gubtsﬂgte@qmtease@albng with
conponent of the gl ass material for seali ng. The comnponents

di sadpeaiserdy the @set pwcessitrrsparatiiebyhick dsicates that orsidual stregs intthe igiass
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corrponents constituting t e sealing ter| al,”they are not In

i n the coosttiistpragincothednfudreeadf shl'iaka;geamomatnﬁrtlnabeélmg raatelinngyereid
the conposition ratio of the constituent conponents is defined as a
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and a binder, is hereinafter referred to as a sealing material paste.

The corrmm.etlaldalye'rﬁlscbhlok t he conponents di sappearing by firing is
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S prepare Xing t e COﬂS Itu conponen

mat epi a|redLmtloﬁ hiranabahansiophdifférencd betwerini thk gebbngdmatdrial lager 9 and the
produced by 18 dissolving a resin being a binder conponent in a

sol vent glapssubskatgs2andahi Emeelmmrtanp@ rbeészmﬁﬁ fethes significanywhee theesi n

car boxy HReAee ot eI ale] v BE i puyBEet L3S Thl S embsifin
cel I ul ogoffer FoWérﬂ?é ia%loﬁ%ceé!sr teAbR&tUYS, the 1RSI dnehit EhtQ¥ filler) of
et t Ayl

pol ynmeri zing at least one 5 type of acrylic nononmer such as net
met hacr yHeakbev-exgtangionrfiiehacd Wealtaeer dhsoyibentin thecglgssameaieriad fwdeabn}gaishaﬁt
nmet hacryl ate, butyl acrylate or 2-hydroxyethyl acrylate. In the case
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scetate, et BRI 838 BbyrbionoctBla e O TS - oA e

butyl Cabm 4186 b?@l@é fRisBr abddmsbmar Fok His AGRbAL iR thid letnbokihbet, ﬁe’sl‘éfhﬂ ichiftefit
the sealing material paste may be adj usted to the viscosit
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
30 laser absorbent is at most 44 vol%, it is possible to obtain sufficient lowering effect of
laser process temperature (heating temperature).

When the total content of the low-expansion filler and the laser absorbent is



suitable for an apparatus for coating the glass substrate 3, and the
viscosity may be adjusted by the ratio between the resin (binder
conmponent) and the solvent or the ratio between the conponent of the
glass material for sealing and the vehi%¢le. To the sealing materi al
paste, additéd 9Re y&ﬁaaéx&aﬂsﬂﬁmmgreaa@%mgename's'éamﬁ magerw r otaat
15 are known as additives of glass paste, may be added. Thes
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printing, or
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substrates 2 and 3 is large. Specifically, the thermal expansion difference bgtween

the sealing material layer 9 and the glass substrates 2 and 3 is within the range of from



30 the glass panel of this enbodinent is not limted to be used as a
conponent of the electronic device 1, but it can be applied to a
seal i ng nenber of an el ectronic conponent or a glass nenber (e.g.
architectural menber) such as a multil &er glass. 20 The | aser
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the 5 range of. from2 to 150 I f the |aser, poyer, ts |ess than 2
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within the range of from15 to 65(x1 0-7PC), and the difference of
t he ot her thermal expansion coefficient fromthe thermal expansion
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specific Exa es and the évaluation resul However, it should be
under st gravity knatasehabwrbem)m (convtent mfdasersatisprbamt (i) ¥ specifictsedacs
the foll ow ngi speci fic Exanpl es, .and ITDdI;IC&tIOI’l V\ntj]l n tPe scop F
the pred3@of g\y@;ﬁpaaﬁop glllga,gs(gp,qxgﬂc weight of low-expansion fil content o lo

30 expansion filler (vol%)}].

By making the surface area of the filler in the glass material for sealing to be

within the range of from 0.5 to 6 m%cm?, it is possible to further improve the fluidity of



EXAVPLE 1 A bismuth type glass frit (softening point: 4100
havi ng a conposition of 83 mass% of Bi 203, 5 mass % of B203, 11 nass%
of ZnO and 1 mass% of Al 203 and having an average particle size of
1.0 pm a cordierite powder as a | ow etpansion 30 filler; and a |aser
absor benihehmaling nat&dIae8ith *flﬂ‘ﬂ\é?flovlfeﬁ‘aﬂ@ﬂge? B?tsd}ﬁ%@téfﬁg%iurlé’er The surface
prepared. The cordierite powder being the | ow expansion filler has a
part| cl earsiazd thi abmvdoiutar@arttclmtcamﬂb satistie@ by wondbling thepdiplmside00 i s
23 has a specific surface area of 5.8
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by using an BET specific 5 surface area neasurenent apparatus
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dit th t d b t th
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time was m nut es, vacua I ON pressure was

f1 ow at rthe lsbeltng:mﬂte&&!ﬁ wyer 9 ghiret, ahgasdmatomal ﬁnr\eeamm |s\m§pélre@ so thetgRe
condi tions are conmmon to ot her Exanpl es. 7 vol % of the above

bi sritdt h teiabeontratef & lomrexpanspn/iesaod atlwr@@sart@nt sawigunihe range of frem
5.3 vol%of,th aser_.absorbent . (the to nt.ent of the cordierite
ponder b 440574, 3o RITTR APl MSEr Byt FAVEd b Roi 68 ftfar o
gl ass MafifdrbAbe fifn HEAAIBULRREGED ARPS Within thBaBhé8FiofAl & thHsx1BToc.
sealing was m xed wt mass% of a vehicle 15 prepare a sealing

material paskhe glasematsriat fr sealiry carhprises a porapasition byntdinirapa sealing

et hyl ceIIquie (2.5 ss% bei.ng a binder conpgnent in a sol vent
(97.5 A §P§%ﬂt ahd cRtiNally ppyraxpansiqr filder ang kurthee somaininge

cordier Jon
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seal i ng adgiitives e FAEandTABINHBEdBEbp A PGTRINY heCOSthhosiieby alafg&tidrPor
20 2500) of the seal | ng material |ayer of the sealing material paste
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bel ow the transition po nt o e sealing glass to el ow t he

tramsi t layer pbthet glass (aGHal for sealiwgbre aklurfhioe oRgles sabstmte @yeve: doating.
sol vent and the binder conponent, and sintering it within a
t enper aHpweven siicedhese dispRRRAMSAAMRINENtAICLINT GgMPENaRts soNsiituting the

1% or e mathan el o i fdethane EE Rt R Tonb AR b BRSO o
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di ameter of 5 nm and neasuring the 30 val ue by TMA8310 manufact ured
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anal ysi
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caused by crystallization in thermal differential analysis (DTA) is
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The sealing material paste is prepared by mixing the constituent components of

the glass material for sealing and a vehicle. The vehicle is a material produced by



The second gl ass substrate having the sealing material |ayer and the
first glass substrate (a substrate conprising alkali-free glass

havi ng the sanme conposition and 15 the sane shape as those of second
gl ass substrate) having an el enent regl%n (region in which CEL

el ement digsdighardbsiitding AIBMRY dmos Qr?ﬁﬁ‘é?gﬁl\léht L1 R P oRRlcinbg!
| ayer was |rra at ed vvrt |'aser 8 sem conductor |aser) having a
wavel engloh em&mﬁl@@ beran c&gammesmfsuﬁ@&% ardllaiose odsinlsacrete meattyl tebulose,

wi th a scanni ng speed of 10 nm's through the second gl ass substrate
to nelt ehY cpililoreycasboxrumethykaeiuloss, pvgthvheellilese, Penrd gellulose, tremb by

* oget hercolpRt o ptRZedt R Bt i ABYIG R SERMec P auBERah Bl Bas ane
(measur \6;\2 pbYsf é&?lr@moﬁantéaenewaewthylmh%@fe T maagayet@%mm c

device wherein an el enent region was seal ed by a glass panel was
pr epar ednetadnjilate varbydiohyetbyledethacpytadpchutyl ardhicatii Bhydroxysthylesogiatbed

ansor berlh IHRGRTROLTRL b%etrﬁane@esagﬂvﬁei%ﬁha%ﬁfe?mené’qﬁﬁ@glcarbgﬁ 58, ¢
T xed W e BiofeR! 8RS bl ARG B HERBTER ARy R, L1t

of Ex ratios sShown in to prepare gl ass

mat er i almémyleﬂquem.e RiAsinssIDBEgIaTito) acdthary eigicariiiiok @Betatd, ic/ehi cl es
in the sane manner as 30 Exanple 1 to prepare a sealing material

pasti®. By usThﬁgwscmssiy@éma mllngmte@al paats way hesshivdied toieatscabity ayer
1% rhe. SteBBdO R aRParRtlTar A B h alsspubAFa® . 2n o diop aymaY Be ©
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expansion'coefficient a seal'l ng mate ayer,

di ff er ersetwéen i2)covhpdrieat bhitiengdssemptenial fon seahrfg‘ ared mletvehrcnﬁn tTeethgl ass
substrates, the thickness of the sealing material |ayer are as shown
in Tabl &galingRaterial Raste, a@waveee@h@sﬂqeemw%%awe@ﬂ@ pgent, that

o1 crtent F2kioh? epeflieP o ofsr ks, el EERHy TEBHE Al SR liso

| am nat @@mpbhenfsi UstiilpaRappearirranctiree @Fﬁrlﬁglbqidr?r@ﬁarﬁﬂ&hopm%bﬁrﬂ%
al kal i -f ree glass in the same manner as Exanple Subsequent |y, e

seal i ng ratedalipsstd, memmethqdamlrsg & iotaiiorhtypeseixel pryhided yeihi & siee¢tiog or
| aser) having a e 940n and ,a spot size of 1.6 mMmmwth a
scanni né’?as‘%egd%mﬁi ‘T‘rﬁg@m{"ﬂr%%@’ﬂ gusedond gl ass 103ubstrate to
melt and quiygkl

the i1t orecboiBspdlind melifif Bav BaPRlef ofihe Gisfhy rocit 2 rfectot

The spoweisaiubkirsters, landhiriedas ¢orarea cbartlrtg:ﬂayblethe eealu@mmrianpaabj €¥hd
and 2. The |aser process tenperatures were as shown in Tables 1 and

2. Thus seatichmeatasiel pagieds devieglsathatibedilmihickesasmiter 8gne heorises abimest

oval uat |5 Hee HEQice RG"ALrastE s apmiBR 2athe SfetssdinB8Hph Pby'ihing
absor berdr Hauighsl Ppiing rhbHoRAER a8 RN finfiRg!d? ?»aoe@épmrmg Pﬁu:ﬂ

bi smut h gI ass frit having the sanme conposition o t hat
wi t h t henrth¢ secarttbsealing rdgibh & (8, uding eigepalispersayl a¥he wasing Iayerfmfrthe
seal ing, and subsequently, it was 20 m xed with a vehicle in the sane

nmanAer agaimgamateéfahpaqte '%P'@f%[ﬁ@yajr@ézﬂt Brigmpataiuicf abdeast 1204 for aplpast

sear i ng a0 EMes ' TG oifia s sefeg PR et ot el it Boafil e
the sanmg tﬁaeaﬁémar%n@ml e %oaﬂrry%law Eéﬁ]ﬁoﬁérﬁé sbh kB & BiRgs! thabal ey
in the glass material for sealing, t he ermal expansi on coeffici ent

al of tdesappadfieddn thet arlisebuémptyfiing sters noay hetrienswfidentiy remaved. t her mal

expansi on coefficient of the Ias substrat es éﬁl - a2 e? nd th

t hi ckness oNeE‘héh%EB‘PY%EP%Gég Yesjof ihg eqalingreatg asﬂ?@r%ls hed igioama
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temperature of at most the glass transition point of the sealing glass {(glass frit), to

remove e.g. binder component in the coating layer, and thereafter, it is heated to a



30 glass in the sane manner as Exanple 1. Subsequently, the sealing
material |ayer was irradiated with |aser |ight (sem conductor |aser)
havi ng ‘a wavel ength of 940 nm and a spot size of 1.6 Mmmw th a

scanni ng speed of 10 nm's through the 3®cond gl ass 26 substrate, to

mel t andegipefdtlie §i0At!IShdt¥hd BEETHIRY tehhdfaifé bithel s@¥fihg H&@W@Qé’s i) 129AbIt

the first glass substrate and the second gl ass substTate together.
The powdhe gdssimasterial fogkealingrte et it 1o the gldss subbluate 3 hdhus| a sdaliige 3.
The | aser tpr_ocess tenperatures were as shown in Table 3. Thus, each
el ect r orfnategaliayer §aampriping s firpd materialad thmolags maters] farsesing (spading

oscr i banafiRn el bbb BRI EE PP BoRBTiast SRRl OT ' © P
powder and audas#firstiofisRenkirhRva i%g;lréﬁﬁeﬁ%!é{)é@téry $BAPES Hend gidds

Table 3 were mxed with a bisnuth glass frit having the same
conposi tsubstrate 3, lead usinghesp lglass substiateb arat 8,carsélevinonio deaibé d Bichtas a

e L A AP Lo BBl it L
mat eri ale!t?rﬁértlteor el%ol??&:é]psdﬁclﬂiacs a8 -isggsi FLhiZ) %éﬂa%t epgreﬁl.eaH?%sll% as
material Tayer was fofnmed on a Second gl ass substrate 2 1'h the SANe

manner apomsanFE 2lb), Hefistigihas eubstens 2aind the skewneyhas substrdte 3l 88
and the | aser absorbent in the i;]l ass material 15for sealing, the

t heri@al laxinaies da the eedling roaterial layer ¢ Be thatdhe agrfanesdld and Bapbihe it s

di ff i -a2) f he t | i ffici f_th

Gl ase. < GBETapa SR AEPOTR BiRasR as oPCRATLOR Mol gian BiERTR® 2,981 the,, o
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o oo anscond GRSE sibstidlc 8BNS iR BEMEps Wi sed Mgahatefaliafer o

t he gl assfommedri al for sealing was added so that the difference in
the 20 thermal expansion coefficient (al-a2) between the seal] n%‘)E

mat eri al | apNextAsshond 1 Rigs2(shiike paaling rpalepadayerdstis iradiatetbwitlnlagpe,
Next,,. t S ' t eal. . | r
and '3 195 REME RSP UPE RS o Hord et BT Bl Bl B By,
an CEL ebemBMibtddswitiPtHEEE e MRINE 1 beﬁFo[l%@u &b fir§h§la§$ Egbstaits 2t hehs eeamy

gl ass substrates each conprises alkali-free 25 glass in the sane
manner asatesialiqyes 9lis irsudiatedutit the laserdighb 30 vhile thet laserlight 40ds semmed

irradiated wth | aser |igh sem condyct.or | ase havi ng a wavel e h
of 940" AlAng b SeelirmeleBl bwei8s HhruitoHnaoelan e s Saiplatra s
t hr ough K ; I | : idf

oal | g *carga L BBRS WAL TateP ight 078 cooifi el B eellinfi opp bétheth,
t he s ec thdfirgt glass suibstiataRearidopetseeond dlaes pabstrate Gfis Famryd 4d ghuwrdia Fig.
were set to be the values shown in Table 3 according to the content

of | ow &iPandhethicknassrof theeealingdrygybecpmasesmeliestiprethedaickness eftiban
T2t Seing e PR SRE N RS e B AR ot B
13 as at most 15 pm, the reduction of the thickness by laser sealing is small. Accordingly,
the thickness of the sealing layer 8 becomes a thickness (at most 15 um)
25  approximately the same as the thickness of the sealing material layer 9.

Thus, an electronic device 1 is prepared, which comprises a glass panel
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 panel. Here,

30 the glass panel 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

component or a glass member (e.g. architectural member) such as a multilayer glass.



A tin-phosphate glass frit (softening point: 360C) having a
conposition that SnOis 56 nmol % Sn02 is 3 nol% P205 is 32 nmoL% ZnO
is5ml% A203is 2 nol%and 5 Si02 is 2 nol % and havi ng an average
particle size of 1.5 pm a zirconi um pB®sphate ((Zr0)2P207) powder

bei ng a | owxPrRsH Aghttiol ik Abi paﬁﬂsulanw.%ﬁéd,@mfH@g?é@ﬁswn t emitted
conmposi tion of Fe203-Cr203- MnO Co203; were preparéd. The ziTconium
phos phatfeorpaveticbedudgiort laser awaeborarisieqasilasdredan badimer feset,icYRGIass, a
distribution that DI10_is 0.7 p D50 is 1.2pm D90 is 2.3 pm and Dmax
is 4.6 gigNajasenpica E%%EPWP%Ofgt}]Pﬂ%ﬁ,eé"a'Pfe%P israpproRiatelypehaceprding ixe..

0.5 pm TR SR ligh B b, Pt r X mb. Brote BBy PR 1o
ar eas0f ranfe BRfrem BB H0/W. YithetiiceralNee id le8s RRPSPMAE SbaRY hatelial

29.3 vol % of the zirconi um phosphate powder and 4.8 vol % of the |aser
absor beraygrtSmaly nobhe emgiteof andthé izéxceeds d&0 V8 qraclspirdirealiemedendatube he

| aser absorbent was 34.1 vol %9 were nixed to pyepare | ass materi al
for seaﬁ?ﬁ@?§we§§a ra?est%n%?a&hﬁﬁ%ﬁ %flrtﬁﬁi?seéiaﬁﬁ HyisiBLeeni xed
with 17 d?@l%?%lgtvitﬂinvtﬂgirghie Lo anePR Rhnseal ing material paste. The

vehi cl e 'was one prepare y di SsolVving nitrocellulose (4 mass% in a

sol vent (96 Byphedlectrnit d6VicH 1 fithis embbdingdnt apetiRtRod ZRIbAGrERRR] Evén
surface area of the zirconium phosphate powder in the glass nateri al
f or 19ealwhey the thicknessdl etipe spaing mederial ayen Plizatsiugeddo 66 at most A8 ¢im to

absorbent in the glas terial. for sealing is,1.22 ns. re, the
her ol NexsbAGHBsRRR IRkals, e pPBabETo 8T e eI Rs o e et
| ayer of i I3 - o e i

thor el SApoaEE, dikts FRKRIIR, obRSEPsdiRo MireBy RIS posbRf subffess o
aver age cracksan beagicayei inthe glaks isabstratesPtandB ar thengealling lkyer Bangecadingly,
from50 to 250C obtained by firing the above sealing material paste

wi thi n & ¢ eppriblsttameodugeqn elecierjgderice Hdhaying dEhin giassipackaggwithgoed

13y " or Vit 8 imbfru b R it eht e ARrRlcRlcefpd bbby idRe ©

and si nefddtragic dewdd NhAd thdierangpigtyur € range of from 30C above the
softening point of the sealing glass to 30C belowits crystallization

poi nt (430CByrthExeaypindhe 3pove emtddimentt explamationtiwisrbeensnade mainly with
Fod havi?ibest [LABETF BhosomATRENGe o tRdpema ExBa RN GoelTieaind! pgth
the val HFt@firIﬂé@%%Quﬂ@fé&E é%l‘hﬂrtﬁé’ fsBé!orfSl @ﬁossﬁf%"'% ?th‘o%‘tlﬁ-eﬁﬁtbﬁn%l

procedure I's C nto exanples of tin- phate gl ass.

second gkpasicrubsdfficient d;dbfneasealing raaakidyer g withiprtpe irangwoffrdialis-to
5> free glass (thermal expansion coefficient a2 (50 to 2500):
38x10- 761 00a’E) phetdhe eansteuation|df the glegs svbwifatesh agl S5s notiliwitedithereias

and ¢ eV bRt Be df fedh e B RpaludtcoelinBl dehe e
coat | ngeldifiionVeSetidiéMct,2bf thaQfest Qésslg.lﬂgtrﬁkg £ankond final @ﬁﬁi s[d8
T of 7 enc ('al-aZ)

mat eri al 1ayer having a thickness pm The differ
bet weencoéficiant v ef tred secopdrglassnsubaihta 8 fromt thalthgritat ERpariorotodfficient
sealing material layer (fired material of the sealing materj paste)

|
and2% hedt Ablhgeiealing Bradera laves fis witkin thg rangssefifrgm 16dp 65(x1th ég@b Bdss

substra i . i 1o

eal i ngPRer e gRbR e educid SR 67 M 95808 SR MR8 bR REoy
conpri StdilicAbik 8t filldrafifo it AP B REliRG nidiéri: ANB byFERGstioh! AMagtR$rddesthe
sane shape as those second gl ass substrate) having an el enment region
(r egi ontanmpavhiucd, 10ELiseh suppression ieffeasaf craskseor bagdkagednl theSglase gulssitaies
t he sealing rrattﬁrial Jayer was irradiated with laser |ight

(sem coAdREtHL?T NESeRINKRYPHS a wavel ength of 940 nm a power of 85 W

andS@ spot Wt‘?erﬁelhsrfirﬁfgle?ssGsdE'g}ryet@aﬁd ﬁ?eagéﬂoﬂg g‘?é)s%esqmg{raljeos %ﬁri.se the

same type of glass material, of course the difference of the thermal expansion

coefficient agy of the first glass substrate 2 and the thermal expansion coefficient ag, of



conposition as that of Exanple 13 at a ratio shown in Table 4, to
prepare a glass material for sealing. Subsequently, the glass
material for sealing was m xed with a 30 vehicle in the sanme manner
as Exanple 13 to prepare a sealing mat@tial paste, and using the
past e, a3eRbbig gL RUbSatb W Him RS il P or SRSl |
substrate in thegsarre rraniﬁe?’yigés éﬁ%ﬁpﬁq@%ﬁ%‘ ng sur acerggaggtsheo eat"R%

| ow- expamatepial laiyel @rbetathdsheithid thd Bmge dlivear PR 651 01eC gl Iasfich a case,
material for sealing, the thermal expansion coefficient a-i of the

seal i ng i ¥lep af mediyanding heepling Brterigl layes dto thefifst glass substte 2 by
expansi gn__coef.ficient the gl ass substrates, .and the thi ckness of.
The. soal Sritiadprel ar8 yo ey herabaiaR Al e Shatifd mAciayaler SaRseY tght
seco B isSHHs i BRcRn : |

gl assrbd sgib(?inlte hg{ﬁ‘g’"ﬁwééi]g’%%eﬁ’gﬁrgﬁg?r eqgl ogﬁ%ﬁi‘%ﬁ%@gs&%zéﬁd
el ement the skocombglpsswuiesttaeiSraidate s€hkng layst 8 and itsheliabdity hdsad ais the

substrates each conprises alkali-free glass in the sane manner as
Exanpl e reductionpftact ehiheyresidnal sfeassibye-galowering of firlaseprropessigmassature.

Yo and a spdr rass BB O Sack MBI R DA BT SR8 SuBer R R g
t he secqhHsadhifisiERblypaor glabs mERESalaNtlisuffidnt tsalthél bfiérdite sfeldaae
material |ayer, thereby to seal the first glass substrate and the

secoitd ginedberd sxpangion egeffinient offthe therweal expdndicrs eoefficighitawef thedirst
to be the val ues shown . in Table 4. The | aser. process, t enperatures
hor o as WA B TAtAR AR He thetusl SineRoencoeRsian: dgud) e SARILPRES

el enent ' ABSm : . r . i tn -
was subjsréjgtgi er to prﬁﬁ%?‘f@h@sgﬁa&ﬁ%ﬂ@@mﬁ%ﬂﬁéscr| Bg%ﬁﬁgtng%enéﬂgyér 9 1s
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havi ng the particle shagoes shown in Table 5 were m xed with a bisnuth

gl ass f Expangion peeffipientizem tae Hiswaial pupansion enaffickgntzo ot Higpsealing Materal

the ratio own in,Table epare | a mat er. al, for seali.n

and BubdBinertny o e iben dxed RET hRatelinea 28eR of fiong e s acpetiztes
Exanpl e cbpriging iRt §p8 @R blaR8 MEERAIs at iskasicfent BYat4fié BffctdHce S99 | NG
mat erial paste, a sealing nmaterial |ayer was forned on a second gl ass

subst r attherthal exparsicacesficiantatf aogladsutEtatd @hichhasdarngea tre rmabexpaniion
the | ow efé%)ansi on filler and the | aser absorbent in 25the gl ass,
mat eri ald ?n%eefafpmﬁé‘? seaing Rateral R ihe thermalewmsnsign Gogficigat as

ccpansi ShECifing it hlek o 1 AR BE il A Ronh 18T BSGIDIRREC o

t he pgeal i ng FERERIMBle, WhkAThe differdiReHitdBen thelinklraltexphnsith Epaffigichy &,
Exanple 3, relatively a |l arge anmount of the |ow expansion filler
¥

(cor di eef the fjzeiglasy siksatiete 3andibe fieameal expansion cdedicierdh iohthawealingded
so that the.difference in the 30 |her expansy coefficjent

(o - a) kel iayer oS i g Taagept G e Rl Vi, ghades Sirsncs: s
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and thetﬁl%g%’rssékl@%(%@ﬁ? WriC%BES'BagM@HZtY%?O a ‘I m t hi ckness.
Subsequently, the glass material for sealing 10 was m xed with a
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mat epi alEXpEdPEESand using the paste, a sealing material |ayer having
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| aser) having a wavel ength of 940 nmand a spot size of 1.6 mmwth a
scafhi ng speed of 10 mm's through the second gl ass substrate, to melt

and qui glsdprlslt_)éHdi fy the sealing material |ayer, thereby to seal the
first 20 glass substrate and the second gl.ass substrate together. The
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30 filler; and a laser absorbent having a composition of Fe203-Cr203-MnO-Co,03; were
prepared. The cordierite powder being the low-expansion filler has a particle size

distribution that D10 is 1.3 um, D50 is 2.0 pm, D90 is 3.0 ym and Dmax is 4.6 um, and



25 to 17 and Conparative Exanples 1 to 5, pealing of the sealing
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Here, the thermal expansion coefficient a; 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
10°C below the transition point of the sealing glass to 50°C below the transition point
25  (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
bylindrica[ rod having a length of 20 mm and a diameter of 5 mm, and measuring the
30 value by TMA8310 manufactured by Rigaku Corporation. This procedure is common

to examples of bismuth type glass. In this specification, the transition point is a

termperature of the first inflexion point of differential thermal analysis (DTA), the
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softening point is a temperature of the fourth inflexion point of differential thermal

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

Next, a second glass substrate (dimension: 90x90x0.7 mmt) comprising alkali-
free glass (thermal expansion coefficient a» (50 to 250°C): 38x107/°C) was prepared, a
sealing region of the glass substrate was coated with the sealing material paste by a
screen printing method, and the paste was dried at 120°C for 10 minutes.
Subsequentiy, the coating layer was fired at 480°C for 10 minutes to form a sealing
material layer having a thickness T of 7 um. The difference (04-a2) between the
thermal expansion coefficient ay (73x107/°C) of the sealing material layer (fired
material of the sealing material paste) and the thermal expansion coefficient az
(38x107/°C) of the glass substrate is 35x107/°C.

The second glass substrate having the sealing material layer and the first glass
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 OEL element is formed) were laminated. Subsequently, the sealing material
layer was irradiated with laser light (semiconductor laser) having a wavelength of 940
nm, a power of 60 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 process temperature at the time of laser irradiation (measured by radiation
thermometer) was 623°C. Thus, each electronic device wherein an element region
was sealed by a glass panel was prepared, and it was subjected to property evaluation
to be described later.

EXAMPLES 210 10

The cordierite powder and the laser absorbent having the particles shapes shown
in Tables 1 and 2 were mixed with a bismuth glass frit having the same composition as
that of Example 1 at ratios shown in Tables 1 and 2, to prepare a glass material for
sealing, and subsequently, they were mixed with vehicles in the same manner as
Example 1 to prepare a sealing material paste. By using this sealing material paste, a
sealing material layer was formed on a second glass substrate in the same manner as

Example 1. The surface areas of the low-expansion filler and the laser absorbent in



QUON Isix3 33 C .x3 179 w L'0x06x06) 99916 ea-1119NV N. 93 69 Ol.
OEL co GUON GUON ISI X3 g 3 *X3 Lg 61. 8L O1.

10

15

20

25

30

25
the glass material for sealing, the thermal expansion coefficient a4 of the sealing

material layer, the difference (a1-az} of the thermal expansion coefficient from the glass
substrates, the thickness of the sealing material layer are as shown in Tables 1 and 2,

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 each comprises alkali-free
glass in the same manner as Example 1. Subsequently, 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
glass substrate and the second glass substrate together. The powers of laser light
were set to be the values shown in Tables 1 and 2. The laser process temperatures
were as shown in Tables 1 and 2. Thus, each electronic device wherein an element
region was sealed by a glass panel was prepared, and it was subjected to property
evaluation to be described later.

EXAMPLES 11 and 12

A laser absorbent having a particle shape shown in Table 3 was mixed with a
bismuth glass frit having the same composition of that of Example 1 with the ratio
shown in Table 3, to prepare a glass material for sealing, and subsequently, it was
mixed with & vehicle in the same manner as Example 1, to prepare a sealing material
paste. Here, no low-expansion filler was used. By using the sealing material paste,
a sealing material layer was formed on the second glass substrate in the same manner
as Example 1. The surface area of the laser absorbent in the glass material for
sealing, the thermal expansion coefficient a; of the sealing material layer, its difference
from the thermal expansion coefficient of the glass substrates (as-a2) and the thickness
of the sealing material layer, are as shown in Table 3.

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 each comprises alkali-free
glass in the same manner as Example 1. Subsequently, the sealing material layer
was irradiated with faser 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
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substrate, to melt and quickly solidify the sealing material layer, thereby to seal the first

glass substrate and the second glass substrate together. The powers of laser light
were set to be the values shown in Table 3. The laser process temperatures were as
shown in Tabie 3. Thus, each electronic device wherein an element region was
sealed by a glass panel was prepared, and it was subjected to property evaluation to
be described later.

COMPARATIVE EXAMPLES 1 and 2

A cordierite powder and a laser absorbent having the particle shapes shown in
Table 3 were mixed with a bismuth glass frit having the same composition of that of
Example 1 with the ratio shown in Table 3, to prepare a glass material for sealing, and
subsequently, it was mixed with a vehicle in the same manner as Example 1 to prepare
a sealing material paste. By using this sealing material paste, a sealing material layer
was formed on a second glass substrate 2 in the same manner as Example 1. The
surface areas of the low-expansion filler and the laser absorbent in the glass material
for sealing, the thermal expansion coefficient a4 in the sealing material layer, its |
difference (ay-ag) from the thermal expansion coefficient of the glass substrates and
the thickness of the sealing material layer, are as shown in Table 3. In Comparative
Examples 1 and 2, relatively a large amount of the low-expansion filler {cordierite
powder) based on the glass material for sealing was added so that the difference in the
thermal expansion coefficient (ay-0z) between the sealing material layer and the glass
substrates becomes less than 15x107/°C.

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 each comprises alkali-free
glass in the same manner as Example 1. Subsequently, the sealing material layer
was irradiated with laser light (semiconductor laser) having a wavelength of 340 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 powers of [aser light
were set to be the values shown in Table 3 according to the content of low-expansion
filler. The laser process temperatures were as shown in Table 3. Thus, each

electronic device was prepared, and it was subjected to property evaluation to be
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described later.
EXAMPLE 13

A tin-phosphate glass frit (softening point: 360°C) having a composition that SnO
is 56 mol%, Sn0Oy is 3 mol%, P:0s is 32 rhol%, ZnQ is 5 mol%, Al.Os is 2 mol% and
Si0z is 2 mol% and having an average particle size of 1.5 pm; a zirconium phosphate
((ZrO).P207) powder being a low-expansion filler; and a laser absorbent having a
composition of Fez03-Cr;0s-MnO-Co,03; were prepared. The zirconium phosphate
powder being the low-expansion filler has a patrticle size distribution that D10 is 0.7 ym,
D50 is 1.2um, D90 is 2.3 pm and Dmax is 4.6 pm, and has a specific surface area of
42 m?g. The laser absorbent has a particle size distribution that D10 is 0.4 pm, D50
is 0.9 uym, D90 is 1.5 ym and Dmax is 2.8 um, and has a specific surface area of 5.0
m2/g.

65.9 vol% of the above tin-phosphate glass frit, 29.3 vol% of the zirconium
phosphate powder and 4.8 vol% of the laser absorbent (total content of the zirconium
phosphate powder and the laser absorbent was 34.1 vol%) were mixed to prepare a
glass material for sealing, and 83 mass% of the glass material for sealing was mixed
with 17 mass% of a vehicle to prepare a sealing material paste. The vehicle was one
prepared by dissolving nitrocellulose (4 mass%) in a solvent (96 mass%) comprising
butylcarbitol acetate.

The specific surface area of the zirconium phosphate powder in the glass
material for sealing is 4.61 m¥cm®. The specific surface area of the laser absorbent
in the glass material for sealing is 1.22 m*cm?®.  Here, the thermal expansion
coefficient a4 (50 to 250°C) of the sealing material layer of the sealing material paste
was 59x107/°C.

Here, the thermal expansion coefficient a 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
10°C below the transition point of the sealing glass to 50°C above the transition point
(250°C in Example 13) 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 (430°C in Example 13) for 10

minutes to obtain a sintered product, grinding the sintered product to prepare a
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cylindrical rod having a length of 20 mm and a diameter of 5 mm, and measuring the

value by TMA8310 manufactured by Rigaku Corporation. This procedure is common
to examples of tin-phosphate glass.

Next, a second glass substrate (dimension: 90x90x0.7 mmt) comprising alkali-
free glass (thermal expansion coefficient oz (50 to 250°C): 38x107/°C) was prepared, a
sealing region of the glass substrate was coated with the sealing material paste by a
screen printing method, and the paste was dried at 120°C for 10 minutes.
Subsequently, the coating layer was fired at 430°C for 10 minutes to form a sealing
material layer having a thickness T of 7 um. The difference (ay-az) between the
thermal expansion coefficient a; (59x107/°C) of the sealing material layer {fired
material of the sealing material paste) and the thermal expansion coefficient a.

(38x107/°C) of the glass substrate is 21x107/°C.

The second glass substrate having the sealing material layer and the first glass
substrate (a substrate comprising alkali-free glass having the same composition and
the same shape as those second glass substrate) having an element region (region in
which OEL element is formed) were laminated. Subsequently, the sealing material
layer was irradiated with laser light (semiconductor laser) having a wavelength of 940
nm, a power of 85 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 seal the first glass substrate and the second glass substrate together. The
process temperature at the time of laser irradiation (measured by radiation
thermometer) was 890°C. Thus, each electronic device wherein an element region
was sealed by a glass panel was prepared, and it was subjected to property evaluation
to be described later.

EXAMPLES 14 t0 17

A zirconium phosphate powder and a laser ahsorbent having the particle shapes
shown in Table 4 were mixed with a tin-phosphate glass frit having the same
composition as that of Example 13 at a ratio shown in Table 4, to prepare a glass
material for sealing. Subsequently, the glass material for sealing was mixed with a
vehicle in the same manner as Example 13 {o prepare a sealing material paste, and
using the paste, a sealing material layer was formed on a second glass substrate in the

same manner as Example 13. The surface areas of the low-expansion filler and the
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laser absorbent in the glass material for sealing, the thermal expansion coefficient oy of

the sealing material layer, its difference (a4-az) from the thermal expansion coefficient
of the glass substrates, and the thickness of the sealing material layer, are as shown in
Table 4.

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 each comprises alkali-free
glass in the same manner as Example 13. Subsequently, 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 mmys 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 powers of laser light
were set to be the values shown in Table 4. The laser process temperatures were as
shown in Table 4. Thus, each electronic device wherein an element region was
sealed by a glass panel was prepared, and it was subjected to property evaluation to
be described later.

COMPARATIVE EXAMPLE 3

A cordierite powder and a laser absorbent having the patticle shapes shown in
Table 5 were mixed with a bismuth glass frit having the same composition of that of
Example 13 with the ratio shown in Table 5, to prepare a glass material for sealing, and
subsequently, it was mixed with a vehicle in the same manner as Example 13 to
prepare a sealing material paste. By using this sealing material paste, a sealing
material layer was formed on a second glass substrate 2 in the same manner as
Example 13. The surface areas of the low-expansion filler and the laser absorbent in
the glass material for sealing, the thermal expansion coefficient ay in the sealing
material layer, its difference (a4-az) from the thermal expansion coefficient of the glass
substrates and the thickness of the sealing material layer, are as shown in Table 5. In
Comparative Example 3, relatively a large amount of the low-expansion filler (cordierite
powder) based on the glass material for sealing was added so that the difference in the
thermal expansion coefficient (aq-az) between the sealing material layer and the glass

substrates becomes less than 15x107/°C.

Next, the second glass substrate having the sealing material layer and a first
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glass substrate having an element region (region in which an OEL element is formed)

were laminated. The first and the second glass substrates each comprises alkali-free
glass in the same manner as Example 13. Subseguently, 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
glass substrate and the second glass substrate together. The powers of laser light
were set to be the values shown in Table 5 according to the content of low-expansion
filler. The laser process temperatures were as shown in Table 5. Thus, each
electronic device was prepared, and it was subjected to property evaluation to be
described later.

COMPARATIVE EXAMPLE 4

A laser absorbent having the particle shape shown in Table 5 was mixed with a
tin-phosphate glass frit having the same composition as that of Example 13 at a ratio
shown in Table 5, to prepare a glass material for sealing. In this Comparative
Example, no low-expansion filler was emplioyed. Subsequently, the glass materiai for
sealing was mixed with a vehicle in the same manner as Example 13 to prepare a
sealing material paste, and using the paste, a sealing material layer was formed on the
second glass substrate in the same manner as Example 13. The thermal expansion
coefficient ay of the sealing material iayer is 113x107/°C, and its difference from the
thermal expansion coefficient az (38x107/°C) of the glass substrates is 75x107/°C.
The specific surface area of the laser absorbent in the glass material for sealing and
the thickness of the sealing material layer are as shown in Table 5.

Next, the second glass substrates 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 each comprises alkali-free
glass in the same manner as Example 13. Subsequently, 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
glass substrate and the second glass substrate together. The powers of laser light

were set to be the values shown in Table 5.  The laser process temperatures were as
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shown in Table 5.  Thus, each electronic device wherein an element region was

sealed by a glass panel was prepared, and it was subjected to property evaluation to
be described later.
COMPARATIVE EXAMPLE 5

A zirconium phosphate powder and a laser absorbent having the particle shapes
shown in Table 5 were mixed with a tin-phosphate glass frit having the same
composition as that of Example 13 at the ratio shown in Table 5, to prepare a glass
material for sealing. The zirconium phosphate powder and the laser absorbent were
ones prepared for 38 um film thickness. Subsequently, the glass material for sealing
was mixed with a vehicle in the same manner as Example 13 to prepare a sealing
material paste, and using the paste, a sealing material layer having a thickness of 38
pum was formed on the second glass substrate in the same manner as Example 13.

Next, the second glass substrates 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 each comprises alkali-free
glass in the same manner as Example 13. Subsequently, the sealing material layer
was irradiated with [aser 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
glass substrate and the second glass substrate together. The powers of laser light
were set to be the values shown in Table 5. The laser process temperatures were as
shown in Table 5. Thus, each electronic device was prepared, and it was subjected to
property evaluation to be described later.

Next, with respect o the external appearance of each glass panel of Examples 1
to 17 and Comparative Examples 1 to 5, pealing of the s'ealing layer and cracks in the
glass substrates and the sealing layer at the end of irradiation of laser light, were
evaluated. The external appearance was evaluated by optical microscopic
observation. Airightness of each glass panel was evaluated by applying a helium-
leakage test. Further, the thickness of the sealing layer in each Example was
measured by the procedure described below. Further, the distortion of each glass
substrate seaied under the condition of each Example was measured by a procedure

described below. These measurement and evaiuation results are shown in Tables 1



02

10

15

20

1] Il I CE9 11 1.

32
to 5 together with preparation conditions of glass panels.

The thickness of the sealing [ayer was measured as follows. A glass panel of
each Example sealed with a sealing layer was cut by a dicing machine, and the section
was observed by a scanning electromicroscope to measure the thickness of the
sealing layer.

Distortion of a glass substirate was measured as follows. First, on an alkali-free
glass substrate {10x60x0.7 mmt) having a mirror-polished cross-section, the sealing
material paste prepared in each Example was applied by a screen printing method,
and dried in a batch-type drying furnace under the condition of 120°C x 10 minutes.
Subsequently, each paste was fired in a firing furnace under optimum firing conditions
to form a sealing material layer having a line width of 1 mm, a length of 30 mm and a
thickness of 7 pm (a thickness of 38 pm in Comparative Example 5). A giass
substrate provided with a sealing material layer thus obtained was laminated with
another alkali-free glass substrate, and the sealing material layer was irradiated with a
laser light having a wavelength of 940 nm and a spot size of 1.6 mm with a scanning
speed of 10 mm/s under a load of 500 g, to carry out bonding. The power of the laser
light was adjusted according to each Example.

Thus, a sample having a ratio (S2/S1) of the bonding area S2 of the sealing
material layer (area of bonding between the melt-solidified layer of the sealing material
layer and the glass substrate) based on the area S1 of the sealing material layer
before bonding, of from 90 to 95%. The distortion amount of glass substrates of each
sample was measured. In the measurement of distortion amount, cross-section of
each sample was observed by using a birefringent imaging system to measure the

distortion {retardation: nm} in the glass substrate.



Mat eri al

33

A £0'e 19°¢ gL'y 18'% (gwoy W) Bujless Joj [eusyew sse|B ul 1aj|l} Jo eale eoByNG
0'¢ce £'/e 6'Ge P'Ey X (% 8wn|oA) Jsfjy JO JUBL0I [Blo]
O'ce 0'ce o'le '8¢ 0ce (% ewnjon) Juauo)
(cwos,w) Bultess loj [euerew
891 89'1 9g'e 96'2 G'e sse|B ul Ja|y uoisuedxe
-MOQ] JO Bale adelIng
L2 L2 L2 12 L2 {gwio/B) AynelB oyroads
8 82 82 82 2'G (6/,w) eare soepns oyoads
G'9 g9 G'9 g9 Q¥ (wrl) xewq
L't L'y L'y L'y 0 (wri) o6a
62 62 62 62 02 (wr) 0sa | adeys
12 1’2 1'g 12 £l (wrl) 01a | sped selil
glllelpio) [eusiely | uojsuedxa-moT
00t €6 8'v 9t £'G (% BWN|oA) Jusjuo)
(W0, w) Buireas 1o}
gs'e Ge't ge'l L't Ge'l [eusrew sseyb u usglosqe
Jase; Jo eale a0eUNg
'S 1'g 1'G 1'g 'S (Wo/B) Anaeil oyoeds
0'S 0§ 0§ 0'S 0§ (6/,W) eare eoeuns oyioadg
82 82 8'g 82 82 (wrl) xewq
gl Gl gl gl gl (wri) 0B
60 60 60 60 60 (wr) 0SA | adeys
70 70 ¥'0 A 70 (wr} 01Q | sloied
O-00-Un-1D-94 [ELRIBIN | Juaqgiosqe 1osen] Buless
0'89 el | 9v9 | o995 L2l (% BWn|oA) Jusjuo) 10} [eUStRW
sse|b yinwstg [euaepn sselb Buljeag sse|n)
EE pxa | exa | zx3 | X3
L 319Vl




IL ES

. L.

. X3

39

34

61 [44 ge - - {(wu) ejensqns sselb Jo Junowe UoRIoIsI(]
1six3 1SIX3 e IsiX3 1stX3 ssaupybiuly
BUON AUON QUON aUON AUON syoel) soueleedde Jnse
SUON SUON SUON SUON aUON Buiead [ewelxg | uoneneal
- - g - - {wrl) 1eAe| Buljesas jo ssauxoIy L
909 909 08L 698 £29 (Do) Binjesedwe) sseoold
0l 0l ol oL 0l (s/ww) peads Bujuuess Jase doys
0S 09 69 8. 09 (M) Jemod Jase Buleeg
113 SE 92 61 Ge lahe] [eusyew Bulless pue sjensqns ssejb usemiaq aoUsiaig-b
L L L L L {(wrl) 18Ae| [euoreW Buifess Jo ssawoIy |
(Oc/,.01XBE = 2D /W /°0X06X06) SSelb eaijexy a)elisqns sse|H
e/ el ¥9 /S A Aoor.o IX) 0 tohe [euerew Buiiess jo Jusioy@00 ucsuedxs [eunsy |
S X3 ¥ x4 € X3 ¢ X3 E

(ponunuod) | F1gvL




9UON 9UON

008

01.

35

eUON eUON L9 1 N 63 031-

ow

"X3 09 Alkali-free glass (90x90x0.7 m¥ N- ZZ 931

98 O01.
91.

or'e g0'e 19°¢ L'y or'e ﬁmEo\NEv Buireas 1of [eleyew sseib uj Ja||1} jo vale eoeuNg
7’8l g'l¢c 6°SE V'er 7’81 (% sWnjoA) JBJ|1} JO JUSIUOD [elo).
G2l 0'ee 0l 8'8¢ G2l (% @wnjoA) Jus0)
(cWo/,w) Buiress Joj [eusjew
G6'0 89°| 9e'2 96'2 G6'0 ssejf ul Jajil uoisuedxa
-MO| JO BBIE 90BlNG
L2 L2 Le L2 Le (sWo/B) Auaeib oywadg
8¢ 82 8¢ 22 g2 (b/,w) ease egeuns oyloadg
G'9 G'9 G'9 G'9 g9 (wri) xewq
b L'y Y L'y L'y (wrl) os@
62 8¢ 8'C 8¢ 62 (wr) 05a | adeys
L2 12 L'g 1'g 12 {(wr) 0LQ | ejolred 191
ollisIplo] [elsiely | uoisuedxs-moT
'S £'s 8'v 9¥ 'S (% BWN|OA) JuBjU0D
(;Woyz,w) Bujess Joy
05’1 gL Ge' | LUt 05’1 [euerew sse|b uj jusglosqe
18s¥€] JO eale 30eUNg
1'G LG g LG LG (;wo/B) Ayaeif oyoeds
0'S 0's 0'S oG - 0's (b,w) eate aceuns oyivadg
8'c 82 82 8c 8'c (wrl) xewq
gL gL gl g'l St (wrl} 08a
60 60 60 60 60 (wr) 05 | adeys
70 #'0 ¥'0 ¥'0 0 (wr) 01.@ | sloed
0-00-UN-10-84 jfeusiey | sqiosqge Jsse Buifess
918 Le. | 1ve | o99g 918 (% swnjon) Jusjuo) 10} [euaYEW
sse|b yihwsig feuslen sse|b Bujeag .mmm_o
Ok X3 6x3 | 8x3 [ .x3 9 'x3
231avl




01- OE®6

LL 831.

36

r -

. X3 99

98 01.

N.

euoN euoN . 171.

- - - - Lg (wWiu) a1ei1SgNs sse|b JO JUNOLWE UOILOLSI(
1Isix3 181X IsiX3 1sIX3 1sIx3 ssaulybIyY
SUON SUON BUON SUON SUON S)OBID aoueleadde ynsal
BUON SUON BUON SUON’ BUON Buiead [eussixg | uolenieag
- - - - - (wrl) 1eAe| Buyjeas jo ssauxoIy ]
ovs LES 909 09. (048 (Do} @ineladway ssenoid
0l 0l oL Ol 0l (s/wws) paeds Bujuueos Jese dels
05 107 Ly Gy GG (M) Jomod JaseT] Buiess
YA Ge 92 6l ¥ lake] reusjew Buljess pue ajelisqns sse|b usamiaq eoualeyiq-p
4 zl Gt Sl L (wrl) Jake) jeliaew Huless Jo ssouxoly L
(Do/,.01X8E = 2D /W L' 0X06X06) SSBIB saij-jexy ajelisqns sse|n)
S8 194 +9 5 Gg (Do/,.01%) ‘D Iohe| |eustew Buless Jo Jusioye0s uolsuedxe [ewusy |
O X3 6 X4 8 X3 L X3 9'x3

088
' X3 69

OUCN el .

0

{(penupuod) g 91gvL




Laser
ture (O

| ayer

frnm 81 7 Process t enpera
61. 111Ped Cracks

expansi on coefficient of sealing material

d ass substrate Thi ckness of sealing materi al

searn nn nnnri

bet ween gl ass substrate and sealing materi al
Thi ckness of sealing |ayer (pm

(x1 0-7/C
Laser

068 a G JON 9UON Ther nal
(pm

| ayer al
| ayer
power (W

AR Y 29'Y WA WA (;woy,w) Buljess Joj |ellsjew sse|b Ul Jaljy jo eale a0BuNg
¢'0S 0% L9 L9 (% swn|oA) is(jy Jo JUBIOD fBl0]
8'al 8'at 0 0 (2% dwWnjoa) JuaU0H)
61'c 6be ) } (;wo/,w) Buiess Joj [euajew sse|b
ul Jsjji} uoisuedxs-Mmo| JO BaIR S0BUNG
L'e L'e - - (suio/B) Anaeib oipoads
8¢ 8¢ - - (B/,w) voue aoepns oyoadg
g9 g9 - - {wrl) xewq
% L'y - - {wrl) 080
8¢ 6 - - (wr) 0sA | odeys
12 1'g - - (wrl) 01.@ | sjoed 19|13
allIaIpIo) felareN :o_wcmaxm.__so.._
A4 A% L9 L9 (% awnjoA) Jualuon
. . . . woz w) Buiees Joj el
okt ekt O ML sse|b u Emﬁmmom%w Lummm__ho mm._m. _mwwh_w__.m
LG L'G 'S 1°G (;wosB) Aunelb oyoadg
0'S 0'S 0% oS (B/,w) vate aoeuns oyoadg
8¢ 8¢ 8¢ 8¢ (wr) xewq
'L =y ! Gl gL (wrl) 08Q
60 60 60 60 (wr) 050 | adeys
0 "0 7’0 ¥'0 (wrl) 01 { eoWIRy
0-00-UN-1D-24 [euslepy | juagliosqe Jese BUINESS
g6y | sger | ¢ce6 £'e6 (% ®WI{OA) JUBIU0D 10} ”m_a_se
sse|b yinwsig leuslely | ssejb Buieag ‘sse|n
¢ X3 L X3 . .
-dwon -dwon 2l X3 X3
€ 31avl




. X3 dwoo 11 .

41 9

38

dai s burrges

VS

- - - 12 (wu) s1ensqgns sse|b Jo JUNOWE UoIUOISt]
BUON BUON 151X3 1SIXg ssauybBiuy
181X3 isix3 SUON SUON S)oeld aoueleadde ynsai
SUON BUON BuoN SUON Buijeed [euwlolxy | uoneneAy
- - - - (wrl) saAe| Buijees Jo ssauyoIY L
096 G901 0374%) ors (Do) ainyesadwa) ssa00.d
ot ol 0} Ol (s/ww) peads Buuueoss Jase dojs
AL 18 08 Gg (M) 1emod Jese Buljesg
A i €9 £9 lahe| renerew Bujeos pue ajeisgns sse|b usemiaq aouaiali]-o
Gl L Gl 8 (wrl) 18Ae] peuarew Buljess Jo ssaudoIy ).
(D/, 0 1X8E = 20 /WW /°0X0BX06) SSEIB Sf-[eN|Y aensans ssefo
2s 2s LOL LOL (Do/,.01%) ‘0 18he| [euoyew Buless Jo Jusioye0d ucisuedxa [euwusy |
¢ X3 L X3 . .
-dwon -dwon el x3 b X3

appear ance

Ext er nal
3'93 3'1.

(panunuoo) ¢ JiavL




i b ale yds

6'09 9'39

8309 9

99'
| -
39

we L'01. 99 60

Si

11:966'99 F -Cr-Mh-Co: 0 60 9

01-'0 LI.

Lid

692 28e 0.2 G8'C £8'G (gWo/ ) Buljess Joj (eerew sselb u) ejjl Jo eele doBLNG
8¢t L'GE 1> Sy L'¥E (9% Swn|oA) Ja||ly JO JUBIUCO |e10|
'8¢ gce g'Ge L'8¢ £'62 (9% awinjon} EmEoo
(;Wwoz,w) Buieas 1oy Jeuajel
LS} 81°1 96°1 AN 19 sse|B u) Jo|i} uoisuedxe
-f\0[ JO Bale 20BUNG
1'e > L' L'e L'e (swo/b) Aynesb oyoadg
8'l 8l 8l 8l 'y (B/,) eore ooepns oyveds
g9 g9 g9 g9 'Y (wrl) xewqg
9y 9y 9 9y €2 (wrl) 06Q
g'e £'e £'E €€ L0 (wr) 01@ | ajoeq 19111
ereydsoyd wniuoasz feuslelN [ uojsuedxas-mon
v 6'¢c 6'c 8¢ 8'v (% dwn|oA) usiuo)
(cwozw) Buiress Joy
4N" ¥L0 L0 WAY (ARt [eLsiew mwm_wm uf Juaqiosqge
lose| Jo vale aovuNg
LS LS 1S b'S L'S (cWo/B) Aynels oyoadg
0'S 0's 0'S oS 0's (6/,w) voie agepns olyloadg
8¢ Q¢ 8'c 8¢ 8¢ (wr} xewq
gL ! Gl gl gl (wrl) o6Q
60 60 60 8'0 8'0 (Wr) 050 | adeys
'0 ¥'0 "0 ¥0 70 (wrl) oL@ | sonred
0O-00-UN-10-84 [eualely | juaqiosqe Jase Buljess
29 8v9 | 919 585 659 (% ewinjoa) usuo) 10} [eyorew
sselb ayeydsoyd-urp [euaren sselb Huijess sse|
kX3 | eixd [ six@ | vix3 | eiaa
¥ 319Vl




dsotid wipc | 1111 1 6*.17 93 1. S X3 .d woo ti
83 09

93"
6*0

40

aUON SUON BUON 8UoN SUON S3oRID aoueleadde ynsa.l
SUON SUON QUON BUON BUON Buljeay jeulelxy | uoleneay
- - - - - (wrl) toAe| Bujjeas o ssaUNIIY ]
0) 72 008 088 0e6 068 (Do) BINFRIBdWS) $$800.d
0l oL Gl ol Ot (s/ww) paads Buiuueos Jose] dois
g8 Ocl Sel 8cl Gg (M) Jomod Jasen) Bujjesg
€e 6¢ o0 FAN L2 laAe| jeusiew Buljess pue ajensqns sselb uoamieq oousIalIg-D
L L L ya L (wr) 1aAe| reuarew Buless Jo ssauydiy |
(Qo/,.01X8E = 2D /I 7" OX0EX06) SSED Balj-IeqY ‘ 81el)sqns ssejn)
L. 9 09 ele] 85 {Do/,.01%) 0 1he| [eustew Buless Jo JusiolYys0o uolsuedxs |eulay |
L1l X3 9l X3 Gl X3 Pl X3 €1 X3

(penunuod) $ 31gvL




1.63 6147 7.17 808

6'6 86 917 9'9 ¢§&

11'0 8'3

VS

41

Lt Szl e0'e (cwo/ W) Buiress Joj [eustew sse|b Ul Jajjy jo eale aoeung
9'¢cs 6'v L (% awnjon) 18]y J0 JU8UOD [Bl0)
6'0S 0 6 LY (9% swin|oA) JusU0n)
. ] W/ ) Buljeas 1o) jeusiew sse|b
59} ) le'c ul ._M__v_ Rm_mwhmamoéo_ M,o_ mm._w. momt:_m
L'e - [ (;wo/B) Auaesb oiyoadg
60 - 8’| (6/,w) eaie eoepuns oj0adg
9'Gl - g'9 (wrl) xewq
L0l - 9'v (wrl) 06Q
8'8 - 8'c (wr) 050 | sdeys
g/ - £'e (wr) 01.Q | sponted 19|l
ajeydsoyd wniuoonz leusie | uoisuedxe-mor
L'l 6t 8¢ (% awn|oa) Jusuo)
) ) ) wo, w) Bujjeas oy |eLiayew
0L'0 st L£°0 sse|b ul Emwmow%m hvmmm__,_o mmﬁm _mmm_w:w
L'G L'G 1'G (;wio/B) Ayaeib oyioadg
c'l 0's 0's (B/,Lu) eBJR BORUNS Ol10adS
¢'9¢ 8¢ 82 {wrl) xewq
9 9l gl (wr) 06Q
L2 60 60 (wr) 050 | edeys
1A 0 Y0 (wrl) 01a | so1ed
O-0D-UN-1D-84 [eldlel | jusqiosqe Jese] Buieos
viv | 196 P (%% ®wWwn|oA) Jusiuo) 10j [eLieyew
sse|b ereydsoyd-ui)_ feusien sse|f Buljeag sse|o)
S X3 ¥ X3 g X3
‘dwon ‘dwion ‘dwion
S 31gvL



Mat eri al

42

99 - - {Lu) erensqns sse|b Jo Junowre UoIUOISI(

1sIX3 UON SUON sseuyBiuny

SUON 1six3 1sIX3 SHOEID aoueleadde ynsal

BUON 1SIX3 1SIXg Buiesd leuwla1xy | uoiteneas
Ge - - () 1oAe| Buiess Jo ssauMoILy |

096 006 %momm “F< (Do) dinesedws) ssasoid
0l 0L ol (s/ww) paads Bujuueos JoseT] dejs
2s Gg Gel (M) Jomod aese Buipeag
A" G/ Zl lake| [euarew Buless pue ajensqgns sse|b Usamiaq sousiayq-o
8¢ 6 Vi (wirl) sahe] [elarew Buless jo ssauyoIy |

(Do/,.0LXQE = 2D /W £ 0X0EX06)

sse|b sall-||ey|y

arelsqns sseo

2s gLl 0S (Do/,.01x) *0 Joke| euatew Huless Jo JusIle00 LojsuRdXD [eluIay ]
G X3 ¥ X3 £ x3
‘dwo) ‘dwon ‘dwon

(penunuod) ¢ J1gvL




. X3

10

15

20

25

30

.thuoo 29 9 39 0 096 9 eUON

43
As evident from Tables 1 to 5, each of the glass panels of Examples 1 to 17 is

excellent in extemal appearance and airtightness, and distortion amount of its glass
substrate is small. With respect to distortion amount of glass substrate, the distortion
amounts of Examples 3 to 6 wherein each sealing material layer has a small thickness
of at most 16 pm, are lower than the distortion amount of the glass panel of Example 5
wherein the sealing material layer has a large thickness of 38 pm and the laser
process temperature was lowered. Accordingly, it was confirmed that they were
sealed with good conditions. On the other hand, in Examples 1 to 3 wherein the
content of low-expansion filler was increased and the laser process temperature was
increased according to the increase of the content, residual stress formed in the glass
substrates by the laser sealing step was large, and it was confirmed that cracks are
formed in the glass substrates or the sealing layer. Further, also in Comparative
Example 4 wherein the amount of filler was extremely small, it was confirmed that
cracks were formed in the glass substrate or the sealing layer.
EXAMPLE 18

Using a sealing material paste containing the same glass material for sealing as
that of Example 4, a sealing material layer (thermal expansion coefficient o, of the
sealing material layer: 73x107/°C) was formed on a second glass substrate (thermal
expansion coefficient ag,: 38x107/°C) comprising alkali-free glass in the same manner
as Example 4. The thermal expansion difference between the sealing material layer
and the second glass substrate is 35x107/°C. Next, a first glass substrate (thermal
expansion coefficient ay: 83x107/°C) comprising soda lime glass was prepared, and it
was laminated with the second glass substrate. The thermal expansion difference
between the first glass substrate and the sealing material layer is 10x107/°C.
Subsequently, irradiation of laser light was carried out in the same manner as Example
4 to seal the first glass substrate and the second glass substrate together. External
appearance and airtightness of a glass panel thus obtained were evaluated according
to the above-described method. Table 6 shows the results.
EXAMPLE 19

Using a sealing material paste containing the same glass material for sealing as
that of Example 4, a sealing material layer (thermal expansion coefficient ay of the

sealing material layer: 73x107/°C) was formed in the same manner as Example 4
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except that a second glass substrate (thermal expansion coefficient dzz: 38x107/°C)
comprising soda lime glass was employed. The thermal expansion difference
between the sealing material iayer and the second glass substrate is 10x107/°C.
Subsequently, a first glass substrate (thermal expansion coefficient az¢: 38x107/°C)
comprising alkali-free glass was prepared, and it was laminated with the above second
glass substrate. The thermal expansion difference between the first glass substrate
and the sealing material layer is 35x107/°C. Thereafter, irradiation of laser light was
carried out under the same conditions as those of Example 4 to seal the first glass
substrate and the second glass substrate together. External appearance and
airtightness of a glass panel thus obtained were evaluated according to the method
described above. Table 6 shows the results.
EXAMPLE 20

Using a sealing material paste containing the same glass material for sealing as
that of Example 4, a sealing material layer (thermal expansion coefficient a; of the
sealing material layer: 73x107/°C) was formed on a second glass substrate (thermal
expansion coefficient azs: 38x107/°C) comprising alkali-free glass in the same manner
as Example 4. The thermal expansion difference between the sealing material layer
and the second glass subsirate is 35x107/°C. Next, as a first glass substrate, a soda
lime glass substrate PD200 (product name, manufactured by Asahi Glass Company,
Limited (thermal expansion coefficient ag;: 83x107/°C)) was prepared, and it was
laminated with the above second glass substrate. The thermal expansion difference
between the first glass substrate and the sealing material layer is 10x107/°C.
Thereafter, irradiation of laser light was carried out under the same conditions as those
of Example 4 to seal the first glass substrate and the second glass substrate together.
External appearance and airtightness of a glass panel thus obtained were evaluated
according to the method described above. Table 6 shows the results,
EXAMPLE 21
' Using a sealing material paste containing the same glass material for sealing as
that of Example 4, a sealing material layer (thermal expansion coefficient a; of the
sealing material layer: 73x107/°C) was formed in the same manner as Example 4
except that a soda lime substrate PD200 (product name, manufactured by Asahi Glass

Cornpany, Limited (thermal expansion coefficient azs: 83x107/°C)) was employed as a
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material layer and the second glass substrate is 10x107/°C. Next, a first glass
substrate (thermal expansion coefficient ap: 38x107/°C) comprising alkali-free glass
was prepared, and it was laminated with the above second glass substrate. The

5 thermal expansion difference between the first glass substrate and the sealing material
layer is 35x107/°C. Thereafter, irradiation of laser light was carried out under the
same conditions as those of Example 4, to seal the first glass substrate and the
second glass substrate together. External appearance and airtightness of a glass
panel thus obtained were evaluated according to the method described above. Table

10 6 shows the results.
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10i ncreased according to the increase of the content, residual stress
formed in the glass substrates by the | aser sealing step was | arge,
and it was confirned that cracks are forned in the glass substrates
or the sealing layer. Further, also in‘%onpar ative Exanple 4 wherein
t he amoumDOETRIAL aPPMRCARKIMYeNely small, it was confirnmed that
cracks were forned in the glass substrate or the sealing layer. 15
EXAVPLE 18 Ulheglagsseembergprovided with spsealiogcoatesiaklayer af ke prasentingsrstion

terial, f | i th f_Exanpl | i terial I )
(t hor al IS4G & arpleweryiSls® b SapayRd taraSioRrigsrader panel iy dovise
0-7/C ; j
oot 11 ci are “GBLEANA pRTRR R ecsRagRbIGH! & doplty dmeft i oldPeel |
manne 28eagentisassalet Hetwebe twih glaselsubxtpates idpoded e aens eephoesiid &sch
sealing material layer and the second glass substrate is 35x1 07/C.

Next, a 9thest Fywrihes the plectranie devigeoithe Rsesantinventinnds giftat &ime display
83x1 071@ .conpr i Sli ng lf)ﬁda }qi ne g_llasf? Wasg R ared, and it was

| ami nat PTG A 1 ARAERY %peé 209 {if,8PQVe AT “thernmal expansion

di fference B} ii 1 i ard

| ayer is 10)???)- 7/ C.etdg%léségtr)i%ﬁje tlﬁ?/%targ%ng?\g? ﬁdﬁlog?ﬁ'?gg? 1??'8%?“\%&5&{
carri ed June 30 2008 asdepansseciPatent Apgalivatien #lot 80s@-8H 514@filkd oatJagliags27,

substrate and the second gl ass substrate together. External ]
appel®r ar?éEOdn@iuamtspsﬁlﬁﬁ%twswlam|da%\§m9aﬁ@3 SUALRAIRS e ieeprpriated herein
eval uat ' .above-descri bed nmethod. Table 6 shows the
resul ts%&%ﬁ% @3“5@8@?’%&% sealing material paste containing the
sanme glass material for sealing as that of Exanple 4, a sealing
material |ayer (thermal expansion coefficient al of the sealing

mat er i alRERFBENTEIYMBOIE was formed in the same manner as Exanple 4
44 except that_a second. gl ass. substrate (thermal expansion

coef fici ent 1a§?°t@é‘5&‘éﬁv&%' Egﬁpﬁlﬁ‘?ﬁ ﬂ&%é&%%@%”@?gggﬁﬁﬁgn%ﬁﬁsﬁyed.
The j:her, i i {if 3 ' eriale .
and Phe SBeLaRT T BTy 4 PEEeRe RpER ot R TRoeh. & Filef¥6ding
gl ass suibgibnaY:eSddonersaaling reiors i8o Sealiref laler, enSealing matxikllayef ) 0SLaser
conpri si_ng al kali-free glass was prepared, and it was lam nated with
t he aboVi@Nkecond gl ass substrate. The thermal expansion difference
between the first glass substrate and the sealing material |ayer is
35x1 07/ C. Thereafter, irradiation of |laser |ight was carried out
under the sane conditions as those of Exanple 4 to seal the first

gl ass substrate and the second gl ass substrate together. External
appearance and 10 airtightness of a glass panel thus obtained were
eval uated according to the nethod descri bed above. Table 6 shows the
results. EXAMPLE 20 Using a sealing material paste containing the
same glass material for sealing as that of Exanple 4, a sealing
material |ayer (thermal expansion coefficient al of the 15 sealing
material layer: 73x1 0-7/C) was formed on a second gl ass substrate
(thermal expansion coefficient 022: 38x10-7/C) conprising alkali-free
glass in the same manner as Exanple 4. The thernmal expansion

di fference between the sealing material |ayer and the second gl ass
substrate is 35x1 07/C. Next, as a first glass substrate, a soda |ine
gl ass substrate PD200 (product name, manufactured by Asahi d ass
Conmpany, 20 Limted (thermal expansion coefficient 021: 83x1 07100Q))
was prepared, and it was lamnated with the above second gl ass
substrate. The thernmal expansion difference between the first glass
substrate and the sealing material layer is 10x10-7/C. Thereafter,
irradiation of laser light was carried out under the same conditions
as those of Exanple 4 to seal the first glass substrate and the
second gl ass substrate together.



25 External appearance and airtightness of a glass panel thus
obt ai ned were eval uated according to the nethod descri bed above.
Table 6 shows the results. EXAMPLE 21 Using a sealing material paste
contai ning the same glass material for 48ealing as that of Exanple 4,
a sealing material |ayer (thermal exgh#diiSn coefficient al of the 30
seal i ng jmat el I . : . - ' r
Seampl o 1 oxhgpesridfiber dibel il 3 BETrohaR B Byt AR HIRE s o

nmanuf actgijpetaltyhAnadh stHass heRRg astalib Fédiesl dridnessamingara@nAal 18er having
coefficient 022: 83x10-7/C)) was enployed as a 45 second gl ass

subst r at@thickness btahmbsickppmsarshfoined ondhe eealintgnegiontdfdhe glalss sybstrate;

t ial | dth | bstrate i 10x10- 71C. . Next,
TTrob ol ass Wharalh theboalng e Tal ERan cRNcant filed BRISTSbe! 4 glass NiseRrbor

conpri si ; Lo Iyt PaE) :
he aboysole SEIIEE SafFoltBs PEREFER el rkloptBRal A I et
bet ween flliBe the a4l phase of tHeslhsat bsanskrt badsea | owrgxgeistn filler balngran s
35x1 07/ C. Thereafter, irradiation of laser |ight was carried out

under t ptioaakcaperalient baisgaythimtwarange ok kam 2144 vol7s@ald t he first
gl ass substrate and t Seco | a ubstrate together . t erpal
appoar ance. AMFTE P GHfarEAE Retve e sl SinbPterioinr i fEHRuer o
evalgat %Hat@ﬁspafqhagea@g gicRl iagsr 853 Hd tefinARXBENsidR BbEMi NP SIS
the results. 47 | NDUSTRI AL APPLI CABI LI TY The gl ass nenber
provi dedjladst substratesisiwithimtheaningd of yer1Hfo 65{r1@f/eGENt invention is

useful as a_glass substrate to be_enployed for producing a flat panel
di spl ay Zdevilhe dasamegiber pryidedwitap 30alng graterial iaver aeeorgmatadraimTa

di spl ] I I '

Chomt BBl s 308 Pk By S B el B R om0

el ect r omhe rdi)él STaroph 2164 ORIOPRRING the YitbkSdhdign Rlldrlimbn yriind withinakie
device or a solar cell panel having the above structure. The

entilbe dangd ok tof4e4rasedran battolapamiovat ¢fdhe Sealipogass, 34 Bser

filed on _June 30 009 and Japangese Patent Application No.
2010- 01@?&9@{‘?@@]&}? I\?ﬁ’ﬁmsg’??ﬁ% 2010 i ncl udi ng specifications,

iC'nai Hgi’ re’('jreﬁﬁh% ?%’S‘ﬂeﬁib@%%ﬁ&eo%ﬁh b RealimP Rt REerhfediing®b BIShHFE
wherein the glass material for sealing contains the low-expansion filler in an amount
within the range of from 10 to 40 vol%.

20 4. The glass member provided with a sealing material layer according to any one of
Claims 1 to 3, wherein the fotal surface area of the laser absorbent and the low-
expansion filler in the glass material for sealing is within the range of from 0.5to 6
m?/em®. ’

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

25 Claims 1 to 4, wherein the low-expansion filler comprises at least one member selected
from silica, alumina, zirconia, zirconium silicate, cordierite, a zirconium phosphate
compound, soda lime glass and borosilicate glass.

6.  The glass member provided with a sealing material layer according to any one of
Claims 1 to 5, wherein the laser absorbent comprises at least one metal selected from
30 Fe, Cr, Mn, Co, Ni and Cu or a compound containing the metal.

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

Claims 1 to 6, wherein the glass substrate comprises alkali-free glass or soda lime glass,



REFERENCE SYMBCOLS 1: El ectronic device, 2: First glass substrate, 2a:
Surface, 3: Second gl ass 15substrate, 3a: Surface, 4: Electronic

el ement portion, 5: Elenent region, 6: First sealing region, 7:
Second sealing region, 8 Sealing |ayef®? 9: Sealing material |ayer,
10:  Lasegnd {Haealing gldesAoMpribes Disth A8 §1a%8 8P Gih-phodphatiedlads h a seal i ng
material |ayer, which conprises a glass substrate having a surface
havi ng a8.seahli etpctrepicatevicermihiah semipirisgs aditstiglads dubvgtrateimMngga surface

t hi ckness of at, nost 15 pm and fornmed on the sealing region of the

gl ass sURMRGE &rstSRRIIGEISYIThe seal ing naterial |ayer conprises a
2 0od meteri . : St .
gl ass, "o | ashpo Sy B BmdtRhE hafha a¥uAE8 nalRg BRI saflify &R 10

totals caitreapoadinghe thefiet sedlingrbgibh aat didpdect @vteatthe Sufacd isl dpposed to
bei ng an optional conponent being within the range of from2 to 44

vol % arttiewndaes of thedirell glass substratest ween the thermal expansi on
fficient al of, th 0 terial of. t | i terial |
Che t her i kBEHEPIR cLgRrTtRGrban PRvdsH Pehtckyl BadTE\dasy sHtsTHE i fhen

t he ra”%cﬁﬁdéfé%@shﬁsﬁ Bafgl 0-71C) . 2. The glass nenber provided
with a sealing material [ayer according to Claim1, wherein the gl ass

mat eri al f ora sedlingngyerdoinaedisetiveen|tias first sbslmghegioni of e fistrglass substrate
the range of from2 to 10 vol % and the | ow expansion filler in an

anouft vinddha serend sezlinggegien of thamserand glass sbsdpissteseshtherriestpnig

t of th [ i [ , he | b L. dth
oo o p ol fion A RaThg o ke SR B 20 I . cealing
material | aygier8mQAE @iaﬂﬁhg} Ryé& @drﬁpx%esﬁﬁﬁr@ﬁiaanaae !aﬁle@%ﬁa@és%_rrhé’tbﬂ&ﬁbr

sealing contains the | owexpansion filler in an arount wthin the

range ofsehlingreditainingl® svalirty glass, 4 [aser afisagentrant eptipnallyi adled-ewpanson

sealing material |ayer according ,to any one of Clains, 1 to 3, wherein
Che t ot 41195 e (@il cahiet BF therfesqraabepriant 8ra i ourerrAondUPERYAR S on

LV bR e B P A oggenge o fom

ass menber prov a sealing

mat eri al | aygHergitiGhé difftGerice Betvean thedthedhal@x@anBioh doeffigientheoting t he
| ow- expansion filler conprises at |east one nenber selected from

si | i ca, matandlrd the seaingilayerAanddbaithermeal Expansion eeaflitienticeof ahleast one of

6. Tho SRSt AR SRofrR AtBd e ErN 45 BT By i oA L 0P 15 o

to any %%‘fxfﬁ""'/ )ai ne 1 to 5 wherein the |aser absorbent conprises at
| east one ' netal ‘selected from30 Fe, G, M, Co, NN and Cu or a
congound@. cofTtheil giectimpridéevied atcording to Claim 8, wherein the difference of each of the

thermal expansion coefficient ayq of the first glass substrate and the thermal expansion

coefficient a,. of the second glass substrate from the thermal expansion coefficient ay of

the material of the sealing layer is within the range of from 15 to 65(x107/°C).

10. The electronic device according to Claim 8, wherein the difference of either one of
25 the thermal expansion coefficient az¢ of the first glass substrate and the thermal

expansion coefficient ag, of the second glass substrate from the thermal expansion

coefficient a; of the material of the sealing layer is within the range of from 15 to 65(x10°

’/°C), and the difference of the other one of the thermal expansion coefficients from the

thermal expansion coefficient a; of the material of the sealing layer is less than 15x10°
30 IC.

11. The electronic device according to any one of Claims 8 to 10, wherein the total

surface area of the laser absorbent and the low-expansion filler in the glass material for



7. The glass menber provided with a sealing naterial |ayer according
to any one of Clains 1 to 6, wherein the glass substrate conprises
al kali-free glass or soda line glass, 49 and the sealing glass
conprises bismuth glass or tin-phosphat® glass. 8. An electronic

devi ce Wb AingGe WRhinStRS randd b6fordl025 & s WRdmat e having a surface
having a first sealing region; a second glass substrate having a

surface havi Agraecessdonprosieaihgpg elegranic Gevce, agpcndomprises 4 btepf ofiséparing
sealing region and dj sposed so that the surface i s opposed to the
surface dfirat giaseisubptrateaying g guifageshaving a firgfgealingtagéic el ement

. : . . q
O ass. subst r e o SfeRthd &' ecdrchlinth SR5Be bR & SApReh A ABR S ore,
seal iNg gafingedibncofebpsridindicins frsthuhling Rogléh aﬁlﬂi‘:mﬂie‘hﬂ&iﬂﬂﬂ se8fd N9
region of the second glass substrate to seal the el ectronic el enen

por t i on materiablayaghaving adhinkesssaff aimoabd 6 Lo fgymed on thewsleeord nealing
sealing | ayer conprises a nelt-bonded | ayer of a glass material for

seal i ng "8 ai ning a sealing glass, a | aser absorbent and optionally

The | ow oxpanarBiopieshghe B5EHas et e R ant 1 AT R FREr ISR Pt

t he ranghegkalingpmateriad adér eerfos@d o that the\B@f&igbitihe fitkt hfas &b strate and
bet ween the thernal expansion coefficient al of the material of the

sealidng thaperfagmal heseched giass supaliiatie@ate opposddioachather and | east

one of the first glass substrate and,the, secor | ass. strate |
Srehth the 1afEh ditsdefeiBe aeiad ot kT W36 aJadaichy frbidh fre fret
devi ce ' i ' W i ;

et o) 68 dhidraldof n81s8bbhd YASE SUBsirIE 19 niditthe BERIR] mBRiA) el fipreby
t he t heroddrmeaseaknglayeoiefdaat thentleatfdhiotlehient pediongrolided betvwsdr thbdirst

fromthe thernal expansion coefficient al of the material of the
seal i ng dlaspesubstiatg a1 thergesopd GlpssSUbBYalRs 15 t o 65(x10-7C). 10. The

o tHEr “one THesERAE SREMH PaleiatledelhompHi £lidi il o GRSE pfleriat for
gl ass subalingéentainthd A 8edlig diids, @XRssdbBrisce bhd @bﬁéﬁal?'h Riv-&xXjfansion

second gl ass substrate fromthe thermal expansion coefficient ‘al of
t he mat dileatheototal igentsndpi thg lassrabspent ahd the low-expageiooffiller baingant o

65(x10- 7/.t%@ and the difference of the other ope of the thernal
expansi ORIRGOMIROBRNLBeiRg withiuPerange of Bmania VA% EAci ent oh of
the materi alyfq i - ) _

e mat ot aly Gl e B ndrel ESRrATLLREN i vlscdlhE

el ectroni c devi ce accordi ng to any one erel
totab swidteds layerdrond tHebehnslasxpahsionesificRntal beatliexstonpasish®first giass

filler in the glass material for
substrate and the second glass substrate is within the range of from 15 to 65(x107/°C).
13. The process for producing an electronic device according to Claim 12, wherein the
difference of each of the thermal expansion coefficient oz of the first glass substrate
and the thermal expansion coefficient az, of the second glass substrate from the thermal
25 expansion coefficient as of the material of the sealing layer is within the range of from 15
to 65(x107/°C).
14. The process for producing an electronic device according to Claim 12, wherein the
difference of either one of a thermal expansion coefficient dayy of the first glass substrate
and a thermal expansion coeffici.ent Oy of the second glass substrate from the thermal
30 expansion coefficient a; of the material of the sealing layer is within the range of from 15

to 65(x107/°C), and the difference of the other one of the thermal expansion coefficients

from the thermal expansion coefficient a; of the material of the sealing layer is less than



50 sealing is within the range of from0.5 to 6 n2/cnB . 12. A
process for producing an el ectronic device, which conprises a step of
preparing a first glass substrate havigg a surface having a first
sealing region; a step of preparing a s€cond gl ass substrate having a
surface fgyige® second 5 sealing region corresponding to the first
sealing region and provided with a sealing material |ayer having a

t hi cknest5.0f Tlag¢ progsts iy proddicingrad etettiohis deiteratcaedihg tgamegneof Claims 12

a step of lamnating the first glass substrate and the second gl ass
subst r at®® 1 theigjg t@%ﬁﬁ?'r%‘”ﬁ‘ﬁ? argapf thgaseriahpeiosptand Hie lPWaQXRaﬁélon filler

ol ase. suBde BsS LibuR ALY 1 AR R Bprte rlfort tis RE ufleghSp Secon

irradgj ating the sealing material layer with a | aser |ight through t he
first glass substrate or the second gl ass substrate to neit the
sealing material |layer thereby to forma sealing |ayer to seal the

el ectronic el enent portion provided between the first glass substrate
and the second gl ass substrate; 15wherein the sealing material |ayer
conprises a fired material of a glass material for sealing containing
a sealing glass, a | aser absorbent and optionally a | ow expansi on
filler, the total content of the |aser absorbent and the

| ow- expansion filler being an optional conponent being within the
range of from2 to 44 vol% and wherein the difference of the thernma
expansion coefficient al of the sealing 20 material |layer fromthe

t hermal expansion coefficient a2 of at |east one of the first glass
substrate and the second gl ass substrate is within the range of from
15 to 65(x1 0-71C). 13. The process for producing an electronic
device according to Caim12, wherein the difference of each of the

t hermal expansion coefficient a2l of the first glass substrate and
the thermal expansion coefficient a22 of the second gl ass substrate
fromthe thermal 25 expansion coefficient al of the material of the
sealing layer is within the range of from 15 to 65(x10-7/C). 14. The
process for producing an el ectronic device according to Caim12,
wherein the difference of either one of a thernal expansion
coefficient a2l of the first glass substrate and a thernmal expansion
coefficient a22 of the second gl ass substrate fromthe thermal 30
expansi on coefficient al of the material of the sealing |ayer is
within the range of from15 to 65(x10-71C), and the difference of the
ot her one of the thernmal expansion coefficients fromthe therm
expansion coefficient al of the material of the sealing |layer is |ess
than 51 15 x10-7/C. 15. The process for producing an el ectronic

devi ce according to any one of Clainms 12 to 14, wherein the total
surface area of the | aser absorbent and the | ow expansion filler in
the glass material for sealing is within the range of fromO0.5 to 6
n2/ cnB.



