WD 01/ 19142 PGTI U500/ 24126 ENCAPSULATI ON OF ORGANI C ELECTRONI C DEVI CES
FIELD OF THE | NVENTI ON This invention relates to organic pol ymer - based
el ectroni cygdeuhefzs such as 's diodes, for exanple:light-entting diodes and”
| i ght-detecting diodes. Mre specifically, this inventi FFVEYEH o
fabrication processes and structures for such devices which |lead to high
devi ce efficiencies ancENEhPSYRATION MFt SRGASICELECTRONIC pENITEpt abl e, | ong
operating |lives. BACKGROUND OF THE I NVENTION 10 Solid state electronic

devi ces fabricated wi th conjugat ed or gam c polynmer layers have attracted
attention. Conjugated pol yner - bBELd ; BNTION i cularly light-emtting

di odes (LEDs) and "‘I%Kktm%ha\;% ; at&brﬁ%ﬁégﬁgxg?ﬁt%g&ﬁél?c{tﬂoﬂw%ﬁ:c@s%i:ﬁ’ due to

thelr pOt entlal sSe I n nese rererences
el Pnesl iRt dhesample ing ginden 1 lightdeientias dioeso  Memt | ons

referenced her epecifically ahis mveﬁmfme)aﬁk ecfabiicatief proeRss and’ ht&txﬁés&sﬁsu@ﬁ devi ces
have a structurge v9 ol ﬁ&’i t)éqﬁu%x d&gic%ﬁfcl g&gg 4“8@511?%‘@3&89}5 c tg)rg%) toactive

conj ugat ed organic éé} on " oppo es (anode
and cat hode) arfee& g gperatingdives. d substrate. Gener aIIy, materials for

use as gct![ve llayers in pol yBRCKAROURD OF THERN VN larly LEDs i n;:l gde
sem conductjng conj : Yer suég a mconéu conj ugat e
pol yners which exhi §9ﬁ&5 tef(% nccgeggg% nca?ﬂwxﬁxeqpp%lg %?W&Fp%gh’ggttl ngs,

the pol yners aﬁ@w@mamgumrqmmmimymw diodeis @hd particubarty

phot ol uni nescenghr-afittinghiisdes ATEDs) dIPhe-d& ngrdwaséa'ié@ép@cxh'if kution into
uniformthin fi

devi ces are gﬁ?r/rg)ntpﬁ%gﬂgfp’fw gﬁgets?a’%f’l@ggﬁfeg"‘r"? teehpql &Féfr %edﬁggﬁéeﬁ‘%e:‘ 3?12:'[ ?glnc

metals and tranwpleeadi adﬂnmalmmﬂhsppms and peteitepplitatiomrrefersmcdd krsein
i ndi unt ti n-19Xi @R inddph &ate@ gggves to inject holes into the otherw se
filled pi-band of t conducting, lum nescent polynmer. 30 Relatively

| ow work function ise %‘Eféiﬁ“&%s Y6 4 Sicwre which nglvdesatayssopfillp pE#R as t he
cat hode mat er i alectrophotastivetconjogatedasganid polymids ibourldey en spmkitssidds byow wor k

function met al gleanshel Pabée c%ﬁde?ﬁfd&ﬁgd%ra%g%erw fagb.OW work functi on

cat hode serves to el ectro I nt enpty pi*-band of the

I ct
sem conduct i ng, n&ﬁ%@@ nfnaﬁﬁ PseaFWﬁ“Y?dP&s‘PrPPb'&eéﬁmé?s@He anode and
the 35 el e@@ropmxcmm;cmnsaﬂuﬂhmﬁednamdmgwrjogdwmlme;ﬂs sidhv@l y within the

active layer aghicddddbling dnfofhttd filymers which exhibit photoluminescence, Tn
certain preferred settings, the polymers are semiconducting conjugated polymers
which exhibit photoluminescence and which are soluble and processible from
solution into uniform thin films.

25 The anodes of these organic polymer-based electronic devices are
conventionally constructed of a relatively high work function metals and
transparent nonstoichiometric semiconductors such as indium/tin-oxide., This
anode serves to inject holes into the otherwise filled pi-band of the
semiconducting, luminescent polymer.

30 Relatively low work function metals such as barium or calcium are
preferred as the cathode material in many structures. Ultrathin layers of such low
work function metals and their oxides are preferred. This low work function
cathode serves to inject electrons into the otherwise empty pi*-band of the
semiconducting, luminescent polymer. The holes injected at the anode and the

35  electrons injected at the cathode recombine radiatively within the active layer and
light is emitted.

Unfortunately, although the use of low work function materials is required

for efficient injection of electrons from the cathode and for satisfactory device
1




Unfortunately, although the use of |ow work function materials is required
for efficient injection of electrons fromthe cathode and for satisfactory
devi ce 1 WOWSI01ASMZ? PCT/ USOQ 24126 performance, | ow wor kedrarsobaqss net al s
such as cal cium bariumand strontium and their oxidesare typically
chemcally reactive. The readlly react W|th oxygen and water vapor at
room t enper at ur &eHj ﬁ@l@%ﬁp aetalysugh Lariumang sroptiymes.  These

reactions dest r Qyd tHeRidxideSaelt ﬁdu)tawmmx réabive! TIRY radaap eéawwﬁaesa%e&egrade
the critical int rfvgéce wgren tthe cat hode materi al a%g}y Eq m nescent
seni conduct i ng pa§ i%‘iét' OB STBEPSTIE R PP TBI WY &he to fast
decay of the de¢¢@WB€M€;ﬂa€md¢Sﬁg}tﬂmuu¢W<} losuwork durstion prgpersnd dur i ng
stress, espeg a'drx&dééra@tﬁé/éﬁtﬁdl 1h@f%&&k€eﬁﬂ1e%ﬂﬁ6&exﬁ£t&?ﬂhﬁd@x@' yrrer - based
solid state dewlces Prese s Jar 1s Jh’tﬁ% tgro I% ?
construction of "B t[sgtnfcgp jug.pelymer. B BTty which leadgito arrays
of devices are \iest}ietawaﬂmﬁevlgettﬁiasmyf(lightontpu)@umgsbmednd.m The nmain

di fferences betwsgq atgg,% %at?ﬂ:d phot odetectors are that
extrenely reactlve :a/t\iﬂv\ork tio ctrodes,. need not, be used, and that

the electrical pol aMtsy opganicpe Yg}ab‘é%ﬁfé@#@@%@@*@ﬁ@é@%rt hel ess,
noi st ure andiol5 problges Theaobstobtich offund eeigialkastdindfhotddeaingaievie@snand agai n

| ead t d ht
i i ng e (i Ghe R S iR e RURH i i MEHIND IR 0, e

encl osing the dé&vaindid emcabswpmmlmer—mgb&éwwmo@éqmsamha@r. als from
oxygen and noi SbM&&nelJPda&h@ﬂWQ@ﬂhﬁﬁl&ﬁmWﬁ&Mﬁeeﬂﬂb@%e@%d’tﬁat3:9 does not

al ways adequat el d r.0 se en.those small  anmounts
of noisture tr aﬁyogg %ﬁgggﬁ% ggsdfgﬁg}re&qqe}éugeﬁﬁthp moRBIrend osur e
over tine. Néwarwcyge@trev&t withtbg cemperentsof 1E58Rice6andaigain lead ésa decnamsdind f or
packagi ng | i ghtje@ed grfoﬁgmg,g\é\,é}quef abricated using thin filns of

| um nescent organic 5 mol ecul es. as. t he, active | ayer that seeks to address

the probl em of water S?R’%"’r#ﬁ iR "ﬂtﬁ?g%%t?w BROSPRESIS p| acement of

a wat er - r eact i vexpashiedas wnlpcdjmlosmglﬁmakmwnlarbammmesemmtmat:tlike encl osure

for the device. n;lg@rﬁlsrﬁ%* gtl,i%d i@éﬁ,g&ﬂ Bﬁ?&}n%s\%# ﬁ in the
t

encl osure a nverts it an exanpl e e sodi um
oxi de j ust &gt e§°?sé}9 M‘t‘ﬁq‘t‘ﬁﬁ% ‘P‘Jﬁ?s nsraussd by evcadhosssmallr oxi de.

Thi's pat ent deseamobmts of ineisture trappial wiglsin theeadosweabradiffisbpdhiove GrlseaENds to
renove water ingeLdgke that the noisture is retained at high tenperatures.

Kawam et al. note t at ter s. whi ch sically absorb
wamntﬁ,1 etal l' aU S. Patent 5, 8%2 %61 dxsclos%s a method for packaging

light emitting devices fabricated using thin films of luminescent organic

25 molecules as the active layer that seeks to address the problem of water
contamination. That patent describes the placement of a water-reactive solid
compound such as sodium oxide within the enclosure for the device. This reactive
compound covalently reacts with water in the enclosure and converts it into a
solid product. As an example, the sodium oxide just noted reacts with water to

30 yield solid sodium hydroxide. This patent describes that it employs these
water-reactive compounds to remove water in order that the moisture is retained at
high temperatures. Kawami et al. note that materials which physically absorb
moisture cannot be used since the moisture will be discharged at high
temperatures (for example, at 85°C).

35 The solid compounds with which the water react in the Kawami patent are
themselves very reactive and lead to reaction products which are likewise very
reactive. Thus, any accidental contact between thése compounds or reaction

products with other components of the device or the device enclosure can be
2




nmoi sture cannot be used since the noisture will be discharged at high
tenperatures (for exanple, at 85C). 35 The solid conpounds wi th which the
wat er readYOPH% e Kawanmi patent are thenselves very reXET{US2412¢ | cad to
reacti on products which are |ikew se very reactive. Thus, any acci dent al

tact bet th d ts.
cont act bet veeg LSS SRIHACE  Aed SRR oL QAR BETeT comonent
del et eri ous. Tpalpnerthasedesolid stateredasttonie deviees foidenedpsulaticpbaingyufidgieni fo or gani c

pol ynmer - based m@ﬁ&a&ﬁoﬁhﬁmx@gﬁﬁmﬂamﬁgmtsmheemeaﬁmmbﬁbyon bei ng
sufficient to [e %P E .vapor and oxygen fromdiffusing into the
devi ce and the"’gwg e useful lifetime. 5 In addition, many of
t he known psocesseslnfaddmen,hnwloﬁgleémhwnmwdrsaesfeh@mulgathemetwf el ectoni c

devi ces requir gl atl éié‘é&oﬁi%%eﬁ@e Ghdt the dePidBEbetiedfedSo | N excess of

300C during the e atlon rgfﬁurme gﬁﬂj@ﬁrrer-base%l ght-emtting

devi ces are no'iem? ﬁ‘BFﬁceﬁ? B{ﬁ““t" O PRogess- Y9S'sUMvARY OF THE

. | NVENTI ON The polpmerbasédlightemitting dévides aretnot compatibletwithrsuch bighi ce cont ai ni ng

i a polynmer el e{éh{p%lﬁesdew ce including a pair of electrodes opposed to each
a ]t

ot her and an ctive pol yner n the el ectrodes; an
airtight ed®losure having a to the pol yner

el ectroni c device amépiéseﬁﬁﬂmrelét&touhekcmﬂddwmeadmmmgtaw ext er nal
at nospher e; ce ngde 156 dryi ng agent
havi ng a porou%e%{op%c‘%gﬁégg%ﬂ%%e ;ﬁﬁr capa %drtgﬁn ev{/aa%lg?m by

physi cal |y absmtmnglymrlamrantemsqsﬂw 9‘?“@% tencloswe i rtight
enlcl osur el encaﬁﬁmhga&ﬂd ﬁnérh&fﬂﬁ'aﬁjﬁﬂ’né&itﬁ@ﬁdl?ﬂﬂbﬁ‘eldﬂﬁhﬁ@lcwt@anc&hlo@béslﬁgle

pol ymer el egctronic e t 558

at rmspherqu r}m 33 atcelﬁgoé‘h on sosﬁirq% At e g]aéé}ﬁng?‘%ﬁ“a%
fabricating a pmmmo@ﬂ@mlomgenthpefmgc@omsﬁwwméams fapableef py
encapsul ating B, mwdbb&bﬁhg\ihﬁﬁ 1fslp6rou39u'|§ﬂttiré,l\ﬂib’relﬂﬂié| osures

with a solidy d.rln nt 0 h ¥ing agent S
I ncor por at ed |ﬁ’f%gh6%'é? E‘«E’F 1327}’0 &afge&sl%pgéorfl ng_ t he .
pol ymer el ect rpdvmeddwmcmcm aapmtfrom@eﬁme mebatmasphgeee fihet 0" does
not necessapi | yredBA thveitiin alsytelated ¥4 mbthod mm@hﬁé ¥ polginer électaRt her | ayer,

dryi ng. agent 1 SBROSER o R IR bV Siepiite hmtyoad ol e i te'éﬁnd
surface (e.q., anaitight swémm&mhdy@ym@gmtf st surface.
In a preferred embodiment the drying agent is incorporated into one or
more layer(s) of a substrate supporting the polymer electronic device.
25 As used herein, the phrase “adjacent to” does not necessarily mean that
one layer is immediatély next to another layer, but rather to denote a location
closer to a first surface (e.g., the drying agent is closer to the inner surface) when
compared to a second surface (e.g., outer surface) opposing the first surface.

D

30 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic cross-sectional diagram of a representative

device of the present invention;
Figure 2 is a graph showing the effect of various desiccant materials on
encapsulated device lifetime is compared at 85°C under ambient humidity
35 conditions;
Figure 3 is a series of graphs comparing the effectiveness of water removal
according to the present invention with water removal using the materials and

methods of the prior art; and
3




30 BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a schematic
cross-sectional .diagramof a representative device of the present

i nventi on; ngmgyﬁ is a graph showi ng the effect of varipoguswsineant
materials on encapsul ated device lifetine is conpared at 85C under anbi ent
humi dity 35 conditions; Figure 3 is a series of graphs conparing the

effecti veness of mathgménmagtaphamnpmﬂgﬂgsmbﬂmdmmovai oftbemethadwi t h
wat er renoval Sridfartt Ne prior art; and 3 WO
01150145 Par] UaBb g ici ﬁﬁ Eﬁﬁd”%ﬁ‘ tﬁ@ﬁbahﬂ@&' &

D ERGS stablllty of
wat er renoval of the rret Ao wr-ttr t he met hod of
the prior art. DESCRI PTI ON OF PREFERRED ENVBODI I\/EI\FI'S 5 As best seen in

Figure 1, angel ectf0&5&@@@&%@@1%én#&oﬁméﬁsé1dorwmatap&§emmw;eﬁ{,&pes a

pol ymer el ectfroni c device e ano %q‘fl E’QS 114
with electrical nmdas:npﬂwree&wméevwéowénpa ¢ anpde d | 2and Gathefe v active
organi c  pol ym?'lli%&heﬁaﬁcallaﬂadlﬁhgﬂeadﬁei&;rll&dhﬂamdfﬂ&mﬁcallaaaiﬂe@tgaatce 122.

The device 110 so W%&gﬁlsm%r},ﬁ%s %%%%Hpaenc We 'ﬂh%ddeb hﬁfl ng the

el ectronic devu? ere osure 1s of the
substate 122 as abomhdemwcépsu]@mga@cbﬁmﬁﬂ% isolatingrthe slegiropis dpweeﬁa@e 122

thlh a bongfmg ﬁwf%o spRéte. Hhid eNdloMireds fidde upleih d@bﬁ?@&%&ﬂaﬂia@dwﬁhhhl n Ithe
encl osure prefer en _surfac ncl osure
with a bondi ng ﬁﬁ@ﬁf’r@&fkaﬁ dgﬁg?tbf’ﬁalgz E‘f&@“@ﬂ%é& g%g:’%\zg\fyng;g g. cally
i mper neabl e to (38issneapsulated wittindbe dnalosurp i24; prefesably affisedio@pinner he substrate
is glass. In a % 3395%@&{&Quﬁrmggmgagé;@lg‘;subst rate is silicon. In a

third preferred | ment, the substrate s a flexible substrate such as
an i nperneabl e r conmposite material conprising a conbination of
i norgani ¢ and prmskxibstmaumisahacallﬁnapqme@lm gasaefmdmbismm' dh e pdereedbst r at e

ol ude  Shoel enBbdigheliihd WbBHRE s NAhSecoll pleith BhodiBisy il such as an

e o e ol o b e, e S AGOHE of i ast

sheet with opti @m&hatembadslandxnpumeamlgmwrcbnqdoat&matendlagmpmmmqaos| ted
thereupon. 11 2 cBEShEdt @R TB e ShEad Bl Abeof el MBS ont (01

semtransparent) O en enter 1nto_tne encapsul at ed regl on

or to' enabl &9 i Gukstratg W‘@rﬁsl‘?"éd’fﬁ%ﬁlﬂ aysE laningte, gt flexible matemalh [Eb 2y Aough it .
impermeable plastic such as polyester, for example polyethylene terephthalate or

a composite material made up of a combination of plastic sheet with optional
metallic or inorganic dielectric layers deposited thereupon. In a preferred
embodiment, the substrate is transparent (or semitransparent) to enable light to

25  enter into the encapsulated region or to enable light to be emitted from the
encapsulated region through it.

The Enclosure
The airtight enclosure 126 isolates the polymer electronic device 110 from
the atmosphere. How the airtight enclosure is formed is not crucial, so long as the
30  process steps do not adversely affect the components of the polymer electronic
device 110. For example, the airtight enclosure 126 may be formed of multiple
pieces that are bonded together with a bonding agent. In a preferred embodiment
the airtight enclosure includes a lid 126 bonded to a base. As best seen in Figure
1, a preferred base 122 is the substrate of the polymer electronic device 110.
35 The material used to form the airtight enclosure 126 should be
impermeable to gases and moisture. In one embodiment, the lid is made from
metal, In another embodiment, the lid is made from glass or from a ceramic
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The Enclosure The airtight enclosure 126 isolates the polyner el ectronic
device 110 from the atnosphere. How the airtight enclosure is forned is
not cruci 8o e1x0140ng as the 30 process steps do not advpc@mlsmiﬁect t he
conponents of the polyner electronic device 110. For exanple, the airtight
encl osure 126 may be forned of nultiple pieces that are bonded together

wi t h a bondi ngnagrialit Plastivs thaparefairimpermeable dndrwater-impeemenble daglaisobac| osur e
includes a |iqgdg6 bonded to a base. As best seen in Figure 1, a preferred
base 122 is the substrate of th ynmer ele ni c deyice, 110.. 35 The
material used to f%?‘ﬁflt‘ﬂ%‘eﬁquf}!eaﬁfﬁédﬂ‘%§m°@f¥’z‘8 © RIesRuE IvERtion; $pJ@Rgreabl e t o
gases and noi b thedid 126 inthickenbugh toba h continaous erries (withiro Yoidsorpimt al . I n

anot her e Odi [’zﬁg‘gmt%dthk% ’I?S’ﬁg{artﬂﬁkﬁésé‘ﬁﬁb%ra%tEio%ﬁ&Mu? 4 WO

01/ 19142 P tics t are alr-inperneabl e and
wat er - i npernealﬁp@%mgwﬁ%s“%@dhewmt‘?ﬁ ¢ plymet eleqironicidgviess i s not
Cl’ugl al to the(nqitl’shamﬁm;1th§mﬂlaistcmdthasﬂxelba§eg:an66niabeofﬂldsah&ﬁnat6ndlhkﬂiébf%nougﬂ
to be a conti ably, the
lid 126 has a {&}2 %2‘%‘%‘% %@ee ?2%18Eea?é g’ gtsq%%folgelv?%ere t he
base i s not trb@n@aassmaw ontbm\dpmagﬂﬁtsheﬂ@metﬂfewwelwﬁte shown), it
i's under st pod de&ﬂﬁpdsﬁi%nb&ﬁﬁbrﬁ&%ob&efiﬁmlai& 126\ Suéhai¥deloi B°Cahd as the |id.
As best seenlne}F Qt}‘(re 54:,' 2@ el.\altdtothesbstratﬁ 122 with a
bondi ng agent g ﬁ’e?“t) aH Péeéeé?a 4 ‘H‘ PETafyre or ¢ }e bel ow
the 1o deconp@bﬂvatedmmmatme:seﬂvme%‘tastt@hm;a@sezmmeegbighas bel ow 75C
ang p[ e}‘erablté{m : tﬁi@sé&ﬁnﬁﬁﬁxﬁéﬁﬁ%'cﬁn@ﬁerﬁd%a?@br& "tliktétl@cﬁ'loﬁﬁ Onlty
noder at el y va er advant ageous it elimnates
exposure to h.‘% ?g(?'rp%g%f'ﬁ&h%“ srl}qi@ﬁgp%lqs @i‘/ g;amage or
degrade ths eltmutvmienlrghtctdmexpomtﬂonmdefaealyeldvabdtdmpgammasmsmuﬁdme -
epoxi es, e'th%rt’;dﬂ'i ‘i/a'.%u St'thReridds (hot shbivhpiihPbeised tddibisGh ¢y €xposure to
m)derately el e ures as ust n ted %aéi; E@tﬁ% var | us prlner
mat eri al s (not E\/ﬁ"cggy Sesp 1p Flgyes]. sleciriqal ) 4B fEpanat ?) As
best seen in I-‘:hgdmelTheéedatdsﬂw.lllselm&lmmdaswdhnmbydm the devi ce.

These | eads 11&;@%%% géilt 928, dA REn#RR bECtuASionRlly t Rad ShfiphidtioRondi ng
agent 128. AI ter | Ve but functionally equi va ent I ead conf I gurations 20
can be useff. usedy Dryi ng Agent Prior to sealing the lid 126 onto the

substrate 122 wgmgnhe el ectronic device 110, a solid drying
agent (desiccant MR jPledling e (i 126'6HR5 {He Qubstrate 122 and enclosing the

electronic device 110, a solid drying agent (desiccant material) 130 is inserted.
The form in which the desiccant is included is not important. For example, the

25 °  drying agent 130 can be in the form of a powder in a porous packet, a pressed
pellet, a solid contained within a gel, a solid contained within a cross-linked -
polymer, and/or a film. The drying agent can be placed within the enclosure 124
in a variety of ways. For example, the drying agent 130 can be incorporated in a
coating on the substrate or on an inner surface of the lid (not shown), or, as best

30  seen in Figure 1, provided by affixing the drying agent 130 an inner surface 132 of
the enclosure124 with a bonding agent 134. Alternatively (not shown), the drying
agent can be incorporated into a flexible substrate of the electronic device or one
or more of the layers of a a multilayered or laminated substrate.

The nature of the solid drying agent is important. It is a porous solid, most

35  commonly an inorganic solid having a controlled pore structure into which water
molecules can travel but in which the water molecules undergo physical
absorption so as to be trapped and not released into the environment inside the

enclosure. Molecular sieves are one such material. In a preferred embodiment,
5




The formin which the desiccant is included is not inportant. For exanple,
the 25 dryi ent 130 can be in the formof a powder in_a porous packet,

a pressed @@r F'g? 2a solid contained within a gel, a soli BCFHM2ARE] wit hin
a cross-1linked polyrrer and/or a film The dryi ng agent can be pl aced

w thin the encl I yi ng
agent 130 can b@ér ??ﬁo%l %Fo%nt én@adﬁul A4 in%é:%lg aggg aszuéﬁmgeezeé?é%%%an i nner
surface of the wrlélkwmmsmﬂmndamconager@eléxama%eéngmragwrzeome provi ded
by ﬁffl )l;l ng t hesuitable f6r tRQPIRE “&&Qmaﬁwrliuaerm%&aeseréﬁﬁtuﬁftocéﬂsetemcl osu;6124
with a bonding g num ye r gent can
be i ncor por at ed* T Nt g?ilsg%{’%? d%gpg%&%@%ﬁﬁ‘%@tﬂnﬁhg 3?8‘5 or one
or nore of the Pwtﬂrymoflhazeolmmm&y@s@bmsmahvnbxsmlaba@ptmaxaﬁner The
ggture oflthe Sﬂiahdy@%ﬂ&alke%cﬁd@%&ﬁéﬂabsb%ptl%)ﬁls%rd}%ﬁéaus soltl d, trmst flryl ng
commonly an inor solid hav controlle ruc into
whi ch water nol ecﬁ@gjﬁwﬁ%ﬁﬁ%ﬂ&qﬁ% tﬁ ‘H‘P'W@ Z:?(? MBE‘F‘*ES under go
physi cal absorplto enclosure K lsﬁazwhtammahhwwnasTneSOeb@ﬂaﬂab foomh he
envi ronnment | ”SSﬁﬁChé}EieP@H&H%ﬁwl% be qfh@mﬁ;@rgﬁ mat eri al .
In a preferred npodi W01 mﬁ% S g'ng agent
encapsul at ed?® i nfR§S{oRS %@%‘m echt 40, New Mexico).o The fipgtuzey o~ e |
known nat eri al sofihitSatbeongstef ahinsitniy and silidontaixites inuppoeineitely equahy zeol ite
suitabl e for tr LR B o . meﬁo{lfﬁgsbxrbgﬁr'oﬁlﬁe BBk consi st

of al um num an I con oxldes I n approxi sodi um
as the 5 count ef SPWHOn Thee IEEWPQI%“%?@FI}C&'%@ S&b%’@f@ ridetima afdhepelysngrsi cal

abs ](c)r pt i gn r at hEEDs T;vlhaﬂedaypsﬁla&&mhlad ﬁﬁﬁ&ds@l&scn%ﬂ’ﬁﬁﬁ@inv@xmﬁpt I on Ilg 0
pretferre ay r L men t he nt
hcapsul ai edt | PSR bBERIE f5iRliaE o B8 Myich Mlbd b e R,

Tri-Sorb (avarl%hﬁprémgrzsﬁhtesramal@qémx@amé@mm raghangm -@qulpeeﬁber of
tB hle Sli ﬁe Chﬁﬂrsn edéigceamsam{aﬂuﬂltoxidsm&u@fmmg §l chentiad] ¥6dosp ftlbﬁc | ocat eg in
el en, New Mexi co he structure r iS{s O uni num an
silicon oxides in ap 57“ hﬁ%ﬁ?&@%%@&?ﬂﬁ? A5§He count er
iod. Tri-Sorb aﬁbgbtprgvndgs@kmqayaepn%ahsmbmmmmpedwiﬂanmmr kabl e

| nprovenent 24 n &k&@h&wh!nﬁwsehreaﬁm MeheOaté, taQ@l:

encapsul at ed vvrt@qthe netho g?voscrr d,in, |nvent| n |s s | Iustrated

in-the Exanpl es? W"é“ﬂ% flﬂ"‘ier?@d
absor bi ng zeol |ﬂleaméc|emiosagcdebn;a@ytdemngmedr 'Edmgthesorfaqwﬁrm m;

bari um oxi de_asaccflff bff 54 &ateﬁ@gﬁll&?ﬁﬁhm f&'cdﬂbé‘@ét&&ﬂ? bhipBrafi, Chemi cal
SS O ecalcula

f
2228; gt ton. The arml.igta p(r)efenqed embgdm%gtnarygnog al?ggnt nggxecg get ermned to

25  amount can be added to compensate for any residual flux of water vapor into the
active device area via imperfact edge seals and/or residual permeabilityof water
vapor through the substrate,




that it provides adequate capacity to absorb the noisture trapped within
the 20 enclosure when it is sealed shut. The water uptake capacity of the -
dryi ng agewboi/sm14m known property. The vol une of the intaigraisonisitgre devi ce
and the humdity of the air in the enclosure can be readily determ ned.
Taki ng these factors into account an adequate wei ght of drying agent can
be determ ned EmmActivedragersat ed. In a preferred enbodl ment, drying agent in

excess of the cal Cubabfgline robR Enaiamstf&lﬁégég NS EmEOT any
residual flux qﬁ?"%g vg;) Fﬁég active rea via_ I nperfact
edge seal s and? cHlgss Prpte ISqulpF’iFS‘?t ipyention, s‘&“;ﬂéi’dﬁ’ﬁ’ﬁbhﬁ Bs.iae
substrate. 6 Vgdlphdriylehe viagleht)SPPV 2ahtiz6lublEhierivativeyaf FPA sich ad\feing t he
prom si ng nate Ak | ectronic
devi ces pr I)Tgtaecé}laﬁit{]‘i f;}’{ﬂk pr ezéxr?%]l nveklt ti{%xioagﬁfc%pﬂa&lénlgg%ﬁnfgm are
pol y( phenyl ene gsmgucting polyger With ap energgap fe 067 209y IR as, for
5 exanpl e, polm@enmlasﬂgsombedﬁnt&reﬁtﬁyh UlﬁmdSaxeﬁPafbnﬁNqnijemufeae vi nyl ene) ]
MEH PPV, a se p eg > 2.1 eV. This
material is dg]égérilﬂ |n m)r eﬁ%ﬂs{sau\ﬁ% %?é&épg es Patent No. 5,189, 136.
Anot her mat er i mly(&és'aw@b@mxzbsbﬁnhmmne winylenp)pBCHAPRY: 4 s
pol y(2, g bj{l@(Cibﬁh&ﬁ!‘dﬁétﬁl@p%ﬂyheﬂv@ﬂlﬁméh&@ﬁgaﬁd’lg’|o!519Q)2e\BCﬂﬁs€B{é_rl3ﬁﬁsl 0t o
semconucmg r W e is materia
is described énﬁlé’fe‘ﬁmrﬁ 1 rgg%g?’gfgtg&qpilpgtmn gfl cation Serial No.
07/ 800, 555. orNer07é8ﬂ0t5é§4 @ﬁmswble@olmmeludm&r exgmplpithe t he .
llﬁ\)/glgy(3 ﬁl kyl tg bSIP3 eri¢SFds deffibeddby D: Bﬁ{zxﬁlmS Glﬁtafs@kﬁlgg i VR T
ranc an er an r
derivatives asa@eég‘rl%‘%g% '{54PE§1 lep B%,rgaﬁg?zzgd rFﬁbegg‘?ﬁgva%ge J.
Rasnusson, 1M Ry MaBerzgeon0. Ingands <@t Gustagssamd. bsnwmeMs&rmrsson
pol y(par aphen)”t‘eﬂﬁ)tbé}é afEOC WeRfdstm %oy@a?éﬂle ﬁine}-fﬂieﬁ&iﬁéd bYPG. Hrén| Ch, and
G Leising, Ad der|Vvatives as
descri bed by . If%ﬁﬂ'gﬁy’lB %%fgﬂg’é%?ieﬁmg aéé”ﬁ’ lrégé’r%?%la@ fis saluble o5 1188
(1993), pol yquderivatives aadesdeibask iyl ¥ dog, I} SekolikRr.EdKardsz imMaicronteilecsles Appl . 20
Phys Lett. 65z, Jﬁi@g@@?ﬁﬂalyq&&ﬂﬂas BdscRY AP, ParlCLITEPN Pifl lpgt. POl ymer s
non- con ug éyed ho? b@g&g re alfso uSeful as {he active layers in

pol yrmer {9543 Bipats o1 onugpls Sepisgdcting POgRERIN B
Kr aabel , H W mnhmmngaaddiosxpmymdmealso @yefid bs thivaetive 1627s i polyh@94) . AI so
useful are bl epgps a§&'§8‘iﬂe3'b9@ Mgo;l {J;g{ge a4 g%(g&agokyﬁgés as descri bed
%t H 4gl Sghgo(lj}%{sg ﬂxr@gg?é\péﬁ eeger, S’ynth Bet f (1398 Iso ustﬁ‘fgreerblenﬁynt h.

comprising two or more conjugat_ed polymers as descnbed by H. Nishino, G. Yu,

25 T-A. Chen, R.D. Ricke and A.J. Heeger, Synth. Met.,48, 243 (1995). Generally,
materials for use as active layers in polymer LEDs include semiconducting
conjugated polymers, more specifically semiconducting cbnjugated polymers

which exhibit photoluminescence, and still more specifically semiconducting

conjugated polymers which exhibit photoluminescence and which are soluble and
30  processible from solution into uniform thin films.

The High Work Function Anodes

Suitable relatively high work function metals for use as anode materials

112 are transparent conducting thin films of indium/tin-oxide [H. Burroughs,

D.D.C. Bradley, A.R. Brown, R.N. Marks, K. Mackay, R.H. Friend, P.L. Burns,
35 and A. B. Holmes, Nature 347, 539 (1990); D. Braun and A.J. Heeger, Appl. Phys.

Lett. 58, 1982 (1991)]. Alternatively, thin films of conducting polymers can be

used as demonstrated by G. Gustafsson, Y. Cao, G.M. Treacy, F. Klavetter,

N. Colaneri, and A.J. Heeger, Nature, 357, 477 (1992), by Y. Yang and
7



materials for use as active layers in polymer LEDs include sem conducting
conj ugat ed \BOl yners, more specifically sem conducting con at ed pol yners
whi ch exhi b f“%ﬁﬁ’é{zol um nescence, and still nore specifica ﬁﬂu 5 $nduct i ng
conj ugat ed pol yners whi ch exhi bit photol um nescence and which are sol uble

Function Anodesk et dtetbis k) FRasishl] Bauischaint Kpeaflsdlal |
anode materi al sNo. 1)320&45&9 tw%m®W®MC@mm Smithyasd of
i ndi uni tin-oxi dg ] Eiu.ﬂ 7@6@4@995}3 bftyao AJF‘Heéﬁl‘)WLd@ahﬂ Mar ks, K

(1990) ! D Br au ki, 3222 g oy 3. R TS o W)

Al ternatively, 4ddiAl. fHdega-,Aﬁpldedmcmmwhﬁlﬂﬁﬁ'T)s Bmlaytrbmdes,ugmpmmg a

denonstrat ed byg3 ciQistiafssan, e i{ Elth&%éﬁdﬁ&d N.
Col aneri, and A ' e‘(’amcg,\url totﬁe §t7hl 477o e g and 7 VWO

01/ 19142 PCT/ USkmsraldipeg *f&naaf%@’eé?d comSe, as ea‘%IEéPeP trodes, 5 (1994) and
U.S. Patent Ap phhteﬁils erablahé ahitted\ight BEBMABSL BN 90 radiate\from Yerigyicdhn

Vst er weel e, s%ﬁfi‘%ggl P. Smith and A J. Heeger, J. Appl. Phys. 77,694
(1995), by J. Heeger J.Y Lee and C Y Kim Synth Met., 82,221
(1996) and By YIhelow Work Eunction Cgthades K. Menon 5 and A J. Heeger, App!.
Phys. Lett. 70, 31915mté5199e?anveﬁllb\awk ﬁn&ﬁﬁanaﬂmuse asgamoddmmﬁald m of

i ndi um ti n-oxid nd,.a n fi

ener al di ne salt Oarr%hgra@cai& ?gbfneg's%%glé s%g?te e ectrodes bot h
mat eri al s enabl metalssuchrstyttediun. gNdOY[Sloﬁm‘M@kIﬁEDﬁ@@mP%&%Fbaﬂobm the device
in useful |evelgmpldilibieo n%u&msﬁmamlﬁawﬁdmﬁnﬂmmh@ &ehmbi vely

carth et al & subk @Sﬁ?%@i@?ﬁﬁ@o Wi s bef e 12 2 5" uch
as ytterbium Nhioky&softhbelmmlmemthodr- Inysr Ahssranged dtorm200- 100 Asgsanpl e

?gl oys ngl gagplewt § irdledin!th F‘ﬁ%e& B (88 b&xﬁtsgﬂ‘sﬂsnéftusmtéxﬂs smmm ar iogl)so
The thi cknegs B?te‘{"ﬁélé’l g%i‘}%o' Ei‘q?'\gc&?‘?)‘?? 5&?%&@*3@5\5@&‘{ gﬁéé)gg} rom

200- 5000 A as mmnmamlnonDQéO(bAngEUOWMﬁQ()S@mqemdﬁt)td'ﬂtmﬁnaus
Patent 5,244 19&mnh’§)y ﬁxg c§ve§ éfo@gat t@siﬁatedfis swbngasc&t Nagai ,

ﬁ\ﬁﬂs (P%/Sl s retetHrK@Hh‘iaﬁPclr cky B @WP&P% ﬂﬁu%g@?r‘ﬁ?’?f’@m’ E)S(ranr age)

for cathode | ay@1|996)lB4Patm Parker, FIR., Kt} Appl. PhysSLat. 164 (1W4HI 7 ulman, P. J.
Brock, R DiPief{fsonto g§é”H c%%r@élé? thlcker cafdl Lfers Werd RBbved B ¥rovide 79
self-encapsulation to keep oxygen and water vapor away from the active parts of
25  the device,

Electron-injecting cathodes comprising ultra-thin layers of alkaline earth
metals, calcium, strontium and barium, have been described for polymer
light-emitting diodes with high brightness and high efficiency. Compared to
conventional cathodes fabricated from the same metals (and other low work

30  function metals) as films with thickness greater than 2004, cathodes comprising
ultra-thin layer alkaline earth metals with thicknesses less than 100A provide
significant improvements in stability and operating life to polymer light emitting
diodes (Y. Cao and G. Yu, U.S Patent Application 08/872,657).

Electron-injecting cathodes comprising ultra-thin layers of the oxides of

35  the alkaline earth metals, calcium, strontium and barium, have also been described
for polymer light-emitting diodes with high brightness and high efficiency
(Y. Cao et al. PCT Application No. US99/23775, filed October 12, 1999)
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(1996) 2745; |.D. Parker, HH Kim Appl. Phys. Lett., 64 (1994) 1774). In
addition to good coverage, thicker cathode |ayers were believed to provide-
sel f - encapmydiavisgn t o keep oxygen and water vapor away fporusda4sreti ve
parts of 25 the device. Electron-injecting cathodes conprising ultra-thin
| ayers of al kaline earth netals, calcium strontiumand barium have been -
descri bed for pol y¥he consirgtion efjiand matgrials uskddn,photedéteggingldevigéstandss and hi gh
efficiency. Coppar A TotalVI-Te 1 I &M TN e sane
metal s (and ot her ?g\?vﬁ\%gbgg‘? m%&%;ﬁ‘ﬁ%ﬁgoé?}?ﬁm \L\/iuﬂ%tnt;lfl%kness
greater than S¥gndifferepessbetween polymer-based LI)s apid photodetectors isthat eactixe o 5 ¢
metal s with thowimBsfisctidneistrodes nedidivhboused; aid thas thgrelciricalpolaritppbvenrent s in
stability andgns ' b hﬂéﬁ‘c Al dehiel ' glsq.g? Cao and
G Yu, U S§F>at entéc%%f%%?ségég%%i %%@%a%%ié E eiéig?gfr?&-i &E}kg%??n lg%ﬁodes
conpri si ng ul fordonenliistipg oEphotosieterting deyicgtiabritatesdfrom, condhgting nolyeest-« h net al s,
cal cium st r ofThus) thecsndagsalatingenclosnre ofithe prebas tnvértier is hisol usefful fopsukly mer

Liant-emitti o ! ly use ¥ cao et
o 2" beT ppi | Sefiba SR dhctylulaiBbdhd APhAER o AR0edt Walls Garbl ERSYed 1 (77047
PCT/ US00/ 2412 érondiffusing into the devier and thesphy linpiting thgusefuldifetime,  phot odet ecti ng
devi ces ang arr ays This iskeutiorwilEbedfuitlidr Meseribéd with feferénte béiap madeto the of

pol ymer - based i i : ’ - LEDs and
phot odet ect or g&ﬁﬁ%g{ﬁ%&g#ﬁ% e&%ﬁ%@%&ém? @%@?@%H%glec rt %g%?ﬁ%eed not be
used, and t hamadegfor practiving this ipvantion and as¢ ng to hecanseeedras digbtingity ever sed.

Nevert hel ess, metically seal ed packaging is required for long lifetine
of phot odetecting devi ces fabricateggéhﬁnggnducting pol ymers. Thus, the
encapsul ati ng encl osure of the preséeht tion-is also useful for such

devi ces, sldi d encapsasbhiteibasedtesineant(TiiF$arb)omas used asrthe dnying\egemor vapor and

oxygen from dediédani. wsanr&anbﬂa%fggm&ﬁﬁr-wéd tib@raalydevicel 4 jolgmdérightisef ul
lifetime. 10 Thi.s 1 nQventd wll be further described wi'th reference being
made to the FB’I“F‘%H‘W@C weg%de exanpl es are provided solely to

il lustrate vari ousAnmieend Water-iprpgonéablerlig madeof glass pentaining adlesiccatingt to be -
con st o eg as |téHI@tEgﬂﬁo§eB E,f @ﬁ%ﬂ@vﬁl@i@ﬁ?ﬁx@ﬁk—é&nﬂe P&%ﬂxﬁaﬁce%&%ir%?ﬁi cc apt
bol yrrer - bfBeq e P SUEChFEis Otaipasien of Gnted Gl The BB LEDy
array was -use®BelefnNewMexioo), wastused toepeapsniatt the LIEDiamaycad dierefydsadate gont ai ni ng’
a desiccating from the atmosphere. o -‘
' ' The drying agent was enclosed in the package by fixing the drying agent
on the internal surface of the impermeable lid by use of a thermal curing epoxy
25  resin (Araldite 2014; Ciba Specialty Chemicals Corp., East Lansing, Michigan) as
a bonding agent.
The drying agent was in the form of a compressed pellet of powder. The
impermeable lid was attached to the substrate using a bonding agent. The
completed device had the structure 100 shown in Figure 1. The lid was sealedto a
30  substrate made of glass, using Araldite 2014 as a bonding agent.
Immediately after sealing the package, the dimensions of the light-emitting
pixels were measured. The packaged devices were then placed for an extended
period in an 85°C oven with ambient humidity. At fifty (50) hour intervals, the
devices were removed from the oven and the dimensions of the light-emitting
35  pixels were re-measured. Degradation of the polymer electronic devices due to
moisture and oxygen was quantified by the loss in the active area. In this
particular example, the loss of light-emitting area for a pixellated LED display

9



tabl et conposed of zeolite (available from Siid-Chem e Perfornmance
Packaging, a 2Q nmenber of the Sud-Chem e Goup, a division of United

Cat al ysts |IWOoV191gzat ed i n Bel en, New Mexi co), was used t BCEHSMF4IZ6at e t he
LED array and thereby isolate it fromthe atnosphere. The drying agent was

encl osed in the package by fixin the dryin on the int surface

of "the i nper me¥By Be3spEE -b@s‘ii@é’eé? %@‘ﬂ\"% @ﬁﬁ%r%’%%@ agent F?Qte"ri{](‘Ar aldite

2014, G ba Spetessaﬂ:myaﬁ%émsmp.h@t-@mmngaﬁasﬁerB@ﬂthoum‘;storhgmlsgw]) as a bonding

agent. The drying agepla uishd died Bém R 2l maeaasﬁccaa'g. Bhis QhsePOWeT .
ach e

The inperneable | | rate usi n | ng agent.
The conpl et edamm?@xmeewegyti%ﬂmqaéem i inpor, )rFOPWg‘EI'?@ Y1. The lid was

sealed to aé 300 aﬁnhfaamemé&mnpwﬁ,amblymm@xd%ﬁ |(wmczaae4deae?am Eondi ng
agent . ImTelat ter e s of the
light-emtting™ Q‘apgwb%glgﬁﬁ%‘a'gﬁ&leam&?%é&%g%eﬁ&%ﬁ %tgi\?ll cg?gwere t hen pl aced
for an extendeaatexpésssadﬂh This example saws thatizeeli ed deyingiagentscanke fifty (50)
hour intervals RffectiVe WiyifiSagéRt Sveh AFBIER tbnipeftirdshe oven and the di mensions
of the light- e%r?tltr}lg 35 pixels mrﬁ%ﬁ&&@ﬁred Degradati on of the

pol ymer el ectronic devices due to nd oxygen was quantified by
the |1 oss in0the actThesxperinenty in Bxhmnple 1pware fepedtedrexeepsithat the storage | oss of

i ght - emi t{ i NGegtiafionk Merendifiad b Hefide hqtnaﬁtyaue ss@m %@9142

PCT/ 1 JS00/ 24126 \@S nmeas ﬁa an be seen m F| t Tri-Sorb
dryi ng agent r BWPIdftEAS gan eesggn 1 %&P’é’g’? I"‘F@fft rea after
300 hours. st of%dessalf chifstive Ales after380 haurs.be seen from Fi gure 2, the

zeol i te-based desic eeh! bfil Whﬁn ShB0 under the
trade- nane of Tri- 5%%8) c#%gﬁgaggﬁglgu&ﬁge ) %ﬁ’ t he %er exanpl es,

not abl y Badf andtyingaeants sluding Had and GaDd# é‘P‘Fa&t%"‘“ﬁ? P’S‘(i‘é’l‘%jy known is
the art as usepatbntetbss sffectivie desitaant miteriAd (USS. Faene5)8825]@R2, 761) . This exanpl e

shows that zeolite- q%%d f@u yi ng agents
even at high tenp 'P@ur es. %}3&%&?&?&5%3' Q&yn%%e}r{rtgﬁ%iwé a?rerpl e 1 were

r epeat ed exceptlfYt%eﬂgelttﬁéW@taéhlﬂb@mmstmm dity $BEremeatst o i ncl ude hi gh
humdity, i.e. 85Cl85% relative hunEnAmLB% can be seen from Figure 3,

Rours. As@seen fr D SPGUPERS FAaPlsd orf BPeia St i fnforife AT 100
ot her agent was a powder contained in a porous packet whlch was fixed on the internal
surface of the impermeable lid by use of a bonding agent. The loss of emissive
area was comparable to the data shown in Figures 2 and 3.
This example shows that the particular physical form of the drying agent is

25  notimportant.

e

EXAMPLE 4
Thermogravimetric weight-loss studies were performed on Tri-Sorb and
BaO were compared for their performance in permanently removing water from
an electronic device enclosure. Standard, calibrated thermogravimetric equipment
30 was used. Tablets of Tri-Sorb and BaO were heated (from room temperature to
400°C) in a dry atmosphere, while the mass of the tablets were continually
monitored. No hysteresis was observed.
The results are shown in Figure 4. At room temperature both samples
have absorbed moisture. As they are heated, they both released this water due to
35  thermodynamic processes and the sample weight decreases. However, as can be
seen, the Tri-Sorb releases less moisture. At 85°C,
the Tri-Sorb sample has released three times less water than the BaO sample.
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15 drying agents |nclud|ng BaO and CaO (whlch are desiccant materials
previously patented as effective desiccant materials (U. S. Patent

5, 882, 761)wothissazexanpl e shows that zeolite-based dryi ngl,@gmg{,@g?{se very
effectlve dryi ng agents even at high tenperatures in high humdity
environments. EXAMPLE 3 20 The experinents in Exanple 1 were repeated
except the form olend'aanhpLeishgwsﬂthhi Sutbhasbqieywleter fetintion pofertiBs & POr OUS

e of & bondiRge enﬁ“é)*?*ﬁw?%ssbﬁt?% el e REE  biohlS oh SRR SRS o (o

data shown i PSERGEERE)2 and 3. This exanpl e shows that the parti cuI ar
physi cal form of tAsseel by the dmﬁmcz;i&ovéﬁleﬁﬁ)&enhﬂi’pﬁbmeiate

Ther nogr avg Tri - rb and BaO
wer e corrpagr e#%ﬁ%%l &?csh l"“%mégﬁéﬁ@%@rvgﬁpgﬁ ter from an
el ectroni c ddemperares) Eb%memogpﬁmmlan@ammtag@usly h&bmglemmeall c

equi prent 30 busest setevite ah s albich dir i s BB anBS 8%} g (fromroom

t t t the tabl et
wor & cont 1 nudSSa i BeEnfihin) SR ERATG ol Foviiek aF QUL BHRKOFSSEI 1o ar o
shown in Fi guhedfmceAs notsignificanticinoneased b theleneapsylatéon oftildevizks or bed

MDi St ur e. 10AS FuM¥mib e tﬁtﬁﬂ-&&ﬁt enhm,mam{ Reth6d RAARG fE\K}éﬁn&i@fdﬁél sd 0 35
thernndynanlcu% ﬂﬁnpgﬁg’ gg §a%%Ple wel ght” decr eases. ver, as can be
seen, the Tri¥& 5§ oW 'sture. At 85C, the Tr| Sor b sanple has
rel eased three tinmes | ess water than the BaO sanple. 10 WO 01/19142

PCTI USO0/ 24126 This exanple shows that Tri-Sorb has better water retention
properties at high tenperature than does BaO (which was patented by Pioneer
as a good drying agent at 85C): As seen by the description above, the
invention provides a technique for 5- encapsulating polyneric '
light-emtting devices at the | owest possible nmethod tenperatures. The

nmet hod of encapsul ati on advant ageously offers a hernetic seal between the
device and the anbient air with its harnful noisture and oxygen. In
addition, the present nmethod for encapsul ati on provi des an overal

t hi ckness of the device is not significantly increased by the
encapsul ati on of the device. 10 Furthernore, the present encapsul ation

met hod requires fewer individual process steps than nethods known to the
art. :

)
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11 WO 01/19142 PCT/ USQOQ 24126 CLAIMS What is clainmed is: |I. An electronic
devi ce (100) conprising: a polynmer electronic device (110) including a pair
of electrodwoo{/Adi®z 5 114) opposed to each ot her and an BET/IS/283E5yer

| ayer (120) interposed between the electrodes; an airtight encl osure (124)
having an i nner surface (132) adjacent to the polyner electronic device
and an opposi ng outer surface adj acenELAMEn  external at nosphere; 10 a
drying agent (93)isaimsdet to the inner surface, said drying agent having
a porous structure and, bei ng: capabl f tr l.ng water by physically
absorbing it i hto its [b’b?ei “%“*fta‘g‘(}é‘s?@@;“ rern the airtight enclosure
encapsul at es t he pol yrmepolymasclectoonicdevite (1 19pincluding & ppis obelediwdesd(t §2ver

el ectronic devijff) oppshed Rrcati dthétdnd e fitivé polintr8yer LR0PMieRpdId baaivegasphere. 2.
A et hod for fa’fl%ricat ng a long-lived, organic polynmer based electronic
devi ce conpri sHF§eBPYS di ng a pol yner el ectronic device (110) having a
pair of el ectrodes ( adairtight diclaspiedi2d) havingzandhney surface (133) adiacgutitbve pol yner
20 |l ayer (120) ; tahNg i N an
airtight encl Ogﬂﬁigﬁ?ﬁ%@&g@?ﬁ%ﬂzﬁ%@@kgﬁ%%?mfﬁg&ﬁgi&f% a(k:lorrbi nation
with a solid dFXFmal a8meberei130) having a porous structure which is capable
of trappingowater by pliydngagehty(130)adjatxinhty the innérrstuface; saidxryingsgent r uct ur e,

sai d encl osurey] ' ' qr vl : om an
external at ms%‘;ei%,\%g Iwhe &e’%ga}éil?%’ﬁ?g%a@g?%@gﬁgga%ﬁ%ﬁ%%ﬁ#or t he met hod
of daim2, waksoring it Ho WPOFPHSSIBENALEL r oni ¢ devi ce conprises a substrate

i ncluding at | east oneyhefitthé hivtight értlStire eficapuldtésahe pdipmaaldcttonicyi ng agent
is incorporated i.n one.ar .nore of . . q?ﬁhr ayer. 30 4.
The el ectroni ¢ “g8 goexs‘g%e&eé’loﬁﬁnfrglﬁécﬁ %&@%ﬁ%@%{tﬁ%ﬁ&b@ aiﬁ?#gt,hg wherein the
dryi ng agerts i sxtemplAtmespbere. si eve. 5. The el ectronic device of aim1l

and/or the method o, G\ adefhod for fifiRhtRigh lohelivhdy brgghiepelitnercis®l | ses zeolite.

6. The el ect ronf' C dev&ce of C.aim 1 and/or the method of O aim 2,
electronic device comprising:

providing a polymer electronic device (110) having a pair of
electrodes (112, 114) opposed to each other and an active polymer

20 layer (120) interposed between the electrodes;
encapsulating in an airtight enclosure (124) said polymer electronic
device in combination with a solid drying agent (130) having a porous
structure which is capable of trapping water by physically absorbing it
into its porous structure, said enclosure isolating the device and the

25 drying agent from an external atmosphere.

3. The electronic device of Claim 1 and/or the method of Claim 2,
wherein the polymer electronic device comprises a substrate including at least one
substrate layer, such that the solid drying agent is incorporated in one or more of
the at least one substrate layer.

30 4. The electronic device of Claim 1 and/or the method of Claim 2,
wherein the drying agent is a molecular sieve.

5. The electronic device of Claim 1 and/or the method of Claim 2,
wherein the drying agent comprises zeolite.

6. The electronic device of Claim 1 and/or the method of Claim 2,

35  wherein the drying agent comprises Trisorb,

7. The electronic device of Claim 1 and/or the method of Claim 2,

wherein the drying agent present in the enclosure is spaced apart from the

electrodes and the polymer layer.
12
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35 wherein the drying agent conprises Trisorb. 7. The el ectronic device of
CGaim1l and/or the method of daim2, wherein the drying agent present in :
t he encl oswoerism4spaced apart fromthe electrodes and therRRboEis | ayer.

12 f11iJi NI121212#0 1012112111111 WO 01/19142 PCT/ US00/ 24126 8. The

el ectronic device of Claim1l and/or the nethod of Claim 2 wherein the
drying agent is pr&séﬂleelectramssdnvi@meﬁommmand&aﬂﬂmdtﬁidd | osure. 9.
The el ect r oni ghdgy terarfih s@&(yrn 084 8kt SP ..~ Wherein the
pol ynmer el ectronic d%' C%%%I nal corrprl ses a su hat 5
supports the pol ynkr S?’éf‘h’%ﬂ‘f‘d et"Fﬁ§°§ ,y| ng agent is

present on awhnncxﬁﬂ[eq:d)fma&ledtrsnibdéviatﬁdltlbﬁhlly'ﬂaﬁxpﬁb@@sﬁmfé tBgvi ce of Caim

surtace w nisPeet e P Emd SEERRHe ekl Wil febbd o7 ciail

1 and/ or the T {ol@e éP bstrate. 1 o wherein the dry| ng agent |s bonded to a
surface within sai aheene@mmamidewcmll&ndﬂshme%&fddwm&m@w ce of daim

| and/or the e ing a i.S present as a
pressed pel | e@%@g’éﬁc&%’%%ﬂrom ¢ éovgf%%} w@'ésﬂgf’"gﬁﬂ/eﬁ met hod of
Claim2, whereinlk h@ﬁ#‘?ﬁ?@ﬂ%@mofglméwdbrﬁ&mﬂmm&mm&;t ained in a
por ous paWetwhaaﬁﬂkéHqJ@ag&tg%ﬁ@&lt@ad@ﬁce%m{nsg@d; té@ﬁéﬁ{e the met hod

of Claim2, wher ] en asasl ontained in a

porous gel. 15. 'el'ir?e] ?ﬁ%gl?é%‘ cgdetygﬁ %giab‘f‘ yFnh’f (ﬂ?dkﬂ’é' thod of daim

2, wherein twherein {elgying egent ispresentae apressedpeletl i d contained in 'a

menbrane. 16. Thejsel %&él@é&&u&&wi&%fefmﬂx%%}uﬁw dfCggifet hod of Caim

2, 20 wherei rhthe ent is presena F‘ﬂ contaifhed in a

bondi ng agent® e‘%"é%"gﬂséﬁ‘?sﬁm&éepﬂ‘@ ‘81""’33?‘& np poEepsPackehe et hod of

Claim2, Wherein l%eTbaelectn:fm&ede&uzloﬁdhmﬂmdfodm miethodof Gtaimd] a cat hode,

and the cath ’ ion netal or
cWif‘ere i eﬁﬁeﬁt %}&g%t a?ﬂ%lid%% ih m\ﬂ?ﬁg ré#;]é;etl

nmet al oxi des. ron t he met hod of
daim2, 25 mherlér %P?l%] °§I°£€fa|“Bdé§ ehtte method f Claimde and a
cat hode, sai dwlminﬂtéelrymg)mntswsmtmhmlﬂmﬁmedm 4 membrank. f uncti on-.

al kal i ne earth nejgal Tﬁéelgafo?ﬁc%og%fc% 1 EGIoP e GlchRRiot ciigyice of Oaim 1

and/ or the nethod alm 2 erein palr of el ectrodes includes an
anode andf®a CHF %8’3%‘{:’5 ﬁ%f‘h’éd’éese‘?f&ﬁﬁﬁ‘? ?é?“@‘%t“b?b?%qgﬁ%t mat eri al
sel ected from cal 151 uithe &ectromin detvice of Claim 1 and/orthemethodofClalmZ

wherein the pair of electrodes includes an anode anda cathode, and the cathode
comprises a water-reactive low work function metal or metal oxides.
18. The electronic device of Claim 1 and/or the method of Claim 2,
25  wherein the pair of electrodes includes an anode and a cathode, said cathode
comprises a water-reactive low work function- alkaline earth metal or metal oxide.
19. The electronic device of Claim 1 and/or the method of Claim 2,
wherein the pair of electrodes includes an anode and a cathode,said cathode

. comprises a water-reactive material selected from calcium, barium,strontium,
30 calcium oxide, barium oxide and strontium oxide .
20. The electronic device of Claim 1 and/or the method of Claim 2,
wherein said polymer electronic device is a light-emitting diode.
21. The electronic device of Claim 1 and/or the method of Claim 2,
wherein said polymer electronic device is a light-responsive detector.
35 22. The electronic device of Claim 1 and/or the method of Claim 2,
wherein said airtight enclosure is formed of multiple pieces bonded together with
bonding agent. '
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30 cal ci um oxi de; barium oxi de and strontium oxide. 20. The el ectronic
devi ce of and/or the nethod of Caim2, wherein r

el ectroni c%ﬂn cie42| s alight-emtting diode. 21. The el ecﬁ(’){%oc Aed\j?ce of
Caim1 and/or the nmethod of Claim?2, wherein said pol yrrer el ectronic

device is a |ight-ges n%e&egﬁ Hhem s devi ce of
Claim1l and/or th(—;:i3 é lewfo égf w\?’vﬁérggeq/%r sal gllhgl rtight encI osure is
formed of mul t'Whsran sgi @@W@Q@&&%WWW“%WEQ agent. 13 * CL WO
01/ 19142 PCP/ US( c)By. Z%QQectﬂ)ﬁlchhﬁeeﬂ@m bandzordby/methodéf Chimi 20 1 and/ or t he

met hod of C ai HE%\? n@@]'a | ow t enper ature bondi ng
agent. 24. Th \Uﬁ% gl I'1 c devl ce ogiln%g ?’%gl%ah%ygr the nmethod of Caim 2,
wherei n saild | ow t@npdhatlastonissisuicn of Glaiant agdiorshe mptbed of Gaips2, The

el ectronic de\«wmlﬁ&m&:hmgnténo@d%d{etebméﬂ@sHb&é&cbdndbﬁt&aa&m 2, wherein said

airtight encl osur nde lid 6 The el ectronic
device of Claim 1ezaéridﬁ§? °$$¥5’“ffe‘i%ﬁ‘8?1° gF’ff?‘fafh %?%le“r%z pol yrer

el ectronic dewwelaﬂmmlmblegtrmﬂsmcse@mmm)mmses awubstiate whichort s t he
pol ymer |ayer @pghrshife ﬁdlﬁﬁéﬂ&ﬂ?&d&ﬁ%ﬂ%&&' did ShbAlirAaldldigibht cABBhpsUre 10

conpri ses a base honded to he_substrate seryi ng as the base. 14
VTV P Toomprises 2bpae fongedsoa i with dhe SubSial serving s the &

_—

T



