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Some examples of such devices are organic light emitting
light diode (OLED) displays, sensors, and other optical
devices. The @resent invention is demonstrated using

QLED displays as an example.
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cARY THOMAS: 83 and wide viewing angle. However, the

traditional OLED displays and in particular the electrodes

and organic layers located therein are susceptible to
degradation resulting from interaction with oxygen and
moisture leaking into the OLED display frcm the ambient
environment. It 1s well known that the life of the OLED
display can be significantly increased if the electrodes
and organic layers within the OLED display are
hermetically sealed from the ambient environment.
Unfortunately, in thé past it was vwvery difficult to
develop a sealing processrto hermetically seal the OLED
display. Some of the factors that made it difficult to
properly seal the OLED display are briefly mentioned
below: '

e The hermetic seal should provide a barrier for oxygen

(107% cc/m?/day) and water (107° g/m°/day).

imal

s« The gize of thse hm’mm'lf“ seal sghould ke minima
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(e.g., <2 mm) so it does not-have an adverse effect
on size of the OLED display.

e 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
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devices that are sensitive to the ambient
envi oohbreatsplSpme exanpl es of such devices are
organic light emtting I|ight diode (OLED) displays,
sensors, and other optical devices. The present
i nvept QR ishdenppstr ateanelsi Ngay OLED- di SP4 BYSy ascra OLED
exanple.” 2 Description of Related Art OLEDs have ,
dbeehey he ssubp ez cof AL Lorgidetablee awbuRPoxafs, 1norganic
research in cent_years b f.their u n
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traditional OLED di pl ays are kno as being very
ldréghto@nthbayangcangbedials and organic materials can be
used to seal the OLED display. Although these types of
seals usually provide good mechanical strength, they can
be very expensive and there are many instances in which
they have failed to prevent the diffusion of oxygen and
moisture into the OLED display. Enother common way for
sealing the CQLED display is to utilize metal welding or
soldering, however, the resulting seal i1s not durable in a
wide range df temperétures because of the substantial
differences between the coefficients of thérmal expansions
(CTEs) of the glass plates and metal in the OLED display.
Accordingly, there is a need to address the aforementioned
rcbhlems and other shortcomings associated with  the
traditional seals and the traditicnal ways for sealing the
OLED displays. These needs and other needs are satisfied

by the hermetic sealing technology of the present

invention.
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types of panner that would cause said frit to soften and
form a hermetic seal which connects'said first

glass plate teo said second glass plate.

The present invention thus includes & hermetically
sealed OLED display and method for manufacturing the
hermetically sealed OLED display. Basically, the
hermetically sealed OLED display 1s manufactured Dby
providing a first substrate plate and a second substrate
plate and depositing a Zfrit onto the second substrate
plate. OLEDs are deposited bn the first substrate plate.
an irradiation souice. (e.qg., laéer, infrared light) is
then wused to heat the frit which melts and fofnﬁ a

hermetic seal that connects the first substrate plate to
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OLED display shown in FIGURES 1A and 1B;

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

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

FIGURE 3G 1s a phetograph of a top view of two glass
plates having a seal formed from an iron vanadium
phesphate glass frit that was melted by a laser which had
a translation speed that wvaried from 0.2 mm/s to 5 mm/s

from the left to the right in experiment #1;



hermetically seal ed OLED display. Basically, the
hernetically seal ed OLED display is manufactured by
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substrate plate and depositing a frit onto the
second substrate plate. OLEDs are deposited on the
first substrate plate. An irradiation source.(e_g.

laserFIéTﬁﬁaﬁﬁdlg'QhEﬁmk%ﬁr%B%no@S%dﬂb®iﬂﬁﬂwt@E {wétglass

whi ch ts and forns a ernmetic seal that connects

pvhetéd r stasulyst mat espllat 8orveda LiMe Sec5AEEERHEY r graadium
and pLot ect. h i fri

ﬁlﬁ%ﬁp d%ajp%ﬁs th* at ‘iéag'ft"ﬂgc_)%‘elg%L g Fi a%?l te’lr o%aérr%r ta Bf&h had

andpesskbliyna SLH=d ovkest ngaﬁ:ubﬁerﬁrs:unm 2 hat/shée 5 mm/s

the irradjation sourceggratsthefrlt sof t ens

R0 f orersl o b, tahi - rﬁab]trése"ﬁ?g]ﬂebtt t#& ‘melt and

fo”“ﬁf@bﬁﬁﬁ“@k'%ﬁ%ﬁﬁBW@téeP%ﬁﬁhgl@itﬁﬁﬁﬂ@&lﬁﬁﬂﬂgecurves
to the OLEDs. BRI EF DESCRI PT OF THE DRAW NGS A

nbr an c@m@m@l aryndersdahdi hyobf PhrerRed eht2SF nbehE i GRICURE
%&%/al Fed al e bCYoé mg%?ﬁlcg;%tagst IE%.b %lrla%\@ rlglates h {(FIGURE

8escr| ption en t in conjuncti‘on wt
{he uaet ol anybag @ #1gs  wher e| n: FIGURES 1A and | a
areatcﬂﬁ?wewand ac e vi.ew

0 nal
TSR g g ot BRBLRERGR ST oF-Nor RoETEAT] yorack-
seal ess?lea@é%i) | S apaa#b@medalnﬁ%x@etrhmm #pr.esent

i nvention; GQURE 2 is a flowhart |IIustrat|n<I:1the
st epsF BYURE ﬁﬂefﬂe?réd Heafiod" f oF LhaRGRaEREr iengleper and a

ef Bt C% C%HSE%S ed QLED di S@%@é’ shayn d In'f‘% QARES 18¢ the

%dliéje ATT's a  perspective view illustrating

d Vs s sullestgatin phatesitdrat #ere hernetically seal ed
by a laser 1n experinent #1,; FIfGURE 33:-3F are fhat was
absorPtd B spactia fof CeReNpFir PT gt ak5eE T Rat tusr 72

cdloc—aféii Wat hsrghl f f exgRt shansibden ciehalisie EREIRREEGEES of a
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as a function of time when an infrared lamp was used to
s=al of each of the four sides of a 17x17 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" asgembly of Code 1737 glass plates sealed with a
5817 blend ffit which was heated by an infrared lamp as
described in experiment #4;

FIGURE'SC is a photograph of a crack-free assembly of
Code 1737 glass plates that were sealed with a 59132 blend

frit which was Theated by a lasgser asg described in

experiment #4;



pl ates having a seal fornmed froma titani umvanadi um
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had a translation speed that varied from0.2 mis to
5 mis fromthe left to the right in experinent #1;
FI GURES 4A and 4B are graphs of transm ssion curves
of an exenpl ary vanadate i romf phosphate glass frit
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Referring to FIGURES 12 and 1B there are a top view
and a cress-sectional side view illustrating the Dbasic
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., sae
experiments #'s 1-5 and TABLES 2-5) and a second substrate
plate 107. The OLED digplay 100 has a hermetic seal 108
formed from the frit 106 which protects the OLEDs 104
located between the first substrate plate 102 and the
second substraté plate 107 (e.g., glaés plate 107) . The
hermetic seal 108 1s typically 1located around the

perimeter of the OLED display 160. 2And, the CLEDs 104 are



Referring to FIGURES 1-7, there are disclosed in
accordance with the present invention a hernetically
seal ed OLED di splay 100 and net hod 200 for

manufacturing the OLED display 100. Al though the

sealing process of the present invention is
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@b at 62107 ar@ I ogilged sendt AR lon@l e make HERE dEprtric
gis éa}ﬁoloo-mtf%éﬁ}ﬁa preferdgd. ebediapat, dheifdicst clase
substrate

and 'second plates 102 and 107 are
ts anshar entanglias)s. pl ates i ke the ones manufactured

and SAotl dsik:)ng%rOn.,ngtlggcgiggrsatl d4 uglg r OEPI%IL’ circuitry are
deposited onto the first substrate plate 102. The typlcal
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 anj}
known OLED 104 oxr future OLED 104 can be used in the OLED
display 100. hgain, it should be appreciated that this
step can be skipped if an OLED display 100 is not being
made but instead a glass package i1s being made using the

sealing process of the present invention.



brand nanmes of Code 1737 gl ass or‘EagIe 2000TM gl ass.
Alternatively, the first and second substrate plates
102 and 107 can be transparent glass plates |like the
ones manufactured and sold by the conpanies |ike
Asahi dass Co. (e.g., OA10 gl ass and OA21 gl ass),
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any known OLED 104 or future OLED 104 canjpe used in -
preferEs arbpRATST00. Wfai Aritt 19fouty Be 1OV temperature
%PQ&?CfP%%thQ@t b SinsteR-caP herskippeehite aod Ebhosen
I Spl ay O is not being nade but instead a glass .
paokagehé s deiuy nEdd ugsing tilven,segPPRETpr o¥essiyim, and
the._present .invention. .8 At step, 208t frht .1
PROHEBOET t d8°81 SR g)éddﬁ%eo%zgﬁquékdﬁgységé?r2%% doped
plake 10711 Fof i(eskanceinvéheid i €1106rcamdie tihacefliller)
approximately 1 nm away from the Lree id%%% of .the £ h
weedhdlSUBEEr &P IR MO nOt hEDopref erPRGS 00 OF 0€
enpodipRNGo e 1id #R6chssa dowbamenating @lastes the
rit that contains one or nore absorbing ions chosen
foohfideenr owd | hbeuuihg dxamnsicoppert VEmadityy apestrate
neodym (fo nple)_. The fr] 6 b -
RoRe Wt R T Ty (he oo BRberohn e | TefetRL Mrerplazy
adoi 4 i vesf idderprovbiie lewens wheh ceekbecterto oéxperiment
thermal expansion of the frit 106 so that it matches
bre slfb%t%ﬁii%ﬁlj#%‘cﬁwes the coefficient of thernal
expansi ong0f i1he tup:suhstinat ernpl atres 1026anthdO%e pre-
- The conpositions of several exenplary frits 106 are o
prowvéded bel g wietor@spekttratexperiaeht’ - #4738 3ceomplish
and_ TABLES 2-.5. S 10..(op '%ﬂglk, the fri ni
@ﬁﬁsbeE%Feﬁg§?ht€¢%d%§gc§hgagéé%é sdﬁé%rg?e pF%te onte
407 . sdecagcenpkishtet hilmtet HEOTri¢ tBénwhicehevase that it
deposited at step 208 onto the second substrate
BFGEA 0%t aohREn TeafBd &I FIOEhERoRes Bitached 2

ho-d hacsecond suhstuat:epl absud0theA opienatet stbpd 210 is
di scussi on about the optional step 210 is provided
D OlasH the¥es pet? (TR RDESET | TRfPREFiment #3

At  step 212, the frit 106 is heated Dby the
irradiation smource 110 (e.g., laser 110a, infrared lamp
110b) in a manner sco that the frit 106 forms the hermetic
seal 108 which connects and bonds the first substrate
plate 102 to sécond 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



At step 212, the frit 106 is heated by the
irradiation source 110 (e.g., laser |10a, infrared
anp 110b) in a manner so that the frit 106 forns
the hernetic seal 108 which connects and bonds the
first substrate plate 102 to second substrate plate
107 (see FIGURE 113). The hé%netlc seal 108 al so
ﬁ%m%e(:t Soit hl EDS ]:!'C(J)é k?s)é)ur%r %Veﬂi_ ng,.0KyQen gnd_l_aser 110=&
Tlr €5 n thé™afbt eht “environnen From ent érin
i(Bte he<Cikbndi splayl118D. sl showhninaréd GIRES Ilcﬂ.Db (see
and 1B, the hernmetic seal 108 is typically |ocated
PHRETIHETde* thb- out er edges of the OLED display 100.
The fpLicA08=ganDeheat-ed UehDg-anyonee Ofmahids that were
unber of irradiation sources 110 such as a | aser
QQ@@uCts@ebExpetlﬂﬁan#esOI BheandvaRtPhEr ar Basiapply. the
see . exper 4 ri - e
LG o Ry Pt e s, R AIEE B B Eeene bvpes
abr el mfadihe didwvesbarse=Basi caldey, hehe dinVemernrs haves of
experinmented with and used different t S f
TF+5di aAPPorsothtes 190°T 8 fEhAt & 3#&?@%‘%%%& Phftwe Code
iﬁﬁsgi%slgn@fgsrzb@ gaaneet  angnbond rregehhekokBsitions
Code 1737 gl ass plates 102 and 107. The different
ebnpdsies o@cewlacmfeséréa’é@nprlaﬁy $¥9 t PO % below with
res t-to experinment # s 1-5.
gé%é%?ﬁgt$ %%&% |% %X%:flnent the irradiation
source 110 was a laser I10a (e.g., 810nm Ti: sapphire
|aser . |1 0a), that emtted a |aser bean1112a t hrough a
= through the first substrate plate 102

whi chrheghed apgdesohbened triehe i 22Q6n( S‘;ﬁﬁiﬂaeaﬁﬁ) was a
3A). In particular, the laser ~beam 112a_was nove

SRt t Hak0a t & feot | Vil Grhe BHied SRRE1 T60f LEREH tFaéOa) that
Agd 8496 Mgggloggtéﬁd 14he feﬂwio@&t dodarmathe.ns through

Aerneti ¢ sea at “connect e he Tirst subsirate
phat €1162 toudrerseropdiasabstoatenpliat be202d Tyl softened

Iaser . tted _ ser._heam 112a wi.t.h eci.fic
Wﬁ%et@ng %% N gg@hﬁ%mévgreng%ﬁ)Eﬁﬁﬁ”ﬁhe Tflﬁﬂ¥561aser
Magy made 5f rv&HB ﬁbﬁé@ doped witdh Qoe c@fomtiesly heated and
- transition netals vanadi um_iron, _.and/ or

rebeyasdnjheo T &t 01%%h&”ﬁé€h| t%ausﬁéiso?}béh 6h1pr dpér te form

% the speskf 's%awavfd engtb- ofod-he crlas elfhebe?mé-é-zéubstraue
I s enhancenent of the absorption property of the

Plate 1062neansthidatenbad tshdsyattcedolaiser107. The laser

1l10a emitted a laser beam 1l12a with a sgpecific 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
lager beam 1l12a. This enhancement of the absorption
property of the frit 106 means that when the emitted laser
beam 1i2a was zbhsorbed by the frit 106, the frit softened
and formed the herrﬁetic seal 108. In contrast, tﬁe
'~ gubstrate glasé plates 102 and 107 (e.g., Code 1737 glass

plates 102 and 107) were chosen such that they did not



beam 112a was absorbed by the frit 106, the frit
softened and forned the hernetic 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,,10 absorb irradiation
fromthe |aser 110a. Thus, the substrate plates 102 _
ando187 hadapekatiovel yrbew absor pkkep atokhe  Thus, the
speci fic wavel ength of the | aser. beam 112a which

ﬁ@bﬁéaatt@ FLACREZ & (2hEéTGndddi Fapl eslphRyrey PV heiEorption

om+ i h e
%a.ﬁ”l sﬁée%ﬁ%%gm%g%ﬁghg% dqﬁ%tggg %gg%gdlf%ﬁﬁg%%ga which

heape80-tH00Cinitut imgthhe vogeratrabh cofo rele Aeas erf 110at £rom

should be . noted.that th Ds 104 nat .
EbEa e o e SURGTT APE L paEec T n b STERporiHent | Bo=in,
Aﬁe”@ﬂ@D@nQ@éﬁb@M@uhﬁOnbﬁCb@aSﬁa@M alzsofptd opheh Bhei1oo°c
frit 106 it was necessary to dope the glass W th one
EHT1REr &9 aABRERORA ORet st‘s?@cr{laa%e%aﬁ 8Rum fEorshgEld be

?9@&”1:}19’:(&8% examal ebe 1B waS QBEQtQQCQHS%hEh%ubstrate

orenentioned transition netals have a | ar ge
absbﬁpt fonthtrosspsetwenn. ar ound 800- nm as

[ d b b
FI CLRES B 3PSoPE GROUED b8 LORAEFSCobict RAbCERELon OF the

ehotce oaf imew&ﬁaaﬁdels@argettai (&pd sthéi edake theh one or
particul ar type |laser 110a and with the power of the
Faser I—f@élsé dOPhe-19EHsT at FORRspaEd ol Yaseriron,  or

Ad 08 en | PP%?”C A 8iL0- an Q- Wit s%@n%ong%gagrse the
'aser wth

|very of l1ght may be a goo
ghoieeenbagee ortrpmmélomelm%uﬁils tjavane nedrgenaheerption
cost. Jo dempnstrate fhe feasibility of ,this @g@ro%gh the
o exenplary frits' 106" wer 6”1 asér - heat e u3|ng a -
o fowpt ton ﬁlﬁ)@cﬁmﬂﬁ gsapphi te Fasmvﬂlﬂiamme omtpubou?d be
of mhlch was focused into, the frit 106 by a 10 cn1 ,
vaderataed FHet dxBnpFAryCtrPrs Hifs e i iagedretal () is

petueen twe Lapmitdiick i3 dl@ss M@tescd02he power
and 107. The first frit 106 was nmade from gl ass

ebnthenilng e tlh‘LCParoﬁndvﬁhadlb@mn&ﬁétlgﬁom@rdusaf the laser

Fi%JRE SG Bk &4 %%gg?x%r aphar{')f Btl?t nﬁ\ealabol atsl'er %Scondactor

fromthis frit at was softenéd

M@weh hadhaﬂﬂMHslaélbmespeedtﬂugnnumaﬁdbérmmgbdﬂ choice
to 5 pms fr e left to the ri Amd t he

s o’ & e PO m e A

with Tétaéméﬂbt¥éﬁémﬂﬂﬁ feasibility of thlS 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 twﬁ 1-mm thick
Code 1737 glass plates 102 and 107. The first {rit 106
wag 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 s-oftenéd by laser 110Ca
~which had a translation speed that varied from 0.2 mm/s to

5 mm/s from the left to the right. And, the sgscond frit



and phosphorous. FIGURE 3H is a photograph of the

seal 108 fornmed fromthis frit 106 that was nelted

by laser |l10a which had a translation speed that

varied from0.2 nmis to 5 mms fromthe left to the

right. During the formation_of these seals 108, no
sensible rise in the terrperétlur_e was observed in the

l.as I S 7. : - AgKI :
R e T eI L
bedr gadidphcappr=eci aFeéG¢URBatiHdependi pgobprsrthbé apl i cak seal

properties, of the particular _frit 106 and substrate
pPEt LR ahBCT07 btthe rﬂ/pégsofthfa%sewgs1f@g‘bceégﬁb%e laser
ugsed Whi:ch opgsate mtagkfferant spoyer shadi RfereM from 0.2
speeds and different wavel engths. However, the |aser

wavel érgth sRdEl B8 Wi bR AeERe Toankhof TREGR-  During the

bAn 4o thepaptieul angfrit, 106, Fend nstance,, tp
@tgt%gl%gu&!&% (9%0”:%1%1%% %'/oéé£12gé)8n’n)£? NT YAG (2~ ieNtep tee
nefperAduYAlL @a6%cbskr08d My ‘Hred Erapurpl@tds 51ph) a@W 107.
‘| agers can be ,used. Experinent #2 ln this experinen
B0 P aCer ity WA (O TEY (Ho Yy A AP TE 1582 and
dbspersed al ong the edges of the substrates plates

102 and 107 wi thout causing a significant

t enpetf bt FEWHIS ePEWEEFHON t RePSeat dPedgest FigRnding on
Ln f %%%% 2(B-B205 jpr e iEGhbr 18Bic 106 and
E%ﬁt ac%lﬁ%/%a]?i Fre srfigL 'egriabl e a CTEQEHE?ChIltg di gﬁf ay an
ghbssrans gspecad al @hganbe ddgecWicwneypest e Codeers 110a
1737, gl ass. plates 102 and 107 (see FI GURE 3A). Then
the 50 T YR S0 aREAEES e VaRRrs | PRicrs, |fPrerent
phesphat el ags fdtdnt 106veAknybRssof t eliger, the laser
tenperature of the frit 106, the vanadate iron

=

pRESHPAT e gFARe i PE YOBREFONRE PRBORE “tofefREPTPRECR 1T
pde 1/37-gl assepkat €5¢102 and 107-aRdet hePrerbium (900 nm
solidified during a subsequent cooling cycle to form
a 12 < hergrethe) seald Y08 @l GJRES4Anand 4B ame.ogr@phs 1.08
of transm ssion curves of the vanadate iron
phos phiad ecgfpEigs  (F r¥ t1 196mnd % Hesesde cEM3pegligss -
substrate plates 102 and 107. Another aspect of this
experinent related to the placenent of the preform
¥anadhbent riém phosphate glass frit 106 in between
the Code 7,3SZ %I ass substrate plates 102_and 107.

a

Si ncel#| XPETEHEPFy i Nt FHAucer ongls was used to
locally heat a frit 106 dispersed along the =dges of the

subs't-r}:—;t'es pliates 102 and 107 without causing a
significant temperature rise away from the sealed edges.

First, a thin layer of V:05-Fe;0:~P20s 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 3}\.).. Then the CO0;
laser 110z heated the vanadate iron phosphate glass frit
106. At the softening temperature of the frit 106, the
vanadate lron phosphate glass ZIrit 106 flowed to bond
together the Code 1737 glass plateg 102 and 107 and then

golidified during a sﬁbsequeht cooling cycle to form a



the edges of the Code 1737 gl ass plates 102 and 107
from prior processing steps such as cutting and
handling, the probability of edge cracking at the
interface of the frit 106 and plates 102 and 107 is
i ncreased for-a given tenperature gradient and CTE
m smat ch when the initial fE&8w size is greater. And,

ince the the stresses._induce ri IaS|n an
gﬁﬁ@@&&@nts% Iljtpg8 cyclggGIé—'%S %asfarLé Bgna?{ﬁe raphs of

therenk §sRen- ehaxal i o0 eheStigssase fHeoradghesshiféSglass
concern, the preformvanadate iron phosphate _gl ass

Friit 106 iamck Wihe &5qe | heht Iassappridraie aP%%QEF 102 and
%th ance away fromthe free edges of glass substrates
" and 107 (see FIGURE 3A and 4C). Experinent #3 In
thi S Bmpéhérremspetdme icrﬁ aatinatsi oaxseuitean1 1ralesteal to the
ser 110a that_emt
PLREF RS 1 S, PGRGRTE, ST Sant B cliomihate glass
art angement, S00- wadkghchsplddiet heydl7asgr heagmddPa-t ot @lates
two | aser beans 112a' and 112a, which where then
4P? eered AoGnar d3ipAe FIRYE & RSttt lCodbnaygduced along
S |_at 0 e
R RaEe? Hod S 1o The P eer heanrTioh (Saarde Th o
§:piL4':r beareoptings sramngenent aSO@u\MJFLOH |am*;1 udesdaing, the
%g bbﬁa %ltter 502 hat S |ItS t.h a.saeé beamEhe Frit
Frntort PESE: VeI E12Y W TI54 19°%he
i@sstaﬂ@sgﬂat@%armfbﬂaandis 1rce7fl aet ethefdagedi ricx 304given
(e.g., Au coated 13 mrror 504) so that it is
HeFeeY e T e GG 1@tens 1506~ Tht BLSHRECH r€icodéer 73pitial
81255 AL & J0g, Mdy [ he 500Ntk 1d ASLh-AABEAR stresses
1sre flect e a series of mrrors 508 and 510
{edgeed Aducgapedl a8 Ingr s:n808s @k BEG)E soobhangi tcyq@s are
rgg;gd throg gh_a.lens 512 on tﬂplthetsecondf Code 17 To
s Pl At e 107 STHESTSe *6f The Wit 5&am opt i csSSES
addBageent s 500nte rael ivter diedieatvdraddocatdzeghosphate

area on the substrate plates, 102 and 107, en bl ed

T+ nbEhtor 85t ¢ 1 SRt enS BRI BERd YRS eRBRPLARY F7id Small
d06: {descLibedrbehowhd Fra MY IheSBiddesubstrates 102
tenperature distribution and residual ~ stresses are
Frehabeabl see FHEMBVER 2n@4Gbl e, seal ed assenbly. It

shoul d be noted that the split-beam optics

arrangenment 500 coul d have been used in experinent
Bsedimand #3 and that there are many different types

of arrangements which COUIhd he u ed i.n the present
' invenWo 18 experiment e 1rra 1atlon scurce 110 was a

laser 110a (e.g., CO; laser 110a) that emitted a 1aser beam

112a through a split-beam optics arrangsment 500 which
split the laser beam 112a into two laser beams 1l12a' and
112a'' which where then directed towards the first and
second cbde 1737 glass plates 102 and 107 (see FIGURE 5A).
2s shown, the laser 1iCa emits the laser beam 112é towards
the sgplit-beam optics arrangement 500 which includes a
50/50 beam splitter 502 that splits the laser beam 112a
into two laser beams 1l2a' and 1l2a''. The first laser

beam 112a' is reflected off a mirror 504 {e.qg., Zu coated



to split a |laser beam 112a so that it interfaces with

both substrate plates 102 and 107. In this

experiment, an exenplary V205-zZn0O P2C6 (VZP) frit

106 and Code 1737 gl ass substrate plates 102 and 107
were chosen. The first step 210 of sealing, i.e. pre-
~sintering the VZP frit 106 td3pl ate 107 was perfornmed

at __400C. in furpace environeent, far , o a

PUFFORedos) Pur RabeTLoor: Ao PS ot aRe O szl e 506 oo
Eaed meid@abrbity,17andghepee dlondi ngp2was phéer vtk atecond
the interface of the VZP frit 106 and plate 107,
weEBEsUbPeany 1LA8T CalFohcht SFokdl °THeF aRFhatF ot ot rrors 508

00g- %%ef@ﬁd.gr.eggﬂg-cﬂ*@éa hhe secongasten =3B3 afo that it
seal ing fol I'owe y using a localized CO2 | aser
140dirkotpdr tihowhah, & heewelgBs2ofnbet khsurdensasd ofode 1737

the substrate plates.102 and 107 hea | .
?ga?ﬁe Pi%#?en} g tenpérat ure o ffﬁEE%ZPSPgﬁghkgé%bygptlcs
theafElméases00 1d0ade Thee CCOPht akest 1d0az ebbtibtizad area on
si ngl e beam 112a whi ch was sglit into_t

S r ARt Tioas LERaE he? eonf ol AdedtBRvbEY NERS HheTFaRT TS to
phates 202 BBHd]}QK éﬁ@ﬁpﬂi%"qugrié 158) (ABHrEhERE56:) in

shows a photo of a top view of the bonded substrate
pl aeesekOxhmnEe 107e Expeeirabnre#Aisy nipug ierpaidrenesidual
the irradiatio ource -110 S - Owatt _inftrared
?%E%Sii%b T %Iqﬁg%ﬂ%%%jrblﬁﬁg ﬁ%hé%g%hr%abFéﬂgéﬁfégesealed
£opérelver. Ithishqdard ilsal aotedf rdmed tHeanmgp i themhn acptics

i ght over a wavel ength range of approximately 80.0 ,
FEL PP THE SRNS e DT IAL SRR eUSC A Bd TSRS s #'S 1

dRgraped hanpirilOb ¢onsi-st edof fwo | "xdfrefode lfdles of
glass plates 102 and 107, where an exenplary trit _
doeesnEppt i deias acehiinbst tMggdaliend-hthebuetergesiayention
one.plsthe plales,dig and. 107, -The eOMPOSLLLONSS Ohier bock
SO exenprary frits 106 used 1Tn experinent #4 are

phiowt tede | il TABLE #BndABLE 1* Bl end Bl end nake- up

(o 0, omesiiion (plen f G ass il EULBSEE (rom
palti che LABancRar izehe R2Qe 30203 29152 2 and 107
15-20 size = 15-20 V205 50 Si02 50 m tim . .

_ were chosen. The first gtep 210 oI sealing, i.e. pre-
sintering the VZP frit 166 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 cf local
delamination or non-adhered region. Then, the second step
212 of sealing followed by using a localized CO; laser
110a. In particular, the edges of both surfaces of the
substrate plates. 102 and 107 were heated locally to the
softening temperature of -the VZP. frit 106 by the CO; laser
110a. The CO, laser 110a emitted a single beam 112a which

was gplit into two beams 112a' and 112a'' that were

focused ontc the substrate plates 102 and 107 {see FIGURE



5817 (70%9 (30% Fe203 12.5 Li20 25 (nean particle
(nmean particle P206 35 A1203 25 size = 15-20 size =
15-20 V205 52.5 Si02 50 m n) 5913 (80% (20% 2ZnO
20 Li20 25 (nean particle (nmean particle P205 30
A1203 25 size = 5-10 m S|ze = 5-10 m V205 50 Si02
50 * It should be understoodlthat these frits 106

| d hav ed~i y of ot he er. t
dzggcrlbeé?hgff %oggeg %%de f%%%ﬁalggsg g%%iéﬁqu SF the
B@ﬂaéﬂ?suﬁSEn’Eﬁélph&’deaﬁal@2 eand itCis inportant when
infrared radiation is used to seal a frit 106 that
the frit 106 absorbs heat in the infrared region. As
gegerihedragove, vanadiumis a particularly strong
inirared absorber in oxide glasses. As such, nost_of
the i &nt t&psmm@rrame@ﬁ 1508 B A TP TIWoIRITGF tht g was a

@ggg&g mc M@ﬁald@@e ggglﬁbbt SthdP6 ‘Iz‘é'é!' Blendea by a

conS|ste a m xture of
varanblaammﬂtﬂnérmtm&m@TRPtmlﬂn%ﬁUWIm§3§4mﬁawe infrared

iller TABLE The 5801 Dbl end wde a
i?m%t ﬁﬁﬁ%% §&§P5 using a swtaak\)il%(i Bgen"@range  of
%if@ﬁiﬁ@t@ﬁ?r §Q/(St em spehoasimanyl The samples that were -

acetate/nitrocel |l ul ose, or_pine oil oaded i_nt .
8521 ngelsand Fﬁ@nlﬁahﬂrﬁ@sb@ﬁ@ealﬁpoﬁ@n?ﬁﬁt@@ggg pro 17xl
@8& 0f; 73N e A3 LGl ass; plglies: 392 QhelQ7.arfNf EQEmpIary

app yi ng th 580 bi'end frit 106, the two gl ass
ptat es0802aandri0isderce anﬂhknI%txmwsébﬁxbvﬁheeécﬁdges of

ot her Lhg mld h press , d then ced |n -
S o0En S FO0E To Ty THe 5801 biig CrrRee Sog et - some
ME&L? arest202pana=ta7 :L\tﬁreﬁ{ﬂelmﬁnaﬁta@w mu;_broxﬂ ded in
40mm under the infrared lamp (the approxi mate focal

Ta&Hgt h#lof the |anp) and set on top of a piece of
"refractory cloth to serve as insulation. The sealing

step 212 was carried out a single edge at atinme. A
refractory bl ock nade of T&ABUFi h& was .pl aced over the
entire surface area of the glass pl ates 102 and 107

A S e @SR T g d TTesK W T T dd38 SXTERt {-Blef
he achyat &&al eog«pm@& Was 10 Dez1.56a-ed. IN@iiler

JeeApar@by € 1 n the saspde glass pllaties 182 andudb/ 25
was nomibonedrbyi-a | hesaapcotpkes pljagced Bh the | senf eB
of tHeikwo- pbates 102iznd 1D20t hr gUghs a5smal | hdte S0
drillleethrough theitwp plate 102.; Once the nmasked

gfiiasd (70%) (30%) Fe,0, 12.5 Li,0 25
(mezn particle | (mean particle P,0s 35 21505 25
gize = 15-20 gize = 15-20 " | vs0p 52.5 810, 50
pm) pm) _

59513 (8O%) {20%) Zno 20 Lil,0 25
(mean particle {mean particle P,0s 30 21,0; 25
size = 5-10 um) gsize = 5-10 um) V205 '+ 50 210, 50

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

plates 102 and 107.

As mentioned earlier, it is important when infrared
radiation ig used to seal a frxit 106 that the frit 1086
absorbs heat in the infrared region. As described above,
'vanadium is a particularly strong infrared absorber in

oxide glasses. As such, most of the initial calibration



pl ates 102 and 107 and thernocouple were placed under
the IR lanp, the lanp controller was turned to 10%
of maxi num - power, and the sanple plates 102 and 107
were then oriented for actual sealing. The |anp
controller was then turned off, final checks were
made of the thernocouple, ahel then the power was

ned nned at d r i Fr
e DEEal TE ol it Ol GRS inbardubl SR [kng Erits

- oper akiroAgoblihel i THTIar echi@npeothbssedl ofedgenindgire of a
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*Pé@é‘dméﬁtt#ipﬁ EH@ pOVEr pYasdi poRdiat hy Furpedmefié into
to the infrared lanp, and the lanp itself was noved

av\/@yﬂ“fqeommhag s@nﬁpétﬁbb@e§w%{@lwr THESE§Pi Sxch as

eal S.ap X el y: 60 S.
E g ol e

@@wfhéwnciw@nthénthanﬂd@1$m@ps¢®e=39@¢|t@ﬁoéd@a%hObfone of

the 4 sides of asse 737 gl ass.
hercete 57l tote ainest netet bPCng Aiet JetPipe che
shoulch besnet-ed that the PRXI guAkEepletest eOPerAlULR7 were
ranged fron1apprOX|nater 75 to 95. FIGQURE 6B shows

faalsmler descgeedi ovichf cEfe Qther prégesTotdciaRlipaySSUTe,

| at 1Q2 ,and 107 seal.e e s n
venlhupTRRETaaTT B GHET 111t 16 e’ veoh Tper cag® oend
g@lgr@b§801 blend frit 106. The m crograph shows the

filler particles dispersed in the well-nelted 5817
bl endlie i sanD6s AdagaR 168 $&én lUhe"SHL7THBRenE #FEd about

41&6 doe@&%@ @vgﬁm’dlﬁéﬂg P#ésgs&ommgeédsmal length

caused y entrapped binders: It should be
@Knﬁmbtiampuesnﬁteethenshopt@ﬁeatpmgcelné refractory clocth

60seconds the 5 17 ble r|t 106 | ot .
Rl TRV aRh SRATBRLS “Good et HE Cotb T737oarried

gtass pkapes eH%;?e and 407imén a@ﬂlﬁdﬂﬂhdt(br@héalock made of
af orenentioned 5801 and 5817 blend frits_ 106, b
F R dYSEal PHCIRr RVREs @M% 0 BatFPe FHARTR t RFSEhET Fhe

=2 eks% s APPE Oxh ARt gh Y+ Bagérgé Lhezsealed=saAPhesk with

and 107 were tested and the seal was
tmﬁeemaagimmn bé herereticcuadi ngethe adda ethgf ofamotto be

?%% <%égpgr Eﬁ%ﬁ%gage %gred atggﬁ as #ﬁff%aﬁﬁéies 102
2h$0 meenwags&@bﬁmmeéd aire of tthernfadct®1E06plaséd@d in the
in TABLE #1. particular, a 7watt, 810- nq% - small hole
W@%u@ﬁst%ﬁvéwmlates 102 and 107 throug
drilied 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 thexrmocouple,
and then the power was turned immediately to the level
used for séaling {typically 40-60% of maximum output) .
During the operation of the infrared lamp, the seal

edge was viewed with infrared-absorbing protective



sem conductor laser |10a emtting a | aser beam 112a
focused onto a 2. 5nm spot and noved at a velocity of
0.5nm's was used to nelt 5913 blend frit 106 (see
FIGURE 17 6C). Before the operation of the |aser
[10a, the 5913 blend frit 106 was screen-printed,
pre-fired, and ground to red@ce its thickness _
variation to |ess an.,5-10 pm i t e
GiGESesng THes asPhE D et el (i PO Chiena
shoul di semember tbatrt hete anmeséveraly coushed@raffons the
whi ch shoul d be kept in_m nd when_designing.a frit
ip6rarnmdt lewn. baldsédct semakatacher Hafi E‘Qi"fgg §¥zedxom the
?ﬁﬁgledgﬁgltg 100, Lol owhng ir$ea chisste-0f QR ©f seal one
ese onsi derations; Sealing tenperature-To avoid
tHeemaksdegpadatvohelyf 60hecChEDs . 183CURREe6fr PROYE62 graph

shoul d seal at .a _|ow enough t er uche t hat -

?Ee nper E T ek per i efice %Sggorf%%g{tgloginc% (?%%dm*ng
- tremstheingeakededged nihe QiR«ispl ay1180”shepkdbly of
not exceed approximately 100C. . Expansi,on - B1end
Eefpatli’si’l i3V~ ThePI RFES 1862516t d-be “Expanditth 2801 oten
gt chedhi th subghrate phatesc182 and 182 tgadifid center

sealing stresses and thereby elimnate herneticity .
tespebytfiractungsdi froheapseakimatelyet $Tity -SHfe FICURE €B
106 should forma hernetic _seal and_provide

FBAYSt 8r AEYr 6FEEEIr 8RCF6PTL RE CEBnst FLueALECFR PeCode 1737

%%&EQsd'gi@'t@)é 100 Jhe requicgmeat ibhatnd riinseakhRgr above
e acconpanied by at best only a mninal tenperature _
busethn t98& 7adjlaowht fr it ED8S camsShassal i isterpan ¢h ghe 5801
w tepperature sealing frit 10 E? yer -.pest. Low. ; o3
gﬁﬁér SPar oL B5T do Pri e 9‘?8&3%%8 o Htor S tyb TEEeES
haype£dEdvahuesewaldl 1ahaue sthe sCTEL 1ERA ofrithel06. 2As can
substrates_plates 102 and. 107.. As such, the high ﬁgTEl -
BF PBRF oRpEr afare HISHEs F1% o 4Ry TTYURTR 21 tisBoBr 1279
filLer.-additionsss or phegr b1 phasesciihaly | omerztpes ChEnders. -
These fillers may be "additive fillers" such as . .
[t rihemichl bei mootstd | ches iSRS | ABephelRest wiRdHng  tame
.I?gggeggndlspt“tﬂél Qﬁﬂﬁ'ﬁfgﬁcﬁ ggtt E%QB%]sveéatlgrwe_ll melted
raversion fil'l'érs
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 107° cr’/s in a He leak test.

It should be noted that a laser 110a has also besen
used to melt oné of the frits 106 listed in TABLE #1. In
particular, a Twatt, B10-nm, cont inuous wave (CW)
gemiconductor laser 110a emitting a laser beam 1l12a

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

O.Smm/s‘ was used to melt 5513 blend fxit 1086 {see FIGURE



such as Co- My pyrophosphate which introduce
di mensi onal change through a phase transfornmation
during heating or cooling. Accordingly, to neet the
OLED sealing tenperature requirenents, a |ow
tenperature filled frit 106 in conbination with sone
forn1of'|oca|ized edge heattrg such as an infrared

11 | aser 0 r e
e i ZE ERE® adr So T BTmg: abhr o co ety aga, cthe 5913
sEahdng.lﬁevmal wpst entricah -lpeimmelkdt, i rTg:ef-rﬂ:Ir&acIl,OGand ground
suitable for sealing OLED displays 100 nmade from
Coadeedug? Frasthpfaress VORlaktr1 0P areeq itdided 50 um.
TABLE #2. These potential frits 106 were sel ected on
the basis of alow T. (i.e., <350C), and a |ow
EupaacResealsng tenperature (<550C) Al t hough these
frits_106 were all prep red r mal ﬁbass-neltln

t echnPghess ﬁi%s%%%%}%igb F%ga% 8t °frah{ Bt EFH%’ST%mgntf one
Erbtsy 106 aRY=aAl s e pﬁf‘fﬁa{ ey $@ke@8h considerations
techni ques. The conpositions listed in TABLE 2
watrhdehond of gve owenrg i t sindoethensrcgni Phigephat derit 106
) fr 106 h noder lLue

FI6E) 1005 090 =200 Ao Ue Qurai T Trber partaed oL
tit subhed bmja t endemoyirbor iweal atihesi et Asmsuchf these
th%¥ gq% uire an inversion filler to | ower the

?F‘?P nfrared absorber (e.g., transition
nmetal (s)) to permt heating by |ocalized devices 19
such as the sem -conductor 110a and the infrared
| anp 11@b.Seadd Xed EéMpérazmne—rMOsphaﬁeShéfﬁﬁ& dhesedaticon

frits 106 have hjgh val ues 1 O"/ but
dennnstraf@zdgﬁd g%ﬂé§| ﬁg Agﬁj“s?ud:t’f'l(C ﬁg§l Tgiite 2t =
rel ativel y1dvarge-agdi téaperofufd | bess st I OMET téhiBerature
CTE to the desired 37x10'/C ran%@. As a result,

seal i ng t HRSEAIES afe PRGAS OvETadCEm phosphat érom  the
gl asses-T 41£85406n GOUbi fechne; upl gye oRAldH S g not
of low T. an E They exhlblt good” adhesi on,

but sufferexddéﬁnaﬁﬁrdxﬁmaﬁaxy-Jdnﬁwback of poor
aqueous durability. 'Since vanadiumitself is a
strong *i Mxmred absorbertipisikycdbe dlradsedfet pésmlid be

expansicn matched with substrate plates 102 and

107 to limit sealing stresses and thereby
eliminate hermeticity loss by fractures in the

seal .

¢ Hermeticity-The £rit 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
OLEDé can be satisfied with a low temperature sealing frit
106. However, most low temperature oxide frits of

reasonaeble durability have CTE values well above the CTEs



gl asses are attractive for many | ocalized sealing
techni ques. Pb-borate gl asses-These frits 106 are
based on the PbO E203 eutectic which is derived from
tv sealing frit conpositions. Their high expansion
coefficients may require appreciabl e anounts of

fiIIer addition to lower theff CTE to match that of

t%ﬁj_ra@e%ooﬁya[%$s§§§ anl 189 . Cor%oséﬁék?nsthe high

uc as zinc mxe phosphate w t
W2EbpE Moed dmidstife dhqpicaftitoffiey advaitagese uses of

over the Logdividual end- ne ers_by possess

iﬁ?ﬁut%@gﬁﬁ%ﬂ“§ “good™FR Hg%?ﬁ¥ o%%'%uti%e% r 4§ CTE-
ﬁﬁ\é@e dq?&@@i@tﬂg?sb‘éucmﬁl@i\@@ EIEL=28" FARBLE 24 lithium
SZP RZP - V-phos PB RZP+V,_ PbO Description Sn-Zn-

Mlxednvafadioat Ph- boreseaM dedl  pHGsRmt e “RIHER | - BAVve  an
HE?EH?E%S?}gaMﬁﬁ% g@%s %\@nge Ogéphéke “7n¥er§9gnpglllers”

ypl ca os 62% Pb0 30% P205
eanhosid i an- M@%@Zﬁ@?&%}@% 3@%@20&1’3@@@ 23%ensicnal

O %rml e As) 6% ZnO 200/% 0% Zn0O 3%.Si 03 20% 3:2.0
ShrBg SRR 1 RUREROS L1 808 FROT S LOU VETE 10 Rea g ox
ébo@n%ypl cal aAt2ct8ind000 3256,30he3%0 31Re FwWuEEE sealing

- 475-500 500-550 425- 450 500- 550 500-550 seal in
temperature TeqWTSFEICEE gPasoY CFeTpprearrereE died frit

%gg 79n1390ré1§9na1£}9? 71 g)cposidiye d.ow T s GQ%@:&@QW@d edge

, | ow Good Good eat ures good adhesi on CTE, good
hdhesingnsadhess oan dwie@r$dtyaawhb%W@ﬁﬂNégatﬂ@éeWh910a may

PEL TR e Rhure FVArSron G0aT RoL T Rveral iy caruse  rise
80¥engi 88aling.

Several potential low melting frits 106 suitable for
sealing  OLED dis;ilays 100 made from Code 1737 glass plates
102 and 107 are listed in TRBLE #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
thege frits llOS-were all prepared by normal glass-melting
technigues, 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:

¢ S8n-Zn phosphates (8ZP)-These frits 106 have
moderate CTE values  (100-110x1077/°C), good
agueous durabilities, but are troubled by a
tendency for weak adhesion. As such, they may
'require an inversgion filler to lower the CTE,

and an infrared absorber (e.g., transition

metal (s) ) to permit heating by localized devices



inversion filler + IRfiller. filler + IRfiller,

filler + absorber? absorber; high IR high furnace

hi gh furnace furnace absorber, sealing sealing

sealing adhesion tenp. tenp. tenp. weak * It should

be understood that these frits 106 coul d have been

used in any of the other ex& riments described

herei n to_%ﬁéh g%d%h£7%éng%§%duEk@§e§1@Q2aﬁ&dt%g7infrared
As noted in TABLE #2, vanadi um phosphate based gl ass

frits 106 &&fer 2a0bni que conbination of low Ts, and

low CTE. Vanadium.is a strong infrared‘aggpr er in _
silicate YrzgdesttHid i £1P8 PRAFORGSEantitat ethese frits
| ocalized sgal g, TREBAAS, SUEh, ase] RAAMP s apgoboLhy oy
near-, and far ‘infrare | aser's (1.e., sem conductor

| asers at 88Rc90Qratecartbddd2zdhasesnat 18s 6 smch, Thghey may

starting point for the vanadi um phosphate wor ,
sever al Ioﬁﬁ¢6l§Pa§§E§tFﬁe Heyiﬁﬁgsgégeglﬁﬁs v O%ﬁiﬁﬁrs to
T Q2- P2C6- Y (h, S¥ ee'TéTEFIt%URthAﬁ@g\Q%da PERA577/°Cc  range.
infrared transim ttance curve for a titano-vandadi um
phosphat e gkaasré&rili, 885AFDh 20T P RANTHBRO T igh.

nol ar basis)(the 895 AFD frit is not shown in TABLE

##2) .- Plea¥ena@ore-rhespbabe pt i ohaofeshTBeseit foBten 106

t he 800- 15 N e a c r ,

pl ease notgg?ﬁg%“rﬁéﬁ%bggiE&%3$%§F§%25p32§ega%ofkaﬁﬁmj Low
107 are nearty compksgt etyhibianspadentchasihe, but suffer
800- 1500 nm wave| engt h raq?e. Al t houygh .t he 895 AFD
vanadi um phbSPhat®= gl BREH 135 %ﬁﬁ? a TowFEFE, =@dusous

its CTE mey,p@bibeci-ow engugh dons@leh ithe1€TEOfs strong
the Code 1737 gl ass plates 102 and 107 without the

addi ti on ofnffarefs.alpomker t He: f il ifgdchagligsses, these
relatively- E this pgryyg use..of "quit' "o
fillers tdg1%%%%gthgﬁ%ﬁE;£$§% %Ef?ﬁanﬁsrnvé¥sfon"hggallzed
fillers wechixantgelodigesan crocracking, resulting

in non-hernetic seals. Unfortunately, the 895 PFD

frit 108 everPewrdbe FilREEEsréVers d“seE tb ¢ here based on

maxi numM anpunt o(eRS: 30We, M or SEI ki idhd NOt sexhi Bt Arom tv
satisfactory expansion match to Code 1737 gl ass ‘
pl at es 102samdind7irHowevepostontihuedIborposighoaxpansion

teseareh Lol gd Lot e SLaERG S spowrce o
have expansimsr | sddendoghts olpeesi thair CTE to match that
of the ?otential display glasses.

e Mixed compositions’ (such aé zinc mixed alkali
phogphate with PbO and V.05)- Mixed frits 106
typically offer advantages over the individual
end~members by possessing attributes such as
good IR absorption, but gensrally have

disadvantages such as high CTE.



cl ose CTE match to Code 1737 gl ass plates 102 and 107

when
CTE for one

20Zn0O- 30P20Ch- 50V206

respect.ively,

In

blend frit 106 descri bed bel ow but not
TABLE #2 has a conbi nation ofozi nc vanadi um phosphat e
and additive fillers which has shown excel |l ent

expansi on

1737 gl ass pl ates

basi s: ZOZnO 30P20h- 5OV2(h)

fillers are added. Measured val ues of Tg and
of these frits which has a conp05|t|on
(ol ar basis) were,
300C, and 70x10-7/C.

5895
in

fact.
| isted

conmpatibility and good bondi ng with Code

102 and 107. The 5895 blend frit
106 i s conposed of zZnraBEha&di um phosphate frit (nol ar
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* It should be understood that these frits 106 could have besn used in
any of the other experiments described herein to seal Code 1737 glass
plates 102 and 107.

frits

- CTH.

As noted in TABLE

Vanadium

#2;

106 offer a unigue cowbination of low Tg,

is a gtrong infrared absorber

vanadium—phosphate based glass

and low

in silicate

glasses thus itk ig a strong candidate in localized szealing

m=theds such as IR lamp,.

lasers

laser at

{i.e.,

10.6 pm).

and

both near-,

semlconductor lasers =t B800-800nm,

and far infrared

and CO5

The starting point for the wvanadium

phosphate work was several low Tg glasses in the Fe,03-P,0:5-




23 both instances. These m smatch val ues indicate
relatively good expansion conpatibility between the
bl end 5895 frit 106 and Code 1737 gl ass substrate
102 and 107. An inverse sandw ch seal of 5895 bl end
frit 106 and Code 1737 glass _plate furnace-fired at
450C for 1 hour shomed a msfatch of - 25ppm (frit in

d co e di t he
c%ﬁpaefncgpfr ? %C?F t%ﬁé{s bl end frl t%gogﬁg%g & near-
Catlea 2437 glv@@&nﬁlﬁta@c&? cUihese fbmc vanaditmmce-vandadium
phosphate frits 106 al-so pr se for eting
PRORBe vt | €157 1 ot anchi LD ELRD CxcaPpTapyacs, molar
1Seyes e X455 asseNnbl-i €51 8f nGodend«37: 8l @asrepkal s please

heat ed elther by infrared |anp 110b or Sl Onm | aser
nd0a &he sdmcsdbiiarh $hetb8es Wlidnd ¢ i in1069paddedl500 nm

Hfadelealoel DohAding MAoTdON L it he code

owest T eak e neasure equi pnent
ns’ s.glaxadditdtoms Sﬂparat@.tamﬁerataren&eaigrenemPSetely

b n infrared .canmera,. thernocoupl.e d t hernal

AR AT pah g d]tﬁqondl"éi‘ﬁﬁ’p 1E56EF FAESeal i ng

al | iAdireaiad ahaa@gwnmm e{mﬁééiﬁﬂhepﬁos%:@x €zalgliddR frits
fromthe seal %e Yet another potential |ow nelting

Vihderan®f Py €068, S&ist 48Fe "Rot T@alh%&@@%%l%@smatCh
1
00, SRS o RSl TR R ke, M2 A 1007 et

1ﬂnyemﬁdm$1manadfunfilleraOG whare,al thef fxthie 106 has a

elements are spegifi in nole, % TABL
S e DR | e B8 o0 S 08 grapiciver

ZNQ 200 P26H20+AQ v2CH 3060 rtHAR 2P+ AAO3 Fillers
0-5 B203 0-5 WX 0-5 Bi2G3 0-5 TABLE 4 list a

ViHetrerqasd RGO tTHRATOFrAMEl VAN AR ting in non-hermetic
seals. Unfortunately, the 885 AFD frit 106 ew;ren with
filler levels cleose to the maximum amount (=25-Z0wt.%)
still did not exhibit a sastisfactory expansion match to
Code 1737 glasse plates 102 and 107.

However, continued composition resesarch resulted in
the discovery that zirc vanadium phosphate glass frits 106
can be made which have é:_{pansions low enough to permit a
close CTE match to Code 1737 glass plates 102 and 107 when
fillers are added. Measured wvalues of Tg and CTE for one

of these frits which has a compogition 20Zn0-30P,05-50Vs0s

(molar basis) were, respectlvely, 300°C, and 70x10° 7/° . In
fact, 5885 blend frit 106 described below but not ligted
in TABLE #2 has a combination of zinc wvanadium phosphate
and additive fillers whiéh has shown excellent expansion
compatibility and good bonding with Code 1737 glass plates
102 and 107. The 5895 b.lend frit 106 is composed o©f Zn
vanadium phospﬁate frit (molar basis: 2OZﬁOv3OP205—50V205)

and PB-eucryptite glasgs-ceramic {molar basis: 25Li,0-



frit 106 containing sone of the elenents listed in
TABLE 3 and a (3-eucryptite glass-ceramc additive
filler. In particular, the preferred vanadiumfrrit
106 had a 75:25 blend of the frit with the filler.
Bot h these conponents making up the preferred
vanadium frit 106 had a nmean<Zparticle size of 5

LCE Ons. LE 4 _preferred,vanadi frit 106 Sb203
T e Sora0s AelESLEbkE RN ARARI L, 190 Ro%0s
1.0 25 TABLE 5 list a nore preferred conposition of
the vanadiumfrit 106 that has a higher anmount of
Sh203Lahl . ndS - ZADIWHean cowpat @ tol e el%nent s
listed.in TABLE 3. TABLE 5 identifjes this inventive
varfadr ait £Fi ¢ ° 168FOWReFR P%ﬁ?léﬁgtﬁﬁf | ertht s are

TPt Ibe R0 b 10 Mt o0 Ss203 0 Mo P2cs 2040
V205 30-60 TiO2 0-20 A1203 0-5 3203 0-5 W3 0-5

81203 0-5 An exenpl ary bl end vanadium frit 106 that
ELRTERNAS 369 Setript | VT | FPBFSwaSTRGdd o, misnacch data

AELoRHaACe M b the-r LOTPRS] tiaRse el R TABLE Rt seal

that had the follow ng conposition: Sh203 (23.5); 7
V2E6e (27P VR0 UT. BYIt TR ViF; arasdeA1208 1 . Code 1737

GLOEL! Qﬁé’165ls.%ﬁ%”BEgingéegge YRRRALUm FLI L 108 \\eing
-passed severe envi ronnental teés |ﬁ5

amyl acetate and nitrocellulose. as the wvehicle/binder
system, and then fired in a furnace with a viewing port

for a polarimeter. It was heated to 450°, held one hour,

and, then cooled to room temperature. During the cooling

cycle, photoelastic measurements were made at specific

temperature intervals to monitor the retardation in the

Code 1737 glass plate 102 that was caused by the expansion

mismatch with the frit 106. The photoelastic measurements

were used to calculate the total expansion wmismatch, &p
betwean the substrate glass 102 and frit 106 as shown in

BEQUATION #1:
8r = AT{og - ag) ' ' (1)

where: Oy, o = expansion coefficients of glass, and frit,

respectively; and AT = temperature range of interest

Tt 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 temparature

mismatch was +125ppm, with the frit 106 in mild tension in



(85C/ 850rh chanber) and exhi bited superi or -aqueous
Ri,rahda | 4 f T It should be noted that in these
experiments it was determ ned that the exenplary

bl end vanadium frit 106 had a CTE of 36.3x10-7/C
(fromroomtenperature (RT) ég 250C) that was
nmeasured on a sanple that was”first furnace-fired to
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PR® basedi f37telaputP+3tal5Y possess better aqueous

durability, asvell,being %%@%m@@ £014d€106 zlso offer
traditional Pb-based frits™with respect to adhesion.
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Yet ancother DotmﬂLlal low melting vanadium frit 106
guitable for séaling OLED displays 100 made from Code 1737
glass plates 102 and 107 is listed in TABLES 3-5. TABLE 3
identifies this inveniive vanadium frit 106, where all of

=}

the elements are specified in mole %:



0o Good bonding to copper netal |eads (e.g., anode and
cat hode el ectrodes). o Dense with very | ow porosity. -
o Pb and Cd-free. It is inportant to understand that
other types of substrate plates 102 and 107 besi des
the Code 1737 gl ass plates ggd'EAGLE 2000 TM gl ass
pl ates can be sealed to one”another using the

seal ing process of the preseft 4 nvention. For
exanple, glass plates 102 7and_T07 nade by conpanies
su¢h as Asahi dass Co. (e|g., O&RFGYGFAST dnd‘OA21
gl ass);NppongfErectritc —Gass Co., NHeagno and

Samsung Cor ni ng” Preci si on ass_Co. can be sealed to
on¢ another uSksy the sealing process ©f%he present
I nyenttom THEIE are ot her-consi derat igdlg Whi Ch

shoul d al so be “taken into account in the present
inyention in ZRition to having a frit°-#86 made from
gl ass—tthat ibzhggped W th—ome or nore ggadysi L1 on
metals which can be neltedlto forma hernetic sea
108. These .dBAsiderations|include ha¥?™f the right
mafch~between e CTES of ~{he Sealed gj-agses 10Z and
107_and frit 106 and the right nmatch hetween the
viscosities {&Qy., strain, [softening pbitts) of the
seated gtasseggtoZ and 107 and frit I0p.sTt should
bel noted that residual stréss nmeasurenent.s. have
i ngi cated that¥%+ is preferable to have’the CTE of

t hg=frit—I06 iy same as or [fower than ghe CTE of the
" substrate glass 102 and 107! Qther considerations to
achi eve a "good" hernetic seal 108 include selecting
the right sealing conditions such as |aser power,
focusing and velocity of sealing. 28 The OLED
di spl ayzi1004and srethoskr 2000 d ecsmsevierabn ad¥anhagesnadium
over the current practice in_industry _where_an .
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not require t preserice of a dessicant. Second, the ,
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adhesive seal due to noisture js__believed to be
phsrer Ofihgglet Hcgt‘tl of ?}S}h rg;lajnf%r se a{Botg 198 components

making wup the preferred vanadium frit 106 had & mean

particle size of 5 microns.

TABLE 4
preferred vanadium frit
106
Sb203. 7.4
Zn0 17.6
P20s 26.5
V,0s 46.6
Ti0, 1.0 .
Al,0s : 1.0




in the OLED display 100. Third, the proposed nethod
200 may substantially reduce the cycle tine
(processing tine) of a given conponent where UV-cured
seal ing (organic adhesive) commonly requires a post-
treatnment in a furnace for aE extended tine. Fourth,
the COLED display 100 is like § to be longer-lived
than therkradi tinal sepaxys Seplsd GLED dbapbaysivhi G¥  the
of fer poor resistance to noi Sture penetration.
Frheh i unhérOb EDOSedibiang hret mdlmlcamncnmteasn | §0203 and no
integrated into a ufac uri .
8 bt%%b%?esé?ﬁ03§1 t|on % %?éde eS| g%Fo a%sor 3-
hest.xi B Qﬁb@tlﬁegeom&.beamde&tthe vanﬁdanﬁdf&&gIQDG where
descri bed above. It shoul d be readily appreciated
#hat Of nCBAJFLFBATED 2FReSRESHENENtID €gx‘en'plary
frits that there nay be other conpositions or tires
of frits which exist -r which have yet to be
devel oped but coul d be used _ﬁg_ﬁgiordance with the
pr esent—nventton—to ake =& | Q- EDgi-sptay-
e The frit 106 that is pre- sea(ﬁ' ?ggﬁﬁgh%Fvﬁﬁéghﬂg
substrate plates 102 or 107]in accor dadtel®fth step
29 —2t0——canbesotd—as—a—unit—or—pre=siynt
manuf acturers 6P the OLED display 100 who can then
install the GiEDs 104 and p=rforn1the f-gal heating
ang—cooting :f 212—at—thetr—facrtityusing—a
| ocal i zed heat “sBurce. The| OLED di spl ay 100 can be
anjactive OLED:@ splay 100|or a passi¥&4LED di spl ay
106—t ahuuivdobc fnot-ed-ttat-anot-het pect—of-—the
present invenfion is to cohtrol the cooling rate of
the OLED dispiey 100 after conpletlngotﬁ@ heatlng
st ep—210- Al Tt and—raptrdrcooting—may, cause targe
thermal straifs leading to high elastic thernal
stfesses on Bk& hernetic seal 108 and 41%e seal ed
pl ptes—162—and; 107t t—shoutd—atsobeated that—th
sultable coolifg rate depends on the size of the
pafticular @GEB:display 100 to be seal®d and the
heat——di-sstpatton—rateto theenvironment—fromthe
OLED display 100. :

An exemplary Dblend vanadium ZIrit 106 that contained

30% B-eucryptite filler was made in accordance with the
compositions listed in TABLE ‘5 that had the following
composition: Sb,Os (23.5); P,0s (27); V,0s (47.5); TiCy (1);
and Alz0; (1). In experiments, this exemplary blend
vanadium frit 105 passed severe environmental tTesting

(85°C/85%rh chamber) and exhibited sguperior agueous

It should be noted that in these experiments it was
determined that the exemplary blend wvanadium frit 106 had
a OTE 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 ig close to matching the CTE of 37x10°

7/eC for the gsubstrate glass plate 102/107. In contrast,



Al t hough several enbodi nents of the present invention
has been illustrated in the acconpanyi ng Draw ngs and
described in the foregoing Detail ed Description, it
shoul d be understood that the invention is not
limted to the enbodinents dlsclosed but is capable
of nunerous rearrangenents, ﬁndlflcatlons and
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g?g?mgfoﬁmgﬁg|h sat Fr 5%?6?%%%??#%$§nt %%ﬁ@@ég the
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listed in TABLES 1-5, it should be understocd that there
may be other £rit compositions. which have yet to be

‘developed but could be used to seal two glass piates.

Following are some of the different advantages and

features of the present invention:

¢ The hermetic seal 108 has the following properties:
o Good thermal exparléj.on match tco 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.



ZnO (0-20 nole %9 P205 (20-40 nole % V205 (30-60
mole % TiO2 (0-20 nole % A1203 (O0-5 nole % B203
0-5 mole %9 W3 (0-5 nmole %9 Bi203 (0-5 nole % 7.
The organic light emtting diode display of Claimil,
wherein said frit is selected fromthe group of

gl asses consisting of a titd&ho-vanadi um gl ass, a

Sn- Zn- phospha $ m Al kaliy z{ phosphat e e
glass, & v ?1%% B%P%ﬁg'%pﬁat e )é%%assn@a Pb- %%c}atg?g" anod
gl ass and andi xeehadkadiezineighiosphate glass with
vanadi um and |l ead, 8. A nethod for nuf acturing an

or gani ¢ | GRS nYHER AEETIR ol Qﬁ%‘iﬁ:‘a * sai d met hod

conpri singot he,stepss@ale. providing a first glass
pl ate; providing a second gl ass plate; depositing a
frit made from gl ass doped with at | east one
transition nmetal and a coeffi.ci eg 8f

Shi'd

expanst o 8 oWEPPREEFF I 1% BREST ter@tﬁwd §Es FyPes of

pl at ez, deppsidli pg-aksl easi ane organbesidght %—elm tct@;t@ 1737
di ode onto one of said glass plateg, and heatin
sai d ngSbyplﬁi:aﬂrréﬁiiatW%o@ro@é’ T n 94 2SRanie?t ?%atcnn be

woul d g said {\és' églbgh}%g tﬁl@dthéors@aﬁlﬁ%r r@fé@ess of

seal connec irst ass plate to said
secon’dhgl ?SSS@h’at Envéntil'cha mth@‘d eghnplai no8astuptheps 102

Corrprlsm the s re-sintering said,frit
sai d_38Co 9”3%@ pfbé’te PSS s i dPhed i i gl &ass co.

10. The getheg eof &£latas.arB angzd, gMaerein ISﬁblﬁbn Electric
irradiation source is a laser. 33 11. The nethod of

O ai nF18s5wer ei n BHEERRG t SRds SRS EMRarEding Frecision
absorl{})i o0 QTOODGEEX Wi d h's%aﬁ%c‘i' nfrared regbeRe@ntising the

sai d Tasér beam wavel ength 1n the infrared
regi ofiealing process of the present invention.

e There are other considerations which should alsc be
taken into account in the present invention in
addition to having a frit 108 made from glass that is
dope& with one or more transition metals which can be
melted to form & Thermetic seal lOé. - These
-éohsiderations include having the right match between
the CTEz of the sealed glasses 102 and-lo7 and frit
106 and the right maﬁch between the viscosities
{e.g., strain, softening points) of the sesaled
glasses 102 and 107 and frit 106. It showulid be
noted that regidual stress measurements have
indicated that it 1is preferable to have the CTE of
thé frit 106 the same as or lower than the CTE of thé
substrate glass 102 and 107. Other considerations to
achieve a "goodﬁ hermetic seal 108 include selecting
the right =sealing conditions such as laser power,

focusing and velocity of sealing.



such that when said | aser beaminteracts with said
frit substantially nore heat energy is absorbed by
said frit fromsaid | aser beam when conpared to the
heat energy absorbed by each of said first and
second gl ass plates. 1/10 100 102 100 no

| RRADI ATI ON SOURCE (e.g., LASER, iR LAWP) k106/ 108
102 06/ i08 104 106/108 107 FIG 1A FIG 1B /-200
PROVI DE FI RST SUBSTRATE PLATE 202 PROVI DE SECOND

SUBST'E%JEoB%TEij]:g@fa ) 10@'?&%1 ng:—ﬁ% @NOHMGIS several
SUBSTRATE PLATE 206 POSIT FRIT ONTO SECOND

SUBSTRATENPALATE 208=L PRELS| NTERFRI TP'F@CSE@@\IDlﬂ industry

SLESTRATE, L ATE 2100687, O ol BB CBT 00

THAT EéNhEGTcS ELRST ﬁUBSiER@IEDZ]c&sﬂanTE T@lSE@Q\I&he OLED
SUBSTRATE PLATE FI c-q 2 2/10 LASER H1I %eLENS 114a
112a S%%Plapa 40% /498° - NOFSR 166=Sgg-ey of a

in FusedsHidfico (a $8-ond, the rate of degradation of the
| traditional UV-cured adhesive sgeal due to molsture is
believed to be faster than that of the inorganic seal
in the OLED display 100. Third; the proposed method

| 200 may gubgtantially reduce the cycle time
(processing time) of a given component where UV-cured
sealing (organic adhegive)} commonly reguires a post-.
treatment in a furnace for an extended time. Fourth,
the OLED display 100 is likely to be longer-lived
than the traditional epoxy-sealed OLED displays which
offer poor resistance to meisture penetration.
Fifth, the OLED 'sealin'g method 200 can be easily

integrated into a manufacturing line.

"~ s The frits 106 of the present invention c¢an be

designed to absorb heat in other regicns besides the

infrared region described above.

e It ghould be readily appﬁ:eciated that in addition to
the aforementioned'exemplary frits_ that thers may be
other compositions or tﬂies of ﬁ::its which E:’_"_St or
which have yet to he developed but could be used in
accordance with the present invention to makse a

dezirable OLED display.

¢ The frit 106 that is pre-gsealed to one of the

substrate plates 102 or 107 in accordance with step
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manufacturers of the OLED display 100 whoe can then
install the OLEDs 104 and perform the final heating
and cooling step 212 at their facility using a

localized heat source.

.
H

he

-

QLED digplay 100 can be an active OLED display

100 or a passive OLED display 100.

¢ It should be noted that another aspect of the present
invention l1s to control the cooling rate of the OLED
display 100 after completing the heating step 210.
abrupt ‘and rapid cooling may cause large thermal
strains leading to high elastic thermal stresses on
the hermetic seal 108 and the sealed plates 102 and
107. It should also be noted that the suitable
cooling rate depends on the size of the particular
OLED display 100 to be sealed and ths heat
dissipation rate to the environment from the OLED

display. 1CO0.

Although several embodiments of the present invention
has been 1llustrated in the accompanying Drawings and
described in the foregoing Detalled Description, it should
be understoocd that the 'inventién. iz not limited to the
embodiments disclosed, but is capable of numerocus
rearrangements, modificaticons and substitutions without
departing from the spirit of the invention as set forth

and defined by the following claims.
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Substratens,00af ed ohe10AM thingkr 6QHNRRGPBILNS frit was

heated by a laser in a manner that caused said
frit tec soften and form a hermetic seal which
connects said first glass plate to said second

glass plate.

2.The organic light emitting diode display of Claim 1 ,
wherein said frit has a coefficient of thermal expansicn
that substantially matches the coefficient of thermal

expansions of said first and second glass plates.
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4. TG o§§ani@oiﬁﬂﬂﬁ80eﬂdtting dicde display of Claim 1

wherein said filler i1s an additive filler.

a

5.The organic light emitting dicde display cof any.of Claims

1 to 4, wherein said frit is a low temperature glass frit

containing one or more absorkbing ions chosen from the group

including iron, copper, vanadium, and neodymium.

6.The organic light emitting diode display of Claim 1,
wherein said frit excluding said cecefficient of thermal
expansion lowering filler has a composition as follows:
K;0 {(0-10 mole %)
Fe,03 (0-20 mole %)
Sh,0s3 (0-20 mole %)
znGC  (0-20 mole %)
P,0s  {(20-40 mole %)
V205  (30-60 mole %)
Ti0, (0-20 mole %)
Al;05 (0-5 mole %)
B:0; 0-5 mole %)

de

oo

W0z (0-5 mole %)
Bis05 (0-5 mole %)

. The organic light emitting dicde display of

Claim 1,
wherein

said frit is selected from the group -0of glasses consisting
of a titano-vanadium glass,

a Sn-Zn-phosphate glass, a
mixed alkali

zinc-phosphate glass,

a vanadium phgesphate
glass, a Pb-borate
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8. A method for manufacturing an organic light emitting
diode display, said method comprising the steps of:
providing a first glass plate;
providing a second glass plate;
depositing a frit made from glass doped with at least
' one transition metal and a cocefficient of
thermal expansion lowering filler onto  said
second glass plate;
depositing at least one organic light emitting
diode onto one of said glass plates; and
heating said frit by an irradiation source in é
manner that would cause said frit to soften and
form a hermetic seal which connects said first

glass plate to said seccnd glass plate.

9.The method of Claim 8, further comprising the step of
pre-sintering said frit to said second glass plate before

said heating step.

10.The method of Claims 8 and 9, wherein said irradiation

source is a laser.
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11. The methed of Claim 10, wherein said frit has an
enhanced absorption property within an infrared region and
sald laser beam has a wavelength in the infrared regicn
such that when said laser beam interacts with said frit
substantially more heat energy is absorbed by said frit
from said laser beam when compared to the heat enerqgy

absorkbed by each of said first and second glass plates.



