/I 1 GLASS PACKAGE THAT IS HERMETI CALLY SEALED WTH A
FRIT AND METHOD OF FABRI CATI ON Background of the
Invention Field of the Invention The present
invention relates to hernetically sealed glass
packages that are suitable to protect thin film
devi ces that are sensitive tlo the ambient environnent.
Some exanpl es of such devices are organic |ight
emtting light diode (OLED) displays, sensors, and
ot her optical devices. The present invention is
denonstrated using OLED displaysas an exanple. 2

ASEpaRRals ML B cempE T CRnld RATER, M LT A

because of their wyETHIDIOMEMNICATIONE N a W de
variety of electrolum nescent devices. For instance,
a.single OLED can be used in a discrete |ight
emtting device or an array of OLEDs can be wused in

l.ighting appli caga S rRund 3 RYREITYHY iDh

applications (e.qg., ED di splays). The traditiona
@lEDd difs plhey Srarentdsown as bei ng very bright and

- havin ood. _col or trast _and w de view ng.angle.

ovevar® B0 Phr R o8 Estateh oir hRtRL 81T sealea
pAkisisc upatkhbesel esdrodese andtebgani eol ayessebtocaliech film
therein are susceptible to degradation resulting from
ﬁﬁWéF&étiBhaﬁﬁt%F%xiﬁ%ﬁ“%ﬁkYe Psttfre GRS | fy lrwament.

FR d rgmt ' eqyi.r Tt s

E%b&%q%ﬁgﬁﬁ%ﬁi ??}59§¥9?§%@%%E5 4 Fsp%éﬁ can %ébﬁtm%khttlng
diighitf idapdey (AdiBasddsplayhe electawdes andndotnganioptical
layers within the OED display are ernmetical | .
SETEFF r ot HHBTE tl‘éﬁﬁ‘%ﬁ“’r ?fﬁeh%.gemonsuateé using OLED

~displays as an example,



Unfortunately, in the past it was very difficult to
devel op a sealing process to hernetically seal the
OLED display. Some of the factors that nade it
difficult to properly seal the OLED display are
briefly mentioned below The hernetic seal should
provide a barrier for oxygéh (10-3 cc/ nk/day) and
water (10-6 g/ nR/day). The size of the hernetic sea
should be minimal (e.g., <2 m) so it does not have
dessdigtdereiffeReladredsifzg of the OLED display. The

t enper e .generat ed ring.t.he sealing process

shoulgﬁﬁﬁé Shige T he ﬁé?e?% 3?%&1{%,anggF?gaﬁgbéﬁdamount
efgapeechaydr S)nW tdddhtt heycddfsD diesph@. 5Or their use and
I nstance, the first pixels of OLEDs which are | ocated
REGERTEALD APl r 6fh the Widf (VREIREIOLED diedpray oduminescent
sheuldsnot ke heated 0. moLe éa['}?z_glié‘)%gsﬁ%i}g E]Q.eused in a
sealing process. The gases released during sealing

priecess eshaght moiiticiorg atvniate ¢heamnberagl stWOLBDE can be

the OLED di splay._ The herneti.c seal shoul d enabl .
BESCCr T TEBRNEREI OREBEACEE LR nid% | nELRF CHEUR] ¢ goplay
apben chite on@L ER2 df spl @yep Taday1the ) oSt TkONMEPAdRYch8l OLED
sealing the OLED display is to use different types of
gpsRileys iatst gt it Bepilabs vary &risthyamnd nh@einal § good
fo ea af t c y
GPRx. VPBPEESREchEna te o Hadlfo LUEREY | clioygyer,  the
sebld ta cnedt iI01g luntierp ltshes e dimaperoicuBari XM whiech rodes

is.a conposite. based roach where alternate |ayers
BRI nOFERRLE mhEBRFal oL GF garier st erd B s S ible  to

negdabatseal tBeuPkERGI 8pbay. i At L PoMglot heset YRS/  and
seal s usual l'y provide good nechanical strength, they
mgpsture leaking into the OLED display from the ambient

environment. It is well known that the life of the OLED
display can be significantly increased if the electrodes
and organic layers within °~ the OLED display are
hermetically sealed from the ambient environment.,
Unfortunately, in the past it was very difficult to
develop a sealing process to hermetically seal the OLED
display. Some of the factors that made it difficult to
properly seal the OLED display are briefly mentioned

below:

¢ The hermetic seal should provide a barrier for oxygen
(107 cc/m’/day) and water (107° g/m?/day).
¢ The size of the hermetic seal should be minimal

- (e.g., <2 mm) so it does not have an adverse effect

on size of the OLED display.

* The temperature generated during the sealing process
should not damage the materials (e.g., electrodes and
organic layers) within the OLED display. For
instance, the first pixels of OLEDs which are located

about 1- 2 mm from the seal in the OLED display



be very expensive and there are many instances in
which they have failed to prevent the diffusion of
oxygen and noisture into the ALED di spl ay. Anot her
conmmon way for sealing the OLED display is to utilize
metal welding or soldering, however, the resulting
seal is not durable in a w de range of tenperatures

becaussh@fid hgosubt aptieby iy ffﬁéﬁ@c%ﬁagetl\é@ﬁ%t B8ring the

coefficients of thermal expansions (CIEs
gl ass §faiew anbanstsl in the OLED d| spl ay.

Accor there_is a _need to address the
af o?e%ﬁg %%% 5?68?@%@ SHd 18Ghete 3 hod chR?PRYes should not

associcredmirddt & hae tladitipnal, s88 s @{@pcfﬂhaa digp

traditional ways for sealing the OLED displays. ese
neeels Tl ot hermaereeds aseaSat | sfhdld by &hebher ﬂe@l@actrlcal

sealln t echno y of the esent. invention., 4 BR
DESCRI h:(ﬂfmﬁ% (¢ NYENTI %d‘ér}ﬁlauﬁ reBlghe éﬁ§>pe%’flter the

the prasantdigpi@ntion provides a glass package
conprising: a first glass plate; a second gl ass pl ate;

and a frit made fromglass doped with at |east one

transitjqQn metal, wherein said I%é{ gg§32%%é 1&9¥riﬁ OLED

irradiation source In a manner

to spalaty ahsl ftor nuse hedfgkirenseat yyés b FConneei s saiithorganic
first glass gg§te to said second glass plate.

REEGidi Par t REF2RsFechateheapFesemt | it | ghe seal
@EQ%&dQ%é%'Eﬂé“EﬁféH H?”ﬁi@fé“&i@ﬂe@ ff?ﬂ?t'céakgx Systems

seal ed gl ass package, said neth conprrsing t
gpayd agitunssovirdl ngebl i lastccgﬂa]say plader tpEO\bnhrrtg Aame of

G LD S HRCCN NG ~ER T -
degend gifassorganic materials and organic materials can be
used to seal the OLED display. Although these types of
seals usually provide good mechanical strength, they can
be very expensive and there are many instances in which
they have failed to prevent the diffusion of oxygen and
moisture into the OLED display. Another common way for
sealing the OLED display is to utilize metal welding or
soldering, however, the resulting seal is not durable in a
wide range of temperatures because of the substantial
differences between the coefficients of thermal expansions
(CTEs) of the glass plates and metal in the OLED display.
Accordingly, there is a need to address the aforementioned
problems and other shortcomings associated with the
traditional seals and the traditional ways for sealing the
OLED displays. These needs and other needs are satisfied
by the hermetic sealing technology of the present

invention.



plate; and heating said frit by an irradiation source
in a manner that would cause said frit to soften and
forma hernetic seal which connects said first glass
plate to said second gl asspl ate. The present
invention thus includes a hernetically sealed OLED

di splay and nethod for manufacturing the hernetically

seal ed OLED dsppkBYpESERIEELON, of Nenr helvBRireak! v
seal ed OLED display is manufactured by providing a

first Agesdiage prtat ecand @sgecund subst raresepkat énvention

Si_ti frit, onto the second substrate
P AR e 3 S PR HE st substrat e

pl atea fArstr rrAdisad igdatsource (e.g., laser, infrared
light) is then used to heat the frit which nelts and
f or ms 2a SEFETeF A SSe &l atitat T¥hnects the first

substr gt efp] at 4 e nd tr pl at e
al so protectg ?ﬁ%ﬂEngg%h ?%%ggrigépgaglgéghth%% vé%?gt one

doped twiapis 14t dreastt ohe wheaasnt sendnetdlt ards posstéllyby an
a CTEiE%a EB% d%iller such that when the irradi tiond ,
sour c6 ThEArE TRE f5945CT t 11 s 8f FESAnd- 0T nE2UWSpdngaid frit
This enableas tdwd f Fbimt @ MRIrmetdnrd dy1m fhecherpBheets said
seal while avoiding thermal damage to the OLEDs.

BRI EF fBESEROARSENPER trHE DRAWNES SR N¥h I asenyit latee -

under st andi ng of the present invention may be

obt ai ned by reference to the following detailed

descr Apticgninlgertd akefiuirhheonjaspeidton whd hptéeent invention
accon%anyin dr.awi ngs wherein: FlI GURES 1A and 1B are a
PSR £hd - 9B eS0T ARGt Ui V3 o0 FRE LLER At Vngealed

bheskaphekagrporants et d RemBLissald ¥ reealed, OFD
di splay in accordance with the present invention;
providing a first glass plate;
providing a second glass plate;
depositing a frit made from glass doped with at least
one transition metal onto said second glass
plate; and
- heating said frit by an irradiation source in a
manner that would cause said frit to soften and

form a hermetic seal which connects said first

glass plate to said second glass plate.

The present invention thus includes a hermetically
sealed OLED display and method for manufacturing the
hermetically sealed OLED display. Basically, the
hermetically sealed OLED display is manufactured by
providing a first substrate plate and a second substrate
plate and depositing a frit onto the second substrate
plate. OLEDs are deposited on the first substrate plate.
An irradiation source (e.g., laser, infrared light) is
then wused to heat the frit which melts and forms a

-hermetic seal that connects the first substrate plate to



FIGURE 2 is a flowhart illustrating the steps of a
preferred nethod for manufacturing the hernetically
seal ed OLED display shown i,n FI GURES 1A and 1B;
- FIGURE 3A is a perspective #ew illustrating two
substrate plates that were hernetically sealed by a
| aser in experinent #1; FlIGURE 3B-3F are absorption

t t j t
SPRCT £8cQha XM A o g{;gﬁg;ss gﬁ{aﬁwﬁggg&ﬁ&e& Phe oLEDS.

different transition ne
st odrdph df agflepsvi thadf wae gllassdplatels havi igast one

eal f.or.ned froman iron vanadi um osphat e, gl ass
RO Wt Rl £ By T Ut GO ey Filler such
tihans| athieen speed ithaldried fTRMQ 2 Hagss taHe MAS e, it
fromthe left to the right in experinment #1, WO
FEG4095 5974 PEPFUS2004P01434Fhis ppREegHthe ofrit to melt

REQI %ﬁﬁhgﬁ% & 84 SV 0f 1 T W?xig!easac’voﬁéﬂgisl:ﬁgﬂngg Yamage
seal forne roma titanium vanadium phosphate gl ass

fod tthteh@LENEs. nelted by a | aser which had a

transl ation speed that varied from0.2 nms to 5 mis

5 fromthe left to the right in experinent #1; FlIGURES

4A and 4B are_graphs of transm ssion curves of an

exenpl ary van& DESTRIFTIONa OF JIEEs PRAWINGS-| GURE
d j 7 gl ;
4A) apd Carpibng Lade) 173 %n@%%s%%?ﬁ%tfgﬁtﬂe hgt it%nels present

(FIGURE 4B) used I'n experinent
phoeodriaph oy absi debvaemedf byr acktfeferee seal echgl &4 lowing

| ates nade in experinent #2: FIGURE SA is a di.agram
ﬁeﬁaﬁfe&nﬁ%sar%lagé?na & EBF?P- Beantopgiipction with the
acangersihqushtwliddieahdea rsi des of the gl ass

plates in experinent #3; 15 FIGURE 5B is a top view of

a pref@EHRES t 1fhatndas 1Bpl ated & swep | Wien arow! away cross-

Seemibhe | 8L 40Rs, of1 Aus Ol A S UORL T BLE B! BbBpbllents of a
peri nment ;

hermetically sealed OLED display in accordance with the

present invention;

FIGURE 2 1s a flowchart illustrating the steps of a
preferred method for manufacturing the hermetically sealed
OLED display shown in FIGURES 1A and 1B;

FIGURE 3A 1is a perspective view illustrating two
substrate plates that were hermetically sealed by a laser
in experiment #1;

FIGURE 3B-3F are absorption spectra of exemplary
glasses that were doped with different transition metals;

FIGURE 3G is a photograph of a top view of two glass
plates having a seal formed from an iron vanadium
phosphate glass frit that was melted by a laser which had
a translation speed that varied from 0.2 mm/s to 5 mm/s

from the left to the right in experiment #1;
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FIGURE SC i s a photograph of crack-free seal ed gl ass

pl ates made in experinent #3; 20 FI GURE 6A shows a

WP 208h/008591 he t enperature nmeasured as a functi egrais2004/011349
time when an infrared lanp was used to seal of each

of the four sides of a 1"xl" assenbly of Code 1737

gl ass plates using a 5801 bl end>frit described in

exper i rentusid; 38515 GURMORGPMA 8 rSEMGEPSSrSRCHEOR 1
phot ograph of a :1L"xl " I%ggc,-sen%ly of Code 1737 gl ass wo giass
pirdtedse s edleating t I a se5611 7 Suzewetd f rinomhisc h tigsutisat edranadium

b i ared |l a a escribed in. experine #4; .
Ffp(lﬁ%%f l‘g%{? sggaﬁﬁgggé‘iap%‘a% WREr H‘?ﬂ-tff?e Z)yas% gir%’lsﬁrowhl ch had
3& CogendId¢ighasspgudt ehathafaes@ Feahed W t Am@sSUS 5 mm/s
blend frit. which was heated by a | aser as descri bed

| AP kT #20 TR 2589109880 PXPETIUSIG0 41011349 6
F| GRE fietntnd 4haRMhAT 48 04 - GALEALCd MOl 8066n curves
adi ate glass tri

curve for a titano-van um phosp
( 20Ti02-eR20H1 50¢F1285adatleari teasiShosislsat e bgtlass frit (FIGURE

e riment #5; ,and FI GURE 7B is_a graph that shows

e;%%jns‘?%a ﬁté g%%agg:'}r?eagﬁ?%g ﬁglbac"tF@ﬁ&i%aB?s (FIGURE
t anpendt eid GxgePithéncegh, Wwhere a 5895 blend frit

was applied to one Code 1737 glass plate in

exper | FE#UREG . 46EEA LED HbESCRIRPIONCGF o HEL ORAWINGS 40 crack-

R i to. F - there are discl.osed i

rocad it o el en RRE. 3 sreeimRRE, M |,

seal ed FAdIREl spl ays 1@0 andgiaihofl PRO-+8Fing a laser and a
manuf acturing the OLED display 100. Although the

s @Ry hRase eRE B¢ aRENEPBSEAt Ysaferha diras deecpides of the
R R N

under stRIGURaBBt hes santopr wiew!| af seapr8form frit that was

- placed a small distance away from the free edges of a
glass substrate plate in experiment #3;

FIGURE 5C is a photograph of crack-free sealed glass
plates made in experiment #3;

FIGURE 6A shows a graph of the temperature measured
as a function of time when an infrared lamp was used to
seal of each of the four sides of a 17x1” assembly of Code
1737 glass plates using a 5801 blend frit described in
_experiment #4;

FIGURE 6B shows a SEM cross-section photograph of a
i’x1l” assembly of Code 1737 glass plates sealed with a
5817 blend frit which was heated by an infrared lamp as
described in experiment #4;

FIGURE 6C is a photograph of a crack-free assembly of
Code 1737 glass plates that were sealed with a 5913 blend
- frit which was heated by a laser as described in

experiment #4;
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process can be used in other applications where two

glass plates need to be sealed to one another.
WOeodionyiy, the present invention should not ferus2004/011349
construed in a limted 20 manner. Referring to

FI GURES 1A and 1B there are a tt%p view and a
cross-sectional side viewillustrating the basic

conmponentguRE YheiBepmRf | ¥f sgah8drOhPrdi-eBl @%ansmittance
100. The COLED di splay 100 includes a nultilayer

sargvenier a Zdtenostvasdadiwneprhbapbatozalesg frit (20Ti0,-
glo%%s B %t@ 1%laxarba§[é?yd§fsglq{gt)a }54‘?—7&%1?%%{%? fr#g and

experi nmen

and a SEEGWESUlEBtiQt & grapp At Tbﬁo@sEQaJEﬂ)@I@éﬂMn mismatch
100 has a her t|c seal 108 forned fromthe frit 106
e pW%?%Eif t RE eLEpROPBPT cherRerdedieefoph@ butt-seal

flwﬁéréua%é@éeb%ﬁhe flq]%aﬁfe% t%g%lf%%‘@ SHESELLe 1737 glass

plate 107 (e.g., glass herneti c se
1&81¢%etylp|m$1ylmen’atﬁa around the perineter of the
CLED di splay 100. And, the OLEDs 104 are WD

2004/ 095597 PCT/ US2004/ 011349 7 located within a

PEDETALEED ESTRIPEIORt 0OF F88l pkafrndew the hernetic
seal 108 is forned fromthe frit 106 and the
anci | | st %@ﬁ%erﬁ% FUCHIRES t h?e-'?xra?dl%ita ormpurdieclosed in

1 11 an red, la 110b) _whi
TS o o | Feomre o ORI yascpidaptically
i reegrlead eOLEDetcHJsip]ﬁq} oo tahd eaeRbAt Q0B GURESmdnG.facturing
Referrl%'gj? (glF GQURE 2, there. is a flowhart

i 15t TRt 88 - of Al piEt drhe et Hed pogopss of the
”?’Eé&?éﬂ@thGehﬁﬁoﬂerl@t B@QH:Xbéaalk?egLﬁfﬁeg?sm%ect to the

10 Beginning at steps 202 and I rst
Slﬂﬁéwmaéimratef ao&ea:rmbtthm]sbgoadaiaﬁsmm @l speay 100, it

108 ALE iR dedoRee Lt ong CRR ke e AR e sealing
-alyirc&%‘émdc§ﬂb§érﬁfs%d3|ﬁﬁe§tﬁgg aRPlications where two glass
plates need to be sealed to one ancother. Accordingly, the
. present invention should not be construed in a limited
manner.
Referring to FIGURES 1A and 1B there are a top view
and a cross-sectional side view illustrating the basic
- components of the hermetically sealed OLED display 100.
The OLED display 100 includes a multilayer sandwich of a
first substrate plate 102 (e.g., glass plate 102}, an
-array of OLEDs 104, a doped frit 106 (e.g., see
experiments #'s 1-5 and TABLES 2-5) and a second substrate
plate 107. The OLED display 100 has a hermetic seal 108
formed from the frit 106 which protects the OLEDs 104
located between the first substrate plate 102 and the
second substraté plate 107 (e.g., glass plate 107). The
hermetic seal 108 is typically located around the
perimeter of the OLED display 100. And, the OLEDs 104 are
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107 are transparent glass plates |ike the ones 15

manuf act ured and sol d by Corning I ncorporated under
WRS0049535T nanes of Code 1737 gl ass or Eagl e 2000us2004/011349
glass. Alternatively, the first and second substrate

pl ates 102 and 107 can be trans7parent. gl ass pl ates

i ke the ones nmanufactured and ‘sold by the conpani es

| i kecAsahi woctsh 20 S$&rihSefr o%%@lel%llﬁﬁ?m@cf% QY41 108. How

glass), N ppon Electric dass ., NHTechno and
Sa"n%%nbewﬁﬁilﬁﬁg Fedc | K Hn1e fozmeGo froff drhextmpt e) 06 and the

At , 104, and_ot her cikrcuitry .are
AIeERLERS, Aty Ml el &5 i EPHhiRERE" source 110
typecal, 2asekED 104 andl UdSrarednDdapeleo)odthi@eare used
or_ nore organi c |ayers and a_cathode el ectrode, _

HowR v éPX™  LERo NETPRELE e Al APPr 3%ient d85BFibREsein greater

skidt £41 1 BeiBG @iLnt PAGLRRY a@;%‘@bélﬁﬁ%% or future

OLED 104 can be used in“the 100. Agai n,
it shouReferrapgrediat e#IGHRE t his 3Glstmp cds bea flowchart

ski i.f.an D display 100 is not hein made, byt
inkis?%g%t%a‘éf%%gﬁh%kﬁ &PSs Bgi i el & %dt h@ethod 200 for
SamntaPEeeesg hd hedyRIdMalRveakbhied VLED display 100.
2004/ 095597 PCT/ US2004/ 011349 8 At step 208, the frit

1REFEYERD s pEe dtEReh R Aheanddges , ofthehef isestondubstrate plate

S r p e or, i ance, .the frit 106 can

be pi a%&? a‘%lg%oxﬁ]%%‘fﬁ?’% A&y H%ﬂ? t]‘r%)le'} fREE &fgggided so

ofthdie sepeopdnsulade ailes phbakP d94plhky the .5 prefenbepreferred
[ the frit 106 is_a |ow tenperature | ass

enbqdi nent
f rer"?b? HtSRont &i'fis di@toranfbr 8eapEer BURE trers e@s 102 and
fragy t hey OUR ANeddidyg i rhgh%ar%pgg:gbatveaspadllli eean%he ones

neodym um (for exanple). T may al so
doptifagitpredf idnder seédg.hy | Qversingn fadbeporaddidt iweder the

T Y ST LG
sisiaiad vl PPt €hRS £18st and second substrate plates 102
and 107 can be transparent glass plates like the ones
manufactured and sold by the companies like Asahi Glass
Co. (e.g., OAl0 glass and OA21 glass), Nippon Electric
Glass Co., NHTechno and Samsung Corning Precision Glass
Co. {(for example).

At step 206, the OLEDs 104 and other circuitry are
deposited onto the first substrate plate 102. The typical
OLED 104 includes an anode electrode, one or more organic
~layers and a cathode electrode. However, it should be
readily appreciated by those skilled in the art that any
known OLED 104 or future OLED 104 can be used in the OLED
display. 100. Again, it should be appreciated that this
step can be skipped if an OLED display 100 is not being
made but instead a glass package is being made using the

sealing process of the present invention.



10

15

20

25

30

coefficient of thermal expansions of the two substrate

pl ates 102 and 107. The conpositions of severa

Woang@ssp7 frits 1'06 are provided bel ow Wi th respeRbo4/011349
to experinment 15 #'s 1-5 and TABLES 2-5. At step 210
(optional), the frit 106 can be pre- sintered to the

second substrate plate 107. To gCCOﬁp|ISh this, the

frit 108+whgd lep te

second subst%t%\g@g)lsgt ee%% ?gﬁ%hiﬁﬁeg?’gdaggetsﬁgtgal along  the
ZOeﬂg@érT@sf atheckedan! t febsbrend qimEhte al@"f'pl at Bot0dnstance,

r t d _di scussi out the opt.
R R e o O B e SR A o8 vy £om
At tBéeﬁr%éZ,ede&% foft ttl‘léﬁséﬁohaatsﬁ%dt\tdﬂée plate 107. In the
|rrad|at|on source 110 %§% | aser 110a, infrared
| apet Brﬁio@mhq'fhén%neit frbe 496 19t 21 0BOWotemperature

they hek nEEELE ﬁﬁglt %t\g%dj%] & &RNnect o?gda.?gggﬁlhgatlons chosen

fiTst strate secton b
107r¢m eect GL%lllB) inFhedhegnetirenseakopPdrgl s&anadium, and

tects.the QLEDs 104 t d
TRV BLI (S eRe L Eho RE S0 WkonPeR efiasy be doped

i npek hey GEED di-spledyy 1004 rAde 2o, fﬂllgkw%ﬁﬁii&@é‘d filler)

1B the hernmetic seal 108 is typical Iy Tocated |Ust
b t heweyserthalgesesf irhentl BiF dtbprmyl Eoparkhieon of the

Tt i N AR -

sar,usé:lesldﬂéhtsutaf agherhRser ekplasiceee SEXPhIEMwE Bubstrate
1-3) and an infrared | a 110b (see experinment # 4).
DééJZﬁt‘r%%dl%%l 3ntat87sev e Hetewrs t oht saperalsexemplary

COnstE) o916 WP bl O Ok g8l 6L Lporiment
dl#'fsarlerﬁ dnypeBABLES| 2rAdi ati on sources 110 to heat
differ pes of frits, 106_|in order to connect and
bond t “%:lep[ma déoptlonaﬂ the frit 106 can be pre-
sintered to the second substrate plate 107. To accomplish
thig, the frit 106 which was deposited at step 208 onto
the second substrate plate 107 is then heated so that it
becomes attached to the second substrate plate 107. A
-more detailed discussion about the optional step 210 is
‘provided below with respect to experiment #3. |
At step 212, the ‘frit 106 is heated by the
irradiation source 110 (e.g., laser 110a, infrared lamp
110b) in a manner so that the frit 106 forms the hermetic
-seal 108 which connects and bonds the first substrate
plate 102 to second substrate plate 107 (see FIGURE 1RB).
The hermetic seal 108 also protects the OLEDs 104 by
prevem;ing oxygen and moisture in the ambient environment
from entering into the OLED display 100. As shown in
FIGURES 1A and 1B, the hermetic seal 108 is typically
located just inside the outer edges of the OLED display
100. The frit 106 can be heated using anyone of a
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1737 gl ass plates 102 and 107. The different

conpositions 10 of these exenplary frits 106 are
We3MMMes%Bel ow with respect to experinent # s BEHUS2004/011349
Experiment #1 In this experinent, the irradiation

source 110 was a 15 laser 110a (e.g., 810nm

Ti : sapphire laser 110a) that emtted a | aser beam

113ambbrough d dr@E atlidm apdubbcuoiothidd rsk a laser 110a
substrate glaxe 102 whi ch heated and softened the

fr i BCROSRLTPHURE '8A)1-3h pact i eul dnfrewed abarp 110b  (see

beahdLiaa1as ed such that it effectively heated
angﬁgo sofetengglqpﬁe frit 106 which caused the frit 106

t o fornPesheibedrebetoweabraé08sthairatonagpeeiméits that were

fir substrate plate 102 to_the second substrate
p|%‘§é‘i‘fﬁ .edT?il’éf |°£E*’—‘er°r AL eRft FBE dTVEdérFeamBEEtrally, the

Wi ifivenspesi fii - S !
B SrNa g ORThdn: £8 ngté'FonﬂEn WQ¥§ \%qt%ﬁé%fﬁélt types

and_the frit 106 was made from 25 gl ass dope
orChorEr¥adhatienn smuntes (.10, toabaditundiffement types of

anglpg on as to, enhance it absorptio

pr opgétsy%g%y {qf%mzs)]ﬁé%frf i%f:D V\?a?/%?%ﬁgt ﬁmﬁ]fs kﬁﬂeg \[‘gg‘éFﬂﬁEarﬁW" Code
112237 Tgilasenpdrcegenio0faridiel apsor phieo fFeeRet YodMpositions
the_frit 106 nmeans_that when the emtted | aser 30 beam

1125 S8R s PRV IRTY hef ¥1E8 1086 tawee f rorovide@ndeelow with

anckd9speditheReriplihe seal 11Q8. In contrast, the
substl?ate o] asic,cbpl at %selgzgar%d%?'O? (e.g., Code 1737

‘glass plates 102 and 107) were chosen such that they

dEﬁ no%.M[)éOﬁi/OQSSQ? PCTI US2004/ 011349 10 absorb

i K i mthe |aser 110a. Thus, the substrate

plates 1A2tand Hdadhadl atingl ¥ Q) i%ﬁgfpté&%cgt 110 was a
12a rch

the specific wavelength of the | aser beam
hel 3Rt oL hPAi n{2edt he @hOBwI r Fbl:eappirisfeer lofsdeati1l0a) that

g Sl S erE £ PR kR 1 10 UEEE 108 chousn
t Hame 8@4iIRRC substrate plate 102 which heated and softened
the frit 106 (see FIGURE 33). In particular, the laser
beam 1ll12a was movgd such that it effectively heated and
softened the frit 106 which caused the frit 106 to form
the hermgtic seal 108 that connected the first substrate
plate 102 to the second substrate plate 107. The Ilaser
110a emitted a laser beam 112a with a specific wavelength
(e.g., 800nm wavelength) and the frit 106 was made from
glass doped with one or more transition metals (e.qg.,
~vanadium, iron, and/or neodymium) so as to enhance its
absorption property at the specific wavelength of +the
~laser beam 112a. This enhancement of the absorption
- property of the frit 106 means that when the emitted laser
beam 1i2a was absorbed by the frit 106, the frit softened
and formed the hermetic seal 108. In contrast, the
. substrate glass plates 102 and 107 (e.g., Code 1737 glass
plates 102 and 107) were chosen such that they did not
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during the operation of the |laser 110a. It should be

noted that the OLEDs 104 were not |ocated on the
WBaReMasse7 plates in this experiment. 10 As nerid@iedoaniizao
above, to increase the absorption of the frit 106 it

was necessary to dope the gl ass y)vith one or nore
transition netals such as vanadeum iron, or

neebgorbm (frenddxanpie) . fdbhs vas deagchecadse the qn,g e
aforenentioned transition metals have a |l arge _
ab§B§ﬁFFBE91@ St 3#BR aPduhadspelamiasly low absorption

il %0 ' u raphs, i n .
R B R e S SO fraR ThgAn 112a which
chbeépedf tchemimimszei mh&mﬁﬁgésiriblehat it&%.ﬂsﬁféﬂ"'?ofhheat from
Lcul | I ,110a and with the power o e .
Pgé%érec%f%blﬁ%gel?ﬁﬁa‘s[‘?e%&ﬁsl%‘?Jonl%e&? ofhehOLERSer10e.  Again,
1108e EQ.EDbnSi(ﬁilcghoﬁﬂdS%ﬂ‘%?3%%”%; g;gi“aﬁgggg%%%h 80-100°C

laser with fiber delivery of Iig _
chdWEEng h4hel epematdon r offi aphé | tipseandlmaknt enanceshould be

ibilit f this approach
coRSeod OLREUDER! Rty (ARLPLIALY, PLLLS BRIt
waplate5i800hhm Exkpeappleintel aser 110a the out put of :

which was focused into the frit 106 by a 10 cmlens
114a. THe TEREABREFY 3haves 10B ikereadactldebsbeeepttinn of the

1- hi : 737 I es, 102 and 1Q7. The,
fiﬂrrﬂ‘;ﬁtﬁf%igtkg fggdﬁa"és%nea%e@?&% g{jas%igpceon‘?lé?nﬁ g tfith one ox
| mgrre vahadnencdaaonh 30mphadphoraich FIAMREN3@A®B @0, iron, or

hot ogr aph of ,1the seal 108 fornmed fromthis frit1l06
RO ¢ G b?xﬁﬁ‘ggﬁ)lloa TWhPchwRgd glone because the
t reofitstaaid0dh Siegd ﬂf@{sayé{ér?dm%‘:gmﬁo'}gam % tfa¥§%\g¥o%orption
fromthe left to the right. And, the second fTi

2000 TISEITE T USRODd 11349 -1hl 186 waslimderbeed by the

0L AL OB LD, LBl SN 2% e cnouta be
lamdeorstrebd r oimthithd richol0e tdwtcMas c#RlAd 3 | ASELL (s) is
tied to the particular type laser 110a and writhI the power
of the laser 110a and the translation speed of the laser
110a. For instance, an 810-nm, 30-watt semiconductor
laser with fiber delivery of light may be a good choice
based on price, reliability, and maintenance cost.

To demonstrate the feasibility of this approach two
exemplary frits 106 were lager-heated using a 0.9 watt,
800 nm Ti:sapphire laser 110a the output of which was
focused into the frit 106 by a 10 cm lens 114a. The
exemplary frits 106 were placed between two I-mm thick
Code 1737 glass plates 102 and 1i07. The first frit 106
wags made from glass containing with iron, wvanadium and
phosphorus. FIGURE 3G is a photograph of the seal 108
formed from this frit. 106 that was softened by laser 110a
which had a translation speed that varied from 0.2 mm/s to

5 mm/s from the left to the right. And, the second frit -
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1 0a which had a translation speed that varied from

0.2 5mis to 5 nms fromthe left to the right.

2004993398 formation of these seals 108, no sarsi®o4/011349
rise in the tenperature was observed in the gl ass

pl ates 102 and 107. no cr?gklng was observed in

the glass plates 102 and 107 It should be readily

apppPéciasetaideatftepeylihag aonthhniept waah M%idﬁs vanadium
of t% articular frit 106 and substrate plates 072
0

ang™ Stﬂ-!f“rmf?/‘b%s of P 1T s3H15# %a@h@@qm%oﬁhthe seal
openst Eimdt f FeLRNT L RPWRIS 4 i i{)ﬁ at S%%gdsmﬁ]ted by laser

di fferent wavel engt hs. However, aser
vva%Péng*th?-Csihohad re Wah’sihathenbaspiesﬁri Bhglht varied from 0.2

ti.on in__.the art| f t106 For |nstance
YoRErR] (505‘"!(% %%Er& haGright .106Ruring the

nnformdt ¥4hO &£ %Heéhg s@a;lsanﬁoﬁrb'z’:@ Qéns:ﬁlblfé 9P EWVin the
| asers. can be used. 20 Experi nent

expBTPREREUTE WEE I%%?rvq%@almagh@sglass jaba’adabylbeatand 107.
a t 6 e edges qf th
su%lg?r a%gs c%iaz’?‘gﬁd”é Qgﬁ%gvﬁlgt %&ttq'teau%fﬁﬁs gPlates 102 and

sibyTficant tenperature rise away fromthe seal ed
edges. 25 First,.a_thin |layer of V205-Fe203- P25
pr ef or r iSO ”ftﬁ% EEnt SEFEhEY f iApRmesia-ehabheta pending on

d
e, aislen sprglasns a6 obrend h0RRS,EI98 L 10s ana

FI R 13y e Pliéiﬁ:et-?nwew}maﬁch3m71b%1elleatﬁﬁebheaf lasers 110a
a nph at e ss frit ,30 106. At the
so%%en%’%g (;.errperﬁ%glg é:feq?%f?ﬁ:t digfenerd pawawat edifferent

' rmmsmﬁie@méﬁtt webR ifd to b et
the Cqde 1737 gl ass at es 102 %7 ang{mh It e laser

sAFHFsRatyusha tdvo|bamyd cgfl hlgh thsmretion in

2 011z 9 2 h t
\1/%9'8. G%%%%L?%%Pg;f_gyglgqgﬁé/e gr i taelrang,lYt?:eri)J.um (900 nm

< A < 1200 nm), Nd:YAG (A = 1064 nm), Nd:YALO (A = 1.08

pm) , and erbium (A = 1.5 pm) CW lasers can be used.

Experiment #2

In this experiment, a CO, laser 110a was used to

- locally heat a frit 106 dispersed along the edges of the
substrates plates 102 and 107 without causing a
significant temperature rise away from the sealed edges.
First, a thin layer of V3;0:5-Fez;03-P50g preform frit

106 containing fillers to enable a CTE match to display
glass was spread along the edge of one of the Code 1737
glass plates 102 and 107 (see FIQURE 3A). Then the CO,
laser 110a heated the vanadate iron rhosphate glags frit
106. At the softening temperature of the Ffrit 106, the
vanadate iron phosphate glass frit 106 flowed to bond
- together the Code 1737 glass plates 102 and 107 and then

solidified during a subsequent cooling cycle to form a
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transm ssion curves of the vanadate iron phosphate

glass frit 106 and the Code 1737 gl ass substrate

WOo20e£09887 and 107. 5 Another aspect of this pCE/US2004/011349
experinment related to the placenent of the preform

vanadate iron phosphate glass frit 106 in between the

code 1737 gl ass substrate plate§2 102 and 107. Since

f | &awesmedride seasi | ¥ oignt r odw 0 t e S t

Code 1737 gl ass plates 102 gﬁgR%%7n%?o§?%% ggfof&% B%aphs of
pr 5CESSHF SitBpscytFhsa®c uthe nyaaedidtandiroy, twwphate glass

pr ebaki I4i e Ki t the interface of the
e IR 09, Eha PERe OB Al oe | RUPREEEG< wiates 102 ana
gi v€. tenperature gradi ent and CTE mi smatch when the

initial f&gﬁlsize is greater, And, 'since the thernal
st r esseSTCHS(GEPEHUr Phg FRéPngesRerimessqueniated to the

coplbbgneyel esrarene el;ﬁ_sé_l_f'o&tﬁ n gré?ltalﬁas:hé hgr e SPﬁ’gsPﬁgte glass

rel axation of stresses. ddress this Corice
pr EFdEmAatiat detmeerphosphabde glass §labsl@hbdtrate plates

this-e i t appl Led at a snmall di stance away
BR2URET (E2 eagsa i of HEYS GRS rhR c829bdY d@tamguced along

fromthe Tree e g

10Thé s eelgeisCURE 8ﬁeal®d@)l7ﬁp§ihgﬁngﬂ%’%é§‘ 182Sand 107 from
experinment, the jrradiation source 110 was a |aser
11051 PE. FroBIFE 1 et ePFapudhat awmictttéd ey | as@r hbedhing, the

2 §hegu i f= opti cs .arrangengnt 50 .
B R o S R T asEFbeaRE the Erit
11226 et IdRetes wiitch wshel eibhenigi resbedabewar 88r a given
tﬂgefirst and secopnd Code 1737 gl ass plates 102 and

107 RREI I ESREIRAY 1onths AKbWETH hwipmeschl 18henn tike initial
t heldwaseyikeanyl rds the,.splitibeampptic
arraﬁSe%&ﬁ?QS%B f%%9¥%blud§§dé %Eggg% %§§n1E%$FF?ir stresses
50mdpeedssuting hdakdogr dmdmsii2eqiaid C&liager cycles are

b 12a’. _and.l12a''.. The,first |laser beam1ll2a' is
re%lé%%%% of'f “RUHES rheER 8. go, talagediiaqn of stresses. To

address this concern, the preform vanadate iron phosphate
glass frit 106 in this experiment was applied at a small
distance away from the free edges of glass substrates 102
and 107 (see FIGURE 3A and 4C).

Experiment #3

In this experiment, the irradiation source 110 was a
laser 110a (e.g., CO, laser 110a) that emitted a laser beam
~.112a through a split-beam- optics arrangement 500 which
split the laser beam 112a into two laser beams 112a' and
112a'' which where then d'irected towards the first and
second Code 1737 glass plates 102 and 107 (see FIGURE 5A).
As shown, the laser 110a emits the laser beam ll1l2a towards
the 'split-beam optics arrangement 500 which includes a
50/50 beam splitter 502 that splits the laser beam 112a
into two laser beams 112a' and 112a'’. The first laser

‘beam 112a' is reflected off a mirror 504 {(e.g., Au coated
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-performed at 400

WD 2004/ 095597 PCT/ US2004/ 011349 13 mrror 504) so

that it is directed through a lens 506 onto the first

W0 Ae4D9FP7 gl ass plate 102. And, the second | aserr/dRadWo11349
112a'' is reflected off a series of mrrors 508 and

510 (e.g., Au coated mrrors 508;,and 510) so that it 5

is directed through a lens 512 onto the second Code

178¥rrgrass4pl aie tiit ffheisiseisbetbe sAbbhghe@8Mens 506 onto
arrangenent 500 to deliver the heat to a

optjcs

Io‘f:fa?i Zeidrsh egoé?ﬁ thé7subrsat ®lgitat e80202 aAndiO7the second
engl [ t.ar s: and-bond_an_exenpl ar

fri tg§%65%gg{sg‘}?%ed ELe# grv?)ﬂ)%éﬁ%dagﬁrfan%eFeﬁﬁEF’eOEﬁ@l%ors 508
t eam@r &fl0r e(aisst i Aut contand misrshtial 508t BASSESI @ €so that it

mahageabl e t hi eve a reliable sealed assenbly. It

shbtil glﬁgcﬁ&%eagiuf%‘i@ilh@ iﬁq%-%%n%s@i e second Code 1737
argrRgeept 5 pA0 goyl d hawgbe us [ xperihqent. #' s .

1~ and gegnd that there are ngl%)? diggfe?g%t %’%g‘sé tgfegﬁ optics
arF ehYeaeREBt waPeh teooded ibeeidstk imedthetpraskotalized area on

VA L0 8 RPEby R B3 ARS8 bt povemtore o
t heof paap eandebbndaBne xS 3V 205+ 7D £208e £ NEPbed (Ijaelow) in

frit 106 and Code 1737 gl ass substrate plates 102 an
167 TSPNREr MRGR ehheTHeEMRe Kt wre pdisbrdbusdam nagnd residual

s R T AN AT T

ur nace envi
arabgoibyed E shonbdebeoatdrsd t ehateedr! $FPRLKIBSam optics

Good wett abi | i %¥)D anLg]S:{]ence bondi ng, was observed at
t R THRETTaRe o Ot OBt \oRVer beetnsissdl pRacapEyAment #'s 1

widdput 2 angnigndirgatd onc b4 0Ccgl.e d i N vijgg] 0
non- adhered region. Then,rthe seeaco(r:‘rldglfi’l?tegi 1 éol?t types of
s e TP tonedtibghusiog da becabedednCihd gseesentOdnvention

| R0 S8 g L8 BUGES05 PO UL SBS, APt it bot
t k36 st epl ige s TR ahdr ¢0of -the VZP frit 106 by
the CO2 I aser,
In this experiment, an exemplary V,0s-Zn0O-P,0s (VZP)
frit 106 and Code 1737 glass substrate plates 102 and 107
were chosen. The first step 210 of sealing, i.e. pre-
sintering the VZP frit 106 to plate 107 was performed at
400°C in furnace environment for 1 hour, and followed by
furnace cooling to prevent cracking. Good wettability,
and hence bonding, was observed at the interface of the
- VZP frit 106 and plate 107 without any indication of local
. delamination or non-adhered region. Then, the second step
212 of sealing followed by using a localized CO, laser
110a. In particular, the edges of both surfaces of the
substrate plates 102 and 107 were heated locally to the
softening temperature of -the VZP frit 106 by the CO; laser
'110a. The CO; laser 110a emitted a single beam 112a which

‘was split into two beams 112a' and 112a'' that were

focused onto the substrate plates 102 and 107 (see FIGURE
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110a. The CO2 laser |10a emtted a single beam 112a

which was split into two beans 112a and 112a '' that
WEr2804/§95897sed onto t he substrate plates 102 andpdfs2004/011349
(see FI GURE WD 2004/ 095597 PCT/ (JS2004/ 011349 14 5A)

. And, FIGURE 5C shows a photo gf a top view of the

bonded substrate plates 102 and t07. Experinment #4 5

| nshi.s expar i madyrd heqi Lhagkaty r S
1000watt_infrared Ianﬁﬁil%b ?ﬁa%iag§§%gn%?o%%g%&@yvgew of the
vaPPaeesl ity to miateserl02tamd pb@Ti cul ar i nfrared

lanp emtted a |ight over a wavel ength range of
approximately 800 to 2000 nm The sanples that were 10
sedkpervisieng tre infrared | anp 110b consisted of two

1"xl" Code . 1/37 glass plates 102 and_ 107, where an

exenpl aly* 4% eBBeRAGSBpp| the deradinmierrppuarendlo was a
t heodogdges Qﬁ'lffx%&‘aed()f ltaﬂﬁ‘ppii‘?lssr%ﬁét?gtga%(ﬁgogﬁgolled by a

conposi tions of sonme exenplaryf se
experiipbde #¥ocdteger ovodedolherl5 TABWEs#lpadABEEId? infrared

Bl Bl end. make- . 9%, Co i ey # G
fr 0| O PRd B | (L ihe o7 Sved01 QRoMPYSIRSHA0 Tange  of

228ppraRiAatelRRaBoparthclmddrean, part ipghe E&ﬁ@égo that were

A1203_25 'size = 15-20 size = 15-20 V205 50 S
n) S&fle91 reinethisomiraneb 3l amp 5110B0c2Esigiedn of two 17x1”

i i P205 .35 A1203 Lze = 15-20
CPELE! QTP IRBL SSEEONE A 815y frokempiary
ZnDr2® Li0BOw2: d4pERiedasti &l ehiretHH tiLdegPRRS 20 edges of

A1203 25
one of the plates 102 and 107. The compositions of some

exemplary frits 106 used in experiment #4 are provided in
TABLE #1.

TABLE 1%

Blend | Blend make-up {wt.3) Composition {(mole%)

# @lags frit Filler Glass Frit Filiexr

5801 (80%) (20%) Ti0, 20 Lig0 25
(t}'lean particle (mean particle POz 30 Al1,0, 25
gize = 15-20 size = 15-20 V.05 50 5io; 50
um) pm)

5817 {'70%) (30%) Fe,0; 12.5 Li0 25
(tftean particle {mean particle P.,0; 35 Al,0, 25
size = 15-20 -size = 15-20 V05 52.5 8io, 5O
pm) pm)

5913 (80%) (20%) Zn0 20 Li.0 25
(mean particle {mean particle P,05; 30 Al.0; 25
Bize = 5-10 pm) |size = 5-10 pm) [ V205 50 8io, 50

© * It should be understood that these frits 106 could have been used in

any of the other experiments described herein to seal Code 1737 glass
plates 102 and 107.

As mentioned earlier, it is important when infrared
- radiation is used to seal a frit 106 that the frit 106
- absorbs heat in the infrared region. As described above,
vanadium is a particularly strong infrared ‘absorber in

-oxide glasses. As such, most of the initial calibration



10

15

20

25

.30

size = 5-10 m size = 5-10 n) V205 50 Si2 50 20 * It

shoul d be understood that these frits 106 coul d have
Weew+98¥a7in any of the other experinents desardireskoos/011349
herein to seal Code 1737 glass plates 102 and 107. As
mentioned earlier, it is inportant when infrared 25
radiation is used to seal a frit2106 that the frit 106

ahsod bﬁeagahg% nedie kAl rafied %ﬁ?é?@meﬁ% RICTEDR using frits
above, vanadiumis a particularly strong Infrared
abs®f bBRViiAg dxieted gb88%es whisslsuctnsiesedobft e mixture of a

inigial calibration 2004/ 095597 PCTI JUS2004/ 011349 .

8 EEe STphaBP T REATE (AP oRBEPE Hn SR R ReLLaPAGe Eiller
fridese TABLEaYLNG bird SHO1, behEhpenaskstiag firdt made into
m xture of a ,titano-vanadiumfrit and Iithium

altinPAGLS | PEAPE (3] 19K takke PaBMENR/bindRY 580Btem such as
bl gre p%%@aﬁ%i&ﬂfé&ei@?foégt ol'?%a gﬁ%;ﬁc}ﬁ‘fl MY fded into a

sui tabl e solv i nder systenfs
acttieg e t andekbhehodenddipipenssd , aloagetdhentdggs of one of
en_hand- di ensed al ong the edges of

o s q @ 2 0o O T R 2020005, ® 1 8386k Bpplying the
apdol ngiéhe £28011blengdHd iﬂwolgﬁlaéé"epi&@egl 492 and 107 were

pl ates 102 and 107 were 10 manually priessed over eac
otfifeiualst o repdeantepr eesily edthamdus fiep phiadethaind arressure,
oven aé 100C.t o %ry, the 5801 blend frit 106. The

s&t P BLAE62 dit B 70%eRe athetP Plad@ FBoubhesf®dl blend
uridere tihgs i nfrared | anp (the approxi mate focal |ength

15 of the lanp) and set on top of a piece of

refract@ry shophet pledese HB2 | andl ali7orwerkhetseal plgced about
st 212 S rri.e out si ng edge at a tine. A ~
S edEs BB TBheaara Jei nlcheTapRvuinate toRel lengih
erifi rthes &SP angaset bhe tdy ass %ﬁi@éelg% a%%rld%%fory cloth

to serve as an infrared mask with the exception o

t F® R¢%e® sfalinsddetiiom. watheoskalisen|sbp TA22 was carried
t iperat H.E'Lﬁgil% terlf‘gesaggl & %li%lsés. plﬁt ?c%iir%%tory block made of
alumina was placed over the entire surface area of fhe
~glass plates 102 and 107 to serve as an infrared mask with
‘the exception of the actual seal edge that was to be
sealed. The temperature in the sample glass plates 102
~and 107 was monitored by 'a thermocouple placed in the
center of the two plates 102 and 107 through a small hole
drilled through the top plate 102. Once the masked glass
plates 102 and 107 and thermocouple were placed under the
IR lamp, the lamp controller was turned to 10% of maximum
power, and the sample plates 102 and 107 were then
oriented for actual sealing. The lamp controller was then
* turned off, final checks were made of the thermocouple,
and then the power was turned immediately to the level
used for sealing (typically 40-60% of maximum output).
During the operation of the infrared lamp, the seal

edge was viewed with infrared-absorbing protective
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and 107 was nonitored by a thernocouple placed in the
center of the two plates 102 and 107 through a small
WEI2804/086397| ed t hrough the top plate 102. Once tIE/US2004/011349
masked gl ass 25 plates 102 and 107 and thernocoupl e

were placed under the IR |anp, \tﬁge | anp controller

was turned to 10% of maxi mum p(JJ and the sanple

pl alleesk@l andnbl/ yefehNel Wd COb8rF88 3% Ullhe 5801 blend
sealing. The lanp controllef was then turned of

fi h&rtchiBRs wehe RANEH vme tLlrrmeﬁb@t@dJye taanaddoff to the

th 0 wa r edl to the I
usga %%’r%ege\gl%rmr?d %%%/%I%}g |y lol¥ Was S taﬁ‘[j-‘l}ﬁ from the
EhsamglémPlanﬂallom ah&ﬂknvnfr@h@dﬂyyﬂhalf@hﬁéaho seal one
was viewed with infrared- absorbln% protective WO
%%9898’5‘@7 WWQWJM@%SE%HQMS d§UREn6& shows a graph

S OEE e ¥eRooPsehYed AN P dzg% ¢ ?l fﬂg‘t%ﬂc 144 %.9 6 time during

the power was I nmediately turne rare
| abhe sealimg |efhpeitlsedf was m\mﬂ@a\wffaom't«dle assembly of

S l.ates 02an 7. caI tine to se

oﬁgg geggryg"ﬁva %ﬁﬁré’%éﬁﬁ %l §7°%0 ohdlé. u@I@REt}B% 5801 blend
showsta Weph of tdieflelPeeat yheHAEAHH Ed 3% amax:Lmum center
function of time during the sealing of each of the 4

si dempefrabutexirangsse firon afppEadamdty@hy gF 83l 26€S FIGURE 6B
102%and 10%§&siﬂ%the 5801 blend frit 106. It shoul d

QY82 SEnfefmerthe 1expér Rigresr aigépde 1737
f r 912 89 P bXiERL 310’2 78n80 195 ARk _6%0 ﬁ@%a}ﬁe SFl%ner above

cross-section of the 1"x1" pieces of ass

: pllaltﬂéstbsz B’ 1o¥erdalfedti riLEtmewaarrBSMnnﬁtstaiHﬂ/eof the 5801

1 l.end f |t 106 was used. i nst ead
St ) BREEr OB L og e T S A RReRBuE Bend e articles
padidpeesSedSig SPRY &ﬁé’lllméi‘@e&/ebblﬁe'lﬂ%cﬁ%gl@l f@g As can
frit 106. As can be seen, the 5817 blend frit 10

ddRR €8RRai khe 13841 drlend bttgterl@sordm dcsqnip@ssl Bl few large

gesplte t%:Q%%gggf ehtE%%r Hgghdt%9 no Egpégg binders.
It should be noted that desplte the short-heating time
(60seconds), the 5817 blend frit 106 is both well melted
and exhibits good adhesion to the Code 1737 glass plétes
102 and 107.

In addition to the aforementioned 5801 and 5817 blend

frits 106, infrared-sealing work was also carried out with

. the 5913 blend. Approximately half of the sealed sample
plates 102 and 107 were tested and the seal was determined
to be hermetic-using the criterion of not exhibiting any
leak larger than 107® cm’/s in a He leak test.

It shou;d Pe noted that a laser 110a has also been
used to melt one of the frits 106 listed in TABLE #1. In
particular, a Twatt, 810-nm, continuous wave {CW)
~semiconductor lager 110a emitting a laser beam 112a
focused onto a 2.5mm spot and moved at a velocity of

0.5mm/s was used to melt 5913 blend frit 106 (see FIGURE
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(6oseconds), the 5817 blend frit 106 is both well

melted 20 and exhi bits good adhesion to the Code 1737
WP38u/035¥es 102 and 107. In addition to the PCI/US2004/011349
af orementi oned 5801 and 5817 blend frits 106,

i nfrared-sealing work was al so g?rried out with the

5913 bl end. Approxinmately half of the sealed sanple 25

pI &Ces 10Bed@ntelthaebpdrestieth and tiie: Sgabe¥a@Sii0a, the 5913

e%irmn% to_be hernetic-using the criterion of not

exRT Pt i idny 0 e ies a?ﬁé?eflhaﬁlmﬁsl:c@#%“chfr%d}-leand ground
l e I R not ed .t er 110a has

algé %géﬁceuég 95’11%1:%es§n ? OIf rt?‘i’ 9%% trdfea+f wm.
TABLE #1. In 30 particular, a 7watt, 810-nm

conti nugus wave (CW sem conductor laser |l0a emtting
a ¥XRBriMenkm #%2a focused onto a 2.5nmm spot and noved

frit 108°Fok% BiaghediHs s (9EES L B AT Sudgo meient, one
17816@)11dBef:emembbe ophaat i cheafe t hed aserc<klla, ddisiderations

59 3. B‘d léit 10§ was screep-printed, pre-fired,
HFBuRd WS r By Rqslf‘hllﬁk’i%@sg"h%h%@?%ﬁnﬁﬁgl essfrit 106

thmaé 1820 e EXxpedd MY #iED.Bef or "%Bt N&aled ornED
renme

details of this experinment, one | s
t Hatsphaye Ho@. seve?tall@mmgdexatlmnsllsml o shasthel bef these

k n designing a frit 106 that can be
ugg%n%fdgkggl%gher netically seal ed OLED 10 di spl ay

100. Followng is a list of sone of these
considerations: Sealing tenperature-To avoid thernal
degradati @n Seflihg @eﬁmrﬁtfimd% fardid Obhekarlld degradation

Femperat ur e SkperPertib Hbr t Chfstanbe 1O FRGUIRoRpal at a
the seal ed pggeehdubhe tagf U YadM SAR! €HBOk emperature
experienced a short distance (1-3mm) from the
sealed edge in the OLED display 100 should not
exceed approximately 100°C.
¢ Expansion compatibility—The‘ frit '106 should be
expansion matched with substrate plates 102 and
107 to limit sealing stresses and thereby

eliminate hermeticity loss by fractures in the

seal.

* Hermeticity-The frit 106 should form a hermetic
seal and provide long-term protection for the

constituents in the OLED display 100.

The requirement that frit-sealing be accompanied by
at best only a minimal temperature rise in the adjacent
OLEDs can be satisfied with a low temperature sealing frit

- 106. However, most low temperature oxide Ffrits of

reasonable durability have CTE values well above the CTEs
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exceed approxi mately 100C. Expansion

conpatibility-The frit 106 should be 20 expansion

WaZeHAYSH7t h substrate plates 102 and 107 to |pamsts2004/011349

sealing stresses and thereby elimnate herneticity

| oss by fractures in the seal.. _Herneticity-The frit

106 should forma hernetic 25 g'gal and provide

| ong- ttenem pubkeghiten flatdie 169Nshid Uet s | Agt E ;

di, %I ag/)rﬁloo. The requﬁlenent that frit-seal |%§ %gmg_ the high

acEdRp&fi etPBytempepasureniglassi firhes meyperatire the use of

ri [ h ' t c be sat.i,sfied wth

Io?vgt1 é%f):tergtd ggjgas%g%ri négf %F%BG%%%%%er?h%sﬂqW&ﬁ Ehe CTE.

t eRpesat uf 2l beirde nfayt t seof" addiastwnablra 1dwradi | thynhave 1ithium

CTE,val.ues well above the CTEs WO 2004/095597

PCT/B83807, € 18 G SRt r RRBASPF at e¥hich anllave  an

1 Oi'ntﬁin%li%llt . ' € aly S i "

frits may requiﬁgc{wt%hu%%ﬂﬁlg%ls{é?g?géd %[i olths‘{geIg‘;ffg‘rl fillers

i n€k€hphaseLaa bywephosplEe wikede LhtredscenydbRensional
5 alum no-silicate

B T O RE LT T CI.

- Cléoohengel ves, mfcSidMaByon fid | eher SUEReAS 6PEMY  sealing

yrophosphat e whi ch i ntroduce di nensional change
t hr SUBRTACHREs et eTahEEBEREE ora ddrdwng thewemaguoe filled frit

cophé NginAC Is Yt O t the OLED sealing .10 .,
t enper at ur eégglg%?%g%ﬁtsﬂg%l oW Ehp oart"brem?i 1jgplized  edge
frieat106 sncbosbi nat iefreirdd demmp forom x| @6AlIZLY: 110a may
ec&ge heatiﬁg such as, an jnfrared |anp 110b or CQO2

| aZ%r H9EETRY BR rEARERE t She nigdiRceme ddpeerature rise

'tQﬂ@ﬁiﬁéuggagﬁﬁ?_ during sealing. 15 Several potenti al
low nelting frits 106 suitable for sealing OLED

di spl ay8eTepainietendmhatodod 7821 ghass ftiat®s106 suitable for
sealing OLED displays 100 made from Code 1737 glass plates
102 and 107 are listed in TABLE #2. These potential frits

106 were selected on the basis of a low Tg (i.e., <350°C),

- and a low furnace sealing temperature (<550°C). Although
these frits 106 were all prepared by normal glass-melting
- techniques, it should be noted that many of these frits
106 may also be prepared by sol-gel techniques. The

-compositions listed in TABLE 2 include the following frits
106:

* Sn-Zn phosphates (8%P)-These frits 106 Hhave
moderate CTE values  (100-110x1077/°C), good
aqueous durabilities, but are troubled by a
tendency for weak adhesion. As such, they may
require an inversion filler to lower the CTE,
and an infrared absorber (e.g., transition

- metal (s)) to permit heating by localized devices
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102 and 107 are listed in TABLE #2. These potenti al

frits 106 were selected on the basis of a low T.

WP 2804/0953930C), and a | ow furnace seal i ng tenpercl/us®04/01134%
(<550C). Although 20 these frits 106 were all prepared

by normal glass-nelting techni ques, it shoul d be

noted that many of these frits 06 may al so be

prepared by saiclgels t€k8nkaHes cofB8ctERMRAY! iQRE the infrared
listed in TABLE 2 include the followng frits 106: 25
Sn-Zn phosphat®® (SA89. These frits 106 have noderate

CTE val ues_ ( 120- 110x [,C) ood eoqus

durabi liti esw d Figﬁﬁ&ub cb)Phé’ %%C)W?B'P wegge frits
adhesi on. As jguchpaihe | -7 o

filler to | owner theé1 %T)éhm g’#%%fégr b\s,(orézécgB /°C), but
(e.g., transidememstretie (gppd cafieesiénheat A8g dieh, they may
| ocal i zed devices WD 2004/ P95597_PCT/ US2004/ 011349 19

such as the FERHEShdRIBTIVAEE ARYIEhadPAtigned of difllers to

i(l)gbhavg/I ﬁ?ghgﬁuesﬁgp%ﬁ %%38?(%% %!;:%)P) hg;e BH/t"% range.

denonstrate @eoc aczesitgn. sa%l:ﬁt@fterﬁ}_ﬁ@ﬁ’aﬁmﬁ’eé efHb IBigh.
relatively large additions of fillers to [|ower the
CTE to the d?@ﬂa@émsﬂl’@t@ngegla%eamThesét frits 106

seal i ng tenpgr S hi Vnalumph pate

gl asses- Thesg ?r&:li%% 1%3 iﬁ‘g&ﬂﬁ) % at-HESEN] ow Tg and low
features of LUW.T. antey owxHEHRt T@‘%}édexgaﬁéglgﬁo‘j but suffer
adhesion, but suffer fromthe potential drawback of

poor aqueousfrﬁ’H‘r abiEi t potenitied valrasbank t ofl f dopm  aqgueous
strong 'nfraﬁﬁgbﬁﬁig&ber bﬁﬁyl'ééﬁad§&§8§gsél%h%a§ a strong

infrared absorber in silicate glasses, these

glasses are attractive for many localized

sealing techniques.

~® Pb-borate glasses-These frits 106 are based on
the Pb0O-B20; eutectic which is derived from tv
sealing frit compositions. Their high expansion
coefficients may require appreciable amounts of
filler addition to lower their CTE to match that
of the potential display glasses.

* Mixed compositions’ (such as zinc mixed alkali
phosphate with PbO and V305) - Mixed frits 106
typically offer advantages over the individual
end-members by possessing attributes such as
good IR absorption, but generally  have
disadvantages such as high CTE.
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. L5,

15 gl asses are attractive for

t echni ques.

many | ocaliz

ed sealing

Pb- borate gl asses-These frits 106 are

Waeek/was97t he PbO B203 eutectic which is deri vebrdugaa 11349

tv

sealing frit conpositions.

Thei r

coefficients may require appreciable anounts of

filler

the potenti al :
(such as zinc m xed al kal

\V205) -

over the i ndividual
attrlbutes such as

i nmac
2 [

addition to |lower their
di spl ay gl asses.
phosphate with PbO and

Mxed frits 106 25 typically offer advantages

CTE to matc
2M xed conp

h that of
ositions’

end- nenbers by possessi ng

goodABREgBgor pt i on,

such as_hi

bu

t generally

h CTE. 30 WO

hi gh expansi on 20

004/ 09559F4PCT/ US2 pB# 011349 Z‘UPBOSrABLE 25 SZP RZP [®ERsV, b0
DZDL\./ Dk Noceorint faVal lwl xe
DescﬁpEi'éiP PB RGP —b ;E:an Sef+-pH Va adEL ZH PEﬁB"orate Mixed
Vanadi um PQ’hQéH}@Ee_e ZQI]OSD ﬁs};lll uggal I - alkali-Zn-
phosphat e |al kal i - Zn| phes hosphate+ 1V, and Pb | p oy ve,
Typi cal % SnO 45% ZnO 50% V205 62% PbO|30% P2C6 v, and Pb
Typi osi ti QOB P2054B3%P205 JOWPRGS 34%6BR2@3023% | 20% b0,
comp ° ol ¢32% Pz%ﬂ/ 21@%26% R20 3093 Zh® 3% $R82 2209% R20| 23% zno
ol S B203 2 6§| g%% 15% RIFG* “F6% V208% % A1203f 208 R0
Typi cal ’300 3 ® 350(310 Furna¢é®478%500 |1°% ion
500- 550 4)5 450 500 550 500-55Q sealing 2% 21,0,
Typieal T, (°¢) 3p0° 325° 300° 350° 310°
Furnace 475-500° 500°-550° 425-450° 500-550° 500-550°
sealing
temperature
| Eox 37 CTE
glass {°C)
Typical CTE 110 130 70 130 140
(1077/°¢)
| Pozitive Low Tg, Good Low Ty, low | Good Good
features good adhesion CTE, good adhesion adhesion
durability adhesion
Negative May May require May require |May require May require
features require inversion additive inversion inverszion
inversion | filler + IR filler. filler + IR | filler:
filler + absorber; abgorber; high
IR high furnace .| high furnace | furnace
absorber, sealing sealing sealing
adhesion temp. temp. temp.
weak

* It should be understood that these frits 106 could have been used in
any of the other experiments described herein to seal Code 1737 glass
plates 102 and 107.

As noted in TABLE §#2,

frits 106 offer a unique combination of low Ty,

CTH.

vanadium-phosphaté based glass
and low

Vanadium is a strong infrared absorber in silicate

glagses thus it is a‘strong candidate in localized sealing

methods such as IR lamp, and both near-,

lasers

(i.e.,

laser at 10.6 pm).

semiconductor lasers at 800-900nm,

and far infrared

and CO,

The starting peoint for the wvanadium

phosphate work was several low Tg glasses in the Fe;03;-P,05-
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tenperature for 37 CIS glass (C Typical CTE 110 130

70 130 140 (10.7/c) Positive Low T9, Good. Low T9,
WOQWIBEHI9Tood features good adhesi on CTE, goothCT/US2004/011349
adhesi on adhesion durability adhesi on Negative My

May require May require y quire% y require may

require features require inverston additive inversion

inﬁﬁgmaﬁﬁ_ﬁﬁy@tgygnvgbglgystéd%fi||Fﬁmmﬁé'bﬁféﬁ§&% a near-
filler; filler + absorberp absorber; high IR hig
UrTHERE 9t gh HRaHHEE BapeRIc e cuysor b8pr seal i g tano-vandadium

f
S i [i dhesi.qn t np . ak * |t
SRR e | MR PRI el o1
bdersislettha 8aAyAFD tthe totikenexpsiowRNia d28CHE Bed . pilease

her ei n segl Code, 1737 glass LO plates 102 and 107.

Aéxﬁfoft e{igian %ﬂ@qﬁ%nvéﬁa(ﬁ%ﬁ phEdShat Qs paged ke a880-1500 nm
 richae 165104 f 8EngeUni aue copPLnati on1of, Jow J;

| ow CTE. Vanading% is a st?%?%glg%frgr:%?ga \é%? eérelﬂfd%t the Code
siii¥at giEsgl asbakbeshusORt asda 3brongreandiedatls i Rompletely

near AR LA BB T Bl B ety b Gt or

| aser s Mtt180@y1900ns s98l 00D Jasedidh bABPHatdN§lass frits
starting point for the vanadi um phosphate work wa

séPér 8199 otv FgVgdEsesi i €HB Wep030oR20%® \WOW enough to match
2 91 PCTL1 3 1.VY205 a .
S04 e A ISP B e BN o 207 it

| thear edditdmsni bifan€é1Geree forsankel ancNandegiemios has a
ﬁ%% I%ri]:aitveelgyl‘-alsgwf ré'lt‘E': %:%SigFDp(e%:?n-gtcs),z- Fi):%lOeS- %%\ézo%f Yadditive”
fillers to lower the CTE, rather than “inversion” fillefs

-~ which can produce microcracking, resulting in non-hermetic
seals. Unfortunately, the 895 AFD frit 106 even with

filler levels close to the maximum amount (=25-30wt . %)

still did not exhibit a gatisfactory expansion match to

Code 1737 glass plates 102 and 107. |

However, continued composition research resulted in

the discovery that zinc vanadium phosphate glass frits 106

can be made which have expansions low enough to permit a

close CTE match to Code 1737 glass plates 102 and 107 when

fillers are added. Measured values of Tg and CTE for one

of these frits which has a composition 20Zn0-30P;05-50V,0,
(molar basig) were, respectively,‘ 300°C, and 70x1077/°C. 1In
fact, 5895 blend frit 106.described below but not listed
in TARLE #2 has a combination of zinc vanadium phosphate
and additive fillers which has shown excellent expansion
-compatibility and good bonding with Code 1737 glass plates
102 and 107. The 5895 blend frit 106 is composed of Zn
vanadium phosphate frit (molar baszis: 20Zn0-30P205-50V,05)

and B-eucryptite glass-ceramic (molar Dbasis: 25Li,0- -
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basi s) (the 895 AFD frit is not shown in TABLE #2).
Pl ease 5 note the absorption of this frit 106 in the

W0 QowHOssonm wavel ength range. I n contrast, pl aaS®us2004/011349
note that the Code 1737 glass plates 102 and 107 are

nearly conpletely transparent gg t he 800- 1500 nm
wavel engt h range. Although the 5 AFD vanadi um

ph2sphads- i, )f rdd S:"ollibvé'émﬁmﬁs Badpyy CTE, its CTE
may not be | ow enough to matc t he CTE of the Code

1737 gI ass plates 102 and 107 without the addition of
fillg Slnc the frit 106 has a rel |vely-IOWCTE
this pe}fﬁl te(I?e é’éﬂ (ﬁearhd?ﬂqq%"el'e §33%krs73% | oner

t he CTEleEQer(Stjﬁr#g rsi oq:" c]_el ers %)1 /! ch can

produce m crocrack resul | ng tic

seal s. £nfoetunatseby, rﬂ%ag%a&@élfétsﬁ% £yen W'th

filler levels close to t he maxi num amount ($25- 30wt .
still did not exhibit a satisfactory expansion match

t | ass e 2 d 107. 20 However
c%t%@d conﬁ%s %:E % 35153% %QWFt &FRANSyR mismatch data

dlmamergdt bt z nﬁuﬁaﬁaéhu%ﬂh%%ﬁﬁﬁéﬁaﬁhfés Aty 1191§tt seal
be madi whi ch_have expansions |'ow enough to perm

W FRe2CTE SR ch89D Erds 1737 wWhasepplldeds t:kE)ZoaﬁdCode 1737
é%éé@%”blété'ﬁb 2 SR et NGRS LR AL ROk Hopaie using

for one 25 of 'thése fTi

2@@M@ﬁﬂﬁ¥ﬁfﬁ€éhQ@ﬁd (mbteocbasusp=eer as I egReClict8lMe/binder
30 C and 78@0 In fact, 5895 blend frit 106
dé criﬁeﬂ’é’d B VFIB%F(‘ hdred skpga ifnrmnemreE withas aviewing port

t d
ers bATepEds CO0eE WA, Brettath v 87050 held ome nour,
caunhtthehlnyﬂﬂdiQ@@dxbﬁﬂﬂl e ePde 1 G- Ol@SBhe cooling

pl at es 1%%1 and 107. The 5895 blend frit 106 is
c d urfigARIsERReRE $ 1 iweXeplwaddasits: specific

(rml I basie: 2%5\%12584/%%%%%&|%%%[S%%gifgi‘%ﬁ’ﬁl in the

2fode 1737 glass plate 102 that was caused by the expansion

mismatch with the frit 106. . The photoelastic wmeasurements
were used to calculate the total expansion mismatch, &;

between the substrate glass 102 and frit 106 as shown in
EQUATION #1:

8-_—,_- - AT((XS - Of) (l)

where: o4, O = expansion coefficients of glass, and frit,

respectively; and AT = temperature range of interest

It should be noted that the waximum expansion
mismatch shown in FIGURE 7B between the 5895 blend frit
106 and Code 1737 glass plate 102 and 107 wag

approximately +350ppm at 125°C, and the room temperature

- miswmatch was +125ppm, with the frit 106 in mild tension in
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25A 23B-50Si 2) as follows (wm. Basis): frit, (5-10m

mean particle size) 750 filler (5-10m nean particle

VO 2000095597 5 filler (1S-20m nean particle si z@CTB%2004/011349
FIGURE 7B is a graph that shows expansion m smatch

data neasured as a function ofpgenperature for a butt

seal where a blend 5895 frit 106 was applied to one

Coeleth 737stengeass pllese IMksmIhehsealuaas mﬂap:ajted relatively

paste using teadnltr el l.ul o
o0 B e o BB FARE AR e c§ oy et BBos £ric
furmaceny Chde iew RE Y tsubMF racPOL ki BBKEH o7t WeS inverse
heated to 450, held one hour, and, then cooled to

r AR eEhplr geale oDubBAG tenshofrhy 196cyick, Code 1737 glass
h | t t d t f

P eRbRTa: BB PESTUHe (1 P EGr IoRe Ir didigaPhaHefina mismateh
th:?f $088ml 7Eh-H ass' plisle é@l%pi‘gg.tsl%? C%.Lfﬁﬁ%akfylﬁg‘ethe good

expansion msmatch with the frit
pre¥RRNaseRC Gl Hrbht sy \h@rteveusedthe c'iﬁ%ijl dilerthefrit 106

t mat ¢ ST bet ween the substrate
%@% %@ganzg? r n?%fﬁﬁpﬁat in EQUATION #1: 8T =

AT (ag Thete (dMn@5veheBeumidphObpRat¥Pasi®od 106 also offer
coeffi Ci ents of gl ass, and frit, respectively; and AT

= REipbPat P& ﬁ'éﬁ@‘e”%ﬁ e e hesmetd cifol | Xe el gnerts for OLED

7 B WEh 1 he DRl andif | PRRBpEl R e bl a7 glass

glrkst et aheated aﬁd:hla&? hiyas;l.ﬁﬁﬁa@édmwg/ ﬂ-ﬁﬁ@p@m 81 onm laser
125C, and t he rﬁ% F"F‘F erature m snat
f

S e R 106'% n5R9Fd hJe%qloﬁrFLﬁ V@6 passed the
2%%&591@/g?2q%%4%a£§1npoag nsg@negé lowest leak

These m smatch values indicate re atlv
exirire i baagvnpdt bi theyeqeﬁ-memtt,hé.mj%ﬁdctﬁ frit In
}gv%%]%lgﬁdeséggz‘a@ a%em%ueg%.ttruartee r%eoa%sgggméggs é{l an infrared
camera, thermocouple, and thermal indicator paint made
during 810nm laser frit sealing all indicated a maximum
temperature < 100°C at lmm from the seal edge.
Yet another potential low melting vanadium frit 106
suitable for sealing OLED displays 100 made from Code 1737
" glass plates 102 and 107 is listed in TABLES 3-5. TABLE 3
identifies this inventive wvanadium frit 106, where all of

the elements are specified in mole %:
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0-10
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20 Yet anat;bgr potenti al

[AY C‘Il] f a|n| a for oaa| | nﬁ

[ ow mel t1 ngovemadi um
O-ED di cnl n\/c 100 made

LT

Code 1737 épéss pl ates 1

A~ = — TOU— T T

02 and 107 |s Plsted in

ES 3-5. TABREG I1dentifieg
fied in nolPs% 25 WO 200

s this 1 nvengiwe

i e Y | L ok | | _

4/ 095597 0-5

US2004/ 0113440, Z4 TABLE 3
Fe203 0-20_ Sh203 0-20

vanadi um T Ti§-gl06 K20
Zn0O_0-20 __P205 _20-40

30- 60 Bi40;

0-5

frit 106 containing some of the elements listed in TABLE 3
and a B-evcryptite glass-ceramic additive
particular,
blend of the frit with the filler.

" making up the preferred vanadium £frit 106 had a mean

TABLE 4 list a preferred composition of the vanadium

particle size of 5 microns.

the preferred wvanadium f£rit 106 had a 75:25

TABLE 4
preferred vanadium frit

106

Sb, 04 7.4
2no0 17.6

B,05 26.5

Vo05 46.6

Ti0, 1.0
Al,0, 1.0

filler.

Both these components
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Ti®2 0-20 A1203 0-5 B203 0-5 W3 0-5 Bi 203 0-5

TABLE 4 |ist a preferred conposition of the vanadiumb5
WO 20440869 ont ai ni ng sone of the el ements |i st ed®AIUS2004/011349
TABLE 3 and a (3-eucryptite glass-ceramc additive

filler. In particular, the preferred vanadiumfrit

106 had a 75:25 blend of the frit with the filler.

Bot h t hE3BLEBonponkidis amkidig upreﬁerpedf ecomﬁos:Ltlon of the

vanadi mfrt 06 had a nean particle size of

m ¢FoRst “i‘AéE%% %ﬁ]réftéki‘?fédﬁé‘ﬁn dPGAPEF ATORSE %%2%‘@203 and no
7-%1102“@16&'?- &0 26. @ é@.eﬁlenEl'Sozlg:SQEdAng3 TABLE 3.
1.0 WD 2004/ 095597 PCT/ U52004/011349 25 TABLE 5 |1 st

a ROPRE pﬁeﬁlélﬁﬂédf@@ﬁad:shw ohnvéntiee vanadium friit 106, where
th h | unt_of Sbh2 d no ZnQ when
co?ripar(gjg ?hg % éuleg%m 9 WSS Oﬂweadll TABLE 5

identifies this inventive vanadium frit 106 where 5
all of the elenents are specified in nole % TABLE 5
nmore preferred vanadium frit 1EEBKD( 0-10

more preferred vanadium
frit 106
KO _ 0-10
Fe,04 0-20
5b,0; 0-40
P,0s 20~-40
Vao0g 30-60
TiO, 0-20
Al,0, 0-5
B;0, 0-5
WO, 0-5
Bi,0s _ 0-5

An exemplary blend vanadium frit 106 that contained

30% Pp-eucryptite filler was made in accordance with the
- compositions listed d4n TABLE 5 that had the following
composition: S8by0; (23.5); P,0s (27); V05 (47.5); Ti0o, (1);
and Alx0z - (1). In  experiments, this exemplary blend
van_adium frit 106 passed severe environmental testing
(85°C/85%rh chamber) and exhibited superior aqueocus
durability.

It should be noted that in these experiments it rwas
determined that the exemplary blend wvanadium frit 106 had
a CTE of 36.3x104/°c (from room temperature (RT) to 250°C)
that was measured on a sample that was first furnace-fired
to 450°C. This CTE is close to matching the CTE of 37x10"
7/°C for the substrate glass plate 102/107. In contrast,
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30 -

Fe2O3 0-20 Sb203 0-40 P20G5 20-40 V205 30-60 Ti O2
0-20 A1203 0-5 B203 0-5 W3 0-5 Bi 203 0-5 An

woenpleesw7 bl end vanadiumfrit 106 that cont ai an:TJ{%zommnmg
30% (3-eucryptite filler was nade in accordance wt

the conpositions listed in TABLE 5 that had the
fol lowing conposition: Sh208 (28.5); P25 (27) V205

(4;n5)a§re§1bg|%g%)van ﬂﬁﬁ‘ﬁt %ﬁ% 6£Ha€><8 orii!‘é:fh the p-

exenpl vana asse sever
engiicoppehtel ftiéétenrngva:% BB BRAich Iﬁrardne@TEamﬂ 81.5x1077/°cC.
xibitedslgﬁjerlor durabilit It should be

hotBd ERA PR (HRRESEABEFimentS (T2beR  RE ormiBet a glass

t hahbbbheacxempliaty 1 end ’Eﬁea@'ou@o&fl'ot”ﬂ'f@ Péﬂgea @-E.Elers are
of 36.3x10-7/C (fromroom tenperature (RT) 500) "2

t haeedas h@aﬁhﬁea}c@mpdasramma@adm Vi o 107 -

the CTETSt R HIEY oPS eoUstPite BPHSs Rrafblional low

102édp&ratnreopetdsing \d@ﬁ%%ﬁ@m&d E&Eé&JSZB%é%bS%O frits

26_ an exenplary vanadiumfrit 106 that did not contain
t HBRYE- RS yftie f Acer adhssies: areprirhbgsa CHEowever, the

Sleéér% 1445 b1IARER] @%é@ﬁﬁﬁc'ﬂﬁ%d’lt}égoﬁ%i%a{lgf &gg a lower

ass substrate I'sin the _
raﬁ'@@ Ehék:heer@HaasEdneédédm n bhe exenphaky varadidyd better

frit 106. uld. al so be noted that nost
t r3drePHRal éﬁﬁg héﬁé’eraﬁﬁe Wkl | RP¥I9 t scgFRarable  to  the

Poir-hasedonfecaysBaBb ks with respect to adhesion.
Moreover, it should also be noted that other stable
- blended vanadium frite 106 which had 8b,0; levels as high
. as 28.5 have also been made and successfully tested that
had a composition similar to the aforementioned exemplary
blend vanadium frit 106.
In addition to the aforementioned frit compositions
listed in TABLES 1-5, it should be understood that there
may be other frit compositions which have yet to be

- developed but could be used to seal two glass plates.

Following are some of the different advahtages and

features of the present invention:

* The hermetic seal 108 has the following properties:
© Good thermal expansion match to glass substrate
plates 102 and 107.
o. Liow softening temperature.
0 Good chemical and water durability.
o Good bonding to glass substrate plates 102 and
107.
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have good flow, and adhesion properties. However, the

exenpl ary bl ended vanadiumfrit 106 not only has a
WQMM/OIBITTE t han PbO based frits, but it al SO FISERB64/011349
better aqueous durability, as well being conparable

to the traditional Pb-based frits with respect to

adhesi on. Moreover, it should also be noted that other

stabl e bleendedavaradiiimg f tot sobperwinedt halleSB203e.g., anode
| evel s as hi 15 as 28.5 have al so been nade and

h
- successful | ng@sFéHWEt HEFFHBposition sinilar to

the af orepenbipBed SxeMRlaly 1R Sﬂgﬁlﬁaﬂ%gi umfrit 106.

In addition to the aforenentione nposi tions
li sted i norABRESnd- &d-iftreshoul d be under st ood t hat
there 20 may be other frit conpositions- -which have
yet to be devel oped but could be used to seal two

gl asg piatess E&%Jo%aﬂﬂz L ﬁgg&eeétaﬂg Cﬂﬁé@f%ﬁherzstypes of

advant ages and eatures o présent invention:
The hersebstratal @D8tdwas 10f2e fnd| aWngbpsddest itdse Code 1737
Good therma sionrzr)%tchto gl.asssubstrate

|
pl ates 9 isﬁnﬁpw?)n.so I $EENI AQ Penp&'@TTH ePLeGes can be

Good chesiral ayl vakeraabwrdi| isinp ead Q%CHIEHI% bRocess of
gl ass substrate plates 102 and 107.” WO 2004/ 095597

PCT/ US20lp2/ DTe8&nt dnvertdem bondbngexenpdppedlzestsalplates 102
| eads ( - 0 a cat hode .el ectr.odes). nse
dnd: 1@ glg.de Cogpanies spe e.g% %ﬁDa"al}Js Glass Co.

with very | ow porosity.= o

i nport afé. 4o, uierst aneddshasnat ot ypesse) , Nippon Electric
Glass Co., NHTechno and Samsung Corning Precisicon
Glass Co. can be ‘gealed to one another using the

sealing process of the present invention.

¢ There axe other considerations which should also be
taken into account in the present invention in
addition to having a frit 106 made from glass that is
dopeci with one or more trangition metals which can be
melted to form a hermetic seal 108. These
-considerations include having the right match between
the CTEs of the sealed glasses 102 and 107 and frit
106 and the right match between the viscosities
(e.g., strain, softening points) of the sealed
glasses 102 and 107 and frit 106. It should be
noted that residual stress measurements have
‘indicated that it is preferable to have the CTE of
the frit 106 the same as or lower than the CTE of the
substrate glasg 102 and 107. Other considerations to
achieve a "good" hermetic seal 108 include selecting
the right sealing conditions such as laser power,

focusing and velocity of sealing.
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substrate plates 102 and 107 besi des the Code 1737

gl ass plates and EAGLE 2000TM gl ass pl ates can be

we 200893597 one anot her using the sealing procesediush@os/o11349
the present invention. For exanple, glass plates 102

and 107 made by conpani es such 2 Asahi G ass Co.

(e.g., OALO gl ass and OA21 gl as ? Ni ppon El ectric

d ass Co., NHTechno and Samsung Corni ng Precision

G ass Co. can be 'sealed to one another using the 15

seal isngTheod¥sED oflispd apr esent dmemeithnd Jher efdees several
ot her consi dﬁrati ons whi ch.shoul d al so be taken into

account *PRRPHBISFes ENFES nvdi® | SPEEFRLIdT3TUn ¢ 1n  industry
havi ng anbebt 406 erdadiomgiassiddatid s Zdonsd provide a

with one or nore transition netals which can be
nel t ed PErPEEACa $RBhetic awaPLEDS. diipbay. First, the OLED

.consid kons Lnclu avi the ri.ght tch bet ween

oonel daigbhaps Lael URAAVIAR LIS GLAN IPLEN DELIESD, or
106 anddeéheicaght nat cedegidieethd heateSESi d&§8adlition of the
(e.g., straij softening points) of the seal ed

n, . . .
gl assesti89iaRaNRS7 TFWHaG adeesive shvalddse teomsdsture is

that resifyal gt E%S%é%'{ﬁngﬁé h Ledicat t hat -
it is prefer a%l e to have the ofgﬁgﬁeogr ilt%%lgglc?%ganlc seal
sane asinrthew§@LEhadhishbaCTEOOf. t HEhB3A3 subbér preéposed method

gl ass and _107. other considerations to chi eve a )
"good" 1%%? netm?:ysea?mi%’%a’i“ﬁ?:?%gg sefeetFhg ’falﬁ% rigHele  time

seal i ng(seBgksb2RG BUGR)2DH af &1 PONCEompbRCHS A Uv-cured
vel ocity of sealing. WO 2004/ 095597 PCT/ 882004/ 011349

28  TheS@ED@i SPgpruicy addemtvadd cROtcoflfer segeieeal a post-.

Sy e U T S R O BB Yoo, mouren,

her met ithse@LED ads=glEl diepl ays Hiikedly t ke BEDionger-lived
than the traditional epoxy-sealed OLED displays which
offer poor resistance to moisture penetration.
Fifth, the OLED sealing method 200 can be easily

integrated into a manufacturing line.

e The frits 106 of the present invention can be
designed to absorb heat in other regions besides the

infrared region described above.

e It should be readily appreciated that in addition to
the aforementioned exemplary frits that there may be
other compositions or types of frits which exist or
which have yet to be developed but could be used in
accordance with the present invention to make a

desirable OLED display.

* The frit 106 that ig pre-sealed to one of the

substrate plates 102 or 107 in accordance with step.
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di spl ay 100 does not require the presence of a

dessi cant. Second, the rate of degradation of the

WO M43l UV- cured adhesive seal due to nDi StROTAU$2904/011349
bel i eved to be faster than that of the inorganic seal

10 in the OLED display 100. Thikd, the proposed nethod

200 may substantially reduce the cycle tine

(procesgilyg cane)oeofsaldi ven eonpoienbrwhere-dhmicered part to

seal i ng_(.organi.c._adhesi ye),_.commpn| equj res _a post -

treat rreﬁ'%niu%aaf%%%agceohrt% Q{‘Fgﬁo‘iﬁgﬂ% 120urvRe can then
15 the OuER=dilsptRy ©08Dss 1dkehnd derd9nogrel i 1 heati
than the traditional epoxy-sealed Q%ED di spl ayg \%?%h cating
of fer paded r @sicddidiste SteoiXtr ealperictett | ofeciFfyh, using a
the OLE L f.ho 00 can be easily integrated

into a jr?fa’%% ac urirHr:ega ﬂsr?ér%. The frits 106 of the

present invention can be designed to absorb, heat in

other regions besides the infrared region described .

above. 2Be |QLEBodigpBeyr ebeld | yaappbeciaat ezctiat OLED display

additio 0 e_af or.enent.i qned, exenpl frits that
there rrg?bbgruc%l %rS%égr?po%fﬁ]o%ss%fangé “of frits

whi ch exist or which have yet to be devel oped but

could be used in accordance with the present '

i nvertti b sbowdke he Batbsihabl en6tEBrdiaspleay. ofThthe present
frit 106 _that .is pre-sealed to.one of the substrate

pl ates TOSSHFITH7 4% W cOPRERRE Wilth Qepimg rate of the OLED
2004/ 0985871 BGT/ 15200441 389mp221:240 Cale bqle%@tiﬁlg\ssge o 210,

unit or_pre-sintered part to nmanufacturers of
CLED di%-gFH?tloen%hor%ﬁhdt hepolingt ahbyt hea@kEDsldtde thermal

?Egi Peltéagi{: I'%lgeuﬂ;é;a{%ngegy l}xg:i.gl'?ngl%%%'iicngcl%:?n[?aflét%tesses on
the hermetic seal 108 and the sealed plates 102 and
107. It should also be noted that the suitable
cooling rate depends on the size of the particular
OLED display 100 to be sealed and the heat
digsipation rate to the environment from the OLED

display 100.

Although several embodiments of the present invention
has been i;lustrated‘ in the accompanying Drawings and
described in the foregoing Detailed Description, it should
be understood that the invention is not limited to the
embodimentg disclosed, but is capable of numerous
rearrangements, wmodifications and substitutions without
departing from the spirit of the invention as set forth

and defined by the following claims.

$



5 localized heat source. The OLED di splay 100 can be

an active OLED display 100 or a passive OLED displ ay

100. 10 It should be noted that another aspect of the

present invention is to control the cooling rate of

the OLED display 100 after conpletlng t he heating

step 210. Abrupt and rapid %oollng may cause | arge

thermal strains |eading to high elastic thernal
Cﬁggﬁéses on 15 the hernetic seal 108 and the seal ed

§ 102 and 107. It should also be noted that the

suitable cooling rate depends on the size of the

particular OLED display 100 to be seal ed and the heat
1.dirssilpasi package comphéséngironment fromthe OLED 20

di sp| 0, h several enbodi nents of the

pre%b%¥ =5 gnPl%nBH%g% been illustrated in the

accanmampmdggmaamﬁp@atandandescrlbed in the foregoing

Det ai | ed .Descri houl d, 25 erst.oo

Che 3 ndeitl ofi2PE. nBEOR| P BN t olohes gt M one

di scl osedrabutitisncapabhe @hendrar @lalid Featr qagemested by

nodi fi-cati ons and substitutions w thout departing

fron1thea§p|+¥¥a%ﬁa?%ﬂpllﬁﬂﬁﬁﬁeonl%sf%eFaPBPFh t%ﬁﬁi caused

defined hyihhefel koMmo €l 2hdBro3R aChBLNBEid. sBal which
gl ass package conprising: a first glass plate; a

second glcag@egltat eaighdtarsei tolwmfe Plohe glt@sssadbpegecond
wth at gg%g B tranS|t|on metal, wherein said frit
was heatg an |rrad|at|on source in a manner that
caused sald frit to nplt and forma hernetic sea
Whl%%e g nect s S%Id flrgt glasslplaw to.said §Fcopd

ass package o erein eac said
first and second glass plates absorbs less light from sald
irradiation source when compared to light absorbed by said

frit from said irradiation source.

3. The glass package of Claim 1, wherein said frit has a
softening temperature that 1is lower than the softening

temperatures of said first and second glass plates.

4. The glass package of any of Claims 1 to 3, wherein
saild frit has a coefficient of thermal expansion that
substantially matches the coefficient of thermal expansions

of said first and second glass plates.

5. The glass package of any of Claims 1 to 3, wherein
said frit further includes a filler ¢to lower the
coefficient of thermal expansion to closer match the
coefficient of thermal expansions of said first and second

glass plates.



gl ass plate. 2. The gl ass package of Claim1l, wherein
each of said first and second gl ass pl ates absorbs
less light fromsaid irradiation source when conpared
to |light absorbed by said frit fromsaid irradiation
source. 3. The gl ass packags of Caiml, wherein said
frit has a softening tenpe hture that is |ower than
the softening tenperatures of said first and second
gl ass plates. 4. The gl ass package of any of Cains 1
to 3, wherein said frit has a coefficient of thernal
6 expdisi onlddmtpackibset anfi dllkymndt,chesendie coeidi Ciédher is
of, t ermal  expansions of said first and second gl ass
24 mtv rSlgn %%g%gFass package of any of Clains 1 to 3,
vvhereln said frit further includes a filler to Iovver
the coefficient of thermal. expansiaon to cl oser
Tt he TS0 e ¥3%7 M CHAIT h8F mi 3¢ Rpattsi BT s&F t Fﬁ%&er is
arandicsecerd righass plates. 31 6. The gl ass package of
Caimb5, wherein said filler is an inversion filler.
7. The gl ass package of Caimb5, wherein said filler
8lS TR a&ﬁagévsa&ggsr 0f8 a yec&l 385 fAckage Of 7anyQfrein
‘dains 1 wherein said frit |salowtenperature
'Sagldasfsflftrllts caoritca\l rti awgpsoTed ugre qi@rS@ dlrs &r fongaiionsg one or
0S 0 Lncl ydi g p
mo\%']a%na%puérr}irblamd neo%l %88%689%% sgroaékggglg mﬂ iron,
cogfpe, aivamaliitim, 7anmhﬂeedmm:al d fr| t has a conposi t| on
as follows: K20 (0-10 nmole %9 Fe2O3 (0-20 nole %
Sb203 (0-20 nole %9 ZnO (0-20 nole %

9. The glass package of any of Claims 1 to 7, wherein
sald frit has a composition as follows:

K>0 (0-10 mole %)

Fep0y (0-20 mole %)

Sb,03 (0-20 mole %)

o@

[oind

Znt  (0-20 mole %)
P»0s (20-40 mole %)
V305 {(30-60 mole %)
TiO; (0-20 mole %)
Al,0;5 {(0-5 mole %)
B;0Oz; 0-5 mole %)
WGy  (0-5 mole %)

Bi,0; (0-5 mole %).

10. The glass package of any of Claims 1 to 7, wherein
said frit is selected from the group of glasses consisting
of titano-vanadium glass, iron-vanadium glass, zinc-—
vanadium glass, tin -zinc phosphate glass, mixed alkali

zinc-phosphate glass, vanadium phosphate glass, lead-borate



P2C5 (20-40 noles) V205 (30-60 nmole %9 Ti2 (0-20
mole %9 A120Q83 (0-5 nole %9 B203 0-5 nole %9 W3
(0-5 nole %9 Bi203 (0-5 nole %9 10. The gl ass package
of any of Cains 1 to 7, wherein said frit is

sel ected fromthe group of g&asses consi sting of
titano-vanadi um gl ass, iron-vanadi um gl ass, zinc-
vanadi um gl ass, tin zinc phosphate gl ass, m xed al kal

| NC- spk I s V@ [ Q&ﬁaﬂ$a a :

g%%%%-%%?aggﬁég gﬁ%%éé 5%' niggg al ka igg?%% p g?pﬁg?gdlum
anyd dswmdsi t h vanadium and lead. 11. A nmethod for

manufacturing a hernetically seal ed gl ass package,

-said nethod conprising the steps of: providing a first
1l assmptad@; fopr avndifagtarsegond hglrass ipkale; sealed glass

ositing a frhé made fron18Ia§s doped with at | east
g d®

d
PHHE YT arrdit S 87 thefalFBREGS S BCONPYIss  pl ate;

and dieatiinggsai ¢ ifkkt gb¥sanpistagi ation source in a
manner that woul d cause sald frit to soften and form
a BHVECIRIs8areRRPEnItdAReBidt8ai d first gl ass

Pl alRdd2i%3hg $LCANG HASS PLahCg1dLs dBEHBWARH Gk 1cast
Caim1l, further conprising the step of  placing an

adhesi ve omiet hitragsgap ohoc aedd lbetondseon catier sedges! ofglass
sai d firg&a%gd gggond gl ass plates, wherein said gap

is caused by the presence of the hernetic seal. 13,

The heetthiod ok ianyrdft Gvaiem lilrrardib2iohursihere in a manner

risin h f pre-sinterin [ ri [
conpris t a‘i: %vosutl%o gauge eséc’_%_dt %ritg t%a sdogter} ;:?ds%ogm a
hermetic seal which connects said first glass

plate to said second glass plate.

12. The method of Claim 11, further comprising the step of
placing an adhesive within a gap located between outer
adges of said first and second glass plates, wherein said

gap. is caused by the presence of the hermetic seal.

13. The method o©f any of Claim 11 or 12, further
comprising the step of pre-sintering said frit to said

second glass plate before said heating step.

14. The method of any of Claims 11 to 13, wherein said

irradiation scurce is a laser.



second gl ass plate before said heating step. 14. The
nmet hod of any of Clains 11 to 13, wherein said
irradiation source is a laser. 33 15. The nethod of
Claim 14, wherein said frit has an enhanced
absorption property within 2% infrared regi on and
said | aser beam has a wavel ength in the infrared
region such that when said | aser beaminteracts with
ai G fri st ant i e er S r
152' g‘gl d #ﬂetﬁggf r%?n sf‘g'la(#\ ggaef E@gérﬁ \?\%en%%:é&d a?ggg B an
enhwdﬂa@lataheawpggaorabsmﬂmxtybywmmm ofn sa'nﬁrareét ragcﬂon and

d‘.:ofasg:nl:a Sea%l ahas a wavelength in the infrared region
such that when said laser beam interacts with said frit
substantially more heat energy is absorbed by said frit
from said laser beam when compared to the heat energy

absorbed by each of said first and second glass plates.



