WD 03/ 065470 PCT/ US02/ 38144 ENCAPSULATI ON OF ORGANI C ELECTRONI C DEVI CES
USI NG 5 ADSORBENT LOADED ADHESI VES TECHNI CAL FI ELD This invention rel ates
t 0 encapswioas®@es4o6 gani ¢ el ectroni c devices. 10 BACKGROUNPCT@)2/B$1a4
el ectronic devices (OEDs) are articles that include |layers of organic
materials, at |east one of which can conduct an electric current.
Il1lTustrative exanples of known CED constructions include organic
transi stors, photovoltaic devices, rectifiers, and organic light emtting
di odes (OLEDs). Heat, light, oxygen, and noisture 15 adversely affect many
of the inorganic materials, such as |ow work function electrodes, and the
organic materials that are used in OEDs. It is inportant, therefore, to
protect these materials fromexposure to thweﬁ ) devi ces thus

t

requi re her mdtNCAPRSTIATLION QF, ORGANIC ELEGT Q%V(r)‘@éﬁ BGmes required
for mgny applications. FRpSHRBENFI.OWDED WIHIESIVIS consi sts of attaching a

glass or netal cap onto the cathode side of 20 the device, as described in,
e.g., US Pat. Nos. 5,874,804 and 5, 686, 360, respectively. As described

in, e.g., JP 00123968, desicca&%ipﬁgﬁc t aced inside the hernetically
seal ed device to absorb noistu : éJ enerated by the cure of the
adhesi ve or tha$ inveMidiYeRiesttd encdpsilfed bivafiedechdhRsievieeond |ine. Oxygen
getterers may al so be placed inside the seal ed device to absorb any oxygen
that may enter the device through 25 the sealing adhesive, as described in,
e.g.,,,US. Pat. Nos. 5,304,419 ; and JP 07-169567. Typica
desi cdant s i ncl ude fine pomdersagg(§g§§§¥5%§C1 Typi cal oxygen getterers

i ncl ude fi nel yOgbaMicGtdtroRic edice(OEDS) ar@gticles that mohde taysrs dfakganivust  be

taken to prevent these fine powders from contacting the QLED to _avaojd

abr asi on MygRgat leasteaneaf #dichgag copdyst an glgetrgsurreite Hustratigeeraaydes ofand/ or
getterer y 1,042 Qi i r sealin
0ap and AaPyPIEDREAGRIcH0AGEColen EhIROR, bR GATileegegi s ’
PCT/ US02/438 biganidkght contting diveles (@QLEDs)b dtmat, dighp expe, amt mostug@ani ¢ pol yner s

to give conposit . . . :
g 15 adr\;eprsely a?fect many of the inorganic materials, such as low work function electrodes,

and the organic materials that are used in OEDs. It is important, therefore, to protect
these materials from exposure to the open air. OED devices thus require hermetic
packaging in order to achieve the long lifetimes required for many applications. For an
OLED, this typically consists of attaching a glass or metal cap onto the cathode side of

20  the device, as described in, e.g., U.S. Pat. Nos. 5,874,804 and 5,686,360, respectively.
As described in, e.g., JP 00123968, desiccants are often placed inside the hermetically
sealed device to absorb moisture that may be generated by the cure of the adhesive or
that may enter the device through adhesive bond line. Oxygen getterers may also be
placed inside the sealed device to absorb any oxygen that may enter the device through

25  the sealing adhesive, as described in, e.g., U.S. Pat. Nos. 5,304,419 and 5,591,379; and
JP 07-169567. Typical desiccants include fine powders of BaO or CaO. Typical
oxygen getterers include finely divided metals such as magnesium and iron. Care must
be taken to prevent these fine powders from contacting the OLED to avoid abrasion
damage, electrical shorting, and the like. The desiccant and/or getterer is thus often

30 placed in a dimple in the metal or glass sealing cap and held in place by a permeable

membrane.



materials wth some adsorbent properties. These | oaded pol ynmers have been
coated on the inside of encapsul ation caps or adhered to the inside of
encapsul awoa/oeape as a neans of preventing the desi ccantrCfrricsoe/pdiysi cal |y
damagi ng the package it is designed 5 to protect, as described in JP

00- 150141 and WO 00/ 06663. These desi ccant | oaded adhesives have generally
not been used to structurally bond two parts together. SUVWARY. OF

| NVENTI ON The Ipgsiasants haygalsq besa dispersgsh in@ organis POBERFTS oy S16¢ FURRISIE

CaS Y ARBLIS UNRRLHE aadoBR AR RS MLRNIAE LBHRAIRRL HIB Sl 6 The

present invention features e of r si ccant an
get t er er )th¢ nadliedfiencapsiletiorachpe st adherdddo dahiaside afiencepsdgpoulcaps s | id to an

organi c el ectrgnic device (CED), as rt of an encapsul ati an. t hod. The
90 ben{™AgA LR piE B dSnirets e PRLme sfagg s pasBiarais S ve 1 o
hol d tshe (g BeARS UWsalcs@ibeliiifl TP D0RbGrA 23 Wol do/ss6B! Trekdi RicénRARS] t 0 absorb
oxygen 15 and/or noisture. One aspect of the present invention provides a

met hod ofadbesivgsdavagenegallyrnot beepeused taestasturalhy konddwioperte tagethiesi ng:  provi di ng
an adsorbent | oaded transfer adhesive containing one or both of a
dessicant and a gettering material, applying the transfer adhesive such

that it will forma gasket SUMMARVOEINVENTION phery of an organic 20
el ectronic device situated on a substrate or will cover the entire device,

and appl yi ng aheinreseayiavention repogaizee themeed fas sffectivey eask-teramply pdheseve phery
such ltohatsegllgr?ts lch&a@n\ﬁaﬁggfbgﬁt rh%eﬁﬁlQeTﬁé'@%%Jnﬂn%eHﬁfont @gtu?eq ri'fr‘éS or ! her eby
e device. e device nu I

encapsul ati ng' t e an organic l'ight enitting
di ode. Andidibéntqdetehaniodndidigeitered hddded trpnsder adhssiess tandhced en conpri si ng an
encapsul ated 25 organic electronic devic pprising: an organic

el ect r onicBcaRsylatian §f to an arsanicelestronis devige (PEBhES Pasteic PFaRTEREP adhesi ve

that Torfgegodeth essgaeﬁmhde%rtﬁagmr L&fegﬂleyﬁlﬁaiogg% aa%ﬁlg{u?ﬁ%hhééi\fé%? her forms

a | ayer covering t evice, t adsor bent [ oa sive containing one
or bot h dbldthdessipsalatinghid irmplget asewélhay previdingal meando sbsbitdoxygen t he devi ce,
wherei n the transfer adhesive adheres the lid to the substrate. 30 The

transPer BHMEHUEYNTay be first applied to the lid instead of the substrate

or device. 2 Qne aspect of the present invention provides a method of encapsulating an

organic electronic device comprising: providing an adsorbent loaded transfer adhesive
containing one or both of a dessicant and a gettering material, applying the transfer
adhesive such that it will form a gasket around the entire periphery of an organic

20 electronic device situated on a substrate or will cover the entire device, and applying a
lid over the organic electronic device and its periphery such that the lid is adhered to
the substrate by the adhesive, thereby encapsulating the device. The device may be an
organic light emitting diode.

Another aspect of the invention provides an article comprising an encapsulated

25  organic electronic device comprising: an organic electronic device on a substrate, an
adsorbent loaded transfer adhesive that forms a perimeter seal around the device and
optionally further forms a layer covering the device, the adsorbent loaded adhesive
containing one or both of a dessicant and a gettering material, and a lid over the device,
wherein the transfer adhesive adheres the lid to the substrate.

30 The transfer adhesive may be first applied to the lid instead of the substrate or

device.



WO 03/ 065470 PCT/ US02/ 38144 The transfer adhesive is nade froma materi al
sel ected fromthe group conprising hot nelt adhesives, pressure sensitive
adhesi veswotiesswoeet adhesi ves, UV curabl e adhesives, curalilesopssagsure
sensitive adhesives, and conbi nations thereof and the transfer adhesive
may be cured as part of the process. 5 The organic el ectronic device may be
on arigid or flexible substrate. The flexible substrate nmay be a

cont i nuousheEagserpdhesivg impdpiome ragtedd seleplsd fem e SIPP OFWPEINENRY st anped
et al fo'ljnélta Qi%@s ! l‘é@g ’sergktﬁl%t 'dﬁesWeE,CtHéxImogﬁtaJdﬂé iv&?ﬁ@”&&a @n_s, machi ned
metal cans, And-Sent conductor substrates. A (o] Dartier adhesive may be
appl i ed audbesiks) hiratdlaprassurp eerispiveraghesives fand tOmborationnthedeof aralnthé er adhesi ve
that is adhering the lid to the substrate. The high barrier adhesive nay

be sel ectEsker aThesE MYRGFUESHASPRL A YPERIBESEr ¢ epoxi es, sol vent based

adhesisves, onerRajrbarfitERBShiABNES MBPbe DT ridM GUlaMiesdhss] Yas. Wen a
hi gh barrier adheSive is used, the transfer adhesive can conprise an

adhesi ve fldxdile pubspatermpayheca cantinaeus wrb. PdeHidohaybe sedgsicdfmerathagipep . 15 As
used in this invention: "hi barri adhesi ve". s an.adhesi ve that has
ow per mesdmristy S e Ol plles dHaTRistui FBRNS BBl B baded i ¢h
any dessifiahined'm@aidafs Qhd serhicon&icer sasbhatksve” neans a preforned adhesive

| ayer that can be used to bond two surfaces together; exanples include an
adhesi ve fil mAhigh hegi@adbesiveiany baapplisd argnd thefatipgpoaphesiaféhad i | m  and
adhesj.ve i > Lery fi d at | east
one efr?bodjloﬁ%oﬁ{éféfﬁlf%gag}%{svgﬁat?{ﬁ@ﬁﬁ| {r?e?lg t{) Iﬁléie{gu%) ﬁtga téﬁ\gg?{% antrlq %irnd/ or
getterer ghesiai may bé sdlected fromahd gonp comphsingleve pat empxésshsrieant bassdabi ity to
prevent noi sture and/ or oxygen i nduc CED degr.adati on, Anqt her advant age
of at | esshesiyrs. AR GHERRIC 8 eﬁ‘l’{és:ﬁ%“gg’é’n?“r?lﬂ?/gﬁ‘%qsﬁ’ﬁs-i Wﬂ&t%ls'ﬁbanzgr
sinplifi Mo SRCAD I iR 2B RRREn SRR inQiah¥%i A RaSt pBrmcabRegded to
seal the%gne"%/%?geel and prtg%/dlsgigaan gﬁsorgen materiasll. A?]Ot er advantage of at
| east oneorewbbdihndnir anfl wate vapersent i nvention is that the transfer

adhesj ve coul d, be | amnated to a device or sealing film This aspect is
conmpali bl e wi t4° 5687 BHSINYERH%s and rol I -to-rol | processi ng.

“high barrier adhesive” means an adhesive that has low permeability to oxygen

and/or water vapor without being loaded with any dessicant or getterer,

“transfer adhesive” means a preformed adhesive layer that can be used to bond

two surfaces together; examples include an adhesive film on a release liner, a free-
20  standing adhesive film, and adhesive layers on both sides of a carrier film.

An advantage of at least one embodiment of the present invention is that the
desiccant and/or getterer are at a critical location in the device to enhance its ability to
prevent moisture and/or oxygen induced OED degradation.

Another advantage of at least one embodiment of the present invention is that it

25  simplifies the encapsulation process because only one step is needed to seal the device
and provide an adsorbent material.

Another advantage of at least one embodiment of the present invention is that
the transfer adhesive could be laminated to a device or sealing film. This aspect is
compatible with flexible devices and roll-to-roll processing.

30 Another advantage of at least one embodiment of the present invention is that it
provides an adsorbent-loaded adhesive proximate the OED device and a high barrier

adhesive that seals the adsorbent-loaded adhesive from the atmosphere.



30 Anot her advantage of at |east one enbodi nent of the present invention is
that it provides an adsorbent-| oaded adhesive proxi mate the CED devi ce and
a hi gh bawoimsnes4aehesi ve t hat seal s the adsorbent-| oaded adirasowssifis om t he
at nosphere. 3 WD 03/ 065470 PCT/ US02/ 38144 Anot her advantage of at | east
one enbodi nent of the present invention is that the adsorbent-I| oaded
transfer adhesive acts as a damto prevent liqg |d adhesi ve é}?uc as those

used to form a Mtk agurHpgsofap iyt ong embgligient @f the greserdiigention isdBpty ent
mat eri al §pd Madbifent-1daded ¢ eﬁhé’s?ve afcfsoc{?ar(ﬁﬁf;t}a'ﬂ?&ehhﬁt#%@dﬁefsw%dmhaag

adhesive 1s used as a supplenental 5 edge seal ant Is allows the use of
adhesi ve&hcﬁserusedjg:efosaal leght hmlemall) cbrrvotatm cq:seﬂjve ot mithmter@lmnhé eat ures
ent fromthe follow

and adva s of. t |nve

it nge. hoteh sneaiyedsuh FragRing e bR ie e 3B B Nsre ks aapbfreithy

DRAW NGS dib88ealdtt TRIsQPISWS @ifeliise BF adashivedSfot E@gb bR MWat d6RdGot BéuddED packaged
by a two- Stage encapsul ation method using a gasket-like transfer adhesive.

Fi gs. 2Aqtksresss. section) and 1B (top view) depict an OLED encapsul ated with
a 15 continuous transfer adhesive |ayer. DETAILED DESCRI PTI ON The present

i nvention can provide a robust OED device by providing a sealing and
adsor bi ng nedi@tieefeatunc ad adintagshbLihe pivehteh will beagpaknt vincte f r om wat er 20
vapor and ot her gases. Usi ng an adsorbent and/or getterer | oaded transfer
adhesi ve fPB‘Pwmérﬁjg%l‘ﬁ@ﬁFélef%lﬁ dessriphon 30 claies: per f or mance of such OEDs as
organj.c transistors, photovoltaic devices, rectifiers, and organic |ight
emtting diodes (O_EDs). Transfer adhesi ves provi de many advant ages over

| i qui d adhesi ves They éBRiEPhDESCRﬁBTI@NkQFI(HMV\HNGS:an be lam nated to a

device, sealin or encapsul at ) li.d al so e it easier to
control the sHdp®, lArsTZCE%SS seghign ltaﬁ ?S‘IeWSﬂEp‘%Pﬁ‘egfélg HaﬁWF W‘ttwo'r egard to

pr gC;?SS't NhoRUNEIHsAEESN nlchRY SRR ARSIl GikE WandBthdReg§vappl ied to a lid or
substrate.
Figs. 2A (cross section) and 1B (top view) depict an OLED encapsulated with a

15 continuous transfer adhesive layer.

DETAILED DESCRIPTION
The present invention can provide a robust OED device by providing a sealing
and adsorbing medium around an OED, which protects the OED device from water
20 vapor and other gases. Using an adsorbent and/or getterer loaded transfer adhesive for
encapsulation can improve the performance of such OEDs as organic transistors,
photovoltaic devices, rectifiers, and organic light emitting diodes (OLEDs).
Transfer adhesives provide many advantages over liquid adhesives. They are
more easily handled and can be laminated to a device, sealing film, or encapsulation
25 lid. They also make it easier to control the shape, size, and position of the adhesive
layer. With regard to processing advantages, they can be die cut and pre-applied to a
lid or substrate.
Organic light emitting diodes (OLEDs), sometimes referred to as lamps, are a
type of OED desirable for use in electronic media because of their thin profile, low
30  weight, capability of obtaining a wide variety of emission colors, and low driving
voltage, i.e., less than about 20 volts. OLEDs have potential use in applications such as

backlighting of graphics, pixelated displays, and large emissive graphics. However,



Organic light emtting diodes (OLEDs), sonetines referred to as |anps, are
a type of OED desirable for use in electronic nedia because of their thin
profile, Wow3noad7evei ght, capability of obtaining a w de vadraisp2/e$i4emnm ssi on
colors, and low driving voltage, i.e., less than about 20 volts. OLEDs have
potential use in applications such as backlighting of graphics, pixelated
di spl ays, and | arge em ssive graphics. However, 4 WO 03/065470

PCT/ US02/ QBE1R2s aregugsptibledo degradasion by avates Vaeef amaﬂil%aw Sl aroXyg@dr  and

ot her gasgg auie @r;aﬁwgen and vol atile organics. OLEDs typically consist
of an em ssive organic el enment sandw ched between two el ectrodes: a

cat hode and arOhEDsIeypldaﬂlywanmt afapemlsswb@rgntmdexdemisamdwiichedimhwmse 5
dark spots dex% tg cat h@g& r osi d/ or del am nﬁ_'fl i tabl e OLED
subst r at d¥0RATGHES: §ICATLLe PPLHEPR g.n VA PSR "1&81 TR, _
pol yetshergut £¢b?se§uete%bheaé bR @SandRR ld¥RRiRiRN, POI yaryl ates, and pol ymeric
mul til ayer , | TO coated barrier filns, surfacetreatedfllm; and

sel ect ed poI wSﬂlt&bI@ OLEDlsngtﬁteghm@u%ilssammrém plasticoneh as pplyolesing, t o have
barrier pro i mat ¢ sulat on tid xi bl e
rolls of pgﬂ %ﬁf?nsff ?8&%‘%%% 5“% t%c{f}!aé%r}lé?eg’rang RO %neménu%llfag%rmt eri al
may be | afi3afTaY cddtebfiby ks, gﬁfarcaxﬁreaté@lﬁh’ﬁetahersels&twp@lyfrﬁlkies niagrity. It
is further desirable that the sjdes, i edges, of the OLED have barrier

and/ or adgﬂrlbéﬁslrabtﬁr@p&et%EDtsnb&tratﬁtpé\aqumemés washwethess of Arti cl es
of t hﬁ) Pry ﬁge%g% Sluﬂi\(gﬂthdo Bl cﬁﬁ &@[ds?@g%ﬁsgﬁﬁgé@ﬁsj 24 ?eﬂé E)lr é"ﬁ&' ons. 15
oa e rans r a

For eXxanpl e sOrb esive nmay forma gasket that
surroundssuchh\enatexﬁalpﬂwbe lafnnanﬂedCfEBp@ndnadbﬁreefortﬁe&eﬂmpﬁalhﬁbgmy litd to the
substrate, as illu lﬁl%rat ed in Figure, 1 t he adsor bent | oaded

transfer BdHEer desirehle thahthe sidess ben pdpgod ﬂF"a@%ﬁ |ve %‘i‘i‘ef PEASSrRANta N
encapsul Zﬁrblg)é}négltﬂatt&?& B nﬁﬁ%&?&te&ﬂﬁ encapsul ation lid to the
|

substr at ustrate re 2. |In making an encapsul ated 20
structure, theAttickssfédre meﬁmslnvmtmyndjedfawnionednctapsuldttmlmspmtmcapes devi ce
structur

h I t f th
conpolent r&?‘%mf{l& &‘Saggdp{z;%’?ﬁ‘@f’ed r%fﬁf%%ﬁ T I aa[gag &tﬁ%}gu%e%ge nmade of
netal s, ohapsriphery MMACOEDUNdRURGES B8 end Eula@é&ﬁl’i@{oethe siitaRJasTet al foils,

plastic circuit boards, ceram c cans, glass plates,

illustrated in Figure 1. Alternatively, the adsorbent loaded transfer adhesive may form
a continuous layer between the OED and an encapsulation lid that also adheres the
encapsulation lid to the substrate, as illustrated in Figure 2. In making an encapsulated

20  structure, the transfer adhesive may be applied to the substrate/device structure or may
be applied to the encapsulating lid before these two components are joined together.
Suitable encapsulation lids may be made of metals, glass, ceramics, or plastics, for
example, stamped metal foils, plastic circuit boards, ceramic cans, glass plates,
machined metal cans, and semiconductor substrates. The lid may be transparent or

25  opaque, depending on the desired construction of the OED.

Device 10 of Figure 1 is comprised of substrate 12 on which are located cathode

pad 14 and anode pad 16. Organic emissive element 18 contacts both cathode pad 14
and anode pad 16. Cathode 20 contacts emissive element 18 and cathode pad 14.
Desiccant-loaded transfer adhesive 22 forms a gasket around the OED structure

30  covering its periphery, and is topped with encapsulation lid 24. Optional high barrier
adhesive 26 encompasses transfer adhesive 22 and extends from substrate 12 to

encapsulation lid 24.



machi ned netal cans, and sem conductor substrates. The |lid may be
transparent or 25 opaque, depending on the desired construction of the OED.
Devi ce 10wofo3ssyas e 1 is conprised of substrate 12 on whi @aTarse2/ssisat ed
cathode pad 14 and anode pad 16. Organic em ssive el enent 18 contacts both
cat hode pad 14 and anode pad 16. Cat hode 20 contacts em ssive el enent 18
and cat hode pad 14. Desiccant-| oaded transfer adhesive 22 forns a gasket

around the OEDei¢a iz 2as srppmgdiof subsiateddem, whigh are; lacatesdsadhpdsi t h
encapsul gt j i i lLfd i es
transfer q)tgg?\gsﬁh ggn%ge rgl%tdé%&%lﬁgle%? San@s? L stnF é?g%gdt%/gmﬁg%@g%és) ation lid
24. 5 WO 08 /a06dedpid FCTZ AR/ 2 ddthcts Penisoe ekinaft 1Biagdicah@dd mdddnpr i sed of

substrate 12 on which arge | qcated,cat hode d and anode .pad 16. Organic
o ss1 ve RS ERaTIoAds iz B 2 St e DAt D et Bad 16, ot hode
20 cont aGlefipRdFy Sid4s téppBd®ith ch&Rgiclid 24e ARaRtidAal hidhesarGGrahediRaded
transfer adgeswe 32 covers the entire OED structure and its 5 periphery,
and is t dppiestiown) eancencampadsdransiar adhgsivg 32 apd exjendbhiem subgiratolk toi er adhesi ve
(not shown%ﬁ ca{] .enfgggass transfer adhesive 32 and extend from substrate 12
to encap@tiP3tiRBRTPd¢®24. The adsorbent |oaded transfer adhesives suitable

for the presenthe JAYaBEMQBad¥d Yrandfer Aheavafsupalile Sotthe pREGIt investi@tinagi ves, hot
nelt adhesi ves, thernbset adhesives, 10 actinic radiation_curabl e adhesives

(such as bowmadefpressuesensitynadbesivas) kot medi adbesives, hseaeset adhepves. adhesi ves,
curable RLASS W faRa Al SaRARES(ifPas OF HMIOMS HERTRIAIAL) QBSrar er eof . The
a ITm el ny

n
transter estves are already I ormprior-to appqledtothe
CED st r uddetheurabieeadhiesinsd, etrabltipeadsure semsytiveadhesiees, or waaions esmbinhtiornsavi ng
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coating, caatddb8®¥h Sddsi asinraadtivhteradedcadhenivaciope;iarfoge-Exwmg &kn,of amat eri al s
sultal e f R, A% £ EnlvaRig Sk, adhest ve 1 ncl ude
The transfer adhesives may be made by any suitable method known in the art to
create an adhesive film layer such as extrusion, hot pressing, solvent coating, and 100%
solids radiation cured coating.
Examples of materials suitable for making the transfer adhesive include
20  pressure sensitive adhesives (PSA) made from acrylates such as Ultra-Clean
Laminating Adhesive 501FL and Optically Clear Laminating Adhesive 8141 both
available from 3M Bonding Systems Division, St. Paul, MN, rubbers such as KRATON
styrenic block copolymers from Shell Chemicals, Houston, TX, silicones such as
RHODOTAK 343 from Rhodia Silicones, Lyon, France, and polyolefins such as
25  poly(1-hexene), poly(1-octene), and poly(4-ethyl-1-octene) described in US 5,112,882;
hot melt adhesives such as unloaded versions of the tackified polyamide-polyether
copolymers described in U.S. Pat. No. 5,672,400 and the thermoplastic polymer
adhesive films described in U.S. Pat. No. 5,061,549, curable adhesives, thermosets, and
crosslinking systems such as the unloaded versions of the epoxy/thermoplastic blends

30  described in U.S. Pat. No. 5,362,421; the cyanate ester/ethylenically unsaturated semi-
IPNs described in U.S. Pat. No. 5,744,557; and the epoxy/acrylate compositions



20 pressure sensitive adhesives (PSA) nade from acryl ates such as
Utra-Cean Lam nating Adhesive 501FL and Optically O ear Lam nating
Adhesi ve WD4B/0btardr avai l abl e from 3M Bondi ng Syst ens Di vipsiTarso2/st144 Paul ,
MN, rubbers such as KRATON styrenic block copolynmers from Shell Chem cals,
Houston, TX, silicones such as RHCDOTAK 343 from Rhodi a Silicones, Lyon,
France, and polyol efins such as 25 agl hexene), P( (1-octene), and

pol y( 4- etq@wnbfdé%méy/ﬁéé%r}’wﬁ%m@@ onsjof pygssiire Sﬁ@ﬁtl qhe%m‘hé’é’ives such

as unl oa copol yners
descri begﬁl ﬁ%&gwggta%f\%%éﬁ% 48@9512@%@ gﬁ%ﬂrat?r%p agft%(il;nc pol ymer

adhesi ve fi |l mEmbeshe irbesderiadhédiv is Ratle, iNG.cubinfbd sutithble shapelolgs b@[dh@Sl ves,

t hernosets, . and crosslinking syste suc the u ed ver ns of the
oy & h i oo SRR, BUCERT Ben bf Ancred © B OERGTSEuECTHET® )
cyangtse Qfdnsfet iRV GRlihY aASEk h'ﬁa?te eds 88ied k&N tHeSQEHNA #idOEDS. Pat .

. 744,557; and the epoxy/ acrg e conpositions 6 WO 03/065470
PCT/ US02/sB8aue. 1fgwcransfe adlwsm@s We4835<2ﬂtmuau$ lavier, Bondyi besgppbeddisdetlyr essur e

o act | co O PR S et Rl SRR AR BRI Blec™ it out

into a suintaRhRtifip#BGs then ppliddito Heddeview ahd BansTér dhbsive hivicb@béating®ians, and
may then be apglled to the CED structure. If the 5 transfer adhesive is cut

into a galskise. Jhape is prefaseniishy applicdrin an axysra- and/erneistusy-fepe OED
structure, f p&gﬁ t b
app:JI 13)3 Inlyié‘é?r%lgkﬁ él{cﬁg§ dﬁr & Stp:’fgvcp lﬁS% ﬁ%glpibﬁét: Cog@%ﬁ%/ﬁre S![ r U(r:rta ﬁl’ ee

and its p@mmher[tyadﬁéf@t tcethe B Heatngredsuck, asd Adiic adjatioe ehaly betubed wevi ce and
transfer adhesive ther ebﬁ%g I [ n the device. The lid i glt%r ef. er entially

appl i ed iOUfe 3g9Helste sea lifts- gyre thet {AdhssivenAlemglikels dry N2
gas, to pcﬁ@if%@fertardﬁ%@&ayﬁgﬁﬁblfeﬁ% &e%@&iﬁ@ﬁﬁ&h fid iRIRQPERL S adj acent to

the OED. Heat, pressure, actinic radiration may be used to provide a
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t hen be applied around gerl phery of the encapsulation lid, if desired,
to provi cbéidft@rlalfmndpmfébﬂl tp the ewhstrife. at nospher e and

It should be recognized that the ability of desiccants and getterers to absorb

moisture and oxygen is related to the ease with which moisture and oxygen can contact

20  the desiccants and getterers. When dispersed in an adhesive matrix that has good
barrier properties, the desiccants and getterers will be less accessible than when
dispersed in an adhesive matrix that is oxygen and moisture permeable. However,
when the adhesive has good oxygen and moisture barrier properties, it may be
sufficient to use the adsorbent loaded adhesive as the sole encapsulating adhesive. In

25  the practice of this invention, one may balance the barrier properties of the adhesive
with the accessibility of the desiccants and getterers. This allows for a broader
selection of adhesives that can be used. For example, an adhesive with unacceptably
low barrier properties may be structurally desirable. To overcome the low barrier
properties, dessicants and/or getterers may be added to the adhesive.

30 Examples of suitable desiccants include dehydrated metal halides, salts,
silicates, oxides, hydroxides, halides, sulphates, perchlorates, carbonates, and activated

carbon. Specific examples include cobalt chloride, calcium chloride, calcium bromide,



additional bonding of the lid to the substrate. It should be recognized
that the ability of desiccants and getterers to absorb noisture and oxygen
i s rel at edotos/ot3320 ease with which noi sture and oxygen can Ppcantsazssi4£0 t he
desiccants and getterers. \Wen dispersed in an adhesive matrix that has
good barrier properties, the desiccants and getterers will be less

accessi bl e t han when dIS rsed i.n an,  adhesiye natr IS oxygen and
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al so suitable use In the present  invention. The dessicant is typically
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It is also desirable that the dessicant and/or getterer are as fine as possible, i.e., the
individual particles are as small as possible. This allows for more efficient loading and
reduces the likelihood of the bond line adhesion failing.
The thickness or width of the transfer adhesive layer will typically range from
20  about 0.005 to about 5 mm, more typically about 0.01 to about 2 mm, and most
typically about 0.025 to about 0.5 mm. The optimum thickness will depend on factors
such as the size of the article, the adhesive being used, dessicant and/or getterer being
used, and the architecture and end use of the OED.
The use of a two-staged encapsulation scheme can optimize the accessibility of
25  the desiccants and getterers while maintaining a high barrier encapsulation seal around
the OED. Figure 1 (A & B) shows a cross section (1A) and top view (1B) of an OLED
packaged with a two-stage encapsulation scheme. In the first stage, an encapsulation
lid is attached to the cathode side of the OLED using an adsorbent loaded transfer
adhesive. In Figure 1, this transfer adhesive is located around the periphery of the
30 device, much like a gasket, but the transfer adhesive could cover the entire area under
the encapsulation lid (as shown in Figure 2). Desiccant and getterer may be dispersed

together in the transfer adhesive. Altematively, a desiccant loaded transfer adhesive



getterer as possible w thout conprom sing the adhesion of the adhesive to
the substrate and lid. Suitable ranges of for the dessicant and/or
getterer woesabdae 5 to about 95 15 wt % preferably about ptO/tSv2/88100ut 70
wt% nore preferably about 15 to about 50 % It is also desirable that
t he dessi cant and/ or getterer are as fine as possible, i.e., the
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lid is atdxégfoedatrier hitestaichwBRcB aﬁ&)splﬁertchﬁo@ufdﬁhmﬁam@omrie&ﬂﬁigrtbent | oaded

transfer adhesive. In Figure 1, this transfer adhesive is |ocated around
the peri pledtop Wilethed wca@tége&térer rﬁ}emy aegesgiblpteiths OER devigsetherelst er

adhesjve rﬁ%‘”ngﬁeg U§ Effééﬁ%e EL & QJsgl%eHm%nalt e E&Bﬁ%ﬁ”oﬁ&é&%sféﬂ (as shown
e e

in Figur I ccant a getterer nmay be dispers together 1n the
t ransfer alﬂb&ma wsefullyAbéreainad witkinythe mtates b€ therehcdpsaldtan chaaref defirmdiesi ve 8 WO

03/ 065470, PCT/ US02/ 38144 . a r lL.oaded.tr adhesi ve. may be
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stacked |tﬁé‘ﬁfd§v1dﬂ_zh%d§é§%re@§ﬂént§ R8¢ 86 nfakAmséLfor a&éﬂqﬁteﬁeed sirpatet B al |y bonds
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requires a curlng or drying step. In this a(groach the. exterior barrier

adhesi ve adseropntdesdeditrppsisnadhesivapiay bg fermitafed for allovperosseliingof thee

periphery of the adhesive after joining the lid and substrate, such as by irradiating the
periphery with actinic radiation. The resulting cross-linking reduces permeability to

20  atmospheric moisture and air, and activation by actinic radiation may be used to
increase bonding between the adhesive and lid and substrate.

If the transfer adhesive adheres well to the substrate and lid, the high barrier
adhesive may not be necessary. However, if the adhesion is poor, channels allowing
water vapor and oxygen infusion could be formed. The second stage high barrier

25  adhesive would eliminate this problem.

Suitable high barrier adhesives include two part epoxies such as ARALDITE
2011 and 2014 from Ciba Specialty Chemicals, Brewster, NY, Scotch-Weld™ DP-100
and DP-270 Potting Compound/Adhesives, and Scotchcast™ Electrical Resin 8 from
3M Company, St. Paul, MN; solvent based adhesives such as 3M Super Strength

30  Adhesive Cat. No. 6004 from 3M Company; one part curable adhesives such as
Superflex™ Clear RTV silicone adhesive sealant from Loctite Corporation, Rocky Hill,
CT and CA-8 Cyanoacrylate Adhesive from 3M Company; UV curable adhesives such



device while the desiccant/getterer is readily accessible to the OED
device, thereby 10 maximzing its effectiveness as an adsorbent material.
The adsorwenBab®iaded transfer adhesive is fully contai neccmviudoe/ssiuine
interior of the encapsul ati on chanber defined by the substrate,
encapsulating lid, and the high barrier adhesive. Thus the properties of

the individual adhesive el enments_my_be ximzed f their_jntended

pur pose. ashhe Jest3il8f adheses framskhage %ﬂ‘l‘%&g‘%@eﬂ?%g%?@nﬁaﬁ%@ (97_49 WB%‘]%
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vol ati |l e organics, |nl qui d adhesi vé contacting the cathode, and wafer

resul ti ngBillewea, Mki ng t he hi gh barrier adhesive. Alternatively, the

adsor bent | oaded transfer adhesive may be fornulated to all ow cross-1inking
of the periphery of the adhesive after joining the lid and substrate, such
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cross-linking reduces perneability to 20 atnospheric noisture and air, and
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t he adhesive and |lid and substrate. If the transfer adhesive adheres well
to the substrate and lid, the high barrier adhesive may not be necessary.
However, if the adhesion is poor, channels allowi ng water vapor and oxygen
i nfusi on ©@Wdle be fornmed. The second stage high barrier 25 adhesive would
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commercially available plating tape. Following completion of the etching, the tape was

removed and the unetched portion of the ITO on glass was cleaned using a methanol
rub and oxygen plasma exposure. A thin film of poly(ethylenedioxythiophene)

20 (PEDOT) (available as product number 4083 from Bayer,Pittsburgh, PA) was deposited
on the surface by spin coating (not shown in Fig. 1). The PEDOT coated ITO on glass
was baked on a hotplate at about 100°C for about 5-10 minutes.

After the bake step the sample was fitted into a shadow mask, to provide for a
shadowed cathode contact, and placed into a vacuum deposition system. The following

25  films were deposited by thermal evaporation onto the surface of the above construction

at a pressure of about 107 torr:

10



This invention may be illustrated by way of the foll ow ng exanpl es.
Exanple 1 10 This exanpl e describes the making of an OLED with a

gasket - li

wo adssarbent - | oaded adhe

sive | ayer.

Figure 1 ispan/usod/ssts ati on

of an OLED device nade as described in this exanple. A 2" X 3" indiumtin
oxide (1 TO, coated glass slide, available fromThin Film Devices, Long
Beach, CA, was etched to forma sinple pattern of two ITO pads 15
(el ectrodes) with a small (1-3 m’r) gap in betvveen The etching took place
in a heat rochtoric aci d bat EEW
acconpl i sﬁga eﬂéllung a comercially avgﬂﬂ?ag ejJ A i&ﬁ)gmape : C)\M
conpl et i OBoper phBaletgdhimy(CuPbe tape was 100em)ve:i and t he unetched pprtion
of the | TO on glass was cleaned usjng a nethano rub-and oxygen plasm
exposur e.| 44" biswaphihaiang2-PyiNAet hyl enedi28Qyt hi ophene) 20 { PEDOT) (alail abl e
as product Bayer, Pi tt sburgh, PA) was deposited on|the
surface by p@g@%g% ?%(S&E not) shown| in Fig. 1). The PEDOT coated | TQ on
gl ass waFrib@kledirexyqaidotinplam)e at pbout 2000C fof about 5:00Q mi nutes| After
t he bake|step the sanple was fitted into a shadpw nask, to provide for a
shadowed | 8&HBYR meagﬁdlyﬁl aced into a vachum deposition system The
fol I ow ngc2B1f iaTRo1¥eof RERAS t ed| by thermal eyaporation onto the purface
of the aljove construction at a pressure of abopt 10-5 torn: 10 WO
03/ 06547()RBﬂTdsL¢S(l\2Y;38144 Mat eri al | Thi ckness (A) Deposition Rate (A sec)
copper phthaleeyantnre—{CudPe)—166—1 —s{rhaphthatene-2—yH—N-N- - 200 1
di phenyl ‘??Zl dine (a-NPD) Tris(8- hydro>}99w nol | nol ato) 200 1:0.01
al um numTALGR] FlueRBEANFN dye (Co4pT avajd abl'e from Kodak; — Rochester, NY)
Al g3 15011
Aluminum 4000 10-30
The organic materials listed in the table were obtained from H.W. Sands, Jupiter, FL, unless
otherwise indicated.
5 The organic materials were deposited at an angle from one side of the OLED
device and the LiF and metals were deposited at an angle from the other side of the
OLED device. This provided for an organic emissive layer that spanned both the
cathode pad and anode, and a cathode that contacted the cathode pad without contacting
the anode. (See Fig. 1) Upon completion of the thin film stack deposition the resulting
10  unencapsulated OLED sample was removed from the vacuum system and immediately
introduced into a nitrogen glove box. A thin (0.2 mm) glass slide was used as the
encapsulating lid. It was placed on a hotplate in the nitrogen glove box and heated to
about 130°C.
An adhesive sheet about 1 mm thick, which had been made by hot pressing a
15  desiccant loaded hotmelt adhesive (DesiMax SLF, loaded with CaO) between release
liners, was cut into a gasket-like shape to provide a perimeter seal for the OLED
device. The resulting gasket-shaped adhesive was placed on top of the hot
encapsulating lid, and began to soften and develop a wet appearance after about 3-5
minutes. Following this change, the OLED lamp was placed cathode side down onto
20 the desiccant loaded adhesive. While still on the hotplate, the sandwiched construction

was then pressed together to ensure a complete seal between the OLED device and the

11



Lithium Fluoride (LiF) 10 1 Al um num 4000 10-30 The organic materials
listed in the table were obtained fromH W Sands, Jupiter, FL, unless
ot herwi sewpndiogated. 5 The organic materials were deposit @edratSozassiangl e
fromone side of the OLED device and the LiF and netals were deposited at
an angle fromthe other side of the OLED device. This provided for an
organi c em ssive |ayer that spanned both the cathode pad and anode, and a
cat hode teneapselatingdiledhe ecapailaedidepesives thaw rameysd diom ﬁlﬁémtpclﬁé apdhode. (See

Fig. 1) ' i [ k1 st pLionthe resulting 10
unencaps t‘@ §?’8§ ?(g@%seg%ﬁ}l)énﬁv{ggdéegl{ﬁlg\}lféédéﬁ%r%gtq }Il%egl\?/: g@éhatr%og 3“ g tem and

i mredi at el yThé¢ efidapstilated lanti wasthen tehogyed fighothe ghose.boA ahdaltowéd @ simip gl ass
slide was used as the encapsulating lid. It was p|laced on a hqtplate in
the ni tr@géﬂsp@rfeeeormor&ﬁio%ééﬁ dprepepsulBisdianan e, AVIRSROERGRSUMNE about 1
mm t hi.ck ,j; jahing b o i Adi 'Iﬁﬁsa(lg | oaded

hot melst él \Fe;ggﬁ\?/lgg Dg?i?%&%@%ﬂ‘gs%gﬂ%%ﬁ%ﬁ?eﬁl %&@dlﬁiigvglgzd rel egtshe liners,
was cut ientapsalatpaistodtuntdankeapssiatgd® were quematédio cbspee theitdegradeadn dark t he OLED

device. The resultin asket -s ad i Ve .was ac on ¢t of .t he hot
encapsul 8PP W?t&n)aﬁagB@"ﬁﬁ‘r‘ﬁpﬁ@g@@?%&%ﬁ#%%%@@ﬁ?”@&p‘%% ML after
about  3- SyjtHih DY HBErs. FOdHoRM BRthotddi tRatGheReeef deptadalidRidpRA, ¥ )loagksl cat hode
side down onto 20 the desiccant | oaded adhesive. Wiile still on the

hot pl at e reletiec Bamidiiydh & lebniatoryianditbis choress dabn Pewewsdampghrhwere o ensure
a conplete s [ 3

PCT/ 02/%%?%@“%@%&%? 8 g%?cﬁg%ﬁq ?%gﬁlpﬁgrﬁ%lﬁgoglﬁ}ssu g é%o%geavl?océrgge\glggtg %en r enoved
from t he dagkt §odd. EFathdrmere| @epbutatedciambs intekdadsd ihioraitigh addtbreihugniding devi ce
to the encapsulatign lid ~The encapsul ated |anp s .then renmoved fromthe
gl ove boxnxwenmentdRed 3 34%) ¢lsq did ngt shosnasr dack SR EEYSIONEeY ongsi de
un-encapsul ated | anps, i.e., having no encapsulating 5 lids. During this
time the | anps were not operated. Periodically the |anps (both encapsul at ed
and un-erfcappld 2t ed) were operated to observe their degradation (dark spot
for maki on) . TheyU0- NS BSEEL e AR orah biiWih S SatlduY By mod dark

loaded adhesive layer. Figure 2 is an illustration of an OLED device made as described
in this example.
An unencapsulated OLED device was made in the same manner as described in
Example 1. Also as in Example 1, upon completion of the thin film stack deposition
20  the sample was removed from the vacuum system and immediately introduced into a
nitrogen glove box. A thin (0.2 mm) glass slide was used as the encapsulating lid. It
was placed on a hotplate in the nitrogen glove box and heated to about 130°C.
A rectangular piece of the dessicant loaded hotmelt adhesive film of Example 1
was cut out with scissors to fit directly over (and almost entirely cover) the thin glass
25  encapsulating lid. The resulting adhesive piece was placed on top of the hot
encapsulating lid, began to soften and develop a wet appearance after about 3-5
minutes. Following this change, the OLED lamp was placed cathode side down onto
the desiccant loaded adhesive. While still on the hotplate, the sandwiched construction
was then pressed together to ensure a complete seal between the OLED device and the
30  encapsulating lid. The encapsulated device was then removed from the hotplate and

allowed to cool.
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Wi thin 24 hours. It should be noted that the rate of degradation depends,
in part, on the relative humdity in the |aboratory and this changes

dai | y. Howewmsnesdranps that were 10 encapsul at ed usi ng t he pdagisozasiu4 | oaded
hotnmelt consistently showed no presence of dark spots. Furthernore,
encapsul ated | anps introduced into a high-relative humdity environnment
(RH >949% also did pot . show any dark spot devel opg&r;%gd Example 2 15 This

exanpl e descr i BE<SneaRsulagd lagp gyas Sienaempved fromgheglaye Algusiest- | oaded
adhesi ve ; I 2 3! 1 ' n; OLEDR; j ce made as

descri bed}1 a?ﬁﬁésp R?ﬂé&&nggéng.aloﬁﬁﬁ{iﬁngﬁjng%%g%"}lgtt@%g{mcfEb "devilrgggﬁ/dwas made in the
sanme manreacapaslateg tids. bBdringthiFmaeatiledarhips WesmohepdrateéEx Benpddecally thigpon

| eti f the thin fi tack d ition 20 th | d f
Che vacudnsy Gelheedpetisd MEHErypitRgh s optest T SHERETMER ol ove box. A"
thin (0. Ziegﬁha@clrﬁ(?l%ﬂ@éﬂoﬂﬁ)rﬁﬁﬁod}.s e @ﬁ-ehb@sﬁrafean&ﬁb@fahe@qlhiit@readi})ycan@is pl aced

on a hotplate in the nitrogen glove box and heated to about 13
r ect angulfermgsi dagle spsts Wﬁéﬂﬂg‘s@l@%ﬂt shayddieaineted thet thegetp e§ilegsadatiom of Exanpl e

1 was cuf_oQui Wt hss fi ' (=t ~entirely
cover) tﬁitgpffllrl(iltshln %s@g kffggléﬁ‘é%%%%ﬁdgyg%gﬁﬁi%&* at%arnrd é@gg?iﬁ{ﬁgggg%}?gm ve piece
was pl acdibwsvet,dampd thahwerte@hcapinlaed ukiakitgddsicdantiegied atlkesbef t en and devel op
a wet appearance after about 3-5 ninutes, Followi ng thijs change, the OLED

| anp was preeeptlesonsdaonreenerRitiagntrets. tiehamasreartPsiddamatihesi ve.
Wi | & gStijhdofiRed o BRN r@{aﬁve hidgi %ﬂvﬁ&fﬂﬁ&tﬁﬁ.@ww&j A% didast SN g(r)essed

together to ensure a conpl ete seal "between the OLED device and the
encapsul anydgrk spdt deMetoparemépsul at ed devi ce was then renoved fromthe
hotplate and allowed to cool. 12 WO 03/065470 PCT/US02/ 38144 The
encapsul ated | anp was then renoved fromthe glove box and allowed to sit
in at nospheri cnfegﬂsheht RRentANGRS AN BYH RNGA dBH spdceit foAfPithbute. .  havi ng no
encapsulating lids. During this tine the |anps were not operated.

Per i odi calepgrtingéron dshppiri{ graassendiplcdipeagtenisieas. dgseribad ambodiateats)arqiber e

operated .t o observe their d raatin(dsrks t..formation) .. The

in: ontapdiaRgacy fpAl Rsbsed ARERFIRI e i 20Rkol TR B ot il
invention is, therefore, indicated by the appended claims rather than by the foregoing

description.
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formed dark spots within 24 hours. It should be noted that the rate of
degradation depends, in part, on the relative humdity in the |aboratory
and thi s wioemgesi7dai | y. However, |anps that were encapsulpatracdsozssiag t he
desi ccant | oaded adhesi ve consistently showed no presence of dark spots.
Furthernore, encapsul ated | anps 10 introduced into a high relative humdity
environnment (R H > 94% also did not show any dark spot devel opnent. The
present invention nay be enbodied in other specific forns wthout
departi ngyt Q0 iatmeRirit or essential characteristics. The described
enbodi ments are to 15 be considered in all respects only as illustrative
and not restrictive. The scope of the invention is, therefore, indicated by

t he appe her th t he for description. 20 13 WO
03/ 06547 Pdl%ﬁ%@ﬂfcawlé ng Bligé?lﬁége ﬁ'g %g“ ° Wb‘ﬁn%f encapsul ati ng
an organi c el ggbyiaHgCantiA¥drbent ¢OHBH LithdTer adheIVONdiihilg dhe 3F60hBEAL | 0aded
transfer adhesive containing one or both of a dessicant and a gettering

naterlalCb&pgﬂWﬁWQagﬁﬁﬂvwahgﬂﬁﬂ adhesive such that it will form a gasket
around the entlr Fylr&%ﬁlr 'tleF 24 a<ﬁ’1f 51995&§qw'1€;wﬁf 1%&{1 fglglget Ylh& Fhe e{nttﬁ’ ted on a

substrate or ViP & entire . device applying a over the
or gani ¢ glegiphérgvif an deganieelévndnictdeviee sitihed yn 8 subistrhteat wm eovdritlek émsiradher ed

to the substrate by the adhesive, thereby encapsulating the device. 2. The
met hod ofde¥ic§i #d1 wherein the transfer adhesive is first applied to the lid

| nstegd of 1 he,puas & Bl Sva it clctRoic dtWEe BRI AOFerphes) btht Waer i n the

tran er adheS| fromTa materi al ?ected gﬁ%nlthe group

conpri si gl isatihered to the kaistraredy the adiwsive, thenby tnoapswatingshe/dsvice. t her noset
adhesi ves, UV curabl e adhesives, curable pressure sensitive adhesives, and
conbi nati ons thereof.

2. The method of claim 1 wherein the transfer adhesive is first applied to the lid
instead of the substrate or device.

15
3. The method of claim 1 wherein the transfer adhesive is made from a material
selected from the group comprising hot melt adhesives, pressure sensitive adhesives,
thermoset adhesives, UV curable adhesives, curable pressure sensitive adhesives, and
combinations thereof.

20

4, The method of claim 1 further comprising curing the adhesive.

5. The method of claim 1 wherein the organic electronic device is on a rigid
substrate.

25
6. The method of claim 1 wherein the organic electronic device is on a flexible

substrate.
7. The method of claim 6 wherein the flexible substrate is a continuous web.

30

8. The method of claim 1 wherein the device is an organic light emitting diode.

14



20 4. The nethod of claim1 further conprising curing the adhesive. 5. The
nmet hod of claim 1 wherein the organic electronic device is on arigid

subst r at ew0AB/065470he net hod of claim 1 wherein the organi ecalesorseri c
device is on a flexible substrate. 7. The nethod of claim6 wherein the
flexible substrate is a continuous web. 30 8. The nmethod of claiml
wherein the device is an organic light emtting diode. .14 .03/ 065470
PCT/ US02/%38144Thegmethad ohglaigy § fgtheg campgising pprIRag 2 et Aghed¥ yi ng a hi gh

barrier aghes #een ﬁgr%ﬁﬁ%&?ﬁgﬁﬂ@%bﬁﬁ)nﬂﬁ%aﬂ%f YarRive B g%%é&gﬁ]tﬁé lifik@nsfer

adhesive that 1s a dto e substrate. 5 e nmet hod of

cl ai m 9 wheswbstrateche hi gh barrier adhesive is selected fromthe group
conprising two part epoxies, solvent based adhesives, one part curable
adhesi ves, and UV curabl e adhesives. 11. The nethod of claim9 wherein the

transfser gdhesTNEmeMBRbE Si8En dWHBRNe thieWesH Bidtier alfledive ReEIERBD KO BeONE OF
both of air and water vapor. 12. An article conprising an encapsul ated

or gani c egreen eamprsisRCRartenopicssiovent based adheaives oap pet ewAble device on a
substratQK%Q$H%9%%gggqawﬁﬁggﬁ%g%&?nsfer adhesive that fornms a perineter

seal aroun evi ce an ptionally further forns a | ayer covering
the device, the adsorbent | oaded adhesive containing one or both of a
dessicant_and a getteri material, and a lid over the devi wherein the

n e, .
transfer Hdheshemahpg pEclayna Whegpis Befresios BtV e FUmPRYSS #3 ."&WE’%{P% cle of
claimyl2 ; 35%%thg%ngBpgﬁﬁgga@qg@akﬁfvainnade froma material selected

fromthe group conprising hot nelt adhesives, pressure sensitive adhesives,
thernoset adhesives, UV curabl e adhesives, curable pressure sensitive
adhesi Vesl’2. andAn article comprising an encapsulated organic electronic device comprising:

an organic electronic device on a substrate,

an adsorbent loaded transfer adhesive that forms a perimeter seal around the

15 device and optionally further forms a layer covering the device , the adsorbent loaded
adhesive containing one or both of a dessicant and a gettering material, and
a lid over the device, wherein the transfer adhesive adheres the lid to the

substrate.

20 13. The article of claim 12 wherein the transfer adhesive is made from a material
selected from the group comprising hot melt adhesives, pressure sensitive adhesives,
thermoset adhesives, UV curable adhesives, curable pressure sensitive adhesives, and

combinations thereof.
25 14.  The article of claim 12 wherein the lid is selected from the group comprising
stamped metal foils, glass plates, plastic circuit boards, ceramic cans, machined metal

cans, and semiconductor substrates.

15.  The article of claim 12 wherein the organic electronic device is on a rigid

30  substrate.

15



conbi nations thereof. 25 14. The article of claim12 wherein the lid is

sel ected fromthe group conprising stanped netal foils, glass plates,

pl asti c cwoaaiobsdboar ds, ceram c cans, nachined netal can®CTarsd2/38144

sem conductor substrates. 15. The article of claim 12 wherein the organic
el ectronic device is on a rigid 30 substrate. 15 WO 03/065470

PCT/ US02/ 38144 16. The article of claim 12 wherein the organic el ectronic
devi ce islbon alle asti¢lppéclaigny b whatesn the preanireclentiontel devise icomi fegiPlanher ei n t he
devi ce i SuBL QL ganic light emtting diode. 5 18. The article of claim 12
further conprising a high barrier adhesive |ayer around the entire

peri phery of the portion of transfer adhesivethat is adhering the lid to
the substrate. 10 .19. The article of claim 18 wherein the transfer

adhesi ve onpribsesticls obglags 1% whersin the dgvige jspppeaane beld spuiing giads- of air and
wat er svapor. 20. The article of claim 18 wherein the high barrier adhesive
is selected fromthe 15 group conprising two part epoxies, solvent based
adhesi ves, one part curable adhesives, and LJV curabl e adhesives. 16

18. The article of claim 12 further comprising a high barrier adhesive layer around
the entire periphery of the portion of transfer adhesivethat is adhering the lid to the
substrate.

10
19. The article of claim 18 wherein the transfer adhesive comprises an adhesive that

is permeable to one or both of air and water vapor.
20. The article of claim 18 wherein the high barrier adhesive is selected from the

15  group comprising two part epoxies, solvent based adhesives, one part curable

adhesives, and UV curable adhesives.

16



