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Fg%ld c¢f the Invention

The present invention relates to hermetically sealed
glass péckages that aré suitable to protect thin film
devices that are sensitive to the ambient environment.
Some examples of such devices are organic light emitting
light diode (OLED) displays, sensors, and other optical
devices. The -present invention is demonstrated using

QLED displays as an example.
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color contrast 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
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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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® The hermetic seal - should enable electrical
connections {(e.g., thin-film chromium} to enter the

OLED display.

Today the most common way for sealing the OLED
display 1s to use different types of epoxies, inorganic
materials and/or organic materials that form the seal
after they are cured by ultra-violet light. Vitex Systems
manufactures and sells a coating under the brand name of
Barix™ which is a composite based approach where alternate
layers of inofganic materials and organic materials can be
used to seal the OLED display. Although these types of
seals usually provide good mechanical strength, they can
be very expensive and there are many instances in which
they have failed to prevent the diffusion of oxygen and
moisture into the OLED display. Enother common way for
sealing the OLED 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
problems 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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and PTovi lng a rfirst glass plate;
providing a second glass plate;
depositing a frit made from glass doped with at least
one transition metal onto said second glass
plate; and
heating said frit by an irradiation source in a
manner that would cause said frit to soften and

form a hermetic seal which connects said first

glass plate 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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sectional side view 1llustrmt1ng the basic components of a
hermetically sealed OLED display in accordance with the
present invention;

FIGURE 2 ﬁfs a fiowchart illustrating the steps cf a
preferred method for manufacturing the hermetically sealed
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;



after they are cured by ultra-violet light. Vitex
Systens manufactures and sells a coating under the
brand name of BarixTM which is a conposite based
approach where alternate |ayers of inorganic
materials and organic materials can be wused to seal
the COLED display. Although these types of seals
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the present 1nvention provides a glass package
conpriEFURE 5Af i ¥st agl It e1laS8ERBHEC glfassaser and a
| at.e; it . i . s

SE Rl B B e O R R R e

dlya @ pliat=adiiat iswpasoimae i#8;a manner that caused

said frit to nelt and forma eal

o | _ 1 a hermetic glni.%ht was
conndt@RE B £ &t pPRsYIHFate to BAFHC5Bcond gl AEY
ﬁﬂéﬁéﬂ. 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
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;



According to a further aspect, the present invention:
"provides a nethod for manufacturing a hernetically
seal ed gl ass package, said nethod conprising the
steps of: providing a first glass plate; providing a
second cl ass plate; depositing a frit nmade from gl ass
doped with at least one tranmsition netal onto said

56003€£$¢%§57Ap£§t§§ﬁéﬁghhgﬂtEnﬂe§§L§nf£££eQYt§Ensmittance

irra Source in a manner that would cause said
fhitet Bosokt endtand-vhadadauhephetbbaseablafgbcArit (20T10,-

connects said first .gla plate .to_said. nd glas
B0 TR SRUGEnE AT RN CrEoR ehES PRoPidsEohe #5758na
her mepigakty 7esead ed QERHI sphay saptzmetshechd oon mismatch
nanufacturing the hernetically seal ed OLED_di spl

Balsh cabbyure eashérﬁﬁﬁPEéPPyOSeEF@HeﬁiEEF%i§ﬁ?a5 g tt-seal
. act d r oyt di a_fj suhs t at €37 glass
TR Getinn Sl B0 DR S e e o R @
phitethe secentnsubstFate plate. OLEDs are deposited

on the first substrate plate. An irradiation ‘
source.(e_g., laser, infrared light) is then used to

beei rihe fiitrrdi-odr ner tremkfwrNegs a  hernetic seal

that connects the first substrate plate to 4a

b th .
seconte5ebsirat €9l at € aRd alsé- protect s At éEEﬁ§PSEd 10

%Pgoéﬁéﬁcés Qkéﬁs Lpat ﬁ@ésgﬁgediﬂ@éﬂtﬁén!e§5th@9ﬁetically
~transition netal and possibly a CTE lowering filler ,
seghed t haEDWhEElky | 1¢@deadi onthodr @ hebps mpeufacturing

frit, It .softe d f i s.
H7  OMEP BT B LaRg L Pt m EhECRET Ror s SoariiRrpeotebltor cne
%%@é@ﬁ@gihbéhﬁﬁbndd@g@esdﬂﬁé& 1 E% . wBBhEfFespact to the

SCRI PTI ON OF THE DRAW NGS , :
fabrication of a hermetically sealed OLED display 100, it

should be understood that the same or similar sealing
process can be used in other applications where two glass
plates need to be sealed to one another.. Accordingly, the
present invention should not be construed in a Ildmited
manner.

Referring to FIGURES 1A 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



A nore conpl ete understanding of the present

i nvention may be obtained by reference to the
following detailed description when taken in
conjunction with the acconpanying draw ngs wherein:
FIGURES 1A and |la are a top view and a cross-
sectional side viewillustraftiing the basic conponents

of a herpetically seal ed OLED,displ .o .accard .
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el datwager néntsaid by Corning Incorporated under the

hrand names of Code 1737 glass or BEagle 2000™ glass.

and

Alternatively, the first and second substrate plates 102
and 107 can be transparent glass Qlates- like the ozﬁes
manufactured and sold by the companies like Asahi Glass
Co. (e.g., OAl0 glass and OAR21 glass), Nippon Electric
Glass Co., NHTechrno 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 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.



FI GURE 4C is a photograph of a side view of crack-
free seal ed glass plates nmade in experinent #2;
FIGURE SAis a diagramillustrating a |laser and a
split-beamoptic arrangenent used to heat two sides
of the glass plates in experinent #3; -FIGJURE 513 is
a top view of a preforn1frit5%hat was placed a snal
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At step 210 (optional), the frit 106 can be pre-
sintered to the second substrate plate 107. To accomplish
this, the frit 106 which was deposited at step 208 onto
the second substrate plate 107 is then heated so that it
becomes attached ;co the second substrate plate 107. A
more detailed discussion zbout the optional step 210 is
provided below with respect to experiment #3.

At step 212, the frit 106 is heated Dby the
irradiation smource 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 sécond substrate plate 107 (see FIGURE l}é).
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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FIGQURES 1-7, there are disclosed in accordance with
the present invention a hernetically sealed OLED
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E@%&%%E#loo. And, the OLEDs 104 are 7 | ocated

Wi t hi 1, acpegi ekieknthe ther matdg:sedlonl Qurdew 1 1hewas 2

hermetic seal 108 is formed fromthe frit 106 and the

st | aryPxonfforient s SWER: ad it e PDia€ at P66 sobtla) that
‘;ﬂh téc? g 7ag Sefoelﬂ?o @raltd ﬂtﬂ‘fcﬁ%rhe%lﬂé%lﬂ'p mcgh*‘ouch
are used o mt ernetic seal 108 are describ

tie gifeaker substrate plate 102 which heated and so tened
the frit 106 (see FIGURE 324;. In particular, the laser
beam 112a was moved such that 1t effectively heated and
. softened the frit ’106 which caused the frit 106 to form
the hermetic geal 108 that connected the Ifirst substrate
plate 102 to the second substrate plate 107. 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 herrrtetic seal 108. In contrast, tlte
gubstrate glasé plates 102 and 107 (e.g., Code 1737 glass
plates 102 and 107) were chosen such that they did not



detail below with respect to FIGURES 2-7. Referring
to FIGURE 2, there is a flowhart illustrating the
steps of the preferred nethod 200 for nmanufacturing
the hernetically seal ed OLED di spl ay 100. Begi nni ng
at steps 202 and 204, the firgt substrate plate 102
and the second substrate plate 107 are provided so

thatrene jeandrakecthe f@bED dhepl ays:00. thoathe Thus, the
preferred enbodinment, the first. and second substrate
FLREEE2E62 PARESS16P 2ar@% Hds pafertlgFa¥ely dCws abisraption

the &Igesa?ggﬂyiacw%qeag%sqiﬁ £y CoLaing Obsam 112a which

Incorpor under the and names of Code
@E&ssdomcEagheuﬁoﬂﬂTwhgla$§ESLAbbéenaﬁmmaﬁ¢r tde heat £rom
Lrst_ and second substrat tes 1 an b .
%b§n§ﬁﬁﬁgﬁﬁg %5@Q5+%t5§a? a@%tﬁé oEé% %%Hﬁﬁfgévhredigaln’
and solEdsbyrdheskonpanhes bickeicAsald @ asdre CBhan 80-100°C

(e.g., OA10 glass and OA21 gl ass), E on Electric
éléé@gcdthe weéﬁﬁéoano@%aﬁ%@ngl@ﬁ% gOPreci§torﬁhOu1d be

%@éa +19¢ AE%L%&S%W'O%) weé(e %b%pl%ggteﬁh%nqtggs sﬁ@étrate

and other circuitry are deposited onto the first
slbsteate phaﬁeexperlmhettyplcal OLED 104 i ncl udes

an anpde electro Qne ot mpre. organ Yers and a
ot nobd nRhETbEaE e ho PhELRE AR i PSR I0R B e
gppteqioat ed: Wagh@&@es&lalrhreetd ndéfhe ané tghaissathh one or
known OLED 104 or future OLED 104 can be used in the
CPED . FESpISAY P00, MR | FuShouRd b&EFSHe® at ebffon,  or

a@aay&b% step Cé\aa%&t?lé%' ppedry {5 a%@LElao%' SPEAY-100  the

I's not being nmade I nstead a glass package is
bEbngneradeousd nG e i tdeal imrfprochsse ok thrergr esbAbrption

|nvent|on 8 At step 208,.the. frit 10 IS deposi t ed
%% T Ctl%%es %ot T he sgg%nﬁmsubstra%§1 ?a%agié %} the

Eosoipst amncepact henf girtplo6iaanIberpd aEBGBH It should be
approximately 1 nm away from

understood that the choice of the transition metal (s) is
tied to the particular type laser 110a and w1thl the power
of the laser 110a and the-translation speed of the laser
110a. For instance, an 81l0-nm, 20-watt semiconductor
lager 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 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



the free edges of the second substrate plate 107. In

the preferred enbodinent, the frit 106 is a | ow
tenperature glass frit that contains one or nore
absorbing ions chosen fromthe group including iron,
copper, vanadi um and neodym um (for exanple) . The

frit 106 may also be doped with a filler (e.q.

I B%egmg'il oﬂtafcil || %q sté \{:%pftla,llhﬂgﬁ wWRiCH 4 lt%‘?ﬁltl t%nadium
coeffiCient o the expansi on of the flr SO

that piosmatcotes: .or FUBTRENGEHAl1y arap@hEanrhph of the seal

coefficien f thermal expansi.gn of the two
SUBstTHE p?ﬁ?@s aﬁﬁ 103 08 SC FonPoli fITans Py 13ser
sever ahexenpiary dfdds atﬂ).@;rarep@éc@thed helhowad thom 0.2
respect to experinment ##'s 1-5 and TABLES 2-5. At

6 X0 % opt¥endinomt keef fREt106 cllif b&iphe-  During the

t h on stryat e at 3

Zé?&ﬂgttgn o e e Ta T 108 ar oh Sas agosTied A e
stsepeﬁ%unat wast foéd> sseomad isubste a;tleism ateatdy i82thed 107.

' ted so that bec Qe at a.ch he seco
Bfcc ot E-prERiE 07E AT e i B Stegr ghoe 102 and
about the optional step 210 is provr ded bel ow wi th
respect to experinment #3.. At step 212, the frit 106
i s heabedsplichebe (rapfiide oRPRERFER-9d 0 Chaty. depapding on

ng?,owtéﬂ e%fcﬁa@%m@sobbfl Nife ﬁga@e&caﬁakhatrttte 106 and

106 for hernetic seal whi ch connects
andsboats tplietfersrle%ubSLtir atley qattlmze ippeeo ofecomeers 110a

subs rat see Fl .The herneti

2E8 Drontal v RO PRTREE AR TRr Y SPReERt: Hgfferent
exyees aﬂﬁinﬁils‘tﬁl%ﬂﬂ’l thaeeashbens . eand}m‘ﬁ&—fﬁ fobem laser
entering into the OLED djsp |a};{%100 shown in

FRCERES T SRe 48, DEhEihei et e SeAf T681H8Rt phPERPFYOR in

{:Héa{ﬁgtié'éiafn@rg@ the out ehredpessffet et LED um (200 nm
di spfay 100. The frit 106 can be heated using anyone
of va <9 1200 nm), Nd:YAG (A = 1064 nm), Nd:YALO (A = 1.08

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

Experimentc #2

In thie experiment, a CO; laser 110a was used to
locally heat a Frit 106 dispersed along the edges of the
subs't-r}:—tt'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 3A). . 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 sﬁbsequetlt cooling cycle to form a



nunber of irradiation sources 110 such as a | aser

110a (see experinment # s 1-3) and an infrared | anp

110b (see experinment # 4). Described bel ow are

several experinments that were conducted by one or

nore of the inventors. Basically, the ‘inventors have

experinmented with and used ditferent types of

jrradi ation sources 110_tq heat different _types of
FFEEt166 $%or det® t o cBEﬁﬁB—'@@San% b&Rd t% et%é? Grephs  of

Codecmlidiotl ass-Rlates 202 anga80¥e Thedifhesphice glass

conposi tions of these exenplary frits 106 are
provi déd Badowhs tFrde espett ItaSexpers Hemte #osaes, 102 and
eriment #1 In this experinent, the irradiation

source 110 was a laser Il10a (e.g., 810nm Ti: sapphire

| aser ahbOh¢rt adpeeni tdafed thilkasexpbetmenid 2ad¢wimiphtee  the
|l ens 114a a rough .the first, substrate plat 02
BAPCRTHEL: G ahicoofPERetT (HESREE 106 coliRRF olass
8A) + hBepard isadddent hRel asge eamdikla: WasHePYel: plates

such that it effectively heated and softened the
1PRt ande WHi-ch ehusedfdResf Cep HFe 37 ¥10f nifrHeduced along

h : !
bﬁé”%&%;%i;s%%* %%8 tbat ?c‘?@'?egytlﬁgst €abbESl SUDSIE 21687 from

_ ate to t second substrate plate 107. The
baser plrb@asenntt etepd aserh beamcti2ang tandh kpedlfig, the

wavel engt . 0., 800nm wavel ength) .and the frit 6 ..
VEEBHERE. Ty ont grHes dopta i o aRE or oS of 8 exic
tsansddd onlgekal s16e. gand vianadiigm ihéodusadd/fr a given
neodym um so as_ to enhance its ,absorgtion property

r

BempREakpeRi HEWArEl eAgth GFF t RESTRES ey, Initial
?i“év% %g%ncwgtm%fteme aksor ptione PLARerine 9fs it herresses
frit 106 nmeans~that when the emtted [aser beam 112a
asuabdodbednhy ldeifigi end06sultdrardarit sobiened cyands are
formed the hernetic.seal .108. In .contrast, the

ST Tat ST asae bl APBEC167 i TP g Code S T
PBSSss this concern, the preform vanadate iron phosphate
glass frit 106 in this experiment was applied at a small
distance away from the free edges of glass substrates 102

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

Experiment #3

In thig experiment, the irradiation scurce 110 was a
laser 110a (e.g., CO; laser 110a) that emitted a Iaser beam
112a through é 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).
2z shown, the laser 110z emits the laser beam.llZé 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



pl ates 102 and 107) were chosen such that they did
not 10 absorb irradiation fromthe |aser 110a. Thus,
the substrate plates 102 and 107 had relatively | ow
absorption at the specific wavelength of the |aser
beam 112a which helped to mnimze the undesirable
transfer of heat from the féfning hermetic seal 108

WOSEEE CRmPt Lhah Bh G0 E gtk ERy cipgugoH Hoflgt <B8 onto

the |mserc 1&6ae I17:hoyldsbe p:rrmieedlorzuat tnﬂdQ_El:Bse second
104 were not Iocated on_the substrate plates_in, this
eRPEFi REAF. 1A32entFoREH 86bVE, Ofb FnEFedssd Phe™ rro¥s 508

éﬁéor 5l o of the £5diedO0iilopasspgceasgamny oo .ar!:svp@hat it
e glass with one or nore transition nmetals such

vanddreatedr airomoh rreobyms ufiLEf ontexams esccr SCQ@% 1737

R e L L THE T

asrbhbustnat edo byot el : a@SOthérheaspectaunmgahphsdrmrea on
FI GURES 3B-3F. |t should be understoof é a]El
e EePBErERe PransFi1on ABtalfd) FRIPLPRJEED rﬂ”éentors to

partigulan L¥pe LassteddPargnd-Wit botheapoweine8fpthew) in
l'aser 110a and the-translation speed of the |aser

410&nnesr Whesteantks aﬁm@@@ahmesmﬁmxtlbs@ﬁcp@omr&t6¢51dual
l %e.eéses ha:fé b%anda éa Sry Q,fo | 'ﬁ%fﬁtle%y 2.9 ?ggle sealed

thorce ~based on pr Teliabi y, and mal nt enance
@@@émbﬂp demMﬁHHdﬁkﬁtbe headedhaqrﬁﬁetipxummmﬁwachptics
exenpla%é frlts 106 were | aser-heated usin

W@E%@%ents O nievids diFpih reefhskre4168 RESdd Tt #'s 1

Phawhb chz nwas rnEecused riat urd handd grt A06yera 10:$Ms  of
l'ens 114a. The exenplary frits 106 were pl aced
et Feermenps 1wahel hPek1dChee UBRSY igl ddwe pragesniopnvention

and_ 107 Jhﬁa%LrS£e£r'£14£GSOW@ﬁaQH9§ fromglass wich both

i
Nt &t i ing WTh ifon, vanad
substrate plates 102 and 107.

In this experiment, an exemplary Vz0s5-Zn0-P»0s (VZP)
frit 106 and Code 1727 glass substrate plates 102 and 107
_ were chosen. The first step 210 of 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. split into two beams 112a' and 112a'’ that were

focused ontc the substrate plates 102 and 107 {see FIGURE



phosphorus. FIGURE 3G is a photograph of the seal 108
formed fromthis frit 106 that was softened by | aser
110a which had a translation speed that varied from
0.2 mMmis to 5 mis fromthe left to the right. And
the second frit 11 106 was nade from gl ass
containing with titanium vahadi um and phosphor ous.

RE i's t ogr f | o+1Q8 f
grgﬁttﬁgﬁfrngqgg ?gagﬂggg nepggaﬁﬁyo?agerdﬂwn%%w of the
whihdhdhadbattesastation Speedid H&t7 varied from 0. 2
mMs to 5 mis fromthe left to the right. During the
formati on of these seals 108, no sensible rise in the
Eﬁﬂ@en@gﬂﬁe»mas observed in the glass plates 102 and
107 no cracki ng was _observed in the glass

pl at 6511081 AnE KOG AICRE 4 R d BT SAdIy %bfr%ﬂa%%dwas a
the. Pt 68l pergiges Qndh81eq b
%@?@V%ﬁ Jl']!l#lrlt 1 61%' ggggtrg%g pl at es 165 and E107 e
fmhbablgpa&ﬂﬁa¢®sem&tr@@ép?can HEhis edamttiichileper angrare
dlffe mers .different_ speeds d_differ
W%Ieﬁ m%ve? b&e |Bser %avgiengfﬁg%%nﬂ%%%ﬁf
&!}ﬁ)%ﬁlﬁﬂﬁewn@,@j kicghz absorfphj on The tdeEnpbsd | m}nlaar were -

frit 106, For instance, Ytterbium (900 nm c 96< 1200_, .

Wled[\ﬁs% the ;nigggegn}ampl\lalq/ L@:{'L%Lstei 08f H\ro 1=l

@ o €13B75Um ﬁgags5ﬂl@teg/vi@§e%§1dcaib"be Wsede an exemplary
periment #2 In this experiment, a 002 |aser |l0a

fast used wes Ia@@élllmsi keatr d&Him tsthoe disper sieee at opgoes of

t he edges of S es .pl at 102_and -
W hG t%%§h§f %f g?%n??é EH? teﬁ%%ra or O??Ekgjs gt some
dxompiheyseal ed edgesceli it espdiinedtaypr afe provi ded in
V205- Fe2(03- P205 preformfrit 106 containing fillers

a5 ehabl e a CTE match to display glass was spread

“along the edge of one of the Code 1737

TABLE 1%

Blend | Blend makes-up (wt.%) Composition (mole%)

# Glass frit Filler Glaze Frit Filler

5801 {(80%) {20%) ' Tig, 20 Li,0 25
{mean particle {mean particle P,0: 30 11,0, 25
gize = 15-20 size = 15~20 V.0 5O 810, 50
pm) um) '

5817 (70%) (30%) Fe,0, 12.5 ni,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 Li,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



gl ass plates 102 and 107 (see FI GURE 3A). Then the
C02 |aser 110a heated the vanadate iron phosphate
glass frit - 106. At the softening tenperature of the
frit 106, the vanadate iron phosphate glass frit 106
flowed to bond together the Code 1737 gl ass pl ates
102 and 107 and then solidi¥?ed during a subsequent

cooling.cycle to f 1a 12 el ) I Q8 uss Fri
%?%Lﬁ%%li Fand §§QE%}%pﬁsB§¥Hﬁ%?gn§%?55|on cieeL e
 ofst hevvagadated raatphogphsdt ecghasstedr pf BOGuiatidire of a
the Code 1737 gl ass subﬁirgte Iate;kloz and.‘loii filler
Dot HeT VESHEEET of Itf sSdkpertHelt retAre 1o the e
PLagerenlz Ok { he pref gem vanadat gokaen phosphEke made into
glass frit 106 in between the Code 1737 gl ass

sulpstEtat eupiages $O2LARYS10RLVSIHIEMSks EXRTBR Such as
easi |y intr. I e es: the Co 7

ol s%ﬁﬁgﬁégg%éggghgﬂ?géo%gén&ggr éggpfggéssgﬁaéégeaéﬁxa *
‘speings, cahdi tigeandahandl épgnsedeal probabe | ¢dygeafol one of

edge_cracking at the interf of frit, 106_and.
5?%t%%d%0%7%%d9%6?5i@i?ﬁ%?egﬁgdo?O#HZ'gi%%ﬁ“r dpPlying the
teppespipk ergradiept end GIE glssatghavbenitheand 107 were
Initial flaw size I1s greater. And, since_the thernal
sareskles Drague@dodsri Ayl ast gt andiBdbBkgtdenpnd pressure,

e s R g

addr ess oncern,
the- pref orm vanadate iron phosphate glass frit 106
in this experinment was applied at a small _ di stance

away Tronpemeler pdasdged 06t agtasd 5 Ut atRe? 1B22CRhdaPout
F070, ($8 Fﬁ:tE | ‘%_)%Eiﬁ‘f‘rgggdd'fgmp EXpaL! QE?E@.%%‘néﬂet BLsz1 length

experi e e Irradiation source 110 was a | aser
df0sh4 el gy ) GERA| aserchl Dap that phetetedfarkfzertberdnrtloth

’é'ﬂ:)!" iz%elxvt her: oggh i%s% lalttiblbl(?am et ! scesa lairr{ga nsgceenﬂ3 nﬁ 1 2,5 OﬁQaS carried

out a single edge at a time. A refractory block made of
alumina 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 glasg plates 102°
and 107 was monitored by a thermoccuple placed in the
center of the two plates 102 and 107 through a small hole
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
rurned off, final checks were made of the thermocouple,
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



split the |laser beam 112a into two | aser beans 112a
and 112a, which where then directed towards the
first and second Code 1737 gl ass plates 102 and 107
(see FIGQURE 5A). As shown, the laser 110a enits the
| aser beam 112a towards the split-beamoptics "
arrangenment 500 which includé§ a 50/50 beamsplitter

502 that splits the, laser beam into_two |a
BUaRECT 120l P PEORT o 1T aEe CBeaniclaaat blend
ksicefiect edref f pawllr negs SQ4nkeigielpu coated-d8f to . the
mrror 504) so that it is directed through | ens 506
dnfoarefel fiPst 208dENE737E| A5ESDF alBS1H9VeANG YA heTOm Che
; ayg71s ekl eted0f fr @nsSerdeseal one
%g&ﬁ?grgggﬁg%SqﬁgﬂE%%%O éﬁgJ, Au coated mrrors 508
atide548F sppthatmptelisédi sectrdst hFotghEatkersoBg2a graph

onto.the second Code 1737 gl ass_pl . The_us -
R N N e
the heatihg arl ecalh z=d Wiea aniddhesBubstrate pkatebly of
102 and 10/, enabled the inventors to soften, an
q’ﬁ] 5%01 blend

BORE an Ex ATt yPERFES 1686 2( Fo¥tr T Hed Serdw)’

pppner; yher e {he sheupear atdir eodigt rdHuM | @Reanthximum center
residual stresses are nmanageable to achieve a :

telkiabkeuseal-edgedsseohl ypploxshau by beshdtee @ 3°*haFIGURE €B

the split-beamoptics_  arrangenment 500 could haye
BBensusdedEncERpEr FRERLCR §L1E0gnd"$land BRaE Phefgae 1737

%ﬁgsgagi_agieg erent typess ok arpangendid ssihh Chagout-d above
e used In the present invention to split a |aser
beam:bE2&850 thilatnd t f1ht et Paceeswivstechottrt eathsef atlee 5801

BLS7A0, 208, 0%l By 05 HRCTHIRE. oy el s coce
aubstrate phatks 1Q21ane11@d ssare kdhosenirifhelddrstas can
$Le 10 ol Seal i P pe ol UelLng e V28 LAl oo,
gnyLongent. f.o1: 4 hopr-apdy,f ebhiawad By entrzpped binders..
T+ ghould be noted that deepite the short-heating time
(SOse‘conds), the 5817 blend frit 1086 iz 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 107° cr’/s in a He leak test.

It should sbe ncted that a laser 110a has also bsen
used to melt ‘on'e of the frits 106 listed in TABLE #1. In
particular, a 7wai;j: ; B10-nm, cont inuous wave (CW)
semiconductor léser_ 110a emitting a laser beam 112a“

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

0.5mm/s was used to melt 5913 blend frit 106 {see FIGURE



furnace cooling to prevent cracking. Good
wettability, and hence bondi ng, was observed at 'the
interface of the VZP frit 106 and plate 107 wi t hout
any indication of |ocal delamnation or non-adhered
regi on. Then, the second ste 212 of sealing
followed by using a localized’CO2 laser 110a. In

ticu th d urf,ace t
gg stra §£%¥at§§%1%§§egg'1 7 ﬁgréﬁﬁ%a? g£¥oE§PF' the =913
bhendsditieni 1y t eapeatrwee -gfr inhe dVZ R fa-fii XHIG meﬂhground
CO2 |aser 110a. The CO2 | aser 110a emtted a single
bearrdnea Waf chtiwasespl TRriaE o°F vieP bests tEza'> -did 1m.
112a" that were focused onto the substrate plates
102 and 107 (see FIGURE 14 5A) And, FI GURE 5C shows
axphoteent fstop view of the bonded substrate plates

102 and_107. Experipent #4 In this experinment, the
7 adPalPER CHUFCESII0 WES ACTTO0DWALLT Lh?rﬁ%‘@ﬁ@%ﬁt one

34001 s haten@goLontdiold edlyra  mari ahl@ruol t 8g8sicerations
controller. Thls_ﬁartlcylarllnfrared lanmp emtted a
Whgﬂh overilad viess ekergt Hir angedofvhegppiesd Fimtied yagoiplt 106

e ol T i
@iap?sajal a’.t{Hs 102 Faid o0y wher eaanlexenpl@arygorter | bt these
106 plled as a thin strip along the 4 edges of
ore=of< Ptates 102 and 107. The conpositions of
sonme exenplary frits 106 used in experinent #4 are
provided in TABLE #1. TABLE 1* Bl end Bl end nmake-up
émﬁt@% Frmmmﬂ%ﬂgﬂtég@éﬁﬂﬁﬁﬁb{ﬁgégvéiittE%f%ﬁl kagssdation
ri iller [ nea
particle (%%aﬁh a?fgt 1&% A% #? hid TR ac 2

low enough temperature such that the temperature

experienced a short distance {(1-3mm) £from the
sealed edge in the OLED disgplay 100 should not
exceed aﬁproximately 100°C.

s Ixpansion compatibility-The £frit 106 should 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



Size = 15-20 size = 15-20 V205 50 Si02 50 n) tim
5817 (70%9 (30% Fe203 12.5 Li20 25 (nean particle
(mean particle P20b 35 A1203 25 size = 15-20 size =
15-20 V205 52.5 Si02 50 m m 5913 (80% (20% znO
20 Li20 25 (nean particle (nean particle P205 30
A1203 25 size = 5-10 m si ze8= 5-10 m V205 50 Si 02

Q *.| he, fAd 6 :
géultéiﬁtﬂaéjeip i.d he :gg}ldalel{e% OngtgﬂE bhese fAd t$,406 the nigh

een us n any of the other experinments
‘degc rifbadvhereiretaasealglCote 37837 ghagsrephatest1i92uss of

and_107. ,mentioned earlier, Jqt is i rtant when
FﬁdellﬁFedaé? ot FtF on s bggagt PRI 4t i%t ill%‘éejf hgcthe CTE.
trheskridi 1H06-o ahser be heatdimitherinfeased siegi o Althium

descri bed above, vanadiumis a particularly strong
pAbmARed=abserber |y OxEHELRE asER s stk chhosteye an

EHEI&HEEE?&%Q![JJQé?t t"?ﬁ 18 m@@gvégal bRg “W?i(rgrgmoflh;'f;%llers”
experi nen s done using frits 106 having bl end
680h, avhi ch-tionspetethadpkeim xtwhiehof imtroduce dimensional

tjtano-vanadiymfrit and |ithium alum na-sil.i cat, .
PhRPER CEECOfAErE S THEBBOI-BTohd per dvleatins oF

btbbstingade | Nhecoadpaste,usi pg anmdt abtRe OLED sealing
-sol vent/ bi nder system such as _ anyl o _
ABEPATRFHFEr T ITEE Sor Bi nePWi FeTPERAERT RNt ded  frit

I ngg, : Hand; dizsp edges :of
By e i el gnenigd dang Ue sty ol oo

hpptyihggstbe 258@1 bhEndrédi 1amoelltheor igPglassr 110a may

gl ates 102 nq:l 107 .were rragflal Ig%ﬁéessted LQver ea%r%e rise
Bhet S 1Y nitd Rafd pressars, dThen Pilaced in -
3NroMeNsa41409C to dry the 5801 blend frit 106. The
sanpl e plates 102 and 107 were then pl aced about

Several potential lcw melting Ifrits 106 suitable for
sealing OLED displays 100 made from Code 1737 glass plates

102 and 107 are listed in TARLE #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



40mm under the infrared |anp (the approxi mate foca

length of the lanp) 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 nmade of aluglna was pl aced over the
entire surface area of the & lFass plates 102 and 107

to serve ag;afn | %fE%%e%eﬂﬁs%OWHEBtOEhﬁlgéCQBE|Qﬁeoﬁnrrared
the actual seal edge that was to be sealed

t enper at ur éaimp thébsanpl e gl ass plates 102 and 107

was nonitored by a . thernocouple placed in the center

of the twolpKgtest 4o landinre7 &% sMRff! norese frits
drilled th g pl_at 2,5 Opess t <
gl ass pla BE ?55 n§9%87‘§H er%ncoupl f3&§f§ ) ut

pl aced undaémbhEtthel@ﬁnxitﬁ&héaﬂ@ncontmglbathmasthey' may
turned to 10% of maximum and

] ower , he . .
pl ates 1027&Ad 167~ FElVﬁgﬁmﬁﬁrgﬁn?gé Fb?nﬁchaFlllers to
seal ing. TESWEQ”R:hCeonHFﬁ”%{] pe tdneqre&a]ur%&ﬁf/% range.

the 't pl e t hen

final chec wer e nmade of ernocou , and

t he power masatuesedt| nsediatel yetmetdiateayelre Useth.

for sealing (typically 40-60% of _maxi mum out put).

Duri ng t*heVeperavinophefriakes| nf%aeeeea"ﬁ%esqe he sghbs 106

edge vas vigdedutt Uhd nixared aisorblag B obeglive d0s 1ow

gl asses. Once softenin observe
blend fritTR06, EMEypoweh1Mﬂs @nmﬁﬂlaﬁhéglburneﬂﬂnfEU¢fer
to the infrared

away from thg™ s%%%lebﬁggg%ihﬁogﬁ%ﬁﬁﬁfgglE¥¥285§%|cﬁﬁueous

time to seghr9Pe1iefge VBSHIAPPrOXIABLIR! Y£6015€GRNAS. strong
FI GURE 6A shows a graph of the tenperature neasured

as a functiefrafedi n@vwbeﬁ@ ithe sdddiceig oPlageRsef these
the 4 sidesioloa 1" asseiblycfe Code 10dh0las80a14zea

pl ates 10 7 using t frit "106

shoul d be $Emkxhg+mmcmmmqm®m4nun1center tenperature

ranged tr%ggiggiggéngaggéegsT%gsgsfgﬁégfﬁagBare based on
the Pb0-2,0; eutectic which is derived -from tv
sealing frit compositions. Their high expansion

- coefficients may require appreciable amounts of

filler addition to lower their CTE tc match that
of the ?otential display glasses.

e Mixed compositions’ (such ae 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.



shows a SEM cross-section of the 1"xi"
1737 gl ass plates 102 and 107 sealed in the sane

manner

above

pi eces of Code

but the 5817 blend frit 106 was used

instead of the 5801 blend frit 106. The m crograph’
shows the filler particles

well-nelted 5817 blend frit 106. As can

di spersed i

n the
be seen,

5817 blend frit 106 does contain a few | arge

bliste
bi nder

short-heating tine

106 is

rs or voids,

S..

bot h wel |

(60secon

ds),

possi bly caused by entrapped
It should be noted that despite the
the 5817 blend frit

t he

nmel t B8BLRARE exhi bits good adhesion

to the Code 1737 glass plate

s 102 _and

107. 1In

addltloﬁsﬁ% t he aﬂ%?enentlon'H?5§D1 andF3817 bIendRZ?““ #b0
fritec 1M rnf v nnl o 1 H ot
Desc?lptll e J-\Igh LI %1} DG?MI I IIU ana B \Jr I CU \mlf-s{ed
?nh th hcﬁ%gﬂ:ebl %ﬁallAEpr OXG;SE\%E a¥°ha| F) ot*o %e alkali-Zn-
seal ed sample pllamesnif2 an wer e |tested and [thesphates
seal was detern1ned to be hernetic-usiing the Vv, =nd Tb
Typicalcriteri pA%oErhot e%hl%WW|ng ViPeak Ié?@@bothan 30% P05
compositte cnBlEt Fifra HE Eﬁ‘i&% t est| 2%t *Shoul d 3beBFPet ed t|fag z=°
(mole . | h 0 20% dZDt | @ foth 20 R,C
| aser as |al;sp ‘heen use o ne %QHQ>O € oo
frits 106 Ifated i'n TABLE #1. In particular, a |ios v,
7watt, 810-nm cgntinuous wave (CW sen1conductor2% 21,05
ypiczllBSer) | | Oawcem ttijngsa | aser [mwam 112a |kecused ontjgier
2 5mm spot and ved at. a velocity of [0 5mmds was
ruthaccused to| ABIEO5913 PR rit| €06 C5ee FFBURE"L7  §EpP-550°
immgﬂigfgore the operatjion of the |aser |10a| the 5913
for 37 BFend frit 106 wds screen-priinted, preifired, and
glass (gHound jto reduce its thickness variatjon to |ess
Typicaltdran 5-[lfhopm  EXpesi nent 45 Before di scussing thgiso
(zo-’/*cdetai | s| of this experinment, lone should renenber that
rositiv¢ her e areovs@yer all Geohsi der atjilonstswhiiceh | &dhwgul d be keped
feature§ m nd W?én d si @ﬁ]}q?@"o%‘ fri tCT?_ELO ood adhesion adhesion
durability a.dhes:;.on
Negative May May require May require | May require May reguires
features require inversion additive. inversion inverszion
inversion | filler + IR | filler. filler + IR | filler;
filler + absorber; | abgorber; high
IR high furnace . high furnace | furnace
absorber, sealing gealing sealing
adhesion temp. temp, temp.
weak

* 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.

As noted in TABLE

frits

- CTH.

Vanadium

#2;

106 offer a unigue cowbination of low Tg,

is a gtrong infrared absorber

and 1

vanadium—phosphate based glass
low

in silicate

glasses thus itk ig a strong candidate in localized szealing

m=theds such as IR lamp,.

lasers {i.

laser at

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-




that can be used to make a hernetically sealed OLED
di splay 100. Followng is a |ist of sone of these
consi derations; Sealing tenperature-To avoid thermal
degradation of the OLEDs 104, the frit 106 should
seal at a | ow enough tenperature such that the
tenperature experlenced a short distance (1-3mm

mthe _$ e 1Q%Q§LED y-40 ul -
nl’oc? excgeqé Sépﬁr SXG%%t e%él C Eﬁﬁﬁég’ao%& Sueldl neax
conpatedi | ittrypnEe & membelO&nSh&uldbe expahstanc-vandadium
mat ched with. substrate pl 10 107 to_|imt
BRSPSt 1BLERR i Ehor BBTEFR) L Pk Vatey  molaz
1L0ss: Py:-h& agt yires8pi priheisseat. shbﬁﬁnﬁﬁl@ABMETﬁﬁ)fr'bleasm
106 should forma hernetic seal and £rOV|de

1ohy- teemadrsstadticeh ¢6r thhe Tedhstituehts the tHO-1500 nm
T L n f
Bttty ot e brichale ffdds 588l Mo code

ITSE idgildde a:duaaxr&nt :L(IZLEIBswdcanotYe sati shkeedliwi t hoapletely

| ow t t frit 106. Ho t |
TR e T (1 TO 00 TR ACO R Ay

have it matiesn¥ueldosabove (828188 PBosphathe glass frits
substrates plates 102 and 107. As such, the hig CTE

o5 | lae t enpevatiife ¢ltasS T Moy maF rb&qdr% REIY e~Bf match
%4'@@ ﬁ? Ehgn%od%r '7%‘3 d‘%ﬁ'&@@la‘%@ 1% 4 "o £ thout

ese ers nay ive ers” such as
#ha hiagini talomm n6- stiltate. cry§uabbhnetphasﬁslwwﬂﬂﬂ6 has a

have an i@frlns alléalomer CTE thensel ves, Caddit iver
ws e G o H 1 oTd CEiln BETGhoRy Py opifespRat e 2001 Eive
ahi -4 Nt ogdeger diengitenalrachange.drhr oughe 9 Phaserillers
transformati on during heating or . ‘
which can produce microcracking, resulting in non-hermetic
seals. Unfortunately, the 885 AFD frit 106 even 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 éxpansions 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 70x 107/° . 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 17377g1ass plates
102 and 107. The 5895 blend frit 106 is composed o©f Zn
vanadium phospﬁate frit (molar basis: 2OZﬁOv3OPﬂ%—SOVﬂ%)

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



cooling. Accordingly, to neet the OLED sealing
tenperature requirenents, a low tenperature filled
frit 106 in conbination with some form of |ocalized
edge heating such as an infrared lanp 110b. or CO2

| aser 110a may be required to mnimze the adjacent
tenperature rise during seaPfng. Several potenti al

| ti frits 106.suitable . _sealing CLED
g?é\’%lﬁ _;50%%6)22&33 f?grlﬁg%dgwi7 Llrgjfsa)s's plates 102
and 107 are listed in TABLE #2. These potential frits
106 were selected on the basis of alowT. (i.e.,
<3830CfritandSalPpw feprnapariseald righ 4npetst ur e
(<550C%T?Sl Although these frits 106 were all prepared
by *nof mhl =l AssThePtTRgE RRCHFLREE St Shoul d be
”Ot-edfig?%rngi‘%(-é’é;ﬂ&hﬁé nf%éééicw 06 ;mhy also be
prepared by sol-gel techniques. e conpositions
listed in TABLE 2 include the followng frits 106:

- Sn-7Zn_phosphates (SZP)-These frits 106 hgve npderate
R s B 06, EERETD 3. GHOHE GqResHLon MLSTASCR data

Hugablbitias, abutu e 44 0dbl edelye Bt lendency £0butt seal
weak adhesion. As such, they may require an 7
vavee skoriEnd &18%0 fowerl@heweFEarrangdand mraredde 1737

psor b : trapsi ti t .50 It :
GREEDRIALE, Sy 20T BT WTRLALLRUL OB cnste uatng
seyl - conslticteor Arida rand-ddyd Iuifaar eds | ahp 1¥8hicle/binder

M xed al kal.i zi nc phosphates (RZP)-These frits 106 ,
RELEThi gRIPaITES of LETE (230K 1074550 bhit tAd st e POTT

d agg SLOR-AS SU%,.JJJSG)@' Yoq MEAUL £ o r‘é%%icﬁv%lé( h
argaé gl l't:l ons of fillers toégat[eomer the CTE to the oty
des| tiedn 3éxbQ'elC feangeom temperature. During the cooling
cycle, photoelastic measurements were made at specific

.|_

temperature intervals to monitor the restardation 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



As a result, sealing tenperatures are high.

Vanadi um phosphat e gl asses-These frits 106 conbi ne
the unique features of low T. and Ilow CTE. They

exhi bit good adhesi on, but suffer fromthe potenti al
drawback of poor aqueous 5§b| lity. 'Since vanadi um
itself is a strong infrared“absorber in silicate

gbaﬁS%sggHSég ghAsses rakeaathr 36tie £RBiPBAY relatively
ocal i ze seal ing techniques. Pb-borate

gbaésw—p‘élm&enf reqrepaliid idridhdsevern the PBETER0$SS frit
t t d d
ﬁggghfpmﬁg E%hzl E%%éﬁ u£sg¥51¥ 1§§agkﬁglgglt An inverse

expansi on coe€ icrents may

é&ﬁaﬂ@ha@@&%lcﬁb@ss&nwmﬁd ofriti lber =addidddmn 11037 glass
| ower their CTE to match that of the potenti al
dispkayughassesiref »éd 4GB0t dnhqwuchhasedi acnismatch

phosphate with P Vi d
R e
Eﬂﬁéﬂhd@@ cRipdtTeabers byem@e&essheg 2497 | bites Sicht 106

aood | R absorption, but generally have
§P§-a QERt AGRE SIRFE RIFFGNLOTE. 20 TABLE 2* SZP RZP

- V-phgs. BB Z%P"'Vvafg&urpe%@l@s@h'aQ@ S s Mo¥edhilso offer

Vanadi um Ph-borate M xed phosphate al kali-Zn- ,
phosphat éoal kalatizg pii@ﬁk\@;ﬁ@etrﬂk@stphar%qumﬁm%ﬁﬁﬁ Pior OLED

URLSEL SO%S90.45% 410 00%. OGP 20 RO IR, 51
ZD&x e ket &8) <6¥nénOr20%RAG x2000120Gp 300 S O&:Z@%MOlaser
' 110a and sealed with the 5895 blend frit 106 passed the
He-leak test by holding vacuum down to the lowest leak
rate measured by the egquipment, 1x107® cm’/s. In
additi-on, separate temperature measurements by an infrared
camera, thermocouple, and thermal indicator paint made
dﬁring 810nm laser frit sealing all indicated a maximum
temperature < 100°C at Imm from the seal edge. ,
Yet anpother potential 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 %:



2% B203 2% A1203 1% A1z03 15% PbO 10% V206 2 %
A, B Typical T9 (C) 3000 325 300 350 310 Furnace
475-500 500- 550 425-450 500-550 500-550 sealing
tenperature _ for 37 CTE glass (C) Typical CTE 110
130 70 130 140 (10'7/c) Positive Low T9, Good Low
T9, | ow Good Good features Edod adhesi on CTE, good
adhesi on adhesi on durabi lfiyr@dhesi on Negative My
may require May require MiV Tequire may require
features require inversion addi t iPERdt Y ersiton 06

in ST on IIIVKIOSIUH fAtteri+= TR fifTen-1gilTer + TR
filller, filler + absorber?iahsorher; high IR high
fur nace hlgh Farhace furnace absorberO §8allng
seating bEdIIgE(DaOﬂeSIOH tenp.tenp. tenp. weak ~*
I't lshoul d be undérstood that these frits 106 could
haye been usedih' any of the other experPments
describedtergi g_to seal"Coyle 1737 glags -l at es 102
and_107. _As not'ed in TABLE #2, vanadi.um phosphate
based glass fHPts 106 offer a unique 2onth nation of
| oW TFsT—and 1 gw,, CTE~ Vanadjum s a straag | nfrared
absorber in silicate glasseés thus it is

candi date in Pacalized seal ing nmethodsstch as IR

| anrp;—and—bottg gear=,and far infrared glasers (1.¢€

semiconductor I’asers at 8004900nm _and Q02
WO, 0-5

Bi203 0“5

TABLE 4 list a preferred composition of the vanadium
frit 106 containing some of the elements‘iiste_d in TABLE 3
and a P-eucryptite glass-ceramic additive filler. In
particuiar, the preferred vanadium frit 106 had a 75: 25
blend of the frit with the filler. Both these 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




| aser at 10.6 nm). The starting point for the vanadi um
phosphate work was several |ow Tg glasses in the
_e203-P205 21 V205 and Ti Q2- P20b- V206 syst ens.

FI GURE 7A shows a near- infrared transmttance curve

for a titano-vandadi um phosggate glass frit, 895AFD

(20Ti G2- P205- 50V205, nol ar sis)(the 895 AFD frit

I's notzghews i n TABLE ##2). P)ea3@ref0t 8cliB8sition of the
absorption of this frit 106 in the 800-1500 nm

wavetényt ﬁrnang@s ltihadomarsast  Lighess enoue thiat Shave and no

1737 ass ates 102 anly:, - :
g]gﬁ'pl et sag r &Mt %ﬁ thgdeé%g&ﬁo l%}e'n“vvav:é er%rg e 3.

TABUE. 5Alltib@uglﬁltel§e +89% Abb-wvanadi ttanphasphdtretghass where
frits_ 106 has a |ow CTE, its_CTE may not be | ow

éhbugh FEenﬁiL%%enFﬁeaFﬁESB?c’tfree “fléflL ‘91 ass

pl ates 102 and 107 without the addition of fillers.
Since, the frit 106 has a relatively-low CTE this
permits the use of "additive;—_EEI_Eers to lower the
CT_,. rather—than—tnversion" 'I{ldle Efefé\ﬂ' é’d ey 'adlum
produce m crocracking, resulting 1A non-hernme

seals. Unfortunately, the 895 PFD frlﬁr:LLO@O@ven with

fi Her—tevets—ghoseto thefeximmranoynt
(z25-30wt.9% _Still did notlexhibit a safisfactory
expansi on matE&®S%o Code 1787 gl ass pl &-&8 102 and
10F—However; %ytinucd conposttion researchresutted

in_the discovery that zinc|vanadi um phosphate gl ass
frits 106 ca®:Be made whi ch have expa#&i‘ns | ow
enpugh—to—pernit—a—ctose~CHe-match—to Code— 1737

gl ass plates ?@%‘ and 107 when fill ers%m added.
Measur ed val ugsCof Tg and CTE for one 0Oef0these frits
whieh—tas—a—cpnposition 20Zn0G-30P2C6-50V2C6—(notat
basis) were, Téspectively, B00C.__and 70xI0-7/C. In
fact. 5895 bl &t frit 106 descri bed belcbw but not

| i spted—rn—TABRLF#2 Hhas—a conbrnatton 'LH‘_-LiHL,
. pul
vanadi um phosphat e
Bi.0, ' 0-5

An exemplary Dblend vanadium ZIrit 106 that contained
30% B-eucryptite filler was made in accordance with the
compositicns listed in TABLE ‘5 that had the fellowing
composition: Sb,Os (23.5); P,0s (27); V,0s (47.5); TiCy (1);
and Al.05 (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,



and additive fillers which has shown excel | ent
expansi on conpatibility and good bonding with Code
1737 glass plates 102 and 107. The 5895 blend frit
106 is conposed of Zn vanadi um phosphate frit (nol ar
basi s: 20ZnO 30P2C6-50v2(05) _and B-eucryptite

gl ass-ceram c (nol ar basis: 381j 20 22

é;ﬁ,Aleég%??%rO%Ang E@l %9% ﬁ% cRasi s} a Lbit cog'x‘\s_é_igmthe 8-

nMeéan pa e size 5% filler (5-10m nmean particle ,
slizeypid% Fflléerwid5:20dadnean padtaclBEsPEZeyl1SIs10™7/°C.

FIGURE 7B is a graph.that shows_expansi on ti.smatch
aat aca?reig%r @é’pg’se‘glaftf%ti%ﬁ oPaggrBrpe% uré(EEfsorOfg a glass
bubtrsgal wwhene ia hlendH589b f0si10-106Cc wasnappl Eelikes are

one Code 1737 glass plate 102. The seal was prepared
neefrd pastes uskREPlany| varE e Brd ni%Gocel | ul ose

as thftvegﬂo%!l%{ béﬁlg_‘ér bSYSLEemh anhd hﬁlBSf:' reddit @®nal low
furnace wth a viewmng port for a polarineter. It

waspheat ede t 82 4b0pghetrdtsneraodbP-basdd. t henaeosl 800 frits
1o roomt erature. . Durjng.the cooling._cgycl

BRET od 81 | G- illas P et SMerE nadeP st "spet fFovever,  the
tespet r p1kAlBAValSialdia uADAiar 1he netawedii dak isn lower
the Code 1737 glass plate 102 that was_caused by the
eXpankhem TRARATH Wit the 1%t 106. 3FFe Possess better

askiL.Peaspyenents yueie ysedsto-cabsulpie the th
?ggéggéxpé%s?on n?gnatch, %T betmee% tﬁe %ubstpate : ©
grasst 16022 arkb frd$ed 0Br s shidvn FarpsEQUAT GNIWELIST =

AT ( - at) (1 where:, as,_ at, = expansi.qn

coef?ﬁ%¥%ﬁ¥ bfl6I§§€#i%u§i%9t?e Fggﬁgcﬁﬁvgiy?t%%ﬁ stadle
Aleadé@npenatiune range afod niler@sthdd shanl ddenoted high
- that the_maxi mum expansion_ m smatch sho i.n FlI GURE

B B8t iedfVEhE 5895 8t enlcER| gnc success ully tested that

had a compeosition similar to the aforementioned exemplary
blend vanadium frit 106,

in addition to the aforementicned Efrit compositions
listed in TARBRLES 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.



106 and Code 1737 gl ass plate 102 and 107 was

approxi mately +350ppm at 125C, and the room '
temperature msmatch was +125ppm with the frit 106
inmld tension in 23 both instances. These ni smatch
values indicate relatively good expansi on

conpati bility between the blend 5895 frit 106 and

Code 1737 gl ass. suhstra 1 Q7. i verse -
sandmﬁcﬁ>§%%?§o?oggb%£b%gnégiFgggf%%xghﬁﬂﬁ%%% géﬁ%" anode
gl ass pl atea f e tiace= féTetkadd=H0C for 1 hour showed

a msmatch of-25ppm (frit.in mld conpression),

i ndi cat icngPERE® gobe EPANT O TSHAt  bil ity bet ween

the 5894 bhend frig-406- and Code 1737 gl ass plate

107. These zi nc vanadi um phosphate frits 106 al so

offer promse for neeting the herneticity

requi renments for OLED sealing. Several 1"xl. =
noSenbt | 6F ol TEBEENT 37ty HSNCEFTates HEh sd BFERdFPeS ©F
by infrared.ianp1i1iab oroSl QM laserpedidas antiesemddsd 1737
with the 5895 blend frit 106 passeq,the He-leak test

by hobbang rHEies dowd tFAEWE 1POREst BdaRS rateces can be
msasuggglea ttlaec? | pIBOL e 1 L0-Ry Cgﬁés's_elaﬁi%%dg%%ss of
separate Tenperature neasurements by an infrared-

camer ghet heeseoouphesnandnt heFoal ekadbdat oglpaknplates 102
made during 810om Laser frit,.sealing all indicat

maxi &Y tenpefa %r%’&_c‘i%‘?fl%\?si F-Fr o t ﬁg’a,@éalﬂ& co.
edge. (Yet anezher poiesati=ald | ome reldliarg)vanadpen f Electric
106 suitfable for sealing OLED displays 100 nade from, .
Code @737= (fass pEdEehnro23add F9PWRY | iFegig Freciston
TABLES. 3-5. TABL i dentifi i S dVenLi ing the
vanag{%?nsgri%o'lo ?ﬁv\h%?e%taelalle?? &thﬁgpeﬁgﬁ{%sgr eus s
speci ftetling podecss 24 cTABRESEVanbdramiatt 106

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 -107 and frit

106 and the right match 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
thel frit 106 the same as or lower than the CTE of thé
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.



K20 0-10 Fe2@3 0-20 Sb203 0-20 ZnO 0-20 P2CH
20-40 V205 30-60 TiO2 0-20 A1203 0-5 B203 0-5
W3 0-5 Bi2G3 0-5 TABLE 4 list a preferred
conmposition of the vanadiumfrit 106 contai ni ng sone
of the elenents listed in TABLE 3 and a
(3-eucryptite glass-ceranmic d8ditive filler. In
particular, the preferred vanadiumfrrit 106 had a
75:25 Dblend of the frit with the filler. Both these

CORPORLDT $r.aRKE NG, URy ¢ H%Opraﬁ{d?rﬁ@ghé!én@‘élour&ffifs 1Q6veral
had a nean particle size of 5 mcrons. TABLE

pr ef erdednvapasli URVEYXI t the 06-uISEZE3 PrACtZne 1lﬂ6 industry

rfg? %gﬁg?evzcs 49$§%1§'C£d&e%5mfﬂ§$§ LeQs20+ TAE#EV§de a

T ef B 0Si t’1 on t hé vana

frit ﬂ@ﬁméhﬂt basla bmghﬁrOﬂﬂﬁ”ﬂlﬂﬁlémzcs—aﬁﬁunoTﬂua OLED
Zn0 vhen fomparse tethe glements listed n TBES o -
deggicant. Second, 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 'sealing 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 appreciated that in addition to
the aforementioned'exemplary frits_that there may be
other compositions or tyﬁes of ﬁrits which exisﬁ 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



TABLE 5 identifies this inventive vanadiumfrit 106,
where all of the elenents are specified in nole
TABLE 5 nore preferred vanadium frit 106 K20 0-10
Fe203 0-20 Sb203 0-40 P205 20-40 V205 30-60 TiQ2
0-20 A1203 0-5 3203 0-5 0-5 81203 0-5 An
exenpl ary bl end vanadium fri €7106 that contai ned 30%

-eucryphi tefibkersgyas grde ihaccerdanee WA part to
conpositions listed in TABLE 5 that had the followng

conposEni6ACtSb208 (3. Bhe PRED (PMplapob0p4mis) ;can then
Ti Q2
: gta%?e éégvanad})1O%rFSéE§%JE§H§ 'ﬁglfﬂnal heating

exenp ary yassed severe
enV|r@ﬂﬂenbablﬁﬁgtlBer(SﬁIiSSﬁ&h1ﬂhambeﬁbammicy using a
exhi bi t ed su jor agueous Ri,rah4 | 4 f T It should

be no%%ﬁa%ﬁé? ﬂeﬁﬁegﬁuﬁﬁﬁerinents it was deternined

that the exenplary bl end vanadium frit 106 had a CTE

of 36.3x10-7/C (fromroomtenperature (RT) to 2500)

that Was meEasureédsplew Sanplexnt Ha¢ was adiriste OLED display

furnace-fired to 450C cl ose to matching
t he Cﬁé?o?rsﬁxﬁﬁss?y%:?%#$lé&?@i%%t%ode gl ass plate
102/ 107. In contrast, an exenplary vanadium frit

106 that did not contaln t he
¢ 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.



eucryptite filler was tested and had a CTE of
81.5x10-/C. As can be appreciated, to match the CTE
of a glass substrate mhichzgs in the 30-40x10-/C
c1A e, fillers are needed in the exenplary vanadi um
t* 106. It should al so be noted that nost
traditional |low tenperature sealing frits are
PbO based, because Pbo frits have good flow, and
1. a&dhestenipr bpehrt i esltitHowevéodet Haspéxe npdrarsi Hirended
vana E%S frig %06%¥%§ only has a |l ower CTE than
PbO- basa Tl s,p ut™fit al so possess better aqueous
dusabilkbty, cas sweddnieilighcoapatabhe dinddye
tradi tional fb;bas§g frits wth respect to adhesion.
MoPed¢ePRdi BlafduPtraf s Be noted that other stable
bl gnded;iyvanadiam frihs 06 whipdmd w3h203akevetssas one
high as 28.5 have al so been nade and supcessfullg
test ed ERaRSikadNa Dposidifondsi #Far ti¢nttheot thermal
af or eUEB&FQHQ%SX%%%EM Blignd vanadimf rdts 1063 d Nyas
addition to the aforenengloned frit conpositions
listed heaTABLES B 5lasershoulal bennpderdBsodaursd sald
t here be ot it i tion ] h y
to be gg%%lgﬁédgggggéod?%nggggeéitgeﬁgéfb?mg%%ﬁagéthh
pl at es. cBohkowsngadrce Sbnetofyltlse difdier ent said second
advant ages and Eeatures of the present invention:
The her HefPé 8&&r°108 has the fol l owing properties: o
Good thermal expansion match to gl ass substrate
|ates 102 and 107. o LQM/soerning,te erature. 0
2. ThfodP e ¥t Tal ~8Rl  wEEEC18dr £bi99% y.l%Pg\deSor%aﬁd“ td -
whe@kass sihsteate plaates 102randiedf7or2%nOfd00expansion

bondi ng to coEEer netal |eads (e.g., anode
that substantially matches the coefficient of thermal

expansions of said first and second glass plates.



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 besides the Code 1737 gl ass plates and EAGLE
2000 TM gl ass pl ates can be sealed to one another
usi ng the sealing process o the present invention.
For exanple, glass plates 102 and 107 nade by
conpani es such as Asahi G ass Co. (e.g., OALO gl ass
and QOA21 glass), N ppon Electric dass Co., NHTechno

nd Sansun ng Preci sion
3. B85 B3R5 e HtY REM 51 A tciﬂ’eogesegF?B]ga%rc?cgésglGF‘m iy
whd e ipresentsinwentio®mnn ket 6 adre ot herr.
- consi derations which should also be taken into
account in the present invention in additionto

4. MRV Rgeant ki t1306 madecbiam aliase thatpisy depediwith 1,
one or nore transition netals which can be nelted to
whefisrim #dhiet netliles et @0 ddiHdsee Lidosider ati ons

i ncl ude having the right match between the CTEs of
the seal ed gl asses 102 and 107 and frit 106 and the
5. ﬂﬁqﬂﬂrqmmmmJb@hmeemithéngidio@étdbspliyaqﬁ asyrainClaims

f t f.t | o]
1 Shat e RO BRR e G bE ot 84 FRLbSTaE P eds frit
corSkAgssgneasubenenis haserbingi cahedchbakni fros the group

preferable to have the CTE, of frit, 106 the sane

mcééldéﬁgl ower: t RARPERe @?EaBLFu{“heanguEi?PFiéfPéuﬁll ass 102
and 107. OQther considerations to achieve a good
hernetic seal 108 include selecting .the rig

6. d¢al PRgaRHAI tiBHs SUERtaBI| a%;é}depoﬁéﬁplaffocﬁjéu fd2afd 1/
whéﬁéﬁp'gglgff?%%'@gclaélng sald coefficient 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 %)
Wl (0-5 mole %)
Bi,0s (0-5 mole %)

de

oo

. 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, & Sn-Zn-phosphate glass, a

mixed alkali zinc-phosphate glass,

glass, a Pb-borate

a vanadium phgesphate



The OLED di splay 100 and net hod 200 offers severa
advant ages over the current practice in industry
where an organi ¢ adhesive is used to provide a
hermetic seal in an CLED display. First, the OLED
di spl ay 100 does not require the presence of a
dessi cant. Second, the rate of degradation of the

tradi tional UV-cured adhesi ve seal due to npisture
913t i eved t 8 b@lﬁﬁgte@%ﬂﬁ%%ttﬁ&nQﬁPWQﬁPW%Eﬁgaﬁl%séeawlth

vaﬂgﬁfﬁﬁagkgqégéplay 100. Third, the proposed nethod
00 may substantially reduce the cycle tine
(proceSS|ng time) of a given conponent where UWV-cured
g. Seal hﬂ%%h%&rgﬁéllCmQHH?é&}’S}l&%mﬂ”'&r g—ﬂ rf:‘f'gﬁtp% ttlng
treatnent 'in a furnace for an extended time.” Four
dladaadﬂsEDagusphay mﬁﬂhws okt s itrg idiel ehges- bfved '
han tradl%lon Egoxy sqfled COLED di spl ays which
ofﬁgpvﬁ &Pgrgs 5tancd Sre penetrati on.
FI&hﬁnﬂbﬁ&ngEBe&eﬁﬁl@gaﬁﬁtﬁmmeQO can be easily
integrated into a manufacturing Ilne The frits 106

of AFYPriedeht? iITRdNIAHF daiP e L3 i GRS 16 dbstr b east

heat in®thetrbaghiensnbestdes thed 4 Mdarmdied &F
descri bed above. It should be readily appreC|ated

that intAGdMEiloR*PENSERB APGRENRRLF bHeE Sdifpl &yc

frits that thergqey pBescQther conpositions or tires
of frits mﬁlch X1 st era ich have yet to be

devel opedpriost tdog e the arsdd dne  cageovidandghii temitthe ng
gr_erf]:”} rdl[é‘é%”“ ‘%% to%e”%kfe Saalcp%sl rable QL0 %hsoP' ay.

I's pre-seale d %o Forie oF
subst r ateapliatesai@2feitl1By an accmdﬂaMm@nM$dwraﬁeﬂn a
20 210, can be pokd 85,3 WIS oL RIL LN eLed ALt L9y
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.



nanufactUrers of the OLED di splay 100 who can then
install the OLEDs 104 and performthe final heating
and cooling step 212 at their facility using a
| ocal i zed heat source. Th&3 OLED display 100 can be
an active COLED display 100 or a passive OLED displ ay
100. It should be noted that another aspect of the
present invention is to control the cooling rate of
111 herCLER b aPlay 2907 tes complliNgshie heali Ngas an
step 210. rupt and rapid cooling may cause | arge
enhareramal absinpdiins: |peagieng- t orilgin ekrasintrahet neggion and
stresses on_ the hernetic -seal. ,108 and _the seal e .
sl T RREh 0P oA F0 7o G Bl B Baenor e g FRaion
suctli thbt e wheool san(d r abecdeperds ontéhecss zeioh tdweid frit
articular OLED display 100 to be sealed and the , _ .
sufd 13 pETon ate TS ofvi FORINC f Pdmng Trit

frdd ERaidi spdayr 10RamAl vhedghsgyerad eabogidrentstof energy
the present invention has been illustrated in the

absgabsripaiy PRAGEDPRW TR Bheet destsread AleRe PE7eddi ng
Det ai |l ed Description, it should be understood that
the invention is not limted to the enbodinents
di scl osed, but is capable of nunerous :
rearrangenents, nodifications and substitutions
wi thout departing fromthe spirit of the invention
as set forth and defined by the follow ng clains. 30
CLAIMS: 1. An organic light emtting diode display
conprising: a first glass plate; at |east one
organic light emtting diode; a second glass plate;
and ‘



a frit made fromglass doped with at |.east one
transition nmetal and a coefficient of thernal

expansion lowering filler,
heated by a laser in a manner that caused said
to soften and forma herneti
said first glass plate to sa

wherein said frit was

frit

%faeal whi ch connects
i"d second gl ass pl ate.

2. The organic light emtting diode display of Caim

1

expansi on

of

102 p.L ateS-

|rV£rS|on filler.

di

add

d

1'%

m
i
li

wherein said frit
that su
t her nal

2 nhf em-tting-di

The—grgani c | i

a coefficient of therma
tantially matches the coefficient
expansi ons of said first and second gl ass -

de

2.1
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saLc
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expansion lowering filler has a conposition as
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B203 0-5 nole % W03 (0-5 nmole % Bi 203 (0- 5 nole
% 7. The organic light emtting diode display of
Caiml, wherein said frit is selected fromthe -
group of glasses consisting of a titano-vanadi um

gl ass, a Sn-Zn-phosphate gl agﬁo a mxed al kali

zi nc- phosphat e gl ass, a vanadi um phosphate gl ass, a
Pb- borate 32 g¢glass and a mi xed al kali zinc-phosphate
glass with vanadiumand |ead. 8. A nethod for

manuf acturing an organic light emtting diode

di spl ay, said dlco ising the steps of:
providing a fi nE‘{gEgJ ﬂ‘@c{ ate; providing a second

gl ass plate; depdsiti ng a.frit made from gl ass doped
with at least ore transition metal and a coefficient
of thermal expaHsien lowering filler onto said
second gl ass pl at iha*p%‘bqtl ng at | east one organic
light emtting drode onto one of said glass plates;
and heating said frid b . N Irce in a
manner that woul d-ea L1 L L T s

a hermetic seal whi
plate to said sec
Caim8, further

8 and 9, vvherei aid i iati ce is a |laser.
108 /108
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o -cm - 1/g molliter -1

transmission

33 11. The nmethod of daim 10, wherein said frit has
an enhanced absorption property within an infrared
region and said | aser beam has a wavel ength in the
infrared region such that when said | aser beam
interacts with said frit substantially nore heat
energy is absorbed by said f#'® fromsaid | aser beam
when conpared to the heat energy absorbed by each of
said first and second glass plates. 1/10 100 102 100
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