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BACKGROUND Organic electronic devices (OEDs) are articles that include
| ayers of organic materials, at |east one of which can conduct an

electric current. Illustrative exanples of known OED constructions
i ncl ude organic transistors, photovoltaic devices, rectifiers, and
organic light emtting diodes (OLEDs). Heat, |ight, oxygen, and noisture

15 adversely affect many of the inorganic materials, such as | ow work
function el ectrodes, and the organic materials that are used in OEDs. It
i's inportant ure to the
open air. OEBNS%%‘ ces g?o(r)grq(gill?'?%le(;#ei 1 C pac%ﬁ%@r?@$ﬂg
achi ave the long |i fetl HBSORBENEL.CADEDBAPHESIVESt | ons. For an CLED,
this typically consists of attaching a glass or netal cap onto the
cat hode side of 20 the device, as descri bed in, e.g., US. Pat. Nos.
5,874,804 and 5, 686, 360, respeﬁg 53 ﬁ% gscribed in, e.g., JP
00123968, desiccants are often ace I nsi'de the hernetlcally seal ed
devi ce to absDhib 1nmabmréatb§mtcnnmuh&dgngmnathdr@yc tdédcasur e of the
adhesive or that may enter the device through adhesive bond |ine. Oxygen
getterers may al so be placed inside the seal ed device to absorb any
oxyggnh that may enter the devicg @_ggy” t he sealing adhesive, as
desglr(al bed in, e.g:, US. Pat. &ég &?)9 and 5,591, 379; and JP
.07- 169567. Ty@'rgaaic desionxadevices (OEDdeart arlgsahstdancludd lapaboborgaaio.  Typi cal
erers include f di vi ded netal s such g‘? magne3| um and

iofﬁﬁ.encgﬁt t°ﬁﬁ'§ta t lgast m%wa@? E#Wcttwé@ﬂm

ting
the OLERy oABrRGioRs I'Edrﬁ h | I ke.
The de5| ccant and/ or getot elrngﬁﬂll S tsen °f§{% ﬁ%ﬁlg‘r,lmggqg?&nlp% in the

met al  oranglcaganis b ghti emyttorgdiaded (@éJEtB)sI) anﬁtahgltbtyX)@ep,emﬂ'mhktare menbrane. 1
0 9 JUN 2005 / 06- 5470 .PCT/ US02/ 38 Si ccant have al so been
di Spar SGRVPREY HIGLREY RGBTt alt, SIS work function electrodss
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 app!ications. For an
OLED, this typically consists of attaching a glass or metal cap onto the cathode side of
20  the device, as descnibed 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 Ca0. 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 yrrerq's gﬁgzuﬂgeen
coat ed oo b &q_il%si de of encapsul ation caps or adhered to the % f
encapsul ation caps as a means of preventing the desi ccantPEHYRI2/38144
physi cal | y damagi ng the package it is designed 5 to protect, as descri bed
in JP 00-150141 and WD 00/ 06663. These desi ccant | oaded adhesives have
general |y not Dol t 1 arts together.. SUMVARY
OF | NVENTI ON l‘?ﬁgepr es@%tc %ﬁ?g&#?fgﬁé@%%iééﬁ?%gglcﬁl neéégf) P18 CRTPRYLY ve,

easy- t o-mpieriglsailie sime adshébeneplopatties.CDhésailmided patiairbBaMe tlRhRbh@ESn The

pr esent nver.\éfieo features the use of adsorbent (desiccant and/or
getterer‘}‘el”b% Fcapruation apsiaghered do therieside ghencepadatinm caps 8hi2l i d to an
organic t | ' Lon. pethod. The
adaor bor T Ba (PRt pEfucs el S0 Rty SRS EEMERGRAE s EBiIS e 1o
hol d 5t hetogmotepts ad d¢scribed indPi 60- [0 dE aad W@ I00/(BS6Pr Théddi degicBanteeddzdt O
absorb ox gen 5 and/or noi sture. One aspect of the present invention

pr ovi desadé FREHIAY e gEnerAl Y petiresh Regf e rstrugturally; kond|twe prBm tegetheri ce
conprising: providing an adsorbent |oaded transfer adhesive containing
one or both of a dessicant and a gettering material, applying the
transfer adhesive such t haBUMMARY OFINVENJIONt around the entire
peri phery of .an organi.c 2Q el ectronic device sjituated on a substrate or
will cover thePSREPTH yEyPaRrecogiizesdpe Peadfoneitestiyefasy-1e-applyraghnsive

el egigr ony bafi ' ' : ld.d i r to the
subst ra?gﬂggé ;éﬁg&élgﬁgeig?g\g?dﬁ? ﬁig?g%{?yg?é?gg ﬁ@:"?’%‘%ﬁ%@%@ﬁ@%&% devi ce
may be adsorbentadepctant md/engetterenoad calcteans fen atilxesivea spadtier®fn t he i nventi on

rovides an article conprising an enca ed 25 organic electronic
e e ORTEIANAG: IR B e e Gurs Gatiee (AT e 197 of 29 msesaiaonan
adsor benheth@dHe haRSE loadE R SsrS ahﬁésl;Yé‘s%ﬁﬁio% BEISIELE] agﬁééivea{oouﬂg the

device and optionally further forns a |ayer covering t evice, t

adsor berdold thecadapsulating Vid in pbut as wellgs providing batdanofo sbsddsmiygant and a
gett rig_%gfrater.ial, and a lid over the device, wherein the transfer

adhdsi vEUEPRBBEYSe |id to the substrate. 30 The transfer adhesive maybe

first appli the | ' 09 JUN
00s W 03] (adRs ofithe AR fkcfifior HovRID 3 nidihd HenchiBlidifig of

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
1id 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.



The transfer adhesive is nmade froma material selected fron1th@ggg@qm§

conprising hot nelt adhesives, pressure sensitive adhesives, thernose

adhesi ve¥O W¥H %ol e  adhesi ves, curabl e pressure sensiti PETAM3 s,

~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 a rigid or

i oy BRI Bhedie nadk iR B p A S S O BB R HRAT o o

pl ates, mpekRatheivs) pretsurd@asitse adlRkivei, thartidset adHBEWs TV diidé¢ cans, and
sem conduct or substrates. A high barrjer adhesive may be applied around

t he ent i#dhegxes, SREDIE REssurfesengiiipe pdlicsiven fnd cambinationsdherspf/endithat i s
adherin ?erlai edife &Qgﬁg@é&g@?&ofﬁg pp&:% barri er adhesive nay be

sel ecte romthe group conpristng two part epoxies, solvent based

adhes ves, onEhderganicsladopicaldhies mase ovdlright of WeRiblesideas Yhs. Wien a
hi gh barrier adhesive is used, the fransfer adhesive can conprise an
adhesi veflenble spbstyats may e @ coptinuons web. dbe hid mrayheselgstedfiamthegipup . 15 As

used in ' "Il-@/ L.on:. o hi ' e %g ? i ve that
has | ow ‘%)oglkpﬁr-lea ﬁ?‘ﬂ}g{%‘e‘&%‘gghg @?&?‘%ﬁ%ﬁé?“@%@?ﬁﬁf ou ggag'?hg | oaded
W t h anymasgdasédanial oansgaid ssmdonduétonnbbritendhesi ve" neans a pref or ned
adhesive layer that can he used to bond two surfaces together; exanples

i ncl ude an adftddgh/bamer adhssive may be 2pplied ayapnd theeplire peopBeyAdithfy adhesi ve
e : . . :
0 e Ot B RS 4 oy Mg 0

of at e pre€sent invention i

desi ccanddhesidé araydetseleced fmnethatgreuposantprising twaqairi epoxies, doventdbadede t o
enhance i}s . ability to event noi sture and/ oy oxygen_ induced OED

degr adat qdﬁ?ﬁ‘?‘"% Sf‘ﬁ\é?ﬁ 5‘&?3{?@&5@“&8’ ad é’é‘f"“b&%{h«?ﬁﬁ%i%ﬁ? a%fght'ﬁ’éﬂﬁr esent
i nvent i ' jt St bditE€sant ' &%ﬁ% ause
only ongﬁé’?s;“éé@sﬁg’e ggﬁ? 0 seagltﬁ?nd%m@geagﬁg%%?gsﬁggé n a 2%? ent

mat er i al oneAmdiotieof ademhwatgevapor.at | east one enbodi nent of the present

i nvention is %hat the transfer adhesive could be |am nated to a device
or skaling fi efindhigdayenfion’s  compatible with flexible devices and

roll-to-rol | #;08 8a%ieP Sdhe3Ve RRhiiedn AHYAR ﬁﬁ@h&fm@gﬂﬁ@aﬁm@{a@ o?:‘g%‘ﬁd.i ment

of the present invention is that it provides an adsorbent-| oad
adhesi veangfanwater vapohwithed bting loadedrwittaanyi ddssibantor gettereihesi ve t hat seal s
the ads or bent ‘-‘tlra%% e?%dﬁgsl{]v%s ia/c%n; & 8rngférrr}1eed%hggssl$ehﬁgfgf 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 Jocation in the device to enhance its ability to
prevent moisture and/or oxygen induced OED degradation.

Another advantage of at Jeast 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.
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one enbogydBilhesqte t e present invention is that the adsorbent -l oaded
transfer adhesive acts as a damto prevent |iquid adhesive 'E'QUEW’%“
those used to forma high barrier seal), or volatile, corrosive, or
solvent materials in the 1iquid adhesive, fromreaching the CED if such
an adhesi ve l&nbﬂﬁﬂadﬁan@a%ﬂbﬂ’ﬂiEﬂﬁ%é'em'ﬁo@i%t%?mcgﬂésen idbSntRnl 0¥y t NE use
of adhesives for edge seals that could not be use lhervvl se. er

f eat ur esth§mdserbentripadndstraster néhqsrwa@qts. aga daim to mevq:p pqmdrmihemm(suueas

foll ow ail,ed des

beson priteld Baldomhehith bagricr spd E g““l%&?ﬁ"%ﬂ)’e R0 V%“‘(‘PGB“%‘P Shedepi ct
an OLED mﬁaaammyﬁ@m Machif memmwaatauﬁewﬁsmeeh 454 Qpfensiagdiet - 1 i ke
transfer adhesive. Figs. 2A (cross section) and 113 (top vi gw) depict an
OLED Jencedgs sealentd This hllews the usef adhesives for edesf ssalsdbidteoitldndt by @sed DETAI LED
DESCRI PTAMLJ@ present invention can provide a robust CED device by
provi ding a sealing and adsorbing medi umaround an CED, which protects
the OED device fromwater 20 vapor and ot her gases. Using an adsorbent
and/or getterer |oaded transfer adhesive for encapsulation can inprove
the per f or man@thes featireh awiplyantages ofethe inventiomswill be appargstt ditony thiet ai c

devi ces, L ght m tting diodes (OLEDs). Transfer
adhesi ve%hgﬁ)\é%’% ﬁ%‘f%é@ Ei d adhesives. They are nore
easiloy handl ed and can be | ani nat ed to a deV| ce, sealing film or
encapsul ation 25 lid. The al so meke it easier to control the shape,

si ze, and position of tBRI WOWMMSI to processing
advant ages, re-a t or, subst rate.
Organic |i ght i '??Cr{ggsd&& %’e@%@é&‘% ‘ﬁ%‘”m‘fpm @%ﬁ%rﬂa’é geg by a g s

are a tsygpe encagdultidashethdd asih®a ghket-like @hféradAtsivéredi a because of their
thin profile, low 30 weight, capability of obtaining a wide variety of
emi ssi on col oFigs- ?a%éprpweeﬂqq)uaﬁ@ 1Bdtapagew) denict an teneapsalatagtwithavol t s.

OLEDS hayGiRQdithrRfer Yafeslye |31 | i ons such as

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 devicesl, 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 2
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.¢., Jess than about 20 volts. OLEDs have potential use in applications such as

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



backl i ghti ng of graphics, pixelated displays, and | arge em ssi[yga 05
graphics. However, 4 0 9 JUN 2005 WO 03/065470 PCT/ US02/ 38144 &!EL’)@ are
suscept i BYR¥#5dUyr adati on by water vapor and ot her gases RURHSES8DMYgen
and vol atile organics. OLEDs typically consist of an em ssive organic

el ement sandw ched between two el ectrodes: a cathode and an anode. |f
wat er vap@hk.enters t device,,it can cause 5 dark spots due to cathode
COr r OSi o@igrrr%/%? S%F@F%h‘ﬁ?lﬁ g? F%ﬁﬁ?dagm‘@m lerapey M}E‘?rﬁaé%s supk pYOPEYEGRaS S,

t ranspar gid vdlhtietdregigguch as pol yol efins, pol yethersul f ones,

pol ycarbonates, polyesters, polyarylates, and polyneric multi |ayer

films, 1TO co Hapicaby cénsistof a emissive orgapat deméntl sandwiahel betlveeat ed
polyimdgs. Lt is . highly desirable for the OLED sybsirate to have

barri er %‘?"0%}8‘%‘{‘?"23& %‘ﬁ'ﬁ%{%ﬁtaﬂ&%ﬂ%fIffff?“’trﬁég‘i’?c%& fho?tffeam 11 gan eauss bl e
rol | ss of dgk 3péts @aY tebARoddon®eidnandAr diRsidAbe O a lid. Such a material
maybe | am nated to a polynmer carrier for better structural integrity. It

i s further deSuitaide @LiBRxsubshiates ingbxie glass, transphyerst plastics HiwhGk phlyoiefins,

At of oo rep e e R BaRE e TR o Py s o Ry
const r ucfiin@) $TO cobtelf ®arrfos HMRE, SurfaberedeP1iRR) bnd 9a6QE: &5(1%%&@1@% ﬁgﬁesi ve
and a

may form a gasket that surrounds the periphery of an eres the
encapsul Bighlyslesirzble orithe 0L substrate imbave bagserpaopsitiesmBichingehdse of

Al t efnat e Nt | noad t ransfer, adhesi ve form,.a

cont {On u oﬂll}gsicé]?/sél trﬁ}boe al\?é ilggﬁiee I&Ebogglﬁssdﬂa%ﬁlé%m L T &F“F?%“t‘t" ﬂra{‘m% so

adher es Suvh a aneARBMbAbE Giinihitdd ta piIGmEH BAHEASR befi& sttubtipdliAbSSy Ny Fi gure
2. In making an encapsul ated 20 structure, the transfer adheswg may be

appl i ed '¢duihee desirable tabigsidesd.estedges; of e YLER paveeartipniridéet adsorbbmt
encapsul h&ge“ t ﬁgpgog?rhg&ﬁnga}é%@m%gg@onents are joi ned together.

Sui t abl € encapsul ati on of netals, glass, ceramcs, or

pl astics, forArictenfithe pesanpedntits flclddeivafiouddRassufatioh conituchend, ds,
ceramc argwgl ass pl ates machi ned netal cans, and sem conduct or

substr at o, fhe adsoren! lpzdeddrmasisnadhssivomayfatm e gaskss Sratiswgoundst he

desired nst ' | ' | s.caonmprised of
Subst 1 at oo 15 oy, o O it hos Y rt el 1 i ybetrac T 16
Organi ¢ ilmstsated/im Bigereeint AR@mativel g chesadsoftientlotdwiteana sl adMesiviiifapfigsie pad

16. Cat hode 20 contagts em ssi el emrent 18 and cat hode pad 14.
a continuaous l?lyer e?ween tﬁe O\ﬁ) and an cncapsulatl%n lid that also deheres 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.



Desi ccant -1 oaded transfer adhesive 22 forms a gasket around thel BEbN 2003 -

structur Qvering its periphery, and is topped with encapsulation |id
24. Opti @%w barrier adhesive 26 enconpasses transfe"rcﬁﬁﬂgé‘#b‘é 22

and extends from substrate 12 to encapsulation lid 24. 5 0 9 JUN 2005
WO 03/ 065470 PCT/ US0O2/ 38144 Device 30 of Figure 2 is conprised of

substrate 12 Mhi 0
Organic em ss?\%l\égisg%ﬁ&{%?g%%ﬂ%rﬁg& Eggﬁosggfg ﬁgé‘);}l ‘gﬁ‘?}h%ﬁfogg%‘gg g%%lg%e pad
16. Cat hmadd 42 dcamotiapad 1€nDsgdniceeraissine plenishit 28 dotadthbod dadbdd pad 14

hesi ve 32.covers the entire CED structure and

Desi - d f
D o 22 AT b o b
hi gh bariicaBlIRGALY fandllin ) SRR ROCRIRASED' SAPSIEIAhesi ve 32 and

extend fromsubstrate 12 to encapsul ation sorbent | oaded

t r ansf erpeaiphery, mebissoppeablith Emapsuiistionrlebht Ahptahal highparmetwiheside of
pressure sensitive adhesives, hot .t adhesives, therposet_ adhesives, 10
actinic (Pa'oﬁha*wnhﬁa% GP%'P@S%IH%E?Y esivg 3handexigpd fiom substrate 12 foyht

cur abl e)egncal8Ekinniqg Ream curabl e adhesi ves, curable pressure sensitive
adhesi ves, "or various conbinations thereof. The transfer adhesives are
al ready i n fiTlme ddsprhept loaded twadsfarnghaspyes isenlatilo fdrhbe prSbdat Siventon iy The

transfer, adhesive may conprise a, carrier fil m having adhesive coated on
both si &éﬁg?afﬁ'soﬁmewf‘oﬁ%?’ﬁrs adheaivasiibet msl gvesatherraesel palitaivey film or

an 1y adRfic\8diaA%s burdBletdh TR ak TRPLnd TbIL igRSheinadbRelyes my be
fors b (T 2 bl

made by any suit nmet hod known 1 n ar .~ create’ an adhesive
fil m | ayreamsucsble adieesives,siuvable pressupe s3sitivg adbediwesnor arms ngmbimationds0 0%

olids radiati.gn cured ati ng. anpl es, of. materials. suitable for makin
The. t 1 artbiEDt: SSRPLT BN S S GHBAL G FUBhERTY (SR RENRE BPSA) e
from acryEpisGacRHe TR tradbfef 198 thaylcdf Eh%%&@hﬁgﬁ%a@%ﬁ&wd

Optically Oear Lam nating Adhesive 8141 both ava e fromISM Bondi ng
Syst ens dorteid ondwth Sdes, Baud 2 dtle-sidbbediespiedipe e fRATONINsHlw;@mian bl ock

copaolyrmers from Shell Chem cals, Houston, TX, silicones such as RHODOTAK
343 'Prorﬁd%ﬁ%ﬁ QY%%?’? EB%%‘?‘LE@W' France, and pol yol efins such as 25

Bg ! ﬁ( ii geg gg_e])he PAsYdr ladRES A Pay B HadkB Wiy Rkl thetRSd RAGI HABehitied i n
’ 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 S501FL 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(l-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 epoxj/acrylate compositions
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5,061, 549; curabl e adhesives, thernosets, and crosslinking systens such
as the unl oaded versions of the epoxy/thernoplastic blends 30 descri bed

som - 1FE R NEPTA T Vo O RIGR STy SR helIR TN Mace
conposi tmesand diirdble hithe2¥65may\be Qsefibin4HOplactidd $3GRE BRtrtlon. descri bed in WO

97/ 43352. Varjous conbipations of pressure sensitive adhesive, hot nelt,
and curabl e adResthgdeansist adhesiye &g mads, it 15 gt i F’aﬁ:ﬁql@@ec?ﬁaﬁ%é-gbrw’ék?i on.

Once t he. i 2958 '\fﬁeah Ty [ ' @tta{.% e,
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t he GED tsdnsfertadhesivd is cutimtda pashesdhape A dhmplied arcund dlie éxérioraf gas@ED shape
it is applied arognd the exteriqr of the OED structure. If_the transfer

adhesi veStagtie [idthe trapgien adhesive thape s a contigousaverp maypeqipplied fipectlyn o
h it i ' i phery. Th
the CED é&su&tqﬂpg sltr?g%ukéla.}) that iRV Els Thd .ﬁl@mﬁfg\% gg&e H% ﬁ%ﬁ;ﬁl%ts’fhéje“ phery e

encapsul at1 ng en applied to t er adhesive
t her eby eeapsubgingial isdean appliedtoetht devicsampt wdrsfa atihesivetheqeby senling thean

oxygen- and/ or, Isture-free 10 enyironnent, such as dry_N2 gas, to
prevent Wﬁpiﬂ%qmsn'a@ﬁffr&s@lﬁm@%m BBl TP HE §EEnt o the OED
Heat g pr&ﬁ%ﬁ&ené@@clﬁ&tdr?'l\‘é &E‘%Q‘% Sveit k ig?%nﬁ&?&bi@atm%&@i@n@e a conplete

seal, and It appropri ate; etra adhesive. Alternatively, the
t r ansf ercoafveshtsadmagntie thPEDe deag prdseurenumipstinmtradiatidn thay s tusetbtoof t he
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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
barmer 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 adhesijves that can be used. For example, an adhesive with unacceptably
low barrier properties may be structurally desirable. To overcome the low bamer
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 chlonde, calcium chloride, calcium bromide,
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reduces the likelihood of the bond line adhesion failing.
The thickness or width of the transfer adhesive layer will typically range from
26 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 tht? 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 | (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. Alternatively, a desiccant loaded transfer adhesive
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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
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Conpany, St. Paul, M\, solvent ba&EXAMBRESi ves such as 3M Super Strength
30 Adhesi ve t.. .No. ..6004 f.rom 3M any; . on art curabl e adhesi ves
such as Supgflflfé&vﬁ%eﬂlé%y tﬁf’@‘%’l’aﬁ n‘@agﬂﬁégg‘&@"@éaleﬁﬁppﬁ-om Loctite
Corporation, Rocky Hill, CT and CA-8 Cyanoacryl ate Adhesive from 3M
Conmpany; WV curabl e adhesives such 9 0 9 JUN 2005 WD 03/065370

PCT/ US02/ 38143 as the Series 3100 adhesives from Three Bond of Anerica,
Inc., TdExammlel CA, W15-7 from Master Bond, Inc., Hackensack, NJ, and
Epot ek OG 142 _f.rom Epoxy Technology, Billerica, MA. 5 EXAVPLES This

i nventi on may @efwig@td%ﬁgﬂswm%n%?f%@w& Vihiagskotdikp ladsorbert anpl e |
10 Thi s |8X@dlifed oS kD OSighRa Bk iMGual | ddVi { el

adsor bent - | oaded adfls{esi vg&[:aay]er. Elggur"é %Sgﬁq ({’tjl}ﬁ%trkg%fl ondes#&geﬁ OLED
devi ce radesgxamplecribed in this exanple. A 2" X 3" indiumtin oxide

(1 TO, coated,glass.slide.. avajlable fromThin Film_ Devices, Long Beach,
CA, was etché?i%t ?ﬁom‘%{"wﬁﬁfé&( d@?ﬂ%ﬂlaﬁg"@w%ﬁ?f&csn(Tbrleﬂmodes)
with a Shides Lo BECHIER, s RHMERNordRirBbHaREm! Al oiTefGdsN 2 heat ed
hydr ochl ori c aci? bat h Sabout 60C) and thé krrggﬂlgi ng wasoacc rrpdisi shed usi ng
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et ching ’hyh%%ﬂo%eac%am (about 60°C) and the masking was accomplished using a

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 sfep 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 10 torr:

10
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w t hout ¢ontacting the anode. (See Fig. 59) Upon conpl etidn of the tlhin
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renoved tromthe vacuum-system and|imedjately lintroduced into a
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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 Ca0) 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 sofien 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

1
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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 hotpllate 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 hd. 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 compiete seal between the OLED device and the
30 encapsulating id. The encapsulated device was then removed from the hotplate and
allowed to cool. |

12
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descr i pturemtioRds, Ieerefore, indicated by the appended claims rather than by the foregoing

description.
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0 9 JUN 2005 What is clainmed is: 1. A nethod of encapsul ating ag 4mgwm§
el ectroni c device conprising: providing an adsorbent | oaded tran ﬁ
adhesive filmcontaining one or both of a dessicant and a gettering
material, applying the filmsuch that it will forma gasket around the
entire periphery of an organic electronic device situated on a substrate
or will cover the entire device, and applying a |lid over the organic
el ectronic device and its periphery such that the lid is adhered to the
substr at AV esive, thereby encapsul ating the device. 2. The
met hod o QP%F@?T%aEerein the filmis first applied to the lid instead of
t he substrate or device. 3. The nmethod of claim1l wherein the filmis
made fro qgterlg sel ected fromthe ro ris hot nelt

pr of

lJ'-iD
-GQ

up
adhesi ve BrpRy Gine iAo e R REBOB RN o "Ly cur abl e
adhesi ves, curayfiaggnadsosbent laded transte ra@wwmw%tﬁwlwm.%a?t she
t her eof .deésmzihhmdmgmdng)matﬂnal,m | further conprising curing the adhesive
film 5. The applyimgdhefiins kadhrthat itwwidk ferm atghskebargemd the ehtiretpenplhiecy dani ce i s
on a ri gerganicelbationid devide.sitildted orea hubdtratt ot will cover thieentiferdevive, amdgani ¢
el ect rom c dea{;b @élr&@ve@tﬁé&é&:ﬁ% SectfoaRsdevRkand its efBhubRthaof claim6

V\/ner ei n §084%d Rikkdh o SRty the FaHeODE 'tfu@*@ﬁrse ulafing tHa&ieRENOd Of

k
aim | ere nt device iI's an organlc ttin i ode. 9. The
rrethod o

t I b 'y esive
around t IgdéﬂF rlf?‘f aérln er?'ﬁgegtgﬁﬁgg%ﬂggpl fig(r’\g} mdtﬁ%ds?f\e}gpt hat is
adheri ngS % t he substrate 10. The nmethod of claim9 wherein the
hi gh barrier adheswe S .sel] ected t ro cons f tvvo part
epoxi es, 3-sol vEKt mﬂh%@f daimesMperein 1&‘?\&%&@‘“’6%\”&)? @aéraﬁtegqﬁ%% f(‘)
curabl e grauReemprisingihot meffadhesivesPrewuiEisansHvs adhesives themmoset qdhr—%tﬁsprr ses
an adhesU¥eurdbla athSIYRSr ersali)e presguge sensitive adhesivess Andgambinationa thereofapor . 14

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

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

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.

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

9. The method of claim 1 further comprising applying a high barrier adhesive
around the entire periphery of the portion of transfer adhesive that is adhering the lid
to the substrate.

10.  The method of claim 9 wherein the high barrier adhesive is selected from the
group consisting of two part epoxies, solvent based adhesives, one part curable adhesives,
and UV curable adhesives.

11. The method of claim 9 wherein the film comprises an adhesive that is permeable
to one or both of air and water vapor.
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