METHODS AND APPARATUS FOR PACKAGING ELECTRONIC COMPONENTS PRIORITY 10001]
This application claims priority to United Patent Application number 11/998,600, filed November 30,
2007, titled" Methods and Apparatus For Packaging Electronic Componepis.: F THE
INVENTION‘&%&%%’W}% invention relates to methods and apparatus forpptzr&g%g%gga é [é%ztronic
components, such as the organic light emitting diodes (OLEDs) used in display devices.
BACKGROUND OF THE INVERHZRPE A0 AT BAR A LSHOREACRALINGently being considered
for use in many applications which presentiy eriplay: lcoidenst@aldisplays (LCDs). OLED-based
displays can provide brighter and clearer images than liquid crystal displays and also need less power.
However, OLEDs are susceptible to damage resulting from exposure to oxygen and moisture. Such
exposure may lead to a reduction in the useful lifg:pfthelight emitting device. Therefore, hermetic
sealing is one of basic requirements for long term performance of OLEDs. [0004] Efforts have been
made to helfifi¢allysepOLED-Havesintispiays Witied it Artberlon sustbears 18 (RH8/6€&Ins. An
alternate teehnpleayeiift SabstAtialiv PelGL ASHOIMAREERAS LeG PISYRINRa dK &HRNing
Incorporated, the assignee of this application. In accordance with this approach, a fit-containing paste
is made by FARIRGTGMHES particles, filler particles, e.g., crystalline particles, and a vehicle, e.g., a vehicle

comprising one or more solvents and gigrgs mpreringders:angey dispersing aids. The paste is
dispensed on a first supstrate (eé;., a first %?Oss sheet) and is sintered using, for example, a high

temperaturd {tAad& o pIEHRE d LR S OgafRffrparatus for packaging electronic

components, such as the organic light emitting diodes (OLEDs) used in display devices.

BACKGROUND OF THE INVENTION

[0003] OLED-based displays are currently being considered for use in many applications

which preéentiy employ liquid crystal displays (LCDs). OLED-based displays can

provide brighter and clearer images than liguid crystal displays and also need less power.
However, OLEDs are susceptible to damage resulting from exposure to oxygen and
moisture. Such exposure may lead to a reduction in the useful life of the light emitting
device. Therefore, hermetic sealing is one of basic requirements for long term
performance of OLEDs, ,

[0004] Efforts have been made to hermetically seal OLED-based displays with organic
materials, such as epoxy resins. An altermate technology with substantially better
performance has been developed by Coming Incorporated, the assignee of this application.
In accordance with this approach, a frit-containing paste is made by mixing glass particles,
filler particies, e.g., crystatline particles, and a vehicle, e.g., a vehiclé comprising one or
more solvents and one or more binders and/or dispersing aids. The paste 1s dispensed on a
first substrate {e.g., a first glass sheet) and is sintered using, for example, a high
temperature furnace to produce a sintered frit pattern.

[0005] The resuiting assembly, known as a frit cover glass or simply a cover, 1s combined
with a second substrate (e.g., a second glass sheetj carrying one or more OLED devices.
The cover and the second substrate are sealed together by exposing the sintered frit pattern
to laser energy. In particular, a laser beam is scanned (iraversed) over the sintered frit
pattern to locally raise the temperature of the sintered frit above its softening point. In this

way, the sintered frit adheres to the second substrate and forms a strong seal between the



100051 The resulting assembly, known as a fit cover glass or simply a cover, is combined with a
second substrate (e.g., a second glass sheet) carrying one or more OLED devices. The cover and the

secops iRt A ser s ladrin s exRosid e sip e d Lo allar dadaReranerdy o particular,

a laser beam Is scanned (traversed) over the sintered fit pattern to locally raise the temperature of the

sinte FEPIRCALOVE PEE8BHETIAETHBINEa ROPFE ey hersiatsrapdinaifec s thedphacelibstrate and
formsagirang seakhebwaen the cpoxsiand thesrepnesdbstatepsineethesimerrdsfit is a glass and

cerami terial,,as opposed.to an organj erial, the penetratian xygen and.moisture through
ol 7y il it e Bk i N R s
device§.[f0006ITe. Seblindof targezesize BOEDIddvivgsgsheh sealinly sinellPvOhElrtpediagonal of, for

example, 14 inchesen 1arael immepie phallengingdhansealing Smairr Q4ER deyicesysieh as those

used in cell phones, PDAs and other. mobijle electronic devices. For a typical small OLED ﬁevice, a
sintef&RpH: AR dexirsg W&W%ﬁdafﬂb%tb.?-i%hl’?ﬁn"ﬂg@p‘?g\?é%”%fﬁc aht PR AG Hese sealing
widtha:ffasienbelanptotical 4 frenddeadisgifficidnt moishace &nchdxygeovidde et cltovwentypical display to
operate,successfully for 1-3 S iti ch.seali ' id fici ecpanical
strenagl%ﬁ fg}f)fﬁg%egggnjgleg?q%%?&rs% ?ﬁ%ggmgi?@e%gl#g ﬁﬁét %V;gié%%g;ﬁgg%%ﬁgg \%igt%%]he iI?iﬁﬂted space
availaBtism svhel rED wadieesonde shHiri ey resdiwpral raspioaimartalieplgeinte, the edge
area that sanbrdpdicaiad darseatingdmas.abMdinptianiimitedl-Foailivapiens.4esé]ircagrmparison to
small de.viceri, Iarg rsizF OLED devices stuch S TVﬁ @Eggedlorégertﬁee(cv({cg tirgae%gtnéjag%\ée more
demadﬁéﬁﬁﬁs el [ & eoduel}r(glrﬁgﬁfs.oﬂg e?’gléznsér&&ence, a need has arisen Tor large’size packages.
for sehsitiaece lecirahiizdompovidiitsf suth h8-Ob BDin¢tdeh have seals that are stronger and/or

provigggrgater m%&&gﬁ' g dramdniimoiwvater and axygern Epmbedimentsueh the prasgifuinyention seek
to ad?j(’;gs?this need. SUMMARY OF THE IN,VE%ION .100081In accordance with an aspect, the

inven]l‘i’é’lgeﬁr?ﬁ]il‘ﬂﬁg %WW%@Mﬂgi Hﬁ:_chamcal requirements. As a consequence, a

need has arisen for large size packages for sensitive electronic components, such as OLEDs,

which have seals that are stronger and/or provide greater protection from influx of water and

oxygen. Embodiments of the present invention seek to address this need.

SUMMARY OF THE INVENTION

[¢008] In accordance with an aspect, the invention provides a packaging method

comprising:

(A) providing a first substrate (12), a second substrate (16), a wall (14) that
separates the first and second substrates (12,16), and at least one temperature and moisture
sensitive element (18,28,36) that is disposed between the first and second substrates (12,16),
said wall (14) comprising a sintered glass frit having a melting temperature Tgir.men and said at
least one temperature sensitive element (18,28,36) having a degradation temperature Tyegade,
said wall (14) being bonded to said first substrate (12) and in contact with said second
substrate (16);

(B) impinging a laser beam having a diameter Dyeam On the wall (14), the laser

beam having a power of up to 1000W; and



(A) providing a first substrate (12), a second substrate (16), a wall (14) that separates the first and
second substrates (12,16), and at least one temperature and moisture sensitive element (18,28,36)

that s disposed pSESn e, st A0l perans SHRSIPISH 12,4, P YPLGA somping.a simtered

glass ft-it having a meftlng temperature eit and said at least temperature sensitive element
(18,2936 Haviagnsld tr alrss sAriaeipart theTdeigrad alassifihand 1Bk iid Behb Ber PR Al first
substidewdd) @nd i Gertant s ad secardsuhsiiatedio); (B) impinging a laser beam
having a diameter, Dbeam on the wall (14), the laser beam having a power of up to 1000W; and

(C) traversing th‘g}beéglﬁi along a length of the wall (14) at a speed S to heat the wall (14), to melt the
glass componerti bfttiersiniered diatadei{dhdmweal at ledst afpitioh lokshenwitthps@iwkthe wall

(14) to the eaRRd SURSHAe36) SYNRIEI cd e(iésfhﬁef@&mﬁiﬁ{@nﬁal(/&ﬂgbséw@@@oa@l@dge of the

at least one temperature sensitive element (18,28,36) and an edge of the portion of the wall (14)

sealed to RO EBAITatid AL 4aE)oAY Poeasa A6Hd theswall is Lifdri:  (ii) the minimum width
(40) of the portiqgiiioftHeenvisalingld veelzied 10 dielscpanidsubshatea(l 6) Ht enledoeatiensatond the wall is
Wseal-mi\r}?')l%rskda iéi_ﬁl%?g angl#.rgniar%i (}/Iygﬁ)%igﬁpe %Lglif@ﬁ}tséamﬁg‘{g@e, and S satisfy the relationships: (a)
3mm5 Wseal-min 5~ 6 mm, B earn> Wseal-min,
(111} Dyeams Limins Wealming | frit-melts L deerade> 20d S satisfy the relationships:

(a) 3 mm £ Weeatmin = 6 mm,

(b) Dbeam > Wseal~min=

(¢) S=(11 mm/sec)*(Dpeam/2 mm})*(0.2 mm/Lmin)-(65°C/Tde'grade)2,

and
(d) S < (130 mm/sec)*(Dyeam/2 mm)°(4500C/Tﬁit_mek)2.

[0009]



(C) SMM/SeC)e(Dbeam72 mm)(0 2 mm/Lmiii)(65C/Tdegrade)2, and (d) S (130 mm/see)*(Dbeam/2
mm). (4500/Trrit me02 [0009] 10010]In certain embodiments of the first and second aspects of the

inven |s Iess tha It illimeters. Pr ferabl mjn.is | sst n or equal to 6
nﬂaﬂs\{\; I At oaBodiani. o e"tﬁr §Reold ?RP]. it)é Wt?h Jinvenf

milli nd grea er than or equa {0 m| Imeters, e approximate (iyéqdéﬂlsﬁ‘g millimeters.

[001 1E$0cha) Eamﬂh?@e”/’ré?é?émf@rﬁu rﬂtﬁ@%ahéed%em Abowrs Supnprapg i 4n @spdenstatie invention

and greater than or equal to 3 millimeters, €.g., Weearl-min approximately equals 5 millimeters.
[0011]

[6012}

[0013] The reference numbers used in the above summary of an aspect of the invention
are only for the convenience of the reader and are not intended to and should not be
interpreted as limiting the scope of the invention. More generally, it is to be understood that
both the foregoing general description and the following detailed description are merely
exemplary of the invention and are intended to provide an overview or framework for
understanding the nature and character of the invention.

10014] Additional features and advantages of the invention are set forth in the detailed
description which follows, and in part will be readily apparent to those skilled in the art from
that description or recognized by practicing the mmvention as described herein. The
accompanying drawings are included to provide a further understanding of the invention, and
are incorporated in and constitute a part of this specification. It is to be understood that the
various features of the invention disclosed in this specification and in the drawings can be

used in any and all combinations.



are only for the convenience of the reader and are not intended to and should not be interpreted as
limiting the scope of the invention. More generally, it is to be understood that both the foregoing

eneral de [ [ [ ipti ' i
g SCI‘Ié)tIOI’] and the following detailed description are merely exergtplargzgf(?éfﬁ nvention and

are intended' b"r‘%ﬁ’(ﬁ&@”&n overview or framework for understanding the AatUre ang Jz]a(?r?‘acter of the

invention. [0014]Additional features and advantages of the invention are set forth in the detailed
description which follows, and in part will be readily apparent to those skilled in the art from that

description or recognized by pragticingtig-muenting 6§ descripedviaiein. The accompanying drawings
are included to provide a further understanding of the invention, and are incorporated in and constitute

a part of thil08hekfiatidh 2 RRIBATS: TroRsr ST TPt feipardt A eIty SE YR ASSRTERRAA Wsclosed in
this specificatibdanehirothedrasingseanibe used in any and all combinations. BRIEF DESCRIPTION

OF THE D S 00153 Fig. | is a schematic, cross sectional..side view. qf. a display device
according t%@g\?@r‘r?ﬁo imént o %eé: E)?Iéas%esﬁ ?n‘gg‘ﬁtﬂ)?n&.% 18 elflig\yﬁhlsa gl%treggg %ég %ﬁ%ﬁlside view of a
glass sheetbwitiied tisretocd fitqeadare votiden ehbrsioimbetimeenivitheati@mbodiment of the present

invention. [Qds7 g, 3 I3 %czfovgé@%?bpﬁ@ggi@%ﬁe%tlsf%ﬁﬁ.@ Chot oM e IRie e dipattern as

having the shape of-a frame.’[0018] Fig. 4 is a schematic diagram Showing various geometric
relationshipbaiaheBacheRRein &sait invention.

[0G18] Fig. 4 is a schematic diagram showing various geometric relationships relevant to
the present invention.

[0019] Fig. 5A is a plot showing the relationship between laser power and laser scanning
speed for three different sintered frit widths. The vertical axis in this figure 1s laser power
in watts and the horizontal axis is scanning velocity in millimeters/second.

[0020] Fig. 5B is a plot showing the relationship between laser power and sintered frit
width for four different laser scanning speeds. The vertical axis in this figure is laser
power in watts and the horizontal axis is sintered frit width in millimeters.

[0021] Fig. 6 is a schematic diagram illustrating a thermal management system that can be
used in connection with certain embodiments of the present invention.

[0022] Fig. 7 is a schematic diagram of an embodiment of the invention employing a
single sintered frit wall.

[0023] Fig. 8 is a schematic diagram of an embodiment of the invention employing a
siniered frit wall composed of nested sub-walls.

[0024] Fig. 9 is a schematic diagram of an embodiment of the invention employing a wall
comprising nested sub-walls composed of a sintered frit and a sub-wall composed of an
organic material.

[0025] Fig. 10 is a schematic diagram of an embodiment of the invention employing a

wall having isolated compartments which can mitigate leaking due to a local defect.

DETAILED DESCRIPTION OF THE INVENTION AND ITS
PREFERRED EMBODIMENTS

[0026] As discussed above, in accordance with certain of its aspects, the present invention
relates to packaging of temperature sensitive elements, e.g., OLEDs, by laser sealing
wherein the resulting seal has a wider width (i.e., a larger Weal.min) S0 as to provide the

package with greater strength and a longer useful hife.

tn



[0019] Fig. 5Ais a plot showing the relationship between laser power and laser scanning speed for
three different sintered fit widths. The vertical axis in this figure is laser power in watts and the

horizontal axis is scanning velocity in millimeters/second. [0020] Fig. 5B ig& t}%zfl%%i&g the
relationship BENLEH 1308 power and sintered fit width for four different lasér scanning speeds. The

vertical axis in this figure is laser power in watts and the horizontal axis is sintered fit width in

millimeters. #8821 T1gid 16 3sdeERbtmeiRs drsaiantiRida Hitmg of tammaipstinagelseRidyitem that can

be used in caRneeleRiVBHRIMNN RIIPLANNEDIR REthe-Rraserl IT/RBHAR AR 22 KiGubsis.& SChematic
diagram of an empodiment of the invention empl%)}(ing a sing%?eﬁsintere fit wall. [0023] Fig. 8 is a

schematic di&gf &GS ErRBEENE SPIRBGAVRTTHN Ehi SRR SHHER G Eoffidsed of
nested sub-lwatarOeR4l-bdg.29 ia alceheshatintsiagignmhefGDEDHasne Mypidiie/ MERDON employing a
wall comprising nested sub-walls composed of a sintered fit and a sub-wall cgmposed of an organic
material. 106%%‘?&865 o Illse}f SCRematic ¢ igét%?nng %.(%ggﬁ;l !‘60 imen %?%{é) |r?\%%%%)or1g %mploying a wall
having isolatéebcode sy imEigslwhictersiad mitkpatedecihe ditettode.| ddtiaeteon! DEIAIED

DESCRIPTIGL Bidhihn N YL BN sRREERRER FMPRPIMENTSLED elements
disposed therein. The typical OLED element 1§ includes one or more organic layers (not
shown) and anode/cathode electrodes. However, it should be readily appreciated by those
skilied in the art that any known OLED element 18 or future OLED element 18 can be
used in display device 10. In addition, it should be appreciated that another type of thin
film device can be housed in the packages of the invention besides OLED element 18, For
example, thin film sensors, photovoltaic cells, and the like may be fabricated using the
present invention.

{6028} In one embodiment, first substrate 12 is a transparent, thin glass sheet produced
using the fusion process, e.g., Coming Incorporated's Code 1737, EAGLE>® or EAGLE
XG™ glasses, or the fusion glasses produced by Nippon Electric Glass Co., NHTechno,
and Samsung Corning Precision Glass Co. Alternatively, first substrate 12 can be
produced by other processes, e.g., the float process used by Asahi Glass Co. to produce
OA10 glass and OA21 glass. Second substrate 16 may be made of the same glass as first
substrate 12 or it may be a non-transparent substrate.

[0029] Prior to sealing first substrate 12 to second substrate 16, a frit-containing paste is
dcpositéd on a major surface of first substrate 12 in a predetermined pattern, which is
typically placed approximately 1 mm away from the free edges 13 of first substrate 12 as a
line, or a plurality of connected lines, and is typically deposited in the shape of a closed
frame or wall. As used herein, the word "wall” is used in the sense of a barrier between
the inside of the package and the outside atmosphere. As such, it can have a variety of -
shapes, e.g., circular, square, rectangular, triangular, etc. As will be discussed below, in
certain embodiments of the invention, the wall can be composed of sub-walls (see Figs. 8-
10).

[0030) Preferably, after being deposited on first substrate 12, the frit-containing paste is
sintered prior to being sealed to second substrate 16. To accomplish this, the deposited
paste can, for example, be heated so that it becomes attached to first substrate 12, and then

the substrate/heated paste combination can be placed in a furnace which sinters the paste



[0026] As discussed above, in accordance with certain of its aspects, the present invention relates to
packaging of temperature sensitive elements, e.g., OLEDs, by laser sealing wherein the resulting seal
has a wider width (i.e., a larger Wscal,,,,) so as to provide the package with greater strength and a
longer usefuliffe" 20271 Fig. 1 is a schematic, cross-sectional, side view Of S RERIAHE lly sealed
OLED display device, generally designated by reference numeral 10, comprising a first substrate 12, a

sintered fit pakiensfenea edadhe st pstiag praicrnsstidieng) ppefsmhinfors, hadesitedst one
electrode 2Q4s-pisstdcalcartestwindhe PhER QI eMast shyiically: O elemgntnt8ds;in electrical

contact with an anode electrode and a cathode electrode. Electrode 20 in Fig. 1'is intended to

represent efAETESISPSEE PRITBTGH SR DeMRIae R eniem sSehowrerPERs Sttt display device
10 may havgimeahinto Ealenfenimdispgsed thaiiifurthae Aypicai @ hbsalesmgptd8tacludes one or
more organic layers {not shown anode/cathode electrodes. However, it shquld be readily
appreciatedpt'a“)‘lf/?%llqcr)lgcé(g %ﬁ%%lﬂ% h% qa% fﬁaéc’?eﬁayﬁﬁlhno%l% fé‘ﬁr%]llé'tdﬁré%tc’ ‘i‘?%?%tr&?éeb “&ement 18
can be useditidigpissysbientic @t ldpatidetitimatiitstouid ber apmcsioiatdst tirapattreraype of thin film

device can e haised, i) he.RACkAAES, PhIRE VRN DepidR s RLER BISMEnt S O sxamPle, thin
film sensors, photovoltaic cells, and the like may be Tabricated using the present invention. [0028] In
one embodiRaFEHEP supsiRIed Snselirans Hig entiahisaiies it premesediuefihahe fusion
process, e.GeHx@ENiNg, IpeAReRiRdSa0dRd 734 e Al 54000 )R EASIR SV glasaas or the

fusion glasses produced by Nippon Electric Glass Co., NHTechno, and Samsung Cqmin% Precision

Glass Co. AR RIRRHFChfSPEOR aFAts SoRasHRTPbdtRAT Sy SBERLIPHYC s EQTREHAAR Process used
by Asahi Glagspeuie'ta:peguasc2A10 glass and 0A21 glass, Second substrate 16 may be made of the

same glass gg fyst,stbstiate 12 91 Il nay e A non-yansparent substate, 09291, Brior to gealing first
substrate 1210 second substrafe 16, a fit-containing paste Is eposr[ednon S AMOr surtace of first
substrate 12drthatphedeiehiingdisattdong Wigi ShtiBnty dieal iyop ke ddagbpro s atédyotsnwntbway from the

free edges 43, at frst sHpsirales a5 3c.haplually alcomarieddines.andds.ypically deposited

in the shape’of a closed frame or wall. As used herein, the word "wall" is used in the sense of a barrier
between thapRYIE T faedssticalis Bewictie. mastderagabshrishe Has et Ht-darmhenas Jarsty of

shapes, e-gm@fﬁ%@ﬁ@ﬁl@g%@%@@@\d!%t&@ﬁ&%é RimApuildle giscHasrd pelowdmcardain
embodiments of the invention, the wall can be composed of sub-walls (see Figs. 8- 10). 100301
Preferably, SHAPH SRS D OLIFE BB IARS SR S AR PR i SR EARIRRY RN §1RE&r&ESSrior to being
sealed to senesustiisirateatemTic acsonipkisiy thisr teeltigpesitbe paster cangiomexamplelube heated

so that it bectgmes alga%hed to fi%st subs rat anqjgh%pethe sub tr?\tg{heate% g@ste g%mbination can

e
be placed i a furace which Simters the poast%]{%&eissg r§errsé(§) %t A the” ar‘[‘%rslg'ﬁrlngm%r “consolidating"”

the paste) tedermatenutiesi et dy skigibiyiOfe givcrbd rivpHred asct 4chingl b ko soedtiare 12,
Alternatively, ihe ipiiial HEaLng. SGR.caN bermied. witieSHPRIBIHRASIE RALGH LgMabination being

directly placed into a furnace for sintering. As a still further alternative, the sintering can be performed

by heating jGR2RR BasEAh P EtHessUdistamgsulinediblaititrrer AR PRESRETSass sheet. This

localized hegiing iean be:RBHEXIMBEOM dheueR R RISIeRaliR fAcsiBTulla ReAUshsRhteRSRHENtial
portions. In %leneégl, the furnace approach with an ipitial heatiréq&stgé) i ,Preferred ince during the
Sremis

initial heating of BFEVSBHB%H%%?I{; FRFTRHICREISE. B et AR HSRE B Phed out. The
sintering tempgératfichafd iroeimite chibarrsel dapendson lheadtw postie moditieypastdingpecifically, the

composition,af 41¢ RAPLER AR AAIEles.
[0032] If the sintered frit pattern 14 is ground, the assembly of first substrate 12 and its
attached sintered frit pattern 14 may go through a mild ultrasonic cleaning environment to
remove any debns that may have accumulated. During cleaning, the temperature can be
kept low to avoid degradation of the sintered frit pattern 14. After cleaning (if performed),
a final processing step can be performed to remove residual moisture. For example, the
assembly can be placed in a vacuum oven at a temperature of 100°C for 6 or more hours.
After removal from the oven, the assembly can be placed in a clean room box to deter

accumulation of dust and debris.



[0031] After sintered fit pattern 14 is formed, it can be ground, if necessary and desired, so that the
height variation along the fit line does not exceed about 2-4 microns, with a typical target height H
being 10 microns to greater than 20 microns, depending on the application folr}s(,j?}{zi;?(ﬁs%oi however,
more typicaw()r@%‘ﬁ ¢ about 14-16 microns. If the height variation is Igr((?;Te/r, azbap, Which may be
formed between the sintered fit pattern and second substrate 16 when glass sheet 12 and substrate
16 are joind0Mthy Adeealieg Wﬁ%‘ﬁstﬁ‘écgiﬁ?éf%cfﬁ%o@ﬁéﬁﬁeﬂpméﬁéﬁ&ﬁ‘l&lfﬁ@é%ﬂ%@ﬁﬁﬁ&‘f?@@ below), or
the gap maginsepdtcestiesseshaiiehcandrack encophnthoIiEle sphstratesepadieularly during
cooling. An adequat t not. overly thick fit height H allows the laser sealing to be.performed from the
backsie o TSt S e L T BB IE BB TN 06 R/ CRBGIR material t
absorb the lasencadtiatoon ObElltingdtiaitizerdfithapattedw ishiabbittiekerittiagl e alslesdcoabsorb enough
energy at th f f ir, t wil e ner eeded to

. s%b%%raﬁesei?aﬁﬁ% %%&‘fﬂéér BlFnQ @‘EIE%%Q o‘f’lﬂe‘?fﬁ%’ﬁé{ﬁsi% 'R%‘f&??é‘srs\{ﬁ% Gy

melt the sintered fit from reachi e region o rit proximat 'strate‘ 6. This usually results in
poor or spotpbehtinbedintiamiseend saburrics bsadess. oo ) omecsiaradii gsalteen 14 is ground,
the assembly@ffirst substrate 12 and its attached sintered fit pattern 14 may go through a mild
ultrasonic ¢ eanin%ﬁnvironment to remove any debris that may have accumulated. During cleaning,
the temperdfl0R¢ L An4sEnResm diiETadisra Ek gRiR Stiorr P thasihterel ftsharRstrital After cleaning (if
performed) sa:émaliPepgassingsien canthapariaimeddedamevevericin| sasisiure.yes example, the
assembly can be placed in.a vacuum qven at a temperature of 1Q0C for 6 or more hours. After
removal froﬁ?‘[ﬁg‘g‘?ﬁeﬁ’f‘fﬁgh%@é};ﬁ%ﬁ/l aﬂ%@%ﬁgeb(; }%S L%ngﬁasro o C?Sedgf]gr{; S¢8uthulation of dust
and debris. bfa833}d trevsesling prdcesstinetuie pplacirg the by bemitly pitfirst sulbstratehz2 and
sintered f-tbalter . on 196! SHRSURIB 0N RGO MArE.QEDS Mandane sy mare electrodes

20 deposited on the Sl}’bstrate In such a manner that the sintered fit pattern, the one or more

OLEDs, andahds sibsiratscs? decsahatiinidheTlsciopderimpentiahsisesdegng bobeviias fmand 16
separated hydhethicknassafithedit pattern; Mildiassus-aanieppplisddadie fisstanbsecond

substrates 16 to keep them in contact during the sealingﬂp;rocess. [0034] A laser beam is then directed

onto frit patfeFma roliprrierenbn Riskage ARBRTATSANRS Treubbalss Bhich drigpheftstt the sealing
wavelengthoserlingingyhe perigimed fHroughhstibsiraiebwallthf aughblathes st iaiasetn each case,
the beam orﬁt%ga are f(raversed ovsﬁﬁﬁ s?i]qtﬁ{)ed frit %z%ttern to I%callgnr{elasg &peei p t%ern such that the
glass compf’) R BFRESHSEREYF R he 5(5 ArOPRS A hermetic €eat which connects and bonds
substrate 12rhbisubstratent@EnT hemgaptbetgasn Sildrdiesid218nd 16 resulting from the presence of

the sinterec) 03 14 S0T15, & NEKTIRHE, SOV BIRNS O6AAFKARS 10 OLERAISRARLAR ngartciar, the

package comprises the strates which form'the facés of the package and the sintered frit 14

which formgne WaliestpreiyE RERgieTt e thiey e siseed Sitmatisaerie srstedtsiobesidyas by

preventing QxygeR ANcie sl the anbieni-enwiesment flonEeniesng inta - Bthdisplay 10.
[0035] The laser. beam or beams used during bonding. can be defocused, for example, to make the
temperatur&'gratie AP RFRRHIE i RERSY APAAIRTH BHsE 8PN OfF B G ﬁ?aﬂf{?he gradient
iS too steepddocissia fhasighitin@hieDidisplaydifsnayrexhdikeraekingmbty sifisefuent failure. The
sintered fit patter erglly nee warm up and cool down phase during melting. In addition, prior to
use, the asssgéﬁ%é](/%ﬁ]ﬁlel i% s rat[’e%%%% Egimgreeralbgyit\%)égglr% afi??fﬂ%?é?s ﬁ‘% gt%)red in an inert
atmosphereptevpréeveadserpitisoeptibreod 2@ bdisi2blinge melting. [0036] Further details regarding

the formatiqgpishermaticali:reaied %ﬁ@mwﬁ\@*ﬁé@lﬂa!ﬁﬁ?@%m&g% ered frit pattern

can be found in commonly-assigned U.S. Patent Application Publications Nos. /0082298,
2007/01 28965 IR A0S BIGEIEAHS O BPIOESSO6 PaE SORtBHIS I RITIM B 28lFktes are

incorporategs ReraiRAarsigrense Pl 4l siewREly2 cuitebie synpmsitinnsdes thecsintereskglass fit which
forms the wall of thegpackage can be found in.commonly-assigned U.S. Paten #%iﬂcc?tion Publication

Mo, 20050664 298 50t CanEtER AL & AL T PO REEAy SEafSa TR E MR M ethod o

Fabricationfeftiadeis a continuation-in-part of U.S. Patent No. 6,998,776, the contents
[0037] Similarly, suitable compositions for the sintered glass frit which forms the wall of
the package can be found in commonly-assigned U.S. Patent Application Publication Ne.
2005/0001545, entitled "Glass Package that is Hermetically Sealed with a Frit and Method
of Fabrication," which is a continuation-in-part of U.S. Patent No. 6,998,776, the contents



of both of which in their entirety are incorporated herein by reference. A presently preferred glass for
the glass component of the sintered frit comprises: 22.92 mole% Sb203, 46.10 mole% V205, 0.97
mole% Ti02, 0.97 mole% AI203, 2.61 mole% Fe203, and 26.43 mole PZO%?%%E%% "E%ﬁ referred
ceramic for th8 ﬁ?Pé%“ﬁ&WFues of the sintered flit comprises: 50 mole% SiOE, ole 2) 03, and 25
mole% Li20. Other sintered glass fits, now known or subsequently developed, can, of course, be used
in the practitebethee Tveh i fEsEIAs dishseseaatsber clatersfEeaspl AR S iisplays having a
diagonal of gleleast 14 13GBe M PERSERbEIAMNCROSSHE (he-pxdsiReRrpeResED 07 SRANMCSRIGSDs. Larger

displays have longer seal lengths which means that there are more chances for water and oxygen to
pentate dbLGFE bAIch DL LT By oS T ErEATy: & EB b gL does no
happen unifoie! P dvenattestile pisfiaydreaniictarihafilenextitdcleakilecatienst frherefore, the
degradation rate of an QLED di is.abquyj t me as_the area next to.leak locations, which is the
seal perime%grr}.uf_%srﬁsérsgfrﬁ% e%ﬁ? 5 ar\l}(':a)c1 é/?gllglzéz’aarnpensm% grs%%’#?éré%ﬂ 5;1,1;1;:{:?1“ épﬁ%ﬂsﬁdisplay
aspect ratioBittheqatimovther didskarenta dovibopedimteriisquepdrtioned to thepdispieodithe. [0039]
One way to,degtease water and oxygen permeability rates is to increase the width of the seal. In
general terms, the permeability rate scales exponentially with seal width for a seal composed of a
sintered glab¥#8] Tirdisgivend abavmdanestiine Grriamalt oliamays bavir ofizerrst 65 isastcell phone,
is on the ordgn@frks? preans: Wil & és 10 ne @kﬁﬁﬁ%‘ﬁi@ﬁésw@f%m&lﬁ@gimﬁmﬁ@ davice fiaying a sintered

flit whose minimum seal width is 5 mm will be on the order of about SOg{?ars. Moreover, the wider

sealing widFFYRlRET HFAGUEIPGUR SheARS LRl TEEs STFcmGTR SR i@ T FRA P SRR Bpproach for
increasing thenefteetiveudiihobasineeddedssahis dalsenpovalitbpropdediefimultiple sub-walls
nested within one another (see, for example,. Figs. 85,10, where reference number, 14 represents the
wall and refé]?gﬁggﬁr?ﬂlrﬁ%sr%ﬁ?gg%genqégsnlﬁ ﬁ%’&fgﬁgs"g |es(§ -\;\?glgfaT %tgu -Wgﬁsn%}é%r?ﬁfor example,
have a widtfeal theapoevidiszitsedit: Ac@datir aaigef Thpidadimdaofisrbsatihdspiecsisb-walls
increases bath (e herraeiiciy ol hsRackras:and dksisitanaih, 1904 Bnferungiely Haeonnection

with the present invention, it was discovered that multl%le sintered-frit sub-walls in and of themselves

present sigrifisaieabagieg SR SRR TP GifedNp sl U AP trbiasRR oli§HaoiRe bthe sub-walls

could be Ia&g%ggya@gaqgingggerﬁ@g}qmﬁcgm@ygdhwmgwyi@LED packages, when laser sealing
was perfoimed on another sub-wail, the heat generated by the laser dama%%d the %ﬁal 0 1t_lhe first

sub-wall. InB S aifiForaTs S Soh S rRIRTAL oY B aia iR ety Boring first
sub-wall, prebaislycas theceastit cithe o expabiioncaidssies tepnsofiidiserskeatisigyitivdsr

discovered thsgt 2 nested gg% of sipetleergd-frit %u[_b- all§ needtho ﬁﬁéﬁ%@g{? 359 Bﬂi@i‘ﬁ I with all of

: 1 v %ﬁl : .
the sub-walfs 3élﬁc(jras;()a%lsleed toaggtxﬁer Stone time. [D04 E?g. i is a schematic diagram showing various

geometric relation$higsy &evanine kil pledentsinvéheiorfeamothis2fivae weterdhcd Aurbérao
represents g [@MRGLANHEIRERSIEVE SIEMEPh LT ARSLEPRNChESISIBRLR RYMbek khrRpresents the

wall of the assembled package for the temperature sensitive element. Wall 14 can be I%gsa single
sintered gla88Hivilde 98 ths@rdm ol ehost 2hyRits), MPEarstaity Bidsnespbas i dib thmtsee, for
example, Figsp@wangidlOvwhpredbrainiesadnsth yhhwallsiese identified by the reference number 30), or

3) a combin t}fon 0 sintered-fg:fsub-walls an}g%%%or more, itional s%b-\A{aIIs composed of an

d
organic matBiar e 5 AP RSP liRTeaas et ibie "R 8 VIR RS- RIS B-walls are
identified bywthitcefererde huibiei30 bndihasubtwithioomp esethof (aseofgasiempéitetiakiSidentified

by the referq&c %h%?&ggegé}@é number 14 represents the wall and reference number 30 represents

sintered glass frit sub-walls). The sub-walls can, for example, have a width in the
previously used 0.7-1.0 mm range. The presence of these muitipie sub-walls increases
both the hermeticity of the package and its strength.

[0041] Unfortunately, in connection with the present invention, it was discovered that
multiple sintered-frit sub-walls in and of themselves present significant sealing challenges.
Specifically, it was found that although one of the sub-walls could be laser sealed using
the techniques employed with small OLED packages, when laser sealing was performed

on another sub-wall, the heat generated by the laser damaged the seal of the first sub-wall.



100431 In Fig. 4, the overall width of wall 14 is illustrated by line 42 and the sealed width is illustrated

by line 40, where the sealed width is the portion of the wall which becomes laser sealed to the second

substrate. As shown in Fig. 4, wall 14 does not include sub-walls. If sub-w%l{%%re %{B?% he overall
nd't

width is sim&?ﬁggg&ag}ﬁce between the innermost edge of the innermost sub-wall a e outermost

edge of the outermost sub-wall and the sealed width is the distance between the innermost and

outermost |G BRBIFY ihaFalpreal tif Seth subaell was loytd hddwpinirdtip Sedb oTe4Et Sealed

width 40 capbsaxenugidisnoerathwidinié 3foheAt -3 BRpendd i T thsShabehd bamibesemeaig]liwidth so as to
leave unsealed portions 38. Also, th‘if sea ed wid Canﬁﬁe ug}gorm as shown in F(i?%. 4, or can vary
4 . 575 A

along the leRgHISFIRE A4 BT S FREFSaiahs BfeddR s g value, i.e.,
W seal-mmvadt whith aliifdrime seblecNvidtingasel diusizetesd an drig tdpav -
seal-min is he len ine 40: for eneral case, W'ai..",, is the smallest transverse
it of thelCHIL Born o HaE fiapet K AR oo o R, o
shows the spaniseatatoaatyy. bEniie fighee ieshiperacuraen Sifivepcersipo ademBe aine the wall 14. In

particular, refereRee pumMRet ¢4 shews e minipum diRlanee HRibbeWesR 4R iedee of the

temperature sensitive element and an edge of the portion of the wall sealed to the second substrate.
As shown ifssigiededisgeifty Bedramsaierterdie e sensitWalbiémghbahias@e&aled portion of
tﬂe wa:: ids o@ﬂ%@mtgmsé%@iﬂgdm&rgm%memgais spacne maynheidifierentatdifarantiegations along
the wall depending on the canfiguration of the wall and the_layout of the temperatyre sensitive element
or elementKRHT FREBRSKALE duthbdty 1HE AT B LabS R WA A SPLER Y aRes, [min i
s_mallest spmfm@aﬂywhbee_:ﬁlpmg the lengimaidhe feaitcf6046] tpmmﬂe_@tid_mwm thertaser sealing of
sintered Olage IS APMRONINESID 060, Fod DU (A008. £, COMBPARNS Y Igper power and

sealing speed have been found acceptable. For examp m°with a’ Gaussian intensity

distribution tveanivtee Hity st el peesddeid thie welhhargiddvrideksby, dareéa ehecwigabafife sintered
glass Mt. Fop g s i nEEhsIBLeERSk (S r ADiRd Rlalea P RIBHRYIES Pl R demReatre distribution

across the sintered frit and effective heating/cooling rates along the sintered fit. (It should be noted that
as used her&th, beam diameter (Dbeam) is determined using the 1/e2 definition of beam size of the

ISO 11146 giagsiardrikhat ige M\ haundaiieswilthe ksphden sreidelipedas thedraatians at which

beam inten?s“%i@s?f?a{g '%9 fl%él 4&%,2\8 fi:E'Se eeasl(ee\lllg'!:{J \?fi)clth is the portion of the wali which becomes
laser sealed to the second substrate. As shown in Fig. 4, wall 14 does not include sub-
walls. If sub-walls are used, the overall width is simply the distance between the
irmermost edge of the innermost sub-wall and the outermost edge of the outermost sub-
wall and the sealed width is the distance between the innermost and outermost locations
where the wall becomes laser sealed to the second substrate.
[0044] Sealed width 40 can be equal to overall width 42 or, as shown in Fig. 4, smaller
than the overall width so as to leave unsealed portions 38. Also, the sealed width can be
uniform, as shown in Fig. 4, or can vary along the length of the wall. In either case, the
sealed width is characterized by a minimum value, 1.e., Wesimin. For the uniform sealed
width case illustrated in Fig. 4, Wgea.min 15 €qual to the length of line 40; for the general
case, Wearmin 15 the smallest transverse width of the sealed portion of the wall at any place
along the length of the wall.
[60453)] Fig. 4 also shows the spatial relationship between the temperature sensitive
component 36 and the wall 14, In particular, reference number 44 shows the minimum
distance L, between an edge of the temperature sensitive element and an edge of the
portion of the wall sealed to the second substrate. As shown in Fig. 4, the spacing

between the temperature sensitive element and the sealed portion of the wall is constant, it
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[0047] With larger beam diameters and larger sintered-frit widths, the amount of time each individual
location in the longitudinal direction is heated changes significantly. In particular, to have the same
Ilnea_lr heatlng éazt(%,g/amj%r&er laser spot size requires a hlgh'er scanning sp%%qmls%&gﬂﬁkfmother way,
sealing at the same scanning speed for a 1.8 mm beam size and a 9 mm beam size would mean
effectively decreasing the linear heating rate by 5 times. These considerations suggest that a sealed fit
width of 5 nifiRRAIFTEge et fhistrasttesmey g HiRERi diffrreniarpinghalopaiie %Ml sealing
speed - 5 timgsdasienihan dbat faration o fthwithi L8418 ERouszahieAgMare ganaradly, a change in
the width of the s%aledi wall ig:har%ﬁ.esﬂ}i')owe requrfem tsﬂflor th I%ser, scannin% si{)‘%ed, and most
importantly e@?%lapﬁ]%%%a% Bt SinCe BEnOUnt 6 Hed gﬁﬁpli gt%af'ﬁsé“bla% 1éfge h comparison to a
thinner wall dpecogmesims.thilasgmnaliesadpitorg sherigesdivhedm Ishgiberfitbe eiome relevant in
reducing th eff f lj - erafure sensilivg elements) being
packaged. ﬁ%ﬁ%@ﬁ%ﬂ%@@ﬁﬁfﬁé %%%é%%%?ﬁ%‘é%%%@%%&%%plg‘ﬁature reqt?li#elgt'to melt the
sintered-frit hfenfAgegmracaidB Sombingioreedblacs nbvwatadseabnsaspreddiyaihess spdwer and
speed. HOV‘%\Q@;‘SM’H&!@‘Q‘S{ é&%’ﬂé,@@J&P@éﬁa@kﬁ%@@%%ﬁdﬁ%&ﬂﬂ%ﬁtﬁ%@&[ hgajed.area in the

glass and thus a greater possibih%é)f damage to the temperature sensitive element(s) which are being

packaged. FoodetieR]e HAVMHRY Bt Srp RIRSEURY Srianpe finsitthpfd e tiad 825 Mbrmed with
different beait gizes7and sinteredrfdt widihsdodaieimipetoadelalianship benyeartaser power and
laser scanni eed. In Fig. 5A.the horizontal gxis.is scannin eed in millimeters/secqnd and the
vertical axis([;égqig’gi’oﬁé\ﬁé’ﬁg R AtTE lﬁ}&%@%@ﬁ?i’ﬁ@?ﬁt%g{fg’ﬁf}gﬁﬁ&%%ﬁ%%f{‘&%‘?%ﬁfﬁg, 58 the
horizontal akis i&tsindelédefriveicbiimirasmitithéess: dnelithé aerticallaxis)iss Agaimiasenpowehsn watts
requred 1o healiinilediumeing SIRCHB e b Bl "B RIIAN ¥BURRIAL SiRTBadnt widths
greater than 5 millimeters ang powers greater than 800 watts are calculated vzalues based on the
measuremerf@nob@itrstdd es fbssleratana i tbish Boowerpuiis ks et o Big. sBiaBehcludes
horizontal ligg,g2yand vertical line 24. Horizontal line 22 represents a practical upper limit on laser
power based on the power of lasers that are currently commercially avajlable, i.e., a laser power in the
range of 306RA4HOY Wniseso RrgmgHameirERd Suer g dnat IRLhs the WS A®Ad thus in terms

of cost effeglivenassidasamsiaving aoueribnfisilessithas ermequald0::00QMaRkye Preferred.
Vertical line 24 shows t?at when this, criterjon is a %)Iiedl, the width of {‘he sintered-friltliwhégh is being

laser sealed’ ?gnﬁ}l forkh fﬂgéset ERRE el er%ﬁllﬂ%w% &8 865289 View Bt Eﬁ%ui%erse%m g, it can be seen
that larger sindenad: fijewidthsohee dthigitbel aser, powegsaiid fastescuanniepspeids. Ik particular,
sealing larggr sintered: it widths Lequirs (aslen seannind-anerdaiocavaidharmal sugsinbe glass,

as well as damage to temperature sensitive element(s) within' the package. [0053] In general terms,

the local terhpératitre digroRsedgatiing ssearss rbamalotipordh RiisMNa W &S the power
0.5. Experimgptajiy; hasrbesm loundithat & aausgian; beamwithadiamgtessabieast 1.5

(preferably, at least 1.8) times larger than the sintered-irit width gives a good quality, uniform seal,
provided thdf8HRAL T Eu SRR BB i BRIEEnd the edge of the sintered-fit are high enough to

melt the glagsieenyonrcninefdhe sichangd fit.thow aith BMhéikcthial resliltadngeOpmmerGaussian beam. For

other beamrshl%ggxgbt@sefgft%rglwitjrltgccanige Ssit[ﬂnﬁi arl ddrgg% mrriln%gm% Oﬁﬁe}nll:ﬁr n‘?&‘z?amé)leen? Gaussian
beam can be Converned mto a fat topaggat% lﬁjsmg €am shaping eqefipmer}t, e.g., Y R}ew’port refractive
beam shapemdbalegdumiise @B NIR-t¢ (NepeporsOCorporaionotridrreth@akforal peFomnes9 mm

Gaussian beam,anda Smsaerath fikeyalle ahie [ mResaiv ie1athe;f foiaiRL e sintered fit to
the temperature at its edge can be estimated as: )
adverse effects of the sealing process on the temperature sensitive element(s) being

packaged.

[0049] In general, speed and power are linked since the temperature required to melt the
sintered-frit and thus form a seal with the second substrate is the same regardless of power
and speed. However, at lower speeds more heat diffusion occurs, leading to a wider
heated area in the glass and thus a greater possibility of damage io the temperature

sensitive element(s) which are being packaged.
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Tedgeacenter PcenteRedge *(acenterkedge) 5. 10055] For the above parameters, Tedge/Tcemer for
a Gaussian beam is equal to 0.48 and this has been found to give a good quality seal. In the case of a
flat top beam, P - center = Pedge. As a result, the beam diameter can be signifi aller, e.g.,
ace",,r/acdgg,ga%ﬁﬂl%”é}73%)Up2roximately 1.15. This means that for round flat tg%{%%g%]ﬂ?%% Eé:!am diameter
only needs to be 1.05 (preferably, 1.15-1.2) times larger than the width of the sintered-frit. This is a
significant s‘é\‘}’ﬁ@sl:ﬁgspg&é“fb?%%‘%‘é(ﬁ’f@ Bkt elesidieynsnsaad salansioanptoossrd Héabove
relationship&eraise daen derveddis igriaerpliomingcamemwhatiRam.genaty beelasionskip:

Tedge/Teenter (PcepteriPedge)(Dbea" /a)-5(F(Dg,Df,h)), [0057] where, bove, P.i density,
Ducar 1 bERHEAGH 6T SARTERGEE! 118 Lo QB tar B B and

F(Dg,Df,h) s 8lhitessinedomt tioh thwhera dapas dhe lnal ghithesivity 10s thenglass Substhatintds is thermal
diffusivity for the sintered flit. and.h s fitwidth. In the case of a Gaussian beam with.a diameter of 9
mm and a SR SRR i e B e e M BB 07 o
Tcenier [0088] fhetherdealandt as faato pabuarawe Df Wrjthyanilitd athwat thelsamdtagpbitpeGaussian

beam. Dbeatpigengeds 1 P .ad@%z?ma@@mmmp&@ammm%w@ fop beam can be
reduced to Dbeamih = 1.05 (preferably, 1.15) instead of Dbeamili = 1.5 %Jreferablg/, 1.8) for a Gaussian
beam. millimeters and powers greater than 800 watts are calculated values e

ased on t
measurements obtained for the smaller widths and lower powers.

[0051] Fig. 5B also includes horizontal line 22 and vertica! line 24. Horizontal line 22
represents a practical upper limit on laser power based on the power of lasers that are
currently commercially available, i.e., a laser power in the range of 3000-4000 watts.
Although available, such high power lasers are expensive and thus in terms of cost
effectiveness, lasers having a power that is less than or equal to 1000 watts are preferred.
Vertical line 24 shows that when this criterion is applied, the width of the sintered-frit
which is being laser sealed is preferably less than about 7 millimeters.

[0052] In view of the foregoing, it can be seen that larger sintered-frit widths need higher
laser powers and faster scanning speeds. In particular, sealing larger sintered-frit widths
require faster scanning speeds to avoid thermal stress in the glass, as well as damage to
temperature sensitive element(s) within the package.

[0053] In general terms, the local temperature during laser sealing scales linearly with
power density and speed to the power 0.5. Experimentally, it has been found that a
Gaussian-shaped beam with a diameter at least 1.5 (preferably, at least 1.8) times larger
than the sintered-frit width gives a good quality, uniform seal, provided the témperatures
achieved at the center and the edge of the sintered-frit are high enough to melt the glass
component of the sintered frit. For a 5 mm frit, this results in 2 9 mm Gaussian beam.
For other beam shapes, the beam width can be similarly determined.

[0054] For example, a Gaussian beam can be converted into a flat top beam using beam
shaping equipment, e.g., a Newport refractive beam shaper, Catalog Number GBS-NIR-H
(Newport Corporation, Irvine, California). For 2 9 mm Gaussian beam and a 5 mm
sintered frit, the ratio of the temperature at the center of the sintered frif to the temperature

at its edge can be estimated as:

G.5
Tedgd Teenter ~ Peenter/P edge *(Bcenter/Bedge)
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100591 As indicated above, for wider sintered-frits, the requirements for a larger beam diameter and
the same linear speed of fit exposure mean that higher power densities and faster translation speeds
need to be ysed. A relationship between translation speed (scanning spe % t)% rameters of
the system AR B HHed as follows. [00601 In order to obtain a good %%%} @VQ &u %ﬂe%aerating :
excessive heat damage, the following relationship is preferably satisfied: KI*Ttili(edge)< T9'5 < K2*Tgi

(X) [0061] WPBFEI Fiardkp 3bare RN R fdi are SGfGresembentsisga @dhEnhardite laser
power densiys daehitseigtidsiiien, chbi(gar) iscthalienpasatre phithe yoiaree fit at ts,edge needed to
achieve melting, and Tglass &!s the temgperattﬁre 0 thﬁ}%ﬁ{ss substratﬁé?t a distance x from the edge
of the sintereFIHWHIER R L5158 580 EribeyHaB e FatndgetferefiPetature sensitive

element(s) bpingxpaskiyed sAshéxprassatanfthiorethfienshipethe gxpesurdiimetofdhiy frit by the laser
needs to be long enough.to melt the fit all ay through its thick nd.short epqugh so that the
glass at a d?&éar?c}gq))(e'f.lr%!}rrsl gpgaee rgq ’eié%t(gédw fﬁ% %%é%eg(t}%agé%%&%?t.%f[ (363é5ﬁn%/é§c§§|{ 'vgal?tljes are
Tfri,(edge)>u80€nfloat(xa0mzminaBsdofi e wrielpe Tefrdpnyitons tdrperdubsayual to 65C). The

eXpOSLIE s SRS ISR ALaAIE AT D6 30 RO Wopi& RhGagRJs the beam

diameter and S is the scanning speed of the laser over the sintered fit. In"order for a 15 micron frit to
be melted ti$f3GEHIGIAESREINt, T needs to greater than about 15 milliseconds (preferably, 25

milliseconds, which cofresponds-tera.scanpindspees aE (S apatsyor a 2 mm beam diameter). To keep

the glass coql enough at x>0.2 mm, r needs,to be smaller than 180 milliseconds T}}j%gives a range at
r

any given bE bidRTETer8PINE E5s 88 Yan ARt T PR EAR S ShIt Ko B A Bt systems
since the thesgraindifiisiviigai didypicalsitie fed ditcanshd FyPigd) fiassasdifiStsate fwiltthave the same
order of magnitudge and,the fif thickness,.e.q., 15-20 micronsnca X ller than the
distance of t %e egjg% éseqr?a |v%f é?éﬁ%sé\ﬁl? ¥r%r§1%ﬁeg?eaasg%%??{é{§ ?ﬁ[é%%ﬁ%?g%%%%qﬁ%f%%%] Using the
above relatiginghid, fothendrhdefatrmidettatthe sessl of B Eavstienitbem Vitiht Beangieiam@ B the speed

needs to be,glower han QBT 3NARIE IR0 AR MIMEUNIS for &d-mm &t with 24 g1m spot

size, the speed range is 216 to 30 minis. [0064] The relationship between the scanning speed S and
the paramefé?soéﬂ"ﬂfrersystem can be further quantified by explicitly including in the speed

detelminatiqogée) disteneadstwernthieresiaerybiie sepled pedinohthaditasddhe Camprrature
sgnsitive gl%%%}t,é?;r?egr%\%at%e%mpe%ature qf tf'éat‘etléeergeant, ‘ﬁg‘(‘j‘ ép.? fgﬂ ig%étemg%%}%re of the
sintered fit. h 4 BBHE, Rt g RS SR S Bt KRS

can be reduced to Dyeam/h = 1.05 (preferably, 1.15) instead of Dyean/h = 1.5 (preferably,

1.8) for a Gaussian beam. )

[00539] As indicated above, for wider sintered-fTits, the requirements for a larger beam

diameter and the same linear speed of frit exposure mean that higher power densities and

faster transiation speeds need to be used. A relationship between translation speed

(scanning speed) and other parameters of the system can be obtained as follows.

[0060] In order to obtain a good seal without generating excessive heat damage, the

. following relationship is preferably satisfied:
KI*Ti(edge)< 1°° < K2%Tgase(%),

{0061] where t is exposure time, K1 and K2 are scaling coefficients, which depend on the

laser power density and its distribution, Twi{edge) is the temperature of the sintered frit at

its edge needed to achieve melting, and Tyias(X) is the temperature of the glass substrate at

a distance x from the edge of the sintered frit which needs to be low enough so as not to

damage the temperature sensitive element(s) being packaged. As expressed in this

relationship, the exposure time of the frit by the laser needs to be iong enough to melt the

frit all the way through its thickness, and short enough so that the glass at a distance X

from edge of the sintered frit does not get too hot.
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S (11 mm/sec)e(Dbeam12 mm)*(0 2 mmiLmin)*(65C/Tdegrade)2, and S (130 mm/sec)*(Dbeam/2
mm).(450C/Trnt-mei02, Preferably, S (80 rnm/sec)6(Dbearn/2 mm).(450C/Tfrit-meli)2 [0065] As shown
in Fig. 5, higher speeds require higher laser powers in order to reach the re at the
sintered flit. r?eszé?é({?gﬁ%%ip between power density P and scanning speeﬁgfjgsas? r(Ee%(s?('I:;ii?f%%el spot size
can be written: Pt(S)'5 = constant. [00664&I;$om this relationship, it can be seen that an increase in

speed by fat486%df ypicrlirebieirisched 868 P tactoroPZ 08 08T A8 Canlbe. deisitaf@Bbve

relationshipgotgﬁ Ehgieanie wokthe depradaiiondie mpeialiing of 1hgiane ArdnRisel@ments, e.g.,
OLEDs, belngggackaged. To further reduce the chances of thermal damage, it can be beneficial to use

thermal sinkifPBFNFST RrdcBEr S ietrdtdle RFABMGATBRCDFLLCH T MSHTTATSIRRITRS 7S Sh&tin in Fig. 6
where, for éxemple; hiasmZpeddritbdconindsed of alionin @i and pialedhrarhecomposed of silica.
Similary,t 15 RLaIeLoble 10 AR G40 PSHRSAIR BRAGIMNSSRIHRNAREISH g eat the wall 14
corresponds to a scanning speed of 75 mmy/s for 2 2 mm beam diameter). To keep the
glass cool enough at x>0.2 mm, 1 needs to be smaller than 180 milliseconds. This gives a
range at any given beam diameter for the speed requirements. This range is applicable to
various systems since the thermal diffusivity of a typical sintered frit and a typical glass
substrate will have the same order of magnitude and the frit thickness, e.g., 15-20 microns,
can be expected to be smaller than the distance of the heat sensitive element from the edge
of the sintered frit (e.g., 200 um).
[0063] Using the above relationship, one can determine that to seal a 5 mm frit with a 9
mm beam diameter, the speed needs to be slower than 360 mm/s and faster than 50 mm/s,
while for 2 3 mm frit with 5.4 mm spot size, the speed range is 216 to 30 mum/s.
[0064] The relationship between the scanning speed S and the parameters of the system
can be further quantified by explicitly including in the speed determination the distance
between the edge of the sealed portion of the frit and the temperature sensitive element,
the degradation temperature of that element, and the melting temperature of the sintered
frit. When that is done, the following relationships are obtained:
S > (11 mm/sec)e(Dycany’2 mm)*(0.2 mm/Lin)*(65°C/ T gegrade)> and
S < (130 mm/sec)e(Dyean'? mm)*(450°C/ T ivmer)’ -
Preferably,
S < (80 mmy/sec)*(Dyearm’2 m)*(450°C/ Titcmmenr)” -
0065 As shown in Fig. 5, higher speeds require higher laser powers in order to reach the
same temperature at the sintered frit, The relationship between power density P and
scanning speed S at the same spot size can be written:
P/(S)O‘5 = constant.
[0066] From this relationship, it can be seen that an increase in speed by factor of 4
requires an increase in P by factor of 2.
[0067] As can be seen, the above relationships for S take into account the degradation
temperature of the one or more elements, e.g., OLEDs, being packaged. To further reduce
the chances of thermal damage, it can be beneficial to use thermal sinking for first and

second substrates. An example of such thermal sinking is shown in Fig. 6 where, for
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10068] Turning to Figs. 7-10, these figures illustrate various constructions for the wall of the package.
In these figures, the reference number 28 represents the one or more temperature sensitive elements,
e.g., OLEDs being housed in the package. [0069] Fig. 7 shows the appr ? [ ' I;\3 §ingle thick
~wall is used%eﬁpcg\gl’%g%ze hermetic seal. Fig. 8 shows an alternate apprglgé ﬂljv%%\ﬁé‘irye@h ﬁ"ﬁle overall width
of the wall is still thick but rather than achieving the thickness through the use of a single wall, multiple

sub-walls, €%Rl% BlaRaremerearsd ff pnaupandalita b o) bgorBretioh M iher approach
in which suliwalisgamperaeafia oiniaceehelnpssif-ans Wsasionrembination witasa shewall composed

of an organic matBeriaI. Tf}%or anic material is preferably an epoxy resin but other materials, such as a
UV curable B&RAE 1AJFACSH B8 RA%ASH the practice of this aspect of the invention. The sub-wall
composed (@8 joTyanicgmaigalis! preferalilyusantwchedvbsbne eonstibeti@lisfoothpesdib6f a sintered

glass frit as,shown in Fig. 9, but.other arrangements. can be used if ired, e.qg., the sub-wall
composed (liﬁe na%ﬂra eﬁicgl rﬁ?é?%?igggléeﬁ’t?éetﬁé%fﬁﬁ%?rrﬁ%%t or 90%{3?%%%} Ss%%-\?vﬁISA s%r,ealthough the use
of a single subpwalhcosepesed dtmasigagicPhdiBrikisshovsadimPiyg. Bickighiple sub-walls of this type

can be usegyifpsirecy Wpen asuhswalkcarnased of. a0 aroatinmalREatisHsade e laser beam

used to seal the sub-walls composed of the sintered glass flit should be masked so that it does not
impinge on RAESHGASR. nTage ENqB 2 ARl SpIFRRCh WhArsUhiBR Averad g drufsie slialls 30

arranged tosforen;isokiad GenRal URE B2 dnHHBHARL AXYSER SRS OF MRistlere aandeagily pass

through one of the compartments only if at least two of the sub-walls of that compartment are

breached OHREMESMGEratihY Basts 2SR ehivinarPERS ¥8°¢an be used in the practice of this
aspect of theimgeRigm ffhomexafapler theaagiad stixhvalts-eatisinbetsesidio paratieidseibswalls at 90,
thus forming 2 Jadder ke, or honexeamb-Dies STicluie,aleng e Jengih gluial, Alsp, Failgt than a
single layer o iSolated compar?mer?ts, multiple layers can be use o prow?:le even greater protection
against locatizedfbituredaitheayahofo0 e frgrmttice fategeingicban HE ¥eaminapendigreferred

embodimenys of the yariousiasRestsALS IRKeRtion Bravide A-RUbemefRERefIS ishiding: longer

product lifetimes due to lower ratés of moisture and oxygen permeation, higher mechanical strength
since strengfifsoeritiscateRe s isrably saudedrhed BeyerrcaiidssAeBrSHhRie dMESAd organic

seals to proyigle hatxahermgtic parial ankhighioechaniicah skengihs J&9wa] Ay ametyusf
modifications which d%got depart from the scope and spirit of the inv?ntiontwil{rbe vi%int to persons
of ordinary it YT RO HRERIFDBHLELRERIBEIPS IAETHNIH RE A MBS SWmstiyH R invention
has been dekhsilpgickin termns oiisgiding of gdhckmpesctooluseondtniargeDkEDshasadrdispl&ys, it can

plays Qi alher DS SLIPIPRIAS SRS SlSmEnts it lesired. The

also be used vyithl smgll di
. multipie su -wa(? € %
following claims are intended to cover the speci odiments set forth herein as well as such

modificatiorsgsainaticaszbindeaguibalases baarhasis! daipabihpssub-walls composed of the
sintered glass frit should be masked so that it does not impinge on the organic material.

[0071] Fig. 10 shows a wall which includes multiple sub-walls 30 arranged to form
isolated compartments 32. In this way, oxygen and/or moisture can readily pass through
one of the compartments only if at least two of the sub-walls of that compartment are
breached. Other configurations besides the one shown in Fig. 10 can be used in the
practice of this aspect of the invention. For example, the angled sub-walls can intersect
the paraliel sub-walls at 90°, thus forming a ladder-like or honeycomb-type structure along
the fength of wall. Also, rather than a single layer of isolated compartments, multiple
layers can be used to provide even greater protection against localized failures of the wall.
[0072} From the foregoing it can be seen that the preferred embodiments of the various
aspects of the invention provide a number of benefits including: longer product lifetimes
due to lower rates of moisture and oxygen permeation, higher mechanical strength since
strength is related to the width of the sealed frit, and/or combinations of sintered frit and

organic seals to provide both a hermetic barrier and high mechanical strength.
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1.A packaging method comprising: (A) providing a first substrate, a second substrate, a wall that
separates the first and second substrates, and at least one temperature and moisture sensitive
element that is disposed between the first and second substrates, said wall co nsmg a sintered
glass frit ha I Oﬁﬁ%ﬁ? temperature Tfrit_meit and said at least one tEI% 1e}‘jaﬁzpre /4R ive element
having a degradation temperature Tderade, said wall being bonded to said first substrate and in

contact wit %als@o@ﬁatwégﬁ%éiwﬁowmlﬁgm derasefromalie Keepsg el dRIFQEHBben on the

wall, the lasgrharm DaVHG:7iiRaLIAMINO bYBrRNLAOOMY: ANfe art 5ok ¥RVRIRGTbe beam along a
length of the wall at a speed S to heat the wall, to melt the glass component of the smtered glass fl-it

and to seal HFTERYry p’sbsr%ﬁ FrsEATIRN: B RREER e YRR RSP eRbErsrP R FERmRS of (i) the
minimum dlﬁﬂﬂﬁ@dﬁ%ﬁ&ﬁbﬁfbﬁd@&ﬂiﬁhﬁ@é (epBDoRE 4 mipeitai ie sensive:elementand an edge of

the portion of th lrasealed fo tHle secon ubstratfmat an loca(tjﬁlon a{on J he v cf‘"]lﬁ Lnain; (i)

S Or wif 61’!1 sensifive glemern
the minimum Wld e portion off I & Secon Strate a any loCation along the

wall is Wseé?ilnwm&ﬂidlms afiiinBheded, tb_nnmr\/&lwealsnnfw, ehibedmedtt et dondidicanid & satlbhy the
relationshipg, (&) 3. M &k s ¥YSe Al s SR e quivalents.
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(b) Dbeam Wseal-min, (c) S (11 MM/SeC)(Dbeatni2 ITIM)*(0.2 MMiLmin)*(65Cadelrade)2, and (d) S
(130 mm/sec)(3beani2 mm)*(450C/Tffit-ine02. 2.The method of Claim | wherein: S (80
mm/sec)*(Dbeari2 mm).(450C/Trnt-meh)2. 3.The method of Claim 1 wherein Wseal.min approximately
equals 5 mm. 4. The method of Claim 1 wherein the wall comprises a plurality of nested
sub-walls, at least one of which is comprised of the sintered glass frit. 5. The method of Claim 1
wherein the laser beam is a Gaussian beam and Dbea,n/Wseal_,", is greater than 1.5; or the laser
beam is a flaﬁﬁt&q&%meg%j. Dbeani/W"ah."" is greater than 1.05.

1. A packaging method comprising:

(A)  providing a first substrate, a second substrate, a wall that separates the first
and second substrates, and at least one temperature and moisture sensitive element that is
disposed between the first and second substrates, said wall comprising a sintered glass frit
having a melting temperature Tgir.me;; and said at least one temperature sensitive element
having a degradation temperature T seprade, Said wall being bonded to said first substrate
and in contact with said second substrate;

(B)  impinging a laser beam having a diameter Dyeam On the wall, the laser
beam having a laser power of up to 1000 W; and _

(C)  traversing the beam along a length of the wall at a speed S to heat the wall, -
1o melt the glass component of the sintered glass frit and to seal at least a portion of the
width of the wall to the second substrate;

wherein:

(i) the minimum distance between an edge of the at least one temperature
sensitive element and an edge of the portion of the wall sealed to the second substrate at
any location along the wall is Ly,

(i)  the minimum width of the portion of the wall sealed to the second
substrate at any location along the wall 18 Wiegimin; and

(1ii)  Dbeams Limin, Wseal-mins L frit-meles Ldegrade> and S satisfy the relationships:

(a) 3 mm < Wseal-min < 6mm

(®)  Doeam ™ Weeal-min,

(c) S > (11 mm/sec)*(Dypoan/2 mm)=(0.2 mm/Lm)°(65°C/Tdemde)2, and
(d) S < (130 mnv/sec)*(Dpean’2 Mm)*(450°C/ Taimel) -

2. The method of Claim I wherein:
S < (80 mm/sec)*(Dyean’2 Mm)*(450°C/ T iiv-me)

3. The method of Claim 1 wherein Wieamim 8pproximately equals 5 mm.
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6. The method of Claim 1 wherein the at least one temperature and moisture sensitive element is an
organic light emitting diode.

4, The method of Claim 1 wherein the wall comprises a plurality of nested

sub-walls, at least one of which is comprised of the sintered glass frit.
3. The method of Claim I wherein the laser beam is a Gaussian beam and
Dheany’ Weearmin 18 greater than 1.5; or the laser beam is a flat-top beam and Dyesn/Wsealmin

is greater than 1.05.

6. The method of Claim 1 wherein the at least one temperature and moisture

sensitive element is an organic light emitting diode.
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