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thiadiazole derivatives, and coumarin derivatives are known to show electro-
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- 35 U.S. Patent 5,247,190, Heeger et al., U.S. Patent 5,408,109, and Nakano et al.,
Published European Patent Application 443 861. The organic materials.can be
tailored to provide emlsswn at various wavelengths. However. they frequently are
degraded by atmospherlc gases, particularly oxygen and water vapor. T}ns
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In one embodiment of the invention, the device comprises in the order

listed: . _ . .
(a) a first flexible composite barrier structure comprising at least one |
layer of a first polymeric film and at least one layer of a first barrier material; -

(b) at least one first electrical contact layer; |

(c) at least one active layer comprising an organic active material, said
active layer having dimeénsions defined by a length and a width:

(d) at least.one second electrical contact layer;

, .
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1gure 3 is a schematic diagram of a top view at line 3-3 of the device

shown in Figure 2.

Figure 4 is a schematic diagram of a cross-section at line 2-2 of the device
of Figure 1 after it is sealed.

Figure 5 is a plot of peel strength versus distance when peeling apart a
composite barrier structure of the invention sealed to a pattern of electrodes on a
polymeric support.

Figure 6 is a schematic diagram of a composite barrier structure being
peeled from a support and an electrode material.

Figure 7(a) is a plot of light emission of a polymer light emitting device
of the present invention at initial time and after fifty days of ambient storage.

Figure 7(b) is a plot of light emission of a polymer light emitting device
without out the barrier structure of the present invention, at initial time and after
fifty days of ambient storage.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention relates to a device having at least, in the order listed
a first flexible composite barrier structure; a first electrical contact layer, a layer
containing at least one organic active material; a second electrical contact layer;
and a second flexible composite barrier structure.
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of layer Bt erial 13 majnly X, gtgﬁtgmalso contain other ingredients that do not

detrimentally affect the functional properties of that material to a degree at which
25 the material can no Jonger perform its intended purpose.
When layer A is stated to be “adjacent to” a first surface of layer B, it is
meant that layer A is closer to a first surface of layer B than it is to a second

surface of layer B, such second surface being disposed opposite of the first
surface. As used herein, the word “adjacent” does not necessarily mean that layer
30 Aisimmediately next to the first surface of layer B. Thus, it is entirely possible
that a layer C is disposed between layer A and layer B, and it is still true that layer
A is adjacent to the first surface of layer B.
Figures 1-4 show one example of an organic electronic device 10
according to the invention. As best seen in Figures 2 and 4, the device 10 includes
35  afirst flexible composite barrier structure 20, a first electrical contact layer 30, an
active layer 40, a second electrical contact layer 50 and a second flexible
composite barrier structure 60. Depending upon the intended application, the
device 10 can be connected directly to an electrical source 100, 120, as best seen
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25  any one or more of the active layer edges 434, 43B, 45A 45B, depending on the
‘design of the device 10.

} R It is understood that Figures 1-4 have been drawn to represent the relative
order of the layers, exaggerating their separation, and are not an accurate depiction
of their relative dimensions. :

30 As best seen in Figures 1, 2, and 4, the dimensions 65, 66 of the second
‘composite barrier structure 60 can be smaller than the dimensions 26, 27 of the
first composite barrier structure 20. In the illustrated embodiment the dimensions
65, 66 of the second composite structure 60 are greater than the dimensions 42, 44
of the active layer 40 (not shown) in order to effectively seal the active Iayér 40.

35  Inan embodiment (not shown) wherein at least one of the electrical contact layers
is also sensitive to environmental degradation, the dimensions of the composite
barrier structures should be adjusted to also effectively seal the sensitive electrical
contact layer(s). It is thus understood that the relative dimensions 65, 66 of the
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2003 second te b Ler structure

first corrpogé)g%f)&i)%ﬁﬂrsf"gfﬁﬂ # ey tpat a}gp ?qumﬁ yl!!s@rﬂlcmsg:fahc fitseabnposi t e
barrier strsecond eiSctfibal Rt hyRFOW, 36, é&eﬁffo?%}éavﬁ Jae frlad i flevi ce 10
As best seen 'n'é'acﬂq | exi bl e conposi barrier

irst and
structures 20 and 60 ar%nds%rg‘agéq %f?‘f@?gﬁg WQL@IB?“MS‘;DVG | ayer 70
outsi de the di nehsth@nmbgtﬂumttlwlmréxaylemcéﬂo iah 1 gﬁt}bﬁﬁnﬁgawdéllra Qugh not

explicitly shawa 4ida gj%rpgﬂ nd flexj bl e conposite
barri er struegturgs g%'agr(l% CQQ? la% Odg;ﬁlggffmé@ﬂgia}'ﬁ(fﬂmﬁw&g%e active
| ayer 40 is ‘EE“@FVCBW@’E%@IWI{IYW@OM&& rsspdctitle eclgrarpafteRbas@bl y, the
first and se&omdahbee((d@lae;a&mm Sdsttﬁe&éérrﬁa@"bé”ucwre 20 and 60 are seal ed

in a way that envelo ortions of the first and second
el ectri cal ?onfﬁ%)gglecé?go? %é SRB RUESt for area 31 of the first

el ectrical cont élaieﬂfaql:dc cG@ipasite bareiar SAictiret DO 268 607 ﬂ:@‘rﬁ §1{E%|faP°ht act
layer -50. haof figs SRR r |ce 10| a light tting diode,
| ayer 30 can be a cat &%loér{\p%r?%gr% i’aﬂjqr?@%mémmﬁ‘ﬁg | ayer
cont ai ni ng &ﬂmpéﬁflé*&%q’f@ﬁﬁ“ﬁ@g@%ﬁﬂﬂ lmnedfr theasamelomylﬁcrl%ﬁ hatetiflle Atespective

U PR e o oot IS R18 A R BATS, T
structures 5‘89%%1 é 601 b IFuC. 58198-
. The polymenc films 21A, 21B, 614, 61B useful in the invention are
dlmcns:onally and physicaily stable under the operating conditions of the device.
| Examples of suitable polymers include materials containing essenually
‘ polyolefins, such as polyethylcne and polypropyiene; polyesters such as -
_polyethylene terephthalate and polycthylene naphthalate; polyimides; polyamides;.
polyacrylonitrile and polymethacrylommlc perfluorinated and partially
fluorinated polymers such as polytetrafluoroethylene and copolymers of
. tenaﬂuorocthylene and 2,2—dlmeﬂ1yl-l,3—d:0xo!e polystyrcnes polycarbonates;
polyvinyl chloride; polurethanes; polyacrylic resins, including homopolymersand -
copolymers of esters of acrylic and/or methacqrhc acid; epoxy resins; and novolac -
resins. More than one layer of polymeric film can be used and combinations of
films with different compositions can be used. The multiple layers can be _;omed
together with appropriate adhesives or by conventional layer producing processes
such as known ceating and/or co-extrusion processes. The polymenc films
generally have a thickness in the range of about 0.5-10 mils (12.7-254 microns).

-
X
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| east one polyneric filmlayer and at | east one | ayer of ImOeioger Pmizeri al .
The two - conposite barrier structures can be nmade' of the sane or
different material. At |east one of the two conposite |ayers should be
light-transmitting, preferably transmtting at |least 80%in the visible.

lon. Th 1 ef.ul. t h t
i monsi onal 15 By i Setay® I R bR ok hctaren bemochr the.

devi ce, ExamjsFes of sui tabl e. polyners include materials containing

essentially polygf @fmaérstow&ha@aitm b{ﬁkﬂ%:ng{?glgﬁgn ﬂﬁ' ¥ﬁ§ﬁ9§h§fﬁe

pol yesters such as Xﬁ: g{ e terde

napht hal at e; “P¥PH f"ng waily, e deseried abpya. dhese rﬁllm@mandlso include -

pol ynet hacrybmuehnmhaeadaeivfebuﬁom@mﬂeaﬂﬁm&ﬁm&him abhi Féﬁﬁ% g .pol ymers

such as pol y%ﬁ%rgg It% etah k e gol nmer s OE tyetra or yI ene and

o i wet iy TSR RE AR T PO BB 3 Pt tsrs of oo siking

chloride; potogetsehwhes stomﬂ gaaax:tayga ol dalsmsua casn:@J mébﬁeohﬁﬁﬁ&ﬁhﬂﬁ@hﬁl and

copol yners o I / aCl ;. epoxy re5| ns; and

novol ac res%ar?gé}rﬁ%%lmt %ﬁgrﬁfg cg‘{;i(eartﬁ%) f‘gﬁ?)&y AT IHFIRE susled and

conbi nat i onslf@BUlaﬂﬁFWawqeﬁ%FmﬁB]f@ff@Ctdmrtmnmt popartiesof the co@site The

mul tiple |aYWrﬁeICﬁ%cﬁﬁ‘eJ mﬂm&mﬁ%@&ﬁ%ﬁ@%@ﬁ B2l 8 BORESES oF bY
n

convent i onal IaéE du0|n roce suc own c
co- ext rusi or® %&g‘l |‘§: £G pfridip f’@énmngggehayermwmmkness in

t he range ofsuabagintare shﬁllhmﬂmdbh%sﬂe%ﬁ&uﬁ%p‘eb@t&&hed@su%gﬂﬁ)&&gﬁ br Q03 When
cknesses can be nuch

nor e than 0 e he .i.ndi vi'dual thi
| ess. q%ﬁ%e?s% ood %Eaﬁ ?ﬂg2 ﬁ Sng %eﬁ‘@d JIHRE Feses sl goatipgs can: . 61A, 61B
cont ai n esséﬁﬂi—al |y the pol ymers! descri bed above. -these fil ms may al so

ol ude convent gl i @ E050 SRS N SUTRECILLY, val | able

pol yneric te%s( tain | p .agents or

of filmf roﬁ ARF @‘f'ert‘oééf MR Qt@é@da\@i@dlt&hwmaoldastﬂmlm cases,

the size of ofponynadiduﬁurvmmmoausesmr w&sk@&éntmﬁglﬁ@&! delpgts in the

adj oi ning | ial . such r rltles nay detrinmental ly

affect the %@F’?gre&?%y&g;més BHOVRIOT SR %T‘r@e PI'%’F"SSQ gEiarr e. Where

the additi vButeris] Wbmﬂralﬂlgﬂ pifotesged bshﬁle@utqndnyetseoﬂ;mi)ﬁn@{c filsd frg@t ure;, a

pol ymeric fi 1 ChEre g r&t n9fe nt which such
et B 8 il b B D T et SR Spordlrot R Bkt of

agents are I F’ unepb; $§ve W th respect to
the |ayer R SPOFF&PBF ptwesn ‘ﬁQPPB’ﬂW%rl@Y@ﬁr'EhbbaImtrdammlbases slip

coatings c aapp:bed to tteedfirst layehef pelyprRsic mby" di&tdfﬁ;ﬁéprggasséQieQénﬁeﬁe | nventi on.
it is pr ef e6di6d: The DA% layer of polymenc film can then be applied by tamination or '
coatmg, casting or extrusion processes. The second polymeric film Iaycr cant be of
the same or different composition from the first. For example, a polyester film
1-2 mils (25.4-50.8 microns)thick can be coated with a 2-500 nm thick layer of -
s:hcon nitride (SiMy) using plasma enhanced chemical vapor deposition. This-
. layer can then be overcoated with a solution of acrylxc resin which is allowed to
dry, or an epoxy or novolac resin followed by curing.  Alternatively, the silicon
' nifride coated polycster film can be laminated to a second layer of polyestér film.
The overall thickness of the composn‘c structure is generally in the range of about
0.5-10 mils (12.3-254 microns), preferably 1-8 mils (25.4-203.2 microns). Such
overall thickness is affected by the method used to apply or Iay down the
- -composite structure. '
As best seen in Figures 2 and 4, an adhesive 70 is generally apphed to at
least one surface of the composite structures 20, 60, The composite barrier
structures 20, 60 are sealed with the adhesive by bringing the inner surfaces 24, 64
of the structures 20, 60 together. The adhesive 70 should be capable not only of
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at |east one |ayer of barrier material 22, 62 sandw ched BetOwesber 2003 east
two' | of polyneric film21 A 2113, 61A, 61B, as best seen in Figure 4.
Such a cHRRISSEW structure 20, 60 allows for very thin and’qﬂf@Sﬂﬂﬂﬂ@‘!I ayers

of barrier Eﬁ%ﬁle M(]JI %EI?J ﬁ%gthﬁﬂ.lrgtgggﬁére&t%ﬁ%amﬁo%éh-‘ r S of

polymeric film nore € barrier
mat eri al (notp‘%}'ﬁ@mftheéé%rlcql§9@ﬁ01rh}§€r5bvel ébsxttmﬁn@hemmmxmm;mloy‘nerl c

| ayers: The b@aekrcgve la C r I | yrmeric
filth by one ﬁ; re EW%S%? “"ﬁéé@?ﬁéﬁa@%&%&%ﬁ@ et Rlot Dy 881 ¥
polyneric fil hih é“%eﬁﬁ 8 2t ﬁ&rﬁfﬁaqomsﬁbafﬁ@a&tm@gﬂeéﬁsnl ng or

ext rusi onspr anielss@sto, thmsmadaﬂshmﬂwl@éﬂm filmlayer can be of the-same or
di fferent corrposMi rom.t Eor exanpl e, ol yester filmi-2
cah be s

this (25.4-50.8 r nlnc"’r'no&he)r efrhbogweé’&r?nﬁg BOSCOTPRIEH OTRIRFEAIRRT | ayer
of silicon rieastiote of SieNdlymsiihimesl 2440é 1B nliaoes do ﬁi&@ﬂll@ﬁlaymfnsdﬂQOSI tion.

This -layer &ad?dﬁQ@&]tlgﬁt(?ﬂ?ers%%ﬁﬁt@%l\@smlag%r?@lHH R adhsd aCng,,mCﬁ[ .eﬁ'g” whi ch

is allowed t or _an epo novol ac resi n
Al t er nat i vel yadhesize wm ¢@mayriot b erecgsamtte dead thecompmsité bamer simudrerek 26j nat ed
to a secand lsly@get@br, pol yester film The overal | thickness of the

the range of about 0.5-10 mls

conposi te structur ener al | '

(12. 3- 254 ni crons)§ ﬁﬁ%‘ﬁ&ﬁ’l"ﬁs ﬁﬁ&rﬁsmsseleazats layep (ruch asdayerciy pndones a

overal | thi tclcm:mnest affdreatfakk wymmmhg»&s Q$ﬁd6IEIr@RRie)&n%{En£1§y d%/n the
conposite s | ures an adhesi ve i s
general |y app%% Eﬁlﬁ% é[%nggg’;g(i’sly%lﬁra W {?éma’fm‘?%g%ri’ﬁg’sc?rte§9=structures 20,

60. The conpespolyestarss P@lb'estsmblmﬂsmﬁm,’mlyuwlmeamépdlmeﬁnﬁ hnctlh@m dhesi ve

by bringhng t et her . P
“The Fhatt oo POy éﬂr;\%lﬁﬁedi’mefﬁg‘%i%% ég?thgﬁ’i'etﬁg‘ﬂs"sf! 6t Bttt o0 65670 |
PC7/ US00/ 11532POYar; Giipobraers gblogompis spd é°1§$ rmw)dewqnghmmerebuhe of

sealing with adheé:@@&?eﬂi@%djd@&ﬁtttd) @Egﬂtttrﬁrﬁﬁltﬁhgﬁy& %aﬁ@ﬂ@@ﬁy& &g 3152

Chat an adnegrPed Lt PRBR 8RRy p, MLheE S CunbAERt iks PHRPPIES  surf ace
24 of the fi nsto clighpesnsmittiag pblymesit filatlayeesidild notaleaitdérdthldnatios: the | nst ead
ncor por 2 Ed'@%‘@%&ﬁ&? ‘E%%ﬁ’mﬁfﬁﬁggﬁﬁgﬁn@m?@xe??ﬂ?'ﬁi “61B ad] acent to
the active |ayer 40hebasxiexmategal useful in fh@i arrienlayers 22h62 sﬁethanmteanad asi ve
layer 70. In b‘élacsiﬂlbﬂaﬁc%sﬁat %vl@ﬁ@@rhféﬁ%s a%gxhlﬁﬁlbii@ﬁ :ﬁ‘m@o AQn @5%‘%%% an
necessary to oi?&én ande wgt%mggc;rttr%nsp%;trrlagof ?etsg %%nulroegclm /24 hr/atm, pre?erglg! o
Y
less than 0.2 cc/m?/24 hr/atm. Suitable barrier materials include malleable and
.25  crack resistant materials that are capable of ﬂexjng. Examples of such materials
include those containing essentially metals, such as aluminum, nickel, copper, tin
- and stainless steel, as well as alloys. The barrier material can also be any
inorganic materials that are chemically stable to water and oxygen, including
inorganic oxides, nitrides, fluorides, and carbides, such as those of silicon,
30  aluminum, indium, titanium, magnesxum hafnium, tantalum, and z;rcomum and
- combinations thereof.
Each of the barrier layers 22, 62 shounld be a continuous layer that contains .
a minimal number of defects that increase the material’s oxygen and water vapor
permeability characteristics so that it can no long function as a barrier. Thus, for
35 . example, defects such as pinholes or cracks would be undesirable. It is
understood that in addition to the size of defect, the area density of defect (i.e.,
number of defects per unit area) also may affect the functional characteristics of
the barrier material. In order to maintain flexibility, the layer of barrier material



Sui t abl e adhesives, useful as a separate |ayer (such as | agectolidr 2608/ or as
a- corrponent of one of the polyneric film layers 21 A 61B include
mat eri al sYOWBHPHPni ng essenti aI ly pol yner adhe5| ve resins, PERBISAHBIFE4

pol yesters, gggglghy@lgg §ﬁ§ckn eg?]éﬁ?er@gnep %mrp FraRgpl ur et h?}?q?‘é and

polyoleflns | ncl udj ng po ye ne vinyl .
al cohol’, et hy’i Qﬁ@vl%&qna@bﬂ%ﬁ @dWthaV@:éﬁmﬂmmm thé rarrga(mfer s and

ol ds. 1t L o0tenal apthali s kb T ST 868 0 @

i ght - t ransmi'® £fh am%?ﬁ?"?"%\b’i‘%er&‘ﬁ“ Eﬁle% ES8ponent to be incorporated
into.a |ight- transThetllanmlmfswa}ﬁd iavédtlomar@y@ipdshedddhtdifingdrty gt al |y
affect the e}régﬂtn]atte Iagﬁmlttl%gtj(ﬁ)roger%g f the polyneric filmlayer. The

barrier material” use 22, 62 of the invention can
be a substance t hakhe sppaific ¢hoigead palyneerediitn an;id:msndrlmateriﬂaﬁlwejpend bickness,

s an " ox) Q. Bpk b RS AIEOEbr L el int REch Dy cof el 24

hr/atm prefer Iy | éss th atm Sul
materials i ndh UHATPBRBPR regements, Men thas¢arpasite sumaaniead ot 6ibis ar e

capabl e of fhesd ﬁtgas@&mm%d@ﬁnoﬁélqiiyd?ﬂ&ﬁrﬂu?bﬁ1t it %Iyl-\'.ﬁiﬁe ré&; ‘69”t ai ni ng

~essentially mec'gca $ g Lglggf Hf'ld“‘t% st ai nl ess
steel, as welPfo%48 %F%’@ Ong grYaé’Pr éﬁi‘ioﬁlpr(%?ﬁﬁnﬁ %T&ﬁ/%wa?ﬁhemwﬂirgam c
mat eri al s t hatchinge lofsemt casks the poBhezict flinnatlEe thélduﬁxmeflofih@%bﬂﬁb
| nor gggl ¢ OXiflas nelr}kguﬁﬁ gg:§ﬂosfeh HOAES ro@&gm%aéﬁbt:l}gfgfﬁgpﬁfhm% o chonial!
-zg coni um - aftf 1%6?%%@@%@1%@@#6&“@@% E@lﬁtﬁt@'ﬁ, rohwmidasy aet fliayertad 22, 62 .
ojl d bgs a 9@%@9%%@@@&}1@&&9%5}5@5 Wﬁn%@%ﬁ@éss%@%lvgg ¥ ypeJreCt s

“t hat mcreasg t he. mat éri al gfg&g and water vapor

charact eri st PEROSIEPT SR, i 1S pé%fﬁ“ bikg PplymearicdHmde aapcﬂamdemtm‘mgha for
.35 . OIex anpl glassithesition tsmpd&ramSe (TigdlekeTgor ﬁﬁﬁﬁ!ﬂ@?CW@GB@r@%ﬂmgﬁt&m e. ][ t
i's under st oo nto t z ef ect,, .the area enS|tyo
ot ect (1 o thord Blefbibi g aicnblon SebBifaBler Sn S Cosf e hagriemmaeria wal
functional chefecuserilerer e%thgt:ompbcetetsammmthms expaakd td furthietl fockesinmi nt ai n

flexibiligy, i 2003, V0,007 65670
PCT/ US0011 1%%%&'5%%%?%1 Slaa{élg Belchfiteni? éé‘gishsﬁggﬁ}e%{’%{%  Hon,

preferably nBOIBP%%“FéFm‘EtH"&r?O x68 lhﬂﬁdeﬂﬁs Qé?ﬁék%(ﬁr ltth@nb’élﬂrn@mndageranyray have
a thi ckness ﬁmﬁehprdcasagfg Ther2f8Qhé | fdﬁ\ge bbmﬂws fovht BompBEitibh o1 bl e metal

the pr of or r e[ PEVSEE Bl tuenen shyehite 4 @lé'fﬁ%re#qa R v& e onposi 1 o8
cont ai ni ng vmfuyh bmanler
25 - When the composite structure 20 or 60 is adjacent to a light transmitting
electrical contact layer, the composite barrier structure should also be light-
transmitting in order to transmit light into the device or transmit light generated by
the device. Any light-transmitting layer of barrier material can be used in this
case, including glasses and inorganic oxides, nitrides, flucrides, and carbides with
30 band gaps greater than 2.5 eV. Particularly preferred light transmitting barrier
-material are glasses, such as materials essentially made of silicon nitrides having
formula (I) below; silicon oxides having formula (II) below; aluminum oxides

having formula (III) below; aluminum nitrides having formula IV below:

SiN,,, wherein w is between 0.8 and 1.2, inclusive Formula (I)
35 Si0y, wherein w is between 1.5 and 2.0, inclusive Formula (II)

AlOy, wherein y is between 1 and 1.5, inclusive Formula (IIT)

AIN,, wherein z is between 0.8 and 1.2, inclusive Formula (IV)

Also combinations of suitable materials can be used.



| ayers of materials havi ng vefy | ow perneability. The spee8iOctobehade® of
polymeric filmand barrier material wll depend on the processing -
condi ti on¥Ot/6AP ch t he conmposite structure will be exposedPERHSINHES4

|l ight-transm ssio conmposite strycture 20 or 60 is
|ogused as a suppgﬁ %\?\LAH %&Hg%t”t%l ﬁ”? éf@a‘?‘gﬁﬁ|aPt°p€ﬁ}i9rFlf?‘fthfiﬂt°°ﬁﬁ91 under go
various proédssihege sdwdieet dersa llak;ﬂ-unmsngttmgpompdamdﬂmemmmsesm ng - and/ or

wet chemi cal et cith REmnlabiz8 ARErCAS be .t he outer
| ayer of the co.ngo& te 'zltzr uct Sre \/\ﬁle't=l %heoi% l%os P;&Pg%%‘é?m P¥€essing. |f

they are subPEEFEIWHTEHDA 38 e‘éﬁeérﬁeﬁgldéwthﬁmemﬁat@ﬂhalssmmnas

pol yest ers, mld¢vmd@$ the&mhﬂdsh@bbﬁﬂ:&@ﬂudtﬁreﬂé)héé@%s% sﬁ?ﬁox@h@&ﬁw ?&1 po' y”e” c
ol,ves..va 1 on t eps,

t I
rererred t NI IS ES Plotfeseh B SRR b momiting slocaicabs
transition t eonast dyer;dii) thg cofmpogite baigienftrichanisl@Rd @s h@u?&ﬂ@h p&X witich
bar Yt or -t orouifforll EYERAE YrooBRLY ShEY. SRR AR W dirlertieaoniact ur o ¢ hat
i s exposed t Byeryfiiththe composite bargler smucrme Ibﬁllerlmﬂavnaammedla:ﬂhgudijdcdw chosen
to wit hSioandtotﬂﬂﬁﬂﬂ-u%ﬁﬂﬁitﬁiﬁ@ﬂécm\%ﬁébr&&b?la}}épgggs Bﬂmescto #ﬁ@ﬁ%rgzeggl 'n;

.added as a | ast ften wl not “un 0’ any

Ther ef ore, tﬂ@‘cpﬁﬁéé[’% asUﬁ‘B"i’rcf’é’é’ ieg ang h-‘eacb’éﬂ%b@ anj Q?ﬁqléﬁ eleetmpbtrmmacs | n the
conposi te ba}aya:refl‘}mtchumé of frafdiald u®d ip H&Qﬁﬁh}ﬁ)ﬁeﬁt by of ﬁ'béq{oxﬁrﬁ%st I t
oalig

br oader. %@g El&gmgo 5| t éure or -60 s adjace

transmitti ng ECLr | ca Perf‘%? fpony e LRSS GQF‘PBS‘EFa$tFLFCélFest ruct ure

shoul d al so be I |’5kqpolrmamcsﬁlmﬂam 214, GIHmIAcﬁlﬁaﬂ&thaiﬂ@hﬁatéﬁmgzt he

v, o st cunals GBEREA Ly A OB L0

| ayer of barrier materjal
i nor gani ¢ ox§rag¥ce thy desirgd thickneseas andgnifemity dntiudiog Cmﬁtmg becbﬂasistg:aps

greater t har‘as%pﬁa R¥tindaid sl:ﬁr&bl' BdtihgD bR @idchatihg) %ﬁﬁ@@%’%ﬁ Iphﬂgfxg %&' er

material are $Ses such as terl al s essent T al
nitrides hawaﬂ ?’8?%‘8{1 BTQCE55eFe PoRrefaTadi REREFS DS tﬂégplﬁéb‘? hgne@mﬁmrml( | T)
bel ow, al umﬂuﬁi WiM@slymmuﬁﬂgqﬂbAmxlzaB( EllA)orlﬁeBOie&’sps%hh}B]ynB?‘arVabéf des -

h fy bet | |
For it a ?55"“%%%‘%&%9%% SubMprdbISIeE iBepsh el el S800s YsBofinEn g plesay il o
(11) A Oy, sphaced ghgmical vapendeppsitiomdnd physi¢ah deprsition processesichlal) Al Nz,

wherein z i Sevidrid) idh-Sla @Qa&dgpu&é}ﬁiguiﬂléé erﬂ%ggﬁé@%/ 9. combi nations

of suitable paterials can F ) 70
PCT| US00/ 11 5$Rosition is pamcularly preferred as it causes less heating of the substrate (in this

case, the polymeric film 21A, 21B, 61A, or 61B), and the coating flux is more
25 uniform. It thereby provides essentially defect-free layers
2. First electrical contact layer

The first electrical contact layer 30, is applied to one surface of the first
flexible composite barrier structure. This electrical contact layer can include any
material capable of injecting (or collecting) charge carriers into (or from, as the

30 case may be) the active layer 40.

Although not shown in the drawings, the ﬁrst electrical contact layer can
be made of one single layer of material or can be a composite of multiple layers of
first electrical contact layer material. -Where the first electrical contact layer is an

* anode, (i.e., an electrode that is particularly efficient for injecting or collecting
35 - positive charge carriers) it can be, for example materials containing a metal,

mixed metal, alloy, metal 0x1de or mixed-metal oxide, or it can be a conducting
polymer. Suitable metals include the Group IB metals, the metals in Groups IV,
V, and VI, and the Group VIII transition metals. If the first electrical contact layer

10



When the conposite structure is adjacent to an opaque e2Ottobea?0d3ont act
| ayer, there is no need for a light-transmtting conposite barrier
structure. To sunmarize, there are at |least the follow ng four types of
conposite barrier structures that can be used dependi ng on the pl acenent

of the strucisuebe lightfrahbreittey] ixedirmtal HEACOMGBLHETORT biEly SLLYCtUre is
. i : 3 . v &&JS,

used as a Su?@%rﬁsiﬁg%-%'-'o A ea%(ljlatl.onal. Igfl?rs are processed and Ts

adj acent to a Tignt-transm gl’ng SPRAYFing Holypesntiuchias palapiling jap be he

conposite bansdder structure is used as a support upon-which additional

| ayers are proces | | a el ectrical contact .
|a§er; (ii il)o t he ?ggﬁﬁgg?%ﬁléﬁtﬂ%tlﬁgaﬁ%[s"f"r%gtc'%‘?rg’%i_‘ggfﬂe%"‘é“ Pabexfended postions ed and

i s adj acent 3btq epriert §pdeyicaie axtemahgirelive: it isoaidersootdanat deaieey (moaNd (i v)
the conposi tﬁlotbaﬂrm@ﬁnc&faéxﬁﬁé%@}_héaﬁs}ﬁéiﬁﬁ &x,ﬁéct?c?.p('sﬁ@d and, | s @gj acent
nma

to an opaque el ectrical cont ag,t [ ayer. 'The choice o eal’givée\sgwﬂg in the
conponent | a§R4TETYFE U8 cxEmded ippions 3 ¢ iliis fugthasanderstood thatthgar t dependent

upon the typemposttionpeshe dirstalemtitd] @onthbElap&! j i : . A 21B,
o iy AT

61 A 61 B : h arrier.material 22,
usi ng any kn é’%ﬁﬁt‘) g ‘(E:Oa{?‘? %sﬁ%&ﬁ'ﬁ?ﬁalan h=0- vl arexamplss wberetthefigesi r ed
t hi cknesses’ elentricalicboiant fayer 3(hrichatics thecmasrided pprivne S3 SfarBUE the SerPi N
coati ng and . spfiaye $9ekk A i ting, cast.ing, .screen_printing, and
vapor deposi@gﬁ%pr 0cesse .O_géé\; %@qug%;g%%ﬁ?%gé:ggmf’?tﬁ Fopyers %‘g arrier.
mat eri al - 220aybe CRRAEsFAItiaty @ matrialtsechresoinBkBm)akd iomobd@sistant 1o
respect i vel envhynemaPdezr2daionasi yb@t@er%ﬂa&agr mﬁ'}f‘ﬁﬁ ol P&g%ﬁ?eﬁ i ncl ude
chem cal vapor de&gm. 0 %ndgé)l asha enhanced chem car Vs -8%‘&.6 i ti-on,
and physi cal™f&58EPPT ﬂ“S‘? deseRienstienvish theaaptipe laxer 4h, Thwnthpifast ng' and
spu]E teri Sg_ c;a_cam' cantha lriqmj conepvsitidn tf‘iﬂggeogmb ?i%'ﬁrﬁt@?l_eia%ttiﬁ@!%%r%' arl %lh
preferred a . ] 857, ng of the substrate (i,n this “case, e
pol ymeric f ﬁdﬁf I)Ze%%\llég _1‘@, ‘ﬁﬁﬂ%ﬁ%ﬁt‘!"ﬁ%ﬁ?"%ﬁ%ﬂdﬁ%@ r&?)tﬁ%"rpﬁg At(thgsame tmg e 25
uni form | t tenldssteietyeahqamsact dayee noinpbsitionl if theextended paryion 31 mag.beFi I St
el ectrical chodeadd plaid® erbher Chhadictt} I ' ver .30, is applied
to one surface. %ﬁt Fhe f.i%rsg_ rfﬁl‘?gri g@f%@“‘%ﬁ%ﬁ?@%ﬁ%‘%%ﬁ%ﬁ al hj s
el ectrical cont OW%?‘EE the ssaled Vighy Ihfyrded eompositios candk providstt i ng (or
col | ect: ng)'bif'AaQ[ gggpmqﬂcilayas bﬁﬁﬁst(:wcp{dabﬁant@c& Iéﬁ?ma@iaﬁ,@ﬁ?y ‘ the I
active | ayeg, : . i.n;the dra s, the first el%®ectrica
contact | ayere cgﬁ @Hﬂgﬁgg‘g?‘ﬁ‘g%ﬁ&%@%@&?%quer ial or tan be a
\(;@nposj[ Le 19:1 gléﬁﬁﬁfﬂ%ﬁfﬁ%@l@mﬁﬂiﬁf@ ?wmppﬁaﬁbﬁa?h?ﬁé&waﬁmf er j[ al .
ere the fdepeisi des§.aThe SRS hvsRYEVanos d8lhsitfi® (i..£... an el ectrode
that is par&éﬁgltarzz ef f.i'aci ent,P&gﬁr 1l nj ecatﬁion eﬁcl))rmgdc%'l |§f§ﬁ(‘%§’$‘§‘§“posi tive
charge carri@rd) )PAPRAFCHE cagpd aWdRReuGre frsexampleaphysingl vapoet al |
m xed net al depakition inctedesl albirte ofsputterg; FRIRin@wondRanMpuitdringLs V&1 2
conducting as-all forms of vapor deposition such as e-beam evaporation. A specific forin of
physlcgl vapor deposition useful in the present invention is a rf magnetron
sputtering. : . : ' - .
111 general, the first electrical contact layer will be patterned. Itis
“_ndemto"d that the pattern may vary as desired. The first electrical contact layer
can be applied in a pattern by, for example, positioning a patterned mask or
Photoresist on the first flexible composite barrier structure p;rior to applying the -
first electrical contact layer material. Alternatively, the first electrical contact
layer can be applied as an overall layer and subsequently patterned using, for
example, a photoresist and wet chemical etching. The first electrical contact layer .
typically has a thickness in the range of 50-500 nm. First electrical contact layer
. materials.and processes for patterning that are well known in the art can be used.
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pol ymer. Suitable netals include the Goup IB netals, thegetbsr2003G oups
IV, V, and VI, and the Goup VIII transition netals. If the first

el ectrical contact |ayer 10 28 COctober 2003 is to be light-transmtting,

m xed- met al oxides of G oups 11, -111 and IV netals, such as

i ndi um t i n- 0xd.d@sgaorc actyemaigct i ng pol ymer, such as polyaniline, can be

used. Although fir AU ES 30 sho th extended.

portions 31 to co%%pecdﬁ%@ogﬁ\l}ecg&[c%ﬁ%&éern ViI& thet"Fwngn ver 40 Gaer st ood

that devi ces,berrolight SRS ﬁh%ﬁthmn@@ertp@teétbé autapphedrnménage @hc]ﬂ:ajﬁih fipht-

connection ( Hfkin@8iodd) st INRHOTnatdRl thaGBhE& 5 %En?%ﬁ%%g en&%E &l 0”5 31. It
;

is further understopd that the corrp05|t|on of Péal cont act

| ayer 30 may SWERY WHE S SEaVE ag ppiplied kiggeoltags (seth @fmﬂiﬁbm@dmpomr): e barrier
| ayers 20, G(Exaﬁﬁﬂesejfmtcﬂetd&ftﬁﬁ fcle pﬁbtb@&ndu@ﬂlﬁc&ﬂb ﬁﬁbt&é’s@& t layer 30

i ncl udes the xt ende res fons that are
di sposed out 85)5‘87 }g?fgp %tgf)r ‘%8%%@1&*‘8“6‘&’@?4 8?@?@31296“%65 theay be
cont ai n -esserfdrinahieylesyrihet io Maakus( Jobu, FeugombuaridiuzleokibebiclisnaRugo r esi stant to
envi r onnent al ? %Mﬁhr&o}ml =y il? tter conductor than the first

|

el ectrical con ayer "conpos nh that is coextensive wth the active
| ayer 40. Thus, t Véhereithg activedayerichghtcontingthe byerwitemio$iphi @hed hat i s

coext ensi ve whiiiichDBizBGhINg kABettd BYCAIE EPRSE TR PRUSS. et ter

el ectron bandmg ﬁ mat.ch iggr . sanei t1 ne cal contact
| ayer conposPIEEHE ARTYHEYELNEh aeiaigehy pranis eleptipluminescers s othen opgamic de

gr ;aaft gr copdughﬂ-atnittyn@nﬂtedﬁw @%dnﬁt&%lﬁa@%%:ﬂaﬂ rfdl&ddlé’ﬂx f suchlf rgdat ibon
outsi de- o e | 0sj Li provi de y
usi ng separ a%ﬂ?ﬁ? gg%lr'lgg%g"}f % ‘m@lee J—gg %%Bél 6-’r4§§e§a?r§b’éﬁeleéﬂl or by

adj usting tHe. dﬁﬂ&ﬂyécﬁﬂcﬁ@ﬁoﬁletrcbmbhmns af wfvhrchh:eah&ﬁpdsﬂaesal hefGRACt | ayer.
The first elﬁ?érEﬁ&alAﬁ&ﬂﬁm 's%)!l?fnaﬁ‘a?l s%aﬁ’ﬁé’?blb%e?l?%t éﬁ%{‘ gﬁgki@ggf's ‘o

vapor depositiqQ ess. e term S|-ca apor

various dep E‘Q‘?ﬁﬁ‘"&% ﬁéiUe%rPIaFe@Hiéﬁ 19 1Ha‘%ﬁ903ta'n®f$$ Batcntexarrpl e,
physi cal vapfHos, WNakﬁﬂﬁleﬂalcﬂwgelsat@itB 3fIWIB§) ﬁ{e;ézlauérk? &9' ng-ion
beam sputterérg or. deposSition- suc :

e- beam evapor a%i coﬁmr% herel? %X 1-?{18, eﬁﬁ)fﬂgfﬁﬁﬁg P@gﬁr C%B‘@éﬁfﬁlﬁﬁfeusef ul in
t he present aenu@cmdmmw soraugafted]a@immbmomn fsqampleemﬁsn@h a bdilyn&@ﬁp&;ﬁ(ﬁk p-the first
0

el ectrical Cﬂﬂhﬁ&h&%ﬁYﬁhe%féncﬁQo??i’f’@r gfl tight-ed %grglt I%é el? at the

pattern n'ay desi red rst I’IC can be

applied in Iﬂ%ﬁﬁt rlﬂ agyatrig Gf aése@ﬁﬁ)métenﬁoylthaeﬁ“n@o@ qddtilves,ﬁmﬂ mask or
phot or esi st mefetdbdy firisa ldybeaoht ETROATDS bigAniakfer géne?zhrﬁfés%ﬁm@;%&f to
applyi ng thg, the range of 50-500 nm.

Where the athe layer 40 is incorporated in a photodetector, the layer
. Tesponds to radiant energy and produces a signal eithér with or without a biased
. voltage. Materials that respond to radiant energy and are capable of generatmg a
'~ signal with a biased voltage (such as in the case of a photoconductive cells,
photoresmtors photosthches phototransistors, phototubes) include, for example,
many conjugated polymcrs and electroluminescent materials. Materials that
- reSpond to radiant energy and. are capable of generating a signal without a blased
voltage (such as in the case of 2 photoconductive cell-or a photovoltalc cell)
include materials that chemically react to light and thereby generate a signal.
Such light-sensitive chemically reactive materials include for example, many
+conjugated polymers and electro- and photo—lmmuesccnt materials. Specific
€xamples include, but are not limited to, MEH-PPV (“Optocoupler made from
semiconducting polymers”, G. Yu, K. Pakbaz, and A. J. Heeger, Journal of
Electronic Materials, Vol. 23, pp 925-928 (1994); and MEH-PPV Composites
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first electrical contact |ayer material. Alternatively, t2®COkiobet2003

el ectrical contact |ayer can be applied as an overall |ayer and
subsequent |y patterned using, for exanple, a photoresist and wet chem cal
etching. The first electrical contact Iayer typically has a thickness in

t he range of |rs ctrical contact |ayer .materials and
processes f‘é’f‘ﬁg%ﬁ?% 5[1.: hﬁ?" 1offef ﬁomﬁq’qﬂﬁﬁﬁt% BolymemNebeorksad. 11 28
Cct ober 200B J3M. Hatjawi gl (@nbnc@elgay@bhﬁﬁ&eh’dl 196 yoassseoappd4icati on of the
devi ce 10, the agt a emttin Iaerthat S
activated by an Ri%;?’é?zlg@éﬁfafrﬁﬁ) f s?ﬁ%ﬁeorgam?ﬁ“% FHbe abplie i gpediicstie), or a
| ayer of netlestiigd! cohtact haé@”pi@rﬁjsnsciuham ranyenevepiond tn@@BShahREng S gnal
wth or wit ;i n hot odet ect or) .

Exanpl es ofﬁ(ﬁﬁ ?%glgag%t%g ﬁnﬁ% Tﬁg c(%é'glré%n [ vetcré%f E%n {)?)PIBE sistors,
phot oswi tcHBECCt ﬁﬁ&t"é@%ﬁ#ﬂo@fiéﬂ Qrocafn‘as, ghpandingbipen tenatphofdwol taic cells, as

these ter rfﬁat@ﬁ@lsdﬁsiﬁélsb s&hlﬁlek@ﬁ anzl&ﬂr@fpogv fbfe 5813 NucI eoni cs
Dictionary, 470 an , Inc- ere T active | ayer

i s |ight-efPRYFRE ?)[ ?}'efrypw\f:‘\ﬁll’ l’)é g ght when Suffici ent bi as vol t age
is applied to tHHwEﬂoﬁGr& ldyest0 mpaga m?e@ﬂﬁrfﬁ'st eld¥fridal S8Htact G ridg)Gypct i Ve

| ayer may. or ganj,c m nescent or ot her -or ganic

| i ght-em t'tal% gé ﬁl@@?%ﬁy %Oq’ @3 ?@?1 Sé)e%teﬁﬁefb@ Kgres 1 and épﬂhbze immaterials

such as tmwrdﬂs@ﬁﬂibéﬁstlmctdoafcmnmye: thdiexgndibGonBahediméhsinf- 429, Van

Slyke et a s, of. which are
y lof the 4dtive IEBQP ﬁf‘&rdé’r éﬁ’%@‘% ﬁj tgonﬁec'ix&ll o v gﬂéfﬁﬁas‘fﬁﬁgpg can be

i ncorporated herein {\g refere ernatirvely, sucC
pol ymeric ﬁﬁ?‘é‘WdPéhes piheddevitése  described in Friend et al. (U.S. Patent

5, 247, 190) 4. Iﬂée@ﬁfele&maﬂ-ooﬁtdcﬁa A?atent 5,408, 1, 09) ‘Nakano et al. (U.S.

Pat ent 5,317, 1 ele are incorporated herein
by reference,. ef%?‘?@ael%qnéc@? t%ﬁaﬁ'g%g@ﬁtap Ppléq%thﬁrr% de e€theconduct i ve
conj ugat edagfineiaeer<0. Aenlﬂmughpbelmmau&ke drapinky, e secondeleyiridal contact

phenyl eneviggul ennle hEAEH Sl s ASeMhudif ol LA SMLALG R ST al s may be

di spersed in.a ndtri x of anot terla addi tives, but.
pr ef er abl y“‘l’-‘&‘ﬂ? YI"&%R—:frm%FF%ﬂe. The active organic |ayer general ly has a

thi ckness™ in tﬂbe&@d@@dcﬂﬁc&ﬁﬁl&ﬁ@acﬂ[ﬁyemfb@aﬁﬁ@e&ﬂ%ﬂtﬁﬂlﬁé’ﬁg gys
i ncor por at | ”taf‘oPhOto ’;ect% Lhe. Y e res ds tqQ radi ant” energy
and produces & & ghar et Pﬂ nGEnE (sateciog) cagRemsAn® (oKt eri al s
t hat respofigms @Sﬁvd:aa?nma}ebe)rtgyacand l@reettﬂaﬁahﬂrﬂl},ofwhg&rme;aém a signal with
S o, e el e RO BT e
exanpl e, injecting or collecting clcc!Ions or negative charge carriers) the cathode can be
any metal or honmetal havmg a lower work function than the first electricaf -
contact layer (in this case, an anode). Materials for the second electrical contdct
layer can be selected from alkalil metals of Group I (e.g., Li, Cs), the. Group IIA
(alkaline earth) metals, the Group II metals, mcludmg the rare earths and '
lanthanide, and the actinides. Matenals such as aluminum, indium, calcxum
_ banum and magnesium, as wellas oombmatmns can be used. '
Although second elcctncal contact layer 50 is shown with extended
portions 52 to connect the device to external cu'cum’y, it 1s understood that devmes
B {(not shown) that incorporate other means of circuitry connection (such as vias) |
would not require such extended portions 52. It is further understood that the
- 'g:sompo_si'tion_pf the second electrical contact layer 50 may 'vaxy across the
_ dimensions 27, 66 of the composite barrier layers 20, 60. For examplé, where the
second electrical contact layer 50 includes the extended portions 52, parts of the |
extended portions that are disposed outsuie of the sealed composite barrier layers
20, 60 may-be—contam essentially a matcna] (such as Aluminum} that is more

or
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many conj ugated pol ymers and el ectrol um nescent materi al s28 Miataber 2063 t hat
respond to radi ant energy and are capable of generating a signal w thout a
bi ased vBIA¥EEPsuch as in the case of a photoconductive cBCT/USPO/EIS34

protouol Latc ekt ARGl Ul ST LU o b i

thereby generate. a Q’% sensi
‘materials- i rfo$UHSl ¢ a%i@aﬁpwnpmmn ﬂ?@bﬁjcagm:mivepwﬁtwthe actaMajaéret@t ro- and

phot o- | um nesTiRBltheBdcohd allestric P&kt dok é&lﬂ?& are
limted to, MEH PPV ( 0%; oczgch | er T %yep f‘Z"rﬁi‘@g{ XIQH;W W&B%

Yu.. K. Pakbadtvelayers En t‘ﬂBﬁ?rvﬁlfIbegﬁr el@wb@drgan\mwm@ At Vol .

23, pp 925- 92Be faineaan} theaa@bd‘dﬁtrbd?ﬂééi@@ﬁﬁ@ﬂhy&&o%o%%o%h@@@éxtﬁg&%ﬁ Wi th
t wor ks"

CN- PPV ("Effi t di,odes. from ] nt erpenetrati.n

J.M Halts eﬁ%hﬁi?’ 527 %g%@ ¥ TERSER & DoY) AG@F%I 1’COVSPC“‘Weandr}ﬁcremrse@tanqeg95)

A | ayer 40 cdﬁ?a\rlmnng:nt tesradation e utsi dpaof the aaﬂcﬁrdea/hcccalfheh%rﬁﬂﬁ:loh%sifu%nt he
first electr convent.i.onal

reans, incl udc:aﬁﬁé &Q’:mr?acgatl %rate?’lgér o%éo%dgléc?r@c%l cﬁga%ﬁ%erd-eﬂgv@ &% gani c
mat eri al s carFOB]g ﬁSPY@th@Pr@@tsﬁwlﬂwlm Cdfetp@tslayeron processes, depending

upon theipat ure offhtRecomReRE: [ n_active
pol ymer precuysot,. and the;Ilnl ggjﬁ\gc?d&%tg%ég%uaﬁie?ﬁke%g %8 " blé(‘P*D%Iflloeratl ng.

The active | AFRFSIAR Rrecess, ef;?f@nfi,e}egp-w@i gRxitagt %}fer(’s’ﬁHﬂ:&ct | ayer 30,
but does notpatigrpéd; ab H;scm;@acbaibdvlaen edteichte lahe FirstAtecBesl cS585 lhﬁir"j’;' pgures 1

and 3, there 31 of the fir ri cal ont act’ ['ayer that
ext ends beyong(.llﬂ':i #%ep r%&gglb\é%cﬂ%lqugsf cat“h et %‘?/Bat g}e §efo Eﬂ@?mlcél GWERRE t t he
connecti on wilaysr. dfhwcwlwmdzdtoentamhyempmal]y hys a thi¢liesé ixﬂ.lhé hathedgVi Ce.

4. S | gt | et I t ] 50 ¢
s appl o3t ?ifﬁgﬁi OOkt At oot By 2 IR b e B

Si
t he draw ngs O%d%ma@‘@étheﬂ@&‘ll cont act layer can-, be. made of one
singl e |ayer of Mt wortion spefmrse&ﬁldaels&ﬂ@mbﬁﬁcﬂfayer Wit éﬁa{@?ég%}i&&?e of

material. . econd.el.eciric cont | aye
cont ai ni ng ess nglogﬁ Pgtheéeﬁﬁ{ et PgJﬂyeﬁSﬁnéﬁﬂlﬁbg’ﬁéﬁﬁeﬂ%ﬁm?ﬂjcé@tamﬂgyf{for
col | ecting) GAzhiyexteaded prtion A2 allows fof the rpnmstibh & Saeeantbyr fdctioRe active

l'ayer 405, Gepghiaid o \Wﬁfsﬁe&ﬁ@v?@cond el ectrical contact is a cathode
“(i.e., an electrode I'S I'cularly efficient for injecting or

col | ecting eﬁe@(‘h%ﬁ’?“@’? i?éfga I ve charge carriers) the cathode can be . any
metal or nonnet al thakhdeh & HaWWRkheMYs ré HEAAE ol BN B Ik, Sl ect T cal
contact | ayel a(.mpri'et é!'g cgn Seea la%rrcl.r 81%? shown) between the first It e Secdng el ectrical
cont act electrical contact layer
30 and the active layer 40 to facilitate electrical charge transport and/or electron
25  band-gap matching of the layers 30, 40 or reduce chemical reactivity between the
active layer 40 and the first electrical contact layer 30. Similarly, a layer (not |
shown) can be placed between the active layer 40 and the second electrical contact
layer 50 to facilitate electrical charge transport and/or electron band-gap matching
between the layers 40, 50 or reduce chemical reactivity between the active layer
30 40 and the second electrical contact layer 50. Layers that are known in the art can
~ - be used. In addition, any of the above-described layers can be made of multiple
layers. Alternatively, some of all of first electrical contact layer 30, active layer
40, and second electrical contact layer 50, may be surface treated to increase
charge carrier transport efficiency. Furthermore. additional barrier layers (not
35  shown) can also be placed between one of more sets of the layers 20, 30, 40, 50,
60 to protect them from adverse processing conditions. |

G
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| ayer can be sel ected fromalkalil netals of Goup I (e.g28 Qotobef2d03
the-Goup 11A (alkaline. earth) netals, the Goup Il netals, including the
rare ear WROUGHE® | ant hani de, and the actinides. Materials SGEASAYIEBUM num

i ndi um ~cal ci um. TH@Eh&F&eoﬂﬂgtegﬁﬂ%Fé&Wof{ﬁ?e M@%ﬁt gﬁrg\a%?%can be

used. Al t hough second electric contact layer t ended .

portions 52 8 408 @h@l%é‘f\/IPf@@f@bi}’éﬂegﬂmﬂ byihatamicingythe goals of under st ood

that devicesp rovﬁdi@&aabﬂwﬁmh’]ﬂ%héi@@@édﬂ%@l‘&ﬁ@ﬁeﬁ@f means of circuitry
connection (such fs vi al not ch such extended portions 52. |t

i s further under st'bBd™ HEPREF e 020 vaesiof dhesipyemtiprggaader i cal
cont act | fiyefabbifatadipy Famstypplyirgss ﬁtshi elecdicaemnm $ay2? an®Buitding hﬁ tHeOnposi te

barrier laye (o] () t e se cont act
| ayer SO i ncPévdéegfr?lﬁgheergt fetr%gé%&@gtropdgmgnﬁa Bé)Pf‘séngqO?’HgguB}]i‘ A¥EE portions
that are di sﬁ'@é’ébeé%qosﬁcbcmatmt@ﬁé&m conposite barrier layers 20, 60

may- be- contain es?ggfc;l%% %‘8 Hlmggé}%% Halﬁsfeﬁﬁé@qaﬂh'%vﬂ?%ﬁso m)re 13 28

Cct ober 2003. WD 00165670 resistant to env
degr adati on BF&FBINVEBU-bet t er conduct, or than the second electri cal
contact l@ayer conposition that is c pEipe with the active | ayer 40.

Thus, the second e i cal cont.act er .Co si.tion, that is coextensive
with the active ?g gc}lf Wwe%ﬁﬁé@ﬁ“’fagvﬁgg&edgv%’t@e utdiof HIEE- band- gap
matching. At 5 the same tinme the se@wMHAIE 1 ri cal contact |ayer

conposition in thg tfeﬁﬁ@gﬁqpog%rtﬁ%ﬁ%}e&%tcﬂgg“}ggf&rgloeﬁ%t%g‘alggsgvkﬂ reater

conductivity and | ncrease esl' s O environnmen t si de
of the seal edtharfiiabarreref $@¥,. etiheSithowns ¢agted mmmlmmwdddcm a separate

| fypr of 1 secoptbiRIngeidnaSe (ECH Abdmb aYe'a G@@?fdcﬁ 50 8mic zlﬂﬂf il n?l Foyed

within one se el ectrical | ay he secon f i cal
" cont act NayePﬁygtg%ﬁ%W?P%tFZﬁﬁﬁgﬁéy g?%@lsuﬁ%lﬁé‘r Y BdpdsPenton process.
Idlnsgﬁg:\re SI abdmﬁememmddﬂoﬁqiah{yphichmﬂhﬁﬁgtoh AYEY. rllhlédﬂ tobl@posgfgétﬂ %{d"'g? 385
Sinmilar proc‘ggag}gﬁp“’% ﬁ%ﬁ%&‘g%"% resg%re o@éﬁhﬁc{r{w % %@Elz?ﬁ’ca!llya’él ectrical
contact ' | apwpp. Pueng deppsitonl dstandewsl clfommmelte{yéaccmypf 8diJ, 98kasna .
thi cknesgy i nott A€ aﬁ@ﬂg%&ﬁ of R, Ytre Qniitd: mt%e(PQEHarﬁIIJ@rICt'lf e&aq‘clsn-fatqﬂésa(:t | ayer

mat eri al s and % esses gv atterning can be used.
A portion 525WRIRHISTEISAY 8 %@rp“@w peWﬁlt%t&‘lﬁSaﬂ;@z, while thevoegmetibeyond t he

di mensi olns oﬁelﬂh&slad_gigtedwhﬁdutwm@aiﬁé chbres ZﬁéﬁxldlngttB t?@fés&hz[n%& c&AdGs] | cal
contact | aye ext orfion.5 ows for onnection to
drive and/ or fo(ﬁg%g%? r‘i’%ﬁ’bllbﬁ;cogﬁng@ }‘r?“f" hauy &fﬂ%’i’i‘é’& pH%QH‘:Ega %
about 840 A thick, as determined by atomic force microscopy (AFM). Chemlcal
25  depth profiling by X-ray photoelectron spectroscopy (XPS) revealed that films
- were essentially SiN, (x~1.15) with some oxygen (~10%) and presumably some

hydrogen (not measurable with XPS) incorporation. The oxygen transport rate
(OTR) at 50% relative humidity through the coated PET film was evaluated with a
- commercial instrument (MOCON Oxtran 2/20 made by Mocon, Minneapolis,
30 MN) and determined to be 0.012 cc (O,)/m2/day/atm. For reference an uncoated
film of Mylar® 200D has an OTR of about 24 cc (O2)/m2/day/atm. Therefore the
SiNy coating provides a barrier improvement factor of 2000X.
EXAMPLE 2 |
A second flexible compos'ite barrier structure was formed with a 200 A
35  thick film barrier of SiNy. The SiNy was coated using a microwave ECR plasma
onto 0.002 inch (50.8 micron) thick Mylar® 200D PET film. The gas flow
“conditions during deposition were 2 sccm of SiHy, 98 sccm of Ar, and 20 scem of
N at a microwave power of 100 W. The deposition lasted 30 minutes. The OTR
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5. O her optional layers It is known to have other | ayers28Qctnbgadd@3

el ect r onigo @gKsees. For exanple, there can be a |ayer (nopcsisuimishet ween
the first electrical contact layer 30 and the active |layer 40 to

facilitate elogétheSidglcosted I wannbpoquentindétemintdioteon 25 band- gap mat chi ng
of the |ayerg 30, f(ég)/lgn/drdegﬂﬁe chem cal reactivity between the active

| ayer 40 and the fif'st electrical contact layer 30. Simlarly, a layer (not
shown) can be placed between the act]i@hﬂ%%iﬁ 40 and the second el ectri cal

contact - layer 50 Ttps émﬁleumseaebefet@maﬂfamﬂbueco&ﬂ B8PBrhe PR Rle €l ectron
band- gap mat E‘Q‘Y between t he I ers 40, gﬂ\&( gg, ggchem cal., reactivity

bet ween the & lpminafe %@Clilﬁ'ea mﬂ‘i‘f’élogé’g pteglstbaeNy ayer 50.
Layers that avetignfoown rhechahieabddmapanwhich quedmptoml&dﬁhrmmo atiys. of the

of a1 Cor 11 FaT ROZiBetE G0 £ RN i Agh fono £ eart%gé’fjstﬁorﬁ?%#ﬁe' Z&oﬁﬁm
el ectrical cbmmmtowmeﬂase@ memcbleVsanesmmeﬁl\éﬁ) was laminatad éo  char ge-
carrier t " ansgey oegﬁrc%e&@go%%eht(@srsrmfcﬁo Raqa& ﬁén??é nta.gé{c a%?m}%f s _(not

35 shown) can ace et ween one_of nore ayers 20, 30,

40, 50, 1%0 t3b4 Hﬁ é&m@%ﬁtﬁ%meq% laspipateskad r?gswﬁmhbﬁbwélarm 28
Cct ober 2003“)@@ @{a&s‘élfa?QSF@Eh&JSQ%fl1’ﬁ€e4ﬁnaTEtaldﬁb@beﬂhe%nﬁ&Teﬁfﬂlﬁ|@asfOr each

of the comnpo 2 B, 3 40, .50, 61A, 62, 61B is
preferably d@?@lﬂﬁ@y@g@ﬁ B@k‘eéh"c?@é%t flae @ggi %ﬁB‘F?a“b‘P?ﬁﬁa TGS YRSy ce with

hi gh el ect r ospbseqadntiyfdetaririnaito Her0. @82 ce €L ¥medday/aomgani ¢ el ectronic

devi.ces of the invention can be 5 fERA §g by first applying a first
~electrical contact |ayer and buil dj r}?—ﬂmre- device fromthere. It is

under st od t hat i tThisexample phistrates e fleaitheicanepasite barden sgpetuse hivingtwine second;

el ectrical C%ﬂﬁﬁied'ﬁNeﬂayeTsher\iré’bmm& E268BhES with 'aH&ItrlébG’AC%‘ S[Lﬁ‘
‘f eat ures and. advant age re t |nvent|0 é
nlasm?s?rﬁaﬁﬁpqﬁeé‘gﬁ

fol | ow ng ex DFHSEOVEVE PRE IRminatepitegethes withpgadbesive.i ng.
EXAVPLE 1 A ubiegithd eonctroresifBxabiple 3,65 thatrhecSig, eilmewefabrmdumdefbfmﬁ yester

filmand a t@_b&g%l%g]@ Ler aof S he SI A8S coated using a

ni crowave el & ? 33 Bt B TE%on “a&fta onto a 0.002 inch
(50. 8 m'mon}’ﬁ%ﬁg/ﬂfdbbsivdﬂlN,ngETethgolremkamlmtlepht was detern(ifEdThat &zl ar (r)

200D suppl i e@nogmﬁa] $iN, WA Ve FRIAPER SO PRY fRggeany. I nc. (W1 mi ngton,

DE). Prior to epos
0075 cc(Oz)/mzlday/atm The OTR of the laminate structure was less than

0.005 c¢(0,)/m?/day/atm, the lower measuring limit of the MOCON instrument.
EXAMPLES |
25 This example illustrates the formation of a non-transparent composite
barrier structure using (a combination of vapor deposited aluminum and layers of
barrier polymers is utilized to provide oxygen and moisture barrier)alunﬁnum as
the barrier material. , | o
A first metallized film was prepared with polyvinylidene chloride
30 c0po_lymer-po1yester-aluminum-polyvinylidene chioride copolymer. A roll of
. Mylar® LB biaxially oriented polyester film was placed in a vacuum chamber
where it was unwound and exposed to evaporated aluminum which condensed on
the film surface to a thickness of 400 A(or an optical density (OD) of 2.8). The
) metallized film was then solvent coated with a composition that was essentially a
35  copolymer of vinylidene chloride/vinyl chloride/methylmethacrylate/acrylonitrile, |
over the both sides of the film. The dry coating we1ght was 1.6 g/m? on both of
the coated sides.
A second metallized film was prepared by coating Mylar® LB film with a
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chanber was evacuated to a pressure of 1.5x10-7 Torr w t 2&Ociebpo20ad ecul ar
punp. During deposition, 2 standard cubic centineters (sccn) of SiH4, 98
sccm 20 of Ar, and 20 sccmof N2 were admtted into the chanber. The pl asna
was sustained using 150Wof mcrowave power at 2.455 GHz, while the

magnetic f POPETRATTHRIH W P B it Sy8Pnan weder. dhe deepoortinggveight he
resonance covdiotl2om 0.2 gime| Ed prixped Pl €er iftmt pgs tpgnatg atdd Qi hour

deposi tion out .84 s determ ned by at.om c
foPce mcr 025%@3%‘9?/?8‘1 géeg%kéﬂa cofge at@B?rholBFyo?q Y‘f”ﬁkj a&?’hﬁl yaydidwed del ect r on
spect r oscopy 10 utiesy asingdP-H8IC walenand Slﬂlﬁrﬁsp&ﬁ@ﬁglfol rahite/a &bt 1 15)
with some om?eo&urﬂgg%@e &aﬂn £k trga&hms@gg%gve@e 2000 S S Ssur abl & wi th

XPS) incorporation. .The oxy nSpor 1345-ve
humi dity thABagH Q%@ngo’éﬁi@u wﬁ 4- |1IOrﬁ/méswaaﬂOGactechsmhetdnlaxnm@ﬁnTer ci al

doter i ned tobe pobLe i oo o ar e s npfaRgl ke Omth®a ri1m
of Mylar(r)® g‘(’)@j&&g g%ﬁﬁféoéf abouty24 cc (02)/n2/day/atm Therefore the

Si Nx" coating pr oittizd “plaixsl} ori i oMl d QEBRE e ﬁﬁﬁ%é&t&@&@ﬁ% §§€NPLE 2 A
hi ok f11m Bars 127 SRS Rtk Slan bl S St S eFsnGaN cr oweve ECR

pl asma  onteelp(tgephthaliciazebic cidiethyden: gilymt)kcd\;dplme(rr)rh&qog tRERedti { m The gas
flow condiddpBg 194 ﬁ%c‘i%@@éé %ﬁébrp%{i 9{8%‘%&%%%1%& E?SQ?OO?S] cmof Ar, and

20 sccmof N2 at a rowaye po ast ed 30
m nut es. THOBRRWELR 6@®5670 of the SiNx coated PET was subsequent|y

det ermined to beThdfidRakd {sBnd ﬂ%iedﬁéé/diﬁlﬁk u%t?b iR 1o %«%ﬂgf vik g & Pe /1 1534
EXANPLEB-E%S% &ﬁ,‘%glellhstrae ﬁ’FOT erX| OST T8 barri er
structure v A eafftfsélf PO, ﬁfﬁ%féﬂe lﬁ’mht ed PET
protects t h@aﬂvw(thcwannmlgl)qudm ﬁmcﬁh]mmhdjdc&dﬁa@ﬁhe WahGhaWldJer oPREY OM Se
barrier prQ@Essdd@s. ‘ﬂEeTmuQ p i ck wi.th, about. 1000 A
coating of tﬁ ﬁN;( Q§ gi uce FQ) m cr %%gﬂ?ﬁnasn&%@é "% pten®dhosi tiron
(CVD), SHfshave glmyvi ‘aftnébﬂSBEPOIYatﬁ;ﬂmn@ a@hrzwmsud:h 150th8 praiar on) t hi ck
:.ISI ng ? comﬁra@mﬂbur&éﬂ:h@fm@corﬂ@nﬁ\ﬁ&@-% filkf QA3 t : }Q?E“M\?j 3'£_I;he ' -
ami nat or 0 s. opera e a an psi . e

final str ug’ %g'egmr Fﬂ? ﬁ%‘f{‘ qﬁé‘? rdrfilf‘}nd“& asic overall laminate structure was .

omitting the adheszve and primer layers: polyvinylidine chloride copolymer — '

polyester - aluminum -- polyvinylidene chloride copolymer -- aluminum —

- polyvinyl alcohol —polyester--polyester --solvent coated polyester heat sealable
layer. The OTR was measured to be 0. 90062 ce/m2/24 hrfatm by an external

.laboratory
EXAMPLE 6
. This example illustrates the bond strength of the heat-sealed composnte
barrier structure,

The composite barricr’ structure of Example 5 was heat sealed to the
following second materials nepresentmg a second barrier structure:
Ex. 6-A: 0.004 inch (50.8 rmcron) thick PET (400D)
" Ex. 6-B: 0.004 inch (50.8 micron) thick PET (400D) coated with an
unpatterned, elecrically conducting ITO film 1500-2000 A
in thickness .
Ex. 6-C 0.004 inch (50.8 micror) thick PET (400D) coated with
' patterned ITO lines, 1500-2000 A in thickness (1 mm line
width/0.75 mm spaces).
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PET/ 1000 A/ Si NX/ adhesi ve/ PET. The QTR of this |ani nated s2B@itahes 2023
subsequen é/ooﬁgé_ﬁrm' ned to be 0.'00825 cc (02)/nk/day/atm EXAMPLE 4 is
Thi s exanmple strates a flexible conposite barrier strud&ESWMFIHg two

| ami nat ed Si NEnd @x@idsite BaviePSuckirk BRd tlﬁ%@&rﬁqﬁéﬁﬂa%‘&/&e%ﬁgagﬁt%?%%g% @aﬁf Si NX

by m crovvaveglll ﬁ%%a elntfa ced CVD,. were | am nat tc ) esi ve,

usi ng the conHEFEREAlaYe BYshR adjaceapiorthe feqond nuytepals andasisrenbtotthet he

i nsi de of t helTGlayercdfithesecandm@®ERal\@henpaguhiedrwd Bat4 insh (1he xsf(f.ﬁ'.?:l-rgr € was
n

20 PET/ Si NX/ [ ' E Prior~to | am pation, it was determ néd that

The 1t v daaPemeet sl PRl iogelief Thale oRT: ROk biipta Sntpsibrand

cc( Q) / n2/TayMaehine, MedeD¥ R 48-Ot( ranifactureitty BackagingGroupsic.) Bgandifiana)0. 005

cc(Q2)/ nR/ dayvat qa; Qe I Fdt af the i nstr.unment .

EXAMPLE 5 25 This 43%@5:% i Ir?tg%taa?lgtdgg@fh}ég?%? Il g Sela¥&par ent

conposite badtinef atthe jempsratureandgived] Emepindinatadrbebdw apptiing e possstued

~al umi num and ¢fBeis of barrier polymers is utilized to provide oxygen and
noi sture barrier) uﬁrin' num the barrier material. Afirst metallized film

was prepared with P %}Wﬁg}?ﬁmee Sftegthedgat seal was completed, the sealed

~ copol yneriopol hestes-vedre nutrinm sadpsyonieiydh @eSaecs vilel dBepeAdRl Yt Bfilm A rol | of
lar(r) LB biaxiallasoiignted nalyester fil dorn.
chamber wher i@ nio IS Aot CRhEing Tas” i Pol) o arbheamitan i
condensed on thinRer afithirsesledisubsuirates ta ptavettdmeslsgofat #@Ged(linte. aFheqidkel cal
densi LY {0 sengin flas RfiCiereH AR drfdnldd M MREL] PE RO N AR ERA Rt L1 2

copol'yner o

conposition t wa ssentjally a
chl ori de/ vi nyﬂﬁé ﬁ?“@ﬁ?ﬁ%ﬁfﬁﬁ} Rstrortapek A tnonad fyll seale load dimit wasusedhe bot h

si dtesdof _1t§he Wﬁﬂmcﬂaagxsddtypfelﬁa&ﬁ*tggu'fm | | BiHch¥@S. Lef) gérggirﬂi'e.??ﬁ@pﬁl t?e) B 3
coat ed. si des. cond. e i zed filmwas prepared by coating ar(r
filmwith a f&%ﬁ%ﬂ?r&ﬁ‘éﬁm%g@éﬁﬁcﬁvﬁ’@ﬁﬁﬁgﬁé’%ﬁﬁge priner froma 1 % sol ution

in water. The dri dheadbesiongestetogutticrnuddTO. eretmeBuRdd/ot? perbBRdibhlafEL)

pol yester fi limyywasié ' lLwvinyl —al cohol .in a.second
coater station E}% ?ﬁo iot/ﬁg?f@g@g%ﬁ%{’&%@e%gﬁsﬂ%ﬁ r?%'s“rﬁ&-f.ﬂﬁ%%l%ﬂ on using
95- 98C wat er Sher Rf ‘iﬂaﬁéfphgﬁt% Irfhsesond.c Bhe resyltharesumnddrized inool i ng, t he
coati ng was &ppleilestlog] Ng a reverse gravure coating techni que- The dry
-coating weight was 0.4- 1.0 g/nR. The product was then al um num vacuum

nmetal li zed ds descrT bed abovel om 1t q‘?&ﬁfhyl\/i nmyt—atcohot—stde—to6—a—t hi ckness
Example 120°C - 140°C
05s | 10s 0.5 s 1.0s
6-A 667 g/in. 766 g/in. 864 gfin. 881 g/in.
6-B 1276 g/in. 913 gfin. 515 gfin. 358 g/in.
6-C (P-1) 554 g/in. 668 g/in. 624 g/in. e
6-C (P-//) 659 gfin. 923 g/in. 916 g/in. 988 g/in.

These peel tests indicate that the polyester heat sealable layer bonds equally well,
. and under some conditions more strongly, to transparent, conducting ITO
25  compared to bonding to PET alone.

The adhesion of the composite barrier structure to both electrode material
and to the support is illustrated in Figures 5 and 6. As shown in Figure 3, the peel
strength is plotted versus distance as Sample 6-C (P-.1) is peeled apart. The peel
strength varies with regular peaks and valleys corresponding to the different

30 materials (electrode material or polymeric support) that the barrier structure is
peeled from. As shown in Figure 6, the composite barrier structure 300 is peeled
alternately from electrode material 200 and polymeric support 400. If the barrier
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of 400 A(or an OD of 2.8). Athird "plain" or nonnetalliz2¥Optobgeddds film
was coated on one side wth a 17% solids tetrahydrofuran solution of a

m xture of essentially poly(terephthalic/azeleic acid/ethylene glycol),
copolymer. - This was the heat sealable |ayer. The coating was applied by
reverse met ttheigradh bongled ¢ anlgithe suppoma tiiangiah@d@ htwald Be @hkp&oted ifye f i r st and
second Meta ether via a solvent based

pol yur et hangIllé %‘Eggf%/éeéirgta I? a’?ﬁlttﬁgé %g f\?"%n?FP%%ﬁe"ﬂE’ﬁr Bthgat pefeapdhi ch

was over th&2deX$mi num) of the first filmwas adjacent to the alum num | ayer
of the second film The third pol yesEXANPLEMas then | am nated to the

conbi nati on of gﬁg fi rs tﬁlo films via_a solvent based pol yurethane

adhesi ve such th & “ﬂﬁ?@‘ég%ﬂl%m@@géﬁodﬁé’lﬁﬂmﬂm first two
filnms was ag - r.fil.msurface of the third film
The basic O\I}g H%%%ér?a 8945?1?43‘8?‘55?%‘%\}5%&53&‘8%?‘? IPRyPEde bRk layersand pri mer

| ayers: pol gSdnmple i73leni2 comipareh dethaRAL Y MBYice uﬁ‘@ibh{@ﬁfs &licon n?l!n?d HARTL, -
pol yvi nyl i dene chl ori de copol yner -- alum num - polyvinyl cohot

- pol yest er - 1ayer (feomparati iampla Ybo’ﬁttreﬁiaxmdb)?ekmes hebten Saahpdhgve ayer. The

OIR was rre ne/ 24 hr/atm by as external |[|aboratory.
EXAMPLE 6 |sgch‘;§er§5$§epgfe%@§@r?t t he bond strength of the heat-seal ed

conposite ba”'@‘hcﬁ&sﬁé‘?LEDQievU@%trﬁ&HEQﬁ*bto aatédistur e of Exanple 5
was heat sealed to the | owi ng secon rrglt%rﬁllrlélie? répcgéieﬁs1 ﬁﬂ a second

barrier st r%ﬂpﬂﬁé{ igjuded a/glasy s@iftratenith § BAndaranc contuctihg ﬁi&ocf’eEl"é yéAGOD) Ex.
6-B: 0.004 'H égo 8, mcr o%qﬁhlck PET é400D) coated wth an unpatterned,
el ectrical I} 5P VErE RS Ytk bt 188 gryeach gf ﬂ@pbdmstmlmem 0.004

inch (50.8] é‘rraﬁiﬂ)a LeKiJBEE Yo ttern | TO | | nes,
1500- 2000 Aajl(n t hi c}tlgrlllesslé(?ﬁ mﬁ@??}’l ?fﬁgf%ﬁl‘g e|5lacél .Wi‘ga t ober
2003 WO 00/1635@'((}mmwmlﬁwmkfﬂitnaoﬂmmahﬁeomédb&hﬁﬁéﬁid&&ﬁ and’ the

second mtiﬁ{ﬁ (g ositioned such that the heat seal able l'ayer was
adj acent t é@é(‘? ¥8rial, and adjacent to the ITO | ayer of the

second mat eri al , SHARE7RICERE ers RS HbrbatddGh SA%k2 X o singlé 2150 of 2
xml thick PET (polyethylene tcrephthalate) about six inches square was coated

consecuﬁvely_on both sides with a silicon nitride barrier layer abotit 80 nm thick. .
The si-licon nitride layers were depdsited by microwave, plasma;cnhaﬁced :
(electron cyclotron resonance (ECR)) chemical vapor deposmon (CVD) 'Ihe
conditions during deposition were 150 watts mlcrowavc power, 2.7 sccm of silane
(SiH,), about 100 scem of Ar and 20 scem of N,. The s1hcon nitride coated PET
was then laminated to another 2 mil thick sheet of non—coatcd PET usmg a 2 mil
| thJck commercial adhesxvc as described in Example 3 above 1o form the
‘ composxte barrier structure. Sections of the laminate composxtc bamcr structure
35 mm x25 mm, were then cut and used to seal PLED devices of about the same
area, using a commerclal, ultraviolet curab!c epoxy. A good barrier can prevent
device degradation caused by atmospheric gases infiltrating the dewce _
Comparative Sample Y devices were furtlier prepared as follows: similar
PLED devices were also epoxy sealed with a similar PET lammate but w:thout |
 barrier layers of silicon nitride.
The light cmis_sion of Sample 7 and Compafative Sample Y devices was

measured four (4) days after device fabrication (storage at ambient conditions) and

19



pi eces were cut and laid together. These were heat seal ed £&Psgbar 2% i nel

Brand 5 Mashidsero Model #12A8 0 (manuf actured by Packagi ng ﬁ’ﬁﬂ%ﬁgﬂﬁﬁéh

Hyanni s, ure and, ti r controls

(254 cn) seaFMeh ng%ﬂlr%lfﬁa%%?n a&‘&‘?ﬁ&“ﬁﬂﬁ‘r Ref comaitions fordfifty Aifl)cat ed
bel ow, applyi a@saﬁwmrf@bn@tmﬁo_ psi. To determ ne bond strength after the
heat seal was conpleted, the sealed |o structures were cut into strips one
inch, (2.54 cnm) wibg. 7(@b;i@mlar1gomf1ﬁghtmmstmmkﬁmﬁple3qﬂfoe&u18§& i aﬁged

Oellophane Ta pe 6 pplied to the thinner of the seale
substr at es to@?i@ﬁﬁe%gﬁéﬂé\,\gg&i‘ewl%‘éﬁmlﬁfﬁé@om@sﬁé@}) Thereengt h was
then detersm ngda 411 Hocﬂ@%&gﬁl#ﬁg{g%ﬁ%& ?‘ihP shstrument, Nodel 1122

(avail able fromlInstron oung CAr%™ oad Ilmt was used 15

with the crossheadnsperastaké pérformihcabf EonipabiveSamblEPdeRfles [ NUte. The
peel strengths were' 6 reported as the aver age of 4 sanpl es. e .adhesi on

tests to pat ¢ Bazkedly i f?ﬁr@gﬁﬁaﬂbh shkpvooa blasef fightdinistien of Chmpandivear al | el
/1) to th | ft | t

61 ther 1206 S g dRPtds Biitge el A Freemie ﬁ@t%&esssi&%%?ns?oed in-2

0 Table | bel 0ABL 0

g/i ﬁ 726 g/ ?ndhg% g? i %%ll%tgﬁﬁﬁégg'%z%&fﬁ tI?ée %c&?af’i_’ergﬁ @l) ﬁ g/ in.

6- C (P- 11954 agibient6®@agy/ i n. 624 g/lin.---- 6-C (P—I)659 g//in.923 g/in.916
g/in.988 g/in. These peel tests indicate that the polyester heat seal able
| ayer bonds equally well, and under soire conditions nore strongly, to

transparent, conducting | TO 25 conpared to bonding to -PET al one. The
adhesi on of the conposite barrier structure to both electrode naterial and

to the support is illustrated in Figures 5 and 6. As shown in Figure 5, the{"')

peel strength is plotted versus distance as Sanple 6-C (P-1) is peeled
apart. The peel strength varies with regular peaks and vall eys
correspondi.ng tothe different 30 materials (electrode material or

pol ymeri c .support) that the barrier structure is- peeled from As shown in
Figure 6, the conposite barrier structure 300 is peeled alternately from
el ectrode material 200 and pol yneric support 400. If the barrier 18 28

Cct ober 2003 . . : . '
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structure 300 bonded to only the support material 400- it would be expected
that the plot of peel strength would have a single continuous val ue,

wi t hout peaks and valleys. EXAMPLE 7 This exanple illustrates polymer
light emtting diode (PLED) device |lifetine with a conposite barrier
structure having silicon nitride barrier layers (Sanple 7) asgQdtos0¥pages
with that of a device without the silicon nitride barrier |ayer
(Conparative sanple Y). Ten Sanple 7 devices and ten Conparative Y devices
wer e prepar edcﬁgﬂ,gested. The basi c PLED device structure 4f both Sanple 7
and Conpar ati nple Y included a glass substrate with a

t ransparent - conducti ng anode | ayer of indiumtin oxide over-coated with
about 100 r um.eachA @kxiblepeaidRlhfIngr deRice6drhpBing liPHhe brdeeted: yel | ow
light-emtting polyner layer. This was then coated with a thin |ayer 20
rim ', of a low wopk firitfiekible doiRisad badid sERWRE Qfnphising afled he Myed 1 firdt i CK

| ayer of alum num Sanple 17 devices were further fabricated as follows: A
singl e | ayer Balymericiim apghatdsastomy laygyoif ¢ Srshbarder enatesinb e firstibatrisy stesstwre haging

i nches square : . consecutively on both sides with a silicon
nitride barri %ﬁﬁfgﬁif@?{"g Gut 80 nmthick. The silicon nitride | ayers were
deposi ted by m cr ohyava leagtloas fint dedndvac@etatedhyet ron cycl otron resonance
(ECR)) chem cal vapor degosi tion (CVD).. The conditions during deposition
were 150 watts mi c?ShisILOMsARIYe layst sonyising an organicartive matenipd)said aelglaye00 scem
of Ar, and 20y iBEnstids deFined 6 4 Rl 4 wigde coated PET was then

| aminated to another 2 ml thick sheet of noh-coated PET using a 2 mil
thick , commerci ald)addidasbtwee seasndddstricalyedtastdayBxanpl e 3 above, to formthe
conposite barrier structure.,.Sections of the |anm nat.e ¢ osite barrier
structure, 35 nmm$ .afgcoﬂﬁi@ex\}\%? ‘éoni'q?élﬁesb@mer gﬂjﬁtuf?scé’ﬂlpf'ﬁ“%%i%gﬁﬂﬁgyﬁé’g? segand ¢
about the sanpolym¢rdilmuad fdeasdt 05O BHETOE b Sdcond bakicd Via@kiel the Weahd SarR Qdeturd good
barrier can prevent device degradation caused by atnospheric gases
infiltrating PaYHe agesAnd neicyrpsei at i ve Sanpl e Y devices were further
repared as fol |l oWspe Sh ' I with a
G ar PET 1 am nar s por e PR o Eholie B Rk T B 0L e

| i ght eni ssi omanghit@apl e 7 and Conparative Sanple Y devices was neasured

Lol s A e 06 Tk e com b st ok 0 tretures A sl 1550 o aaveigp ©C
the at least one active layer; and
wherein a portion of the first electrical contact layer and a portion of the second
electrical contact layer extend beyond the dimensions of the active layer, wherein the first and
second composite barrier structures are also sealed to the extended portions of the first and

second electrical contact layers,

2, The device of Claim 1, wherein the first and second barrier materials are
independently selected from metals, metal alloys, inorganic oxides, inorganic nitrides,

inorganic carbides, inorganic fluorides, and combinations thereof.

3. A flexible organic electronic device comprising in the order listed:

a) a first flexible-composite barrier structure comprising at least one layer of a first
polymeric film and at least one layer of a first barrier material , the first barrier structure having
a first inner surface;
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t hen nmeasured again after storing the devices in anbient conditions for
fifty (50) days after device fabrication. Fig. 7(a) shows a plot of |ight
em ssion of Sanple 7 photodiodes initially {500) and then Sanple 7 |ight
em ssion after fifty (50) days (502). There was 5 essentially no change in
the light em ssion of these devices. In contrast, the perfor o 2003
Conparative Sanple Y devices is markedly different. Figure 7(b) shows a

pl ot of light em ssion of Conparative Sanple Y photodiodes initially (600)
and then Sanple Y light em ssion after 50 days (602). The light em ssion
was significantly reduced after fifty (50) days of 10 anbient storage. J
20 28 Cctober 2003c)@Lkad/Bhe attivedayel eonipipising on gamiicactivemtiedsl) seiddetiviedgyer

conprising in_the order |isted: first. .flexible conposite barrier
structure co ar"i“é%cﬁae'gfomf’%ez‘g? rf’gﬁe’?%@}dadﬂ“d 'first polynmeric filmand at
| east one |ayer ofd)a hdlésstonkadcohddledihRioh@tt layet;ne first barrier structure
having a first inner surface; b) at |least one first electrical contact

|l ayer; c) at | east® @recoad flexille pampositechamer piichie eomposingatileastant layer afaseond| |
said active | . i i i i h_an w dth: d) at
| east one sec%gj}‘eerll ec ra?ggﬁ%%g{grl}%&g??%%‘lfogﬁggﬁgé @aé%:r%?iggefﬁe%%ﬁg %'er(:sgrunﬁqgléei te
barri er struchavirg aseeqdisiengrfade; | east one | ayer of a second polyneric film
and at | east one Ial¥er. of a sec&ﬂd barrier material, the second, barrier
structure having BN denst aaRat the first apd secopgeqmanopitedarepsiaictugs s light-t he fir st
and second copp@sidig;barrier structures is light- transmtting;, wherein the
first and second conposite barrier structures are seal ed together to

envel op the at | eshareinihe fizg andsscdngd\berier matdrialhae gidepeadqudy sélateddfont etalkj r st
el ectrical con t, | ayer and ortion gf the second .electrical contact
Cayer extend Begoies fereaftiinBiobhbogite fuolddy b brantiofisli n the 1 v st
and second conposwhiegeildee fitsindskiong bohRBitelria bkHRus@atadaltdodiir dwadsed
portions of the first and second electrical contact |ayers. 2. The device

of Claim1, whepdratekacyedafer.and second barrier materials are

i ndependently selected fromnetals, netal alloys, inorganic oxides,
inorganic nitrides, inorganic carbides, inorganic fluorides, and
conbi nat i ons 4 her eblie device of Claim 1, wherein:

first flexible composite barrier structure and the first electrical contact layer are light-
transmitting;
the first and second polymeric films are independently selected from polyethylene

terephthalate, polyethylene naphthalate, polyimide, and combinations thereof.

5. The device of Claim 1, wherein the first and second barrier materials are
independently selected from aluminum, nickel, chromium, copper, tin, stainless steel,

alloys thereof, and combinations thereof.

6. The device of any one or more of Claims 1-5, wherein the active layer includes a

conjugated polymer.
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.3. Aflexible organic electronic device conprising in the order listed: a)
a first flexible-conposite barrier structure conprising at |east one |ayer
of a first polyneric filmand at | east one |layer of a first barrier
material , the first barrier structure having a first inner surface; 21 28
Oct ober 2003 c) at |east one active |ayer conprising an or galgQastharee0s
material, said active |layer having dinensions defined by a |length and a

wi dth; d) at | east one second electrical contact |ayer; e) a second

flexi ble conposite barrier structure conprising at | east one layer of a

second ol ric fi d .at st one | aye econd barri e mat erial,
t he secolr[:d %a T erL‘E ﬂ@?‘ﬁ’?’%escﬁ?g@l‘%@’ %“@@Eé ‘féﬁ‘ﬁ%? a0y, Prer grorgpfllaims 16y

| east one of the first and second conposite barrier structures is |light-
transrritting, ‘re‘g heflrst and second barrier materials are

i ndependent | y3-sel ]FPEH‘?F‘ﬁé]FQF%“C deyigs eampaising {sthe ordesdigiadii ¢ car bi des,
inorganic fluorides, and conbi nations thereof; wherein the first and second
conposi te barrier st rdctalfkeéleableceemswbmévwe QpIpEining Ridgast théﬁyalt of ast

one active |ayer oly erIIh SleMd fégst?{n]e 1%««.?'0}‘” st B Trst bt %r x%ate ial éhg%}‘tssé é%ctei%ﬁgp ar e

corrp05|te barri I’UC ure an rlca

i ght- trans naldirhmh@ nicke, chtongilima0ppes, empswnlmls&ﬂwnu@miys ki¥Eeof i firitGapigndent |y
sel ect ed from poI yet hyl ene . terepht hal ate, pol yet hyl ene napht hal at e,

pol yi mi de, Y188 # Bi6inpes&wEs: 5. The device of Claim1, wherein the

first and second bar rberatl@?sftﬁﬁe'fﬂét%leé’th@alcbﬂ@‘?ﬂﬁ}ge”t'y sel ected from
al um num nickel, chromum copper alnless steel, alloys thereof,

and conbi nations t her gofat lefst orhwetigtasiec eongiisiag yn apsniodctiveihgedd], stldactive labebd,
wherein the actjve, | ayer cludes a, conjugated polyner. 22 28 Cct ober 2003
7. An el ectrgPaﬁWgﬁg%et? H‘ES‘JGF %é(ﬁ‘if’(gﬁ‘ta&ijﬁl ‘t he device of any one or nore

of ainms 1-6. 8. A fhexiRlenp Q&wﬂﬂ(éle&h@a‘%d g%“gyedew ce conprising in the

order listed: a) a fi rst fl exible conposite barrier structure conprising at
| east one layer of a ef iasstongBéxjirtecinpobitd barrnsinaturd coaptisingie ldastyas lagdr ofla

first barrier nater i,s selected f um ni um . ni ckel , chrom um
copper, tin, §f°§|dHPfé’g'§“%@5b‘1“d atleRpt e lygeo aﬁgqoggkam?rﬁléatqqa}, serepdl pasper

structure hawifgu hhiiidh scoiefnes sLifas e’
wherein at least one of the first and a second composite barrier structures is light-
transmitting; and
wherein the first and second composite barrier structures are sealed together to

envelop the at least one active layer.

9. A method for improving resistance to oxygen and moisture degradation of a flexible
organic electronic device comprising at least one first electrical contact layer having a first
electrical contact layer outer surface and an opposite first electrical contact layer inner surface, at
least one active layer adjacent to the first electrical contact layer inner surface, the active layer

comprising an organic active material,
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b) at least one first electrical contact |layer; c) at_|east one active
| ayer conprising an organic active material, said act?¥ePFEReT 43 ng
di nensions defined by a length and a width; d) at |east one second -
el ectrical contsaidiaciigglayer haying assteltimensisishhd @deasbeie woal ¢l¢atricad tontattur e

conprising at | f.a.,s olyneric filmand at |east one
| ayer of a secéﬁ?b%‘?? %%%na{l 8%?%’1‘3,&! Ctoﬁggglgﬁ%nod%ﬁgl’lﬁceerandﬁlPBB?%IF@C‘W ing a
second inner sulccaizal conbet River idher saafade, MMered theRecdnldebdctraAfc &€ B9B0inner

"conposite barrier structures is light- transmtting; and wherein the first

and second conp¥diacds ghpgentio the pefiedryss, the methed|cemprisigetiestes®f: envel op t he

at |east ong active | aéﬁi&i&g%&ﬁrﬁ ff'&hﬂ? goﬂcigo;sétgﬁlg%%\é%Q&t{;r%%id@%%ﬂ@? Eht Qe ¥ 9e"

and noi sture degradati exi

conprising at beeftst elerithlrcdhtaed RIS Juted suEs! AetfirbayQibifadthiskitd bhiriept
el ectrical contact |ayer outer surface and an opposite first electrical

contact |ayer Piéiresompegiag ableastiopaiayeneke st pelpmedy Simang alderst ovolaybe

- first electric ] r,inner. surface the actiye layer _conprising
an organi c act ?t%ﬁﬁk)%rﬁ%ﬁ %%ggl,%%ﬂ%%?r %ﬁ%‘resgarvdnga%ﬁfs\t/l:,‘mfxf‘é%ﬁcﬁavi ng a
set of dinensions, andplatink@asdondRxiEEUIhcRIteBhtet Rruck@Bhadabent katerht havi ng

a second el e‘ct{i cal contact |ayer outer surface and an gjﬁﬁosi te second

el ectri cal !®onteadiiore s5rond elssisicakenntast layengideretunfags dhessseonulledide cpinpagite
contact |ayer. \nRer cinsHid I ' B n%% e, Iret hod
conprising the stepss OPJ:} g&gﬁ)[g%?%gﬂg&? Plﬁes]{a%l{(;e}%%?&eddcpgm oés(ﬁ‘{%]r%gr}drﬁ?asp
structure adj acenky¢rmftlsecwmit! Hagdetmatetd, the sbné beeier sewdture hatiagh stayar
outer surface, . the first flexible conposite barrier structure conprising
at | east one | BY&SUPA first polyneric filmand at |east one layer of a

first barrier materialwhdrb@ o idagtordRdr 'i}ileeﬁtsfsﬁﬂfd%tzéﬁdeccm?%@sﬁgbﬂrig SiifendrBNE"

surface; placi r]gh-a second fl exi bl e conposite barrier ructure adjacent to
the at 10!} ealightdradssdérmand| ectrical contact |ayer outer surface, the
second fl exi bl e conposj . barkier structure co i Si | east one | ayer
of & second potymer| o Phsinaf bl b idebid EmER RIS b e Host s SteaP e
material, the sensuiite batiet afuchires/&t WidepBRichily séle@ed BB pdiPHIENinsS poilaters,
wherein at | east. one of the first and second conposite barrier structures

is 15 |i ght - t PelMenfles: Peiyamides Rebwceiieniitle nolyraethagisiosibelsner!peyanaiasc fil ns
O o B S LAEC L AR 5, ARSI
pol yacryl o trod e, polynethaerylonitrile, polycarbonates,
wherein the first and second barrier materials are independently selected
from metals, metal alloys, inorganfc carbides, inorganic fluorides, and combinations
thereof,
sealing the first inner surface of the first flexible composite barrier
25 stx;ucture and the second inner surface of the second flexible composite barrier
structure outside the dimensions of the active layer to envelop the active layer;
thereby obtaining the device of any one or more of Claims 1-5.
10 . The method of Claim 9 or the device of any one or more of Claims 1-5,
wherein the first barrier material in the first ﬂexiblé composite barrier structure is
30  disposed between the first polymeric film and a third polymeric film.
11. The method of Claim 9 or the device of any one or more of Claims 1-5,
wherein the second barrier material in the second flexible composite barrier structure

is disposed between the second polymeric film and a fourth polymeric film.
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‘pol yvinyl chloride, polurethanes, polyacrylic resins, epoxy resins, and
novol ac resins, 20 or wherein the first and second barrier materials are
i ndependent |y selected frommetals, metal alloys, inorgdhiQteRss d&d3
inorgani c fluorides, and conbinations tHETEE, sealing the first inner

surface of the first er?Lgki ﬁggﬁgﬁite_barrier 25 structure and the
second inner surface of B ARYE FLECISYEKE PEVBGEWEH st ruct ure
out si de (he di moial 00T ESIRESBTAGEN T BXEIGIO A SRS BEGADITISN, 1 o

t hereby obtaining the eV|ce one or noie o

of aim9 or the device of anyABﬁ@RﬂEHmDFHTDIH@WB&M?OE’5 wherein the
first barrier material in the first flexible conposite barrier structure Is
30 disposedsbetmeen'the first polyneric filmand a third polymeric film 11

The method of. lemb9e &Bm n[sacﬁﬁe gg?ffe?&nﬁ:& & We ggee EPQBJ% élOf rg%%lggcf éol_ >

wherein the second arrler terial e secon

barrier structoxyeeniasd dioiyhsedgladitieof ihergasic @Ibdtr@ﬁlb)ﬂ@ﬁ&d: thefudi EI){I:P\/ ANchse
fourth polyneric fil 24 TITLE FLEXI BLE ORGANI C ELECTRONI C | CE WTH

| MPROVED RESI sﬁrmv%yewmwswmgwmtwmmﬂ ON ABSTRACT OF THE

I NVENTI ON  Fl exi bl ¢ conposite barrier structures are used to inprove the
resi sttance, to ~oXygen and noi sture degradation, of an organic electronic
devi ce i nckgqdi ng at l.east one active |ayer conprising an organic material.
FIG 2 ‘
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