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I nvention The present invention relates to
hernetically sealed gl ass pacgages that are suitable
to protect thin film 5 devices that are sensitive to
t he anmbi ent environnent. Some exanpl es of such devices
are organic emtting light diode (OLED) displays,
sensors, and other optical devices. The present
invention is denonstrated using CLED displays as an
exanpl e. 10 Description of Related Art COLEDs have been
the subject of a considerable amount of research in
recent years because of their use and potential use
in a wde variety of electrolum nescent 15 devices.

For instance, a single COLED can be used in a discrete
light emtting device or an array of OLEDs can be

used in lighting applications or flat-panel display
applications (e.g., OLED displays). The traditiona
OLED displays are known as being very bright and
hanE% ood 20 color_contrast and w de v

. 7 pigt s RS e A e e g LM pRTT A
particular the el ecty®fiesp 6 20044 POBPEAN
PCT/ US2004/ 011349 2 and organic |ayers | ocated
therein are susceptible to degradation resulting from
interaction with oxygen and nvoisture |eaking into the

QEL), ' VAL T t Lept  environnent. It is well
knowﬁg?ﬁg#gt%% ?ﬁ%eﬁg¥ﬁﬁﬁg ED 5 di splay can be

siggud icanthy ineeeesed if the el ectrodes and organic

l'ayers wthin the O_ED di splay are
The present invention 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, sensors, and other optical deviceé.
The present invention is demonstrated using OLED displays

as an example.

Description of Related Art

OLEDs have been the subject of a considerable amount
of research in recent years because of their use and
potential wuse 1in a wide variety of electroluminescent
devices. For instance, a single OLED can be used in a
discrete light emitting device or an array of OLEDs can be
used in lighting applications or flat-panel display
applications (e.g., OLED displays). The traditional OLED
displays are known as being very bright and having a good
color contrast and wide viewing angle. However, the

traditional OLED displays and in particular the electrodesg
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hernetically sealed fromthe anbi ent environnent.
Unfortunately, in the past it was very difficult to

wa@lewelei’9n seal i ng process to hernetically seaPCT/ii82004/011349

OLED 10 display. Some of the factors that made it
difficult to properly seal the OLED display are
briefly mentioned below. Thé hernetic seal should

Vi rri r oXy 1ondA0t3 heta/daydediichl
\%glt(aerg?%%-ng@g/ %%?gas) . %ﬁgdsi%&g of the herneti ce%{ehal ¢t
sleomadiatie. om nireeiul tiegy. fre® nijteva¢tidpesviol Hamgen and

an ,adverse effect .on size of e ED di s e .
fierhs&ideur B YEhBY aret Sdu ]l"l%gotl‘:?g) s(egg?ﬁ}%ypr&lg?éﬂsstﬁ g ambient
sheuléheirdamage the watiern@bgn (ehgt, teleeclifwlest agtle OLED
organic layers) within the OLED display. For

Cristrdre, camebli ratamph Sdtantoly OLEEEeRfiPeh dr ethecslegtrodes

about 1- fro seal,;Lp;Lhe GLED di ay -hsgyjl

ﬁ‘&% beoﬁégggg to%rérggst h%l{igb duri ng ?%Lzﬁgeal(iﬁn %5 are
pleetRss callle gased akl edseth dutieg sealbirgtpr ocess ronment .
should not _contaninate the materials within th

ED
Findoriynately herfet it Sed®Shoditd &bl & Bectrifdaicuit o

CRRAACH 0RS (1% tgkacéfsémt@ﬂrﬁghﬂmi&gzwgt &edinethe OLED
30 OLED di spl ay. V0 20047 095597 PCT/ US2004/ 11349 3
Togml ayhe fose combhewdipdtorrseshpfig made OLED difficult to

display is to.use.different t.ypes of oxi es, ,
ipﬁéfp& c Sr‘?ﬁf’tlerieC s g?f‘g‘%gr dol%g?gr%yc r?a%%er ibgsﬁs? flay mentioned

frnsui:he seal after they are cured by ultra-violet
light. Vitex systens 5 manufactures and sells a
coati ng under the brand name of BatrixTMwhich is a

conposkie basel apmoathlel s oALLesReLearers oLy prvgen
to sealit-he-LED dHwplas WAddwugh ¢ g/m?/day) .
¢ The size of the hermetic seal should be minimal
(e.g., <2 mm) so it does not have an adverse effect
on gize of the OLED display.
¢ The temperature generated during the sealing process
should not damage the materials (e.g., electrodes and
organic layers) within the OLED display. For
instance, the first pixels of OLEDs which are located
about 1-2 mm from the seal in the OLED display should
not be heated to more than 100°C during the sealing
process.
e The gasesg released during sealing process should not
contaminate the materials within the OLED display.
e The hermetic seal should enable electrical
connections (e.g., thin-film chromium) to enter the

OLED display.
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these types of seals usually provide good nechanica
10 strength, they can be very expensive and there are

wWOoragwy/09355t ances i n which they have fail ed to PCEUSIU4/011349

the diffusion of oxygen and noisture into the CLED

di splay. Another common way fqr sealing the OLED

display is to wutilize netal welding or soldering,
howevefpdefre tksul mbag l5oseah i wagot feur abkalihga the OLED
wi.de ﬁange.of t because of the substantia

HiF P BRO O bEPWOE AL ERBRRE: digRs f ERPdS,  inorganic

expapsians (Ld&pdrofotdien ol assc AL ES anghiTet@) o N
the OLED displai.rA6%6$§?ngly, fﬁére is a neé%hio the seal

ad@Fessthhy ater evmed dnedigrmebieislandl oyiter 2V0itex systems

S ] a i at with the tradition seal s and
tﬁ%ﬁhﬁggéﬁgégna gﬁé%%ﬁg%rasgﬁﬁﬁﬁ§%rﬂp%f%Dggﬁs%?%ﬁéiname of
Theseixftedsidil oiber aneedsmpseisat i shised byagdoach where

hernetic sealing technol ogy of the present _invention. .
231 BRFERC DESERYPTEON OF THECTSRAEAT| ONaFRE igleserand organic

| Ry eskl 9Dl uges raet I e i sp
and met hod F%b %%nu égfdgﬁnﬁg? e¥ﬁérﬁgsﬁééﬁ%§gjgéale%ithough
CLESs@li spimys Babi cabys theuhklyetprovigesegbed @bERnical

display. is nuf actured b roviding . a first 30
s %g??%%' p:%zlteé[ a(ﬁeifqa%%c‘}(;‘ﬂgf sGBREREL¥SpIaftt hRgre are many
depesihtdg aihri{yhopho the,se¢erd suhstiraf e b atﬁrevA%nt the

OLEDs are deposited on the first substrate plate.
i 4+ BEratPen cfourreote. gnd Imaekstuieaf nated thghtOLEDs display.

55,6 RGBT POLISIIRY QUIotR, Ssed e . o

conhbtts héealiwsldsubsbrakelplatiedt 0 HRREE0Nthe resulting
substrate plate and_al so protects the OLEDs. The frit
%23yl 2% Rt WeLeddSed Wi t B avifeastarde tPhnsienmeiratures

m%éﬁuééangfpoﬁﬁhp!ys@bgggnkgﬁﬁri%ﬁ{#é%éﬁ Ss¥chythaben  the
when the irradiation source heats the rl?, it

sotehsckant $ oofs Ahebund. Thpsnehabs es(ATEs) ricf tdhe glass
%ﬂétggdaégr%EEQE q%rmﬂé(bLED display. Accordingly, there
is a need to address the aforementioned problems and other
shortcomings associated with the traditional seals and the
traditional ways for sealing the OLED displays. These
needs and other needs are satisfied by the hermetic

sealing technology of the present invention.

BRIEF DESCRIPTION OF THE INVENTION

The present invention includes a hermetically sealed
OLED display and method for manufacturing the hermetically
sealed OLED display. Basically, the hermetically sealed
OLED display is manufactured by providing a Ffirst
substrate plate and a second substrate plate and
depositing a frit onto the second substrate plate. OLEDs
are deposited on the first substrate plate. An

irradiation source (e.g., laser, infrared light) is then
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seal while avoiding thermal danmage to the OLEDs. 10
BRI EF DESCRI PTI ON OF THE DRAW NGS A nore conpl ete

waie@ensisandi ng of the present invention may bBCT/US2004/011349

obt ai ned by reference to. the followng detailed
description when taken in conj4uncti on wth the
acconpanyi ng draw ngs wherein:™ 15 FI GURES 1A and 1B

YA QP nUR[W @Hg FGOSHhisBCHanal shde fd@YW a hermetic
illustrating the basic conponents of a hernetically

sawlleatr@_tEEmtnrs@ma? tlne attosdamavbsirehet Bdatgr &serthe second

ro hartlllu ng e
g:’ rc?f £ pjﬁ) %r% erre &Cf:gr trpaenuéﬁ}ﬁ%%rl ntgﬂll frit is
@qrarﬁ I @H«Jaty weeal @dpe@LEz@t@hl st ay esBeWbrid EdeBESl&:A metal
and 1B; FIGURE 3A is a_perspective viewillustrating
BRs BOBSiPave Pl A4S LRYFTWEEe hblheti Gk §§1§1tedW]B?n the

%bléﬁfy dﬁeggﬁ¥égegéa§; tﬁé %& REJ%B § E@éﬁs and forms a

sorption spectra of exenplary asses that were
dlmmii Wittde dehdlet eat theadsiitti ao rrmjai sand FEGUYRE t3@ ileermetic

ot raph of, a top view of_ two glass havi ng
3 GBS G L it S0 T aiRT o
al ass frit that was nmelted by a | aser whi ch had a
transl ati on speed that varied from0.2 mms to 5 nmi' s

E%%P(Og%g9c${%gﬁb&2004 0113.49 FIr ICirBEREt SI#-ﬁIlI S\Ma)

phot ogr aphoet a toppléew ofurtdersgleaaskingl abds hakeng @mresent

seal fornmed froma tjtaniu anadi hosphat e_ gl
AMVEETRHAT WisY métg eakﬁélaeaqa  WRIthoRdn o the following
tdeanshald ogespeedttibal Wiakh edaleom On 2 JBHid@ DI th the
5 fromthe left to the right in experlmant #1; FlI GURES

A AR lave dpaphgfvwhermishi ssion curves of an
cHOTPLSA 20AL S o0 honghat g 955 ULl (ELSFF cross-
(H@PRnal side view illustrating the basic components of a
hermetically sealed OLED display in accordance with the
present invention;

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

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

FIGURE 3B-3F are absorption spectra of exemplary

glasses that were doped with different transition metals;

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

from the left to the right in experiment #1;
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4B) used in experinment #2; 10 FIGURE 4C is a
phot ograph of a side view of crack- free seal ed gl ass

webatesssande i n experiment #2; FI GURE 5A i s a PCHUSENG/011349

illustrating a laser and a split-beamoptic
arrangement used to heat two sides of the glass
plates in experinent #3; 15 FI'GQURE 5B is a top view of

a prefraguds | it bat awahotRlaerth a5l togi stancefaway glass
fromthe free edges of a glass substrate plate in

@aiﬁé?ﬁﬁmma‘ﬁliﬁg FEGUREaSC EoraephofbgRaph dfiedmtnf reanadium
SEALA 0 253 o DL akes TS| 0 SRR TN 33 0L cn na

he tenperat ure neasured
faunetaasl at 1bhmespaeen anatnfvaafledi Iiianmn\/\/a52usrerd/st oto 5 mm/s
seal of each_of the four sides of a d@fsen‘oly of

G U7 @ tase A 6T IRF nt ae%%?)’il%?%m Fit
descripeeiidls EXPeHdeNt #ie %&'ﬁﬂgfgi65r§ﬂ%W§s%18@wcurves

cross-section photograph of a~ 1"xl" assenbly of
1>7f37argl evssm]plar:esvseadedemrhnaphssphabﬁe@dafSrSI tfmm chFIGURE

wz@x;er? &%Lan | 39317"" af‘ﬁ odebS§ :%Q?g LRates (FIGURE

rap

q@cmgé&el@s&qs@ﬁm@ﬁt $H. Code 1737 gl ass pl ates that
were sealed with a 5913 blend frit_ which vvas heat ed

by a IFaTsCﬂfR%s‘l@eéﬁl%e@hloﬁogéf%@@H%nﬁ #ideyyiew of crack-
2%044 Q90095 R 2&%9&%&4& &Fé)%&%% tsya.graph
ared ve

a near-inf ransmttance or a
tit anFIeURIBAEAM phosphdt egghmss Ifludt e20TiH2a laser and a

P205- 5QV205, np| ar baS|s descri bed_ i n, experinen
a1 @vjsc aﬁ?%ﬂ PRIE §ﬁ8§5t8x85ﬁ- &ﬁvom%%%r?f the

%1@&@ Fuhetd o of tenperature for a
butt - seal vvhere a 5895 biend frit was apfplled to one

Code IF/BYURE a§B ipl at etipp exeri@ene #B8eform frit that was

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

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

FIGURE 6A shows a graph of the temperature measured
as a function of time when an infrared lamp was used to
seal of each of the four sides of a 1”x1” assembly of Code
1737 glass plates using a 5801 blend frit described in
experiment #4;

FIGURE 6B shows a SEM cross-section photograph of a
17x1” assembly of Code 1737 glass plates sealed with a
5817 blend frit which was heated by an infrared lamp as
described in experiment #4;

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

experiment #4;
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DETAI LED DESCRI PTI ON OF THE DRAW NGS 10 Referring to
FIGURES 1-7, there are disclosed in accordance with

W0 b@4p93E3ENt i nvention a hernetically seal ed BUEDS2004/011349

di splay 100 and net hod 200 for manufacturing the COLED
di spl ay 100. Although the sealdng process of the
present invention is -described below with respect to

the 1% falws calion 8f gaaprr BEt bCalday -dedlreddd Eyansmittance
di splay 100, it should be understood that the sape or .
slmivearfeeati hytapporesdadanmh®hesalats qlpgs frit (20Ti0:-

"%8%7' ”Sm%“i%fe yagsg' a8S o AhAles Mesd 4.0 ke sep eding

ahot he cCo the present 1 nvention
shoul dE‘]IGIIRH)e7BOI’hS§ raed_:mapla thatt esmomﬂo gEppesion mismatch
Referring to FIGURES_1A and 1B _there are a t vi e
&3 T?ﬁ'%%%r%%c"i‘? ohafUBFHEOR By tﬁF‘Q?Flagﬁrﬁg%to%e ao\%‘iltct'seal

CRpanent sq of }Bi‘@n@eEHEE' wak! ¥ppeakad toL BRdicsilay1 737 glass
100. The (lED di spl ay 100 mcFudes a multilayer

saredve cn ofxpe2Bndntl st5 substrate plate 102 (e.g.
gl ass plate 102), an array of OLEDs 104, a doped frit:
106 (e.g., see experinents # s 1-5 and TABLES 2-5)

DRI 7 TS ek GRIDST 16Nt eOF piae eDHANINGde OLED di spl ay
100 has a hernetic seal 108 forned fromthe frit 106 ,
whi ch Bristeetng t e OFESYREG4 éOWrocEP@Hebe?’v’\%end%%% osed 1in

%Jégr%%ﬁﬁ%rewfiﬂlaﬁﬁelo r@ggnkhe1n§%ﬁgﬁ@n§uQ§trﬁgfhetlcally

g., glass prater 107). The hernetic seal
1 lisd t gpEDaldipplegat 200 arndnonetdieod p2o ¢ mEter winufwcturing

2052/ OO PO TSR0/ O T5AE IS | Eabed i EhmFaress of cthe

Rerd dmter 1 alchheoheriet ics seabed 08e 1 Bawwitdie heepBEtCto the
Seal 108 is fornmed fromthe frit 106 and the

aredh 1 catyl @onpbnenthersiedh cad lvheseakedli @bEBnddepley 100, it
HOukS b  LIRERRHARR CDSL T4 a0l MLED s o
g &ad etan dBkaklsddeliow ydlid r espectat bohb GRESe2-tivo glass
plates need to be sealed to one another. Accordingly, the
present invention should not be construed in a limited
manner.

Referring to FIGURES 1A and 1B there are a top view
and a cross-sectional side view illustrating the basic
components of the hermetically sealed OLED display 100.
The OLED display 100 includes a multilayer sandwich of a
first substrate plate 102 (e.g., glass plate 102), an
array of OLEDs 104, a doped frit 106 (e.g., see
experiments #'s 1-5 and TABLES 2-5) and a second substrate
plate 107. The OLED display 100 has a hermetic seal 108
formed from the frit 106 which protects the OLEDs 104
located between the first substrate plate 102 and the
gsecond substraté plate 107 (e.g., glass platesr 107). The
hermetic seal 108 is typically located around the
perimeter of the OLED display 100. And, the OLEDs 104 are
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Referring to FIGURE 2, there is a flowchart
illustrating the steps of the preferred nethod 200 for

worzwogssturi ng the hernetically seal ed OLED di BEi/H$2004/011349

100. 10 Beginning at steps 202 and 204, the first
substrate plate 102 and the s7econd substrate plate
107 are provided so that one ‘can nmake the OLED

gﬂr%@t@a 100:-nim thecprgberked s anhodiemntsidheebir Sos. How

second substrate plates 102 and 107 are |
ttlen dpmresitiql aesl plased sl ifcarnade foree Qlse nhktEadlgr énd the

it G e G757 P OF  Bigl B 2000 TH griee T souree 110

Ald ef natiyeby, 1tbe fdrdstimpdasegondmpulistalat ewpiahesre used
102 and 107 can be transparent glass plates |ike the
dies formnuTirct BEEASRAE SR by OBheEBNPETEs AG%keln greater

i.-3.ass . @SSa 0OA21 gl ass),
%I ppoln1 ec?@?%l%éegss&c% Q&I&I‘?’%%Iﬁno aﬁi‘dmsérrsung
Cor ni e R¥mecis ont@ asBIGURE (for exbapee) .isAt st epflowchart
206, the QLEDs 104 and oth jrcuitry are. depgsite
SR i, ChBost e piiat EPEOFTHE L obi S sy 200 for
%f%dﬁ%@d%ﬁeanhéﬂﬁgﬁi@éEﬁyr Qi1 Qe OEDTOE splay  100.
organi c |l ayers and a cat hode el ectrode. However, it

druinhieg qleadbepsapfPeding etPby thesELigRE| |sedpstyatie plate

rt. that known COL re D.104
oLl i, Ao SRRRECLIR AR L DDA g8808es oo
ajprechad edah habkehiche3@Isire P el De &0 ppedni frlhan preferred
OLED dj splay 100 is not being nmade but instea

whadieilaget e bérRg Fade ﬁfsq?féit%%bsgjé%F?nﬁcﬂﬁgﬁée%m and

gt
fnd he ese i iQn. 04/ .
PO U004 0 1 T396758 A st§§a§%& Jaedé  like the ones

dmlsﬁacﬁﬂlmcbngpdhesob@g@sf ofotheng edordradistiyet eunder the
ol 107, o tnsiagge. 4oL 166 canbe DGR g1aas
S.@loccg%a%’cp@éi}ﬁ,t ecpkat@ A . ahd hedndprafestesie plates 102
enbodi nent, the frit 106 is a |l ow tenperature

and 107 can be transparent glass plates 1like the ones
manufactured and sold by the companies like Asahi Glass
Co. (e.g., OAl0 glass and OA21 glass), Nippon Electric
Glass Co., NHTechno and Samsung Corning Precision Glass
Co. (for example).

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

made but instead a glass package is being made using the

sealing process of the present invention.
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glass frit that contains one or nore absorbing ions
chosen fromthe group including iron, copper,

wo avaei9asn1 and neodymi um (for exanple) . The PET/USH0H011349

may al so be doped wth a filler (e.g., inversion
filler, additive filler) 10 which | owers the
coefficient of thermal expansion of the frit 106 so

that i: macehRes20B, subsd antdial | yogatthegidgited along the
coefficient of thermal expansions of the two substrate
pdges ©F2 Hml sezonthewwipedia i phatef ddver afor instance,

; frit 0 ' ; kt,h
D ER Lald | SutoBe" PR, SRBEHE QL PR Shgy von
(14 | Dpak) edbe bifi ttHH)Gaashdespibeerstat pletet a0t7he In the

second substrate plate 107. To,accoq?ILsh tgis, t he
fRref Q6 hh PERORES S AEpost o d T&t st Y° 268 dht $O% HeSmPerature

sHbstrate phatgih@7qhe themAeatetsdithatidls chosen
beconmes attached to the second substrate plate 107.

A romr ecluet ajt@d di soeked brg abooen t hecegréonal vatapium, and

210 i s . provi.ded bel o ith_respect t Xperi nent #3.
Rt 2. e PHTEIDG | SRoated by bnaey Sito’ Be doped
iw1adi at i 01 5e4r g 1.0 (engershasersilllila;, i ativarede filler)
lanp = 25 110b) in a nmanner so that the frit 106 forns
tWel Her AeWEESsddle 198 hiki eherbnréctaitp bodBapRéon of the

158 SHROLA LB 2 41000k0 SO URRLARL g likonen che

prot £fisidie AEDshié@haby eppenendtnng akygdre abhdo substrate
nmoj sture in the anbi ent _environnment, 30 from enter

Pha ROl BE RN SPlay THS, CREBGTOMOT G RN T A SrRlary

18,1t dhe her netd c 383k 3LE8 hS1dyPhiahl Yred9cat e¢d Ustperiment
instde the outer edges of the COLED display 100. The
fi#ls 105 =z BEBWBAt2d5usi ng anyone of a WO

20041 02558 ECTLREORLONIAND) S IORe,p! 56 AUBLI o
ls Bt andd ano i pheagedohampubifbatseelaexxparamentTd Adcomplish
this, the frit 106 which was deposited at step 208 onto
the second substrate plate 107 is then heated so that it
becomes attached to the second substrate plate 107. A
more detailed discussion about the optional step 210 is
provided below with respect to experiment #3.

At step 212, the frit 106 1is heated Dby the
irradiation source 110 (e.g., laser 110a, infrared lamp
110b) in a manner so that the frit 106 forms the hermetic
seal 108 which connects and bonds the first substrate
plate 102 to second substrate plate 107 (see FIGURE 1B).
The hermetic seal 108 also protects the OLEDs 104 by
preventing oxygen and moisture in the ambient environment
from entering into the OLED display 100. As shown in
FIGURES 1A and 1B, the hermetic seal 108 is typically
located just inside the outer edges of the OLED display

100. The frit 106 can be heated using anyone of a
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Descri bed bel ow are several experinents that were 5
conducted by one or nore of the inventors. Basically,

W@ b@4/09339ENnt or s have experinmented with and useRCT/US2004/011349

different types of irradiation sources 110 to heat
different types of frits 106 %n order to connect and

bond together two Code 1737 glass plates 102 and 107.
Theneet f ereni reQapPasi bhonsoukh&f thesesexenplary fikidess 110a
106 are provided below with respect to experinment # s

1{see EgpoemBentt# |9 L£hits aapdr prentnfared r taupatlildp (see
S \ S 15 laser 110a (e.g., 810nm

T%géggﬁ %ggm%a%gf 110a) that emtted a | aser beam

112a thesughbad| ansl dldarand sihieaiadh ekberfimesics that were
substrate _plate 102 whi ch heated and softened _the
f¢¢RdupEedshE PREURE 3ARYS. oM B tiB{RHCT he Bagkrally, the

bean 1128 Was a0 WSO SUGR ARt |{cef fagt el dedtednt types
and 20 softened the frit 106 which caused the frit 106

tof f drrmadies bt nedurcssal 1108 thathesohnesifdgnane  types of
irst s 102 to the s d.subst

ot ates 1608 1 el Eol6m ca'h Patd BeRRrLLp o Code

Wi 137 agspesi piletwavebenghl 10e..9. ,THHOMNE fewehien@bfipositions
and the frit 106 was made from 25 gl ass doped wi th one .
#f norleese arsianpmet d%5 4. §.06 eafadPURYiFeEn, below with

QPQ%QéCPGQQYg% g}iﬁgn?s#tg gn?ance its absorption

property at t specific wavel'ength of the |aser beam
112a. Thi s enhancenent of the absorption property of
the frit 106, neans that when the emtted | aser 30 beam

EsReRieenhsklbed by the frit 106, the frit softened

and foffpednt he hedrBtichitsealnd 08rrdfigonbhagburtBe 110 was a
substrate gl ass pl ates 102 and 107 (e.g., Code 1737

glassr plifes (®29and A0Mmwete: sdplehreuchasdnt theg) that

{808V S90LOSSTRY P FROOHEINNEC IO SRLY, o
ptiad egik32 agdbdOrabad plelkal i veby whawmbisespédiornd softened
the frit 106 (see FIGURE 3A). In particular, the laser
beam 112a was moved such that it effectively heated and
softened the frit’106 which caused the frit 106 to form
the hermetic seal 108 that connected the first substrate
plate 102 to the second substrate plate 107. The laser
110a emitted a laser beam 112a with a specific wavelength
(e.g., 800nm wavelength) and the frit 106 was made from
glass doped with one or more transition metals (e.g.,
vanadium, iron, and/or neodymium) so as to enhance its
absorption property at the specific wavelength of the
laser beam 112a. This enhancement of the absorption
property of the frit 106 means that when the emitted laser
beam 1l2a was absorbed by the frit 106, the frit softened
and formed the hermetic seal 108. In contrast, the

substrate glass plates 102 and 107 (e.g., Code 1737 glass
plates 102 and 107) were chosen such that they did not
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at the specific wavelength of the | aser beam 112a
which helped to mnimze the undesirable transfer of

wheat/0935om 5 the form ng hernmetic seal 108 to PCEUSIORDS11349

104. Again, the OLEDs 104 should not be heated to

more than 80-100'C during the poperation of the |aser

110a. It should be noted that the OLEDs 104 were not

| eoaved omrt-hdisubistr atfeompl ates ilmddr s Empfrinenthus the
10 nmenti oned abgve, to increase the apsorptjon of

t ﬁ\é@SFF?Fe 1963F £S5 2n s S4 ﬁ} dopkP T hee 4y akevWwppgorption
ORE Qhe NDEECIF BASkERRN &l SopUGhcas yanadieay, 111 which
or neodym um (for exanpl €. This was done because the
ahetpad@nticomethimbrsi then unsteadisradidvee trdngfer of heat from
absorption 15 cross-sectio oun 8 .
PR EPaTaRDy Tt SR br Bt o b ket PR QYA 744-  Aoain,
FtXRESEBB- 3Fo4 | shshival dobe b@ﬂ@@&&@odot Rre henan 80-100°C

choice of the transition netal ( mi is tied to the
pALFiRdl dhe ypeerasern110h Mg wieferhel lfvwer BF theuld be

l]}?_%géd 1&'9§tagﬂet B%Ebrsari |4atv\}e% %%%ethc%agg@ JJI?S&E 2Qubstrate

For I nstance, 0-nm sem conduc
| pbaresv 1h thbereﬁpérwmeytof i ght nay be a good
choi ce. based.on e, reliahility, mai_nt enance

cost. o UESHOASEF t@ OHE - f@&éﬂﬁqQQ%?%ﬁ Si PR okep of the

t 101 ¢ exerpl & YwhEl tn%c%aw e aagbehec@iéedgyééé‘gw%t@l $ne or
watt, 25 800 nm Ti:sapphire |laser 110a the output of

WhoTh WASaTGEUsen | ntetahe f surh106dy wanedénm, ensiron, or

Hdaaley LIRS hELLD 100 MRLS PLagedbel el LB,  cne

fafsteheht 13064 WASLTHAE St ORREABSS HeaRE akNilRG9Y tdbsorption
i ron, vanadi um and Socfhosphorus FIGURE 3G is a
p%‘?%%‘r BPRL 6Pt her s 3Hd 10800+ Gfreda f r orﬁjtllﬂsé‘-lf%ﬁﬁ%d 106y the

Dol oAl LEget- LasebeLioasel MR, ) 1o gpouia ne
fundetdeodef thibda tiies r chhiceAnd, tiee seanedtﬁbntmmﬁal( ) is
20953” O‘ggS%ZleP%gr%Slzc%%” 0%135'3 la%é'er 110a and with the power
of the laser 110a and the translation speed of the laser
110a. For instance, an 810-nm, 30-watt semiconductor
laser with fiber delivery of light may be a good choice
based on price, reliability, and maintenance cost.

To demonstrate the feasibility of this approach two
exemplary frits 106 were laser-heated using a 0.9 watt,
800 nm Ti:sapphire laser 110a the output of which was
focused into the frit 106 by a 10 cm lens 1l4a. The
exemplary frits 106 were placed between two 1-mm thick
Code 1737 glass plates 102 and 107. The first £frit 106
was made from glass containing with iron, wvanadium and
phosphorus. FIGURE 3G is a photograph of the seal 108
formed from this frit 106 that was softened by laser 110a

which had a translation speed that varied from 0.2 mm/s to

5 mm/s from the left to the right. And, the second frit
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106 was nmade from glass containing with titani um
vanadi um and phosphorous. FIGURE 3H is a photograph

w@Roottlgsseral 108 forned fromthis frit 106 theET/Ge04/011349

nmelted by |aser 110a which had a transl ation speed

that varied from0.2 5 mis tg5 nmis fromthe left to

the right. During the formation of these seals 108,
noosewskbhmadel $edn dlhess temperiatitice wibtsh obseanedm Nvanadium
the gl ass plates 102_and 107 , ho cracking

. And
oBEEr PEPSR MRyl as & LFVREes3 025 afd PROTOIHIPR 1 oF the seal

sigpl dhedeadi-by, appreceat ed it cAgPeRHNINNL ey 1aser
optical properties of the particular frit 106 ang
subgar athe. gbl ahed 202t e 19071 ot hepeeypeshaf vagseed from 0.2

110 an be_used i ch er.at t different power .
d'imfl?ﬁr%ﬁt 9385‘283 ﬁﬁodn ng erleﬁﬁc‘t% \?\)é‘@.eltg‘ﬁgt]ﬁﬁhtr?bvve\éjﬁlng the
t herhasesn 1 mavelergt Beshoulthde wot htantheirbanei &f in the
hi gh absorption in the particular frit 106. For

i rsrapEetuyet wpbi PRSEIVEhMN <ke 1gbBsAnPlathg Y2 =nd 107.

1 n ; @) = . a erhi ( 5

AV aobrs ER B LSEh TOBRet] Want 8o o Thig-tes o2 and
experiment, a CO2 | aser 110a was used to locally heat

a frit_106 _di spersed al o the edges of the ,
substr J.:aif e§h§r]‘“§'tdesgfof%?£&l307 aﬁPF%S&F‘tEQUS‘F%%t adepending on
stgai fdgants 1 enperabunied i 8¢ avay fzgaomié\ﬂaﬁealﬁdit 106 and
edges. 25 First, a thin layer of V2Z05-Fe203- P205

peepormatei olat@s cod aimiongl§7 | behert ¢yaresbl efa IGEers 110a

match_to di splay. gl ass s spread_al ong, the edge of.

o 0P S He Thl 1557 BRate (ftat a5 162°aka L {(Teed tEEeTent
F6 62 REs 3A nd TherF #d1eerGO?2 wahasemdkda heatiethetBe, the laser
vanadate iron phosphate,%l ass frit 30 106. At the , _
seRvehengt RefiBeratiupe oHtHHEE e Prosl aherigandlegeertion in

[ g frist 10 0 e

LF20 phechogtazotese il 1001 Rl LR 4 00RAST00 o
sol hdid i ezb@uninpg acsugequent aoeli ngnicycke:vArborg a 1.0s8
WO 2004/ 095597 PCT/ US2004/ 011349

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

Experiment #2

In this experiment, a CO; laser 110a was used to
locally heat a frit 106 dispersed along the edges of the
substrates plates 102 and 107 without causing a
significant temperature rise away from the sealed edges.

First, a thin layer of V,05-Fe;03-P,05 preform frit
106 containing fillers to enable a CTE match to display
glass was spread along the edge of one of the Code 1737
glass plates 102 and 107 (see FIGURE 3A4). Then the CO,
laser 110a heated the vanadate iron phosphate glass frit
106. At the softening temperature of the frit 106, the
vanadate iron phosphate glass frit 106 flowed to bond
together the Code 1737 glass plates 102 and 107 and then

solidified during a subsequent cooling cycle to form a
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12 hernetic seal 108. FlI GURES 4A and 4B are graphs of
transm ssion curves of the vanadate iron phosphate

w@b@s®9sspTit 106 and the Code 1737 gl ass substPEL/ES2004/011349

plates 102 and 107. 5 Anot her aspect of this

experinment related to the %%;arrent of the preform
vanadat e i ron phosphate gl ass rit 106 in between the
CGedendd 3¢ dlass sus!rat erpbakes 4402@d0d 40758 n@%aphs of
flaws can be easily introduced along the edges of the
d@ﬁ@nwsszsg@ass:umvafesoiozhsndvamﬁartr@mngnpmmsphate glass
P eRs..s s t n

p]?%gabl |t3?§1§f %Zq(?gg&%?%cfi%% ?gfgeglun ace o]fﬂt%S 102 and
fror. 106 and plates 102 and 107 is |ncreased for a

given tenperature gradlint and CTE m smatch vvhen th
i ni ti dMOFNE sFEREFS atdtLs AFPeLiREEY hest ﬁélet"?al to the

sp18ssRsniS dinduged ﬁ&:‘léfBQm' apd gy A %‘i%%?qﬁﬁ%tsghate glass

cooling cycles are ‘elastic in nature there I's n
réraixaﬂpén iof lse¢tressesthfo Caabldr £337 t Pilessormudrgtrate plates

orm ate_iron osphat e Iassf it .1
P72 Caledtrtn: SsaboB FIRE S SharRstibt o dhgss atons
f  J0an EHQeferﬁ edgescefieghasy spbsld atBscdd21020 830 107 from
107 (see FIGURE 3A and 4C). Experiment #3 In this

SRPEPF NBHCCSERA NPy iR | BACBo@Ec CUaDin@msaad |heswkling, the

r e t | r :
AOAE: Birpoch B A bl e R e e
who€h syl i 1pltah:@sl ager bead 11Q@a iiH o inmrdaasel [Heansa given

12a' and 112a''_which ere _then, directed._ towards
tHEP R R UARd SIS 1955 G i adiefno tagg initial

10175y se. A&l GURE aterS shown, theckasale 11028/t Sgtresses
the | aser beam I12a towards 30 the split-beam optics

amcém@@cﬂrenﬂmﬂ@@ V\haehngn@lmijesuhseaméﬁc bumﬁsmu rtyerles are
that spli t he .l aser beam 112

Pttt 1ot BREE e R I P Paeal Ope i Fregee. o

r&ﬁdﬁ@éﬁdtﬁﬁﬁ adfiddrel, XHe (BrfforMUvenatiele iron phosphate

glass frit 106 in this experiment was applied at a small

distance away from the free edges of glass substrates 102

and 107 (see FIGURE 3A and 4QC).

Experiment #3

In this experiment, the irradiation source 110 was a
laser 110a {(e.g., CO,; laser 110a) that emitted a laser beam
112a through a split-beam optics arrangement 500 which
split the laser beam 112a into two laser beams 112a' and
112a'' which where then directed towards the first and
second Code 1737 glass plates 102 and 107 (see FIGURE G5A).
As shown, the laser 110a emits the laser beam 112a towards
the split-beam optics arrangement 500 which includes a
50/50 beam splitter 502 that splits the laser beam 112a
into two laser beams 112a' and 1l2a'"'. The first laser

beam 112a' is reflected off a mirror 504 (e.g., Au coated
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WD 2004/ 095597 PCT/ US2004/ 011349 13 mrror 504) so
that it is directed through a lens 506 onto the first

w@omhe/095687 gl ass plate 102. And, the second |BSEUShOHM1349

112a'' is reflected off a series of mrrors 508 and
510 (e.g., Au coated mirrors 3Q8 and 510) so that it 5
is directed through a lens 512 onto the second Code

Id3rrogl 868) pkat €hdB7itThe uSefcddersplidh bgalens 506 onto
optics  arrangenent 500 to deliver the heat to_a
| 'veal ifZedtar €8d6n 1tHhe SibBster apbabeatld? 102 Ad 1¢Re second

it
T 08t (et ttThed el o 10 T minnar” hbrs tReLEdze S0¢
tenpersatur(@.dj .st raibbutoanedndiresrdud08 sam@sses)are that it

mana eable t.o achieve a ellable seal ed  assenbly. It
ShouRATBECROL CAANED thel SPFi tlBedthdpt FRe second Code 1737

aﬁiéﬁgegﬁﬂétéool§@U|d haye bggn used EHeeX§§Ii@EBéaﬁ Soptics
and and that there are many different types of

aar:aa;@@@ean‘s mpchocdaﬂdvee“ @@@d hiemtt He pr eserrlized area on

B L e m——

té&bﬁt@mp&ﬁdnﬁeahd an e&eﬁ@na&y Y¥20%- 2@ PeS:d MR below) in
frit 106 and Code 1737 gl ass substrate plates 102 and
1@7ma2@%r®%séhe TR TetuEs epliotpliprtien| iy residual

@¥e§§§ss'§f§r'ﬂ%?éﬁgﬁy%g fﬁbt &9@1é9ep'§teré€5 YRS gealed
performed at 400 ?urnace envi ronnent for %our,
ansls¢mib Ll ywed Ty sm@mhacbecmmua@;thamrEMenwpmmmHﬁdqm optics

Good wettabj!lit n ondi n s observed a
e oot o ohb rallss SoRe | PRCTL OBt nI SrEergpeat #'s 1
whdoub aBﬁd‘”@H&ﬁ"HhéEe|o§§é Q§h9”‘@§@ﬂ@}éﬂt types of
non-adhered region. Then, the second step 212 of

s@aﬂrw@em@mt@\/\ﬁal@iﬁ golg 4 oeaedzéd COR Irwssgent 1davention
Su S%é %gugai sggeagg 21%67%8}tﬂuﬁyf%9es égrﬁﬁce% with both

e pla were Toca

t b SOr510& tehh bgst eopesnture7of the VZP frit 106 by
the CO2 laser 110a. The CO2 | aser 110a enmtted a
Singlé“%e&@ﬂflz%xﬂﬁ¥%ﬂent' an exemplary V,05-Zn0O-P,0s (VZP)

frit 106 and Code 1737 glass substrate plates 102 and 107
were chosen. The first step 210 of sgealing, i.e. pre-
sintering the VZP frit 106 to plate 107 was performed at
400°C in furnace environment for 1 hour, and followed by
furnace cooling to prevent cracking. Good wettability,
and hence bonding, was observed at the interface of the
VzP frit 106 and plate 107 without any indication of local
delamination or non-adhered region. Then, the second step
212 of sealing followed by wusing a localized CO, laser
110a. In particular, the edges of both surfaces of the
substrate plates 102 and 107 were heated locally to the
softening temperature of the VZP frit 106 by the CO, laser
110a. The CO; laser 1ll0a emitted a single beam 112a which
was split into two beams 112a' and 112a'' that were

focused onto the substrate plates 102 and 107 (see FIGURE
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was split into two beans 112a' and 112a'' that were
focused onto the substrate plates 102 and 107 (see

WO-L@BWRESSYO 2004/ 095597 PCT/ US2004/ 011349 14 S5PQT/US2004/011349

FI GURE 5C shows a photo of a top view of the bonded
substrate plates 102 and 107. perinment #4 5 In this
experinment, the irradiation source 110 was a 1000watt

i sy ar el BNPri1d0REt Bat dmewcont ppbted dFy & t¥prkakhe of the
vol tage controller. This Eartlcu ar infrared anp

dronded aubsghetevetabhedavePeanehlPange of

approximately 800 to 2000 nm The sanples that were 10
sealed using the infrared lanp 110b consisted of two
lExdérifiede #737 gl ass plates 102 and 107, where an
exenplary frit 106 was applied,as a,thin stri g} al on

the 4 ElgE8ist 3HFE idrE0tthe Pt égrﬁ%a‘ahanl@?}l e 110 was a

COIPORALEE ONSn £F 2 508 1%‘;”@1@1& fdats 188 usediirBlied by a
experinment #4 are provided in 15 TABLE #1. TABLE 1*
BrantaBl endvokikesep domt¥)lGonposi Thas (pereifuiad assfrared

frit Filler Gass Frit, Filler 5801 (809 20% . Ti Q2
z%afﬂﬁ’zo %ttﬁ‘?ganapaljﬁgate (Fe3h pthi‘@‘—T‘%e 36%/%]\:%0 range of
0B0RbmatbZ¢ BAS- 23 Sbpeo= AR:20 VRS 2RmPl®E 58hat were

m n1 5817 (709 (30% Fe203 12.5 Li20 25  (nean
pedlefeughBantpar tnérarpdos agn AlfF3 opnsisgtrd ofstywg 17x1”

s/ = -20 . | O 0 59 %, . 209
g T N
AR08 266 sibze apB-iHA s A zehin5si0ip) aV2Ry FheSid2edges of
50 20 * It shoul d be undergt ood that these frits 106
C?ﬁ]ﬁdoﬁa\}:@eoé%}?%%dlp% and 107. The compogitions of some

exemplary frits 106 used in experiment #4 are provided in

TABLE #1.
TABLE 1%

Blend | Blend make-up (wt.%) Compogition (mole%)

# Glass frit Filler Glass Frit Filler

5801 (80%) (20%) Ti0, 20 Li,0 25
(mean particle (mean particle P,0s 30 Al,0; 25
gize = 15-20 size = 15-20 V.05 50 Sio, 50
pm) um)

5817 (70%) (30%) Fe,05 12.5 Li,0 25
(mean particle (mean particle P,05 35 Al,0, 25
size = 15-20 size = 15-20 V,0s 52.5 Sio, 50
pm) pm)

5913 (80%) (20%) Zno 20 Li,0 25
(mean particle (mean particle P,05 30 Al,0; 25
size = 5-10 um) gize = 5-10 pm) | V20s 50 810, 50

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

As mentioned earlier, it is important when infrared
radiation is used to seal a frit 106 that the frit 106
absorbs heat in the infrared region. As described above,
vanadium 1s a particularly strong infrared absorber in

oxide glasses. As such, most of the initial calibration
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any of the other experinents described herein to seal
Code 1737 glass plates 102 and 107. As nentioned

wW@2004i023597 it is inmportant when infrared 25 raPdCHUSZIN4/011349

is used to seal a frit 106 that the frit 106 absorbs
heat in the infrared region. descri bed above,
vanadiumis a particularly st ng infrared absorber in

| deglassgs. syehe hRst e iR AN kd &l gone usi frits
e R S WAt 052004/ 011349 15 and -
se® | hgviwgk blertchi 58 Bxpevhieht coas igded usf ng fiiktsire of a
106 havi ng blLend 01, which .consisted of a mi.xture of_,
R AR ke « S i STUNERD Sioaes Tiller

um no-sriicat

fidderratsees TABLETH#E) 535he 380l ok pawker f st made into
first made into 5 a paste _using a suitable

sol PERCEDI NEERI Syt EMLEAERSassOhngNt /binder system such as
cetat e/ ni traocel.l a.9r. pine_ail,: |oa [ :
%ﬁ%gg,cgatng%ﬁé%@ﬁ%ﬁeg} [ S%ﬁseagalpolnr!éé)t %gqédgie(gao d into a
afer Dige | hen€odreth7BEnglddspphatds alogorc i) Bdgdd esf one of
applying the 5801 blend frit 106, the two gl ass

pHag €50d921 43d 9675RePe2E65mNdalty 1 essdtf over 2 RybRing the

ofder MbiRg FlLhd hapd presswkeglaakd Jiherdlasednd 867 were
oven at 100C to dry the 5801 bl'end rit 106. The

searphEl by apresd6d amdr1ezche oshehre msyinge el labdrand 4opessure,
under the infrared |lanmp (the agpromeate f ocal Ien%h

13Gf LR PaRpFdardd 8t OfFT optof 08 pi BRedgy the S80L Dblend
refyac (ggy cloth to serve as insulation. The sealing

step 2 was carried out a single edge at a tine. A

ref racTlos yshhptk midéesf 102 wamdal Waswplcac édhesy arladmd about
entire syrface area of th I | ates 102 and_107.
LOOR, YRdE ERSI AFTAPEECEER W LR DG RS BN | Biosy Length
the @act uahmseabngdgect bat ¢ Jfo b isealedl. rdheactory cloth
tenperature In the sanple glass plates 102 and 107 .
ves senieored impud athermocolipt esphited isiePbhelamercarried

L1 SRR R 20 A0E (R BBe BB LR nace o
ghBSfina was placed over the entire surface area of the
glass plates 102 and 107 to serve as an infrared mask with
the exception of the actual seal edge that was to be
sealed. The temperature in the sample glass plates 102
and 107 was monitored by a thermocouple placed in the
center of the two plates 102 and 107 through a small hole
drilled through the top plate 102. Once the masked glass
plates 102 and 107 and thermocouple were placed under the
IR lamp, the lamp controller was turned to 10% of maximum
power, and the sample plates 102 and 107 were then
oriented for actual sealing. The lamp controller was then
turned off, final checks were made of the thermocouple,
and then the power was turned immediately to the level
used for sealing (typically 40-60% of maximum output).
During the operation of the infrared lamp, the seal

edge was viewed with infrared-absorbing protective
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25 plates 102 and 107 and thernocoupl e were pl aced
under the IR lanp, the lanp controller was turned to

waomsodssomxi mum power, and the sanpl e pl at es BORUS2004/011349

107 were then oriented for actual sealing. The |anp

controller was then turned off6, final checks were
made of the thernocouple, 30 afd then the power was

t%"Ié@ge:é mredhatel ¥oFechhegl eyl odsedviar iseathBy 5801 blend
(Typically 40-60% of maxi mum output). During the

opertat ildle of thise PAVEHr edas aripmadiatalyl dagaeaaeff to the

viewed with_infraredsahserhbin r RY

PHonT et g0 BET) 6@06%?0??5‘29Qit%é%fleg”é"’{sseg?o Gpway from the
S@ihené Ng1wassolhsey vaatd | Dovhe 58 dbfeheblf titel®s seal one
the power was immediately turned-off to the .infrared

| 2RPS WAE PRBTPEAPREEL¥l POnESCREVSd AR dih tHiews a graph

sgFPkgepl %xaé]dméggufg@eagyg CAlntt MBnt @£588lne during
one edge s approxi mately 60 seconds. FI GURE 6A

stiowssaagiaghofofeache dfenper at usedapasdr ed ldxld' assembly of

functi f tinme duri t seali of _each t

s#%%% 3232 IS0 a?i%ﬁ%?y@% ?ﬁ’)%eq%'k?u%}ré%sgéﬁa:g:gsﬁ blend
1p2;i and o7 usiing shbe 18808 bRt d f thht106he | nashethd center
be noted that the maxi num center 10 tenperature ranged

f tenpapat oxe mabeyyd75ron 8pprEk@UREcEB 7$fiolws &5SEMFIGURE 6B

cross-section of the 1"xl" pieces of Code 1737 %taés
PFAPES 3055HNa7 67 SEAF e ATt MBS e HarferCSbove Code 1737
g%%%—égg}p@%%gsbllw dhat 1866 JaRg dusedh | pabead Rl ddiher above

end frit 106. The m crograph shows the filler
pawti thes 5B3 Milshendelirin flhe weld -wedd edns8eadbladndche 5801

frit _106. . n seen, the 5817 bhle frit,-106 .
d%jegn%ogFéﬁlggf ew T'ar é“elcrﬁ%rs?tpglr 5 (ﬁjrwsvcr)}::]lj 5, EJD]DS%II ppyrticies

causedrhydentr appedvdliinderised |48 shobl énde froted dchat As can
despite the short-heatil_‘%g tinme 60seconds), the 5817
bpendeeri t thee 58 hattenkl friel 188 docangodbmiis 13 few large

sgedptbgsion {axabe CRULTYY Slase pholghe A% a1 dhinders.

biendhould be noted that despite the short-heating time
(60seconds), the 5817 blend frit 106 is both well melted
and exhibits good adhesion to the Code 1737 glass plates
102 and 107.

In addition to the aforementioned 5801 and 5817 blend
frits 106, infrared-sealing work was also carried out with
the 5913 blend. Approximately half of the sealed sample
plates 102 and 107 were tested and the seal was determined
to be hermetic-using the criterion of not exhibiting any
leak larger than 1078 cm®’/s in a He leak test.

It should Pe noted that a laser 110a has also been
used to melt one of the frits 106 listed in TABLE #1. In
particular, a Twatt, 810-nm, continuous wave (CW)
semiconductor laser 110a emitting a laser beam 1l12a

focused onto a 2.5mm spot and moved at a velocity of

0.5mm/s was used to melt 5913 blend frit 106 (see FIGURE
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frits 106, infrared-sealing work was al so carried out
wth the 5913 blend. Approxinmately half of the seal ed

W@ 200pl025525 pl ates 102 and 107 were tested and P¢EUS®AI/011349

was determned to be hernmetic-using the criterion of

not exhibiting any |eak |arger, than 10-8 cn8/s in a

He |l eak test. It should be noted that a | aser 110a has

absp. beemeresed the nBbéraneonf drhechei 16sE36 1i648d e 5913

TABLE #1. In 30 particular, a 7watt, 810-nm

c}&ﬁﬁl@au@%t\/\d\ﬁ@ (CR§ %rﬁe@@fdakﬂtr&redfasﬁreﬂ@ﬁeém tatndqgground

Iase eam 112a, focused onto.a 2.5 and

i SRR, o2 oFL GREAT AL D4BR F3 WEFE 5545 Br SHanT-

fr|t 106 (see FI GURE WD 2004/ 095597 PCT/USZOO4/011349

17 6C) Before the operation of the |aser 110a, the
S@@@erbm©mu $5it 106 was screen- prlnted pre-fired,

and gr t reduce it thlckne i ation to |ess

Fhan 55400Ry | &1 pER P Prbn SEERTIE SR b e Rne, one
detiehls ofemémezexpﬁmtfren&he@@e ashoualh s enebesnd hddrations

there are several considerations which should be k%P

i bR d Shired dddee gffieR§ al® r PEnPoe e matiesaAT @ dsd frgt 106
ke 2 e nad ool Seq) e PLED 10,0 SELA 90 cealed oLED
ollowwng is a list of some of these consi at1ons:

Stbép by t enper at urslTeowivy d itsheanmall idégr aflat some obf these

t he CHEDS 104, the frit 106 should seal at a 15 | ow
TGS EWpEP B Ur e such that the tenperature

experienced a short distance (1-3mm) fromthe sealed

edge in the CLED display 100 should not exceed
approxinnte$ga1ﬂﬂ£ tefippaasiioa-Tonmpatiibi |titepnHie dedgtadation
106 shoul d ﬁ ansi_on matched with sub

ol at oo 102 SdtAT0SLERS ik SR | Gt bt e8sbong seal at a

:Rereby el i & nahsubBr FekbeikrbyYulrassuly fltrat WIRS {&perature
e

experienced a short distance (1-3mm) from the

sealed edge in the OLED display 100 should not
exceed approximately 100°C.

e Expansion compatibility-The frit 106 sghould be
expansion matched with substrate plates 102 and
107 to limit sealing stresses and thereby
eliminate hermeticity loss by fractures in the

seal.

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

constituents in the OLED display 100.

The requirement that frit-sealing be accompanied by
at best only a minimal temperature rise in the adjacent
OLEDs can be satisfied with a low temperature sealing frit
106. However, most low temperature oxide frits of

reasonable durability have CTE values well above the CTEs
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seal. Herneticity-The frit 106 should forma hernetic
25 seal and provide long-termprotection for the

w@oenIseents in the OLED di splay 100. The reqgeCT/E8m®04/011349

that frit-sealing be acconpanied by at best only a
m ninmal tenperature rise in thg g%adjacent 30 CLEDs can
be satisfied with a |l ow tenperature sealing frit 106.

Howevele, JMsdeded eppeEasune2oxifie f67ts @k such, the high
reasonabl e durability have CTE val ues well above the

CIEE WO Joou/ossgr PeR Bhasd/ DTi8g9mays wsfquiike the use of
S te 10 n h

SYRPLER! S2adl &80 1 S0 dnlOL fRcBUEh cile Wllle 'l s,

fThése mmmﬂemmsmaprbdmraddhaﬁestﬂmﬂlémmersthh GIE. lithium

se. fillers may be "addla ve fillers" such as
HWﬁﬂ?Ssé &ﬁ?ﬁ% si Freéate &F?@talphﬁﬁeﬁhasgglﬁhlchhave an
h§M€r§H31bE§iFD§bﬁ§E|KTEOWanglﬁwkﬁﬁnﬁﬁ}Veﬁmvé%81on fhllers
i nversion lers such as Co- My pyrophosphate whic
|ﬁuﬁbduﬁe Gondigsi pyabphobahgeet riough dnphaseice dimensional
nsfor i on.during heatin
cor%?ngﬁvrlﬁﬂln%et #HE of n§§§1Hﬁglf@'tgﬂfé?%tdF%?tlng or

r@auuﬁgents adcowdiess,at uee fihéed fride 106HD sealing
conbi nation with sone formof |ocalized edge heating
sHEHPAE BHT P nfredEdr e 41018 of OOk dmResfatoy dgyled frit
b equire ze a en nperat
dg?ﬁngygea??ﬁgl giggvengﬁpo?éﬁgiaF %§m1§£ t?égagiggg edge
1héasingabliehf as aneahingreEDadpspliaps o10QOyateséronloa may
de 1737, I ss plates 102 and 107 .are listed in )
BL 9241 7 etﬂgo%%zemt&e P08fEFE sEFERRERtERS Tise

- therbasi sefiiaglow Tg (i . e . , <3500 , and a low

furnaceé sealing tenperature (<550C). Although 20 these
frits &eﬁemelep@tﬁnpnééaﬂedvbyehblwmlfghassimwﬂt$miﬁable for

IO o3ROt Bl PS8 e p1aces

The2 and 107 are listed in TABLE #2. These potential frits
106 were selected on the basis of a low Tg (i.e., <350°C),

and a low furnace sealing temperature (<550°C). Although
these frits 106 were all prepared by normal glass-melting
techniques, it should be noted that many of these frits
106 may also be prepared by sol-gel techniques. The
compositions listed in TABLE 2 include the following frits

106:

¢ Sn-7Zn phosphates (SZP)-These frits 106 have

moderate CTE values (L00-110x1077/°C), good
aqueous durabilities, but are troubled by a
tendency for weak adhesion. As such, they may
require an inversion filler to lower the CTE,
and an infrared absorber (e.g., transition

metal (s)) to permit heating by localized devices
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conpositions listed in TABLE 2 include the follow ng
frits 106: 25 Sn-Zn phosphates (SZP)-These frits 106

whaone/0935pter at e CTE val ues (100-110x10-7/C) , PODUS2004/011349

aqueous durabilities, but are troubled by a tendency
for weak adhesion. As such, tq%% may 30 require an
inversion filler to | ower the E, and an infrared

absorber (eg@ch hEamsiet isfi PRIV 110 REr4Ad the infrared
heating by |ocalized devices WD 2004/ 095597

PCT/ US2004/ 6318491089 such as the semi -conductor 110a

and the infrare I 110h. M xed .al kali zi ,
phosphat €s 93 - fALPS  BIERIRES hi d%#ﬁl‘t}&es& frits
CTE (130x10 @) ut, dgpﬂpscgrgife d BN /o

As such, th%éérrakilavr{thl?gl relatively I(g]?%e (ggg)?%Ogné ), but
of fillers fiemoheweattheyddkE tdhtbeodesirag 33xdR; 7/tBey may

range. As a result, sealing tenperatures are high, .

Vanadi um phbSpHat € §Pi§§é¥?%kfe§€rﬁrei tagdf(‘}éonfo ‘?:'%n%’r%jeers to
t he uni que r of w T I ; : -7 /o

exhi bi t goo%g‘g%lﬁegzﬁloen, ngt tscgf ?grg (férl\éojfn eB-ég(tel)eé)nt/iéi range.
drawback of apoar ragueeussedutabi teiperabunee wasadigm.
itself is a strong infrared absorber in silicate

gl asses, st héaradbuygtpbsephatre at glastieee Thesemnytrits 106

| ocalized sealing technjqgues. b-.bor at e
ol acses: ThelS P11 66 HPEoHRs A Am - TheoBpdtpods and low
eutectic whith.is deehvedxhipitt gosgalddi@dildd, but suffer

conpositions. Their high expansion 20 coefficients may
requi re appféefabfecandeherstdrl firpwpaaldi efonpPper aqueous

| over theird&?é%i?iﬁ?tCh'éfﬁ%e vanadium itself is a strong

infrared absorber in silicate glasses, these
glasses are attractive for many localized

sealing techniques.

e Pb-borate glasses-These frits 106 are based on
the PbO-B,0; eutectic which is derived from tv
sealing frit compositions. Their high expansion
coefficients may require appreciable amounts of
filler addition to lower their CTE to match that
of the potential display glasses.

e Mixed compositions (such as zinc mixed alkali
phosphate with PbO and V,0s5)- Mixed frits 106
typically offer advantages over the individual
end-members by possessing attributes such as
good IR absorption, but generally have
disadvantages such as high CTE.
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L5

of the po

(such as zinc m xed
wW&2@3)09559M xed frits

over the

tenti al

i ndi vi dual

attri butes such as

al kal i

di spl ay gl asses.

end- menbers by possessi ng

good I R absorption,

M xed conpositions'
phosphate with PbO and
106 25 typically offer aPWHISAO€611349

but generally

have di sadvantages such as high CTE. 30 WO
2004/ 095597 PCT/ US2004/ 0113492020 5 TABLE 2* SZP RZP
V- phos PB RzZP+V, PbO Description Sn-Zn- M xed
Vanadi um Pb- borate M xed phosphate al kali -Zn-
phosphat e al kali-Zn phosphat e phosphate+ V, and Pb
Typi cal 60% Sn0 45% Zn€rBBE43/205 62% PhO 30% P206
conposition 32% P205 33% P205 30 % P20 5_34-' B203
23% ZnO E'ﬁ%l e.% 6% Zno 20% RBTP0% Zn0| B Si 02 20, RZP+V, PO
DON 290/ DDND 2D0L A1 92N 4n/ A1 D 4rn/ DM 1 0L \I”nE
Descrip€ions 7Y D"Hi? 0 ALtV ATZ03 e go—1 Mixed
A1503 TypLe&pndee (C;)lk§£)10 R25 3%19@ R0 3100 Furnace alkali-Zn-
475- 500 500- 550 42§mé§&m590 5 80 550 | seal i ng phosphate+
tenmperature for 37 CTE glass (C) Typical CTE 110 180 and pb
Typica}Q 130 1460% gm@" 7/ ?5 Perdi ti ve| EUWVHRY, GoOtR*LBwe TO, | 00k P:0s
compos 329 34 5 30 P 23% ZnO
e gﬂd’d‘ Cood 7 ¥ gisulre 20@;0%28 adhe:Eg);nZI{%TE, go}kfd‘s%ﬂhey onee ooy
‘adhesi on zgq;@bl it agpesion 1% al0, 15%  Pho
10% V,05
2% A1203
Typical T, (°c) 300° 325° 300° 350° 310°
Furnace 475-500° 500°-550° 425-450° 500-550° 500-550°
sealing
temperature
for 37 CTE
glass (°C)
Typical CTE 110 130 70 130 140
(1077/°c)
Positive Low Tg, Good Low Tg, low Good Good
features good adhesion CTE, good adhesion adhesion
durability adhesion
Negative May May require May require | May require May require
features require inversion additive inversion inversion
inversion filler + IR filler. filler + IR filler;
filler + absorber; absorber; high
IR high furnace ;| high furnace | furnace
absorber, sealing sealing sealing
adhesion temp. temp. temp.
weak

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

As noted in TABLE #2,

frits 106 offer a unique combination of low Tg,

CTE.

vanadium-phosphate based glass
and low

Vanadium is a strong infrared absorber in silicate

glasses thus it is a strong candidate in localized sealing

methods such as IR lamp,

lasers

laser at 10

(i.e.,

.6 pm).

and both near-,

semiconductor lasers at 800-900nm,

and far infrared

and CO,

The starting point for the wvanadium

phosphate work was several low Tg glasses in the Fe,03-P,0s5-
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Negative May May require May require May require my
require features require inversion additive inversion

wo pooeisison i nversion filler + IR filler. fillRCT/BS1084/011349

filler; filler + absorbers absorber; high IR high
furnace high furnace furnace ,absorber, sealing
sealing sealing adhesion tenp. tenp. tenp. weak * It

sheul dirbe wadersimod,ohakysbese. fribsctlf coul ghbaxe a near-
been used in any of the other experinents described

higtlerared sdglancidd LPrge gl @45VeLO ittt ed 1021m@o19gndadium
' #2,..vanadi ho .e. based S
EnfhEgel 0 JEPRE Feri KENAdLHALRNOSORRB, 0808 SHARE,  molax

lows 1 TR h&/agadi BADI fratstieongti phvared @I r#iN. Please
silicate L5 gl asses thug igggfhg stron% candidate in
IeeE | 288 RATTRF LRt RbdS et Bkt | ROPamyd! SR8 41500 nm
Nerele féangetraﬁﬁﬁ co@S St (| pEeas8CALERNAULHONL e Ccode
| asers at 800-900nm and CO2 |aser at 10.6 gm. The
stati gl pos ntpiates hel Vanawhidim 1 phosphat enewr ky wasompletely

everal |low Tg glass [ e Fe203-P205 WO

S St MBS 0ES 1100 et STovabe g range.
Ti 02- R2CBLO205 syst egvs  EFOUREBnAAishowshasprate glass frits
infrared transmttance curve for a titano-vandadi um

pHYS pias e2gllays GTE + 1 tgo5RD 1@ TheR- Peodosowrpsigh to match

r asics h 5 frit_ is h in T _
%éﬂ %?%aég %gltr?ot%e t eﬁ;%]so#jb%?%npg%?%i gW?r iat%dléﬁ%fnmthout
ttee 8GMIdHIOIbmmofwatelérgth rarmgienceé n ddm r &stit pheasehas a

note that the Code 1737 glass plates 102 and 107 are .
My CohpT €281 - T8 r ERETTHY S nE1800uE500°hm "additive

vwavel &Agt Bor anger Alddhaugh ther89p AERvanafidiBion” fillers
phosphate glass frits 10 106 has a low CTE, its CTE

eyl ¢lot cde Poadeneugh crocrarshngt hee€TE tdna hign Goete-hermetic
e A ST S CTE N
filler levels close to the maximum amount (*25-30wt.%)
still did not exhibit a satisfactory expansion match to
Code 1737 glass plates 102 and 107.

However, continued composition research resulted in
the discovery that zinc vanadium phosphate glass frits 106
can be made which have expansions low enough to permit a
close CTE match to Code 1737 glass plates 102 and 107 when

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

of these frits which has a composition 20Zn0-30P,05-50V,0s

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

and f-eucryptite glass-ceramic (molar Dbasis: 25Li,0-
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relatively-low CTE this permts the use of "additive"
fillers to |lower the CTE, rather than "inversion"

WO 20oke93s9715 whi ch can produce m crocracki ng, recUUS1004011349

in non-hernetic seals. Unfortunately, the 895 AFD
frit 106 even with filler Ieéggs cl ose to the maximum
anount (~25-30wt.o0) still did not exhibit a
sashsiactosyogxpassitenlsatchwto BEode) 1737 gl ass

pl ates 102 and 107. 20 However, continued conposition
research resulted in the discovery that zinc vanadi um

phogphgte glggslg Itﬁe%%GB%FﬁFF?8 S%Fggmh b have

expansions’| ow en E match to

Codg 1¢371g}ass-pb Fneﬁe;g%%gyélé@z &@g& figkl ers are

added. Measured va ues o g and or one 25 of

these fillerwWiich2bps Ac6AMPASLLILDE size)15%
20Zn0O 30P205- 50V205 (rmol ar basis) were, respectively,
300C, and 70x10-' In fact, 5895 blend frit 106

H%éﬁgfﬁoggi #%Egﬁ%agbﬁhs%%ogﬂ%T$%%§ % hggp? fFch data

fméismse@huﬁh basfaﬁ@@@oﬁxaﬁiIeﬁmpexaanibonfaﬁ a butt seal
qggatlblgﬁﬁy and good bonding with Code 1737 gl ass
pfaREs 21 Thet 5866 mleehPBRRI1ed B0 $ne Code 1737

Z van u o] a i
el g on o L B i

(ararlar aesiate 25@1@0 N@ﬁ@@ﬂlm Fﬁ'/ USQ@OM@ﬂJl@ZI@/blnder

2 5A 203- 50 S rit, . .

%y%%m ’meanépa%r g @e)ln75é% WuFPFFSr ”%Jéjio?n Ag&iing port
i gl % 5 [ r 0 opa

Si zlte)a?LS /()OI'SEFLC%S%EE%%g) is Iaﬂc gdrléé% héﬁée&s%\r/@%gxbanﬁ%log one hour,

rﬁnmhathhndataﬂfnbasmrEdoast&n@@ﬁ@tm&@ of bempegattiiee cooling

f or but ere a blend 5895 frit 106 was
a%‘ff% ?r“ﬁ? ﬁ?@*?af@ra%spl YE&e1082d¢nedkegtpecitic

Vlﬁﬁn;%lﬁp@h&éj fi@@rayanast €o USidd t AMVEhacetat 8- adi o 11’1 the
nitrocel l ul ose as the vehicl e/binder system and the

fGodal 3’ a Flepacelarehla2vibabngaporceused by the expan81on

mismatch with the frit 106. The photoelastic measurements

were used to calculate the total expansion mismatch, &;
between the substrate glass 102 and frit 106 as ghown in

EQUATION #1:
6T = AT((XQ - (xf) (1)

where: o0g, 0f = expansion coefficients of glass, and frit,

respectively; and AT = temperature range of interest

It should be noted that the maximum expansion
mismatch shown in FIGURE 7B between the 5895 blend frit
106 and Code 1737 glass plate 102 and 107 was
approximately +350ppm at 125°C, and the room temperature

mismatch was +125ppm, with the frit 106 in mild tension in
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for a polarineter. It was heated to 450, held one
hour, and, then cooled to roomtenperature. During

wo b@4oewshbT ng 15 cycl e, photoel asti c neasur enenPGI/VE2004/011349

made at specific tenperature intervals to nonitor the
retardation in the Code 1737.glass plate 102 that was
caused by the expansion msmatch with the frit 106.

The: phoheehastsC NEASEEE MERIG toke e lused 1ndtadicdll péBatively
the total expansion m smatch, ST 20 between the

SUPREr SERGFAST 107 RAT P10 0Beh¥eSRo i nPLERBARSGY frit
#lo661ng Adaka 737a%ha%%)su%ét@%%reld%JaﬁH T07. An inverse

expanS|on coefficients of glass, and f
rsa@@wimhebyalamﬁfAHB%Stbhpedaﬁané riingeandl iCoder €137 glass
I't should be noted that the nmaxinum expansion

P kaee c fushaas - LATERGIRE 4 Fethen! t ReUE8GRQyeshp mismatch
frit 1 d d 37, 1
dg%rokggatq%r%% hp ﬁ%aé f%kﬁ%%ﬁgxﬂte 9§d§89t}9§ W3R good

Ummnmgiunecdm@ﬂanImww b&2Eppm mhéhseﬁéfblendo&rlt 106
in mld tension in §004/095597 PCT/ US2004/ 011349
220t AE NS T AhcBs25ThRSatHi sHét ch val ues i ndicate

rel atively. good e¥pARg: RN Hdtid | Ey-1Rat Weed theo offer
bl end 5895 frit 106 and Code 1737 gl ass substrate 102

amdoidFe Apri mesrtsieg sdmiwnehmeeatiby 58em iklesedtfer ifor OLED
106_and Code 1737 gl ass_5,pl ate furnace-fj

o 0r ST ol herBkiRh (1t Lo nifq” oless
COTRE&SSheBted RAittld Ng, thergoess BXRBNSIOB or 810nm laser
conpatibility between the 5895 blend frit 106 and

cb?d%alaslﬁ gﬂ@f‘sjsecbl wighighe THe%e bilgedydati ufpPe passed the
Fﬁgsﬁ éésb 0%61&& f ?uu$o4§§w1%%ffﬁenq%Wé@% leak
ernet|C|ty ts

equire or CLED sealing
Sexes ahed Sxié dabyenhéleQumpméhde 1%37 Ylasgs.pl at esIn

he ed. ei t her infrared | a 110b or 810nn1|aser
e soaPBaTar th EHE 580575 BRAFIHATCI08 jauy infrared

ltggrﬁef@ | eaketiRStoByrdiol didg vaewupdovndgtieathe | puest made

during 810nm laser frit sealing all indicated a maximum

temperature < 100°C at lmm from the seal edge.

Yet another potential low melting vanadium frit 106
suitable for sealing OLED displays 100 made from Code 1737
glass plates 102 and 107 is listed in TABLES 3-5. TABLE 3
identifies this inventive wvanadium frit 106, where all of

Q

the elements are sgpecified in mole %:



10

15 rate nmeasured by the equi pnent, 1x10-8 cnB/s. In
addi tion, separate tenperature neasurenents by an

WO pdon@eselr canera, thernocouple, and thermal iPCi/U81004/011349

pai nt made during 810nmlaser frit sealing al

i ndi cated a maxi num tenperatyre < 100C at 1nm from
the seal edge. 20 Yet another "potential |ow nelting
vanadium frit 106 suitabl erAmrrzseal i ng CLED di spl ays
100 _made from Code 1737 glass plates 102 and 107 is
listed in TABLES 3-5. TABLE 3 idemi¥4'@&® fRi§ 106

| nveTtTve vanadggm f11t 106, (where all 0§14 ne
elenents are specified in nolle % 25 WD 2004/095597
PCT| US2004/ 01134%: 24 TABLE 3 vanadi um f$740 106 K20
0- 16— Fe20370-20,0, Sb203 0-20 ZnO 0= 20" p2H5 20-40
V206 30-60 Ti02°0-20 A1203|0-5 B203 0-5 W3 0-5
B12p3 0-5 TABLEEM |list a preferred conpdsition of the
vangdi-um—S5—frig s 106—contarnimg—sone of g etements
listed in TABLéggsand a (3-eucryptite glass-ceramc
additive filler:04n particular, the preéffefPed
vanadi-tm-trit—306 had—a 7525 btendof hgy frit—with
the|filler. Both these conponents making up the
preferred vanadism frit 106 had a nean DG5particle

i 7h—0f L i oar ama
S| Ze—OoT—o1CHt Lg2|63 0-5
WO; 0-5
Bi,0, 0-5

TABLE 4 list a preferred composition of the vanadium
frit 106 containing some of the elements listed in TABLE 3
and a p-eucryptite glass-ceramic additive filler. In
particular, the preferred vanadium £frit 106 had a 75:25
blend of the frit with the filler. Both these components
making up the preferred wvanadium frit 106 had a mean

particle size of 5 microns.

TABLE 4
preferred vanadium frit
106
Sb,0;, 7.4
Zno 17.6
P,0s 26.5
V,0s 46.6
TiO, 1.0
Al,0, 1.0
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TABLE 4 preferred vanadiumfrit 106 Sb203 7.4 ZnO
17.6 P205 26.5 V205 46.6 Ti02 1.0 A1203 1.0 WO

WQOM40M3E3H597 PCT/ US2004/ 011349 25 TABLE 5 | i SPCHUSIIN4011349

preferred conposition of the vanadiumfrit 106 that

has a hi gher anount of Sb203 no ZnO when conpared

to the elements listed in TABLE 3. TABLE 5 identifies

this imaenti ve vanadi am fieié Irfohes® dorldsiafidheof the
el ements are specified in nole % TABLE 5 nore

praradien fahhdiom that beos adplohap arepps 9f2Fb20s and no

0B A" 0 ST - 5% 508 0% R exermiary Blend o E 3

vasRhE um fdeht1@6eshahicontraianed vel 783G Rmeutr yipt L0€, where

filler s made in accordance W th the c sitions
| Jte?lf %?A%E@“%nma?rﬁaﬁp?ﬁéﬂ@gl O Waggggﬁposi tion:
Sb203 (23.5) ; P205 (27) ; V205 (47.5) ; Tio02 (1) ;

TABLE 5
more preferred vanadium
frit 106

K,0 0-10
Fe,04 0-20
Sb,05 0-40
Py0s 20-40
V,0s 30-60
Ti0, 0-20
Al,0; 0-5
B,O; 0-5
WO, 0-5
Bi,0; 0-5

An exemplary blend vanadium frit 106 that contained
30% B-eucryptite filler was made in accordance with the
compositions listed in TABLE 5 that had the following
composition: Sby0s3 (23.5); P05 (27); Vi0s (47.5); TiO, (1);
and Al,05 (1). In experiments, this exemplary blend
vanadium frit 106 passed severe environmental testing
(85°C/85%rh chamber) and exhibited superior aqueous
durability.

It should be noted that in these experiments it was
determined that the exemplary blend wvanadium frit 106 had
a CTE of 36.3x1077/°C (from room temperature (RT) to 250°C)
that was measured on a sample that was first furnace-fired
to 450°C. This CTE is close to matching the CTE of 37x10°
7/eCc for the substrate glass plate 102/107. 1In contrast,
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and A1203 (1). In experinments, this exenplary blend
vanadium frit 106 passed severe environnental testing

wQaA20048%39B5% h chanber) and exhi bited superi or PEUSIHOE011349

durability. It should be noted that in these
experinents it was determ ned that the exenplary
bl end vanadiumfrit 106 had a CTE of 36.3x10-7/C

(45 oske@pIutenpanabune ERI: 1062306 20id habt Wesntain the B-
measured on a sanple that was first furnace-fired to

4B0erymhise CFELL 8T cWBSe teatrat @RPngathe €FE &t 387&13;:10 7/ec.

Z%%tﬁasttrk%b Lz%?f‘%%%s’%@ cﬁw@%&%ﬁ%g bgﬁ ant @ glass

esmehmttmwevahadhumsf rirt 106 36ad0xild 7vf6t3 aenteg N fhElers are
%g%};gtltefllle vvastes%ed ag {j a CTE of
g cthe pe*x R BEY appradi dletT it ol Rt ch the CTE
of a gtassnhoylket hake W chdrgd nehbe 3AXL02BiCional low
range, fillers are 5 needed in the exenplary vanadi um

feempaoBtute sﬁ@@udgarfggtﬁeaﬂr@t Epr-asagpstbecause PbO frits

traditiona ra re sealln frlts are

F%%{ a?edjc{ bggauée %—T’ﬁ% Cﬁavg 5tf]1 ow, anawever’ the
askhenb Darpr @mehtieas.vaﬂmmw fthe 1e>semﬁtawnbj/emld@da lower
vanadiumfrit 106 not only has a | ower 10 CTE than

PBEE balsler f rPeQ; b%@@di tf@r%%, pd%%i‘essitbetqle%o RERYRZS better

ty bei g ra
dé@g%)étn}[%n u%%b%% ed’ frlts Wlt rggge t to Iéc—isl?loen to the
Morsdietonal RBibeobhdedl ﬁmbe wotbdrehpec‘ot her adhalshen
bl ended vanadi um,frits i ch. had evel
high Mera’ves: 5lﬁav‘5é“%‘ %@%ﬂ R&d e EEEES eﬁ/ stable

tigsdeged hatnhadus GONREsi1oONwELBL! 8bdt &Y€ levels as high
af orenenti oned exenplary blend vanadiumfrit 106. In

@ﬁm EBoh teveheab3or baent imswed dnd t Seerpesittiléns tested that

éﬁeg ng%§§EE§ %&héyﬁ%%?$oy£dtgg %HQS&&%?&Q%IEQ% exemplary

ere conposi t1ons
yJ@IeﬂidD enadewel oped bog. coul d be used to seal two
gl ass Pl at es
n addition to the aforementioned frit compositions
listed in TABLES 1-5, it sghould be understood that there
may be other frit compositions which have yet to be

developed but could be used to seal two glass plates.

Following are some of the different advantages and

features of the present invention:

¢ The hermetic seal 108 has the following properties:
o Good thermal expansion match to glass substrate
plates 102 and 107.
o Low softening temperature.
o Good chemical and water durability.
o Good bonding to glass substrate plates 102 and
107.
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Fol l owi ng are sonme of the different advantages and
features of the present invention: 25 The hernetic

W@ e@i/04387 has the foll owi ng properties: o GoodPCTres1va4/011349

expansion match to glass substrate plates 102 and
107. o Low softening tenperatyre. 30 o Good chem cal
and water durability. o Good bonding to gl ass

substrat @ ptab@spdddiand tclOdopPd 200446093%28s (e.g., anode
PCT/ US2004/ 011349 27 o Good bonding to copper netal

| eads (e. g.2n@nedEROGRISLEFREEESE! ectrodes). o Dense
with very 'B%Qgr&%thyvergafgwaggrggiﬁf?e- 5 It is

i mportant to understand that other types of substrate
pl ates 1@2 Bbhdad@7CBesrdes the Code 1737 gl ass plates
and EAGLE 2000TH gl ass plates can be sealed to one
anot her using the sealing process of 10 the present

i nventjon.. . : I 0
300 LOTRBATES, O ASndRhAend O2naBn g MdBes of
gl ass ands©AZdegldst)es NLpporrid et07i besGldess The, Code 1737

NHTechno and Sanmsung Corning_Preci si@n ass .. can
be ' seaf@8St P %n@t“ﬁitrsr ‘ﬁg‘{“ﬁg 110 159 5%5Fi r@ates can be

procesge9f clihe PresenNta iU | @Ring Thele 36819hB€Mprocess of
consi derations which should also be taken into

accounthénprheeptedementavent i divd rexaaudie i alaes plates 102
having a.frit 106 .made from gl ass that, is _20,doped
A8%0r Hor BoCPand { FORCRGLaEs WA & SEarRghr Glass Co.

with o _ i'Ch can

nel t ed (&ogf or mza hegmekisc Gedl oh@8. Jhese), Nippon Electric

consi derations include having the right nmatch between |
Glass Co., NHTechno and Samsung Corning Precision
Glass Co. can be sealed to one another wusing the

sealing process of the present invention.

¢ There are other considerations which should also be
taken into account in the present invention in
addition to having a frit 106 made from glass that is
doped with one or more transition metals which can be
melted to form a hermetic seal 108. These
.considerations include having the right match between
the CTEs of the sealed glasses 102 and 107 and frit

106 and the right match Dbetween the viscosities

(e.g., strain, softening points) of the sealed
glasses 102 and 107 and frit 106. It should be
noted that residual stress measurements have

indicated that it is preferable to have the CTE of
the frit 106 the same as or lower than the CTE of the
substrate glass 102 and 107. Other considerations to
achieve a "good" hermetic seal 108 include selecting
the right sealing conditions such as laser power,

focusing and velocity of sealing.
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the CTEs of the sealed gl asses 102 and 107 and frit
106 and the right nmatch between the viscosities 25

W@ 200g/09558t rai n, softening points) of the seal eRICT/US2004/011349

gl asses 102 and 107 and frit 106. It should be noted

that residual stress neasuremeyys have indicated that

it is preferable to have the CIE of the frit 106 the

same as or |lower than the CTE of the 30 substrate

gl ass 102 and 107. O her considerations to achieve a

"goad" Ther MIHR dédpblaps Lafc| adeé switdwmd néO Ot heffralgmt several

seal in con |t|ons | aser cusin
veroci TP aRERELET S TEED Bhs ) MRk RO D ar e Obts) D TR aqendustEy
28 Thﬁh@gED dhspbayain00 aadhaeifred 280 akkarstseverakide a
advant ages over the currentggractlce iLn industry
wher e %ﬁr@?EéﬁléﬁﬂﬁméPvéq e ddE§P3PYvi deFarst, the OLED

hernEt&ES € 'Eo@” &bg@ dh59|a¥e%5££ét'tﬁge g&ggénce of a

di spl ay 100 does not require the presence of
dessi caatsiSevond, tHeconde ahedagﬁ&ﬂabfodeg&aﬁbalqn of the

tradit%ongl UV-cgrﬁg_adheaiv seal due tod£nlsture
bel i evEBRTOT bR PFAsPEr CERE Sget FEAh A Hante @%ﬁ?ture is
10 in phei :ER dbspkayak0@r ThardrHdte S opasedndBLhRd: seal

200 may substantially reduce the cycle tine
(procesglﬁbetﬁﬁép(ﬁlﬁPkﬁWeho@onpﬁ amd , wére pivwresed method

seal i ngoorgany ¢ adhesl e); CONTDNLYJeaui 152 PRSLI e cine

treat men fur nace %OI’ an ext en I nme. FOUI‘

15 the(fk&bPedespbayithB) bf la kghwed adepdongerwhéveduv-cured
than the tradltlonal epo(ﬁﬁfealed CLED dij spl ays whi ch
of fer Podtirdsi(OFIREECt FTRASHR)e PEHEPRAY| FFIUikeR: [ pPost-.

the (lLEPeac!@[ﬁéth1H95h?glr%ggec%zb%nfeae%iﬂéhdécpt t(ﬁ.teedFourth,

into a manutacturing |ine rits 106
pr esenthé nvid#D odiephalge 100 is likely to be longer-lived

than the traditional epoxy-sealed OLED displays which
offer poor resistance to moisture penetration.
Fifth, the OLED sealing method 200 can be easily

integrated into a manufacturing line.

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

infrared region described above.

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

desirable OLED display.

e The frit 106 that 1is pre-sealed to one of the

substrate plates 102 or 107 in accordance with step
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designed to absorb heat in other regions besides the
infrared regi on described above. 25 [t should be

wo e@diod3poappreci ated that in addition to the PCT/US2004/011349

af orenenti oned exenplary frits that there nmay be

other conpositions or types of,frits which exist or

whi ch have yet to be devel oped but could be used in

accor dance omrt hbehesqirdesent a nuedti @r tpreakeén8erdd part to
desirable OLED display.,  The frit 106 that is
pre-se@P@HfFGtBﬁ@réf‘%%eth§u6§#¥ét@lﬁP%F¥s]ﬁﬁé Ypoigan then
in acc i 0 : ;
T UoBaar a1 aTs . Guihs prod P bpdorm the fimal heating
pr e- si anhér edopaingt osternulagt uaer stbéirhef&kDity using a
displgﬁPlo .mha ﬁan then install the OLEDs 104 and

per f or PERL FFPRal S REaPPHE®and cooling step 212 at

their facility using a 5 localized heat source. The

OLED di splay 100 can be an active OLED display 100 or

a passThe QIED dispbayy 1000 1fben | beshoul dcheveot@dED display
that a her aspect , of e_present inyentionis to
contro?géhgrc%ogﬁﬁﬁlyﬁtéEgP 9EEPEEED10 isplay 100

after conpleting the heating step 210. Abrupt and

rapid cooling my cause large thermal strains |eading

to ki ght eshstild beenmtlkedstthass esicahelb ddediera®t tite present

seal 108 and,the,sealquﬁégégf %92 and. ,107. |t should
al so bEROREYCEhAE e TR 1R 06PPhY P attd tfesindshe OLED

on thessigeapf tdie Racti-cW&ipl LD disRl ayedO0ndo hey 210,
seal ed and the heat dissipation rate to the
envi r ohpewpt f ramml t HeerdED c20- idisspiay 106usAl t heugh thermal

sever a| mbodi nts _of the, present invenijon as .been
i1l ustTa %ﬁggn tagiggkgﬁ%aﬁggﬁg%;%ﬁ§¥%s£%ﬁﬁma5 stresses on
descritied hertbe itoregadi ngodebabl ethdesesipdi @haties 102 and

ShOUIdﬁlO7 It should also be noted that the suitable
coocling rate depends on the gize of the particular
OLED display 100 to be sealed and the heat
dissipation rate to the environment from the OLED

display 100.

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.
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25 be understood that the invention is not limted to
the enbodi nents disclosed, but is capable of nunerous

w0 e@nogssgenent s, nodifications and substituti oPGI/US2004/011349

wi thout departing fromthe spirit of the invention as
set forth and defined by the fpllow ng clains. WO
2004/ 095597 PCT/ US2004/ 011349 " 30 WHAT IS CLAIMED | S:
lwHAD DegenACMEDghlB:emi tting di ode displ ay

conprising: 5 a first substrate plate; at |east one
organic light emtting diode; a second substrate

pl ate; ;and ﬁnfriBrggﬂfcfroﬂlgréss éﬂ?%tg@?id98§gdgjthdisplay

at least one transSition net and a co ci ent of
tbenprisif@:expansi on (CTE) lowering filler, wherein

said fri .mag hegtgd gg aE %rradiation source in a
nanner?t ars aﬁgla Te5PdPEP F;to.sofyen and form a
her metie seaktWahehorgannect sgsai dufitkshgsuhsikat
plate to said second substra?e pl ate ang al so

pr ot ecksssapadasubeasatenelateorgadic |ight enmitting

di ode | ogat.ed betwe ajd first _.s rate pl at.e.an

said sécgﬁg%sﬁééﬁféikﬁlg?ggszi HJQE%aﬁPEe i@ﬁ%h at least
eomét i ngadisddd cdevimecof Chadm &, wbereinisaicd fdd | eEhermal
is an inversjon filler. 20 3. The organic |ight ,
eFFREFRYCRI ofel HevilC¥eging af il ler  whEReTflRaith¥q | fadt was

| Se@Pe@dat i v EE&B@Eat%onThﬁaﬁf@@h&ﬁ Eigﬁ%nﬁgktHhﬂﬁz caused

di ode device of daim 25 1 erein saild frit is a

| onidenpriat ure gbaSsefriandcofdainni ag baemetiaoreeal which

absor bi i ons .chagsen from.the roup.including iron,
Tt andiim T medtyHTrA S PhEC6r g o 94hy second
eghb st Agrdi ogeatevi §840f a Chal MrdPedisWngsein §8i diecast one
frit excludln%:the CTE lowering filler has
organic light emitting diode located between said first
substrate plate and said second substrate plate.

J

2. The organic light emitting diode device of Claim

1, wherein said filler is an inversion filler.

3. The organic light emitting diode device of Claim

1, wherein said filler is an additive filler.

4. The organic light emitting diode device of Claim
1, wherein said frit is a low temperature glass frit
containing one or more absgorbing ions chosen from the

group including iron, copper, vanadium, and neodymium.

5. The organic light emitting diode device of Claim
1, wherein said frit excluding the CTE lowering filler has
the following composition:
X,0 (0-10 mole %)
Fey0; (0-20 mole %)
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the follow ng conposition: K20 (0-10 nole % Fe203
(0-20 nole % WD 2004/ 095597 PCT/ US2004/011349 31

WEhDABT07 40 ol e %  P205 (20-40 nole %  V20BCT/BS2060011349

nmole %9 TiO2 (0-20 nole %9 5 A1203 (0-5 nole % B203
(0-5 mole %9 W3 (0-5 nole %, Bi2GB (0-5 nole %

10 6. A nmethod for manufacturing an organic |ight
enmtting di ode dgmi®e,(osaiod meEtehad conprising the
steps of: providing a first substrate plate,;

provi ding a secoRePsub3fraPemplgt &) 15 depositing a

frit made from g{;ass e ' atyl east one
transition netal %%H gggog ?@%?gnt)of t her nal

expansion (CTE) Toogr{theedithéee oNto one of said

substrate pl ates; an? dgposgtig at | east one organic
light emitting dfou® (8050WPHS0fié of said substrate

pl ates; and heatgng ardst henecegling said frit in a
manner that would cause said frit to nmelt and forma

hernetic seal wiPeh tdmMnhetekesald first substrate

plate to said sego (%q%s%kggggﬁlate and al so
protects said at Ieast one organic light emtting

di ode. 7. The method of Caim6, wherein said heating
step further includes using a laser to emt a |aser ,
beam t fat 2Aheleshedi d foy t+ magpifacturing an organic light

emitting diode device, said method comprising the steps
of:

providing a first substrate plate;

providing a second substrate plate;

depositing a frit made from glass doped with at least
one transition metal and a coefficient of thermal
expansion (CTE) lowering filler onto one of said substrate
plates; and

depositing at least one organic light emitting diode
onto one of said substrate plates; and

heating and then cooling said frit in a manner that

would cause said frit to melt 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.

7. The method of Claim 6, wherein said heating step
further includes using a laser to emit a laser beam that

heats said frit.

8. The method of Claim 7, wherein said frit has an
enhanced absorption property within an infrared region and

said laser beam has a wavelength in the infrared region
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8. The nethod of Claim7, wherein said frit has an
enhanced absorption property within an infrared region

w@nw4/0s#9™ | aser beam has a wavel ength in the Paf/Us2084011349

regi on WO 2004/ 095597 PCT/ US2004/ 011349 32 such that
when said | aser beaminteracts,ith said frit
substantially nore heat energy Is absorbed by said

feith furem sehdn! asar bpagewheragomaeehdos t Retheadaid frit
energg absorbed by each of said first and second
sopseraneiaklyl aiwse beathenmidndisft asarhesd Rierwddd frit

kagmhesagwglzt {;g!ﬂ{nhah I@C'c%qlg%%'f ?arﬁ%@flglégr%eenergy

to emt eat’s
nabb@ﬂbéﬂ Cbglneachmhefelﬁa$aidfirst hasdanseenhdncedbstrate
absorptlon property within an infrared region and
sBia@tFPght has a wavel ength in the infrared region
such that when said |light interacts with said frit 15
substantially nore heat energy is absorbed by said
frit 9rom Shedmeightd wiefledmpdrediideereatathengyting step

d h f d_f d d b
o areast  PhetiBieh Phadfer o6 o Shorarh i acib @t Light

i shap hdQckn¥ehrgi epitiller or an additive filler. 12.
The nethod of Caim?7, wherein said frit is a |ow
tenperature glass frit containing one or nore

absorbi pg 1 eng gm'%%%@l iJ: ’Elt%f’rn géou%g%ﬁrﬂd'sﬁg_ | T hag an

25 copper, vanadi um an neodym um e met
GbahnmdedmhbserptsandptbpbrtgxMummun;aﬂmiﬁﬂiéfedwxeggon and

fill g%af0||OMAn osi ti 30 K20 O 10

rr%%g%l %@2 T 02207 e% SEJ§0§ - #Bthpre %reglon such
that when said light interacts with said frit
substantially more heat energy is absorbed by said frit
from said light when compared the heat energy absorbed by

each of said first and second substrate plates.

11. The method of Claim 7, wherein said filler is an

[y

inversion filler or an additive filler.

12. The method of Claim 7, wherein said frit i1is a
low temperature glass frit containing one or more
absorbing ions chosen from the group including iron,

copper, vanadium, and neodymium.

13. The method of Claim 7, wherein said frit
excluding the CTE lowering filler has the following
composition:

X0 (0-10 mole %)
Fe,05 (0-20 mole %)
Sb,0; (0-40 mole %)
P,Os (20-40 mole %)
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P205 (20-40 mole % WD 2004/ 095597 PCT/ US2004/ 011349
33 V205 (30-60 nole % Ti02 (0-20 nole % A1203 (0-5

wored0a/098597 B203 (0-5 nmole %9 5 W3 (0-5 nol e % PCBUDB4/011349

(0-5 nole %9 . 14. A glass package conprising: a
first glass plate; 10 a secong3gl ass plate; and a frit
made from gl ass that was doped™with at |east one

transition netalyand ggogd fhsieng) of thernal
expansi on (CTE) YOV\EI‘I ng filler, wherein said frit was

heated by a irrddids i@ 2omde i a manner that caused
15 said frit to]pflt (Fd forf% ernetic seal which
connects said f 2 g'a%sm At® to said second gl ass
pl ate, wherein sg.dbrstmexel gging the CTE | owering
filler has the follow ng conposition: K20 (0-10 nole
% 20 Fe203 (0-¥® nolle Mol 203 (0-40 nole % P205

(20-40 nole % 06 ey Ti02 (0-20 nole
% 25 A1203 (O- SélffoﬁéeQa/QS Rots 0-5 mole % W03 (0-5
nole %9 Bi 203 (0-5 nole %9 . 30 15. The gl ass package
of daim14, wherein said filler is an inversion

fillerlor ArTeRf tRYEIFT| Griprising:
a first glass plate;

a second glass plate; and
a frit made from glass that was doped with at least
one transition metal and a coefficient of thermal
expansion (CTE) lowering filler, wherein said frit was
heated by a irradiation source in a manner that caused
said frit to melt and form a hermetic seal which connects
said first glass plate to said second glass plate, wherein
gsaid frit excluding the CTE lowering filler has the
following composition:
X0 (0-10 mole %)
Fe,03 (0-20 mole %)
Sb,0; (0-40 mole %)
P,0s (20-40 mole %)
Vo0 (30-60 mole %)
TiO, (0-20 mole %)
Al,0; (0-5 mole %)
B;0O; (0-5 mole %)
WO; (0-5 mole %)
).

oe

Bi203 (0—5 mole

15. The glass package of Claim 14, wherein said

filler ig an inversion filler or an additive filler.



