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2004/ 094331 PCT/ US2004/ 007557 2 Description of
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consi derabl e anmount of research in recent years

because of their uggrpapdoPodSiHicalroge in 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
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Isplays and in particula ectrodes an ,
orgahbct M. Morena et al. and entitled "Glass Package that

is Hermetically Sealed with a Frit and Method of

Fabrication" (Attorney's Docket No. WJT003-0035) which is

incorporated by reference herein.

Background of the Invention

Field of the Invention

[0002] The present i1invention relates to hermetically
sealed glass packages that are suitable to protect thin
film devices that are sensitive to the ambient
environment. Some examples of such devices are organic
emitting light diode (OLED) displays, senscrs, and other
optical devices. The present invention is demonstrated

using OLED displays as an example.



| ayers | ocated therein are susceptible to degradation
resulting frominteraction, with oxygen and noi sture
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environnment. It is well known that the lifetine of the
OLED di splay can be significamtly increased if the'

el ectrodes, and or% ni c Ig ers within the OLED displ ay

ar M\éﬁ%ﬂ&i@—i@%—ﬁom t he anmbi ent environment.
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should be mninmal (e.qg. 1 M) so it does not have
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seallng t he OLED L . ,
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
propetly 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., <1 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



display is to use different types of epoxies with
inorganic fillers and/or organic materials that form

wao b@4/033al after they are cured by ul tra-viol epCT/U84/007557
Al though these types of seals usually provide good
mechani cal  strength, they car® be very expensive and
there a n tances in |ch th failed .t
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and the traditional ways for sealing the OLED

dISB X . These needs and other needs are satjsfied
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In fact, these epoxy seals need to use a desiccant to get
an acceptable performance. Another potential way for
sealing the OLED display 1s to utilize metal welding or
soldering, 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.



| aser is then used to heat the doped second substrate

plate in a manner that causes a portion of it to swell
w@nw4/09438Mm a hernetic seal that connects the fPE€BUS2004/007557

substrate plate to the second substrate plate and

al so protects the OLEDs. The %econd substrate plate

is doped with %gﬁéﬁgﬁff%%ﬂgg?g]?gzg&%gnlmhﬁlm%uch t hat

when t he | aser ere 1san
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enbodi nment for nuf acturing OLED . displays i | so
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[0007] FIGURES 1A and 1B are a top view and a cross-
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of +&anReEMBLI Caldng sealed, OLED di spbay 1 Ro8eep! dang@adium,
wth a first enbodi nent of the present invention;
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an
sealing area. Another embodiment for manufacturing OLED

displays 1s also described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] A more complete understanding of the present
invention may be obtained by reference to the following
detailed description when taken 1in conjunction with the
accompanying drawings wherein:

[0007] FIGURES 1A and 1B are a top view and a cross-
sectional side view i1llustrating the basic components of a
hermetically sealed OLED display in accordance with a
first embodiment of the present invention;

[0008] 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;



25 watts; [0011]] FIGURE 5 is a graph that shows the

hei ght variation of the swelled region shown in
wOo-b@weE3dl f or the |aser operating at 20 watt sPCT/082084/007557

FIGURE 6 is a graph that shows the thermal expansion

curves of a substrate plate (dl ass code 1737 nmade by

Cor ni n I nc (i I I t .
(cé%% ti orﬁﬁ@@%%\%& ﬁaltSg g ash qufat%%snﬁlgepaf:té%%l top
pagkagses oirn ;Acsoidanee V}Altah:et %meééwdl.rﬁj‘log'\l‘asim Fl&3REchat

2; [0013] FIGURE 7 is phot ograph of 1737 substrate
pl HeEe Phatleaas BééFéﬂl%Bb %%%}‘?%gp@%%% Drather using a 20

(cREPOSiikis@R Nthdg 5 Jsn gxper igeat, 42, adRtbhcEl GRE  the
8 is a photograph of 1737 substrate plate that was

seﬁ?é@o@losg@ﬁ} iifg FGCHRE pfate (conposition no. 5) in
expebLaEnt 43cUrR01p] i &1 GUREaSh | Snat 95RPAs thaé sheMBles of

the thermal expansion curves of 1737 and three
seahﬁngsvgqlalsﬁsi pkagésn (wonpdsi tfere n@élrfécs) ¢hattheanfirst

met ﬁgggm{%&mﬁ %%JR ogg&kgg % Qggén%aw tvﬂefehemade

shown in RES 10A and
ar esangop Viléwnandasecr @ssrasmgl @hall5swdét$u ewp Watts and
il #st r%t_l ng the basic conponents of a hernetically
seg D di splay in accordance wwth a second
enjodibent ()TIGL?R'E pBeseént & nvertohonthd 2604/094381 height

PCT/ US2004/ 00 6 017] FIGURE 11 h
| PESER Rt AT b o RS 1o SO b b o7 TR it HOGOrGy ¢ For the

rrﬁmufsaﬁt@psémirh;e drecoethcas) y seal ed OLED di spl ay
shown in FIGARES 10A and 1 OB, a 18] . FI GUR 12
a pR8LBYr aphFBIURE t 8p 7 ed o?’raphrretl[qagd ]FPB thermal

boadgdnt on substeat es t 9getiBet risé Nglate2Sgualsls |ca5:ﬁ£r 1737

beam in accordance with the nethod shown in FI GURE

11made 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 is 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;



DETAI LED DESCRI PTI ON OF THE DRAW NGS [ 0019] Referring

to FIGURES 1-12, there are disclosed in accordance
wWOowRaoh/094381 present invention two enbodi nents  OPCT/US2004/007557

hernetically seal ed OLED di spl ays 100" and 100" ' and

met hods 200 and 1100 for manuffcturing the OLED

di siodns  10Bro@d 10055 A1 ERGNONL e SEAlIAQ {BEOGRES reps

of the presen hvention i s descr
resygect poefdiered almrtitoat | Dov chathefamturdalyl ywheeadleathetically

Chg?a?ﬁépbﬁﬁﬁ &O%HJﬁ?%howgoln Fié ﬁﬂp%b% be ungrstqu

€ Sane of seallng process *Csn
i n [GOR81 appFi@ZRE oh8 tle qorplu@ngwmsmﬁ ve top view of a

ot| | /.el.ectronjc eV|c at are dispo t ween
RSeGRaes T PaE can b oBPRTRI D ¢ A e L OORLBRE, BAine @
shcml danot 1heccopsimued hocerddrdd ed thnamReieth8028hown in
Ref erring io FI GURES 1A and 1B there are a top view

and *§YBFosS:sectional side view illustrati ng the

basi ¢ conponents of the fi rst enbodi nent of the

hernetically seal ed OLED d lay 100' . The OLED
di splay 100’ FH%”U%%SDFHSWI ﬁy%? T RBAHNGE a

suhgbnate pladerhdd {&. QIGU@‘.@S@ Pt at end P2’ )afrearailsclosed
array of OLEDs 104' and a sealing glass plate 106’
t hatt \iEsogdgege wiritihatt lice dxteseaife %W&ﬁ§ﬂ9poﬁwﬁet@§|b0dlments

| NGJeUd|dghelti@A1 1 GORREN gV RARH WM 1%%9%%36,51%%&3{
ni ckel , chrom um or neodym um (f rp exanpl e e
di @Gﬁéydioéooha@da IR&Ometare Hsaé)allfa;t.(barln@ othed OﬂJEBmdllhelays

SE PR AT 1) 28 100 R SLBp B Cpprns ot e
| opaeednbetneentidre sebsesateded ab@ld‘@ZWltTandewm:t_ to the
PeShL00-oLass e e VBt LEpseaL el o' and
OLEDOdT spllay SHREeLd Ard, umdﬁers@oEDs thed' tdree $ocated similar
rLéhhﬂln pﬁ%cengtggnoﬁxgh%sggrqﬁgi%tﬁggl géglicgg?gns 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 plate 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 neodymium (for

example). The OLED display 100' has a hermetic seal 108°
formed from the sealing glass plate 106', which protects



seal 108" is formed fromthe sealing glass plate 106’

and the conponents such as the laser 110 and | ens
waleb4/om3sch are used for form ng the herneti cPGBEE2004/007557

108" are described in greater detail below wth

respect to FI GURES 2-9. [0021]7Referring to FI GURE 2,

& ' 6’]_, Mhagéc?féé uﬁéE@%éI{]gtBQe s%%a%&%a\@é plj].ate 1027

pre erre od 2 act ur
herargt itdal Is)eaéeaheg‘l@Epra‘sgl 896100’ The Bmg:matmm satal 108"

step 2 strate e 102‘ [ rovi ded . .so
That e el e LR 0l KPIAY 108 TP (RAS of the
pr efleDr eldspﬂrbpdnmht Aﬂn:e, sumstoma;ue mbat eadd2odBeatl within

tr arent | ass_p] at .the one. papufactured and :
SO B EBP AP RoF RED R CURBE EHE br AR ridifed et ic
OO%aJ]]EDS 'gllaS§o®meEaglrem29ﬁ)@TMa®1:l&S;S gl/%lstserp'l&ttieV@O)G' and
th substrate | at e be a transparent gl ass

e Ret B et g sy et dPea atdtoaPd Bgnend1d, which

corm_@nug&dl |fl©e: Asahinéd 886 h&Pmef#: 5ealOAlR 'Jla%S RN ribed
QA21 gl ass) %(')n El ectric d ass Co. NHTechno and

Sansu ﬁeéﬁFﬁl‘ﬁ% e 8dioon V& AsESSREETE (FooF I6XREDI &9

[0022b1At stepredding heoOLERsREO4Y  angh Other sCi & CUH ¥ hart
are deposited onto the substrate pfate 102' . The
t ypildaPEreE BTy 164 | H@Rfdedt afhandtie fersetr oechagne2 @ for

MOERAEGBBLEind A¥RES nRBHeRi CRINPdE. &1 £61 bRAS. JHRWRYST 1001
it strwloul d bemég eadi |y Srlem aj?)gd %y t hose ski FF@% ?

t h@eginnihat ahy Siaw O@.LEDtiI}@4' sepstxats e rAEED 1042' is
Ca%r@%lHégdsbnthgg o) E@aql EtgkéytﬂlQOOLEﬁgaggpl 100' In

shoul d be appreci ated that I's step can pped
i f the QUEDedirsgl aybb@dimens, ndhe beibngrrbde platei ndidadis a

a Q'rmpgggkgggelésss gojta%% ade gﬁgngﬁthe S%& 1095 and sold

process I nventi
PC'D/S/US@@GM@OJZE&YJ:pc&a[t@@z&}ldAt shepb206] tdressed icoge 1737

%ﬁ)aalglsgﬁfg g% bﬁ?o@r OYI dsed Sglﬁgz%atolrlfeel%/?n t[;l%kesu‘i)g%rate
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 OA21 glass), Nippon Electric
Glass Co., NHTechno and Samsung Corning Precision Glass
Co. (for example).

[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.



the preferred enbodi nent, the sealing glass plate 106
is made froma borosilicate (nmulti conponent) gl ass
w0 bat/094331 doped with at | east one transition neCHEUS2004/007557
including iron, copper, vanadi um manganese, cobalt,
ni ckel , chrom umor neodymi un® (for exanple) The

co It ons, of er e I a al .
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protects . the CL 104 from the anbi ent envi ronnent
by N5PEVBAT g %g@ﬁa’ﬁﬂﬁehm st GF8 iFPHATSitdRprentt several
envixeapeny fiomient efidg i ptordhe 196ED ﬂépb%m&é)@ Delow
As shown in FIGURES 1A and 1B, the hernetic seal
i s YiyPi €8FPSCE ocat@BLEGst PRSI de the outer edges of
thgoOep di spt ay:dDPos,[ Q023LdbRethendd 6f&i@S 1167 of the
enbodi nent, step 208 is erformed by using a laser
11(§eﬁﬁaﬂgelﬁlﬁ§sa Hlader 'm ds2heghedugh & Iemmneld4so that
(o [ ) d r u t tg 1

e T Dy cciot o i ed por o1 one 108 o (e ol 1 and
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Sug%%ﬁaﬁ%8pl%%%néggs 085, gﬁ&saQﬁ r Ehgrégser §Q§r9¥2v to
whi ch hel'ps mnimze heat dissi ionto org
| ayées siealinbe gORED #éuiteelOFhe | asleradbleantbﬂllzths hermetic
no suchqt ha tiv hea aprtlon 116’

\ét%%é dgg%d s +%encgts gl%glss gw’P %@4 Fhudds t REpient
poehwmnoﬂﬁléht ofbyt hereseating gl:assnpl ahe ]xﬁ)cﬁLsﬂLfreSV\ﬂhl the

the hernetic | aser 110 ha
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1007 . As shown in FIGURES 1A and 1B, the hermetic seal
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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 1BR). 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



9 specific wavel ength and the sealing glass plate 106
is doped with netal transition ions so as to enhance

WO 2008/09Bs0r pti on property at the specific waveCEO04/007557

of the |aser beam 112. This connection between the
| aser 110 and sealing glass pfate 106' neans that

when the 112 i emtt dont thed v
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experiments that were conducted by one or nore of the

i ndénttdes dordsisealiyy ghess nvderiteorld %avéhéxé@rsleﬁeﬁ?ém 112
Wi thhapdvdsed: a8l §d £f ents i eglresyof st Sujbrltc_f‘sgefasjsl%ﬂa%e 106"

connect and bond different types o rate plates
102mdt Fdinf frdreerermofdes seklsddlbi'ng ghrabs py abesnd08ble to

ISRGATIGR! L0 Ol UEsScXeTL A VPSRN, HiSRR res che
PCWUSB@@&%D@?E&%HSI@JCTAELEhia’COproml titon Idr@¥fn@* héd¥metic
5" 85171087 tMPhE"rEDs 1041 within the OLED display 100.

Again, the OLEDs 104' should not be heated to more than

85°C during the opefation 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 glass plates 106'. The compositions of
these exemplary sealing glass plates 106' are provided in

TABLE 1.



Si02 79.8 79.5 79.2 78.6 47 47 47 47 Na20 5.3 5.3 5.3

5,2 0000 A1203 1.2 1.11.1211.19.09 99 B203
wano4/0983317 13.6 13.5 27 27 27 27 Fe203 0 0.4 PCBUS2064/@7557

000 PPOOOOO7000 CuOOOOO 10 17 10 10

ZnO0O0O0O00070 STO00G% 000 7 * These

conposi tions are associ ated.y4th {he exenplary sealing

gl ass plates 106'. [0027] e seen in TABLE 1,

each of the exenplary sealing glass plates 106" has a

£ He 2

di ff er entctypgerapgdforsconcent satironzofoxides eh—as
feRor n? S L alrrpl%\e) SR EME

Fe203, PpO yddQG Zpo, 4 rO (for ex | 1
shoul d bp noted that sgne of|these el enents|are not
transitipnal simad sone sofm.hes@.el emend S| wer €4now7 | 47

added t o[ TTdUCE abFpr Pt The seatingghass 5 ptates
106" in these experinents have an enhanceg opti cal
absorptipn in the pear-linfrared region jand in

particul pr 2dt0st hel 820-inm-Wwayvel engt h..1The.se| ect i%on 20}
transitipn- gelar fgopants. 1 S| pAsel 191y the gt ass 157 57
i

absor pti pr—at—the—+taser—wavelength whilch inlthese

exper i rrents‘%ieéo3810 nth | fhe d%'r?ant%'@vere delpdted 168
absorb at th&SGwave| efgtih 6f | t Be llaser [bedam [LD2| wh| ¢h
I n these[ eXpéid MeNf sowas g10[ nm [ANg, [the SobsI 1Al &

I

(2]

~J 053

pl at e 102—epp—be—rhosen—suep—that—it—doeshotlab
at 810 nm__Beécause| t he |[opti chl abs;or?oti on‘(j of °t hé
seal i ng }gl as¥ Pl atp 106" Ps enRanced tq cérredppnd
with the particular wavelength of the raser 110, the

laser 110 is able to nove relatively fast to heat the
doped"WT 20URPOYATIE PET/ USPOOAFTD 755 the ewabilagy sealing
gl gggsialp&%eiolé}'s so that it. can formthe hernmetic

[0027] As can be seen in TABLE 1, each of the exemplary

sealing glass plates 106' has a different type and/or
concentration of oxides such as Fe,03, PbO, CuO, 2Zn0O, and
SrO (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' 1is enhanced to correspond
with the particular wavelength of the laser 110, the laser
110 is able to move relatively fast to heat the doped



seal 108" while at the sane tine not overheat the
CLEDs 104'. [0028] It should be' readily appreciated

W@ b@t/094331 addition to the af orementi oned conmpoBRCT/U8IV84/007557
listed in TABLE 1, there may be other conpositions of
substrate plates 102' and dopéd sealing glass plate
106’ ich exist .o ich hav et, to _be devel gpe ,
b Caard BEoConREEFRA 0E0 Phesiliot HorcTh Sevor i metic
Wi tdeatihel qresaiiild mentho©nstle moke aodesiveahket OtEP oLEDSs
di spl gy 100'. [0029] The optical absorption
med<irenent s from sever al experinments along with the
phyioeal] propertisasudd tbe exeaphary spybkstiatedpl ahgs in
102" and exenplary doped sealing glass plates 106 .
ar @99r6dPledtBel O | #TPABRENBLORAY 20PHPO9A833ns  listed in
PCT/S2004/ 007352 142, TABLE hd30MBoshbd Ok oK 25¢ 3% st rate
5* 6* 7* 8* 1737 Eag_ 200 _ Fe203 or Cu00 0.4 0.8 1.6
10 plates 102! and qppesdsSHfldRAedsaemplat®2l 6 '04rhd chp exist
2. b 048 i rrave yet to bE ASfEISHeN pP9%okk d*®e! Connected
15.66 0.63 0.48 -- -- -- -- at 800nm Absorption 0.0407
0. I ong. aragheor 4imoagcopylance. with the.present invention to
coeffi.cie % Absy Is 41,3 66 8.37 21.44 55.51
--%%Fe-? Q%é?ﬁ&%%o n?%fgﬁgpég%rggg Absorption 0.81
7. 90028105 38h@50B0lal- -absorption mpag@@emdrgrsorfrom several
| ayer*** rmgl -~ -:.-- .39 7.3.0.3.35 4.2.4,2
o B e e o B <F o ey B dithe piopereids®or tne

exemplary substrate plates 102' and exemplary doped

sealing glass plates 106' are provided below in TABLE 2.



Annealing -- -- -- -- -- 482 526 526 721 722

Tenperature (C) Strain Point -- -- -- -- -- 443 486
wWaR40883666 (C) * These conpositions are assPCI/HS®AI4/007557

with the exenplary sealing glass plates 106'. ** The

% Absorption in 100 and 200 niléron | ayers were

cal culated from the equati exp(-al) where a is

t he absorption coefficient gﬁﬂiél-é)l s the distance.

[0030] As can be seen in TABLE 2, the desired degree

Inc-ar enerav—absoerpton—ca ha achieved bv:- (1)
g L4 \=av]imn) *vu Yy

Ser—ene Of ptiToR- £aR—Bg, "be 8% | 1737 | Bao-
sEPBRETTRG™ the “parti cul ar tfansition fetal (€) fo bg ° 200

| ncor por at ed wi thiin the |sealing glass plate 106" 3gnd
(2p,csekeabl ng the WO.20047009433L . PCI7[US20047-007557 | 13 < —
conggihtgation or anount qf transition netal(s)| to he
incorporated within the gealing glass/ plate 106

Bidseprire 412 L0031F 0 1R & exgeti mert-f%a] 25 wart | - | - | -

Fasenisdslon waso2used | 46 o7 7f gaasea (8163 nm cant | nd

ggse%nnbeam 412 t hr gugh the subljstrate plate 1
allass
I

conpasitionling ontg  the slealing
6?%??8%66' (ICoHHYs| Pr%ir?f’r G:8%P |40 |B-&RETR).THe ™ | — | —
ba@éncmammllz m)ved at a speed of lcnls florm tihe
seahLdSRBti Ml conAegd ed st fie JURSIZ atss piate | 02 1o —— | —
the (§Oeal ng gl ass plate 106'. Kl GURES 3A anhd 3B arle
E o raprhs taken by an opticall m crgscope|of partijal
i‘)\f?rw ews off two pllates 102" and 106'| t hat | werle at
keasbsorpatdn [al.By connect édeia adne.zndtduer Uskng & 45- | -- -
W@tioo' asel., lpeam 112. As |can beg seen,| very|good seals
' Were gbtained whenithe | gser 100 had|a power
%%‘tetrl ng of 20 and |25 watits. The seal|s 108} where
apprexi mat elly 250 m crons -- [3.9 3.7 3.0[3.35[4.2 4.2 [3.6]

Expansion

o

{(ppm/ °C) to

strain point

Annealing —-- -= -~ - - 482 | 526 526 | 721 722
Temperature

(°C)

Strain Point - - - -- - 443 ] 486 488 | 666 666
(°C)

* These compositions are associated with the exemplary sealing
glass plates 106'.

A

** The % Absorption in 100 and 200 micron layers were calculated from
the equation I/Ig=exp(-al) where o is the absorption coefficient 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



wi de in FIGURE 3A and 260 microns wide in FlI GURE 3B.
The sealing glass plate 106" swelled and forned a
wWOorReseBe or ridge during nelting which creapedus2ogam7ss?
of approximately 8 mcrons between the substrate
pl ate 102‘ and sealing gl ass 1|§I ate 106'. This gap is
suffi 0 _accommudat e 104', not res
V\hicc?ﬁlcgfle a}%b?%m%t &“&?uﬁtm er on%rar}sﬁl g‘ ]regsfl | & be
of inlerpbdgesd atittaim alhe kasein@oyesss panaeeslnown in
the graph of FIGURE 4. As can be seen, the height of‘
the ridges ranges fromapproximately 9 musing a 15
VvatEtxp|ea$ﬁénﬂ.l#)lt0 appr oxi mat el y 12 5 pmusing a 25
er 110. The graph in 5 shows that th
hol GRCTar | abF orT THETPERE, radeo ) thel gl vas used
| asey . focdll¥ Sar BUgenins dopkahiyel ¥a i L 95&m OMBEMI 118 through
|l ength since its height fl uct uates approxi mately +/ -
25 ﬁ'[%%tz]a enfrirttenat® 'y, (/iF i cePRresi higine no. 9) onto
engount es£0h W%p chosi ng e seal 108,88 oundh t he edges (see
of the two 2804/ 094331 PCT/ U82004/}807557 14
af GrLENBRt LBhed ERenphrasy Rfaksl i aedi@r aampetdeof lcm/s
(cQEpPagirhi @ReNQ8a14188d HhidNectod N PrEReNes Bhate plate
significant residual stresses. In particular, cr acki ng
méoébséipvéi@el fsetaﬁéngagéﬁsbeﬁﬂxﬁnelﬂ@éésedFéG@RE%n% and 3B
aIr d r egi n Iat
e et arop i
totoe>xpvllewe @tfhémoglpa@sesoﬁﬁésl endnd 066 sbhvewkhesat least
sea| n In d0|n his, the |nv to
no aéttlﬁ ?if ?ﬁe P yS| cil PFopert Jltdéesr (Y9 3 ?g aft laser
poibetmanid.2.her el caxp@BSISm’E)n, ofesgakbng gdeaas piC&I'eSwere
106, and_106 |t|o 0 4 and 5) cat ed
thaptPentgy et TR eTHE R BFoBFolutr af 20 and
regﬁdwaktstre3598seaEbGURE Gwhera gimphxikBak1shoes therons
EggﬁgasﬁP|§ﬁgﬁ%€n Cuﬂ%?§6§ﬁmfg¥%ﬁiu%§%2aﬂﬁ %Eg%gElgg. The

sealing glass plate 106' swelled and formed a miniscule or

ridge during melting which created a gap of approximately
8 microns between the substrate plate 102' and sealing
glaés 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 pym 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] Unfortunately, difficulties were encountered in

closing the seal 108' around the edges of the two



two sealing glass plates 106" (conposition nos. 4 and

5) . As can be seen, the msmatch strain between
weolgysse plate 102" (conposition no. 9) andPGEHB00H007557

gl ass plate 106" (conposition no. 5) which is 80 ppm

is significantly |ower when cldnpared to the mi smatch

str substrat e I s1502' l(ccorrposllotzl,on no. ’
9) ngn%ke?%gll\e?%geg agsé % ajf}g 1 (c rrp05|t| on “no. AP) 106
whi @vrippsisdoppnroAs stichand wian aukasep 1ﬂ_lﬁ)e\l\la%rél§eﬁﬁze of
to b t I (1737 S Substrate .

) t%%g{elgﬁ%ﬁgggsgaegsgdglagt 251%&%%%5(00%0&%@% gats) cracking
cr atles olgsegvadt 1pr esentasherbdame 19€abasios’ o@é@&ﬁ@@dready—
ovelS, dithsgl f ];i% 900. WMor eover, beci\use th seal i ng

gl ass prate 106 | cotPosi tion 6215390 s er B%i‘ite 106"
contcamps stibt en enes.gy 4absor g, t r ansi tireRnwet-al (@%cuﬂed to
than _.seal i n | ass plate 106',6 (comnposition_no.
thePAEEE | BONRT rEqe eGOMBYo YOt Sodri ngokES Sove seal-
Ieséowheg pmn‘paexed e tbend asels poves ﬂﬁ&;dﬁd;rtsg)n%%%b that
| at 106" (conposition no
% Seaﬁé%%- Rﬁgﬁﬁ3%@ﬁ75§7€§15np$&%%} Pehtt #and thermal
[0@3&§5bn§ﬁ>ohﬁst dthe gasiirepkageaddroyghcthe seal 108 196
bet ween two, pl ates 102" and 106', a heliumleak test

was COFRIEEbhe. TRS50xB0x@NY fith subdtealias plhee 102' may be
(1§3531Eh§53x§U@6%5§tQﬁm¥”b?oﬁlé&é@géglaHEEF{dﬁgﬁ s%gesses

its center was sealed to 50x50x4 mm seal 1 ng
pl 4E6UEB6' 6 ({€ompositePbn Hert S5phpsee fitwot ogea;m i @xpansion
FIl QURES) o TR s éﬁggyé%éMﬁﬁaﬁg %ﬁg u?& ocl%lon nps 9) and

| aser 110 with power of and ve
nmcgo Aﬁﬁéfan@eglélm 1 et et awol 0 Gl atmpb@?tlamdndﬁ)ﬁ 4 m@ 5)

prﬁ§SQ&ﬁ1'Beth§%§§a|€ge0%1 tcﬂas‘&SSEFe?%gxgﬂbsﬁpgﬁgrate

connecting a vacuum punp t0 the hol & I
pl ateta02'02 ' Thecwwalseéd ipegiran was puﬁpeﬂaalda‘@/n dass plate

pr§§§ur?c8$p5§f%{ggtﬁgI Qwﬂ%%' %%Sppm is significantly
lower when compared to the mismatch strain 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 rlate 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).



sprayed around the outer edge of the seal 108 . The

helium gas |l eak rate through the seal 108 was
wore@geeslt with a detector. The | owest hel i um PERKSI084/607557

that can be neasured with the apparatus was 1x10-6

cc/s. The Helium |eak rate thrhough the seal 108' was

bel ow t he d%tgfz‘tlon limt of the instrument. This is
ind%(iega-etj—:ﬁxrﬁee—ef—ﬂ very good seal 108'. Experinent #3
50 fupther, st esty & &aﬁ?%ék‘??d;ag@%&gj gléhéh%eal 108"

sea inthe two plates 1
expertiveent 2, rdateal didah leeak 10est, \msheda\uei -dped. test was

eyapor at i ni gue, fllmof
calc{:%g’l?%ggpér oxXi %atg yS&}g)i)?Blg%O(?d’% tc ol pdleposl %%‘%I on t737
a EQX5@X®UBS¢WHSEbSWnahea @IaME<ﬁ@ﬁeté17BBlg|8381ts center
substrate is pla s, sealed 10 a 50x50 .
sealing g?%\ss pl‘at & 1%@%00@0&??% 928¥5u n%j;%@e 106
the(mpﬁesseabnngmconsl) { s@ns ptles oy e mfn EXEEE Ment The
To.denonstrat e herneti c§§ rfor nce, %ﬁ' , seal ed

pI §tag‘§lf0§asaﬁaa 6 k% %a 887 gy with a power of

en\d.sonmeahds ee 1pket ogreapht 3 nmel/QJRE Bter TS SHPEEe two
was ‘WO 2004/ 094331 PCT/ U82004/ 007557 16 visuall i
i n$PECEEd péri cliTtal 1% 1 ot Rfet BF A FEF wni® hEPet FePecdnggvity

anyaghangeided tWie appratange s0fvddhemt duipund i | fhe | f'lole in
the calciumfilmis not rotected it reacts with t

mitSEUrENTTehE aitentl Bnd bebbtreseel atispas & Wﬁsapumped

fewowhows. a Theeeswas Be changenlpotheappeatancs, Ofas was
calcium filmafter agi n% for 2000 hours in the
TP

85CPE5RAL SFAGNNERE . § isldendpEattihpe ofala VEBy.  The
go%@l%ﬁﬁlg%gsleakEﬁﬂﬁﬂinﬁﬁgo&%% h9Q§5ie§P81§§a|b?9 g@asured

gl ass plate 106" (conpositionm no contal ns
( Ppofh B ﬁﬁ§e§bﬁ905|Th@nlOW§%@§E§J¢mnﬂ@BM|mgteleadtacen be

no%@Q@ﬂ?E@'%Xtﬂr%f%rQﬁng%%ﬁgs%a%f]ga.LKQH::ytalThe Helium

leak rate through the seal 108' was below the detection
limit of the instrument. This 1is 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



concerns. Therefore, several |ead free gl ass

conpositions were tested. The conpositions of these
wgaeaiomg3gl ass plates 106' (conposition nos. PEBUSW04/6)7557

provided in TABLE 1 and their physical properties are

given in Table 2. The thernall%xpansion curves of

seal.in | ass _pl ng 131(C osi ti,on nos. 6-.8) and
suﬁnggggypﬁgﬁgegégg %ﬁ J&ﬁﬁggs%oagggg %ﬁ%eiVP%ﬁQ§ﬁQ§here
9. wid eofy tdwesgeseal ithg gbassraptates 6 calawed film. If
ShSkl T Lg0088t 0 206 exepLlent SendlZlf vien uae
sealdisgugkass pltat enld@nt( coRpasidoned R@anépaWesSt in a few
sealed to bstrate gl as | ate 102' (1737 glass) for .
cal Pﬁﬁrtesﬁ%er?h¥a§egpiﬁga&5§ HONE" i TP B ety calcium
| as@nml1G fad Noaciingvel faad € y2 0o 15hdmﬂ(!jssecm Thensamps & /g5rH
R B oy vl L FRCKS RCTS o g BRGSneea1 100"
appearance of the calciumfilmeven though the sanple

was exposed to this severe noist environnent for nore
t h&¥PESANBSREUFS. Experiment #5 [0036] Four cal ci um

t esioosapl esTMET o BdRy WitRs $UBSLT abgr Pl &t k037 ; .5
(1?%9 gngsé and %ealinggglgsg pl ate WO 200 /094§§f e )
3]

PCTrO52004/ e7857F0A7 #D6E Y composiition- nelasyeusionaining
t he 3ame r2ealding Gndh § |, 0B rALSEY | ]?@(‘,jad% P Ll mental
#4. These sanpl €s were subjected to a thermal cycling

t esongerneen THOC:for85GevEkelr dced bfedeatasmy chumdosgtions

T S T e T i e s
waplaseshdhfge i(rothesappearance ©f8)t heerecalreivineti Lm TABLE
ovan i B 00, UeLnl ekt T LINLFALERII 2.
t hahetrhelseatpang inet hodrods tlfe pesbient ignwest iPratdes 106!
very rapid.and i alsp amenable, o ivate 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 film 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 approximately 2 m nutes. And,

wao b@4/09i3ped seal i ng gl ass plates 106 can be PCT/US2004/007557
manufactured using a float glass process, a slot draw
process or a rolling processIsince the glass surface

qu Y is_not .that crl |caI for the sealin | ate of .
frglndt6t errﬂctotmposj‘%]l_gb i s ol &5 “Podhe Sﬁﬁlﬁséfa%s‘g%r??%tlons
t()dadaﬂRESdlﬂA axgetBetbet . arehaséOQam$?éﬁN@%%%?%ubjected
crqss-sectional e viewijillustrati t he I C
co?rcponeect“}lerénr‘s‘é'lL nggﬂiﬂ% ?r%‘boﬁ’ emof"‘lt% & tﬁe?ﬁé;(l caliey rate
SeahEduiiﬂEBgdU&mhﬂy toperatihe OykDidgspbay2°d@@in with 0.5

| udes i-1 ndW| Lh of a first substrate

%1024 {“ % 43%83? AteC100%Me  5Ar acpg) ofvcle is 3
O_E&ars104 The@e3%|sl N gkResgd | Bar &6 appdHal  WASoF  the
doped with at . | east one tranS| tion metal 1 ncluding

i r §RlCddPpetilny af¥BRunt FEPHantse, Eub@mal myvskels, This

chrioiidenes BRQYMdIN(1f 65 sxapPl&)ANd a second
substrate plate 107'' (e.g., glass plate 107''). The

OLED di splay 10011 has a hernetic seal 10811 forned

f rqmoihe seakingngliags vki Bek 406y o tWhigh sQéPir?&tﬁFH?Sd of
OLEDs 104'' | ocated between the f| rst substrate pla

1021@ mam@ degentiisubser deeyplrapéd 207 'is Eieo amenable

hernet L ¢ Seal; 081 i ty ly | t st
Dot 08353 HeE uszo%°4/ 035}%@} 4 %%%%?ng 1o ¥Reg, em orep

ed@é§péﬁyt REOOL E@ndlt@bbay&pwcximatelﬁm d? mimet&} EDsAnd, the

h ter t he ermeti.c
o1 B 2EBh LA D R LU S e [ BRI wains
fr@mﬂﬂwtsegallasm wtasssh, i kers k06" d s ﬁbh@ce:ﬂsﬂn@:@nﬁntr%lllng

fo
I%O%gsthe Iaser tJth a ich.are used

4
fo m ng°the® hermeti c s 2?81085“]%%05 d88&1H bed i not . that
gr eatietcdet afdr behew sddlingespeste t @ hersethash thlil oneD

an glsghaysEfb&l 12.
[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 manganese, cobalt, nickel, chromium or neodymium
(for example) and a second substrate plate 107'' (e.qg.,
glass plate 107''). The OLED display 100'' has a hermetic
seal 108'' formed from the sealing glass fiber 106'' which
protects the OLEDs 104'' 1located between the first
substrate plate 102'' and the second substrate plate
107'".  The hermetic seal 108'' is typically located just



[0039] Referring to FIGURE 11, there is a flowhart
illustrating the steps of the preferred nethod 1100

w0 ooo4/09sauf act uring the hernetically seal ed OLECI/US2004/007557

di splay 100"'. Beginning at step 1102, the first
substrate plate 10211 is proViSded so that one can

make t.h ED di.spl ay, 100"’ preferred .
errblondsllr?gen%het h%utfél)rrs Iibst ajfge pbgﬁg fo5p12Yi 408" And,
t r artspaOBRDs gllags ’ platee Loketdhewhorsn manufecing®d of the

and sol d .by Corni | pcorporated under the brand nanes |
i T AN R e AL R L B 1 g
Al termald velrym t h@e fis:’eslliﬁ?l_biélﬁih@ Pt adeer 1012)2@ v::arénkge the
a transparent gl ass ate |ike the ones_manufacture
anocoé%ﬂogleﬁgst et or?ﬁaﬁ_ikées 1399% Whnind 488s col4(whgeh are
OALB eyl ams adn@AZl tgbassimet N ppom H et M i 68 BSSribed in
Co., NHTechno and_Sanmsung Corning Precision dass Co.

(f AFEERpIE-2 L oBEOP AI s epeERBat the tPEENStROF11100 and
andrafuirgs 1¢ckrfguitry are deposited onto the first
substrate plate 102''. The typical OLED 104" includes

an 89398 el Bet?oeig ohe it e btgaihereayier saarfdoachart

catihaderrgkertr ede. JHQWaVels EﬂeSPQQfgrgﬁjrﬁ@gﬂ$g 1100 for

appreci ated by those skilled in the art that any
kn&aRuceED 104y bhe herteel @IED G#leca®lf® useglem 100''.

th ED:dj.spl a ' aicn,. it Ve
apoceratod Ehat (TR s Sren eantpet SPRREHT gt i
di $plcay-de00soi shabt obei een medee bilte AU eddpdagl 486''. In
pa ge. . LAg - Usl.ng e [in rocess .o .
e or Baene ERyoet P o o0 ooy oo RHARERte 102

PCL/sUS2004400755ht 19140040 ]atd Stk 1th66onkke rseuondtured

B AP EAOTAT 1SR IR, S0 o0 A oo

encodengfisy thessecontaglbstoat™ glade  1OAkknasidely, the

ggarenl dlase mlake ke Lhe.enge  ramdtaciured o,
plate 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).
[0040] At  step 1104, the OLEDs 104! and other
circuiltry 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 1s being made using the sealing

process of the present invention.



brand names of Code 1737 gl ass or Eagle 2000TM gl ass.
Alternatively, the second substrate plate 1071 can be
wa@2ootogezspar ent gl ass plate like the ones nanubPEDUS2004007557
and sold by the conpanies |ike Asahi dass Co. (e.g.,
QA10 gl ass and OA21 gl ass), Ni%pon Electric d ass
Co. echng_ and S ng.Corning Precision dass Co. .,
(fol}oog% npl e%.: fgaﬁz?qﬁ\t%’sttg% ffé%’,ndt r?élbssé:g itﬁgpg'faﬁgs 107
fiber dhi¥6/ideids sodepesi teed alamngnakhke wrge1dD tdiepagondor ' .
substrate plate 107''. I n the preferred nb@gginent,
CheTs ool ng=Bra5Eee | PBRPATIIES hH® aFERPanGUPaT [Shap@late
and. 078 'made f r-omararsigaireate g;llassl t%&btés deped whth ones
at least one transitiaqn netal inpcluding iron, copper,
vaf@diiirC t HhAYafese, ST6hI tY CRFRKRY, (BRPBRP TG under . the
needymidum 4y exan®) . 1The qoerposs+i eag1ef HRMEYalyiass.
exenpl ary sealing glass fibers 106'' are provided

abVe SRR G 1t190a8FON¢ sekpinalss, e GLEDS 1emibe a

and r@hRehreft I GUiakky L P! AcRE et hendd r 8bnsERStEAE ang
pl ate 10211 or on the second substrate plate 107" ".

Theé tpial tee EDoTRaries ndfliged sahiarfode sel @@t r édeg., ORLO
ong10ksMKE OAFRN; Lasd)aY&i$RRdER AL Node &l ety 0dQmre hn,
However, it should be Treadily appreciated by those
skigndedampupheCaninch&regnyioknovids ORD 1041 exarfipiltair.e
OLERok941 cay: bg used hp the . di s 1Q0, o
(00882t Srop Tii0. Hh oSp memal el A e 0g 1
heaepdsbyed helloagertiel Oedgs offherheheatiomd nechaniste plate
su &S an-jnfrare in nner. so.that it,can
soﬁpgn and I#‘ortrkﬁ t h@r%%rr}prgeeﬂ cengoeoﬁmfélgll (ee Rt glass
10B)ibeThe O6Hér nets ca seabtdDBilaxonneet Saand iBondsie herom a

fi rss&isu str ggs 2t00'4/ 09433 F’.CEIL/aU§2 04/ %07557’(: 20 b
tat10291 hd sUbstHEt €' pl at%e St Offg transition

pl at'e 0 seco
addietban inthedheg netoe, seabpdf8IdarpiditeGt Snanld@n@kEPS coblt,
10411 . .

nickel, chromium or neodymium (for example). The

compositioné of several exemplary sealing glass fibers
106''" are provided above in TABLES 1

[0043] At step 1108, the OLEDs 1041 and other
clrcuitry are placed on the first substrate plate 102'!
or on the second substrate plate 107''. 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''.

[0044] At step 1110, the sealing glass fiber 106'' 1is
heated by the laser 110 (or other heating mechanism such
as an infrared lamp) in a manner sc that it can soften and
form the hermetic seal 108'?' (see FIGURE 10B). The

hermetic seal 108’’ connects and bonds the first substrate



fromthe anbi ent environnent by preventing oxygen and

noi sture in the anbient environnent fromentering into
w0 b@4/0Q3ED di spl ay 100". As shown in Fl GURES 1BP&T/E8IH04/007557

10B, the hernetic seal 1081 is typically |ocated just

inside the outer edges of t he20OLED di spl ay 100'".

[0046]. In e, preferred st 1110 4,5
peré&oa]rtrred 35]/ usi g a Icgrsler d%sncf 4 eﬁf‘%)ge ]]10a%ser beam 1m

112adotﬂ‘tr1©ughtael Basmdddc (optl anadl') erbectbe fhd SOLEDs 104!
subi_strat so.as to hegt t he sealing gl ass

fi berrOHiogh a(r%be“ee“% ERE 0B CThY | ¥V edmo119xygen and
noved ssuek tthathei hmﬁiéretctér\&ﬁ]r)ﬁnh@atsfa&dféﬂféﬁﬂﬁ; tihfo the
seal i | a [ 106" so that it_can formth
?Ch@{bggq Iaylég8 * Agaf nShOPhet het HEtRRS 1 anglg 0B, the
connﬁﬁte?utcheefallr stossubsityr alyiaatle 1b02tke thetseelRde the

substrate pI at e 107. In particular, the laser 110
outPUes §9pgsert b‘%ké’?ngllf@pﬁé\?loﬁ@yalg%ecr fic wavel ength

(e. @o46§00NNmavehengbhy rantkd heegfalinda gl assepf i B8Ry is
106" is doped with a transition netal

(e.g.
varsditemer B, Ui ahesetc B4l thahi ekbts xhbasfmean 112

and/etuggody N ¥R} 9Q 43S, 5é¥f@ﬂ@@nCthk>stﬂng'ngo%ubstrate
property at the specifi c wavel ength of the | aser beam

112latehild28AhErcenento ohethethbseeptling ploper tiybet 1067’
thQS%%a%ﬁﬁgREgh@%§ fihker ﬁ.@er”%@ R Eﬁﬁtléh%%vggesuch that

| aser beam 112 is emtted onto t e sealing gla
fiBér effEctively headn abdcredsensf tabsorplion Q‘ﬂ.aheatflber

engrgy s fégmcmég]e lgs(egn bJ,_eO ],1 Lnt o, the S al]lb ,gI aigaln’

fiber causes sealel ng g? ass 106"
t o thef hemmahdcfmemtr@'rrerdmnqrectsseaé 1084t . su'Ehﬁrate plate

o3k 360 8L 235 B 55 ARE SR 0T o o, o ORI
dolraebrab]smbonuphthe&t Lhsany Heaom 1he Ihasehg 1d0.sphsific
rgﬁ“h"’e@gﬁ B t;‘%tsgr %ﬁsﬁ‘%&%@%@ioﬁrdﬁl kEesgeaiing slass
WDfZB@é/09@831 HGW/HS§@Q4/@Q@55%. 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 106’7 means that 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 laser
110. As such, the substrate plates 102 and 107 have a

relatively low absorption properties at the specific



21 wavel ength of the | aser beam 112 which helps to
m nimze the undesirable transfer of heat fromthe

wo eoomiosmg3her neti ¢ seal 1081 to the OLEDs 1041r@u/ukion4/007557
the OLED display 100''. Again, the OLEDs 1041 shoul d
not be heated to nore than 8BC during the sealing
process. Fl QGURE_12 i s _ photograp f a.t view of two, |,
D BetELeao b atss ch2 - RaRa et 2 cBABLPELEH Rgs miginize
or +1@) uhbakivner e bondedfert oFetbet Bsomgtite 250 My hermetic
| aser beam 112 that was nmoved at 1 cnl | ocity and
f 0S§8ed W an BPpridE n%jf%D%ng?of w@%gf ek?rm?ﬁ%? display
t he ogeal.i ngaghass £hbenrtf6" 104CONMROSILHOMIO0. bé) hedDEd to

wi dth of the seal 1081 in_ Figure 12 is approxinately _
1000Frcrigi  PROA7TRUFSPP oGy 2% ShePBECeHe FIGURE "12 is

di tiekeptapdvant 20es, AN, foQatt%69§u9Et££‘€e PBS&Y 10277 and
inventi on: The hernetic seal 108 and 108 ' has the

f 0l40GWi’ ng (cprppeErtiass: Mscood $ heYimall Oexphhdt or'awst clponded
t0t%b@%ﬁerSHQ§ﬁ§a£e29L@$@§ 10L& 5@&% '118N¢nk87 was moved at

Low softening tenperature. » Good chem cal and water
duflabfmi s y vedochod kBenddi ngCltS@dgl B8 s agubaRRRAE Etat espot of

1021,,.102" 5 and - Sealg nse % | ow '
por%osam{’lﬂy8 uPﬁ doped seeﬂ I ng g%géggpl at jé\égl%G e{lér?rbe Loe

any(cdogpesotiogl ass that haféhet heidbh| iafy tleswell. FoF'' in

|n f.ance, glassestha e ity to swell in
PR 1% PR et lts 10E R el tde

Pyr[é»O'EIV/[I and Bol hvwighg Cmnd@ssé’IS@Opﬂ%k afi frggentThelventages

are ot consi etrat Qns | addi tion to having a

dop&d SSFPE%S 3 f(fg'seg 158 1 ¥ Kat can swel |
whi che shaul %e@héelcb%etaakeiroslvntaqqcacg@mnt hfs order A0 1owing

forma "good"
properties:
= Good thermal expansion match to glass
substrate plates 102', 102'' and 107'"'.
= Low 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 ox T7761. 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 seal 108' and 108'', These considerations



hernetic seal 108" and 108" . These consi derati ons WO
2004/ 094331 PCT/ US2004/ 007557 22 include having the

w0 p@hno4sat ch between the CTEs and the vi scosi PCEESID4/007557
the sealed glasses. It should be noted that residual
stress neasurenents have indiZé’at ed that it is

f ble to h the, CTE of . . th 1
P soaitciide cBRE: I s pdkne  RRsRf T RE s offppotes and

substr ataeghassodDRies k&cheaBdalé@7glas£§&er It should be
ns to achi eve .a " herneti ¢ seal

d " 10
10808t RAe, u erasereglen S LRGeSy have

as | asennpovetedf @BHSI AF aRd prseaaibily afo s&a}e Nghe CTE of
is inmportant to understand that other t

subst r at8pFae a2t as [y ° 10?Tdbég§des¥£ es"@:?déas pF3fower

gl ass pkakes tasd cEACE 20Q0TEMglasseplyates aanrhei1o2'' and
seal ed to_one anot her using the sealing process of

the pres@it "t nvedtP6h. FRSIERETpLENS gl s aphap¥s a "good”

10211 aB@rﬂaQE rde byogonpani epssuch; sl AANENEDESSy the
Co. (e.q. | ass and OA21 gl ass), N ppon
R0

El ectri 616Phs$O0sitiNPTeSHAB Afd SeFEUNEOTRF ni fgcusing and

Precisi gp;Gass £0.s&ANBe seal ed to one anot her
usi ng the sealing process of the present invention.

The G_Eﬁ)tdijspl azypdf)iﬂarﬁantbe uamleasthu@ ®heb ct'bismxayt'ypes of

100 or a S|ve E 100 e,s aI i, i gI

pl ate afd § 5?F%goéﬁ|ag§§ i er o?‘ndtt]rggpre Hs? 852 code
|nventlQﬂ30a@l@§sQ£Bﬁgﬁ€@nUOEabBBr20¢®%Iglaﬁb(ﬁﬂhﬂés can be
regi ons beigg‘bggt he infrared regjon descrlged above.

I n anot &R 815t , 220 WS aS§3ptad ePEAGESS ©f

exhi bi t shesvweldddng” beha 1o . canmﬁ coadsl oy t Blass plates -
thlnla)ier eg , 200-400 nm of material (e.g.,

02" 107" made by companies such as Asahi Glass

Co. (e.g., OAl0 glass and O©0A21 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.

e 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" behaviocr can be coated with a
thin layer (e.g., 200-400 nm) of material (e.qg.,
silicon, oxides and nitrides of transitional metals)
that strongly absorbs laser light at a chosen
wavelength. A substrate glass plate (e.g., Code 1737
glass plate, Eagle 2000™ glass plate) and the coated



silicon, oxides and nitrides of transitional netals)
that strongly absorbs laser light at a chosen

woerwelengt h. A substrate glass plate (e.g., CoPET/UFBF4/007557

gl ass plate, Eagle 2 000TM gl ass plate) and the coated
WO 2004/ 094331 PCT/ US2004/ 007237 23 glass plate are
pl aced together such that_the thin |ayer of materi al

(e.qg., SilPPeomlate %Rt Fd bbPIREIRT 2 ¢ hothpht €8¢ thin

The fornmiien gk thgrehesinetiL gseal seanche, achi eved Ryeateq
irradiating the absorbing interface by noving a | aser

beam t hstitjrenei ther tHe dO&EE gl asShpl afermtife of the

SUbStra%%rﬂE@§§ 4@&%tecanTh§3|%%ﬁQEbQ@ 'B&'ah§9adlat1ng the
applicable to other types of optical devices besides

OLED di gpsaybinacliagengass eld mawissi oh dr8pr apsam through
pl asma %HE?y%he'EBEEQ@'&1§%s §u§ﬁ%ﬁ¥? ?ﬁﬁ“jﬁﬁéﬁyéte glass

di;
opti cal éeV|ces where sensitive ave to b
prot ect @dateom t he envi ronnment. [0048] Al though

several _enbodi nent,s of, t resen entlon
PV iet s PBa T She ConmB ne R ge tnicher EVESs of

descri begtinal haefotegabdg daat @ILIE.@de_@p$§f/$ pim@rud:urig field
shoul d be understood t hat thegynventlon is not
li mi t ed *fSSPRR™ enBbiR Ykt s SPgsedisBltY$s cHpuigegic EL

of nuneweyp1Epalr angem@hks, Jdprdichicatdvaresafthere sensitive
substitutions wthout departing fromthe spirit of the

i nvent i $R1BsEEEPS it teh@edBFPRREEYY fHre BRI SR hgonment .
clains. WD 2004/ 094331 PCT/ US2004/ 007557 24 WHAT | S

CLAIMED I'S: 1. A glass package conprising: a glass
p|5ﬁqg48§nd Although several embodiments of the present

invention has been illustrated in the accompanying
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.



a sealing glass plate doped wth at | east one

transition netal, wherein said doped sealing glass
wEb@tme94sas heated in a manner that caused saiPCHUR®A4/007557

sealing glass to swell and forma hernetic seal which

connects said glass plate to 23aid sealing glass

plate. 2., The_gl ass_package of Claim1l, wherein said
doﬁgﬂw §§alcf['ﬁé]%a$a§§' plate is nade froma

mul ti - conmponent gl ass doped with at | east one

transitiqon netal including iron, copper, vanadium
mangafede25€oBaftad%i KBTI S¢APom um or  neodymi um 3.

The gl ass gp;aglgaﬁga@é; GQ@mai m 1, wherein said doped
sealing glass _plate has a softening tenperature that

is |owsr tRadiPHe SbfienitGHCenpePstlur B1BR salf d Hasds one

plate. 4. A.pehbodid,0r fRAYS achmeidg, asﬁ%ﬁ“&&ﬁ@&' Ysealing
seal ed gl ass package, said nethod conprising the

steps of: prekrafnglategl 238 prated provi digmgea séalti igpused
gl ass plate dopgd 4 th aledi8agt soN& tEgnsithen znféakbrm a
heating a predeternm ned portion of said doped sealilng

gl ass pl at e bachethatsedle Whicletconntabe pordiokess plate to

swells and fQLe r et e ich connects said
gl ass plate ?%Tg‘a?e serg%eigjr%sglg%%y\%l ate. WO

2004/ 094331 PCT/ US2004/ 007557 25 5. The net hod of

Clajm4d, . wherein said, heati e further i.nclude

UsiTig a Pt Beantehit hedlls THOT plédet G todbe e doped
porddadninaf daist gdped Sealnauy giass plateti-Gcombmment glass
nmet hod of Claim4 erein sai d daped seal.in | ass .

pl aoé)eﬁlaswja%ﬁ‘ eefr?ha}]%a\é% abdor ptibit Oélpé?etqﬂfjwltq}ﬁlﬁ“déﬁg iron,
i nfdcuped , r egircidliand seindahaser bearlbasnacwavel eAgbRium or

in_ the infrared region such that when said | aser beam
neocdymlum.

3. The glass package of Claim 1, wherein said doped
sealing glass plate has a softening temperature that is

lower than the softening temperature of said glass plate.

4. A method for manufacturing a hgrmetically sealed glass
package, said method comprising the steps of:
providing a glass plate;
providing a sealing glass plate doped with at least
one transition metal;
heating a predetermined portion of said doped sealing
glass plate such that the predetermined portion
swells and forms a hermetic seal which connects

said glass plate to said sealing glass plate.



interacts with said doped sealing glass plate there is
an increase of absorption of heat energy fromthe

wo amend43eam into said doped sealing glass pl ap€r/ug2004/007557
The nmethod of C aim4, wherein said doped sealing
glass plate is made from a nuEBiconponent gl ass doped
with at |east one tran |t|on met |ncludlqg %ron

copper, Thearsings fhngdReTe, 4 cob FFelﬂl Ao Umstep

or sureadym wrlBiesThasikghod z0f 16kat MibarWNEReE N 15t  the
doped sealing glass plate has a softening tenperature
théﬁeﬁ§tﬁémkFe@rﬁﬂft%9n38¢téﬁ%ﬁg@?&ﬁﬁxﬁ%ﬁ?&ﬁ@ gfagaipflate.
glass plate. 9. A glass package conprising: a first

gl ass plate; a second glass plate;, and a sealing glass
fiber d&ped matirwdato] egéﬁﬂénér tiERS I ope bt gpped sealing
whengisa %ﬁ'aQedﬂggdaﬁe@thHce@l§}§§on.f];5@§fn vmﬁ%%%‘&;e%ltﬂm an
a manner "t hat caused said doped sealingglass

t 0 igzdirrendarr¢gibor mnd Iféridetiasesedbeanhi 1@4*}’3 cenwégesength in
sai r: ai co I | at

200 /092@%{6‘%@ Jt‘)%it i g?églomef%e g L Yeberean
paamageagtscwath1Sal@m@wﬁﬂ¢1sﬁﬁkinﬂngiasss@ébﬁngt@ba351s an
fi %%r% %% ?tf%ﬂté q? Qﬁﬂg %ﬁ%m qgeeqasekhbeam
at ‘Teast “one tranS| on ne I nc i'ron,
vanadiousridadgesdsesaldabgablas i gkels . chron1un1or

neodym um 11. The gl ass package of Claim9, wherein

said doped sealing glass fiber has a softening

t ervper atrbee ridtalodi Sof | Onetmt han woafdedm ngaicenpepat ursesling

of a|d first and s co | at es
o REHUPARLEr R e P e AThLy TeBhpair it sT dP8a witn

at least one transition metal including iron, copper,

vanadium, manganese, cobalt, nickel, chromium or
neodymium.
8. The method of Claim 4, wherein said doped sealing

glass plate has a softening temperature that is lower than

a softening temperature of said glass plate.
{

9. A glass package comprising:

)]

first glass plate;

[o)]

second glass plate; and

a sealing glass fiber doped with at least one
transition metal, wherein saild doped sealing
glass fiber was heated in a manner that caused
said doped sealing glass fiber to soften and
form a hermetic seal which connects said first

glass plate to said second glass plate.



package, said nethod conprising the steps of:

providing a first glass plate; providing a second
wW@b@gs943Bnt e; depositing a sealing glass fiberPdDpszo4/007557

with at least one transition netal onto said second

gl ass plate; and heating sai @edoped sealing gl ass

fiber in a manner such that sajd doped sealing gl ass

fidér cdR® sPfATh BAGIHT mPd herdeti ¢/ sedlehsiqy Said doped

conratisy $Aladsl ifisergliasmadeat®r-dd $aheh RbodkdsS glass
plate. 13. The nmethod of Caim 12, wherein sa

he&larsg stidh  Furtdrat iR U Uisiing a9taderincdvedng dron,

| asefpekeamthal unheaks gaakbde dopedaseal hAgx8l aSShromium or
fiber. 14. The method of Oaim 12, wherein said doped
sedlsodgmighrass fi ber has, an enhanced absorption

property within an infrared region and said | aser

beam has a wavelength in the infrared regi on such

t hdtl .wh@hesaikhdsasepchezan ofnt €kzidt s wi tuheswilg dopedl doped

A R e
endrogy rf toant heftesery beaperiettoesapl dopediisedl iangl second

al i 5. The method of ‘Claim 12, wherein said
do%é%sssegﬁ%aag' glass fiber is made froma
mul ti-conmponent gl ass doped wth at |east one

t o tal i nel udi i ron. | di
e B BBh ek S S ARB B g 1000
Theamtthed 0&idmdinc? combet eing sehd depedoseal i ng

glass fiber has a softeni Eg Lenperat ure that is |ower
than sBFPERTHY tenperat 8re8S of1355d first and second

gl ass pkate8ing a second glass plate;

depositing a sealing glass fiber doped with at least
one transition metal onto said second glass
plate; and

heating said doped sealing glass fiber in a manner
such that said doped sealing glass fiber can
soften and form a hermetic seal that connects
said first glass plate to said second glass

plate.

13. The method of Claim 12, wherein said heating step
further includes using a laser to emit a laser beam that

heats said doped sealing glass fiber.

14. The method of Claim 12, wherein said doped sealing
glass fiber has an enhanced absorption property within an
infrared region and saild laser beam has a wavelength in
the infrared region such that when said laser beam

interacts with said doped sealing glass fiber there is an



17. An organic light emtting diode display having at
| east one organic |light emtting di ode contained
w0 bh@nev4331 by a hernetic seal that was fornmed wWenus2004/007557
| aser heated a sealing glass in a manner that caused
the sealing glass to swell amld formthe hernetic

seal, wherein said sealin | ass is doped with at
| edSCTEREST P5n§gFP61ﬁt3n%rf a(?f tlgeatef?réetﬁqueqry?mi r?ﬁi‘leeggeq’er beam
t he nabserpli asped heatingnengysfrosarthe laser into the

sealing glass which helps formthe hernetic seal. 18.
The organic light emtting diode display of Claiml1l7,

whersei nrgai ghedtdped cyeatidigh gl AsSwhérai lopeUddS@BbEAT sealing
glass plate. 19. The organic light emtting di ode
di sgeay ofigmai #f 17ﬂ,adevm€rr0é1 n? s §ld tdopeBP el nglysassioped

i s .agopediseali nge O ASSs1 diiRChe YO 200M B3 on, copper,
PCT/ US2004/ 007557 28 20. The organic light emtting

di odeadiispl ay BRNCIRESA,17, coRBetei n Bhtkeht | edmomgma  or
trangi4t i.on,metal includes iron, copper, vanadi um
manganese, cobalt, nickel, chromumor neodym um 21.

An organic light emtting diode display, conprising:

bst I : \ ' L ght Lt .
s ol glata: & Lot one SEgle LLgH (el Lngsing
onglatsisaisbeik ohased ad o ftwinemei nespedadopedisdaliisng ower than

al asgtpl ate was heatted in a_manner %hatt caused saiog 1
doped “SBalPng Yirass t5°%8wett &id“f ortia REFNet T Sealf~2°°
whigdlateennects said substrate plate to said sealing

glass plate and also protects said at |east one

organic light emtting diode |ocated between said
subgtrahg organic light emitting diode display having at

least one organic light emitting diode contained therein
by a hermetic seal that was formed when a laser heated a
sealing glass in a manner that caused the sealing glass to
swell and form the hermetic seal, wherein said sealing
glass 1s doped with at least one transition metal to
effectively increase the absorption of heat energy from
the laser into the Sealing glass which helps form the

hermetic seal.

18. The organic light emitting diode display of Claim 17,
wherein said doped sealing glass is a doped sealing glass

plate.

19. The organic light emitting diode display of Claim 17,
wherein said doped sealing glass is a doped sealing glass

fiber.



pl ate and said sealing glass plate. 22. The organic

light emtting diode display of Caim2l, wherein
wa@200d/0gisped seal i ng gl ass plate i s nmade from aPCT/US2004/007557

mul ti - conponent gl ass doped with at | east one

transition netal including irsén, copper, vanadium

rmn anes cobal t, . nickel hrom ym. or neodym u

r gdmitc OFEGRLC et 115 nedmdi%c}&g 61|l§ﬁi3a91§)}f’l%§( a‘?ﬂczlf‘lm 17,

V\hevn@r@lslalsélﬁuka&t naketpbate ttrSnalgi@SSm@&EﬁE einédeEe ron,

organi c Il%ht emttin g di ode display of O aim 21,

wher@EHAT f3 al @négﬁéﬂ' sBAPIARF Y asOi Htre We&'sWQWFH’Q or

t ermeyaLune.that is lower than a softening tenperature

of said substrate plate. WO 2004/ 094331

PCT/ US2004/ 007557 29 25. A nethod for manufacturing

an or gapi 6rhhaht e '&Qtt@h@dgl&ﬁ@m:@é{ola%a' doRBE oLy

conprising the steps of: providing a su bstrate plate;

deposi t |an@u§{3t¥f@‘a%tpjcﬂ¢@ror ganic light emtting di ode

onto sai,¢ substrate @Jg%tn%c REQME diig @ REi1Rg ; 9LASS

pl ate doped with at |'east oné transition netal;

heati ngaa peedéner ndkas parlsiten gpPrsdi dwu@peda%eaﬂlam one

gl ass plate t ed j.ned ti :

swel I's and fg'lrclgr(rlgsjt&hélr rrgltgfcgﬁseg‘%ﬁ%l& g%%ﬁec?élpe%aisfallng

substrate pl atestoprdaied sBaal hegted a$s pl akeneandhaksgaused

protects sai d a(%l Ieaét e or ani < ht em, %tl % £

di ode pl aced” Bl wieh Said  sUBstd & e p at 8&n orm &
seal i ng gl askephatix %alTharhﬁehhodonﬁe&al ng 22459 substrate
wherein said eatl step, furt | udes ESI ng

| aser to eni? %t(f agg} 5eafh t Rat ll'I‘geat‘-jf %FRe Plate and  also

predet er m nedrposdtion oficai drdopedsseabhBg odhassc 1ight
| at e.
P emitting diode located between said substrate

plate and said sealing glass plate.

22. The organic light emitting diode display of Claim 21,
wherein said doped sealing glass plate i1s made from a
multi-component glass doped with at least one transition
metal including iron, copper, vanadium manganese, cobalt,

nickel, chromium or neodymium.

23. The organic light emitting diode display of Claim 21,

wherein said substrate plate is a glass plate.

24. The organic light emitting diode display of Claim 21,
wherein saild doped sealing glass plate has a softening
temperature that is lower than a softening temperature of

said substrate plate.



27. The nethod of C aim 26, wherein said doped sealing

gl ass plate has an enhanced absorption property wthin
wa@eoo4iosd3sar ed regi on and sai d | aser beam has aPCT/US2004/007557

wavel ength in the infrared region such that when said

| aser beam interacts with sai2d doped sealing gl ass

plate there is an increase of absorption of heat o

energy ¥ rietiiiate FAsereNEARTYHPY S& PEGPed desitngmitting

gl as8%dRl atep12P; ey mRihed ebmst adiALTheWBeERENoSAI d

doped seal i n%. glass plate is made froma

mul ti coRperReptngl assigspédewrtateat | east one

transit yap ot Al i pCl vding LEONe £OPRET i gMaNAHI TG diode
manganese, cobalt, nickel, chromiumor neodym um

2004/ 094331 POT? USZOD4LBEEE8Fe BRD. The net hod of
daim?2 | nysal Hostiate phate gbsed @hass ]

pl at e. 0" Tﬁgﬁ%?h%ggés %g:im 25¥3 %er el %esa%@%osgd Least
seal ing gl asse ptzsres ivdonamgdft eni ng t enperature that

is | owe i e of sai |
substr atﬁlgggﬁlg? efg éﬁéé%ng%gél%ﬁ%gf“?ggﬁ‘g %?n’ 1 tj?dngdoﬁegdgealmg
di spl ay, conmpiass ngiatea fuclsttmabsthat prgleteemiated portion

| east one orgdan ¢ llght emtting digde; .a,secand capnects
substrate plate; " and a séallng glass tiber dopeé: Wi

at | east onesaid ansidtirartenetlake wheseid sedldirdopdaiss plate
sealing glass fiéager was heated in . a manger %hat .
caused sai d>HOpéd>Sealt A GiasS Fbett t 6°86Ft e AnrIaric
form a hernetighiseakmibtchgcomriedks s@lidbdd r Sbetween  said
substrate plate to sai(_jL second supstrate plate and

al so prot ect SURIFPER PE4St 2BAS DI GaFd110i ghess plate.
emtting diode |ocated between said first substrate

pl ate and said second substrate plate.. , .
26. The method of Claim 25, wherein said heating step

further includes using a laser to emit a laser beam that
heats the predetermined portion of said doped sealing

glass plate.

27. The method of Claim 26, wherein said doped sealing
glass plate has an enhanced absorption property within an
infrared region and said laser beam has a wavelength in
the infrared region such that when said laser Dbeam
interacts with said doped sealing glass plate there is an
increase of absorption of heat energy from the laser beam

into said doped sealing glass plate.

28. The method of Claim 25, wherein said doped sealing
glass plate is made from a multicomponent glass doped with
at least one transition metal including iron, copper,
vanadium, manganese, cobalt, nickel, chromium or

neodymium.



32. The organic light emtting diode display of Caim
31, wherein said doped sealing glass fiber is made

WO e@aoge33nul ti - conponent gl ass doped with at |REEUSHNE007557
transition netal including iron, copper, vanadi um
manganese, cobalt, nickel, ch®mi um or neodym um 33.
The organic light emtting diode display of Caim 31,
wherein said first substrate plate is a glass plate
an9 saiThes eeahddsvlisttlate pbat ehesetn ghass Phigdtecat@plate
2004/ Q94331 PCI/U82004/007557 31 34. The organic
Ii ght “ediftSng drode display of Olaim31, wherein
sai d doped sealing glass fiber has a softening
tenperature that is | ower, thap softening tenperatures
of ngjos'ai g#‘fel rl%ethc%r‘?d %'lecgﬁ?i”%uggt r $ETHIAL §81d35lopgd sealing
netdlet sf @lafBNUEACE UsbRige@ihPrdaRkeathght tieM t{d Nbyer than
di ode disg[ay, said method conprising the steps of:
pr GViSPithGARE | FEPPSIHH At pRAf e UGS PRgtat | east
one organic light emtting diode onto said first
substrate plate; providing a second substrate plate;
depdsi n§rga8ea| flrﬂjlfgl% tinpef it el sHilel  arohpassing:

one transictiop Rt -QAt @18akd second substrate
pl ate; and heating said doped sealing glass fiber in a

manner 2&uéRafhatnsdPaddgedisehl ¢migtgirasslibdber can
sof ten andcLorn ahanel g seal Lfiet connects ~sai ¢
a

first substrate plate to second substrate plate
and al se preaétrs salabsat fidast dopedorgari c di ghteast one

late and sar P Sooan  Dobart ardoare. *36 T Tt 5 ing
of C ai m 35, gves eftbsnai dadhehtated siepa manner that caused
said doped sealing glass fiber to soften and
form a hermetic seal which connects said first
substrate plate to said second substrate plate
and also protects said at least one organic

light emitting diode located between said first

substrate plate and said second substrate plate.

32. The organic light emitting diode display of Claim 31,
wherein said doped sealing glass fiber is made from a
multi-component glass doped with at least one transition
metal including iron, copper, vanadium, manganese, cobalt,

nickel, chromium or neodymium.

33. The organic light emitting diode display of Claim 31,
wherein said first substrate plate is a glass plate and

said second substrate plate is a glass plate.



further includes using a laser to emt a | aser beam

that heats said doped sealing glass fiber. 37. The
woredohogh3sf Cl ai m 36, wherein said doped seal i NnBCT/Ub284007557

fi ber has an enhanced absorption property within an

i nfrar ed region and said | aser3lbeam has a wavel ength

he .i.nf d h that wh d, | b
R e A LR e T

an WA 2004/ %ﬂs‘BS&ioEéH/ UB200440Qd25% £BdbdNChease Ofoftening

abso“ggl on of ener frorgthe | aser, beam into
sai'd u§8al &1 Vfelrbe 1arygso & Hgdrrsrratures of

d aaarmoe&lr\Mﬁeaﬁunsécacbrdj dopedrseal pngcegl ass fiber is
made froma multi-conponent glass doped wth at | east
one transition nmetal including iron, copper,

vansgli wn nSBRganese, mgﬁ@ﬁéétuﬁln@k%ln SHHAMAUM Yt emitting
neodym um_ 39. The method of C aim 35, wherein said

fi rds“t°d§ul9‘§tSPéFér 4 augthiod GPEBELpinG ehendtempdor:

second sibstnahe Pl ated %ubétglaéégppal@ée 40. The
met hod of C aim 35, wherein said doped 'sealing gl ass

fiber h&4erasibitenfhgleanpernt upedaba }ightovmrittiay diode

sof teni ng teep@esagéar@sfqustsmsag g@% d second
substrate plates. 41. A glass e conprising: a

first glPassipingea sawdpral §Gb©hda*g¢ azslsaim,at e coat ed

th hat tio
br oper t JeRESLBLd 180 o D801 Pl AU NERL S RRRR L ngat Least

mat eri al vvasmheatedndaytical hesgtta Ingortec heeniics m eapercatdutg trate
at the parti Cf| vvavel ength in a manner that caused

said materiar 1fo swe dl and forma hernetic seal which
connect edasang ®hidt dgipass galaatiagt @leaisd SE@EONdin a2 manner

such that said doped sealing glass fiber can
soften and form a hermetic seal that connects
said first substrate plate to said second
substrate plate and also protects said at least
‘one organic light emitting diode located between
said first substrate plate and said second

substrate plate.

36. The method of Claim 35, wherein said heating step
further includes using a laser to emit a laser beam that

heats said doped sealing glass fiber.

37. The method of Claim 36, wherein said doped sealing
glass fiber has an enhanced absorption property within an
infrared region and said laser beam has a wavelength in
the infrared region such that when said laser beam

interacts with said doped sealing glass fiber there is an



glass plate. 42. A glass package of C aim4l, wherein
said nmateri al i ncludes silicon or chrom um or nicke
woerooexd@aes of transition netals and nitri des PET/US2004/007557

transitional netals.
32

increase of absorption of heat energy from the laser beam

into said doped sealing glass fiber.

38. The method of Claim 35, wherein said doped sealing
glass fiber is made from a multi-component glass doped
with at least one transition metal including iron, copper,
vanadium, manganese, cobalt, nickel, chromium or

neodymium.

39. The method of Claim 35, wherein said first substrate
plate is a glass plate and said second substrate plate is

a glass plate.

40. The method of Claim 35, wherein said doped sealing
glass fiber has a softening temperature that is lower than
softening temperatures of said first and second substrate

plates.

41. A glass package comprising:
a first glass plate; and
- a second glass plate coated with a material that has
an enhanced absorption property at a particular
wavelength, wherein said material was heated by
a heating mechanism operating at the particular
wavelength in a manner that caused said material
to swell and form a hermetic seal which
connected said first glass plate to said second

glass plate.

42. A glass package of Claim 41, wherein said material
includes silicon or chromium or nickel or oxides of

transition metals and nitrides of transitional metals.



