1 DESCRI PTION TI TLE OF | NVENTI ON: ELECTRONI C DEVI CE AND METHOD FOR

MANUFACTURI NG SAME 5 TECHNI CAL FI ELD The present invention
relates to an el ectronic device and a process for producing the sane.
10 BACKGROUND ART A flat panel di1spl ay device (FPD), such as an

organi c EL (el ectrolum nescence) GESCRWIIONLD), a plasma display
panel (PDP) or a liquid crystal display device (LCD), has such a
structure that a glass substrate for an el enment having a
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dye-sensitized solar cell, application of a glass package having a

sol ar cell el emrent éélgge- sensitized photoel ectric conversion el enent)
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application of sealing glass excellent in noisture resistance, etc.

is in progress. Since the sealing tenperature of the sealing glass is

at a level of 400 to 600C, properties of the electronic el enent
por ti%on RACKGEQNDARNent or the Iike will be deteriorated when
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the glass material for sealing is locally heated and melt to perform sealing by being
irradiated with laser light (Patent Documents 1 to 3).

30 In order to carry out sealing by locally heating by use of laser light (laser sealing),
vanadium glass (see Patent Document 1}, bismuth glass or phosphate glass (see

Patent Documents 2 and 3) or the like have been employed as the sealing glass (glass



strength caused by the | ocal heating and sealing process occurs not
only in laser sealing but also in e.g. local heating by use of
infrared |ight. PRI OR ART DOCUMENTS 20 PATENT DOCUMENTS Pat ent
Docunent 1: JP-A-2006-524419 Patent Doéunent 2: JP-A-2008-059802
Pat ent Dpig) m¥vhile3the J&soh-s28ily ddrbSippregbthirpalitiitériceSlon! theyeNttrohic
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the present i1 nvention is characterized to conprise preparing a tirst
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second $ealinghgut-alep Bye-goloraldirating by use of drared Yghtseal i ng region, and

PRIOR ART DOCUMENTS
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Patent Document 1: JP-A-2006-524419
Patent Document 2: JP-A-2008-059802
Patent Document 3: JP-A-2008-115057

25 DISCLOSURE OF INVENTION
TECHNICAL PROBLEM
It is an object of the present invention to provide an electronic device and a
process for producing the same, which are capable of having increased airtightness
and reliability with high reproducibility by improving the bonding strength between
30 glass substrates and a sealing layer when applying local heating to sealing between

the two glass substrates.



20a sealing material layer forned in the second sealing region, the
sealing material layer conprising a fired |l ayer of a sealing materi al
contai ning sealing glass, a.lowexpansion filler and an

el ectromagneti ¢ wave absorbent, the sedaling glass conprising bismth
gl ass cosQaUTION T PRDBICEMof Bi 203, 1 to 20% of ZnO 2 to 12% of B2
03 and 10 to_380 ppm of an al kaline netal oxide by nmass proportion;
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carried out. The wor in ea above- nen nuneric
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of at least (T+200°C) to at most (T+800°C), whereby the sealing material layer is

melted to form a sealing layer to seal an electronic element portion disposed between



gl ass substrates and a sealing |layer by applying |ocal heating to
seal the glass substrates as descri bed above. Accordingly, the

el ectronic device is provided, with hi %h reproducibility, so as to
have increased airtightness and reliability. 5 BRI EF DESCRI PTI ON OF
DRAW NGShe firstiglass substrate adthe-sseohd ok subsivate! | ustrating the
constitution_of an electronic device according to an enbodi nent of
the present TheBffcesslorpireducing an elasyanisdisricgrmscoidingt anatherirneade atthe
procedur e fort. roduct.i on of . t.he ?.0 el ectronic .devi L:Sj :Tlccor%i ng: tﬁ) t he
enbodi meAESSt IPYRIMIGP I3 ER3rapigriaRe IO ROMPHIRE PiePAdng a st pigRssybstrate Maving
|11 ustrad siigack iﬁbl'i.lafnggi ab sl tr_égibﬁ; bﬁ%ﬁgriﬁ%a%ﬁﬁorﬁﬁ gre8s YiiSstt8 having a
production of the el &ctronic dévite showmn inh Fig. 27 Fig. 4 1s a

Cr 0s& sexuriagpanclvdiegvasdesnnd sealkingiedianrcdriegpolding to the first sdaligg régiors, and
plan view il]ustrating a second glass substrate used in the procedure
15f or prédeRiingdnatsriak ipyerdpaned 6hh%e sgE0Ne sealingviRgicn. thieggealing maleriad Iayer

cr oses S s YR, AP s 05iErabeblehung seaing wa il Piepign
1 with gpepafRd&helddt®ntrinchswate bkaibaat the sea!ing_glasd:écggpr%iﬁ bi8muth
schematic view illustrating a reacted |ayer portion produced in a
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bet ween dglagyl AAstratedsid theesualade af fiRaddodgd giisersudbirbi@yfetingeboh etrepandg
in 25 Exanple 5. Fig. 11 is a graph illustrating results

obt ai nedragiatiRgihgrsaadng meaterialfayes withaieelgetremagnatigoeavst thepughabe disst

| ayer forned in, a glass .substrate and in th I cjnit f the trace.
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Ut 7506 L SUOR FRY kb SRAATLAYRES Had 2 B D EP TR TEgaN e B THE]  the
subst r atsealimgimatertahayer s hedtyd af a tdrepamate irnh rangesefadt ileapt (TH-200ECYH taasls
panel fabricated in Exanple 9. Fig. 13 .is a graph illustrating
results "i'}b‘?ttéTh@P"Q}, ‘HIE%EBY Fhﬁgﬁﬁi’é%ﬂﬁ?%‘é%ﬂféﬁ)@‘%‘iﬁd te foqmy %P‘ﬁ%!tﬁgdﬁyer fo
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Conpar a@bu@&g@g@b@m}tme_ Fig. 14 is a schematic viewillustrating a
gl ass substrate used to fabricate a sanple for neasuring bondi ng

strénagt h andnh thecalyvepsentioned pracesagsifenmoducing an electronic device, either one

of the step for preparing the first glass substrate and the step for preparing the second
glass substrate may be first carried out, or both of them may be simultaneously carried
out. After the siep for preparing the first glass substrate and the step for preparing the
second glass are both completed, the step for laminating the first glass substrate and

25 the second glass substrate and the step for forming the sealing layer are sequentially
carried out.

The word “to” in each of the above-mentioned numerical ranges means to
include the values before and after the word as the lower limit and the upper limit,
respectively. This is also applicable to the word “to” in Description.

30
ADVANTAGEOQOUS EFFECTS OF INVENTION

In accordance with the electronic device and the processes for producing the



5Fig. 15 is a schematic viewillustrating such a sanple for neasuring
bondi ng strength and the shape of the reacted layer. Fig. 16 is a
schematic view illustrating how to measur e t he shape of the reacted

| ayer. 10 DESCRI PTI ON OF EMBODI MENTS Now, enbodi nents of the
present samemnf tinprebémt ibvertien it iSmsbsitdlé to ingjrovethecbdnalirdy stvdritits befwe@n
1lis aviewillustrating the constitution of the electronic device
accor di nglase selpsteaienandrasealiig laver by appivingilesat Realdng tormeg! the glassi ews

illustrati,n rocedure,for progducti.on of such an el ectronic devi.ce,
ond B oo PR GEEH R BOnE] RSBl e Ml A iR S e doeE
gl ass s I ; i ; } b} ustrati ng

The- ot r UNEnrebRauashy; SEeEtPhavdiShassaBRtiofnats ald RiLRY, USt 1o

el ectg#onic device 1 shown in Fig. 1 constitutes an FPD, such as an

a PDP or an L n illumnation apparatus enploying a

CELD, CD, _a
i ght - erBRIEMBESCRETION QR RRAWINGSEL el ement (CEL i1l unination), or

o oot rontc. dath L5 Heroks Faaltl B% fudtph g Lot iR oD dhalfifiicuevibs
second GARS5ding BShA i odimdFREN IR pleBentihvaitioAnd second gl ass

substrates 2 and 3 may be made of al kali-free glass, soda |inme glass
or the li ke Figdtis avbssabeationatwews illuairatirany pkiceducs fok prsluctiompbitiet | on.

Al kali-free gl.ass .has a thermal expansion efficient at, a | evel of

35 t® 4()%!%“6%"&1%9‘8%%30?‘?@'@9@@1%9% Q '@%ﬂﬁ@?%ﬁ PrEsYEAMEMOBoef f i ci ent
at a 25 | eved : 2 0- J j. =

Eyprcally  conad s bR it hudticting HShgBty SlbsitdiE ot BiholBlogtfe for
15% of BxBductntad ik &eefrofil Qevidetsbor@%h Fig. 8a0, 0 to 30% of Sr0 and O

to 30% of BaO b4y mass percentage. Such soda |ime glass may be

typi cal |y cdigt4 is@t yasppeanabvignoaleong BiooR-Ain Mgt 10% of Al 203, 2 to
10% of CaQ, to 10% of . SrQ, 1 .to 10% of Na20O and O to 10% of K2Q b
mss. per cenf i 3PN iere AN G SO RO E Y TR Pidretre
the 1@b0\fsrﬁ%ahbme&tﬁ§%$ectr8ﬁfcva°e%rbeasrfownfiﬁgﬁgd22a of the first glass
substrate 2 and a surface 3a of the secon | ass substrate 3 facing

t heret o, i s Fib. §piesetfossisedtiontl vewal@ieirenA-Aarlig.d 4 7 having a

desired function of the electraonic device 1. The el ectronic el enent
portion 4 i méd- (de & %9@?‘3%'0@5_‘”%‘0’6&'#@‘@“%)Fhecﬁﬁfﬁorﬁ‘l" deyice SPPWRIMEIS: dn,

a plasm.li - em.t i r, PDPs, a liquid crystal display

el enent '%’r%ghéékﬂfqgoﬁfﬁﬁe Igh%leeq sol ar cell el enent

(dye- sensi t Frp @ iBRAMPEhREE Vicw HAStYRINY DreaRteRMBPé) pdridn pRldated H 4 Ylass

The 5el ectronic el enment portion 4, which includes a light-emtting

el ergent subkigaterof QELeleconindeviae dhewsdnbig i7zed sol ar cell el enent or
ind of known . structure. The el ni ¢.device

the like, t
e cbon gl no e Stk AT aB SF e SHOPARITRS BIYISarial S resn G o MaIal, ¢
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in Fig. e first glass substrate consti es a

substrate f @lg. 40 iehermph illastehtingscompasitomerbfiletanatisis resultdiniiha vickity GFL
el ement or a POP elenent, forned as the electronic el enent portion 4
t her eon therinéeracedmivgen e glasssibsliate daasalinaunaterial lgyerdeefeissaaling &
whi ch serves t?e function of sealing the electronic elenent portion 4
f or red amﬂl}e irst glass substrate 2. It should be noted that the
structure ok he; i [ IRai (W

above- nenti E}?tégqiésﬁé.%%%r@g?&reéj@%%%% bg‘%iﬂt@ gbéﬂli%%st%ﬁg%&ée ean(%sensthape of
por ti onthe fraceoiy eesptablayerzietmedima glassisubstrateeand ik ¢he giainity of tHehteace
surfaces 2a and 3a of the first and second gl ass substrates 2 and 3
has an aftenggalingiin fhe gla&mp%eléab/nqaievblnfﬁnam;g@ Ban el ectrode film

formed ther El%n 12% gsgl’é]:ﬂ‘l illustrating results obtained by measuring the surface shape of

30 the trace of a reacted layer formed in a glass substrate and in the vicinity of the trace
after sealing in the glass panel fabricated in Example 9.

Fig. 13 is a graph illustrating results obtained by measuring the surface shape of



forman el enment structure. The elenent filmconstituting the

el ectronic el enent portion 4 and an el enent structure constituted
thereby nmay be fornmed at | east one of 20 the surfaces 2a and 3a of
the first and second gl ass substrates and 3. On the surface 2a
of the fafainagibassgionlbstrasced layeedf 4 gldsalubsihste drddn ¢hevitinipiot the
device 1, a first sealing region 6 is disposed along the outer

per i pheriprpatiemragiehaiier. segfing in theglass F@rﬁgf@ﬁl@mdim ratyedmepraple 1.
where the elegct ic t.portipn.4 is, disposed. The . first sealing
oo on 6. < 1oy ER SsHeTE udf ibififide 2 UatsREREOos R EilegReR
The sur f@éiﬁpl@@o%eéﬂﬂ‘in@%d?ﬁ%gﬂét?eﬁgtﬁHﬁéftﬂe%r%g% &%Sreac&aqgg&. seal i ng
region 7 disposed thereon so as to correspond to the first sealing
regi an 6 as Hfolinisi ansdtiegmaticiiew diuiratitarsuabf a sévaple fos meanadrirgpioanting
sealing regions 6 and 7 serves as a sealing |layer-fornmed region (a

seal i ng FHaneth and the shapetee reasiabiaYeh the case of the second
seal i ng regi e T fae :

nave an of oo 16 gt el iy HRsfoyrld o RERRHSH RS sREBS bf feGefiiby,
gl ass syhgdd ate 2 and the second gl ass substrate 3 are di sposed to
have a desired space therebetween such that the surface 2a with the
el ement-forned region 8 5 and the first sealing region 6 faces the

f ' [ [ 7. Th bet th
el oesCRrucN pE SRR ERE ond ol ass substrate 315 sealed by
a sealing | ayfl efnbddim@htae él’(@[?l%%ﬁmtip@erﬁ%ﬁl iﬂ%e'c?e%gﬁéed ﬁitﬁ%@f@%ﬁg to
bet ween t he sedling region of the tTirst glass substrate and the

seal i ng dregings. 7Figf 1tida viee Nostratirg) thecodstitatismbethd alect@nid devi®al t he
el ectronic element portion 4. The el ectronic elenent portion 4 is

her net i @eCPiding:tg arjempodimyni 8§ thearreseridmgntion: Big- Bys vigwsllusyating ass
bstrate 2., th . gl b te. 3, and th i . 8

B ef or alrge=e oy B ATioR f Scrs 4R Bleclofic eblie, 815 167 e AMed Bl Vil
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exanple. The sealing layer 8 is normally 10 fornmed in a franme shape
al ong t vevenilustetipgrthelstugtuos oeamstcarfd glass subsitateanskdstheosidr. gl ass

substrates on the first sealing region 6 and the second sealin
region 7. & elgrdionigdeyige bragwn i E'tg‘ # irensiitiiesian Bild) sudh a2 %@LD’ a

el ectrony ri C ; . s
Subst r s BLEREED, R Raion bBSa ARG HE Rk 8 irihg bl il sush as
unoccupia@RESeR&ht POELiilRirhatisric 6P s6kr s8IREEtheBike bsudheld a afe-sbnditzed
filled 15 with a transparent resin or the like. The transparent resin

may 2Be soladedll.t ol henelegiraris deuisetlrineludesthmrfirstiglass piebstiatend maddlom seeand
ith the, gl b : - itized sal |
o enrent SPSEURSTHIRS | & aah s Ba ih apf Soam B eken SO A e G TRy S,
he ol ! PRty . . .

e e e?ﬁe{]dg]?f.ca"@lle%% ;geg,f aintk g:gséibﬂ%%&%, bacH Bﬁmlﬁi@ﬁ H@uﬁ@ﬁ any

bet ween t irst ubstrate and the second gl ass ate” 3.
20The s&mld sfgknbanasontpasitiononglkalidftezdglbys hase therhen drghristyrecoeffidiérstiat ias
formed by nelting a sealing material layer 9 formed in the sealing

regi on evel ot Hetost@oiitl /G asiodalivae glase hasaitbenbaldxgnsine caefficient at a

i . , i . e fi |
ungt eS8 lo SR ey e B DRSS Rt eleRlly coBtdnBiosg

by use @hoapr SIOFCH EPIBAFALONBYE 189 o B, B0 BBSLST NAQOPD_t&BO"/J}Bfr@é@,d
light. Specifically, the 25 séaling material layer 9 is disposed in a

frame sbBap@0ésosBidhand 0 t&i39s. obBadyGnass péreestagei n§uctegodmlirie glasshe
second gl ass subpstrate 3 used for fabricating the electronic device

1. The §&baypieatheeongtitutad by 55 197530 eb81G2n00He W80 P AlgOe.eyicotP 7 obf

th o j I [

rogi on o5 QIR FBEBIOTLE Pl FRab B lp 1RGPk GeS BlseRge.

el egp r OTRENESHEtiVEXEMPBsitiSh Breafot liAfHRE th ki hbdVe-BBhibied &tbd, | ght,
Between a surface 2a of the first glass substrate 2 and a surface 3a of the

second glass substrate 3 facing thereto, is disposed an electronic element portion 4



9 The sealing material layer 9 is a fired layer, which is nade
of a sealing material (glass material for sealing) containing sealing
glass (glass frit) of |ow tenperature §E| ting glass, an

el ectromagneti ¢ wave absorbent (nmateri to absorb an el ectromagnetic
wave, sulkdviag aldesired furgtion of tHendlectranit Héngtd 1. t Thg eleetrahie di@aént purtiorad

| on- 5expansion filler. The seali E{g mat erial contains such a .
| ow expal§IUgRS £i9- e8rOEk elanrnt folOREPS BT Ok ilyrainatiPn.cx plaRgiadight-emitting

coeffici I Wi na ans

coet 1 ci Rl U ERPLA bk GPAEL U8R Y el ednblTo LRRTRind A B EE Pigpo soler
mat eri al od|SelefMRAL(YE-seHEHizE€ PhbidgicdtrRTonversidifelBRIcNT) GONEUIaEEtIs. aTfe
such an el ectromagneti c wave absorbent and such a | ow expansi on
filler ielectrqricateatent Podicsed|which imeluees allighBemiting eleream likeldntOiles in
addition to th(egw? corrponents as [he case requires. The sealing

gl ass meSement Wﬁf@#%ﬁdﬁé"%ﬁ elegnant 85 the ligs Mayhayeanyiind piown
tin- phoss‘inﬁ@eg' ?ﬁgﬁmvc%g daqc%' Pﬁécoré%ﬂé?éhh ‘éﬁ{b athdiRnh eygﬂé ”ezgﬂf Knd,

| ead gl ass ass | par rcu arIy pr

cont ent afe|ém@ntsmictme ug{r@Sélectsorﬁtf elefienbbyrtion 4 range of 49.9 to 97.9
vol .%to the sealing material. Wen the content 15o0f the sealing

gl ass is | ess théelecironio devlos, 1 shawrf inUigi t yhefirst Igéassmbshn@term@snaﬂesaa
the tinme of erjorated to decrease adhesio

t he toncaiats SPtRE GER N ekngiLa et aleren! S, shrace an Qe it
caused o LPBPANLBR, IR 4o UddBhenagmion) bORBABINELBANS TR second
bet ween the sealing materi ayer an ass subsfrates is

| ar ge. Tascauistrate Dtondtiuieeal glags gjbaerate swhmr&é@veé)ime funot&;rr@fm@aln@g the
60 20 to 85 vor/o. As the el ectrorra neti c wave absorbent, at

| east orideqtig elegent BPMiPAGH fézrrn@q/pn@m glass substzatg Rou it ol ke nelgd

f Fe,
cont af et HF s b BBHonRl o TR o6 o5 Bk Hebfonsd e
of tge I%?@&aﬁwwéﬂtthé %lé&r%mrea&hunﬂ Bbrflor 4798 o% Bnditik&d 88av SbiPbritAe
t he sealing materi al When the content of the’el ectromagnetic wave

absor beikej sadhesfdhe Iaarrﬁa@slza/aih%a ohthedast anii}semmdrglaads dubgtrate8 2nind 3
not sufficient|l be nel ted when bei i rradi at ed | a i ght or
infrar eéﬂaﬁ%‘rﬁ'e%ﬁﬂ fimy ﬁBC*& 6ﬁtaé‘?’1'f'“9)f'fp'%ﬁéa'éﬁ aﬁégﬁpéprreecm\%eongso asto
absor be rin
?%ﬁnféﬁ;%fef?ﬁ%rﬁ%xm arrﬁ’é’éﬁa ﬁiPn E&‘?stlg.ﬂﬁ'l:g thd esﬁgr‘é[\ aeltlerjngPﬁe

the vic eln ace V\At e secon ass

| ocal | y pgetier 4bed hﬁ@lerﬁénﬁélwctum%oﬁétlt@@dﬂﬁer@ﬁy ?rﬁa?}ocb@fo@mew.sﬁt fedsas6s of
light or infrared light, such that fractures may occur in the second

gl ag8 s surdacesPa grd Baef thedireli ang seicontl glassaubsijateatZeanctd. at t he

time of nel be .det.er esion to

{1 rt gl ass QoL ierSiitags 25t e iefBra slBRHfAiS 2leed B TTRal e Balinis ne
seal i ng r«i gl é]j&] kORe .
cont ent do Fctgr?e%é J'fat(i@t@ra!‘:I)rrli(E;net| g’%/vgl\%g abseﬂo(r) %Ht?é ?ngf)l?%r er a%| fyér?%leg‘nent
range oforehel fegioh®s aobRowmibr Eigsr hed dbierentha electamioélemenbpditionl4s
When the sealing material |layer 9 has a thickness set at less than 7
pm t he dispOBBGH efc"ﬁbs%ﬂI@QtrP@ﬁﬁﬁéﬂQWG}ﬂaSﬁéa%tch%m%@dheleéefﬁﬁft!ff@?rmﬂ y

vol 3 “Poth, “Thitsdlipeihar o1 TR facBhS B Subat e A 8 ReCinsasinG Fegion

sel ect e¢ d.épa@ea tRéredR sﬁwb%?@gp&fd ®ithe (ﬁ?st séhHHQ ﬂa@;onzés é§%ﬁb\ﬁn in Figs. 5
zirconiumsilicate, alumnumtitanate, lite, cordierite,

eucrypt ane 8. s fadh métm firat ama senumlraephlmg [Elfgmbrm @anﬂdwaﬂvesaas a sealiiglayd®
conpound and a silica solid solution. Exanples of such a zirconjum
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8 (PP &' ™ s paordRS ssoohelipseidtiand gy, slesm iy g

j(Png) 2dispaséed thefedPRS Hddiire@pound thereof. The | ow expansion filler
The first glass substrate 2 and the second glass substrate 3 are disposed to have

a desired space therebetween such that the surface 2a with the element-formed region



20 thermal expansion coefficients of the sealing glass and the gl ass
substrates 2 and 3. Wen the content of the | ow expansion filler is
less than 1 vol% it is unlikely to sufficiently have an advant age of
controlling the thermal expansion coef B cient of the seali ng gl ass.

On the of bag thafidt svdikg @Ebn@ﬂabe@thmuﬁd@eammmfﬁa skhlingregion 7.
exceeds 50 vol% it is likely that the fluidity of the sealing
mat er i al Thrspagadpetwesnitioe 5t glags subsieate @andife Secemndglass substrate 3 is

articul ar, en the seali terial has a thickness.of,. at | t 7
o e Setiod iy 5 sealing Bt BY, BEBb Rowly therseaing [SUBER if fisPaged Btygen
ol % : 9 .
Lol | ng e s PR 6 bPHIIOqNe: Jhpctiiné 2 Bnd A o lfiiioalth ot i€ speond
t he |owg@agnnsbsdrtd 8lsbers tbsepl bkeasladifoniclelemedbpatibAtd. mihe gisctfomicabl y

2 to 30 vol % 30Incidentally, when the |ocal heating by use of the
el ect r oriigment porfign & is bermeiiarlli seplgd by 3 glgss panelicensiipiad by thadirstiglass

Chat ¢ he el madk co S SR B h® Bealt R e o LretdebluaBel
ge 11 orRARGISRr 8thasEetREAEEHSr 2 1 €5 LALST BNiNRL? ol f1635%
ubstrates 2°and 3, and the sealing | ayer 8 as described above. The

r esi dual(hetairtsdoweaisr atferedto lirewimbmdongxampler f Abe seblirgplagsr & isf rartradly

for reducing the bonding strength between the gl ass su?_strat es 2 cimd
3, afd t'RENK 3 figmesh@apeglongingrendre peyi ofwpaqh efihe Tipit ghd seEon

the 5 el i V] . i . i i . f the
st o Qicald e naealinh Riods aiuing SOOI EDIina adth 7, |

(i .e. react effhbAAODIE Rt @RtHE Me it APpBEcBRSthe WisttioAlcesleeansorionad
the sealing | ayer 8) generated therein so as to have a maxi num depth

of at | dbespace hetweeoihe fest giasestbsiatai and the sseand glpsk sybstrae Zis partly
shown in Ej 7 as an, enl arged vi 10Each reacted | r,,11.i.s a.

i xed | APEIERgRuESGAIRIET, FUHR 2 Ra A naceHRIAd SPGFR iRy Hedet A s of fifd
Kin aASwi i | S : g‘a%g
as ?‘ %e %ﬂﬂﬁ@ﬁg&tr@g e%@qnﬁgﬁgﬁ%'heﬂieeg%%ﬁ%kﬁ%%%g yB?/é ggﬁ%}ﬁa’ﬁﬂg t he
r eact ed subyieaies Rlarid3 bhbe i1 mese softattrwitrethedylasedsibstratbsseand 8g Wiwen a
maxi mum depth at at least 30 nm it |s _possible to obtain a firm
bondi ng dyeReasiigedeaiar ealbelgmest osthedikeds agpledindha elesiiopkelamenrtaarion

tho_gl ads HaBRdR SRR AL R oot Sl B 3R peflethind "
gener at eghdstiiithte 4 AiHdSadond fasefsubBRafeqd.m ng regi ons of the
sealinglayer 8 on the glass substrates. Accordingly, even in a case

where such dhexealingiayeqbiiskonstituted by anvel-bohied) lgyenvdich isdasesd by
residual stress to be generated.at the bonding interfaces between the
O ass. 2onatisin capbng elkial byana @mecla e AeflyEaop 7 Siing sSpuitaaes
to enha i : ;

and t ho Lo 8 PRRELSRY [RIAERPEMRGIAERA vy TS AR RgN W e
of | essfitdigas3GubBiratet2.i STHa@RMiAY haelidl |9y is intalieybydbtlinrating bK use
advant age of enhancing the bonding strength. Each reacted |ayer has a

maxi mumetiepefechonmagatte werve 18t siehnas laser ight ontifiared Bghdr aBpgcitigallyether
150 25Each d 11 j. f er abl fi d h t hat

con?hal SEAIMY AT ALALSY © Brdeadsel BielFAmR chacy o8 FORE L FEscS cBria Bine
port i ongpLFelid 8l ftﬁ%yse'cﬂn& g%sﬁ'sﬁﬁétré}ﬂ% FRRAB B BidAidfc 2

or 3 in conpari'son w an end portion thereof. In other words, each

r eact eddkwiger!. 1 Thiescalind aratdiay [ayendidisposdd trpthesssaling regige 7 of tiveasetond

depth in a central ﬁprtion t hereof and a portion thereof close to the
|

cent r al glfspubatrateahistipeltesandiendedde phasealingregion Seirthe drstdirsseof .

Ex I f. th fi i i ncl.ud arch h

CaD 3 55 L S e o S ha BB e

11 3h! ongrarb@ lipnlicithat fhealing RiyBRETs BB PSS as WWREMAREI s thed
space between the first glass substrate 2 and the second glass substrate 3 (element-

formed space).



As a specific configuration of the above-nentioned reacted |ayers 11,
it is preferred that the reacted |l ayers 11 be forned in a projected
shape so as to have a nmaxi num depth D1 of at least 1.1 tines the
depth D2 in the vicinity of an end portiion 10 of the sealing |ayer 8
(DI/D2 a: 1.1He 86almgQrateliBl layér 9 & 4 fifedIaye! wiieh & maldeef aeaalifg malif s
project toward the gl ass substrates so as to have a downwardly

proj ect edlasisapaterial {6 gealBy) cvitaininchecadliog gldssi(glass diit) ehidwiempieoaturss
each reacted layer 11 to a posi.tion havi ng tPe na irrura?d pth D1 is
L1, the TEPHPH HFESeRN SlRFOMAIREHG WEKG 8PSaPENt{Maigna)te; P?&%ﬂ the end

bt anciPSifan e E e udtt iy lebep i dRIDedliafh, ROGerderate M) A4 £1cb2
of prsoj esipadsipAfllen N Thessedling Yatoriljcontaits enhtd PMSexpdAbidAilles in order to

determ ned to be found based on the nmaxi num depth DL and the depth D2
at a pognaichihetharmgl expansicamaetiicientipithe sealingnajerial withsthgribermal from

I t d t L f h t ted | t itiogn. .
havi ng. eHEaRSRMAHTAEBE A B85 SO0R G AUBFlEe St er NS S5TE FaPiRde
h th i ' : t i 3
Vi ci i 1A Bk fRolihg Wle Fh U0 B rRg ot Snd el B EbclfSridinbA
possi bl evanet alorlyertt antiwutherloerdxpansion idehinosipoated.r eNgt bedlimgwesteridlhe

gl ass substrates 2 and 3 and the sealing |layer 8 but also to obtain,
wi t HOohi gnay epntaimaddiivesdy adgiien ip Hisse SoRposenis@s thecase regidres.

and 5 and eadt Gl SRR 681 BhSRE? el o dE By 45 SRR gibs
possi bl eniospRhie didsd, VahEdiEM éia&,fb@&mndawamaw?&gs o IddirglagAc teRong
| ayers 11 but also to formthe reacted |layers 11 in such a shape to

f urt her tiperoj kistutmgless epayticigdsriy ptedenred. e STH2 comtiers df yhes sedlinggladsds
ti f D1/ 1 t | t 1.1, A dingly, it i i.hl t I
o 1 ur L REFSTAR bvarange Band 1rc9% 8 Vel i ibeadntinn maehd) alihegyBe colieet
2 and 3 apd %};ﬁﬁng gs"9 !e%@ thay 86,98, dpAl 1 @?cgi thH% %Q@fn rﬂgfe‘ﬁ\éleatttﬂs
ec erface

di spersing e or stress generatibn a ein et ween each

of the ghrsesf mellisg hadydse detaridraledifiddeneiseddidan. eauhattHessmtent ot the
11. The ratio of D1/02 is preferably at |east 2.0. The sealing |ayer
has por spaking glpshexceedsdic? v, diastyes maydieneatised dyadistodivntsingeadheeach

f th ' f bly h - ' f | 50
ore. 1 n et R et oBuEPaRa R oL Ao Condloe Gl ona
The sonl o o8 g e o erL e SRaI By R b e de e,

eachoof ta BevolBacted | ayer 11 has a cross-sectional area of at |east

50 pn2, it is possible to nore firmy bond the glass substrates 2 and
3 to the s_eéqSifa@ele&yema@ne%wveﬁbﬁﬂ%enb&é{eéat oy Biedal {qoniaiging alloy)
cr oss. o SepPERR o Aol oBfESLER e, Yr MEPED, N cilBrg EBftpound. syen

accor di Bg ah@x@idcoraifingA Msastonk tf tHeAsdvatnéay, ehdy bé usdd.asTriedMdnt of
The cross-sectional areas of the reacted |ayers 11 may be increased

by enl attw lnget aesorbent s piefereblyiidahpnge of 84 teddl val thdlye sedinguwhaiehal s

e B et BB g AR b ST gt A, o
Foul d b - . . . Y- .
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and at npst 1.5 mm Al t hough the generation of the reacted

| ayer s exgeasls 4ortiter amortinn olibeserling petariablagenin thaeiciitysy thenderfagees
2 d 3 th | i | inth i cinit [ bondj
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glass substrate 3, or the fluidity of the sealing material at the time of melting may be

deteriorated, whereby the adhesion to the first glass substrate 2 may be decreased.



30 dissolving the constituent elenents of sealing glass. For exanple,
when the sealing glass is bismuth glass, a 30%nitric acid aqueous
solution is used for exanple. Since the reacted |layers 11 are m xed

| ayers constituted by constituent ele t which are of 14 the sane
ki nds asintpeti@li@swhenlis sedlieg rdateridl [Byardlihas a tifickraes|of agleabn? aim, tihe
rel evant reacted layer 11 is also renoved at the sanme tinme that the
seal i ng ¢ayent o th%eé@méanetmwwﬁ absnathartrs pefgiabisinauissge gf 8,1 tanidr e

concave T Mo Fraepitht Mo feS ) i e Wik Che Sl e o,

Lo Measuigs 4 iHickidss 36LaiBadmaRl7 ;%u‘ﬂ?tr%' Shter WP Hd @Ear&ﬁxgﬁ%iﬂ@b a
concave portion, it is possible to neasure and eval uate™the shape of
t he @oncabseripnt is prefarablytie afrangedf 2o 40 &0ks ahotchymeferally dda Iraryg of 13 to
i.e. the shape of the reacted layer 11. Fig. 10 is a graph

iIIustraﬁﬁY@/tr-esults obt ai ned by neasuring the surface shape of the

ol ass. 10panel & gBrPiaRelfitibEfay BeCiuddu Bhe PadnBRCs AR e gfodk, ¢
a graph ddrkistifid of siliéh, 'eHinGS zijddnfd, PREoRUMMEREHE,| dMminheh SHAARC hulifepe

of the formation trace of the reacted layer 11 of a glass substrate
in the glosdisrileanetryptiBr spedustenea; aBirgapiuen ghasphetd tredpdLatds a.tinsxiddown
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be produced with high reproducibility by controlling e.tg. he
-ur

t
conposi Y& (RIP4 Je hEr VP4 )IgOg)2a 88d @ carnpogitexomppund thereat. urldeflow- t he
seal ing nmater.ial.. | ayer by irradiation of |laser |light aor an 20 .
o) oot r oFBRETPE s Shefaia . Gy e Sxnachi cog i Marieieatig o
t he ygealgiiQ 4 g ndiflcBfihohkhi o the YeAlidy aferal ef er ably has a
conposition of 70 to 90% of Bi 203, 1 to 20% of ZnO 2 to 12% of B203
and 10 to 39bepmmiait oii#0lolwexpassiopitipoistpropery@etsisnined so ittatttiee tHeymal
such three cqonponents of Bi 203, ZnO and B203 is appropriate as gl ass
conpone §XBangen eerificient of{he saalng glpssiscdesedle th%&fsﬁrm@éammloaw&%wm
bei ng 2 i | I
of ace- ¢ LIRS SRR ARU A THRISM R EnHb R BRE s EBureid By Wi,

e

seal i ng agicims of PESED VBE b thé dlass MR o RehRitE AithOi@ it EEPSRIXESH th
fails to sufficiently produce the reacted |ayers 11 between the gl ass

subgor athaymal exphrgicmebafiicienie af thegsaading gla®s and the glass substsatge 2 artead.
th d 1 f d at .t he, ' [ f . bet 30
e eaGeg e b o bR e oh oA L LR e S
requir eguﬁiﬁi@ﬁﬁ* A8y Fh ddvaith S%F EY&edl %Qﬁ&%zf}teﬁ AniGrsdetidarl GRRL S€
el enent, specitically a nondval ent alKall neta ePerrent N tﬁe gI ass
frit. |seplrgdglass.arOn the othechéied;twhan the contemt pbihatiewNapansion fillér a

bi smuth glass frit. By using a four.-_cor'rPonent glass frit obtained by
i ncor poPAgeaily &0 walva, dids bk%hglﬂhthanﬂwwg tha sealing matsriahdeterigraiestor ri t
constituted hese three components of Bi 203, Zn0O and. B203, .t.h
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bet ween S . i ' £ o) the
bove. mon o A Ao o SR MeR el plg Po voI%
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preferably incor@grated in the seali nrg glass in a range of 70 to 90
nmass% Widiesnef esathan 7 oM. dhe oentest pidbe lawrexpasiontlley,s preferablyt el 44y

t enper at Ut th Lt hs raised. Wien the content of Bi 203

exceedsY ﬁrﬁé@%r&@%qﬁ}?%t&gpi\@ﬁ' s unlikely to occur whereby gl ass

proggiction iigpeaneaneh fthd Fb%bF‘h@diﬁgtHWs@éf tR& BRBFbRRgRERS Whoé €01 such
as laser light or infrared light, is applied to heat and melt the sealing material layer 9, it

is likely that the quick heating and cooling process causes residual stress to be



Since ZnOis a conmponent to |ower the thermal expansion coefficient
or the softening tenperature, ZnOis preferably incorporated in the
sealing glass in a range of 15 1 to 20 ss% Wen the content of ZnO
is less than 1 mass% vitrification betbmes difficult. The content of
ZnO excegfieraiedm #sdboridiny bitefiddstbetwlosn i@ dlasssutirais 2 enp el abhd fte
melting glass is deteriorated, whereby it is unlikely to obtain glass
si nce desaaling fayesBiasdesgsbed abevaur sThemesidsighsteaas gsnemier attherkansking| v

in a ran f 7,to 12 ss% . taking intq account the stabil,ty, of
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and 3 and the sealing layer 8 and is preferably incorporated in the
seal i ng igFip g asmameniarggsl Wéwl0 to 380 ppm by mass proportion. \Wen

t he content of Na20 i? | ess .t han, 1& mass Epm. ités 'erpgssi ble to,
suf fiPci ent | FaSRdEReSE Iyt 1ddmarmmixed (aver croiaaling a prurgifty osglements which
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in arange O to 350 ppm mass” proportion, taking’into
account giassrsopsireiet 2 and B endansdhatghe reacied laybet aveeeneheted irasardly from
substrates 2 and 3 and the sealing |layer 8, adverse effect on the
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becomes unstable, and devitrification may occur, or the glass transition point or the
softening point may become high. Accordingly, the total content of such optional
25 components is preferably at most 10 mass%. The lower limit of the total content of
the optional components is not particularly limited. Bismuth glass (glass frit) may
contain an optional component in an effective amount according to the purpose of
addition.
Among the above optional components, Al.O,, SiO,, Ca0, SrO, BaO, etc. are
30 components contributing to stabilization of glass, and its content is preferably in a

range of 0 o 5 mass%. Cs:0 has a function of lowering the softening temperature of

glass, and CeO; has an effect of stabilizing the fluidity of glass. Age0, WOj3, MoOs3,



The formation of a sealing material |ayer and the sealing of a first
gl ass substrate and a second gl ass substrate by use of |aser |ight

were carried out in the same manner as }n Exanpl e 4 except that the
sealing material layer had a |ine width’ of 0.75 nmand 5 the |aser
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described later. (Exanple 8) The sane material paste was prepared in
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printi ng (seehag a qompangal madersdiangisainednetal axidel. 1 Boraslicaisalkali glasrds

coal ng cxameTiEl. MRhlsIRRskd Blindeare diidlestr bbb tinp Philisd
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sealing material Tayer and a first glass substrate (a substrate
const i t ulesckited lyede. | i ne gl ass having the sane conposition and the

same shape as. those of the second gl ass substrate) havjn n 30 .
Sharent - Tor T Bl terea BCRANIENS s ohe StHIBOChAB AlATRr S thepealing
| ayer . WIRE ; r .
(irer oniahal e iRada MRS deRimAdlatid R Bl whéh ffMedNg
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eval uat |33y 8¢$ Riord prbib bR/ hedtéd @R &mBarature in a range of at least (T+300°C) to
at most {T+500°C). In Description, the heating temperature by laser light was
measured by a radiation thermometer (manufactured by Hamamatsu Photonics K.K.
and available under the name of LD-HEATER L10060).

30 The electronic device 1 according to this embodiment may be fabricated as

described below for example. First, as shown in Fig. 2(a), the first glass substrate 2

with the electronic element portion 4 and the second glass substrate 3 with the sealing



Wth the content of Na20 in a bisnmuth glass frit being the sane as
that in Exanple 2, and with the other conditions being the sane as
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thus fabricated was subjected to the property eval uati on described
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420C) containihg 4 ppm of I\Ea 8 by mass proportion was used
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of the Iaser lliﬁght as in Exanple 1. An 15el ectronic device having the
gl ass pA#be apliedapr i cat ed was subjected to the property eval uation

descri bed | a4gr eawéé &a‘i{@ﬁ’@&@e 'Qab&ptl i3 %é@%qﬁg?éﬁ&t ?fgg‘?e[ Q@J&ﬁlﬂ%lass

fabricated in m cCro
magni f i gabstRie 3nakd Hﬁ,ﬁﬁaét@ iCcsKktioTtEm \ézf'tﬁiahﬁg Iéy@? ob@iéﬂﬁéaﬁng\/ﬁfaterlal paste.

conpl eted or not. It was reveal ed that all panel s were bonde
Fur t her Theisehlingspérial pastelieayybaspplieshei theaaacpodtsealmgwresmﬁ)bxe 5, 20a
portion of the gl ass nPE}neI i.n. the yicini t he bofndi nlg i nterf a?
bet \%enea‘npéq or example, a printing method, suchr as screen printing orgravure printing,
or be applied along the second sealing region 7 by using a dispenser or the like. The
coating layer of the sealing material paste is dried, for exampie, at a temperature of
preferably at least 120°C for preferably at least 10 minutes. The drying step is carried
out to remove the solvent in the coating layer. If the solvent remains in the coating
30 layer, the binder component may be insufficiently removed in the following firing step.
The above coating layer of the sealing material paste is fired to form the sealing

material layer 9. In the firing step, first, the coating layer is heated to a temperature of
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When the sealing glass has a softening point temperature of T (°C), the sealing

material layer 9 is preferably heated at a temperature in a range of at least (T+200°C)
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are preferably set such that the heating temperature for the sealing material layer 9 is
in the above-mentioned range.

When laser light is used as the electromagnetic wave 10, the sealing material
layer 9 is sequentially melted from a part irradiated with the laser light scanning along

15  the sealing material layer and is quenched and solidified upon completion of irradiation
with the laser light and is bonded to the first glass substrate 2. By irradiating the
entire sealing material layer 9 with the laser light, the sealing layer 8 is formed to seal
the space between the first glass substrate 2 and the second glass substrate 3 as
shown in Fig. 2(d). When infrared light is used as the electromagnetic wave 10, the

20 sealing material layer 9 is melted by irradiation with the infrared light, and is quenched
and solidified upon completion of irradiation with the infrared light, and is fixed to the
first glass substrate 2. In that manner, the sealing layer 8 is formed so as to seal the
space between the first glass substrate 2 and the second glass substrate 3 as shown
in Fig. 2(d).

25 When the sealing material layer 9 is irradiated with the electromagnetic wave 10,
such as laser light or infrared light, only the sealing material layer 9 is locally heated.
Although the heat given to the sealing material layer 9 is diffused outside through the
glass substrates 2 and 3, a portion of the sealing material layer 9 in the vicinity of the
center thereof has a lower heat-transfer efficiency than a portion of the sealing material

30 layerin the vicinity of an edge portion thereof. For this reason, the reaction between
the glass substrates 2 and 3 and the sealing glass is likely to progress in such a

portion of the sealing matetrial layer @ in the vicinity of the center thereof where heat is
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difficult to escape. Accordingly, when local heating by use of laser light or infrared

light is applied, the reacted layers 11 are likely to be formed in a shape as shown in Fig.
7 or Fig. 8. Further, when laser light is used as the electromagnetic wave 10, it is
preferred to use laser light having an intensity distribution in a protruded shape,
whereby the reacted layers 11 are also likely to be formed in a protruded shape.

In such a manner, the electronic device 1, which has the electronic element
portion 4 formed between the first glass substrate 2 and the second glass substrate 3
and hermetically sealed in the glass panel constituted by the first glass substrate, the
second glass substrate and the sealing layer 8, is fabricated. The reliability of the
electronic device 1 depends on e.g. the bonding strength between the glass substrates
2 and 3 and the sealing layer 8. According to this embodiment, it is possible to
provide the electronic device 1 with an excellent reliability since it is possible to
increase the bonding strength between the glass substrates 2 and 3 and the sealing
layer 8. It should be noted that the glass panel, the interior of which is hermetically
sealed, is not limited to the electronic device 1, and can be applied to a sealed product

of an electronic component or a glass member (e.g. a building material}, such as a

double-glazing unit.

EXAMPLES

Now, the present invention will be described in detail with reference to specific
Examples and evaluation results thereof. However, it should be understood that the
present invention is by no means resitricted to the following specific Examples, and
modification within the scope of the present invention is possible.

(Example 1)

First, a bismuth glass frit (softening point: 420°C) having a composition including
83% of Biz O3, 5.5% of B2 03, 11% of ZnO and 0.5% of Al O3 by mass proportion,
and further including 12 ppm of Na, O by mass proportion, cordierite powder as a low-
expansion filler, and a laser absorbent, as an electromagnetic wave absorption
material, having a composition including 24% of Fe; O3, 22% of CuO, 20% of Al; O3
and 34% of MnO by mass proportion were prepared. The content of Na, O was
analyzed by ICP. Although the total amount of the main components is represented

as 100 mass% with regard to the composition ratio of the bismuth glass frit for
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descriptive purposes, the amount of Na; O as a minor component is contained in the

total of the components of the sealing glass {100 mass%).

68 vol% of the bismuth glass frit, 25 vol% of the cordierite powder and 7 vol% of
the laser absorbent were mixed to prepare a sealing material (thermal expansion
coefficient: 71x107/°C). By mixing 84 mass% of this sealing material with 16 mass%
of a vehicle which was prepared by dissolving 5 mass% of ethyl cellulose as a binder
component in 95 mass% of 2,2,4-trimethyl-1,3-pentanediol monoisobutyrate, sealing
paste was prepared. Then, a second glass substrate (thickness: 0.7 mm, dimensions:
90 mm by 90 mm), which was constituted by alkali-free glass (manufactured by Asahi
Glass Company, Limited and commercially available under the name of AN100
(thermal expansion coefficient: 38x107/°C) was prepared, and the sealing material
paste was applied on a sealing region on this glass substrate by a screen printing
method, followed by being dried at 120°C for 10 minutes. The resulting coating layer
was fired at 480°C for 10 minutes to form a sealing material layer having a film
thickness 10 um and a line width of 0.5 mm.

Next, the second glass substrate having the sealing material layer and a first
glass substrate (substrate of alkali-free glass having the same composition and the
same shape as those of the second glass substrate) having an element-formed region
(a region on which an OEL element was formed) were laminated. Then, the sealing
material layer was melted and quenched to be solidified in order to seal the first glass
substrate and the second glass substrate by being irradiated with laser light
(semiconductor laser) having a wavelength of 940 nm and a spot diameter of 1.6 mm
at an output of 23.5 W (output density: 1,169 W/cm?) at a scanning rate of 10 mm/s
through the second glass substrate. The used laser light had a strength distribution
which is not uniform and is formed in a protruded shape.

When the heating temperature for the sealing material layer during irradiation of
the laser light was measured by the radiation thermometer, it was revealed that the
sealing material layer had a temperature of 650°C. Since the above-mentioned
bismuth glass frit has a softening point temperature T of 420°C, the heating
temperature for the sealing material layer corresponds to (T+230°C). An electronic
device having the glass panel thus fabricated was subjected to property evaluation,

which will be described later.
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(Example 2)

The formation of a sealing material layer and the sealing of a first glass substrate
and a second glass substrate by use of laser light were carried out in the same manner
as in Example 1 except that a bismuth glass frit containing 100 ppm of NazO by mass
proportion (softening point: 420°C) was used. The sealing material layer had a '
temperature of 650°C during irradiation of the laser light as in Example 1. An
electronic device having the glass panel thus fabricated was subjected to the property
evaluation described later.

(Example 3}

The formation of a sealing material layer and the sealing of a first glass substrate
and a second glass substrate by use of laser light were carried out in the same manner
as in Example 2 except that the laser light had an output of 28 W (output density:

1,393 W/cm?). The sealing material layer had a temperature of 730°C during
irradiation of the laser light. This heating temperature corresponds to (T+310°C). An
electronic device having the glass panel thus fabricated was subjected to the property
evaluation described later.

(Example 4)

The formation of a sealing material layer and the sealing of a first glass substrate
and a second glass substrate by use of laser light were carried out in the same manner
as in Example 2 except that the laser light had an output of 32 W (output density:

1,592 W/em®). The sealing material layer had a temperature of 790°C during
irradiation of the laser light. This heating temperature corresponds to (T+370°C). An
electronic device having an element-formed region sealed in the glass panel in such a
manner was subjected to the property evaluation described later.

{Example 5)

The formation of a sealing material layer and the sealing of a first glass substrate
and a second glass substrate by use of laser light were carried out in the same manner
as in Example 2 except the laser light had an output of 37 W (output density: 1,847
W/cm?). The sealing material layer had a temperature of 900°C during irradiation of
the laser light. This heating temperature corresponds to (T+480°C). An electronic
device having an element-formed region sealed in the glass panel in such a manner

was subjected to the property evaluation described later.
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{(Example 6)

The formation of a sealing material layer and the sealing of a first glass substrate
and a second glass substrate by use of laser light were carried out in the same manner
as in Example 4 except that the sealing material layer had a line width of 0.75 mm and
the laser light had an output of 28 W (output density: 1,393 W/cm?). The sealing
material layer had a temperature of 790°C during irradiation of the laser light as in
Example 4. An electronic device having the glass panel thus fabricated was
subjected to the property evaluation described later.

(Example 7)

The formation of a sealing material layer and the sealing of a first glass substrate
and a second glass substrate by use of laser light were carried out in the same manner
as in Example 3 except that the sealing material layer had a line width of 1 mm and
that the laser light had an output of 25 W {output density: 1,244 W/cm?). The heating
material layer had a temperature of 740°C during irradiation of the laser light. This
heating temperature corresponds to (T+320°C). An electronic device having the glass
panel thus fabricated was subjected to the property evaluation described later.
(Example 8)

The same material paste was prepared in the same manner as in Example 1
except that a bismuth glass frit (softening point: 420°C) containing 350 ppm of NazO by
mass proportion was used. The sealing material paste containing this bismuth glass
frit was applied on a sealing region on a second glass substrate (thickness: 0.7 mm,
dimensions: 30 mm by 80 mm) made of soda lime glass (manufactured by Asahi Glass
Company, Limited and having é thermal expansion coefficient of 84x107/°C) by a
screen printing method, followed by being dried at 120°C for 10 minutes. The
resulting coating layer was fired at 480°C for 10 minutes to form a sealing material
layer having a film thickness of 10 pm and a line width of 1 mm.

Next, the second glass substrate having the sealing material layer and a first
glass substrate (a substrate constituted by soda lime glass having the same
composition and the same shape as those of the second glass substrate) having an
element-formed region were laminated. Then, the sealing material layer was melted
and quenched to be solidified in order to seal the first glass substrate and the second

glass substrate by irradiated with laser light (semiconductor laser) having a wavelength
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tenperature for sealing material layer [C] (Heating tenperature -
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of 940 nm and a spot diameter of 1.6 mm at an output of 18 W (output density: 896

W/em?) at a scanning rate of 5 mm/s through the second glass substrate. The used
laser light had a strength distribution which is not uniform and is formed in a protruded
shape.

5 When the heating temperature of the sealing material layer during irradiation of
the laser light was measured by the radiation thermometer, it was revealed that the
sealing material layer had a temperature of 620°C. Since the above-mentioned
bismuth glass frit has a softening point temperature T of 420°C, the heating
temperature of the sealing material layer corresponds to (T+200°C). An electronic

10 device having the glass panel thus fabricated was subjected to the property evaluation
described later.
(Example 9)
With the content of NaxO in a bismuth glass frit being the same as that in
Example 2, and with the other conditions being the same as those in Example 1, a
15  sealing material layer having a film thickness of 10 um and a line width of 0.5 mm was
formed in a sealing region on a second glass substrate of alkali-free glass. Next, the
second glass substrate having the sealing material layer and a first glass substrate
{(substrate of alkali-free glass having the same composition and the same shape as
those of the second glass substrate) were laminated. The sealing material layer was
20 melted and quenched to be solidified in order to seal the first glass substrate and the
second glass substrate by being disposed in an infrared heating system having an
output of 10 to 20 kW.
When the temperature of part of glass in the vicinity of the sealing material layer
during irradiation of infrared light was measured by a thermocouple, the sealing
25 material layer had a temperature of 900°C. Since the above-menticned bismuth glass
frit has a softening point temperature T of 420°C, the heating temperature of the
sealing material layer corresponds o (T+480°C). An electronic device having the
glass panel thus fabricated was subjected to the property evaluation described later.
In Examples 1 to 9, the thicknesses and the line width of the sealing layers that
30 were formed by heating the obtained sealing material [ayers by irradiation of the
electromagnetic waves were the same as those of the seaiing material layers, which

means that there were no chahges.
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(Comparative Example 1)

The formation of a sealing material layer and the sealing of a first glass substrate
and a second glass substrate by use of laser light were carried out in the same manner
as in Example 1 except that the laser light had an output of 13 W {output density: 647
W/cm?). The sealing material layer had a temperature of 540°C during irradiation of
the laser light. This heating temperature corresponds to (T+120°C). An electronic
device having the glass panel thus fabricated was subjected to the property evaluation
described later.

(Comparative Example 2)

The formation of a sealing material layer and the sealing of a first glass subsirate
and a second glass substrate by use of laser light were carried out in the same manner
as in Example 1 except that a bismuth glass frit (softening point: 420°C) containing 4
ppm of Na O by mass proportion was used. The sealing material layer had a
temperature of 650°C during irradiation of the laser light as in Example 1. An
electronic device having the glass panel thus fabricated was subjected to the property
evaluation described later. With respect to the above-mentioned glass panels
fabricated in Examples 1 to 9, an optical microscope (100 times magnification) was
used to check out whether the bonding was completed or not. It was revealed that all
panels were bonded. Further, with respect to the glass panel fabricated in Example 5,
a portion of the glass panel in the vicinity of the bonding interface between a glass
substrate and the sealing layer was observed by cross-sectional SEM, and
composition profile analysis was carried out for Si as a main constituent element of the
glass substrate and Bi as a main constituent element of the sealing layer by FE-EPMA.
The composition profile analysis resuits for Si and Bi of the glass panel in Example 5
are shown in Fig. 9. Further, a portion of the glass panel in the vicinity of the interface
of the glass substrate and the sealing material layer before laser sealing was observed
by the cross-sectional SEM, and composition profile analysis was carried out for Si of
the constituent element of the glass substrate and Bi as the main constituent element
of the sealing layer by FE-EPMA. The results are shown in Fig. 10. As clearly seen
from comparison of Fig. 9 and Fig. 10, it was revealed that Si and Bi were mixed to
produce a reacted layer in the vicinity of the interface.

Next, in order to measure the shape and the bonding strength of reacted layers,
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samples were prepared under the same conditions as Examples 1 to 9 and

Comparative Examples 1 and 2, respectively, except that glass substrates were
different from those in Examples 1 to 9 and Comparative Examples 1 and 2 in terms of
only the dimensions of the glass substrates and sealing regions. The samples were
fabricated as described below. The glass substrates had a thickness of 0.7 mm and
dimensions of 70 mm long and 25 mm wide. In each case, a sealing material layer 22
was first formed in a sealing region A on a glass substrate 21 as shown in Fig. 14, and
the glass substrate 21 and the other glass substrate 23 were partly overlapped as
shown in Fig. 15, followed by being sealed under the same conditions as Examples 1
to 9 and Comparative Examples 1 and 2, respectively. The bonding strengths of such
samples were measured by reference to JIS K6856 (TESTING METHODS FOR
FLEXURAL STRENGTH OF ADHESIVE BONDS). The measurements were different
from JIS K6856 in that the thicknesses of the substrates changed from 2.8 mm to 0.7
mm and that the sealing widths of the substrates changed from 12.5 mm to values
corresponding to those of respective Examples and Comparative Examples. The
measurement results of the bonding strengths are shown in Tables 1 and 2.

The shapes of the reacted layers were measured according to the above-
mentioned method for measuring glass substrates {methad for measuring the surface
shapes of the glass substrates by a surface roughness meter after the reacted layers
were removed). The samples are described above. Each specimen was prepared
by cutting out a portion of the glass substrates in each sample by a dicer for easy
grinding. One of the glass substrates in each specimen was removed by being
ground by a surface grinder with abrasive powder (manufacture by Fujimi Incorporated
and commercially available under the name of FO#500) being used. In this grinding
operation, sufficient care was taken such that the glass substrates to remove did not
remain and that the glass substrates for the specimens were not ground; When
peeling was caused in the sealing layers because of having a low bonding strength, it
was possible to avoid the grinding process of the glass substrates. Next, an etching
solution was prepared by diluting a nitric acid aquecus solution (60%) with distilled
water in a ratio of 1:1. Each specimen, where the other substrate was removed, was
immersed in the etching solution for 2 hours. Then, the specimens were cleaned by

the distilled water and were dried at 120°C in a dryer for 5 minutes. The surface state
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of the sealing region of each specimen was measured by a contact-type surface

roughness meter (manufactured by TOKYO SEIMITSU CO., LTD. and commercially
available under the name “SURFCOM 1400D") as shown in Fig. 16.

Fig. 11 illustrates the results obtained by measuring the surface shape of the
trace of the reacted layer formed in the glass substrate and in the vicinity of the trace in
the glass panel fabricated in Example 6. Further, Fig. 12 illustrates the resulis
obtained by measuring the surface shape of the trace of the reacted layer formed in
the glass substrate and in the vicinity of the trace in the glass panel fabricated in
Example 9, and Fig. 13 illustrates the results obtained by measuring the surface shape
of the trace of the sealing layer of the glass substrate and in the vicinity of the trace in
the glass panel fabricated in Comparative Example 1. The shape of the reacted
tayers were determined based on the surface measurement results of the glass
substrates, and the maximum depth D1, the cross-sectional area and the ratio of
D1/D2 of the reacted layers were found. These measurement/evaluation results are
shown in Tables 1 and 2. In the Tables 1 and 2, the manufacturing conditions of the

glass panels are also shown.
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Shape of Shape Protruded shape Protruded shape Protruded shape (No
reacted | ayer was pro- duced) (No reacted | ayer was pro- duced) O
reacted Maxi num depth [nn] 180

30
[Table 2]
Comp. Comp.
Ex.7 Ex. 8 Ex. ¢ Ex. 1 Ex. 2
Alkali- Soda lime .
Glass substrate free glass glass Alkali-free glass
’?\]mc’””t of 100 350 100 12 4
Glass a [pp_m]
Frit Softening
temperature 420 420 420 420 420
[°C]
Line width of sealing
material layer [mm] 1 1 0.5 0.5 0.5
Heating method Laser Laser In:‘ir;r:?d Laser Laser
Output [W] 25 18 - 13 23.5
Output
Laser densnx 1,244 896 - 647 1,169
; [W/cm®]
light .
Scanning
speed 10 5 - 10 10
[mm/s]
Heating temperature
for sealing material 740 620 900 540 650
layer [°C]
(Heating temperature -
softening temperature) 320 200 480 120 230
°C]
(No (No
reacted reacted
Protruded | Protruded | Protruded
Shape shape shape shape Iays:o\/jias Iays:o\o:.ras
Shape duced) | duced)
Maximum
relzacted depth [nm] 180 60 1,750 0 0
ayer C
ross-
sectional 100 12.5 420 0 0
area [um?]
D1/D2 4.3 5.0 3.0 - -
Bonding strength [N] 5.8 7.1 12 2.5 3.4

As clearly shown in Tables 1 and 2, no reacted layer was produced in Examples

1 and 2, which means that the bonding strength was low due to the absence of the

5 reacted layers.

On the other hand, the glass panels in Examples 1 to 9 had the

reacted layers produced so as to have a sufficient depth and shape, resulting in the

achievement of good bonding strengths.

Additionally, a first glass substrate and a

second glass substrate having a sealing material layer formed, both of which were
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prepared as in Example 2, were laminated and were heated in a heating furnace at

500°C for 1 hour. Although reacted layers were produced in the vicinity of bonding
interfaces in this case, the reacted layer had a uniform depth (formed in a flat shape)
since firing by the heating furnace was applied to this case.

(Example 10)

An electronic device was fabricated so as to have a glass panel formed in the
same manner as in Example 1 except that a bismuth glass frit (softening point: 430°C)
having a composition including 79.3% of BizOs, 7.1% of B203, 7.6% of Zn0O, 5.6% of
BaO and 0.4% of Al,O3 by mass proportion, and further including 22 ppm of Na,O as
mass proportion were used. The measurement result of the bonding strength was 6.0
N, which was revealed that the electronic device was firmly bonded. Although no
verification was made for the reacted layer in this Example, it is estimated that the
replacement of part of ZnO of the glass frit component by BaO reduces the potential of
crystallization to improve the fluidity of glass, thereby forming excellent reacted layers.
(Example 11)

A bismuth glass frit, a low-expansion filler and a laser absorbent were prepared in
the same manner as in Example 1. 74 vol% of the bismuth glass frit, 11 vol% of the
cordierite powder and 15 vol% of the electromagnetic wave absorbent (laser
absorbent) were mixed to prepare a sealing material (thermal expansion coeificient:
90x107/°C). By mixing 84 mass% of this sealing material with 16 mass% of a vehicle
which was prepared, as a binder component, by dissolving 5 mass% of ethylcellulose
in 95 mass% of 2,2,4-trimethyl-1,3 pentanediol monoisobutyrate, sealing paste was
prepared. Then, a second glass substrate (thickness: 0.7 mm, dimensions: 90 mm by
90 mm}, which was constituted by alkali-free glass (manufactured by Asahi Glass
Company, Limited and commercially available under the name of AN100 (thermal
expansion coefficient: 38x107/°C) was prepared, and the sealing material paste was
applied on a sealing region on this glass substrate by a screen printing method,
followed by being dried at 120°C for 10 minutes. The resuiting coating layer was fired
at 480°C for 10 minutes to form a sealing material layer having a film thickness 4 um
and a line width of 0.5 mm. Then, an electronic device was fabricated so as to have a
glass panel formed under the same conditions as Example 3. The measurement

result of the bonding strength was 7.0 N, which reveals that the electronic device was
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4.  The electronic device according to any one of Claims 1 to 3, wherein the sealing
glass comprises bismuth glass containing 70 to 90% of Bi» O3, 1 to 20% of Zn0, 2 to
25 12% of BoO3, and 10 to 380 ppm of Nap O by mass proportion.
5. The electronic device according to any one of Claims 1 {o 4, wherein the
electromagnetic wave absorbent comprises a compound containing at least one metal
selected from a group consisting of Fe, Cr, Mn, Co, Ni and Cu, or a compound
containing such metal, and the sealing material contains the electromagnetic wave
30 absorbent in a range of 0.1 to 40% by volume proportion.
6.  The electronic device according to Claim 5, containing the electromagnetic wave

absorbent in a range of 0.1 to 10% by volume property.
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30 11. A process for producing an electronic device, comprising:
preparing a first glass substrate having a surface including a first sealing region;

preparing a second glass substrate having a surface including a second sealing
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layers so as to have central portions formed in a shape protruding toward the first and
second glass substrates in comparison with portions thereof in the vicinity of end
portions.

25 14. The process according to any one of Claim 10 or 13, comprising irradiating the
sealing material layer with laser light as the electromagnetic wave, the laser light
having an output density in a range of 250 to 10,000 W/ecm?,

15. The process according to any one of Claim 10 or 14, comprising irradiating the
sealing material layer with infrared light as the electromagnetic wave, the laser light

30  having an output density in a range of 1 to 30 kW/em?.

16. The process according to any one of Claim 10 or 15, comprising wherein the

bismuth glass in the sealing glass contains NazO in a range of 100 to 350 ppm, and



36
the sealing material layer is irradiated with the electromagnetic wave such that the

sealing material layer is heated at a temperature in a range of at least (T+300°C) to at
most (T+500°C).



