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polyfluorenes) are also useful. Polymers, which are solution processible, are most desirable
20  for the ease of manufacture as these can easily be coated out of solution by various known
coating methods. Fluorene based polymers are especially preferred (see, for example, US
Patents 5,708,130 and 5,728,801; W097/33193, WO 00/06665 and WO 00/46321). Light
emitting devices made with these organic electroluminescent materials are referred to as
organic light emitting devices or OLEDs. Devices made with polymeric light emitting

25  devices are referred to as polymeric light emitting devices (PLED).

Since transmission of light is fundamental to the performance of these optoelectronic
devices, at least one of the electrodes much be structured to enable transmission of the light
into or out of the device (to or from the optically and electrically active material).

Typically, this is achieved by using a transparent conductive material - most notably indium
30  tin oxide (I'TO) on a transparent substrate. While glass is currently a common substrate

used, there is a great deal of interest in using plastics, which may be less expensive and may

be more resistant to breakage from rough handling that may occur in portable devices, such

as cell phones. Use of plastics may also enable a wider variety of shaped and flexible
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preferably a flexible polymeric material, such as polyethylene terephthalate (PET), or

polyethylene naphthalate (PES) polyimides. Unfortunately, the approach described by WO
20 00/36665 requires numerous deposition steps to form the various layers required to be

present to provide the barrier protection.

Thus, an OLED on a flexible, barrier protected substrate, which is easy to

manufacture and requires few component layers, is still desired.

Fig. 1 is a cross-section of a representative embodiment of the device of the present

25  invention.
Applicants’ invention is an optoelectronic device comprising

(a) atransparent polymeric substrate bearing on at least one surface thereof a

transparent polymerized organosilicon protective layer,
(b) a first electrode over the polymerized protective layer,

30 (c) an optoelectrically active film comprising an electroactive material, said film
having a first side, which is in contact with the transparent electrode, and a second side in

contact with a second electrode, wherein said first electrode is characterized in that it allows

9-



Fig. 1 is a cross-section of a representative enbodi nrent of the device of
the present 25 invention. Applicants' invention is an optoel ectronic

devi ce cowproz®63s§8 (a) a transparent polyneric substrate b@amiusg2/essat | east
one surface thereof a transparent polynerized organosilicon protective

| ayer, (Byhtaofphsssd oefremtthe dptoslectrichlpagive fikmr Prefdraplyothecdevice fiiliesr , 30 (c)

an optoelectrically active filmconprisi an el ectrqactive material, said
film ha®mhRLES F‘iiﬁll’é?mg PERICCHR PRA38LY %Veﬁg%tsﬁ%otn%\ﬁ?etcﬁ\mﬁ%e t r anspar ent

el ectrode, and a second side in _contact wth a second fl ctr?de wher ei n
said first el Byt pp@eclociricalamaivefilny ey meant hsipsle favsr PHRE- BYRSSI 685558

PCT/ US02/ 8 [ Rﬁﬁé r 1 BSitO AL RGBS dhaf! ik Wasebitv@ film
Pr eferablwgl,gc%tlggaﬂ&g%%%}aﬁsrt e%élﬁlé rﬁl)rdivglgﬂs: adgi tléonal prgfggéti\%lz@gackagi ng
over % hetigeegiie éilchd/odgencByies optent wheclightiaincideaceionghé fibny The fileant a

single layer or nmujti-]ayer structure Lch J.s,capable of {rapnsporting
charge aRtFiciAPYHR 'PF%AOP ’J@ﬂftﬁ’mﬂ’éwoﬁetﬁfpag&% € ﬁlrg}?'sg%ﬂ s "%‘%?‘%ﬁgh the film
and/ or gener akfR LGS MR ddasfiptdetec Bhit @MdriallPeR ubdBsynohymodde filmis
preferably made predom nantly, or nore preferably, entirely, from organic

mat er i al $ereid & deseritoag thevosganad mateaipl pessrssing glesBpisaloeiEcondieliyeal " are used

synonynousl| her ei n .as. descri hi all i |
e R T e T s e

convept i Beingh@Gived &3l seahiedmdactig dvightas inn figldseffocetramsistar ashioisbederstond by i zed
as a sem conducting switch as in a field-effect transistor as it is

under st o@eackifiongss P eftoners in the art. The optoel ectronic device includes

phot odi odes, thin filmtransistors, photodetectors, and photovoltaics, but
i s preferabl y e oplaskecironia devies énshideg photediodasn Bhin filRA S8BHERES: pol yneri ¢

substrate, nay_be an ticall ' ' ovikxanpl es of
sui t abl eppﬂtgﬁﬁlﬁﬁtpﬁssfyuild;ﬁlr%?‘g)rlﬁaiéls’g&ﬁg{clf Ig%%a ESOF]%/‘%F ﬁ?/(flg%gi,% k)(E)eoté}prlopyl ene,
pol ystyrene, | yvi nyl acet ate,. pol yvi nyl al coh . ' . .
pol ynet hacr yl gﬁ“@ t@%‘féfe,n% pB@H?é%F)‘)#%Eatea%% ée P o%f%}lec? ﬂi?{l}éh%%l?@%{lgﬁaten.al _
pol yGar banatBiesRlshibRighefisylabticRAdiyaas ehde polyberylenpaoppropdenepol yi mi de,
pol yvi nyl chl ori de, fluorine containing resins, and pol ysul f one.
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polyacrylic acids, polyether, polyester, polycarbonate, cellulous resin, polyacrylonitrile,

polyamide, polyimide, polyvinylchloride, fluorine containing resins, and polysulfone.

Examples of thermosets are epoxy, diallyl carbonate, and urea melamine.

20 The thickness of the substrate is application dependent, but is preferably not less
than about 0.1 mm, more preferably not less than about 0.3 mm, and most preferably not
Jess than about 0.5 mm, and preferably not more than about 10 mm, more preferably not
more than about 5 mm, and most preferably not more than about 2 mm. Optionally, the
substrate may include an external protective coating to protect against scratching of the

25  surface and similar properties on the opposite side of the substrate from the surface bearing
the polymerized organosilicon protective layer. The abrasion resistant coating may be any
such known coating. The external protective coating may be the same as the polymerized

organosilicon protective layer.

The polymerized organosilicon protective layer is preferably formed by plasma
30  enhanced chemical vapor deposition, which initiates polymerization of an organosilicon
compound in the presence of excess oxygen, as discussed in U.S. Patents 5,718,967 and
5,298,587. Starting materials may include silane, siloxane, or a silazane. Examples of

silanes include dimethoxydimethylsilane, methyltrimethoxysilane, tetramethoxysilane,
3.
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in the presence of a higher level of oxygen than in the step of applying the adhesion

promoter.

20 Thus, according to a preferred embodiment, the surface of the substrate is coated
first with an adhesion promoter layer, which is formed from the plasma polymerization of
an organosilicon compound deposited on the surface of the substrate. The plasma
polymerization of the organosilicon compound to produce the adhesion promoter layer is
carried out at a sufficient power level to create an interfacial chemical reaction for adhesion,

25  preferably, at a power level from about 5 x 107 J/kg to about 5 x 10° J/kg. The adhesion
promoter layer is prepared in the absence or substantial absence of a carrier gas, such as
oxygen. The term “substantial absence of oxygen” is used herein to mean that the amount
of oxygen present in the plasma polymerization process is insufficient to oxidize all the
silicon and carbon in the organosilicon compound. Similarly, the term “stoichiometric

30  excess of oxygen” is used herein to mean that the total moles of oxygen present is greater

than the total moles of the silicon and carbon in the organosilicon compound.

The thickness of the adhesion promoter layer is application dependent and is

preferably not less than about 50 A, more preferably not less than about 500 A, and most
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preferably at least about 6 times the power density used to form the protective coating layer.

This layer is conveniently referred to as an SiOyx layer. However, the SiOx layer may also

20 contain hydrogen and carbon atoms. The thickness of the SiO layer is generally less than

the thickness of the protective coating layer, and is preferably not less than about 0.01

micron, more preferably not less than about 0.02 micron, and most preferably not less than

about 0.05 micron, and preferably not more than about 5 microns, more preferably not more

than about 2 microns, and most preferably not more than about 1 micron.

25 It may be desirable to coat the adhesion promoter layer with alternating layers of the
protective coating layer and the SiOy layer. The ratio of the thicknesses of the protective
| coating layers and the SiOj layers are preferably not less than about 1:1, more preferably
not less than about 2:1, and preferably not greater than about 10:1, more preferably not

greater than about 5:1.

30 The laminate is optically clear and comprises a substrate having a stress optic
coefficient (SOC) in the range of from about -2000 to about +2500 Brewsters and a Ty, as
determined by differential scanning calorimetry, preferably in the range of from about

160°C to about 270°C. Preferably, the SOC of the substrate is not less than about -1000,
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methods. While the devices of this invention include those having optoelectrically active

layers based on small organic molecules, see, for example, Tang and VanSlyke in US Patent

20 4,885,221 and Tang in Information Display, pp. 16-19, Oct. 1996, materials such as
phenylenevinylene based polymers, thiophene based polymers, and fluorene based polymers
are preferred. Most preferred are polymers, which comprise at least 5, more preferably at

least 10, repeat units of the formula:

25 preferably having a polydispersity of less than 5, wherein R! is independently, in each
occurrence, Cy.20 hydrocarbyl or Cy.20 hydrocarbyl containing one or more S, N, O, P or Si
atoms, C4.16 hydrocarbyl carbonyloxy, Ca.1¢ aryl(trialkylsiloxy) or both R! may form with
the 9-carbon on the fluorene ring a Cs.po ring structure or a Cyo ring structure containing

one or more heteroatoms of S, N or O;



nore preferably not |ess than about -500, and nost preferably not |ess than
about -100, and not greater than about 1000, nore preferably not greater

t han abouwO300¢558d nost preferably not greater than aboRCTAGO2/B88MSt er S.
The Tg of the substrate is preferably not |[|ess than about 180C, nore
preferably noR’lieislepénsontdpoutachaoaireme s hydioetbyabhyo Hgromsrtydew. t han

about 200C, to not greater tha bout 250C. 1D preferably not greater
than ab fw'%‘lﬂ? ,eraﬁb”i‘é’&oc tﬁgﬁg%ggﬁgxmﬁc arnga{ngir t han about 230C. The term
"optically clear” .is used .herein to ne t ha he .substrat e has neasur ed
total |ight { P BB S AT A7 6o %88%?%?13‘8% E fi?%ﬁ@?%‘/l %‘a’%‘fa_eﬁgtai g hout
80 per centneaPhififselrdBbimetled i®BRtpoRRRi ch SR viDRE Qa7 citbohlorhb.r st el ectrode
is preferapbly a transparent conductive material such as I TO, but nmay

al tergatively ' IR eoBblykleRe Bulhof frdfefiblRRrORAOYImRbLMHeal . 1 n
whi ch@case i g?%% p%}%&xcél‘gg}] q%glgn OB? ygir% t’tgd for oﬂm ‘tehe %p{ oel e%:&?}i cally active
| ayer i s ahbveerepeatpmitsommen) with dre orsiate sddifionfieoriugued owes, FEramplescaisdhesd i n

U. S. Provisional | i cati Serial. 60/.259, 490 iled January 3, 2001.
Waen t he 0@@%69?383@%5?%’&8? ?qeﬁscﬁer{v%@ ﬁP%tﬁgﬁ?@w Ly ‘?nea’g[ﬁli]&maéﬂ ont o
the prot ¢ NENF - 3%ElarACCAMLREL teRzdhe! NN, NP N0 Ge@AH fiBerfzaTing] @pogistituigd-| TO ont o
substrates.  The optoel ectr ically active material is then applied over the
el ect r odsadeedeslidiayylsdandsibiaphpresclerms ceyirotere pelypydicaaupaics; fehade spin
coating and ot her sqlven St i t i f I
nverd onereree kBt e R e e ey PR A6EEN chERT

smal | or gaficeremB] LershttRrediRterodyeles exaailing infine gnleiyds, aciShsydomzolas,US Pat ent
20 4,885,221 and _Tang in Information Display, pp. 16-19, Cct. 1996,
nat eri al §SCgi?réthe%@"SMP%%@PWS@%a@%eW%B}%ﬁW@?Z S W@éﬁa@g&\]

pol yners ’suaﬂﬂu HYRLRNG; pﬁ-ﬁﬁ&{l@i’é&' ﬁ@&%%ﬂéseoo%a‘?ﬁiﬁé fRfhe 1¥RSdesfuBh@E red are

pol yners, Ich conprise at least 5 re preferably at east 10, repeat
units of pyhidifes pyridazingy, py@mjdingYpyraRhe Srignines cardibiyadencs; hepza-fused
pol ydi spersi t f less.than 5,. wherein RL is ind ndent | in each
occur1r5encl?§,ter€%/yf§e(§ RYGBRAIBYP hﬁlfag@i’-%gh ?ﬁ/lWBWB ’ebcegﬁ(ﬁ%a%?lﬁ’g one or nore
S, N 0, Rofimi@lzolddl Qiielifed '%@C%I}Mﬁaeﬁ%ﬁrﬁﬁéﬂip@@q@ﬁwlﬁlm quisbxdlfnes,
aryl (trial kyl siloxy) “or botﬁlR may formw th L

phthalazines, benzothiadiazoles, benzotriazines, phenazines, phenanthridines, and,

acridines; and more complex mers, such as 1,4-tetrafluorophenylene, 1,4’-

octafluorobiphenylene, 1,4-cyanophenylene, 1,4-dicyanophenylene, and



the 9-carbon on the fluorene ring a C5_20 ring structure or a C4.20 ring
structure containing one or nore heteroatons of S, Nor 0; -6 WO 02/ 065558
PCT/ US02/WD830655R2 i s i ndependently, in each occurrence, ECTAGoN§BOCar byl ,

Cl_20 hydrocarbyloxy, C1_20 thioether,_ Cl.20 hydrocarbyl carbonyl oxy or

cyano

. and a—g_i nd dentdY, in eac
substantialngiﬁk—dﬁzzgkseé%ifpeat un
via the 2 and Nc car ato 5 The po yner

preferably, are copolyners of the above re%gat uni t (or 4 th one or

nore additional conjugated ners. Exanples of these other conjugated ners

i nclude nmers derived fromstil benes™s 4- di enes, tertiary am nes,

N, N, N

and N- substituted-tT

, N -tetraaryl -gN, 4-di am no benzg
N-substi t ut
pol ycyclic aroma
fl uorant hene, pyrej

NN-tetraarbeen2|d|ne
, furans, pyrroles,
nt hrene, ant hracene,

ad- carbafol es, diarylsilanss
' uch as 10 acenaphthene
peryl ene, rubrene, chryseng

==0e |inkages, such as oXazol®
zol es, thlazolesllsotmjazoles, Jpdi azol es,

Iazol es; six-nenbered heterocycles COR

| i nkages, such as pyridines, p ri dazi nes, rimdines, razi nes,
triazines, and tetrazenes; ben ed 15 ocycles Zomai ni ng i mne
| i nkages, such as benzoxazoles othia benzi mdazgles, qui noli nes,

i soqui nol i nes, ci
benzot hi adi azoT &3 nzotrla
acri di nes; and e

10

i .~‘hala2|nes
o
etrafluo op{ienyl ene, 1,4’

These polymeric materials may be used alone or in blends with other conjugated polymers,

which, preferably, are also based on polyfluorene.

The optoelectrically active film may optionally comprise more than one layer. For
instance, layers, which enhance charge injection and/or charge transport, may be used with
one or both electrodes. Since holes are injected from the anode, the layer next to the anode
needs to have the functionality of having holes injected into it and transporting holes.
Similarly, the layer next to the cathode needs to have the functionality of transporting
electrons. In many instances, the hole transporting layer or electron transporting layer may
also act as the light emitting layer. In some instances, one layer can perform the combined
functions of hole and electron transport, and light emission. The individual layers of the

organic film may be all polymeric in nature or combinations of films of polymers and films

-8-
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These polyneric materials nay be used alone or in blends with other
conj ugat edopelogises s, which, preferably, are al so based oRCpalsyt/0288¢ ene. 5

The opto electrically active filmmy optionally conprise nore é‘;@g one
| ayer. Fofsmalhwplaules dppasited by hsrm capprinaen. dharnyeferrad g theriotah ®Bhar ge
transport,..my_ be ' i heless L R

i nj ect edo%tthgr?]}(%aﬁlec %%gg%,ygsé ﬂ‘ém qugoe{f%hzﬁ% Iﬂ}ogé ?%Feférégr%lgg%t tﬁ%{ébg é[ to h?ave tS %e
fiincti opahisby nef Mavinog prefeesd ihaj e teal thickmesk be dusd thanB09mor.t i ng hol es.
Simlarly, the layer next to the cathode needs to have the fiinctionality

of transportinge od BeF bOBSated WithB Min 1338t ehcemdutiig subbtendertafiayilitatei ng
| ayer or electron transporting layer may also act as the |ight e@iﬁfti ng
| ayer5 | holedmiectionst Susbaubstgises inglpde ceppst phibrloF AN PRABIRE 1Y PUNSTons of

hol e and gl .on_tir. L LSS L RO ; of
the’ or sy ESHdiRRy HHPRACL fREROf, el ofus SR Gond Ryt Rtk G BpeRL £ 01
of pol ynefisngestgaiit ol 0 R2mPIE SR sHEeLISRMOR8B6 It viprefomed thatthecul es

deposited by thermal evapaoration. It is preferred that the tota hi ckness
of the of@@gﬂeés of mmlwnbgg@ OEL0F 58501 “Srfﬁ“grel Rre 'egegrmaﬁrthllcgﬁs%he hﬂéflmtcﬁe
total 1 hiGknassevdiesSmotdaisahif diirad hobSriBsding Rierk etkd fiat the total

t hi cknes ess than 300 nm The anode ma% be coated with a thin | ayer of
a conducpblymesichsylamies doscithed i U Batedt Nol 293%] He tiagbe usif HObabstoartes

nel i §pect BN RoXaRL 0y PO LUBR BRI ot st o e 1y
dopi ng Wigtiblger &tdrOd6n B B NoGtidaiod thefflin, GXaMk € bosiplies hyxieivebduiondyi c
T 14 ol 60 S elcasHal NG RHBSAISE S DU AR QoS TIATISRMSE Pely .
a more sybs {801 Ii‘n%ly bE B! & 1BQ! Frokdr A5 BRY hind 1L RYBbst!pRetiBBHy 150/ or less.
15  Alternatively, the optional hole—transpc')rting layer for these devices may be selected from
among semi-conducting polymers, such as doped polyaniline, doped poly(3,4-ethylene-
dioxythiophene), and doped polypyrrole. By “doping” is meant the blending of a
semiconducting polymer (such as emeraldine base of polyaniline and poly(3,4-ethylene-
dioxythiophene) with an additive, which renders the resulting polymer compositions more
20 conductive. Preferably, the conducting polymer is derived from blending poly(3,4-
ethylene-dioxythiophene) with a polymeric acid. More preferably, the polymeric acid
contains sulfonic acid groups, and is most preferably poly(styrenesulfonic acid). Most

preferred are polymer compositions derived from blending poly(3,4-ethylene-

dioxythiophene) with at least two equivalents of poly(styrenesulfonic acid).

25 If an electron-transporting layer is used, it may be applied either by thermal
evaporation of low molecular weight materials or by solution coating of a polymer with a
solvent that would not cause significant damage to the underlying film. Examples of low
molecular weight materials include the metal complexes of 8-hydroxyquinoline (as
described in Burrows, et al., Applied Physics Letters, Vol. 64, pp. 2718-2720 (1994)),

30  metallic complexes of 10-hydroxybenzo(h)quinoline (as described in Hamada, et al.,
Chemistry Letters, pp. 906-906 (1993)); 1,3,4-oxadiazoles (as described in Hamada, et al.,
Optoelectronics - Devices and Technologies, Yol. 7, pp. 83-93 (1992));
1,3,4-triazoles (as described in Kido, et al., Chemistry Letters, pp. 47-48 (1996)); and

dicarboximides of perylene (as described in Yoshida, et al., Applied Physics Letters,
9-



10 polyneric arylam nes described in U S. Patent No. 5,929,194, may be
used. O her known hol e-conducting pol yners, such as pol yvi nyl car bazol e,
may al so WO u®ewds8 The resi stance of this |ayer to erosi oRCihyUSO2e288@! ut i on

of the film which is to be applied next, is obviously critical_fo the
successf MoliQbpp.Fa 136 @GPy PolymayiesleaEttrpmsnormg ey pessemmilied by

t hi ck thi s, . . f : | ess,
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Teant st LSRRk G0bGR ppo By | {o09) PlikHRNink UGSy GPRA U base of
po?y LP et hy I op

pol yani | i'ie” an | ene- di oxy ophene) with an additive, which
renders tdagribedin Yamgmpwd, ghar, Jopmmbsinal ofidpphirddlIpBice,ovedudd,ippel 20 tefle¥5abl y

t he conducti ng pal r.is derjved from.bl i p - ) )
et hyl ene-(ié%s i%éﬁgﬁ%ﬁ" %ﬂf’ﬁ{‘y&%ﬁm f’c\? Ogg?éc;.%pl\/g(#%t%g?ogf%grga%’%d FRe©

pol ymer i @pagid de&PBLRIWeavdr! QN CTRIR 1581i@ FRMBSVoIRDYS,iph. BRES 4D(19D6)) alihy

pol y(styrenesul fonic acid). Most preferred are pol yner corrp05|%| Qns
derived fthickmels$ efidtisigyqyonas 13 M0sirh 9t kst PepferahlyH08 pwe Arlpsspiast preferabit t wo
equi vl%l en]]tj@ of ﬁ?el;sy(St yrenesul fonic acid). 25 If an electron-transporting
| ayer™i s & °F may be applied either by thermal evaporation of |ow

nmol ecul ar weibht erials. or by soluti,on coat.i.ng,of, a A

sol vent that woul %m@%é’agﬁoé%wy B%H?Poaﬁ?fg !(tahe? gytﬂheémgﬁ%éﬂﬁz}}l%w?fm
Exanpl es sgi[u_térﬁl\g’, THRIBEKARE 0P Ghthod@ieY baki®ni 100 wideo 1 HE0MRMAIThe pagibrads of
8- hydr oxyqui nol'i ne (as described in Burrows, et_al. |'i ed_ Physics

Letters, mshls agcalgpm, mRggspmpindinggyferbiung gndralugipyra. 7 @i dbesegpetals

10- hydr oxybenzo{ h i i . i i 'éaﬁ% . gﬁb%@ try
Letters, %?9’ “ﬂ@(béeé%g %gg)%#ﬂ%?g@z%%%?lgzﬁoes gégltggfsltgﬁn%g%di n Haor%ada, et
al ., {3t api@etitANodfininPayieas S0patteTiest mnphogiesye Meferred, pp. 83-93 (1992));
1,3,4-triazoles (as described in Lido, et al., Chemstry Letters,- pp. 47-48
(1996)); and icqar Aevtds desis afvepgsydmintighishadesbfdcteddo an apfdeiivditaged! al .,
Applied Physics Letters, -9 WO 02/065558 PCT/ US02/ 02886 Vql... 69, .

734- 736 (5090@)qr lessayijhrintipanse eEiciensy of airlssdPili HECRH YAl byt é”%é‘ihé“@kB% ified

A ; i ai ning polymers (as described in Li, et al.,
Journal o 1&@82%%2%1#&8%%&

The device may be further packaged and protected from the environment by
20 adhering a cover, such as is disclosed in WO 00/69002, to the substrate and over the active
materials. An alternative protective package could include a flexible barrier coated polymer
film. This barrier coated polymer film may be similar or the same as the substrate bearing

the polymerized organosilicon protective barrier or may be any other suitable material.

Referring now to Fig. 1, one sees a cross-section, not to scale, of a representative
25  device 1 of this invention. This device comprises a substrate 12 having an external
protective layer 11 on one side and the polymerized organosilicon protective layer 13 onthe
opposite side. On the polymerized organosilicon protective layer 13, the anode 21 is found.
The optoelectronic or optoelectrically active film 20 is located on the anode. This film 20
comprises a hole transport layer 23 and a layer 24 of optoelectronic material. Over film 20
30  is found the cathode 25. Connectors 26 and 27 connect the device to a power source (for an
OLED device) or to a current detector for a photodetector. This representative device is

shown with complete packaging that, in this case, comprises an internal barrier layer 31,

-10-



Society, pp. 2211-2212 (1995), and in Yang and Pei, Journal of Applied
Physics, Vol. 77, pp. 4807 to 4809 (1995)); 1,3,4-triazole-containing
pol yners we92de3s68 i bed in Strukelj, et 5 al., Science, VolPCTAGH2/0886¢ 1969
to 1972 (1995)); quinoxaline-containing polynmers (as described in
\L(g r5r§1rmt (i) ;v;ﬁqh mhy be ﬂapame door déferat fdpphyed3Physlyoeric Vitin. 3233nd gpoptioadDd to

, Synthetic Metals, Vol. 76, . 105 to
108 (199630)0}1d Sm(?yB g%ﬁﬁ%"’y’(:ﬁg%descrl bed in Weaver, et al., Thi npgol i d
Films, Vi 273, pp. 39 to 47 (1996)). The thlckness of this layer may be
500 m o , preferably 300 nmor |ess, nost preferably 10 150 nm or
| ess. The netallic cathode nmay be deposi ted either by thernmal evaporation
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pol ymer  frofh ih@elebioge RRES. | Bhe SRaIHRELIsRRdNYEVREtdd tatRYe pRssirebf ar  or the sane
as the substrate bearing the pol ynerized organosilicon prot ectlve barrier

or may beappieywinstelyrl BIpEdefae ﬁlﬁ%ﬂ aff the mnmpﬁ@qw t B0 pikesion laygids sees a
Cross-s ec&ebﬁ’sn”tbd ﬁ%h%FaQG%C&Lfdarc%u& Ee%’& %&H{)ﬂéﬁfh ngeﬂ’d& Budoff this

i nvention iceco an ext ernal
protecti \tardjﬁéﬂeﬁdﬁﬂlomeQTﬂMBS(d)ewhmH ﬁdmtrpﬁécylmyean MKS Mo@ahmeI vapon flow
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and pumping speed of unused reactants and gaseous products generated as a result of the

20  plasma process. The process pressure for the adhesion layer is around 4-6 mTorr. The
thickness of the deposited adhesion layer is approximately 100 A, constituting a deposition
time of 45 seconds. At this point, oxygen feed to the chamber is commenced at 40 sccm of
oxygen using an MKS Model 1160 mass flow controller. The flow of TMDSO is then
ramped from 16.5 sccm to 50 sccm over a 3 minute time span. At the completion of this

25  ramp, the layer having the chemical composition in the range of Si01.524Co3-1.0Ho.7.4.018
deposited for 1 hour, which constitutes a thickness of approximately 2.5 microns. This
layer is also grown with an applied power of 800 W. The process pressure for this layer is
approximately 9 mTorr. When the desired thickness is attained, the vapor feed of TMDSO
is reducéd to 16.5 sccm, and the flow of oxygen is increased to 195 scom over the time span

30  of approximately 10 seconds. The applied power is increased to 1500 W, and the SiOx
layer is grown to a thickness of approximately 300 A in a 3 minute deposition time. When
this layer is complete, the applied power is turned off and all gas feeds are ceased. The
chamber is then vented to atmospheric pressure and the substrates are removed. After

cleaning the electrodes and inner chamber components, the system is ready for another
-11-



shown with conpl ete packaging that, in this case, conprises an internal
barrier layer 31, -10 WO 02/ 065558 PCT/ US02/ 02886 which nay be the sane
as or di fwere#65568 om | ayer 13, a polyneric film 32, and amCofisovosBe second
external protective layer 33. Exanple The PECVD coating chanber and all
subst r at elehasiton. fhd anogdenfade drsen indan Gh asisle (BEVGs d@(élté‘gﬁ"@f dlmbarpes layert o

deposition, all on r C nim ze
particle 88‘:1?P§EHP’P1§¥ %’H&g]d p?%e eBé%F@I%}OP%F B%gxgog ﬁ@gﬁfeat esﬁg’:‘ or the
PLED deviig8fhivBlicie 3R Bayer GAP. B8pik cbatdd oidt tb@I’E(D andinaloecd I&eﬂtosoqglhbc hased
fromthe Goodfellow Corporation. The sheets are f| tured n ﬁ Iasma

chanber WYUAE@W%@&bﬂS@hw%H%m&’%hb&l%coaﬁ? ‘PY‘FﬁIﬂ? W i s
corrprl se f S

i on ar el selt] sTNGGHCs HSREAREE HERHELE ﬁ%ﬁélhéﬁalﬁ.ﬁ‘s?‘iﬁﬁn%ﬂﬁh% Blhane

el ect r odevak@pessurd inethe hafiTerr (nsbat)hengee iachistknteo, the batbedepis @smmted,of

appr oxi matel 1 mrlor efore the start of uence.

adhesi on ‘I"léiﬁ FORSSS ﬂ"g’p leger sqa]ﬁ;&“%f‘?ﬂ%’“@dé’t g&ﬁaﬁeﬁ% 2 ﬁ‘é%tais ﬁﬁr%tF%twﬁer
mnute ( | 1 vt HicSkRed AR suldBPSIhadMabedol grotect
controll e%‘gggoagn%dse%li\(/% 19Bow%§%fagg%%?ﬁn%ﬁ5 controller. Qb % kHzlﬁeI ectric
fieldis uhaphcnmacm!d: 9ompmﬂn£sdfrtvm damegfebsemm@@@@mfabeqﬁdmnm@dézm@@gE%pgy
Model . PE || & Rower | oaded to the plasma during the
depost%i d 6‘%8?%& 56%50%8???%1 s 800 W The chanber pressure is not
directly controlled in this chanber, but is rather is determned by a
bal ance of gas flow rate into the chanber and punping speed of unused
react ants and gaseous products generated as a result of the 20 plasma
process. The process pressure for the adhesion |ayer is around 4-6 nflorr.
The thickness of the deposited adhesion |ayer is approximtely 100 A,
constituting a deposition tine of 45 seconds. At this point, oxygen feed
to the chanber is commenced at 40 sccm of oxygen using an MKS Mdel 1160
mass flow controller. The now of TMDSO is then ranmped from16.5 sccmto 50
sccmover a 3 mnute tine span. At the conpletion of this 25 ranp, the

| ayer having the chem cal conposition in the range of

SiOl.8-2.4C0.3-1.0H0.7-4.0 is deposited for 1 hour, which constitutes a
t hi ckness of approximately 2.5 mcrons. This
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| ayer is also grown with an applied power of 800 W The process pressure
for this layer is approximately 9 niforr. Wen the desired thickness is
at t ai ned, woheezpor feed of TMDSO is reduced to 16.5 see®CTArd2/03886 f | ow of
oxygen is increased to 195 seemover the tine span 30 of approximately 10

seconds. WHABEhCILAIMEMES: is i ncreased to 1500 W and the SiOx |ayer is
grown to a thickness of approximately 300 Ain a 3 mnute deposition tine.

Wien t hik Amymoeléecronandeveeeontphisingppl i ed power is turned off and all gas
feeds are ceased. The chanber is then vented to atnospheric pressure and

t he substr at esa gapirenipdginerff ubktrate beaitigng doesush@ctheiedes trampaienner

chanber conponents, the_systemis ready for another -11 WO 02/ 065558

PCT/ US02/R288eized eriositionn ProkRetiss 598t made fromindiumtin oxide (1TO is
deposited over the barrier layer conposition by standard plasnma deposition
procesds for | TirsBalpetrasis-omgnbs opslEnpEcE PEOCEfiv§N¥Hi ophene from Bayer Corp.
is spin coated over the 1TO and is allowed to thoroughly dry.

I .

. \ cdry. A .
pol yf | uor ene basedodleaghicallyractive film pemprising ke clsgirercivametprioh spid fHe IBxEr on- P

| ayer. 5 The, cqated substrate is j.nser i N e C J ] i on
syst em \/\%H{‘?ﬁsﬁﬁe‘%ﬁflé’f ]%Fogtaab‘%%é{hﬁr%@?ép%?%ﬂ Ffr(?&tri% Bfé%fté%%@ée aéro %%{ange.
In this chanhescont RRcadd) AdRrdis sdle s icleedode Whactedrnsl iatikat af alldwishight oayer
of calciumfollowed by a thicker |ayer_ of silver as a protective overcoat.
The devi cRass & eiciem plesr eitpederaricadlytactize filiit her encapsul ated or packaged to
protect the electroactive conponents from damage by environnental

condi td ons and handling. The 10 device so nmade was operational in air. -12

WO 02/ 065558, PCT/ USQ2/ 02886 UL : y | i
devi ce co%pﬁ]% PR aggf%% eﬁ’é?eeq\?rclﬁp%’l I?WE%@@'\{E%)BQ% r%%ﬂéw@gg?@%tg&e&%%ggggﬁr face

t her eof afokmanRsaey £NC, PRIy¥Br i zed organosilicon protective |ayer, 5 a
first electrode over the polynerized protective |ayer, an optoelectrically

active filmconprising an el ectroactive material, said filmhaving a first

si de, whi §.h=r'hé obBBANACHeWid 8 dfif 1 HABSRANRE Bla8bERIAHEIRAM BySaroRd i de

in contac
15  formula SiOq.5.24Co3-1.0Ho74.0-

4. The optoelectronic device of any one of claims 1 to 3 wherein the organosilicon

protective layer is applied to the substrate by plasma enhanced chemical vapor deposition.

20 5. The optoelectronic device of claim 1 wherein the electroactive material is

electroluminescent.

6. The optoelectronic device of any one of claims 1 to 3 or 5 wherein there is an adhesion
promoter layer between the substrate and the protective layer.

25

7. The optoelectronic device of claim 6 wherein the adhesion promoter layer is applied by

plasma enhanced chemical vapor deposition.
8. The optoelectronic device of claim 6 wherein the adhesion promoter layer has the

30 formula SiOq.054Co.1.45Ho.0.s, with the proviso that the protective layer comprises more

oxygen than does the adhesion promoter layer.
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with a second el ectrode, wherein said first electrode is characterized in
that it allows light to pass to or fromthe optoelectrically active film
10 2. Thewoproeissgtroni c device of claim 1l wherein the or @amasn/H2886
protective |ayer has the fornula SiQOl. o-2.4Co.1-4.5Ho.0-8.0 3. The

opt oel ectdr ditieoptieléctwnigfdeicaiofrlnimA evhsiein pisdicon gside daver BowpEebbawesv el ayer
has the 15 forqpla %ig%gswg.ﬁgbgél.okb.7-4.0. 4. The optoel ectronic device
of any omEOtBFIYE ayHhdn sl 5P t he organosilicon protective |ayer is
applied to the substrate by plasm enhanced chem cal vapor deposition. 20
5. The optoel ectronic device of claim1l whergin the ?Iectroa tjve materi al
is el ectlOolTheiopeasdastionicglevivp el elaing & vderep Asiicar xide layer ’érﬁppfi odveRt ai ns 1
to 3 or wher ej. [ £ 4 Fon pronoter |ayer between the

subst i’ at zh%%fd"i%"?%ge%a g]’[@gttlﬁ?/e tgf}te}t?.éaéSS 7. The optoel ectronic device of
claim6 wherein the adhesion pronoter layer is applied by plasm enhanced
chem cal vapor depogsition, 8. e optoel ectronic device.of claim®6 wherein
t he adhe§ﬂoHjﬁﬁﬁﬁﬁﬂ%wnpﬁf@Vmﬁggg?ﬂﬁq 141 (i U “@ﬁ%ﬁ?@@%$ﬁ&%@ﬁ@g15Fb.o-8,
with the I | the protective |ayer conprises nore oxygen than does
t he adhegﬁgﬁ&%ﬁgﬁ%@ggilayer. -13 WO 02/ 065558 PCT/ US02/ 02886 9. The

optoel ectronic device of claim1l wherein a silicon oxide |layer is applied
between the protective layer and the first electrode. 10. The

opt oel ectronic device of claim6 wherein a silicon oxide |layer is applied
between 5 the protective layer and the first electrode. 11. The

opt oel ectronic device of claim1l wherein the substrate conprises external
protective coatings. -14
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