1 HERMETI CALLY SEALED GLASS PACKAGE AND METHOD OF
FABRI CATI ON Background of the Invention Field of the
I nvention [0002] The present; invention relates to
hernetically seal ed glass packages that are suitable

"Y' to pr ot ecgpklyEt ﬁ%ﬂ%&i‘%&at are sensitive to
t he anbi ent en\J/:i(:];Ag%'?e : SEREEAGE Aleh
devi ces are orggni emtting |ight diode (OLED)
di spl ays, senso?‘glfrﬁgﬁdogtﬁ@?El ZON devi ces. The
present invention is denonstrated using COLED displ ays
as an exanple. WD 2004/ 094331 PCTI US2004/ 007557 2
Descriptiaon of Related Art [0003] COLEDs have been the
subj ect of a considerable anount of research in
recent years because of their use and potential use
in a wide vari®2gkgrowhdcef othei Irsertiondevi ces. For

FiéD§t3ACEnc a5 09l £,QLED can be used in a discrete

[OII ht—emttThg devt€e or an array of COLEDs can be
H i n Theghtdmgeanp| iiealdn@is o Lhakzpan ' ;
G T ATk R A R

| ications (e.g., OLED displays). The
S-ea?l?%é- it FEHAGRF vEPGthraxght santdabaei Ny apgeedct thin
filewl odevG@Rlsr aspapd W vi ew ng, angl e. However, the
QLED di spl ays a%g i\rll\%ggrtigﬁflggtf‘ﬁ el B2t r ddfe® arfabient
SNV GAAISAL -| ay Somel oestrepléberd Ns@ER SGRRId bl get %rr?anic
ge

. ' resul ti frominteraction, wth oxy
emlaﬁghgg?%jt‘%&e dﬁrgéﬁi ngﬁfﬁﬁ)o SREPERED! disspisnrs s oantihether

optambilenteviems.r onnedhe Ldrds el wn that the
L fsti me of the OLED (ﬁ'rspl ay cia%v e ETYntPi GERPERytrated

USIRH PEERedirplane aselbacerateseand or gani c | ayers
within the OLED display are



hernetically sealed fromthe anbi ent en\éi ;?_nrrelnt g

ly, in the past it was very difficult to
eve?og}g&%&geal ing process to hermetically seal RCéUS2004/007557
OLED display. Sonme of the factgrs that made it
difficult to properly seal the“OLED display are

bri ebbycrpptioaned rbeiow arthe hernetic Seal should
prowgﬁe barrier for oxygen (10-3 cc/nR/day) and _
wat et ?‘1%1 69/ BFRaypaveTe) ZEhef sphaedler pét i sempiderable

shoubdo®e: bl MBLeak& Yin FdcBM §%f%% 98§?Qgtoga%%eir use
an adverse effect on size of the C | spl'ay. ~"The
t enp@it BPeeRfelfdr a15ed 18uei jdehe’agdatvngfprbeessoluninescent

sho dangge the.qmierial §50849. orghegirodes and.
org;ur%l?‘t’:ﬂ%;yers) ng\d%ﬁigngﬁe O_EDlg’?sgl ay. For °¢ used in a
i nst &hteretend ighsenbitigls dsfviCeEDs, anhachapref WD.EDs can be

20044094334, PGIY 4/ 3 | ocat ed ut 2 .
fro?nl!lt he s?:%nal ﬁgﬁ%ﬁgga%%gg%%}::@ns shBll dgﬁ%t p@éleTn display
heatarplticakdoast liang 85OIdUY idilgpﬂ.hgs) seathélg%mmi)&ﬁss?%lays are
The s released during sealing process, shou no
Cont]g%%%at ggt hé&fr% er'tals @HWPE t%léi q?_‘EBl’d?spﬁF aygeod color
. The dvartmetitc sedl wildeul dienahy e eﬁ{g_q@r{;l caj{m,\,?ver,t ] the OLED
conngctihons (e.g. .. thin-filmchromum_ to enter e _
G EeiaPagray Sifose Frirulng note chmrRodey fand organic
seallaggrshel&ddidd dinptayni Sadd WsRAbEIBIENtd YREYQhiation
epoxies.Wwth inorganic fillers and/ or organic

mat EEPUFELRRat TFYP m YHe Tagddion: aftidh t peygane enfedmigysture

ult naaxigget idnrght. ol thopgh th dypes. of -sedls mbient
usual Iay p?ovilde good nechani cal sér ngt EI 1'E\hey ¢an fer-en
ver §PBXpeRVe andtt hér @edhe krmwp that the lifetime 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
propefly seal the OLED display are briefly mentioned

below:

* The hermetic seal should provide a barrier for oxXygen
(107 ce/m?/day) and water (107° g/m?/day) .

* The size of the hermetic seal should be minimal
{e.g., <1l 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



i nstances in which they have failed to prevent the

di ffusi on of oxygen and noisture into the COLED

WE04494331 n fact, these epoxy seals need to UPETAISZO04/007557
desiccant to get an acceptable perfornmance. Another
potential way for sealing the ®LED display is to

utilize t al | din r saqolderjng, however, the )
resul ti n?jéjggle\ggaanoggf?e?mf ?B?ﬁ‘ Pﬁ% b Bhethc HLED display
shor ti ng skfoufl He reltedier iloaltddeads b€ hthent essthe dkERy the

di splay. This sealin rocess is also very conplex
si nce sef?ﬁ&ﬁnghPﬁo?%% | ayers are necessary to get

good adhesicoRasAGCRLALAGLY al LS B !
address the gfa(_)sr ement i oned pr%(éfggn%é%fﬁldﬁgﬁ%eor(:%ss should not
shor t coni°Rg§amanatr i e afierhal hewiladi tihenQLEbedl splay.

and thg di tional,.ways f seal i ng, the OLED )

di spl ays&hgheséeﬁg‘éajsc and*Hher ShEpds arehable sf iedgctrical

by the hepne¢ccisesl (agy ! ectindl-0gMrOf chi@ReSENM enter the
ON

i nventi og lzgl %Jr?\‘gl BRI EF DESCRI PTI ON OF THE | NVENTI
[ 0004a] %Eé r %% one aspect, there is provided a

gl ass package conprising: a glass plate; and a
‘sealbgg glass | ate doped with at |east one transition
met aPVREEN ¢ HEOAYRi e S th Fgmess yhat Eokexpedling the OLED

enhapg absor ptd ony & a9 :SRLGIkI-C ength, - . .
V\hereilﬁ%ﬁi d doped seali nlg gﬁlaeféllg p}eg ggvvagkheg{)%les with
wi t HRergarsler Hilleiisd anblesi fongandve|menigihiale daisse form the
sai gL seal 4 a |._and forma hernmetic

seal whi ch&%oﬁ!_ e@t gglgalz:gr%?a%im@% Hte J’(o&e§ailc}gggal iﬁgthough
gl d&%egs atepep0004b] seicor disnglly appihicte aRE , mechanical

IR, D o TEL O R GE LR e oy
coriprsitsineg st hénst epscbf :tlm;ov.i g &agliass pbatgrevent the
diffusion of oxygen and moisture into the OLED dis?lay.
In fact, these epoxy seals need to use a desiccant to get
an acceptable performance. Another potential way forl
sealing thg OLED display is to utilize metal welding or
.-8oldering, however, the resulting seal can suffer from
the problematical shorting of the electrical leads which
enter the OLED display. This sealing process is also very
-complex since several thin film layers are necessary to
get good adhesion. 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.



providing a sealing glass plate doped with at | east
one transition netal such tHat said sealing glass
pl ate exhi bits enhanced absorption at a specific
" Wavel engt h; heating a predeterm ned portion of
sai d doped %@gﬁfﬁ n%*“S%REd%'%ICS‘] &tfe THE HNYENISEIN at  sai d
specific wavel ength such that the predeterm ned
portion swells and forns a hermetic seal which _
[008ffécPscosdino gtasenpl atmedin saiakseal | Nr@HARY a glass
pagkgbg.cgggpfg%nipcordlng to.a further aspect, there s
provi ded = a gl ass package conprising: a first glass

pl aeeglassepbadegl as8 plate; and a sealing glass fiber
| east one transition netal such that

a dgned W th At ! .
Sard 88al9 5 Sy Rk_taadopey, wiibemtexhedst sceehancatition
me8dBosREL OPhat 8asReckhhhe yelLength. wherein said
doped. seal i ng g?assgé%?%g?maﬁgsﬁegéga“MA 1Rijt3s gnhgncsd
: ab%%?@%?}'écﬁti @ wpeecliéngt wdwe lcaufth Sakflcdeled s Mped
often and forma hernmetic seal which

e, ' t )
° agion ectgfsllal%%'r dp?f_“?'gt PaseRted toitdhi @ sdesedr  gitassaid

sai
speglidtie. H004H gtAC COHdicRgskO &3 i her, .aspect..
Swehgere Is_provided a nethgd fofﬁaa%%?%%éérﬁﬁég%#)piate to

rr?é’_tq C%H’W 3edieameglias ssquelc kelybch sabaneetkotbaid glass
plat8Mppi sihg sLL¢; of : _providing a first glass
pl at e; proglgfﬁé&a8§%§%nﬂf@f%ss pl ate; depositing a
sealing glass fiber doped with at | east
[0004b] According to another aspect, there is provided a
method . for manufacturing a hermetically sealed glass

package, said method comprising the steps of:

roviding a glass plate;

. providing a sealing glass plate doped with at least
one transition metal such that said sealing
glass plate exhibits enhanced absorption at a
specific wavelength; and

heating a predetermined portion of said doped sealing
glass plate with a laser at said specific
wavelength such that the predetermined portion
swells and forms a hermetic seal which connects

said glass plate to said sealing glass plate.

[0004¢] According to a further aspect, there is provided

a glass package comprising:

a first glass plate;
a second glass plate; and
@ sealing glass fiber doped with at least one

transition metal such that said sealing glass



one transition nmetal, such that said sealing glass

fi ber exhibits enhanced absqgrption at a specific

wavel engt h, onto said seconﬂAgI ass plate; and heating
-~sai d doped sealing glass fiber with a laser at said

speciffibernagehébpts shadhal sl ed sealing o
glass fiber can soften and for %%g@r ggr%]ti fﬁseﬁl PR&FLLic
connects Sala 779t gbeseipl aseitio sapddsesendi 842551 ass

plate. [0H0%r ThesP Qi inyention thus includes™ a

her met i c%g@}eal S?ghﬁgb&diws% ay? aﬂ%s%t Rbd Hagrd specific

manuf act arigd hhetoetdéoadd v 583 € D display. |
PRl RSP ayoTss

one enbodi;pent,, the hernetical |y seale
is manufactured by°hrovi anflg faxmi rast heubst i at ecpliatvhich

and a - secondcsybsiyiat erplat e second substrate
contains at _|east one 't r‘a%ési ?ll%%gngﬁgi Ssuch 88iflr gipcond

copper, YaRsdi Bhft@B manganese, cobalt, nickel,
chrom um and/ or neodym um COLEDs are deposited onto

IOEBEdfi rsj_substrate plate. A laser is then used to
" “heat ™ t he dopett ¥edénd stibdir Auethet aigpédr @ manner

thehaticauses RPQ hik@RoQf £ syell and forma
hernmetic seal that, cgnneéé%sél%)rﬁ%r?‘ﬁ%?“%ﬁ’strate

herpestiealile e 1900 Qg e plate and also protects
thetDg  OLEDs. The s'ecor%ug%#s%%‘t’e prate medheshswmpnising
aP“FBSsPL:one transition metal such that when the
| asebv L DY, | 8: ..aPbsarbed there is an increase in
t?n’pe‘rrat ur% T nétlﬁggt § ®afr®wa. Anot her enbodi nent

1 mrqmm@twrgd@rg_%?assd@ S i s al so descri bed
h%reelon.. BRI EF DESCRI PTI ON DRAW NGS [ 0006] . A
nor

| édﬁﬁ“@t & virRkBtandlags offibbe RIGRRRNt, i Vet H Q0
may be oght ajpegd Pg.reference to the follow ng :

. Sition metal, such that said sealing
glass fiber exhibits enhanced absorption at a
Specific wavelength, onto said second glass
plate; and '

heating said doped sealing glass fiber with a laser
at said specific wavelength such that said doped
sealing glass fiber can soften and form a
hermetic seal that connects said first glass

pPlate to said second glass plate.

[0005] The present invention thus includes a
hermetically sealed OLED display and method for
nmnufacturing the hermetically sealed OLED display. In
one embodiment, the hermetically sealed OLED display is
manufactured by providing a first substraﬁe blate.and'a
second'substrate Plate. The second substrate contains at



detai |l ed description when taken in conjunction wth
the acconpanyi ng drawi ngs wherein: [0007] FIGURES | A
and | B are a top view and a4Bross- sectional side view

Jitlustrating the basic conponents of a hermetically
- maepRgkOLEDR gispl ay j;n,agcordance with a  first ,
embodi nent of thé pr else%fl’i n\%glr{tof“&ﬁfn [ PIFI GGl ygni um.
O%EDs, Freowsipasti tebl ostoathagrihet séepst rofe apopsel er rgd
seal ed COLED

1 od_f manuf actyring the hermetically
alo]f%gl g? 3{1}108\/\% [ |3§SRE%6P'A die 180rPep 2Dewmd43qbstrate
. P1RCE WB2@04h008252hab QAL K A,gnd, 3B are

£.phot ogr aphs_of par?ial t op gig%ggg?ﬁaogu Etggtgwﬁﬁ&tgnd
O&fld BelerAgtdrasieadl athathatonneares athkeatirpar Sulshrate

Pl&@éj%@,Eﬁeo@%dﬁ%ajgybégga t%ﬂéﬁg\gﬁé | SgaggggﬁgtESthe

watt | aser in accordance
OLEPEURETRe [s00b8H BuBURTatel H1atcel AR ddjala ShOMS LPe)ease
the swelled region on thefree surface o

On%)r@;:i Ines gf
he FIPEHCBnifdedeniught thatdoped subst laserplatergy is
abddrajederngayrde { sUSLRg @ | aser, operatjng at_ 15
tts, 20 watts and. 25“%%?5?[3%11?%?@?@%%5% the
Seaéﬁé% 2Ha - sHowshelre embgtimerar ifas onanbrhbeuswal! eshep
disp8gian;sh in_Fl E 4 for the laser operating at
1'85)0 &th tlg 8%81§?SC%Eh%rréna graph that shows the
thermal expansion curves of a substrate plate (glass
Corning Inc.) and two sealing glass

code 1737 mmde b
pl ates  (OMFOSiRESRIEION (5] RHEAtDRAMINGES used to
e net hod

00 e glas C in accqordance with t
O e i B e BB, SR ERRESa TRy ghordtr agivesent
1nverprsubsyr dtee pbihenedihaly Wasrseahed &Q)S€ﬁ%i'ﬁ$ﬂ¥dWTﬁg

detéﬂﬁgf,&ggg?ggkgggnéﬁgnS%aken in conjunction with the
accompanying drawings wherein:

[0007]  FIGURES 1A and 1B are a top view and a cross-
sectional side view illustrating the basic components of a
hermetically sealed OLED display in accordance with a

- first embodiment of the present invention;
fooo8] FIGURE 2 is a flowchart illustrating the steps

of a preferred method for manufacturing the hermetically

-sealed OLED display shown in FIGURES 1A and 1B;



i n experinment. #2; [0014] FIGURE 8 is a photograph of

1737 substrate plate that was sealed to sealing glass
Pi02084/4983posi ti on no. 5) in experinment #3; [ @0ThIS2004/007557
FIGURE 9 is a graph that shows the thermal expansion
curves of 1737 and three sealing glass plates

(co ibion - that .can _be used to .make. gl ass

pac gesgt]i n agggtr]%}gsn?& vﬁnt%n 3§Bh§lrﬁepﬁ‘8 OLHIRM |Chf&i 1 top
2; WiwkC]of| HSUREBs 1A anpld€B ane 8cb0Pnyi §Nasfdplate that
cross- secgtional side viewillustrating the basic |
conpBifénd dreast W&rﬁéﬁﬁﬁl FGatedl £8 ePepagPsperayvsing a 20
acCzdanCeasid hafd secdygpbodiagent Of LBERARN with the
i nvention; WO 2004/094331 PCTI US20041007557 6 [0017]

FI GHRENPE FROWR FiEFYRE PFlustrating the steps of a

. prefiooned methpcudmra @@UEQQEHF%SthhEEesﬂ%ﬁgeﬁ:hﬁabl_r}éfiles of

seal ed OLED di spl ay shown in GURES 10A and | OB; and

[ 00EBF FPegiREed 2 gegignphen ofbgphivee a nwifageewebf the first
el bedohiReht WMaisch.hong &m@u599§5£%tﬁﬁaEQQQ%ﬂir were made
using a 25-watt |aser beam in accordance With the

met H6ENghews 10n nFl@SRE bperaDETH REDIDESEREPT| DN @Btts and
THE, &GS [0019] Referring to FIGURES 1-12, there

are disclosed in accordance with the present

i nvéRP1bh t wFisHiRsdi frents «of dvewplet that| ysiseal edh@ EReight -
dis 0' 10011.and__net hods, 200 ,an 00 for
nang%g%%%igb%ngofﬁgedsgﬁl&ie pFa9e°™ 1 O%oml%&%% 1 for the
Al t hosegh ddearadalg Bg po ogesiss;of the present invention

is. i be w w th respect to the fabrication
IofS fl‘gﬁ?@[i ca%]{/‘)ﬁ@gm éﬂd aLEPR dp‘?"é?ﬂ)ké\ystthO' shoges  fg fhermal

it é&p&ﬂéﬁdﬁi@ﬁQ€é§t@Qdeih@%b§f¥b§@"§l§fesugﬁb§§ code 1737

seal ic?g process can be used in other applications to
made by <Corning Inc.}) and two sealing glass plates

{(composition nos. 4-5) that can be used to make glass
packages in accordance with the method shown in FIGURE 2;
<{0013] = FIGURE 7 isla.photograph of 1737 substrate plate
- that was sealed to sealing glass plate {composition no. 5)
in experiment #2;
.{0014] FIGURE 8 is a photograph of 1737 substrate plate
that was sealed to sealing glass plate {composition no. 5)
in experiment #3;
[0015] FIGURE 9 1is a graph that shows the thermal
expansion curves of 1737 and three sealing glass plates
(composition nos. 6-8) that can be used to make glass
packages in accordance with the method shown in FIGURE 2;
[0016] FIGURES 10A and 10B are a top view and a cross-
sectional side view illustrating the basic components of a
hermetically sealed OLED display in accordance with a

second embodiment of the present invention;



protect sensitive optical/electronic devgceslthat are

tween two gl ass plates. Accordingly |
ﬁ%g@ﬁ?ﬁsﬁl\?entl on shoul d not be construed in aX H{S@%"’msﬂ
manner. [0020] Referring to FIGYJRES 1A and | B there
are a to view and a cross-sectional side view
i |1 udPPifing tEﬁSUR@a§ﬂci@o@pdﬁ@wpbaot tiheéubtrsting the steps

nbo nt I e QLED spb

100 “he R g s AEEIEN, 68 alRlagtetii) the Bpdfneticarry
‘sandﬁF%he%fOIaEl%lmgpﬁayeslmvat dn I‘GIBURES g(lm agicas_@Bpl ahe
102 arr Ds, 104 eal i.n
ol at 04RO RBReCZ i i RFoyEat ofng D view of a

t ransetlierh fridveat whmﬁhudmmgedrono 60PPEfatyANBSidtiler using a
ni ckel , chrom um oy, neodym um (for

| t
oxanet aet e et S5 5oSORORMER. Gt Hor vhd oo shown in
108' FIguRthed .from t he sealing gl ass plate 1061, which
protects WO 2004/ 094331 PCT/ US2004/ 007557 7 the OLEDs
104" located between the substrate plate 102T and_the
seal i ng gl ass pEIRELAD6LESCHIPTIONBE OHE GFkaWARs | S

t | ocgted just inside the outer edges of the
ypoog,! Spl ay %ﬁge’”bﬂﬁj L hETEYRFR 1042, atBerecated disclosed

Wi t Hinh addie-daeicen®iieh Qichet 'ﬁé&%ﬁ@tlrﬁre%%ﬁbnlc?:%o e'ﬁlﬁ)\gdlments
the hernetic seal 108 is fornmed fromthe seal

gl add Jresmeticel Linsealrd é@ﬁﬁoﬁbﬁ@dayacmaﬁ§tdndlh&@r' and
110n@ﬁﬂoh§n§ohlﬁndmyﬁ@@ £ é%g%acgﬁr %ntﬂgdéggpldlsplays

hermetic seal 108 are describ
beI dROW tang edfEtf - to PlLTURES 2t8e [mﬂnﬁeﬁfﬁﬁéﬁ? toF the
t 0 trat) e steps

ot PR 8L, L UGB LR {5 %0 e

her fiabstadtiom eaf e@ba@h_e&ac@lspl apaleq’ OLEBegh_gp]Id&\ﬁs at0o' and

ste 02, e rate te,10 prOV| ed so

tha?ogne c%g ﬁ%&giphg “a e§F§8P§ t%@@ the, same or similar
sealing process can be used in other applications to

- protect sensitive optical/electronic devices that are

disposed between two glass plates. Accordingly; the
present  invention should not be construed in a limited
manner.

[0020] Referring to FIGURES 1A and 1B there are a top

view and a cross-sectional side view illustrating the
basic components of the first embodiment of the
hermetically sealed OLED display 100°', TherLED display
100" includes a multilayer sandwich of a substrate plate
102' (e.g., glass platé 102'), an array of OLEDs 104' and
a sealing glass plate 106' that was doped with at least
one +transition metal including iron, copper, vanadium,
manganese, cobalt, nickel, chromium or neodymiuvm {for
example). The OLED display 100' has a. hermetic seal 108’
formed from the sealing glass plate 106', which protects




the preferred enbodi ment, the substrate plate 102" is

a transparent glass plate |ike the one nmanufactured
H2096099331by Cor ni ng | ncorporated under the bragwus2064/007557
nanmes of Code 1737 gl ass or Eagl e 2000TM gl ass.

Al ternatively, the substrate ate 102" can be a

tran r I pl k n na uf ur e .
 aosip et v Dt Lichtlectness, OB oo oo
OAl0agH atke asehIGAl' glglsas platal }b@@h El elod r]né:rmﬁaaSSseal 08"

rn i sion G ass
(For 1y LB S A CroBfPal 9 "L IS FED) SRESs O3Togng ot the
ot hePLED rdiadtliay 1a0é. de@mﬂ;; ttﬁda GUI]E@st |11|643U§>§éfﬁé@a%ed within
latg 102' .. The typical 104‘ Lncl udes an anode )
gl :c S IETBRE 5, Xﬁol‘f@ oli”ag’g‘?ﬁ Isgﬁ(ll,\ ioﬁnd it Herldhermetic
el ecseaidel08Howey Sormet Fhaow! dh@eseéﬁﬁd;l Iga@@przﬁcat@t qq)e' and

by those skilled in the art that an nown OLED 10
o)r/f UrEHES 154 5V€E aﬁet%e&asﬁrt AP @E’Dlﬁi%plldyi which

100' ardAgaieri, fiotr fmmhﬁgbehapﬁéﬁﬁé@t@dséélatlost'h'asrestcﬁe%ﬂmbed
can pe sKki Eged i f an OLED dis 100" is not being

made b F-ePhEF ede iy I%Wpﬁékgg’éeﬁge%ltﬁg FﬁﬁHBEﬁs?n%

t he m@RltIng PROEASS. the prasent 2 lowchart
2004/.094331 PCT/ US20041007557 8 [0023] At st eV\D"ioef
t he ISdBPERRtPAsEhPI St@PBOME | she proeifdededo rftel'téltodon%OO for

(<] p re ¥
o o | oA Gec ity aedi® RS hfetay mo0
a- bBPETRIRGL A mAtEp c@¥Bonehby g$mndt@t icdatdoped2' is

Wt B8 h&RSL, OPRAL T A0S I’:ér?nmgg e § Cﬂ;lg 39%%1:% 199*- 1In

copper, vanadi um manganese
or theodynflfanreédoembmdmpém), The cabpbsitd opSaeé 102' is a

A it LT A
- At byefoRihg alrm’o&@etratﬁﬁn&ﬁldwrﬁhé)lbrhh@ n@fhekh®f Code 1737
"glass or Eagle 2000™ glass. Alternatively, the substrate
plate 102' can be a transparent glass plate like the ones
manufactured and sold by the companies like Asahi Glass
Co. (e.g., OAl0 glass and ORA2} glass), Nippon Eiectric
Glass Co., NHTechno and Samsung Corning Precision Glass
Co. (for exaniple) .
[0022] At step 204, the OLEDs 104' and other circuitry
are deposited onto the 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.



sealing glass plate 106" is heated in a manner so that

' 6' of the sealing glass plate 106" can swel |
gﬁgﬁbggﬁéﬂthe hermetic seal 108 (see Fl GURE 1BfT/U§Q4/007557
hernmetic seal 108" -connects ang bonds the substrate

plate 102" to the sealing glass plate 106'. In
addi {P8#31 t he Ater abep c 208ealtht08seqirigicecyBadhepOhEDS 1061 is
i ent _environ t eventi ng

4' nt, b r .
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seadningerd assvPrinentO6fréh entering into the OLED display
1007 . As shown in FIGURES 1A and 1B, the hermetic seal
108' is typically located just inside the outer edges of
the OLED display 100°'.
[0025] . In +the preferred embodiment, step 208 is
performed by using a laser 110 that emits a laser beam 112
through a lens 114 (optional) and through the substrate
plate 102' so as to heat the predetermined portion 108’ of
the doped sealing glass plate 106' (see FIGURE 1B). The
substrate plate 102' does not absorb the laser energy
which helps minimize heat dissipation to organic layers in
the OLED device. .The laser beam 112 is moved such that it
effectively heats a portion 116 of the doped sealing
glass plate 106' and causes that portion 116’ of the
sealing glass plate 106' to swell and form the hermetic
seal 108°'. The laser 110 has a laser beam 112 with a



point 116' there is an increase of absorption of the
| aser beam 112 at that point 116" which causes the
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undesirable transfer of heat from the forming hermetic
seal 108' to the OLEDs 104' within the OLED display 100°.
Again, the OLEDs 104' should not be heated to more than
85°C during the ope;:ation of the laser 110.
[0026] Described below are several experiments that
were conducted by one or more of the inventors.
Basically, the inventors have experimented with and used
different regimes of the laser 110 to connect and bond
different types of substrate plates 102' to different
types of sealing g¢glass plates 106'. The compositions of
these exemplary sealing glass plates 106' are provided in
TABLE 1.



CuO0 000 10 17 10 10 Z* These conpositions are

' with the exenpl ary sealing glass plates
Gﬁﬁi@ggﬁ?? As can be seen in TABLE 1, each ofCLf{{§2004/067557

exenpl ary sealing glass plates,J06" has a different
type and/or concentration of oxides such as Fe203,
PbO, CuO 2ZnO, and SrO (for Tesampie). |t should be
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subgtezte plmates 192’ sand ' | Late
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but Sedting bglashnaethadgs 1067 has a different type and/or
concentration of oxides such as Fez03, Pb0O, Cu0O, Zn0, and

Sr0 (for example). It should be noted that some of these
elements are not transitional and some of these elements
were not added to induce absorption. The sealing glass
‘plates 106' in these experiments have an enhanced optical
-absorption in the near-infrared region and in particular
at the 810-nm wavelength. . The selection of transition-
metal dopants is based on the glass absorption at the
-laser wavelength which in these experiments is 810 nm.
The dopants were selected to absorb at the wavelength of
the laser beam 112 which in these experiments was 810 nm.
And, the substrate plate 102' can be chosen such that it
-does not absorb at 810 nm. Because the optical absorption
of the sealing glass plate 106' is enhanced to correspond
with the particular wavelength of the laser 110, the laser
110 is able to .mo?e relatively fast to heat the doped




to one another in accordance with the present

invention to nmake a desirable OLED display 100'.
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several experinents along with the physical
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[0028] The optical absorption measurements from several
experiments along with .the physical properties of the
exemplary substrate plates 102* and exemplary doped
sealing glass plates 106' are provided below in TABLE 2.




gl ass plates 106'. ** The % Absorption in 100 and 200
mcron |ayers were calculated from the equation
I/1o=exp(-al) where a is the absorption coefficient
and 1 is the distance. [0030] As can be seen in TABLE
2, the desired degree of |aset energy absorption can
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* These compositions are associated with the exemplary sealing
glass plates 106'.

** The % Absorption in 100 and 200 micron layers were calculated from
the equation I/Iy=exp(-ol) where o is the absorption ccefficient and
1 is the distance.

{0030} As can be seen in TABLE 2, the desired degree
of laser energy absorption can be achieved by: (1)
selecting the particular transition metal(s) to be

incorporated within the sealing glass plate 106' and (2)

selecting the




glass plate 106'. This gap is sufficient to

accommodate OLEDs 104' (not present) which are
appeeniopssel y 2 microns thick. The profil es ofpciigso04/007557
ridges at various |aser powers are shown in the graph

of FIGURE 4. As can be seen, the3 height of the ridges
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wide 1in FIGURE 3A and 260 microns w:Lde in FIGURE 3B. The
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sealing glass plate 106' swelled and formed a miniscule or
ridge during melting which created a gap of approximately
8 m;i.crons between the substrate plate 102' and sealing
glass plate 106'. This gap is sufficient to accommodate
OLEDs 104' (not present) which are approximately 2 microns
- thick. The profiles of the ridges at various laser powers

are shown in the graph of FIGURE 4. As can be seen, the
height of the ridges ranges from approximately 9 pm using

a 15 watt laser 110 to approximately 12.5 pm using a 25
watt laser 110. The graph in FIGURE 5 shows that the
height variation of the ridge made by the 20-watt laser.
This ridge is relatively uniform over it's length since
its height fluctuates approximately +/- 250nm.

- [0032} Unfortunatély, difficulties were encountered in

closing the seal 108'. around the edges of the two



106" (conposition no. 5) which is 80 ppmis
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106" (composition no. 5) which is 80 ppm is significantly

. lower when compared to the mismatch stréin between
substrate plate 102 (composition no. 9) and sealing glass
plate 106' ({composition no. 4} which is 360 ppm. ~As such,
‘when a laser 110 was used to connect substrate plate 102!
(1737 glass substrate } to sealing glass plate 106
(composition no. 5) cracks were not present when the seal
108' crossed over itself at 90°. Moreover, because the
sealing glass plate 106" (composition no. 5) is softer and
.contains more energy absorbing transition metal(s) than
sealing glass plate 106 {composition no. 4), the laser
power required for good sealing was 50% less when compared
'to the laser power needed to seal the sealing glass plate

106' (composition no. 4} .



.Wwth a detector. The |owest heliumleak rate that can

be neasured with the apparatus was 1x10 8 cc/s. The

WOl 200449433¢ak rate through the seal 108" was bebowushm4/07557
detection limt of the instrunment. This is indicative

of a very good seal 108'. Expekdnment #3 [0034] To
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corftbiinsg deteatfar.e, ThevdralestteadlinmelghRSsate that can be
(xnﬁggngéH]w1th the apparatus was 1x107® cc/s. The Helium
leak rate through the seal 108' was below the detection
limit of the instrument. This is indicative of a very

good seal 108'.

Experiment #3
[0034] To further test the gas leakage through the seal
108' in the two plates 102’ and 106" of experiment #2, a

calcium leak test was developed. Using an evaporation
technique, a thin film of calcium  approximately
31x31x.0005 mm was deposited on a 50x50x0.7 mm substrate
plate 102' (1737 glass substrate ). This plate was sealed
to a 50x50x4 mm sealing glass plate 106°' {composition no.
5} under the same sealing conditions described in
- experiment #2. To demonstrate hermetic performance, the
sealed plates 102’ and 106’ were aged in (85°C/85RH

environment (see photograph in FIGURE 8). This sample was



were tested. The conpositions of these sealing glass

' (conposition nos. 6-8) were provided in
%kg%_@m]fgglnd their physical properties are givei€TIFp2004/007557
Table 2. The thermal expansion, curves of sealing
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very Eﬁﬁﬁ 181s CHHAPabPE Seallng glass plates 106’

(composition nos. 6-8) and substrate plate 102' (1737

glass) are shown in FIGURE 9. All of these sealing glass
plates 106' showed swelling during heating and excellent
bonding to substrate plate -102' (1737 glass). A sample of
sealing glass plate 106' (composition no. 7) was sealed to
substrate glass plate 102' ({1737 glass) for calcium test.
The sealing was done with an 8.5watt laser 110 having a
velocity of 15 mm/sec. The sample was aged in 85°C/85RH
environment to determine hermetic performance. There was
no change in the appearance of the calcium f£ilm even
though the sample was exposed to this severe moist

environment for more than 1800 hours.

Experiment #5

[0036] Four calcium test samples were made with

substrate plate 102' (1737 glass) and sealing glass plate



to automation. For exanple, sealing a 40x40 cm OLED
di splay 100" can take approximtely 2 m nutes. And,

Wo004pssd seal i ng gl ass plates 106 can be  pCTUS2004/007557
manufactured using a float glass process, a slot draw
process or a rolling process simce the glass surface

gual {lﬁé’* if not t.téat critjcal for the sealing plate of
front-enm tSTRPSEEERS 87 spllay¥ifgothe peussperbiesr¢orditions
to FEGRESHIAmR&pkeBnther £4 ar eTBeLOPsah BV AR, 2 subjected
crosg-sectional side viewillustrating the basic

t
conponeht 57 SHELHRT ehbBli bRfteest 498C Her #®ld.calThe rate

seal efl KdHDnd spkadg 190mperakhife 19h§PLay 2aé¥%EH with 0.5
i ncl.udes aﬂ]{lltl-la r sandwi ch of a first substrate

pl at¥u 219 edf. - ?%S@"EI #BCl00EMe for acrah ofycle is 3
OLEDsurk(4' ' . TRes&akiB0 a | bet 106" at_ was

doped uv“\:/i_th at? IeeasLngnergit rgﬁ?l&%él)o%nneocglael' gilgr]ﬁ)ﬁauroafrhcge of the
i r oif21GdHPer filvanaveum attranedl) dilsiel nicykeles . This

Chr amidy Bk 06 s NERAY MHIMs 6 0 ! nd a second
substrate plate 107115’Fe.g.,S g asr?br‘ﬂ%éct'e 10711). The

OLED di splay 10011 has a hernetic seal 10811 forned

fronpobhe; seal+inggg), Lb 6" i,ch ratects the
OLEDs 10411 Iocat ed et%%eﬁgf'%g PP\SQ? t%s?ub%ar g p‘f‘%ﬁ%‘)d of
102the gpgesart stovent substs ateryl sawid 187 ' is TAEso amenable

her pet i 10811 is_typically located just WO
2004 ogaj‘?%%%%éq‘guszogﬁfoo‘g’%‘ﬁ’l%s PREIHRY t Re BYE? cm OLED
edg@ssplfayt hB0 0L Ebandi saitayagdifoximathng, 2 thigf@dsDs 12?:4&1', the

areq(J)Ig)c tSed within a perineter of the hernetic sea
108" PToW T WerHEtsc Plakrs188%1 ran per menufpehuree using

sead | Aoyt agsass bproddsd, andibhe araRAMARCALS a ;
the ]l aser 11Q and | ens 1'14'Whi ch are use% Cfsor% oParri %Blhng

t hHESYEL | 62868 WB1Plass deyEfereed qunligveatier not that
detadiltlbahowney t RHeespesiid® @t hPd 4190 A4 ting ommp

~ displays 100°7..
[0038] Referring to FIGURES 10A and 10B there are a top
view and a cross-sectional side view illustrating the
~basic components of a second embodiment of the
hermetically sealed OLED display 100''. The OLED display
100'" includes a multi-layer sandwich of a first substrate
plate 102'' (e.g., glass plate 102''), an array of OLEDs
104"', a sealing glass fiber 106'' that was doped with at
least one transition metal including iron, copper,
vanadium mangangse, cobalt, nickel, chromium or neodymiuwm
(for example) and a second substrate plate 107'' (e.q.,
glass plate 107''). The OLED display 100'' has a hermetic
seal 108'' formed from the sealing glass fiber 106'' which
brotects the OLEDs 104'' located between the first
substrate plate 102'' and the second substrate plate
_ 107''. The hermetic seal 108'' is typically located just



FI GURES 11-12. [0039] Referring to FIGURE 11, there is

a flowhart illustrating the steps of the preferred
ﬁ%‘l’ﬁ@é 48 for manufacturi ng the hernetical | PCIAE28M/007557
OLED di splay 100''. Beginning at step 1102, the first

substrate plate 10211 is provid&d so that one can

make irhia dQl BRediciledy Qs din cdGIIET@ILAdy 1007+,  ana,
enbodi ment tr?eflrst subsstrate plate 1 %ﬁfﬁy &
tran%ﬁﬁr eHRERR 234 bl ap&el jdacathd onidhimmraf @enrmmeder of the
and S’délxﬂreblcc%re%'lnglé@’c’or por@s&d trfrgﬂdqfeﬁn@eu%r apd.pangs.. ;o
of Code 1737 glass or Eagle 2000

Al t erREFedel fromhethd i ragaldgst rgé.ﬁespl ﬁlLleeﬁOZflELG can %)[ed the
atr g I ki t one nu ure

and ?g’rﬁ'gaﬁfﬁ%s eg%?)ﬁn'paa%r gég laggrAlsigR égagg Cl(‘le ¥pich are
OA10u§Pds §oanfoaniiy gif%si)armemrlppeeanil BOST i Ca& aﬁ@scrlbed in

I nj n on d.ass
E:‘?Or ggg@gpnge@{%o%%s% Jteplfl % %E?Dé“eltdm 1100 and
and Biﬁféﬁ*ES dilda@i-try are deposi ted onto the first

SUbstﬁ@ﬁﬁ pl at’f(%fe%ggﬁ%n-ghe E‘y@}%.ao}géﬁf)@]égg;é}%ngnggf;wchart

an anode " el ectro e or
cat hblﬂelstedae:angod:éle Hovepeer of | thehprkde Peed AEEhY¥d 1100 for

kill ed the art that any
oo eEnYag | 5FE°nfr bieriy apLlode Ghue diedayn 100"
t he BEAIERndngphays460"110A0aiHe ﬂl&s%hg%gtf&e plat&éBZ" is

t tha thrs step can be skipped |
PO Ed Pl Bes e hhemmeian er%DeaiiS@lgwaés)o". m

package prefoeirsd BRESAMEEAY (1% SEAlING AL QGRES Qe 1021
t he .present invention. WO 2004/ 094331

PCT/SSZD04F BTNt U Yaou 1p1ake sike 1106, onke secarfdctured
SUb&hﬁatsﬁl@ E&eC$lei-&g tﬁc&fﬁyﬁaq:%%h%?ldggaép Iang names of
make the OLED di spl ay ) ref
enbgafiﬁeﬁimt%a%ecemﬁmwmoé‘ ijaises Alternatlvely, the

first substrate plate 102'' can be a transparent glass

plate like the ones manufactured and sold by the companies
..iike Asahi Glass Co. (e.g., O0AlQ glass and OA21 glass),
- Nippon Electric Glass Co., NHTechno and Samsung Corning
- Precision Glass Co. (for_ example} .

[0040] At step 11021, the OLEDs 104'' and other
circultry are deposited onto the: first substrate plate
102y, 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 QLED display 100'' is not being made but
~instead a glass package is being made  using the sealing

process of the present invention.



10711 is a transparent glass plate |ike the ones

manuf actured and sold by Corning Incorporated under,

W@ 2o0boem3st nanes of Code 1737 gl ass or Eagl e 2@@afddr004/007557
glass. Alternatively, the second substrate plate

10711 can be a transparent glas% plate |ike the ones

manuf ed d sold t he compani es |.i ke Asahi .
G asé%éégﬁ(e.ggf 0 v.30) lﬁg ssggﬁdggéﬁﬂgg?%EES?aﬁﬁrﬁﬁﬂ?e 107
El ectisi @ralvadsd Coo , t il €6 0ca@ Nila 188 MBRJofR5 NiDSplay 1007 .

Pr eci_si d ass_ Co. (for exanple). [0042] At step
1106, %@ese%ﬁ?%rﬁﬁa@bﬂd&@ggioa'bmi seqgdfossikatrate plate

al ongovhe edge of thenseeeimt subsidat At e 1337 "the  ones
In the ef erred enbpodi nent, the sealing glass fiber
106" PRBERGH ek il 8PLdhhge CoT@ing fagerppoatad under, the

si | i paded ghamsst it £§adoned Wi §in At E?a%a\?‘i%e 2000™ glass.
transjtion netal including iron, copper, vanadl um
nmangAhtSEatdasily; theckecondhsohttnete néatynil0dl (f orn be a

- exanprfspaklRét Qﬁgﬁgﬁi%igﬂ§ QEkéeW§ﬁ9|ogégngké&¥ﬁctured and

sealing glass fi 0611 are provided above

- TABLESY Ppo4Bp momppspes1@gket HeaDiEDsladnidoande.g., OALO
- oth | LG a ceagl t fLrst bstrate
plaﬁgj?%zﬁﬁuopﬁg% % %Qﬁgbgﬂ&%gﬁbgﬁFg%glﬁlg#%ﬁﬁiéb'{ NHTechno
The anghiSeasue EBp g 'Priendkide sGhas amade (&b&cbkaﬁple) .

one re oggapj ers,and_a_cathode el ectrode. . = .
onck ot T AOTRHER 1MV GrR aBp Bty aplalhy Frhggatos 1 is
ski l[depdsihedhalany tiei adye bEOWhOLEELIRY" sabstubdEe plate

CLE t used in the OLED display 100"'"'.
[oo%ﬁ]]’oit sf %3 %i‘foﬂ eS| P YlEsEty i bete 10821ipg glass
heatfétleby Holse '| ager d10efBinQingl LHieald NGnAEGRANSE from a

such..as_an infrared lanp) in a manner so that it can
sof C&n*&h ‘?’Jc}f*‘rﬁ tHEherhedreds ¢iiti G L epsde dReGIRANSition

ioometibeszbeiant, spay) e BRI e,
nickel, chromium or neodymium (for example)}. The
. compositions of several .exemplary sealing glass fibers
~ 106'' are provided above in TABLES 1

[0043]} At '~ step 1108, the OLEDs 104‘! and other
circultry are placed on the first substrate plate 102"
or on the second substrate plate 107''. The typical OLED
104'' ipcludes 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'"'.

[0044] At step 1110, the sealing glass fiber 106'' is
heated by the laser 110 (or other heating mechanism such
as an infrared lamp) in a manner so that it can soften and
form the hermetic seal 108'' (see FIGURE 10B). The

hermetic seal 108’’ connects and bonds the first substrate



20 plate 102'' to second substrate plate 107". In

%ﬂltl on, the hernetic seal 1081, protects the OLEDs
0402433 t he anbi ent envi r onnent by preventi RET/US2004/007557

oxygen and noisture in the anbient environnment from

entering into the OLED displ ayzﬁ?OO". As shown in

FI GURESt20A1end 1GB, theonderdi®ish-g se2l Lg§:: In
typically. |l ocat ed ust inside the oute ges of the
OLED %idéélla?r 0461 SPa 1t ﬁ@abfepeweecd:s the OLEDS 10417

enbodirBRNt fhest %b;ggg | SiviRerhRLred, by n
110 that enits a |aser beam 117 tﬁ}?% gﬂ%%k’ ﬁ‘é?%g zf(ygen and

(opt 'BREFFERNtD e Fkdents ghyi ranmentp| Gt b@:i:b]:lag aato the
to heakpt Hfsﬁ%'ﬂﬁ)’gl aSSA.sf &ﬁfwnlq.ql FI(G%EEFF!L%J and 10B, the

10B), The | aser  beam 112 1's noved ‘such 1
ef f eE?F%H/C heads 398’ Soisehypiballbealocgral apssd | DeSide the

106"O§@e]§r@d dd nga@hg%ﬁar};ﬁyl]%g{b%ago r(l)@cseal 108" " .

Agai n the ernetlc se ts the first
. subs{9%& pl atla 102 t preffersedondmbulishent f MEEE 1110 is

I
107. éf’f etd & %stméhg 1' aser}/%(ilO OL{hDUtS aa gggf{a‘ﬁ] beam 112

beam 112 aving a Specific
waveiEifal) andenke kehl ( ogt hbmss) Bnber th@6"flx?std0§>§9strate

r LA 0N rret a vanadi_.um iron,
rrang)anettsee% bal?> @t ckgl he %ﬁr FheurieEndors ladsdyiiheay 106/
S0 dseeo RIGVRECAOB).S abeorpidean badmopant ylsatmctd?ee such that

specil fi & eI ePL%tt}]l of the | aser beam 112.
enhancet ﬁ?tc 86581 Fhco P FtEper ttileofsqaliengeahaﬁ@ fiber

: gI adeefrbeo tRgLliveants ddal W%erﬁ%th@sg% fl) 12 Again
m Ft ed onto the sealing glass fiber S er'e !
EE‘ REPgbie b’ t.cmm@ﬁ:tﬁeaheeﬁer_gy $mhm11:tat‘tfe plate

| asenzbeanthélaed;éﬁc@ éd%t%%%' ' fa@%aiﬁlf' b o&agr jGlar, the

ih causes the sealing g 06" "%
and P8fh tHE heprherte aeeé&S&O8 BearThl2ubstvialge gl agfecific

pl af;g6e th apd. 107" oo 737 gl.ass tes
102 _and 1 3 are gghosen suc Vgava%%g%h Ao R4 ing glass
fiber 6’7 is doped with a transition metal (e.g.,

vanadium, iron, manganese, cobalt, nickel, chromium
| and/or neodymium) so as to enhance it’s absorption
. property at the specific wavelength of the laser beam 112.
.This enhancement of the absorption property of the sealing
glass fiber 1067 meanslthat when the laser beam 112 is
emitted onto the sealing glass fiber 106’ there is an
increase of absorptidn of heat energy from the laser beam
112 into the sealing glass fiber 106’’ which causes the
sealing glass fiber 106’‘ to soften end form the hermetic
seal 108°*', The substrate glass plates 102'' and 107'°
(e.g., Code 1737 glass plates 102 and 107) are chosen such
that they do not absorb mueh heat if any from the 1laser
110. As such, the substrate plates 102 and 107 have a

_ relatively low absorption properties at the specific



that they do not absorb nuch heat if any fromthe

ser 110. As such, the substrate plates 102 and 107
W&@9g094ﬁﬁl atively | ow absorption properties atPCINES2004/007557
speci fic WD 20041094331 PCT/ US2004/ 007557 21
wavel ength of the | aser beam 112! which hel ps to

m ni %@@leﬁgﬂﬁl Lg}:de&{J P%%éf r o te{]lzof h'e f‘BeZlom V&? hrp:hnlmlze

form ng hernetic seal
t he @Eleéiwraylem@ahsfﬂgmﬁ hetate fGoDEhE 046 rahoyl | ermetic

1t SEDERLEEL 45 1BNP P 1254 R PER) i

process. Fl pho ogr ap
subst@&t's pl agesn,lomaé amEDslamw('cogmﬂﬁJdt {21061: NB&. hBated to
sing a 25

h onded toget her
F;sc]ar? ea]?rl]g?tﬁfe%shgt O\e‘\}arsl%v Pea#“b% Br%?%%lﬂp%?d 12 is
f ocused-dgraph apps okopaviednot o sUb3EBhfe 3PTROLY 010277 and

“the l,in I ass, fiber 1061, conposition no. 4).
Thezafﬁth gF TRAS 5%%F116§5“ in gFNﬁﬁr 2 that wére bonded

apprimgethtel ysi0 &1 eronstt [ D4 Bl Q\Mzng:kﬁlfte wi@Mhoved at
of he dlffert'e.nt advant ages and features of the

pr esen‘t: {HvERLPGHEY PRE HESGRISS E%ahnlo@pmwgnspot of

has Ot. Bemt-0l B NGty OPQIHd es se@@@ﬁ’% R exﬁgﬁ:%' ON 1067
h to glass substrate plates 10 02 ‘
' 107 comppIEIQH t BAF nf k-enpethg urédticoed cheer sahlar8'' in

[ st substrate
gﬁgfgsdﬂﬁggzl Illsy aPP%ngQeggynﬂod%l %_«@Iﬁé dense with

~ ver YOP8W por Fsldpwinghangopeeineseaf | hije gdagepkat e ai9@htages
GuelRE B o e B BB e a1 Tty to
swel | oi MeEddhéimsti® seal 108' and 108'' has the following
properties:
% Good thermal expansion match to glass
substrate plates 102', 102'' and 107°°',
* Tow softening temperature.
* Good chemical and water durability.
* Good bonding to glass substrate plates
102', 102'' and 107'',
" Seal is dense with very low porosity.

* The doped sealing glass plate 106' can be any type of
glass that has the ability to swell. For instance,
glasses that have the ability to swell in addition to
the ones listed in TABLE 1 include Pyrex™ and Corning
Codes 7890, 7521 oxr 7761. There are other
considerations in addition to having a doped sealing
glass 106' and 106'' that can swell which should also
be taken into account in order to form a "good"

hermetic seazl 108' and 108'‘. These considerations



the ones listed in TABLE 1 include PyrexTM and Cor ni ng

Q, 7521 or 7761. There are other
ggﬂgﬁﬁégglions in addition to having a doped s&AITYRG004/007557

gl ass 106" and 10611 that can sywell which should al so
be taken into account in order forma "good"

herneti ¢ sealud0&avdng 108 "righthest GONsidRIAl s WRs ang
2004/ 094331 PCTI US2004/ 007557 ~ 22 i ncl ude having the
ri ght matCH 0ESReshtiRe eTEshamealiede olinseesit i edtoshould be

the seal etbi@lassesat!t shouhdibe sppl tF{?ja’ﬁsrél%%th@]s have

stress nmeasurenents have indicated that '
pr ef er abl’@diGakge t9é GIE bf Pratewdald ne ghavs tB6' CTE of

and 1061]1:@%8%@.% aélQés'P(Y@'r énwg%'ﬁF'heé%Esglfnethe or lower
substrate gl ass 10%‘, 102' " an 1 . ner
consi der dta¥nsthep @hiafethe "yt ratieergletsisc WA, 10®'' and

and 1081%gynal ude Hhpgsi & rdi; condi ti,ans such .
as Iaserkgngf, focus?ﬁgggﬁé 65#%%? y g FEAMTG. 21t 9eod
i s i mpor bgaretdcuridalst B0@' t Batd otUfer’ t ypebuddé choosing the
substrat e t 'and, 107''_ besides _the Co .

1737 g a;?é%?af%?hgﬁaﬁ%%é@% 0doT %?%’éspﬁl”ﬁfesdfce%‘fsbag and
seal ed t edneibnothereaisingg t he seal i ng process of

the present Jjnvention. For exanple, glass plates. )
102" P andt10PL 1 FRYet B chbApARresssarh ddahsiibed atypes of

Co. (e.gsub&¥ddrgl a3gtand 105321 alass) 07N PRULides the Code
El ectric,d ass Co., NHTechno and Sansung Cor ni ng

Preci si oh’# a8 PlaShendeBAGHE 120 UHE almihearlates can be
The CLED, o ool oy 108 can ha Tin Bary e L ECHr Iy aprocess of
100 or atPsFiresentEDrdienyian. 100 ForThaxagdld, ngghass plates -
pl ate angysealing lgj'iassm];idgeﬁyoéompanies such as Asahi Glass
| Co. {(e.g., OAl0 glass and O0A21 glass), Nippon
Electric Glass Co., NHTechno and Samsung Corning
Precision Glass Co. can be sealed to one another

using the sealing process of the present invention.

* The OLED display 100 can be an active OLED display
100 or a passive OLED display 100.

* The sealing glass plate and sealing glass fiber of
the present invention can be designed to absorb heat
in other regions besides the infrared region
described above.

* In another embodiment, a transparent glass plate that
exhibits "swelling" behavior can be coated with a
thin layer (e.g., 200~-400 nm) of material (e.q.,

' silicon, oxides and nitrides of transitional metals)
that strongly absorbs laser 1ight at a chosen
wavelength. A substrate glass plate (e.g., Code 1737
glass plate, Eagle 2000™ glass plate) and the coated



the present invention can be designed to absorb heat

in other regions besides the infrared region
veswni/isasilabove. | n anot her enbodi nent, a trapepasesiyeerss7
glass plate that exhibits "swelling" behavior can be

coated with a thin layer (e.g.23200-400 nm of

material (e.g., _silicon, oxides and nitrides of

transiti cFSTeRlaky a¥haplacedngpyetibenr buchasbat the thin

light at S th subst:n, ass at
(e.q. Co]g&eﬁal%g3?’lk glwg)égk%?gt e(e é’agl e%%lg%g??/l ?aasgLl focatea

pl at e) areiieencodhed W 20041354331 PGF/ US@@@#@@WSS@J‘E the
23 gl ass . atgs@r e?@AfC%gnt 0get %5’31%@%'3 t&gt g@%dtlaltgng the

| ayer of materi al ilTcon

bet ween tahsonkdngl dingsriFhe ﬁnwrmﬂvxng'oa tteerhdrenet | through
seal can Qg achigye r the : sor n
“interface y%nn$$%g%§g géeﬁag Fough e?tﬁg# %%ﬁ?e glass
coat ed gEd@&eplate or the substrate glass plate. The
|nvent|o is also 'applicable to other types of

optical d&fi cHYBErdes oL BT %@H’Jal;ﬁ’sal?lr‘ﬁbl t@i A§hereltgpes of

em ssi onogtsphaydevibas Bl aygp bROpYaPLE Cifdkiuding field
di spl ays, and, other optical devices where Sensitive

thin fil FELRadeNt o b‘é’lﬁrﬁrecﬁéésﬂﬁonﬁ@hﬁlémn r ohmrganic EL
[0048] AhtBgugys seyshalo+eaPo BLS YeliREsPLEREA! sensitive

i nvention has been illustrated I n the acconpanyli ng

Dr awi ngstBi Eekey iNsee ite bheptokegvichd et z!;hbeﬁnvuonment
Description, it should be understood that the

inventionis not limted to the enbodi nents

di sdPB48H, burliloughpalsesersil nemeedirsentsar rahgerent $resent

][nr)glm t%‘?%%??u ﬁggf ?Dﬁgfc’lt ! ti&tlltlggic’:aly_me&hoﬁl det%aert I.Epcgcompany:i.ng
Drawings and described in the foregoing Detailed
Description, it should be understood that the invention is
not limited to the embodiments disclosed, but is capable

~ of numerous rearrangements, modifications and
substitutions without departing from the .spirit of the
invention as set forth and defined by the following

claims,
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_.-one tran

“wavel engt h; an

~ one #;ansition metal is selected fr

invention as set forth and defined by the foll ow ng
clains. 24 CLAIMS : 1. A glass package conprising: a
glass plate; and a sealing gféss plate doped with at

¥ one transition netal such that said sealing

gl ass’ " plate exhibits enhanced absorption at a

specific wavel ength, wherein said doped sealing gl ass
plate was heated with a | aser at said specific 10
1wa@e9éﬁgshpaokagaseoﬁgggs§ﬁ?ling glass plate to swell

and gorg1a hernetic seal whrch connects said glass

pl at® ¥0°88ial’kef i apdgl ass plate. 2. The gl ass
packages@hi i erein said at |east 15 one
transition %% arb%gsgglgg?gﬁ f #8RPEhewgtbup atongieststng one

of iron, Eoppsticmnadicam sEaga , cobalt, njckel,
3. A net %g%%f o%a?“ranbﬁ‘%ﬂ%ﬁg nglass

chrom um neo i um
- a herneHé%%ﬁ%/%ﬁgggﬁf%ﬂﬁﬁﬂﬁnQEﬁFﬁhﬁﬁﬁﬁtiéﬁiQt”ﬁtgggcific

conpri si mgvielengt®ps Qe QkQviding a glass plate;
providing}gFgealingmglagggﬁ atgaagpeﬂoﬁﬁﬁh gealléagt glass
[ n Y7 abested thah saithseal Lpg ] ass .
plate exPhPLis Sﬁﬂa%%ed absorption at a 525‘%%%%i??%clflc
a° eat " ng A5 etfek@raeakbingoyliae’ Flate to

sai d dop®ekkakinng f@tASS P fth a l.aser at said
speci fig Bé%ﬁéﬁ%épfﬁﬁgteVﬁiﬁBdCOnnects

Sa&ﬁv | ength such that t
por t.i on ~%sWeld %ﬁuP#%ﬁ¢n¢Q1Sﬁﬂdnﬁéazfﬁgﬂgyggéﬁblate
connects 30 said glass plate to said sealing glfass

2. pl%he. 25

e g;ass Package of Claim 1, wherein said at least

om the group consisting

va j
. nadium, manganese, cobalt, nickel,

chromium and neodymium.

3. A m i
‘ ethod for manufacturing a hermetically sealed glass

paqkage( said method comprising the steps of:

broviding a glass plate;

rovidi i
:p iding a sealing glass plate doped with at least

o ‘.
ne tran81t19n metal such that said sealing

glass plate exhibits enhanced absorptio

Specific wavelength; and

n at a

swel . | i
1s and forms»a hermetic seal which connects

ngald glass‘plgte to said sealing glass plate
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4. The nethod of Caim3, wherein said heating step

further includes using a | aser beamthat heats the

predet erm ned portion of sgkg doped seal ing gl ass

plate. 5 5. The nethod of aim 3, wherein said doped
s an enhanced absorption

- g Seal lL.ass, pl.ate_ ha
oY rrgEt?hidn 3% (F%”r%rej’d r 8§PsRiandsahd d Heaslsing  step

property w
TpeEmhasirc Maied engddnd n st he,infr region such
that when said | aser bears EaboLl e hengE, dPdgpea the
PI ﬁ%{@fl@egsgomt&@ tHersgiics dupetD seadrieasglefss plate.
absorption of heat energy fromthe | aser beam into
sai d doped sealing glass plate. 6. The nethod of C aim
>-3, Viher ohetisad dodt Ceash e wheaBsht i G0 MRt Jf sealin
gl%%%e =l fromthe group consisting of 15 iroﬁi el
Coppér 2tFafed iR FRRBARESe abseat onnipaioglert v he DR AN an
infnd redoEEiWA dnd Asgliass age _conprising:  a first
| ass p?ﬁ?%; 20 %gséggﬁﬁ b?%%% pFSFe?EEhdaa%' QlisRgth in
th% ad8freped depedow t suah | easlt ORGer r anSid | oML &t Al heam
in . SAl aljn | ass . fiber exhibits enhanced
_ g%ﬁ%?%%]?%ﬁégt g%@pé@%@ SYAEVEIE gt aSS whdeben theire is an
1ngopete sehl abgogb8sen2%f i+ t i a.l_aser
indl sg%g ecj fic _ wavel ength ?%iia sefg%¥g£ggp%§5er beam
sedd chrpé’éjs 5931519 1l awf tkatend form a hernmetic
seal which connects said first glass plate to said
second glass plate. 30 8. The gl ass package of C aim
6. 7, Tgereebhedi dfat Clledst 3pneHdans] t s@3gmeLA! .1 dSet one
traE%E%EBﬁdnE&Q t.he %%ﬂug consisting 26 -of iron,
copper, vanadi ur gahede freBbdihe grwkelconsisting of
iron,  copper, vanadium, manganese, cobalt, nickel,

chromium ang neodymium.

_7. A glass package comprising:

a first glass plate;

a second glass plate; and

a sealing glass fiber doped with at least one
transition metal such that said sealing glass
fiber exhibits enhanced absorption at a specific
wavelength, wherein said doped sealing glass
fiber was heated with a laser at said specific
wavelength to cause said doped sealing glass
fiber to soften and form a hermetic seal which
connects said first glass plate to said second

glass plate.

8. The glass rackage of Claim 7, wherein said at least

. one transition metal is selected from the group consisting



chrom um and neodymium 3 9. A nethod for
manuf acturing a hernetically seal ed glass 5 package,

sai d nmethod conprising the steps of: providing a first
.qlass plate; providing a second glass plate,;

ofleposbhj NGedpSeaR/ | fiber doped with at |east
one transi t(ié)%n net g%lgdscﬁli‘ﬁn’t hdt SN E SCeal G2 lto gindsskel,

Ry ot up @i neodymitanced absorption at a specific
wavel ength, onto said second glass plate; and

heati ng. sai d doped sealing glass fiber with a | aser
ata smethspechil mawavalenghhosuch,dhal. sal i doped, 15
égggi ng gl ass fiber can so Fin and Torn r%%?%ﬁé glass
P 99-h a2 ichmeddos senpriisisig gihessteplsaiE:t o sai d
- secendbvalasy; %l%ﬁgst glass plate;
providing a second glass plate;
:‘depogiting a sealing glass fiber doped with at least
. ©one transition metal, such that said seéling
10 .. 9lass fiber exhibits enhanced absorption at a
specific wavelength, onto said second glass
plate; and
hegtingrsaid.doped sealing glass fiber with a laser
at said specific wavelength such that said doped
15 | _ sealing glass fiber can soften and form a

hermetic seal that connects said Ffirst glass

plate to said second glass plate.



