; e3esKpFFQ& | LXI K66KTKQ F A MULTI - LAYER COMPCSI TE FI LM AND A METHOD FOR

FORM NG A MULTI - LAYER COWPCSI TE FI LM Field of the inventi
invention relates to a nmulti-layer conposite filmand a nﬁ@m mmm"m'ﬁ,rm ng
a nmulti-layer conposite filmas a barrier substrate for f

el ectroni cs devices and di spl ays, suchgsas organic light em tt|‘5r‘I§9*deV| ce
(OLED) displays, liquid crystal device displays (LCDs), and plastic

el ectroni c AeMUETI-LAYERCOMPOSITE PILM AND! £ METHODFOR FORMING Rr t cards
and the |i ke, 10 Background of the 1rnveniion The developnent of flexible

el ectroni cs devices and di i inght em tting device

di splays (OLEDs), liqu IﬁBL&WiﬂEﬁ co 7%) and plastic

el ectroni c devices W|th di spl ays depends largely on the achi evenent of a
superior barrier substrate material. Polymer filnms are potential suitable
is substrate materials for such applications except for their poor barrier
per f or manEieldpfithetinveationxanpl e, i sture and oxygen. Wien used, for
exanple, in display devices, there is a further requirenent for t he

subst r ait e Thatpreserht inventionerelats i aopulkidayen campesiteciicyand achethedfor e t han
85% optical transm ssion. 20 To inprove the barrier properties in such

devi ces, fdrhﬁﬂ? ahmalticayentemposite e agaodriel Sadtiate Pararxine ehsctivpidd er
coatings on polyneric substrates w thout si gnl ficantly sacrificing the

mechani Ca'defﬁc@é'a‘?x'd'd&ﬂlagé duef 4d 6:‘6‘an@(}?géﬁ? it tcfegﬁ’é @%ﬁ:‘%%&&@l{}%‘ 'y

deposited b hase d€position, chni ques or

par amet er a S OSILe ichin

turn yiel Haﬁg da(ﬂ%%‘ @%\Q{:‘? Hgsi’?#st(‘tlr?‘ipas\rs éﬁ@ Bgae‘%‘F @'%Q%Y'Eé? W\;‘S\?'opert i es (see
for exanple, A GErlat et. Thin Solid Filns 86, 2001). Whil st
such t echQSPiR): flExasmriesienirqnic gagds, F’ﬂ@ﬂf%ﬁisﬁﬁgk@ﬁﬂﬁ% industry, it is
desired to obtain a substrate filmwth barrier properties a few orders of
magni tiode Backareundof thedneentigni red and achi eved in food packagi ng.

The development of flexible electronics devices and displays such as organic
light emitting device displays (OLEDSs), liquid crystal device displays (LCDs) and
plastic electronic devices with displays depends largely on the achievement of a
superior barrier substrate material. Polymer films are potential suitable

15 substrate materials for such applications except for their poor barrier
performance against, for example, moisture and oxygen. When used, for
example, in display devices, there is a further requirement for the substrate
material to have a high optical transparency, such as more than 85% optical
transmission.

20 To improve the barrier properties in such devices, ultra-thin ceramic coatings
are typically deposited as barrier coatings on polymeric substrates without
significantly sacrificing the mechanical flexibility of the film. The ceramic coating
is typically deposited by gas phase deposition, and different deposition

techniques or parameter settings will result in varying microstructures, which in

A
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Conventional nmethods for optim zing the gas phase deposition techniques for
the ceram c oxide layer tend to result in the production of pinholes and
grain boundaries in the ceram c coating. To overcone these deficiencies,
the nost wi dely explored approach is to produce nulti-layer conposite
films. Such nulti io layer conposite f4lms, typically consist of a base
substrate of polyneric material and a ceramc coating typically forned of

nitrides tapf{iald Srafae c@éuﬁgé Mtﬁ r\vaaads dkyrady ¢fBartiér ﬁ&@behﬁé@‘(s@@ﬁ@f ted that
the barrier properties of such nmulti-I|ayer corrp03|te films may be suitable

for sone PRI W A. Kennew ck
"Envi ronrrélgr;‘}lﬁzl;a)ﬁ)é ard?i%zi;a&%g?gﬁ?gfsgﬁ%rﬁ@ggg?c? ﬁ‘%bb@' Em tting Device" US
Pat ent , 95, 1998 onventi,on rovi ng, t he
barrier gﬁ@‘ﬁ%ﬁ‘f%&t%%‘nﬂlﬂgy ap ?/%9 B@%’Prb'ﬁ@f’ﬂ%ﬁ'fei °i‘?19 F?aka?g'nggBWSty gb‘ﬁpl i ance
interlayer) typically a thin paolyner coating, between the |layers to produce
a mul ti - | dgaiedciorgitaintasybstrate ﬂwﬁrbarﬂehnm@gﬂ%a fewaraersotfindari es (in
the case of polycrystalline structures) still 20 exist in the ceramc

coati rg. rhlagaituge bbtieérethaarttose equitedianthackievedin feedgackagingcoat i ng are
believed to be the dom nant | eakage pathway for perneation of noisture and
gas nol ecgbRventfonal h@tﬁ@d@forro@ﬁnﬁmg ti5é Has phasedepbsiion ed¢HniqueeRent in

these ceram c coatings. In view of the foregoing problens wth
t | l'i ed
othed  EcaeaTas @péi_t RIS R 6 R cioh d e raippe! | ©

h l d
Summary oot ri’e‘ébeﬁﬁ? GrricGeaung; T8 erofedbed Hgﬁelgﬁfﬁg%ﬁﬁéﬁﬁr on
conprises a nmethod for formng a nmulti-layer conposite filmconprisjng the
st eps of : WisighoexpIpref %PMQlaphé“rtq a@ucemwﬁﬂmr&m@*%ﬂm@n %l-’%'ﬂi'é’f trate;

and applying a gas plasma process to said barrier layer. 10 One or nore
furt her blayer eompasiée §inos, tepically conmstafiaabasengutisiraie of pelymearicsmaterialibst r at e
and these | ayers may al so be subjected to a gas plasma process. In a second
aspect t hgneg a seramiy coltthgatyploay Rdrenetl efcritriieiscandienvdxiges of sitidon and
aluminium. It has been reported that the barrier properties of such multi-layer
composite films may be suitable for some OLED applications (see for example
J.D.Affinito, W.A.Kennewick, “Environmental Barrier Materials for Organic Light
15  Emitting Device” US Patent, 626895, 1998).
A further conventional method of improving the barrier properties of multi-layer
composite films is to apply a compliance interlayer, typically a thin polymer
coating, between the layers to produce a multi-layer composite film. However,
pinholes and grain boundaries (in the case of polycrystalline structures) still
20 exist in the ceramic coating. These pinholes and grain‘ boundaries in the
ceramic coating are believed to be the dominant leakage pathway for

permeation of moisture and gas molecules. Furthermore, residual stresses are

inherently present in these ceramic coatings.



according to the above nmethod. is In a third aspect there is provided a

di spl ay, such as an organic light emtting device (OLED) display, a liquid
crystal device display, or a plastic electronic device with a display
formed according to the above nethod. In a fourth aspect there is provided
a multi-layer conposite filmforned acgordi ng to the above nethod. 20 In a
fifth aspect there is provided a nmulti-layer conposite filmconprising: a

substr at ej A& & gge;‘\*drbgéingaﬁf%leﬁis #Rh BT ARSrR) Pﬁécés@émd%w@sq a

substrate, sal rier layer being enriched w a gas froma gas plasna.

4 In gene [ r | er Jar esent

i nventi onﬁ%]deggégsfgﬁlaﬂc%ggy %QP ﬁ?‘%ﬁﬁqg@ef&s@geg@ng%@ﬁ%)ﬁ?rﬁ; Orrrﬁdlg}gﬁn%; e and
oxygen from pernmeating the barrjer |ayer. The gas,plasm treatnent nethod

i s pref erfﬁmw%gppe&%me&mepeﬂwa%@%ﬁ rfzq;émgg%59Qt§)célpn|yé§}grorof ceranic
material to inprove the barrier against noisture and oxygen perneation. |f
t he cer antempearaising performatoe. and an oxygen plasma treatnent is applied
thereto, this will result in an enriched oxygen | ayer at the surface of the
ceram ¢ cSammgry oh¢he honantiorat i on of oxygen plasna into the Al xOy surface
serves to block sone of the 'pinholes' or "|eakage paths' in the io ceramc

coating, [fi¢éen&rbEd aMistadPict tHE MARINfioRakRERG s Fielt®d farYefminghd s s

achi eved by the reaction of plasma-induced oxygen with surplus alumniumin

t he cer an}'nq_"tt_ﬁ%grrﬁgy Ritl i %ngﬁg)%%{ggégf.t he use of a gas plasm

treat ment e e applie ‘of the ceramic coating in the

mul ti-layered gonpasite filmto is.enhance the barrie ai n noi sture and
oxygen per neat ﬁﬁﬁ&'&‘%\aeqaéﬂ?'yl,ay?hgf%%@"ﬂ?mr'?lroéh?ﬁﬂhﬁﬁ%&’ ?ﬁ surface of
the ceram c coating does not affect the optical transparency of the

conposi te fil nBPPIING @ 0apIpjasnd pregassite saidbpaver {auergas pl asma treatment to
the surface of the ceram c coating | ayer does not increase the thickness
and t he r &nederanoss further barrder layersfaficeramic matesial maybenapplieditcesaidgeous i f)
in the fabrication of the multi-layered conposite film the initial barrier
| ayer andgpbstraterdritbtheBandyets mayaiss bef sdbjectednan gascplasmagracess.

appl i ed/ deposited using different deposition techniques (such as RF
sputtering or PECVD), or using different paraneter settings (such 5 as
deposition power or rate), or if different ceramc coating materials (such

as Al XOy or Si X be used to optim.ze S | of the
barrier. hage&%%aspgaﬁ@%%m ‘?‘r@gﬂd?dt%géﬂﬁ‘etélé&gwﬁgggggﬁggﬁgﬁ; film
conprises a pol yner substrate, such as pol yethyl ene terephthalate (PET) or
pol yet hyl @ﬁ@o@'g&ﬁlm%%’eﬁpﬁmﬁd-and | ayers of ceramic coating, such as

al um ni um oxi de (Al XOy) & silicon nitrite (Si XNy), and optionally an

or ganilé i mn arthisg @spestibrraiis ppyidiedya displayasugh as @n(agapicdight emitting

pol ybutyl di acryl ate (PBDA), as an in-between |ayer. Preferably, a gas, such
as oxygen dawioer (OliED)odisplap?a ligaidusrystal devibe dispay|cxsnplastic elestronient net hod
applied to the surface of the ceram c coating, which may be Al XOy or SixNy,

to i nprovejehite Witk ki dsplag frfsdd aBddrtingetoand apsyeenethedeat i on. The present
i nvention enables a nechanically flexible substrate to be formed which is

parti cul an i C } jces and

G spl ays. D BHHEUSRRECtHRr, R plovRidda MY eR BB A Torfed 0%, i o
crystal is devj.ce CD), di spl avys) and plastic electronic devices with

di spl ays, q‘CSPngQ%ﬁé)h? é?%\éq &gﬁ%&cards and smart cards. The net hod
according to enbodi nents of the present,.invention s.a very .sinple process
i oh Hmy 1@ GHLAFHEG foseys PIPLREd ATBUKPLET FRMPSRtE L EMPERINBDr i ng

mul ti-layer conposite filnms. 20 6 Brief description of the draw ngs
Preferred feat . egbsifatehand nventi on will now be described, for the sake of

a barrier layer of ceramic material formed on said substrate, said barrier

layer being enriched with a gas from a gas plasma.



illustration only, with reference to the follow ng Figures in which: Figure
1 is a schematic cross-section through a conventional nulti-|layer conposite
film Figure 2 is a schematic cross-section through an alternative
conventional nulti |ayer conposite filmincluding an organic interlayer;
Figure 3 is a schematic cross-section jhrough an alternative conventi onal
multi | ayer conposite filmincludingt ceram c | ayers and an organic

interlayegt,; i i i s i I an alternative
convent | RAerRFLEHNS, B Or B e B e o e i e Jer o
Figure 5 .Js a.schematic cross-section th h. | I nti onal
't | ayBreRUTLRE Ge FricHacha A gRonehastd bR n)di e ahd 9 ¢
interlayer; Figure 6 is a graph showing the ratio of oxygen to al um nium
agai nst tiremxparmestiagithedafisr la¥Rk eated filns and filns treated according
to an enbodi nent of the invention; and Figure 7 is a graph show ng the

wat er vapbhe gaamdasnss treatmentemethiorHs pefenalbly epplied to thessuface ofithe t reat ed
according to an enbodi nent of the invention. Detail ed Description of

Pr ef ery edpZuiiee thyee f SeRniCirgatesial tb inprove kb srier against maistureand
multi-layer conposite filnms to which the nethods illustrating enbodi nents

of the prsgfqgr?' tiop? WQM%Q\%La?ﬁith&@fiaﬁ&eAlebeﬁﬁd‘hﬁ d&u?éﬁwéém@s

illustrate igures 1 to I ch correspona ’fhrougho are allotted the

: _ i ! ar |
711 m conelrGrigRF SRPJH nesftoL R festgh arfereief B tayerat e ORI €
102 d ited h bstrate 1 dafurth I f c ' '

102" Goposiiess Bhersramporigan e Bsarmorgipa gt PG PisRmaBRoHE of | ayors

of ceranmic coating applied is s dependent on the barrier perfornance
requi r ed. ARQysuefage seoves terblack semgtafitee qunkelescarn eakage Rath’ in theayer
conposite filmconprising a polyner substrate 101 onto which is deposited a
first 1ger setamicaaiating, thageredtid) a Arorerdgmsely patkagedserfate3ayey. Thisned on t he
first ceram c coating layer 102 and a further |ayer of ceramc coating 102’
i s deposi keRieved by the reaction of plasma-induced oxygen with surplus aluminium in
the ceramic layer.
In a preferred embodiment, the use of a gas plasma treatment method may be
applied to all layers of the ceramic coating in the multi-layered composite film to
15 enhance the barrier against moisture and oxygen permeation.
Preferably, the gas plasma treatment to the surface of the ceramic coating does
not affect the optical transparency of the composite films.
Preferably, the application of the gas plasma treatment to the surface of the
ceramic coating layer does not increase the thickness and the residual stress of
20 the film.
It is particularly advantageous if, in the fabrication of the multi-layered
composite film, the initial barrier layer and the further barrier layers of the

ceramic coating are applied/deposited using different deposition techniques

~ (such as RF sputtering or PECVD), or using different parameter settings (such



10 thereon. Again, the nunber of |ayers of ceramc coating applied is
dependent on the barrier performance required. A further alternative
conposition of a multi-layered conposite filmis shown in Figure 3. A
pol ynmer substrate 101 is sandw ched between a first ceram c coating |ayer
102 and a further ceram c coating layetr 102'. An organic Is interlayer 103
is deposited on the further ceram c coating |ayer 102" and another | ayer of
ceram c i i .y 1 o\ aki igure 4
AR bpsEitlépolver Qﬁpﬁ%bﬁ%ﬂ‘ cﬁﬁerrehfcgfagnﬂptcg?pgggﬁéetgm r%@@h ak

shows anot her alternative conposition o r conposite film

i ncludin p r ; ] t ween first .ceramc

coati ng IgAalg%’f 8'11%%%%#@&%&11?4 ﬁ%ﬁ%&f@%ﬂ“@@ﬁg.aﬁ@ 4%'/%’?&@5‘ barﬂgr.A further
alternatiyve conpositiqon of a rmlti-t!ifa/er%g conposite filmjs shown in

Fi gure 5./nNehRrefered Irggat, ey yeseh spmposite §im camnrises acer ani ¢
coating |l ayer 102 deposited thereon and an organic interlayer 103 forned on
the firstPawngrbubsteriei such ageplyetivlene teraphthataty (RET abpolyathylens eri al 101
used to formthe filns described herein and illustrated in Figures 1 to 5

i's pref ermdpthalpts (RENY,|aendlayersagfiochamid eodtiigT sucH e dilthiphurassidd t he PET
used is preferably 200 pm which is obtainable commercially. O her possible

pol ymer  suApd, ) &t SlliceH ﬁi'tﬂité:g%xm)xa%,dﬁli%ﬁallyf ah é%ﬁqﬁg(%bﬂ%mbﬁsﬁ Bgr sul f one

(PES) and pol'ycarbonate ( | um ni um oxi de y be used for the

ceram c cQakii rAVACe 0 ' ol r §'D(}ﬂ. )C i
deposi teaQ g‘;'bg'g'ﬂ%us 8%%@?'%"%2@? 8%@%”‘!&%?@%%@% rggégq%"r%%gﬁggﬁ Chem cal
Vapor Deqosi tion (PECVD) and Radi o Frequency (RF) sputtering. RF sputtered
Al XOy is Y%rf‘erably used for the multi io layer structure. The thickness of
t he sputhgregd Al XOy is preferably 80nm This thickness is selected after
conduct i ngreSKNFOMN: FedAss sUsh REyIeNQreoRiitregen Nzobe usgd dnthe gam plasma (WTR)
of single layer AlxOy on PET as a function of the thickness of Al XOy. The -
or ganitc itreatmenj anethod applied torthe surfadeyef tielcenamicacoatingt ewhicBMiayhmevi ng a is
preferred thickness of 400nm Techni ques such as spin coating) thermal
evapor at i AOpor 8l,Ng e ipProvethesdienagansbmoisiat afd ERRASH peiri@atirgani ¢

The present invention enables a mechanically flexible substrate to be formed

which is particularly advantageous for use in flexible electronics devices and

displays, such as organic light emitting device (OLED) displays, liquid crystal

15 device (LCD) displays, and plastic electronic devices with displays, for example

electronic cards and smart cards.

The method according to embodiments of the present invention is a very simple

process which may be easily incorporated into existing techniques for forming

multi-layer composite films.

20



interlayer 103. In the nulti-layer structure shown in the figures and
descri bed herein a plasma polynerized GVA is used. O her possible plasm
pol ynmeri zabl e materials may be used, for exanple, nethyl methacryl ate
(MVA), 20 butyl nethacrylate (BMA) and heptafl uorobutyl acrylate (HFBA).
The organic interlayer 103 may alternatively conprise a PVD material such
as one belonging to the chemcal fam |y poly-para-xylylene, for exanple the

mat eri al gggﬁp&g&ﬂghxawt@tﬂ“ﬁﬁgé paryl ene' . 9 The conventi onal
structure T to 5 are designed to inprove the
barrier properties  of i-layer conposite filns. However, despite the
deposi t i ollf:;r %@ﬁﬂ?%ﬂf@geswrtﬁgﬁ?\{%ﬁ'egéﬂ oW Pﬁgeﬁgﬁ%q'tf?r\gﬁecﬁdkﬁfg ceramc
coating layers 102, 102', 102", pinhaoles and _grain boundaries will still be
present i HUstrtian erly ayith referenceyto thgdallowinaidgwesdnawhiei n boundari es in
the ceram c coating are believed to be the dom nant | eakage pat hway for

per nmeat i ohigafe id$ atashematid qass-sectiruthesugFarcoheentions| mwt-lalesl stresses
are inherently present in these ceram c coatings. The nethod according to a
preferyede ositeflmi: of the invention may be io applied, for exanple, to
any one of the filmstructures shown in Figures 1 to 5 and conpri ses

appl yi ng piggas 2R %%Hﬁehpaﬁﬁtdfsﬁ-sé&id?ﬂﬁré‘tﬁqﬁrﬁﬁ%gt@hét% doRvaAtiénd #@ts) 102,

102", 102" “"to 1 nprove the barrier properties o e ceramc coatling

| ayer(s). . Th | n_ th ramc layers) is to assist in
bl ocki ng I,ggﬁ,ﬁccgr{ngﬁite ﬁ{m i’ﬁ”@&?ﬁ?‘%@a'a'f’dﬁ‘&ﬁ§¥&or | eakage paths in the
ceramc | éer(g),, is . thereby creating,a nore densely packaged surface
| ayer. Thi@ure 34z fischemaliy rags-seetiomthrealdl an aeenative qanvgniipnal nlfip| us
metal in the ceramic |ayer material to formadditional ceramc material)
such as Alayeycomponite flaainsleding éve ceramicdayeisantaar organi¢ intala®r; and t he
gas used in the plasma treatnent is oxygen. 20 In fabrication of the
mul ti 1d ayEiguce@rpe ai sSchehdtitscrosbadytiorptiroeghn ansitetnativeardnventiomal rhibig- met hods
for their production, the gas plasma treatnent is preferably perforned
after eacﬁygpggﬁlbbgﬂ;@ﬁpﬁ_irm@(ghqlm,g cefathichayémyer 102, 102', 102". Thus, for
the structure shown in Figure 1, gas plasna treatnent is applied after the
initial c | & ' Y Q2 i i r _101. A
PIGRR% 8 i€ 3dcafhat®ibsd B8ctioh B0 BihiBMARE dnleRtRAAIALE

10 further er of ceram c coafrng I's further
| ayer 102, is then treated wi.th gas plasna treatment. |f Al X for exanple
A 503) 1 olayel aomposie itk Finiing shErodafis Byel Sagdn organic inlgpeyer i <
preferable to apply an oxygen plasma treatnment to the ceramc s layers) to
enri ch t hEigsg §df ac@apbrahowing e @dipafiaxygeate alyminitm egpinstreatngidten

pl asma treatment nmay be perfornmed on the oxide surface preferably under the
f ol | ows ngtimerfar untvestedRfims et filmsiteealedracgerdifdg tovnvan &neb odiieat ofthieo
treatnment tinme = 30m n. The oxygen plasma treatnent results in an enriched

oxygen | aygentiontdmi ceram c coating layer(s)102, 102', 102". It should be
noted that the nmethod enbodying the invention is not limted to

Figure 7 is a graph showing the water vapor transmission rate (WVTR) of
untreated films and films treated according to an embodiment of the invention.

Detailed Description of Preferred Embodiments

20 Figures 1 to 5 show various conventional multi-layer composite films to which
the methods illustrating embodiments of the present invention may be applied.
The elements of the films illustrated in Figures 1 to 5 which correspond

throughout are allotted the same reference numerals.



oxygen plasma, but the use of other gases such as nitrogen is also
possible. is In a further preferred enbodinent, the initial layer of
ceram c coating 102 and the further |ayers) 102', 102" of the ceramc
coating may be deposited using different deposition techniques such as RF
sputtering or PECVD. Al so, different p?raneter settings, such as the power
used to deposit the ceramc |layers or the rate at which the layers are

d it edg; | ; ki i t i
eposi t edrighke Y:PBws antyglctévmm@la &hﬁfo%ité?m%%%hgg@f)a &dl%@fen ceram c

coating materials (for "exanple, Al XOY or SI X used.” Al'l of these

features i Vv Wy St r Lgn of
the barri %@lsft%??n\{alil gﬁF%%%ﬁ@[?og%&@ﬁggﬁéaﬁ q)fdéé]&t'%%’ %ﬁﬁ%a@‘éba%‘%t?ﬁgﬁ teram c
| ayer materjal, of oxygen to alum niumyvarying as the surface is etched
away, tha@n$§fymer\,lgy¥g9i9ﬁ{amc ERting %ﬁlr‘gﬂ%ﬁ%‘ﬁ OR tB%é‘fﬁ GER®'G he materi al
for untreated AIXOy filns and AIXOy filns treated with an oxygen plasma
accor di ngceatingriagenteR.mehe nemheiofilayassof eeransis ogating @pplied isy X- r ay

phot oel ectron spectroscopy (XPS). The oxygen plasma Al XOy is used as the
ceranix | dgsendémb osithe baomerqpdriornmmestrequieed.Fi gure 6 shows that the oxygen
pl asma treatnment has enriched the oxygen content at the surface of the

ceram c | pygfe Z-Qh%m%félfﬁﬁet‘hfati%‘éoﬁéMn%Té ﬁﬁjltﬁ%ryéfr}:érﬂp%ﬁé filng 10 assi st

in blocking sone or all of the existing pinholes or |eakage paths in the

ceram o | yfbishS SHYEl SBbLARC PG RelARER Y sBacliRaRd Rl LR 2yer. Thi s

i s achieve gen reacti us arumni um the ceram c

Al XOy | ayer to for di.ti onal. Al . Figure 7 is a graph show.ng the water
Vapor 1 anearedpdRt ) 8 e Srtetre il Tormed G erRtETERIG e
according to an enbodi ment of the invention. The W/TR nmeasurenment for the
si ngl e | ag@ating lRypr 62 and = further (dyiee Bf eewasnio sgating 10Ryigdenssitedn t r eat nent
showed a renmarkabl e i nprovenent in the barrier is property, as will be seen
from H guthergdon.wAghiny thehtmber n§layees opteraaiic toatirgrappliethis dBpendppt i cat i on
of the gas plasma treatnent to the surface of the ceramc coating layer is

consi der egn tife BarrRaperfodmanty r gg. ageous as no change, such as
deformation or warping, in the filmwas observed, and therefore there is no

20, o A SR oot o iSR! ol fim Bhonkser ane

Figure 3. A polymer substrate 101 is sandwiched between a first ceramic
coating layer 102 and a further ceramic coating layer 102'. An organic

15 interlayer 103 is deposited on the further ceramic coating layer 102’ and another
layer of ceramic coating 102" is deposited on the organic interlayer 103.
Figure 4 shows another alternative composition of a multi-layered composite
film including a polymer substrate 101 sandwiched between a first ceramic
coating layer 102 and a further ceramic coating layer 102'.

20 A further alternative composition of a multi-layered composite film is shown in
Figure 5. The film comprises a polymer substrate 101, a first ceramic coating

layer 102 deposited thereon and an organic interlayer 103 formed on the first

ceramic coating layer 102.



particularly useful in the production of devices such as flexible

el ectroni cs devices and displays, for exanple, organic light emtting
device (OLED) displays, liquid crystal device displays (LCDs), and plastic
el ectroni c devices 12 with displays, such as electronic cards and snart
cards having displays for displaying the information stored in the card.
Various nodifications to the enbodi nents of the present invention described

above nmayTRepERfRer s'ﬁ‘b‘str@t@ﬁﬁh&lalqmqrse@ﬁbqwn@kﬁe fAmes aBSCHdHEBM &7 be
added or substltut ed for those above. Thus, although the invention has been

descri be Lt r ossi bl e
W t hin tﬁga%g%ggﬁr %8@1 tb%JlsEHras W 9d6§;&ﬁwear [P%(re\()ﬂ L ERF’E@ ﬁggder
W|thout rtin he snpirit pe_of .the i on. 13 O ai s
A et noiRngRS Bl B Tieile pretafaly 20RRER SR TS EBRBIE S ng the st eps
of : depositing a barrier Iayer of ceram c material on a substrate; and s
appl yi ng ePrpEEreRbE nRtherassile polymer pisirats maksiials may he Heedderaccor di ng
to claim1, further conprising applying one or nore further barrier |ayers

of cersarriexarapler palyethersualfahes(Ris$ ) ancbpalydaronate (PQ@arrier layer. 10 3. A
met hod according to claim2, further conprising applying a gas plasma

process tAjuaiAiud oRiIEgARD, ;masy Ba! s&¢ forltRé IcefimicPtRiting 1dyerd 102t hogd',
according to claim 2, wherei n 't he step of depositing said is barri er | ayer

conpri sesgpp| yh&dernhi brc%tatuﬂgl%g@ fyé%PBé@&FnyaﬁBQs 48 o§if|8rﬁ’tégh iting

sai d one or nore gurt er bar ayers conpri ses app yi ng one mor e
fsreggpgaﬁgé@ L P OBSRARReq VIBLEED VIS USSP R YD B SS g difrers
Frequency (RF) sputtering. RF sputtered AlkOy is preferably used for the multi-

10 layer structure. The thickness of the sputtered AlOy is preferably 80nm. This
thickness is selected after conducting experiments to measure the water vapor
transmission rate (WVTR) of single layer Al,O, on PET as a function of the
thickness of AlkO,.

The organic interlayer 103 may comprise Glycidyl-methacrylate (GMA) having a

15 preferred thickness of 400nm. Techniques such as spin coating, thermal
evaporation or plasma polymerization may be used to deposit the organic
interlayer 103. |n the multi-layer structure shown in the figures and described
herein a plasma polymerized GMA is used. Other possible plasma
polymerizable materials may be used, for example, methyl methacrylate (MMA),

20  butyl methacrylate (BMA) and heptafluorobutyl acrylate (HFBA). The organic
interlayer 103 may alternatively comprise a PVD material such as one
belonging to the chemical family poly-para-xylylene, for example the material

commercially marketed as ‘parylene’.



20 5. A nethod according to claim2, wherein the step of applying said one
or nore further barrier layers conprises applying one or nore differing
deposition techniques. 14 6. A method according to claim1, wherein the
step of depositing said barrier layer conprises applying an RF sputtering
process. 7. A nethod according to claig 1, wherein the step of depositing
said s barrier layer conprises applying1a Pl asma Enhanced Chem cal Vapor

Deposi ti omhd BER4Priopapsisturdd idsFREO M FRAAES 41tBS 4re cfaéysgéﬁadzto Mpbgen the

step of depositing said one or nore furt arrier S conpri ses

app! yi ng L C iad | A _pr S.. .. A net hod

accordin gtﬂ{a (?%g *lgri ﬁog,gﬂ\%’%‘ ec?ferf) gﬁ%lﬁ%&sfozﬂﬁéﬁ{ed@ ﬁl?s i 'ﬁg\&év%ral%ﬁ SBIH%Ch no Ir e
further barrier | rs conprises applyi Pl asma Enhanced, Chem cal Vapor
Deposi ti o&@@&ﬁW&'%§.urﬁeé'ﬁié'?ga\f%’etggdﬁ%&?ﬂcﬁfﬂbe Cgramigisaaindwher ei n
the step of depositing said barrier |ayer conprises applying a first _
deposi t i dAYisotdEs <102, W' pisholestandhgrainbopodwsies wilidstilie grespnbin theposi ti ng
said one or nore further barrier |layers conprises applying one or nore

second degayaimic¢ ooafing déwsepiritolas aadgndinrzaundadies it c@ravmic contieg ei n sai d
first rate and/or power differs fromsaid second rate and/or power. 11. A

met hod acgrershlieget @o bah&dominast |ehKade Bathiniiy fof pERRestidr HomdRitgrebar rier
| ayer conprises applying a first ceramc coating material, and the step of

15 deposi jhd'gas #dleQils. OF uRRERNSIY. FEGHuRAdsSEs R ferGMP Appl yi ng
erials, WA

one or nore g_econ ~ceramc coating na herern sal d'S@rg@t ceramc
ot hod-acBPARLPTIS ST wher ei n the step of depositing said
The method according to a preferred embodiment of the invention may be
10  applied, for example, to any one of the film structures shown in Figures 1 to 5
and comprises applying a gas plasma treatment to one or more of the ceramic
layer(s) 102, 102’, 102" to improve the barrier properties of the ceramic coating
layer(s). The effecf of the plasma on the ceramic layer(s) is to assist in blocking
some or all of the existing pinholes or leakage paths in the ceramic layer(s),
15 thereby creating a more densely packaged surface layer. This is achieved by
the plasma-induced gas reacting with surplus metal in the ceramic layer
material to form additional ceramic material, such as AlOy in the example
where the ceramic material is Al,Oy and the gas used in the plasma treatment is
oxygen.
20 In fabrication of the multi-layer composite films embodying the present invention
and the methods for their production, the gas plasma treatment is preferably
performed after each deposition of a ceramic coating layer 102, 102, 102",
Thus, for the structure shown in Figure 1, gas plasma treatment is applied after

the initial ceramic coating layer 102 is deposited on the PET substrate 101. A



barrier |layer conprises applying a |ayer of alum nium oxide (Al XOy). 13. A
nmet hod according to claim1l, wherein the step of depositing said barrier

| ayer conprises applying a layer of silicon nitride (SiXNy). 10 14. A

met hod according to claim2, wherein the step of depositing said one or
nore further barrier |layers conprises ,@opl ying one or nore |ayers of

al um ni um oxi de (Al XOy). is 15. A nethod according to claim2, wherein the

step of i td i . ' kL) r i
appl yi ng. (ORC 1AYR8 of Bpfanil boBling 102 isthiit BoplStad fbo ik M erlaper F2
according tpo clai further comprising the step of formng said 20

- substrat e'Séﬁe%"&BF%}’rlr\é.!FH@aﬁé{'%Wa| re “?9%% nmet hod according to claim 16
wherein the steP of form ng said substrate conprises form 53&9 substrate
of pol yet Kfh&hdTar @xapmie 443 ig wead as thqgeﬁpgnlC&oﬁﬁﬂQ.Jﬁye&gég i é to claim
16 wherein the step of formng said substrate conprises formng said

subst r at e102", jitds peefeyalia do applyran axyggrigispmaiteeatmentth tie er@sriei ng to claim
16 wherein the step of formng said s substrate conprises form ng said

subst rat elagkr(8ptoy@iiey thel dxgaen(ddn®nt o the Lermphibedating taydir(y). Thecl ai m 16
wherein the step of formng said substrate conprises formng said substrate

of pol ycaéi?@nbg% ﬁaéﬁg)t{eegtﬁme?&md? BEpBABrAES Bhath8 Dxide SirfidB prefdrdblyner

conpri si ng step o ormng ‘an organic interlayer on sald barrier |ayer.
22. A neth i t im2, further conprising the step of formng
an organi E%Wﬁ@%ﬁé@‘&eﬁﬂgeﬁ%\ﬂ@h@”?ai d barrier |layer and one or nore of said
one or is re further barrier layers. 23. A nethod according to claim 22,
ol 0p

wherein t %Q%Td'bﬂ W mi ng an organic interlayer conprises formng a |ayer
of glycidyl-nethacrylate (GVA). 20 24. A nethod according to claim 22,
wherei n t hyyganfiowfrates? ADBecran organic interlayer conprises formng a |ayer

of pol ybutyl diacrylate (PBDA). 25. A nethod according to claim 22, wherein
t he step treatrmenttinge &B3Gmimani c

The oxygen plasma treatment results in an enriched oxygen layer on the
ceramic coating layer(s)102, 102', 102".

It should be noted that the method embodying the invention is not limited to
oxygen plasma, but the use of other gases such as nitrogen is also possible.

15 In a further preferred embodiment, the initial layer of ceramic coating 102 and
the further layer(s) 102’, 102" of the ceramic coating may be deposited using
different deposition techniques such as RF sputtering or PECVD. Also,
different parameter settings, such as the power used to deposit the ceramic
layers or the rate at which the layers are deposited may used. In a further

20 preferred embodiment, different ceramic coating materials (for example, AlOy or
SixNy) may be used. All of these features may be varied and serve to optimize
the structure and design of the barrier film.

Figure 6 shows the ratio, at the surface of the ceramic layer material, of oxygen

to aluminium varying as the surface is etched away, that is the variation of the



interlayer conprises formng a |ayer of nethyl nethacrylate (MWA). 17 26.
A nethod according to claim22, wherein the step of form ng an organic

i nterlayer conprises formng a |ayer of butyl nethacrylate (BMA). 27. A
met hod according to claim22, wherein the step of formng an organic s

I nterlayer conprises formng a | ayer of4 hept af | uor obutyl acryl ate (HFBA).
28. A method according to claim22, wherein the step of form ng an organic

28. A . !
o a1 AEAR] HEF 'T‘%Lme“ﬂafef’ﬁ?ﬁuy“‘?%g?% é%%'fﬁ*y‘ﬁ‘gﬁ‘ar’*'% e o

di I wh
ai d bar 1B C%ﬁeﬁ%ﬁé?ﬁa@sﬂ@haﬁ et fud iinBoed™ b e °

surface of the barrier layer. is 30. met hod accordi ng to claim1l, wherein
the step @etespined %Xdagég\qm%lgﬁtﬁpfpﬁ%@w@mééP@baThEP exygenRlaseehpr i ses
applying a nitrogen plasma process to the surface of the barrier |ayer. 31.
A nmet hod AtEyisiused as the aeramic layasrdspositeée ontaeBEdTsulystriaie.ng a gas 20 pl asma
process to one or nore of said further barrier layers conprises applying an

oxygens pl BRjiie BrshoRgsthat thBoX¥@ien/plasinhareAsent Hagentiehsd thedygesherein t he
step of applylng a gas plasma process to one or nore of said further

barrier eht EPfﬁBréLﬁ%%ead?Rhé{ 'c8 éﬁ‘ clayérOgRE é?l‘e%?ﬁ?th%}ﬁﬁ&@é grithes. A

flexi bIe el ectroni cs device forne ccording to t of clalml 34.

e 11 ng. GROTIE AT DIS PSR '§>Pt|$§?'ﬂ€58§%c fad%@“%”&%sﬁﬁgfd%?ﬂﬁﬁ”'mc cl 8 m

1. 36. A I|qU|d crﬁ/stal devi ce di sl? Pé/ g formed according to the nethod
of clai m eakagepat wnghgsqqr%méq layer, Shereby Srealing merg dansplyRAGksoRed

according to the nmethod of claim1l. 38. A nulti-layer conposite filmforned
accor di ngsuacehtayeet fibis isfachblexeshby. themxygen seating withgerplge apuosiniusn i | m
conprising: a substrate;
10 in the ceramic AlOy layer to form additional AlOy.
Figure 7 is a graph showing the water vapor transmission rate (WVTR) of
untreated films and films treated according to an embodiment of the invention.
The WVTR measurement for the single layer Al,Oy of the films which received
the oxygen plasma treatment showed a remarkable improvement in the barrier
15 property, as will be seen from Figure 7, without affecting the optical
transmission.
The application of the gas plasma treatment to the surface of the ceramic
coating layer is considered to be particularly advantageous as no change, such
as deformation or warping, in the film was observed, and therefore there is no
20 increase the residual stress or thickness of the film.
The systems and methods according to the present invention may be
particularly useful in the production of devices such as flexible electronics

devices and displays, for example, organic light emitting device (OLED)

displays, liquid crystal device displays (LCDs), and plastic electronic devices



a barrier layer of ceramic material fornmed on said substrate; said barrier
| ayer being enriched with a gas froma gas pl asna. 19 40. A nmulti-Ilayer
conposite filmaccording to claim39, further conprising one or nore
further barrier layers of ceramc material forned on said substrate and/or
said barrier layer. s 41. A nulti-layqr conposite filmaccording to claim
40, wherein said one or nore further barrier layers are enriched with a gas
froma gagitpl 4dch As B dtiori YA LIPS RbFt @atd K cl ai m 40,
wherein said ?bkg%s'er ?ayer anc? éa?ﬁr gne or nﬁ?g“?%ﬁ%‘ﬁ@ﬁ%ﬁﬁi'?\%eﬁ"ﬂ ayers are
deposi t edUsi VLT ; o) echniques. 43. A nmulti-Ilayer
conpositg“%@?ﬂ?@?b%H@%ﬁg&P%ﬁgggggﬁgg#a%ﬂ.rein said one or nore further
barrier lgyers are.deposited usi one or re differing deposition

Cechn; queddnads fpdiikafigns 1o he BBl be e Prassat Gvahiie’ o8Sertad 3o,
wherein said barrier |layer is deposited using an RF‘§£uttering process. 45.
A mul ti - | 2BaMe Pabesnades iFomexaawielialger materilsand methed stepsseanibene or 20
nore further barrier |layers are deposited using an RF sputtering process.
46. A smul addddagesulmstitgted iforethbs & rabave o Tihus galtivoug hefhen inPentidrenas beemi d
barrier layer is deposited using a Plasma Enhanced Chem cal Vapor

Deposi t i Odvee(dﬁEGH@bd%Qrsﬂ? articgfar &mbdifehtd, that{BlartRaneHrk Hossipi accor di ng
to claim40, wherein sai gne or nore furthér barrier Iayer? are deposited
ustng a PhARHRNEARBHE BF 1delrfig] acBRYUe HRAPH feMkilddedtbr RIRERRS. > 48- A
mul ti-layer conposite filmaccording to clhalm 40, erern’sal arrier

| ayer is | i.ed .usi a.fjrst deposjtian technique at a first rate andl or
power, an @%‘W&H@ﬂ%%?'ﬁa’fiﬁ?‘?@? ot)éﬂer'mé?rﬁf%ers are applied at a second

rate andl or



power, wherein said first rate and/or power differs fromsaid second rate
and/or power. io 49. A nulti-layer conposite filmaccording to claim 40,
wherein said barrier |ayer conprises a first ceramc coating naterial, and
said one or nore further barrier |layers conprise one or nore second ceramc
coating materials, wherein said first 1%eram'c coating material differs from
said second ceramc coating is material. 50. A nulti-layer conposite film
accor di ngcjdinfgl @i m 39, wherein said barrier |ayer conprises alum ni um oxide
(AlxOy). 20 5T. A nulti-layer conposite filmaccording to claim39, wherein

said barrjer | j L] itride (SIXNy). 52. A.nulti-|ayer
conposi tei il ngﬁétggg:?ﬁ{;{o? @ﬁﬁéiwﬁgﬁy%g@%@ﬁrg '5¥n9 ﬂ?ﬁ)ﬁtgpﬁurt her
barrier | af}(/ers conprise al um ni um oxi de (Al xQy). 21 53. A nulti-layer
conposi te®fil maccording to claim40, wherein said one or nore further
barrier layers conprise silicon nitride (SixNy). 54. A nmulti-|ayer

conposi te fil ndepasiting adarderdayenefigramicmaterial snca subsitaierand is forned of
a polynmeric material. 55. A nmulti-layer conposite filmaccording to claim
39 whey ei n sai appsivingta gae plasma poeespdd gaidtyareselayer.epht hal ate (PET). 10
56. A nulti-layer conposite filmaccording to claim39 wherein said
substrate conprises polyethylene napthalate (PEN). 57. A nmulti-I|ayer
conposite filmaccording to claim39, further conprising an organic

Cnterl ¢ : S ) - it
1 m acoordi ng riet e ety 1 ERin i baoidhgupbhind ¥ P MBS 15 e
bet id barri I d . .of jd ; furth

par ' or 1 YL BasTieyEtK GBI a e b Lo SUBF AR SYOF SR AAESEl af m 57
wherein slgiygr organic interlayer conprises glycidyl-nethacrylate (GWA).

10

3. A method according to claim 2, further comprising applying a gas plasma

process to one or more of said further barrier layers.

4, A method according to claim 2, wherein the step of depositing said

15 barrier layer comprises applying a first deposition process, and the step of
depositing said one or more further barrier layers comprises applying one or
more second deposition processes, wherein said first deposition process differs

from said second deposition process.

20 5. A method according to claim 2, wherein the step of applying said one or
more further barrier layers comprises applying one or more differing deposition

techniques.



60. A nmulti-layer conposite filmaccording to claim57, wherein said
organic interlayer conprises polybutyldiacrylate (PBDA). 22 61. A

mul ti-layer conposite filmaccording to claim39, wherein said barrier

| ayer is enriched with oxygen. 62. A nulti-layer conposite filmaccording
to claim39, wherein said barrier s layer is enriched with nitrogen. 63. A
multi-layer conposite filmaccording to claim40, wherein one or nore of

sai d one @r nDAendtHbH BRECRMMG tPElalnNe WhetsiA tRESt<ETdPdstirRyyaign. 10 64. A
multi-layer conposite filmaccording to claima40, wherein one or nore of

idf ; ' [ ' ' . 65. A flexibl
ol ect r oni ea Loy ek ERmeRYES SpBRCEEN FTERNSITR dEEk2TT. P71 m accor ding to

claim39. is 66. A display conprising the multi-layer conposite film
according to claim39. 67. An organic light emtting device (CLED) display
conprising the nulti |ayer conposite filmaccording to claim39. 20 68. A
l'i qui d crgst al Adesthed accerdingiiaglaiy 1c whsreisithe starohdenasiting/eaidconposi t e
filmformed according to claim 39. 23 69. A plastic electronic device
with & dibbarieylayenpompirisgs abplying aiRlasrea Endvanoed tGhemical Vapored according to
claim39. .A{2.Auf .Au .A A A A( .ANy .Au. A Au. A *. Au% Aay. A(E . A AR Auy
. A A Au. @e?@@ﬂd’rﬂ(kﬁcmc’process.

ca

{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
Ul c”a] ca] ca]ca]ca] caljca U cha

8. A method according to claim 2, wherein the step of depositing said one
or more further barrier layers comprises applying a Radio Frequency (RF)

10  sputtering process.

9. A method according to claim 2, wherein the step of depositing said one
or more further barrier layers comprises applying a Plasma Enhanced Chemical
Vapor Deposition (PECVD) process.
15
10. A method according to claim 2, wherein the step of depositing said
barrier layer comprises applying a first deposition process at a first rate and/or
power, and the step of depositing said one or more further barrier layers
comprises applying one or more second deposition processes at a second rate
20 and/or power, wherein said first rate and/or power differs from said second rate

and/or power.

11. A method according to claim 2, wherein the step of depositing said

barrier layer comprises applying a first ceramic coating material, and the step of
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15 15. A method according to claim 2, wherein the step of depositing said one
or more further barrier layers comprises applying one or more layers of silicon

nitride (Si,Ny).

16. A method according to claim 1 further comprising the step of forming said

20 substrate of a polymeric material.

17. A method according to claim 16 wherein the step of forming said

substrate comprises forming said substrate of polyethylene terephthalate (PET).



-g10% U8 ()-110% U& () - Bl n{i K-3f 210% U ()-903"10% U& ()- . 10%
-3+10% U&' ()- )310% U& ()- ' 910% U&' ()-9%0% U& ()-0 }si K3f 210%
-f 10938 ()-10 UL0 UL0 Uy&?10% U&' ()-38 10% U&' () - F6S10% U&' () - 34" ! 10%
~a; P KK 10968 ()-- 10968 ()- 10938 ()- 10938 ()-y 10938 ()-

10968 ()- 109G& ()-g 11 i K-KS# 104 () - & 100/&;&'()-5 10968 () -
0%&()--#10%&() 91 1096G& ()- Y@ 10938 ()-1 w dDi K- Kf 2109G& () - 90,

%83& E 3 18(0)/ %}h%é‘%‘f/@é‘é&)" %'%/W&e'?)the ElgP1obionRing said | o,

h& ()- 1()GlOt)GJfra% compnseé )formlng said substrate of polyethylene napthalate (PEN).

19. A method according to claim 16 wherein the step of forming said

5 substrate comprises forming said substrate of polyethersulfone (PES).

20. A method according to claim 16 wherein the step of forming said

substrate comprises forming said substrate of polycarbonate (PC).

10 21. A method according to claim 1, further comprising the step of forming an

organic interlayer on said barrier layer.

22. A method according to claim 2, further comprising the step of forming an
organic interlayer between said barrier l[ayer and one or more of said one or

15 more further barrier layers.

23. A method according to claim 22, wherein the step of forming an organic

interlayer comprises forming a layer of glycidyl-methacrylate (GMA).

20 24. A method according to claim 22, wherein the step of forming an organic

interlayer comprises forming a layer of polybutyldiacrylate (PBDA).

25. A method according to claim 22, wherein the step of forming an organic

interlayer comprises forming a layer of methyl methacrylate (MMA).
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28. A method according to claim 22, wherein the step of forming an organic
interlayer comprises forming a layer of polymeric material, the polymeric

material being in the chemical family poly-para-xylylene.

29. A method according to claim 1, wherein the step of applying a gas
plasma process to said barrier layer comprises applying an oxygen plasma

process to the surface of the barrier layer.

30. A method according to claim 1, wherein the step of applying a gas
plasma process to said barrier layer comprises applying a nitrogen plasma

process to the surface of the barrier layer.

31. A method according to claim 4, wherein the step of applying a gas
plasma process to one or more of said further barrier layers comprises applying

an oxygen plasma process.
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35.  An organic light emitting device (OLED) display formed according to the

10 method of claim 1.

36. Aliquid crystal device display (LCD) formed according to the method of

claim 1.

15 37. A plastic electronic device with a display formed according to the method

of claim 1.
38. A multi-layer composite film formed according to the method of claim 1.

20 39. A multi-layer composite film comprising:
a substrate;
a barrier layer of ceramic material formed on said substrate; said barrier

layer being enriched with a gas from a gas plasma.
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5 41. A multi-layer composite film according to claim 40, wherein said one or

more further barrier layers are enriched with a gas from a gas plasma.

42. A multi-layer composite film according to claim 40, wherein said barrier
layer and said one or more further barrier layers are deposited using different

10 deposition techniques.

43. A multi-layer composite film according to claim 40, wherein said one or
more further barrier layers are deposited using one or more differing deposition
techniques.

15
44. A multi-layer composite film according to claim 39, wherein said barrier

layer is deposited using an RF sputtering process.

45. A multi-layer composite film according to claim 40, wherein said one or

20  more further barrier layers are deposited using an RF sputtering process.

46. A multi-layer composite film according to claim 39, wherein said barrier
layer is deposited using a Plasma Enhanced Chemical Vapor Deposition

(PECVD) process.
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Vapor Deposition (PECVD) process.

48. A multi-layer composite film according to claim 40, wherein said barrier
layer is applied using a first deposition technique at a first rate and/or power,
and said one or more further barrier layers are applied at a second rate and/or

power, wherein said first rate and/or power differs from said second rate and/or

power.

49. A multi-layer composite film according to claim 40, wherein said barrier
layer comprises a first ceramic coating material, and said one or more further
barrier layers comprise one or more second ceramic coating materials, wherein

said first ceramic coating material differs from said second ceramic coating

material.

50. A multi-layer composite film according to claim 39, wherein said barrier

layer comprises aluminium oxide (AlOy).

51. A multi-layer composite film according to claim 39, wherein said barrier

layer comprises silicon nitride (SixNy).

52. A multi-layer composite film according to claim 40, wherein said one or .

more further barrier layers comprise aluminium oxide (AlOy).
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55. A multi-layer composite film according to claim 39 wherein said substrate

comprises polyethylene terephthalate (PET).

10 56. A muiti-layer composite film according to claim 39 wherein said

substrate comprises polyethylene napthalate (PEN).

57. A multi-layer composite film according to claim 39, further comprising an
organic interlayer formed on said barrier layer.

15
58. A multi-layer composite film according to claim 39, further comprising an
organic interlayer formed between said barrier layer and one or more of said

one or more further barrier layers.

20 59. A multi-layer composite film according to claim 57, wherein said organic

interlayer comprises glycidyl-methacrylate (GMA).

60. A multi-layer composite film according to claim 57, wherein said organic

interlayer comprises polybutyldiacrylate (PBDA).
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layer is enriched with oxygen.

62. A multi-layer composite film according to claim 39, wherein said barrier

5 layer is enriched with nitrogen.

63. A multi-layer composite film according to claim 40, wherein one or more

of said one or more further barrier layers are enriched with oxygen.

10 64. A multi-layer composite film according to claim 40, wherein one or more

of said further barrier layers are enriched with nitrogen.

65. A flexible electronics device comprising the multi-layer composite film
according to claim 39.
15

66. A display comprising the multi-layer composite film according to claim 39.

67. An organic light emitting device (OLED) display comprising the multi-
layer composite film according to claim 39.

20
68. A liquid crystal device (LCD) display comprising the muiti-layer

composite film formed according to claim 39.
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