»nopge3e&#4X6Tr Schott AG 03SG.0149SGP Hernmetic- encapsul ation of _
“organic, electro-optical elenments Description s The invention -re_I ates in
general ternms to organic, electro- . optical elenments, and to a process for
producing them |In particular, the invention relates to a process for
produci ng hernetically encapsul ated organic, electro- O%ng?-'&l % nts, and

to a hernetjcal.l capsul ated el ectro-optical el enent
| i ght-em ttél (r:]% %é/cfggs (OLEDs) are the subject of intensive devel oprent

work, since they have a nunber of advantages over other illumination and

di spl ay neans. For exanple; OLEDs can be nade very thin ﬂ mmmmm\ml bl e.
15 Moreover, corrpared to liquid-crystal displays, OLEDs mm\ fit of
bei ng sel -0 11 uni nat | ng. However, the main problemw th OLEDg js.their

service life, which has hitherto been very limted. It has proven al nost .

20 inpossible to.extend the operating tinme of OLEDs to nore than 5000
operating Hrmmstivbtedcapsiiaieomi¢h Gryand vpr kléonecs i opt ie£l geDenahky used
for OLEDs. In this context, inter alia netallic calciumis customary.
However, these materials with a low work function are general ly highly
reactive. Quwd:eigitidhn reactions undergone by the metal |ayer and associ at ed
changes inthe work function are considered to be one of the main . factors
limting the service life. In particular the reaction with air or with the

wat er WP'CWhe 1ﬁ%entlon relates in general terms to organic, electro-
optical elements, and to a process for producing them. In
{ o particuiar, the invention relates to a process for producing
hermetically encapsulated organic, electro-optical elements,
and to a hermetically encapsulated electro-optical element.
10 _
Organic light-emitting diodes (OLEDs) are the subject of
intensive development work, since they have a number of
'adVantages over other illumination and display means. For
example, OLEDs can be made very thln and even flexible.
15 Moreover, compared to liquid-crystal displays, OLEDs have the

benefit of being self-illuminating.

However, the main problem with OLEDs is their service life,
which has hitherto been very limited. It has proven almost

20 impossible to extend the operating time of OLEDs to more than
5000 operating hours. Metal cathodes with a low work function -
are generally used for OLEDs. In this COntext) inter alia
metallic calcium is customary. However, these materials with
a low work function are generally highly reactive. Chemical

25 reéctions undergone by the metal layer ahd associated changes
in the work function are considered to be one of the maine

factors limiting the service life.

In particular the reaction with air or with the water which
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is present as noisture in the air is responsible in this context for the
degradation of the netal electrode of an OLED 5 To sol ve the problem US
5,882, 761 proposes an COLED in which the OLED structures are covered with a
curved metal sheet. In addition, the OLED_described. in that docunent has a
reservoir of drying agent or Better. The arying-agent.reservoir and the
OLED. structures are separated from one another by a porous io adhesive
tape. The netal sheet is joined to the glass substrate by nmeans of a UV
adhesi ve. Agrpwdsakt ois tid Ssserelt iwnthe dbat ier gappenkayeesinstghsas t he
bondi ng. area between netal i sheet and gl ass substrate, are relatively easy
for smal| REtRFeciftesthe JRFEAGAEECON TREr BREr BeteheehlRbEPYe 25 BBNdi ng
represents @ @assage, in particular for atnospheric oxygen and water.
Therefore, it is only a question of time until the drying agent is
exhausted and degradation of the netal el ectrode commences. Furthernore,

t hi t l.ati k i i L bl to inpl t_si ifi t 20
oner 1 o5 TEERR S LSRIRES B8 8 OREZ I P ot RnG R Ra AR SFEDF Tt oABl o
~thin or flexidlELEDEORent sre £Xar®| @svefekN@YnBat teFvEAt RELAY ScBEEL| i gYi ds

such as those described in JP 7211456, US 5,821,692, or 25 US '5, 962, 962.
Fur t her mor @498 P64 &4l | fractHeedstn othab| ddcemere haseri néseasoir

oo o REISEHOSE GO SUGNAZ, 9ok ag oV AL

medi um for orga onents. wever, a Cco ature o )
sol utions WHEHh sttmdnows faomddmpapried Aromi snéhahotherebfi &i poeyusf 30
as continues, and

the Better terial falls as the incidence, of ,
consedﬁbntéﬁhﬁﬁﬁ%?iﬁ?ﬁﬁy ?ﬁﬂﬁﬁﬁikﬁ?ﬁ%kt+%n3 b%?ﬂsfodﬁﬁ?aﬂ%fF%n. 35
Therefore, dulstirmantipmdsndased, oy tienobieel Rf askevhag bhesgdegradati on
of organic, electro-optical elenents, such as for exanple CLEDs, and of

i ncreasi ng SN Ferdd ddah farganighiayebs eceusl aghikeddonding aeey ,
Surprisi ng'ﬁ’etyé% Tn AN, é}}’edaat RI0¢ess, L O REOEULI D9 an, of g%r%:?ﬁre]a% SRSV pd

el ectro-optic ement, ‘and an organi ¢ el ectro-optiCal e
i n the i ndefwendewl Ic|gE sreno Lshialnt agas Usenief + HEEENTSe Bé Eoid, cOlEd 4A@hE3See

given in t?s dependent cl ai ns. Accordingg%é t he process_according to the
i nvent’ion (ﬂn%.nrg FTRRAGREHT & Rafta9e 2Bt FebdT of @Fedtme F¥5@s the

- steps of 1yt ddd whtOSIFR R fordPP Vi g GniirStqeondishiye L ayer. -
applying at l'east one layer (15) which includes é¥ | east one organic, -
el ectro- optirdall redtcedmaiing agsltyiiy exlaone comdudegradaayen ofndhe he
step of 'Zodet%%p%ﬁ'etdt%ﬁt éo@r%etné)e%e. lbayxe{hé;mor?é",’ tzr%is 'tygeN)of\:M tha
encapsulation makes it impossible to implement significant

20 properties of the OLED technology, such as the encapsulation

of extremely thin or flexible components.

Examples of known getter materials are liquids such as those
described in JP 7211456, US 5,821,692, or

25 US'5,962,962. Furthermore, EP 0776147 describes the use of
solid-state materials as getters. As disclosed in WO
99/03112, gases can also be‘used as getter medium for'organic
components. However, a common feature of all these solutions
‘which are known from the prior art is that the efficiency of

30 the getter material falls as the incidence of gas continues,
and consequently there is no permanent protection against |

degradation.



vitreous structure. Layers with a vitreous structure are known for their
extremely good barrier action. In this context, a |layer 25 without a

| ong-range order of the elenents arid/or substances which make up the
material with a vitreous structure end, aé the sane tinme, with a

cl ose-range order of the substances and/or elenents is to be understood as -
a layer with a vitreous structure. Therefore, the termlayer with a
vitreous 30 structure denotes a vitreous, anorphous |ayer. Accordingly,

| ayers of this type do not only conprise glasses. Rather, in addition to

gl asses, vitreous |layers nay al so enconpass, for exanple, organic
materi al s, BISXREOTR apRf phdven el @rehs baaeﬁag@rghecggnaﬁédo oslowing

non-vitreo i - tially rdcroc i . y i ne._Q
crystalli nﬁeay%ﬁféﬁfﬁygfség%%% hréei/%u%gﬂaeéfﬁ/g%a%ﬁéxg%ﬁk%é %‘rl-gfc_le%%
accordi ng tforn lexamplbntOEDsy eantd sbf nonecsdadihy theiabsenctcef 1grain 5
boundaries, inter alia on account of the anorphous structure. However,
grain oundaries of this type are in fact essentially responsible for the
hi gher per ngabi |ddyedatBs fOEnSEPEd, "Dh LUV ESy SUEPrasifiQTlyexanpl e Qéygen or
wat er, through crystalline or polycrystalline nedia. 10" A particularly ‘
preferred ébclinEIRe? o Producing Providesitcn phectrataptioalt he

deposi tion of e 0 . \M itreous_structure to ¢ ri se.the
step of depeglseint?%rhlj’g’ ?%ﬁ a{_@éﬁaﬁ{%ﬁ%i& a%loéép?%\%?%a%?%mﬁlgs%s ‘ig‘gg@?‘ﬁ o
regard to titee hiarddmsndeopesld fss Of ARvAPOLGébOH- O hBPegt 8Ssréoint 88ch
encapsul ati on of conponents and other substrates, reference is also made to
the apf i ceﬁar%sng@n;golf 0 BHERENdGRY SIAPRSt 5. 2002, 20 DE |02 22 964. 3,
filed on 05.23.2002; DE 102 22 609.1, filed on 05.23.2002 DE 102 22 958. 9,
filed on 05.23.2002; DE 102 52 787.3, filed on 11.13.2002; DE 103 01 599. 0,
filed on ORCRTOIOT DA ithe roress cicednd segret apphe cimvent henchotent of

di scl osure. IE IS . expressly incor ated by, reference. Wth
regard to tgﬁ'feo a?lﬁltberasrbrkg{piér)’ﬁ%’s eojfecervlya?oo?%ﬁ ooie c%g?lfl‘ﬁl)g{t of A8R+35%r t}é%e
measur enentscdm/eofShown t hat, at evaporation 30 coating glass |ayer

t hi cknesses in the range from8 ~,mto 18 ~m heliumleak rates of | ess
than ¢ nfaPTPSEA T  EPIHHRFE0-6 nbar 1 s-1 are reliably achi eved. For

layers wWith &pplying a first conductive layer,

- applying at least one layer (15) which includes at least
dne organic, electro-optical material,
- applying a secqnd conductive layer, and the step of
20 - depositing at least one layer (7, 71, 72,... 7N) with a

vitreous structure.

Layers with a vitreous structure are known for their
extremely good barrier action. In this context, a layer

25 without a long-range order of the elements and/or substances
which make up the material with a vitreous structure and, at
the same time, with a close-range order of the substances
and/or elements is to be understood as a layer with a
vitreous structure. Therefore, the term layer with a vitreous

30 structure denotes a vitreous, amorphous layer. Accordingly,
layers of thié'type do not only comprise glasses. Rather, in
addition to glasses, vitreous layers may also encompass, for

example, organic materials, alloys or amorphous element



5 layer thickness of 8 ~,m and 18 ~,m the neasurenents have even given
helium | eak rates of between O and 2 x 10-9 nbar 1 s'|, and these upper
limt values are already substantially influenced by the neasurenent '
i_haccuracy of the tests carried 5 out. There are nunerous known gl asses
whose perneability to all gases wth the &xception of helium cannot be
recorded using the avail abl e measurenent neans even at |ayer thicknesses of
|0 50 uym A .summary of diffusion rates through.glasses is to be found,
for exanpl dayers' Hauhimoke dft SasoriFitseons j ni Sel i gsbacadeMeiig"' . Hel i um
itself, however, on account of its inert nature, does not affect the layers
of the OLEBSHPGY Shfereffe RALYRFY ikt BRR eOF oC¥YEta bt ineel pYEES of tBREDS.
15 I n partiGk | i b t st ryet i o] i n,. -
2l al et s A S P o TRt [V TR P et B R EnE o

encapsul at itdre iFheerdtl el iametdd stiiomsuished upy i therabsercei of t yeaphass
| ow perneability.

skel eton and_thegreby provi de 20 dense |ayers wi.th a ver

In parti culri)éjrlfnd%ﬁjb%ﬁ 1N Gt HFEARD ‘\é\%r&%uﬁ?¥9h‘§‘&?tﬁﬁ1r%“ure'
material s fHywdwe | ayfimibduriat idLoMs ShidICtype. adbese ghasses may al so
include alkali netal ions.in order to 25 reduce the perneability. The term
an organi c &SRSt loptT ROt RN of Oendtpabser e Fmemb bt §ani takeat Epral
whi.ch has tyr i nt t4 and 1s.ther re_syi | e I e
constructi (;eérrlfaglfl g[lodiggn&%_% an lgﬁgor%%ﬁi C naé%?igﬁgy%ﬁqc rh‘%ﬁ%ﬁbt %%gﬂl%\r c .
properti es.crystdid ifrgd |onipmgl textstdorindansdka. of sinplicity the term OLED
is used in general terns for |ight-converting 6 elenents, i.e. both for

i ght it ng el ements and for photovoltaic el ements, on account of their
‘equi val ent aStiaatiunflarsl YA pi e Fraf o Sithed ANce st MEi Chy & €1 sRoMRL Pt be

person skilled in the art can be used as organic, electro-optical materral.
| nter alialmm@PEdtisigan domttérs dlepositiiqmref cat ateast dnoraer with a

compl exes, UGl Qs iRl @luANdd Sl fl JANNanLAs, COFPIEXes, . 080 De used
for this purpose. By way of 10 exa €, tris-(8-hydroyqui nof i noj-al um num
(Al q3) or NEESRRV impadartiZiaetahwxan mdjareidyglidaexyl oxy) paraphenyl ene
vinyl ene (MEH-.PPV) ~.s used as electrolum nescent material. The |ayer nmay
al so C]ﬁrrpri se an organic or inorganic nmatrix |ayer which is doped with

emtters, su¢h aedadid @RMHe ddMAESEUpdeSes of evaporation-coating
' glass for the encapsulation of components and other
Wsubstrates, reference is also made to the applications
DE 202 05 830.‘1,’ filed on 04.15.2002,
20 DE 102 22 964.3, filed on 05.23.2002;
DE 102 22 609.1, filed on 05.23.2002;‘
DE 102 22 958.9, filed on 05.23.2002;
DE 102 52 787.3, filed on 11.13.2002;
DE 103 01 599.0, filed on 01.16.2003
25 in the name of the same applicant, the content of disclosure

of which is hereby expressly incorporated by reference.

With regard to the barrier properties of evaporation-coating

-glass layers, measurements have shown that, at evaporation-
30 coating glass layer thicknesses in the range from 8 um to

18 pm, helium leak rates of less than 10’ mbar 1 s or less

than 10" mbar 1 s are reliably achieved. For layers with a



15 as organic, electro-optical material. The inorganic matrix used was; ‘
inter-.alia, porous titaniumdioxide. Further electrolum nescent substances
are described, for exanple, in US 6,107,452, EP 0 573 549, EP 800563 Al, EP
20 800563 Bl and EP 1006169 Al, which are_conpletely incorporated by
reference in the present application. Alt%ough it is known to the person
skilled in the art, reference is also nade to the structure of the OLEDs
described in these docunents, and this description is assuned 25 to form
part of theyasai: appdsals . hbragyels fhe LRyeRtive-dapRskt heecreates
an intimate join between the layer with a vitreous structure and the

mat eri al bedveas idiwdd Noaltidiel € Mbdton of BaywéeRS00ANHO0RNkNYoPoOMmBLE 30
whi ch can be . penetrated by gases, since the layer grows directly on the
surface bellow it .20%yEResqi YAPRT vi iPebU¥asbeEcREPealreadys subEaANILARILYY

wi t hout crysialld [ reol u ] r e "

i sti ngui shad By et e T o Sneate s EgsaeReg e ERETPUELs) capriea
conpared towrystalline materials. This means that the very good barrier
actions of such materials are retained even in the event of deformation

Wi thin the nechanical load limts of the s material. Therefore, the process
according timdhe 4 el SthdRKes1 dds@9SWhEE bornegoueecy! exibhe OLEDs
with a high service life. The deposition of the |layer with a Vvitreous
structure, 9%F4% vaddbridhth @R etheof Nvehi wpncarepprbe esechededcuaimgr - | ow
pressure d%ﬁﬁfh%dé¥lé§1é*H%Aéﬁ%%meﬁéq EXRUPL e h tdfggéktkﬁfcﬁgeggg | ayer
by vacuum or 1 ow pressure coat’i ng. TeYaeunntoa NG PrOCESSES NEY - be

sui tablee foyo tid.S W PREESy ASE U TE MK Yon t L2 EePOShE ol fBNBEeM {8 86 be
vitreous structure, 15 it is possible, inter alia; to use PVD or CVD
processes. fiqund oo g in e fror"Hapliheckiof s depbEusion pnogessdss to
be conbi ne i th . ra - ) [.hg processes or | pw pressur
coating prg%§%§§§3ﬂ§UCEgggﬁ%%fxg§§%g;gag&éY%F’C@%Lg%?%u% v%ﬁté %ohgefﬁter

al i a becausmthhese quecessesatiac2oc e Tayeiedoduthé nOMBOUGn&ngdsor in a dry
at nosphere, there?y'éggeveniing contam nation of pnoisture-sensitive OLED
layers duriTRFIHECo4th MP ARGTADRE t'° a-Par FEEVH 38 | §15f ePEr PREDS -
enbodiygent, the at 2s |east one layer with a vitreous structure is
deposited by evaporation coating. Evaporation coating nmakes it possible to
achi eve hi gin [paydriaylem h o dtasr wiltth aekesredis sariemreofwhhehprocess
according t he j nventi articularly fast.and therefore economcal for

| ar ge nunbéz%éanrgéélgnealndealgL(q%l %'&ecto%fi%%’rraaﬁjrn%q a%lsvﬁr%%{ufsl%‘tlf%’é?ﬁre by
evapor at i osutieaibley dRy Mgt iag enausd sl S0 SONMPris el step:f pbasma ion

assi sted deposition (PIAD).. In this case, an ‘
fill up interstices in the glass skeleton and thereby provide

20 dense layers with a very low permeability.

In particular, borosilicate glasses are also particularly
suitable materials for the layer with a vitreous structure.
These glasses may also include alkali metal ions.in order to

25 reduce the permeability.

The term an organic, electro-optical material encompasses
both an organic material which has electroluminescent
properties and is therefore suitable for the construction of
30 an OLED and an organic material which has photovoltaic '
properties. In the following text, for the sake of simplicity

the term OLED is used in general terms for light—con&erting



8 ion beamis additionally directed onto the substrate which is to be
coated. The ion beam can be generated by neans of a plasma source, for
exanpl e by ionization of a suitable gas. The gas ions additionally
accelerate the particles emitted s fromthe evaporation-coating source.
This |l eads to | ayers which are particul arFy dense and deposited wth few
defects. The step of depositing the layer with a vitreous structure _ may
particularly preferably also conprise the step of to depositing an
evapor at i orelenadritg, ol ass.bédasses Dighbiemiypengr eleméntsabaWebeh can be
deposited by evaporatjion coating. It has been found that
evapor at i orRRIAYNF 1 ATAenie xR chfepenenefipsheari eauprapenties. In,
addition todhg. sy eferred deposition by evaporation coating, however,
these us gl asses may, of course, al"so be deposited using other vacuum or
| ow pressure coating processes. By way of exanple, electron-beamcoating is
parti cul arg% sujtable for_th evarg)orati on coati nﬁ: For this purpose,- an 20
el ectroh béafy (ﬁ‘?&ﬁ&iﬁ(ﬁﬁ LARCEHetRLAd #he hp¥et teabBBsPERECRI ect rons
to rel ease dyigived KiMaiHe LRETren t19e thSed a8 gebrgihi eh &SeBERLEGpRS R
result. Utimtely, the target material is evaporated by the heating. The
evapor at ed Wt - tHRdee i metgbnerganifthathrialsf ate marthciudaro be
coated, 2s where dftod.s i S ¢ y RS V] sfructure. The
step of evaporati or‘ﬁa{crglac?i ng %foe%?%%m %u‘%lgy%% Xv%sfﬁlgtvﬁéggggss%?uctur-e may,
nor eover, denprtiegel dehecotpEpexads cosamdos ahsed foontnis|pasposadd ByapayabEon
sources. In this so way, jt .is_possibple, for exanple; to_adjust the
st oi ckﬁooneter’if‘r‘tﬁ_slec'hé:qjaife{E’W Y@Hé%’s’il?}eﬁa%‘&r_“h’é‘é’ﬁs(%%% eCr MEH-PPV
evapor at i ongealy (0 fetlisapl 3-he ‘SDé'El‘?ﬁ*héJ?yP@J&}trl Cﬂé@éphéﬁgléﬁépv% lene
coevaporation nmay also conprise the step of” varying, in particuf ar
peri odi cal | YBHaRAWg,ig e aporeteorrebaningscate nitatisbasThenkapért he
evaporatio r-CEeS. material_properties of the layer.with a vitreous
structure gnfﬁpb%elsi%nfﬁou ﬁfcle aanljﬂ Fdapied Th Jf%%r%ﬁa,]?‘b%trf‘%%rb’ér%%%ﬁfcﬁ afPto
the 5 evapdrsaatdoped cdtted esuirtftanes pyswels yaHgf dheeexapis af 1 @vr £08éhDJdyates.
For example, by varying the |ayer stoichionefry, it is possible, for
exanpl®, t FhErEt i SETIRT Rt BFET HeR el 12k pahias ohRe¥ I3 BEC | BFEF1X0 t hat
of the coatRdSWHACENRY thata t KBS St LS55 P8l YeeRe t he surface |
material and the to evaporation-coated | ayer are avoided or reduced. A
periodic variation in the evaporation-coating rates can be used, for
exanpl e, t%uprrt%deli”c%lpeecrtlr%(illﬁnivnaerslcaézlltonssuﬂé]tértlgesr egugéac elaé/ceribed, for

example, in US 6,107,452, EP 0 573 549, EP 800563 Al, EP

20 800563 Bl and EP 1006169 Al, which are completely

incorporated by reference in the present application.

Although it is known to the person skilled in the art,

reference is also made to the structure of the OLEDs

described in these documents, and this description is assumed

25 to form part of the present application.

Moreover, the inventive deposition creates an intimate join
between the layervwith a vitreous structure andbthe material
‘below it without the formation of cavities or joining points
30 which can be penetrated by gases, since the layer grows
directly on the surface below it. Layers with a vitreous
structure, i.e. substantially without crystalline pértial

regions or subregions are, moreover, distinguished by better



i.ndex in the evaporation-coating |ayer perpendicular to the coated surface.
15 However, the deposition by evaporation coating generally requires

speci al evaporation-coating materials with relatively high vapor pressures.
Since for special OLED applications materials with | ow vapor pressures and,
20 correspondi ngly, generally high neltina points may al so be suitable, the
step of depositing at | east one layer with a vitreous structure by neans of
physi cal and/or chem cal vapor deposition nmay al so advant ageously conprise

the step oftspettdete NGion Petpyet WblReshdhiEQOUSoSHEUEbHPRrelNtbhis 25
context, the termsputtering, on |layers is understood as neaning one of the
PVD pr ocess®eYshbl £pg1 Pt ¢ Rip bt - | Bhessmeanpi kbaby &p6r Heryngesst Pagriean be

carried outyevesdh Q@éﬁr&§é§r¥%iQhaféeré€a§£gﬁeg¥eﬂigkiEg%ggbgnt of

evaporate. ao However, layers w vitreous structures can
advant ageoud¢ foiyea i oo uetth s i plige ohdehapioegsiead Lomiexaopl eheheni ca
vapor deposition a{or exanpl e b asnaeghanced cgentcal vapor

I y,_reans of pl
deposi t1 on (PRI 1 T Ht S PES pelkhe Prﬁﬁeﬁg BSFPFEUPdr U101 h8RaiPNpTFLER
cheni cal vapesn depess tiOpdSE VD t6 paoshed! atkyisubt 8bkss WRthNhShigh
process, the plasma is not produced constantly over the course of tine, but
rather in pi8%eHCce asht®dn, which inter alia leads to a lower s thermal |oad
on the elenent which is to be coated. Mreover, the deposition of the |ayer
with a vitreous structure may al so, in an advantageous configuration of ‘the
process, cOfipe i depodiet seepobftlve-Hepesi ¥iodh af vatreoganscrdotureerial .
The. co-depositio or sjnul tanepus deposition, of the organic materi al
t oget h&t vM??F?%é?W%@éfl t%??a}nVﬁ?Eﬁo?orﬁEmarFﬁﬁﬁrtﬂFtﬁaﬁuVWtPEO&@W‘
structure rpyedeoned fesdeshcfO8 SXaPRd 1Py COre¥apRLEAbI QN RE éegeéﬁﬁeﬂ
fromthe .residual gas atnosphere. In this case, the nolecules of the
organi ¢ i s Patters alavee hncmrporated lewthresayee @pahingvi Atdouscuum-

structure. L 1 [ 1Y ositive.influence' on the |ayer
properties‘%%ﬁﬁgg %%éféf’%fgﬁg%{ggyeggﬁ%?g}gi%thFgl%oﬁ?EQ?sﬁEntion may be
made of a Magherdfneky bitdd tdepdsithechayrsyendei tieghant egbukogtrutbere,
natchiﬂ% of, optical a 20 nechanical properties, the inprovenent to the

I ayer ndi g TP © aset Rt ofothEe| BVRroBef ¥R HEPBSFLRE- adta
Dacki ng. dener 1 ang THe T Ay e T oF o ane TR T 2P Danerne 5P the
.cheni cal preserankdisnesd witah |eneran@shén. péacuent ava binadorage syels ophobi ¢
material s (HOJ¥§Jé§sure coating processes, such as for example PVD or
CVD, are advantageous inter alia because these processes can
20 be carried out in vacuo and/or in a dry atmosphere, thereby

preventing contamination of moisture-sensitive OLED layers

during the coating.

According to a particularly preferred embodiment, the at

25 least one layer with a vitreous structure.is deposited by
evaporation coating. Evaporation coating makes ‘it possible to
achieve high layer growth rates, which makes this variant'of
the process according to the invention particularly fast and
therefore economical_for large numbers.

30
The deposition of the layer with a vitreous structure by
evaporation coating may advantageously also comprise the step

of plasma ion assisted deposition (PIAD). In this case,. an



materials. The |l ayers are advantageously applied in such a way that one of
the conductive layers has a | ower work function than the ao ot her
conductive layer. On account of the difference in work function between the
first and second conductive |l ayers, which are used as el ectrodes and

bet ween whi ch the layer which includes anforganic, electro-optical materi al
IS 11 | ocated, and given correct polarity of the voltage applied to the
el ectrodes, electrons are injected at the layer acting as a cathode into
unoccupi ed ;I Hd NG Hias Halihe S 9i&a ShestEne omgéfaf%tmeh- 1 61
the sanme time, defect electrons 57or holes are.injected fromthe layer wth
a | oner wortle faenctdadred wifteh. 1drs bestn mpmsbangenedatedi by méans esfil& t hat
light quanta are em tted in the organi.c material.as a.result, of

" econbi nat FABF (RIS ot RN T R derts 6165t s, SUEEETHe BRG -
cases, addiMHeorpls fioied inidlt 1S, adt&Ehe Bd e appt | part NcPas téfit 8&d
between the first and second conductjve |ayers, are used to produce OLEDs.
Accor disngl ETFPhé T CERROTRRL QRATR EgD IBPYE @F soTihe | LerAs heo stayess

T

| ayer i5 an
and/ or an el ectron conductor |ayer and/or a hole conductor |ayer and/or an
el ectron injection layer: Particularly high guantumor |ight efficiency

yi el ds arerJIl isé:\}aé’d% S SA e ﬁg“? é@f%i‘ﬁl@ﬂe&f%’r%ﬁ?‘g@ Preterres -
sequence: pRheHdrali A0 2Bl Prdida8F /086 tohSEL s@nhayerdgl ¢etron

bl ocker layer/layer which includes at |east one el ectro-optical

mat er i18 / hAePAR GRS G RFIRI AR I CRRRY 0¥ 1285 er Fhaeees orfl i Hirbet tvpe

| ayer/ POt el A LGNND AN P dPTad e Sk BF StaBbisdiy 48 paguence
of functional layers of the organic, electro-optita ement is referred to
bel ow as t e @aE=D Hegrerf @indidthate .evidpsrctoingat + sest 1 ng patrd s sed diatde first

and second conductive |ayers and the | ayer. which includes an organic, ,

el ectro- opt‘ﬁxccﬁqlir?é’tter‘?%a?/psi‘ﬁaatdcﬁnt i%ﬁp%@t%%' CLER Cg%/t"ejr‘_“_étfr%c‘i"?ﬁ"e ‘may al so
conprise, fHe XY Qegdi it B dVHISH ONEdn | SYLE SnAEM PO abOYEse 12
To allow light to be output or input, it is advantageous if. one of the
condudisi ve 9 imaYvat dlepaunnat sy he drepefered IHied ofher vadiwm tin

oxi de or flyorine-daned td Q:o%iqueg (%Qzé@egas proven suitable for this
| ayer. 5 F o PEe ) ’

‘By way of examplé, electron-beam coating is particularly
suitable for the evaporation coating. For this purpose, an

20 electron beam is directed onto a target and the impact causes
the electrons to reléase their kinetic energy to the target,
which is heated as a result. Ultimately, the target material
is evaporated by the heating. The e&aporated material then
comes into contact with thé surface which is to be‘coated,

25 where it is deposited as a layer with a vitreous ‘structure.

The step of evaporation-coating to form a layer with a
~vitreous structure may, moreover, comprise the step of co-
evaporation from at least two evaporation sdurces. In this

30 way, it is possible, for example; to adjust the stoichiometry
of the layer which is deposited by means of the evaporation-
coating rates of the sources. In particular, the step of co-

evaporation may also comprise the step of varying, in



A further advantage of the process is that the order in which the |ayers
are applied produced by applying a transparent substrate, io includes .an
organic, a transparent conductive by a conductive |layer, is not inmmutable.
General ly, OLEDs are transparent conductive layer to a . and then
depositing the layer which electro-opticé? material on the layer. This
structure is then covered which for exanple may have a | ower work function
than the transparent conductive |ayer, as further electrode. In this case,
the |ight waireh dig sanmigdrabdiz0ary baabHbmyl e | evdpeitgetont @odbeng rate
transparent substrate. According to a preferred configuration of.t%e
process, tRE SitepeFHstd&PEsiah tde IRvaponataan ovruTeger The Materiakous

Shucture LaLERAce A ol IS APRLIGAI an olcdle Sloleast. A0aang. ! aver
whi ch inclaodes at 1east one ordanic, electrooptical nmaterital and of the
first and seddmereetdectd \seldpmeet sin Ithhd hibisee dayer sperpempplukalr f tonthae

sanme side of the substrate, for exanple by bejin eposited, the |ayer, which
el UdBs ol PEATE AR GRRERC PUHEATE SRR e e | STSE 3 P R EHing
bet ween t hgagihst e BRghdiRe Y FaMildy and t18PMS StEUCh et thi Siyay,

the OLED layer structure i's encapsul ated- bet ween the substrate and the
| ayer wi t hpes@ilbdeouson mxample sdSimadech Hahe ageesfgienta of ttheusal

g

the | ayer segueiade strdisesy ngetd nisEuEf Ay hateérisae and 3clé anspar ent

conductive |layer is applied tQ the substrate after the layer with the

or ganit€, eP¥EPPFAPACHACTeriPHeT BT S RPWE T TRIWFLD: poRebiedis

g;ggutCﬁeaP?ggﬁ;&latvﬂ&m,iﬁ U AR ha 3 SHIEIIANTP A AL s SUhptBal gsed N #bECh
example, te produce periodic variations in the refractive
index in the evaporation-coating layer perpendicular to the.
coated surface.

15
However, the deposition by evaporation coating generally
reQuires special evaporation-coating materials with
relatively high vapor pressures. Since for special OLED
applications materials with low vapor pressures and,

20 correspondingly, generally high melting points may also be
suitable, the step of depositing at least one layer with a
vitreous structure by means of physical and/or chemical vapor
deposition may also advantageously comprise the stép of
sputtering on a layer with a vitreous structure. In this

25 context, the term sputtering on layers is understood as
meaning one of the PVD processes. The sputtering of layérs,

unlike evaporation-coating, can be carried out even with

materials which are relatively difficult to evaporate.

30 However, layers with vitreous structures can also
advantageously be produced using other processes, for example
chemical vapor deposition, for example by means of plasma-

enhanced chemical vapor deposition (PCVD). In this respect,



s passes through the layer with a vitreous structure and the transparent
conductive layer. It is advantageously al so possible for one or both of the
conductive layers and al so the | ayer which includes an to organic, '
el ectro-optical material to be applied or deposited in structured form In
particular, these |ayers may al so be pro&&ced irk structured .formin the

| ateral direction, i.e. along the surface. Structuring of this nature
allows a | arge nunber of properties of such elenents to be influenced. By
i 5 way of exama:iduidy -PRssRIS MRS UShERICRE $456FedepBs i gQRIuUCt i ve
| ayer. Furthernore, a |layer arrandgenent in which the |ayers do not
necessari | y(BFE®)t ot heappl dwkanly toploibbne Bmothés prxoakss, possiplasma

Rather, it .is Ssi way. ,of anple, for structured_layer o]

i ntermesh Wit ﬁgg_‘n}%o&acneg%h%?gsﬁ/n%%g‘fe%x%%l VT RE ?’fr%%m%hd}%{; second
conduct i ve dedyrerrs imRypel sed biea sipidn e dvisiielh ifeért heya al€assrust &ir eweh a
conb shape. The | ayer which includes at |east, one organic, electro-optical
materi & nEy &AL RS Sanphe, e RMG e HtCR ohl 8P PG BP2B8%Rt I al |y bet ween
the conb 2s structures. Mreover, structuring is appropriate for pixelated
structures which are operated by dedicated swtching el enents, or for the
product i on Msfremvegr,gdilic dretitvigptétaihe| bapet wsthna aci tveoust ri x

di spl ay. s%tp%y%£§ Wit h a:fitreous SH%¥Ct re which copprise_an at_I| east -

SRS AR S0 e Phat AT YFAT PR anTeRT OP R hER [ GF the

bi nary syste

-encapsul at ipadfs QL HSnptayerndistdp ot YRe- désogenesal by ghsbigagnished by

particularly | ow perneabilit 14 rates, since they have scarcely any
t enderd®y t FAETHEySIRE |FIEeRTBL 1M i Ke wimelrareewsedepeaitbxanpbe, and-

they al so R AMSH HAUEU LS oA Alyd BRSO DALY SYSLEPPL PIAIRLET T Al S

may, for exanple,” be conpose east two net ox1 des or sITrcon

di oxi de andams & leyreer ettt axwidessodarstheraores hine Ipe ocESsciey, afsp be

configured in such a way that the step of depositing_the at |east one |ayer

with a so FETBIS & G UERHE P A BEHOTR NG FhTi Cati brebfithe of

the conductgase dtmigheAs. aid esild ,cddie, |@yermyidduBeyibr eOMS StEacidre is

| ocated between the substrate and the OLED | ayer structure. One such

vari ai of MeHEPRdc & prisRIcar atie OED the whaXer Wit 4 f ustoecesir ough t he

substrat elf,i e QHEP er. st e | 0. b essed. --This al so
%t th,utx}é ac Iec%}?/cl{lé eﬂ:cér"!l,ael p%s%}r S%Q\Qe grﬁclt}]%'{)glé%sjfnf uence

makes it possible to hermetl c enca ronh O e substrate Side
of the COLEbn Thies liayeadrarimgenies fromaaxandyes . foy ddexobl exLhiDs, i fnt he

substrate nprises a flexible plastic material whjch typically has a high
20 per msabi('\E iy GOF TS Imej’afsl%l?‘?é’ul%é‘é.maﬂ?e QA 17 Bt ayele L I HEY RS case

al so ful filhet haylineiiqn ofe dBWNUIHRY Whd nﬁawﬁﬁg{ e | yefcd Praide
light emtted by the OLED, in order to increase the yield of the OLED by

mat chi2g t Fechanigetli weopsditdes, Xhe improvement to the layer bonding

for example as a result of the layer being deposited as a

gradient layer with a change in the organic content, the

change in the packing density and the layér microstructure,

and the influencing of the chemical properties of the layer,
25 in particular by adding hydrophobic materials or getter

materials.

The layers are advantageously applied in such a way that bne
of the éonductive layers has a lower work function than the
30 other conductive layer. On account of the difference in work
function between the first and seéond conductive layers,
which are used as electrodes and between which the layer

which includes an organic, electro-optical material is



Moreover, the at |east one layer with a vitreous structure nmay be applied.
to the opposite side of the substrate fromthe side to which the | ayer
whi ch includes an organic, electrooptical material is applied. Therefore,
the layer is applied 30 to that side of the substrate on which the light is
output into the environnent in a standardy ayer structure of the OLED. In
this case too, matching of the refractive indices by neans of the |ayer
with a vitreous structure can increase the 15 out put efficiency, since

~otherwi se thei£rdd®, cak@ngidenabberebangs1ipi t¢f bacthuevbndaye %Fﬁi_ed to

correspondi ngly strong back reflections, in particular at the nmaterial/air

interface. 1he RiBeroPded, | ayeetvpnshatet ypieehndapsotbredtres dictfing es 5

barrier in or | engt : V] Life.aqf ) refinenent of
the-proces§9£%%233%%g to Pﬁﬁo%€€%%§§o%f$%#£%§6 u%%%éegtgggtﬁﬁ whPER*the
step of appilecigre-dpybcalh hhtarval remustisér samer eihy, mafiscef epbysireak:

and/ or chenical vapor deposition conprises_the step of applying a multiple
| ayer i% 1dx%ﬂ¥5“H$dﬂ¥? gﬂ%%ﬁ?%%e%ﬁgg.?g? %ﬂ%eBrUbEPtFeéoUFrCEEB§. The

plurality ofuddyhion dughidiRYeESaf i8guktip! enbayer wotnt bhe L¥RE1RBY R FOT

exanpl e, have different chenical conpositions, so that; for exanple,
barrier acti¥ght cluanih varea¢mibyedsizarhdeorgihbrenatorspadcabi e gasedt
whi ch have ehs . ef f egt the service.life'Th chani ca
propertiesfﬁgucﬁ as ﬁ%%éggénéfetﬁgee??%é{%??iY%#hl §3r88g§8Pn8i?8&ronS'
intrinsic layer stress, can also be inproved, for exanple by the
introduction of flexible interlayers. Not all the individual |ayers of the

mul ti pte | afermHE £33 havRAGt 1 eR_bUSIDEE SPRatt Lr¥eT Rat WBEChi ABPVI dual |
| avers wi tihgh ddd oSl Ay BLu 1B bl BhelANche £OPDL NEaVEERRLNELLENAL YU
| ayers of different chem cal conposition, such as for exanple netal Tayers
or organic layers, atesedito paredect PLEBDS ynbecbagénglyi ntbhedprotesmat ch

t he chem ca nd. physical |ayer. z5 properti to, the specific requitenents.
Accor di ngl y’%afna(%‘ﬁaf%ta}%??%sef el 8F ﬁﬁ%ﬂﬁﬁ%cgég 2keBr 9 n@PPginLﬂg gﬁviﬁ??ﬁn,
the step ofoxﬁa)p{c}aiengirajémii&ﬂﬁlPa;}r@yeén&p@f)réSp@téﬁ@i&leﬂaeizh@ﬂ$| ybpera

multiple layer, with different chem cal conpositions and/ or different

mechanttal FrOERF 13 1o Eon Jol P&t tawebf 2BRECT ndli hPdaablpalerslavart his
context, | laldy/cl S8 RORSE L&, [ Qoadl --Péfé)gf§13&/8£0%9ﬁ&i8“c8£8&81§8?5 for
the individual |ayers, for exanple adhesive bonding, .di pcoating or

spi n- coat i Agyes tandfwer amwtékecanoh witjedthion I&yeepoBattboubfray hegst one

I ith it 1 t . e ticular, the, pl | it f .
i duall SR ah S Piiends AL AR i R oy el vive o

~ the indivi dial layers havendi fSErOMnd efFoed i ¥ | eirE8Sce Thh St 6801 hE-

achi eved by applying different |ayer materials. However, it is also

possi % t At iRehd@YaR Heke abtisrtionidersr (ke cerert Pbacker the process
paranet ers 1%?@:‘79_%%9! LA n dQlges SAMU L L h&ﬁ%ﬁ&é&%‘-& cibe
evaporation-coating rate. Aio nultiple l'ayer w a varyin Fefractive
i-ndex of tmaegeryipd /irelpatilicaker | aysin fcdld et far cmidld thgr refyeact ¢ Véctron

i ndi ces. In_many .depqsitio rocesses for layers with a vitreous structure,
a certain Pﬁ@ﬁﬁéFOPOQEW%51ﬂﬁ%QQQf§ 'W@RFQ&H§S¥Eyq%wer structure and nay
hare adverse effects on the layers. In particular, the thermal |oad may
affect the |layer conposition in CVD or PVD coatings. To reduce adverse

ef fect?§ fr8Rrt kBt K of] Gaapliiiciitys ddi tdesnniae pussiwiet fonala. Yayemst

of thi s tyge shsCorgAnitTetet B AR AR G ChU® T
the OLED | agetsef ODEDD&EN@r structure. This comprises in particular the
first and second conductive layers and the layer which
includes an organic, electro-optical material. In addition,
30 the OLED layer structure may also compriSe, for example, the

further functional layers mentioned above.



heat ed. Moreover, by way of exanple, a suitable pre-encapsul ation 2s
coating can prevent the layer with a vitreous structure penetrating or

chem cal | y changi ng another |ayer during application by neans.of PVD or CVD
coating. This nay be the case, for exanple, with the second conductive '
layer if the latter is nade fromvery sof? or . reacti ve metal s, such as for
so exanpl e calcium Mreover, the process may advant ageously conprise t he
step of applying a cover. To protect the generally very thin |ayer 17

with a vitreous Sdwucidhie o6 bheootper bayenpuef theiOlEBvhnegydamrgers. the
cover can be applied to the layer wth a vitreous structure. 5 Mreover,

however , toﬁ%;Qﬁs%h%d%%¢%m%t%ﬁeab®Y9r§ igyet, 16RAER RaVLLR&dYs structure in.
such a vvay% ”Eﬁ“ A y Ee§uéi§§e ?ﬁ%i‘ﬁﬁﬁ%iﬂ%ﬁ?ﬁ@ro?h@lhgﬁlﬁgbﬁgééﬁe s

seal ed and osed up byt ayer wth a vitreous structure.

For this pLﬂ’Z]IIDS:ﬁ;lddﬂE(SIﬂ@p f hdeposidvery satitdedast fiar arteid ayeyemi th a
vitreous structure conprises the step of covering 'the boundary edge of the
bearing® surface of the cover with. at |east one layer with. a vitreous

structure. alhf ek VA ¥gACHE eVRe t PRoBEBCE EVenat PhevbLEhRg anhehAehi C
seal, but also, allows the |layer, such as for exanple the. i5
evaporatloﬁhﬁxﬁaYEfiﬂ%@% appbeedstd potséounbabhe. cEeaeralaya SLAPSapre

undor st cod RARTRTTY St ARSI EL LR R RO LBHARPLL P TaReR bl Becn

further conponespesrand sliescoves, a&iﬁdfﬁheﬁddeﬁeélexﬁgptﬁe lsyaeewhtiehOLED
| ayer structure 20 is generally sI| ghtly el evated, there nmay be a short

di st ant® betHEHEhAR RET2BHE! t‘ﬁ%e?,B??eQBBhBFﬁgmB%ElaioPneiaﬁpl e the

substrate, d:fhasdofdhN0s88hOPSyEeXLyER. tJﬂﬁlg@rha}ze&esaguewﬁecob'e\.e%&er
these regions are also to be understood as past of the bearing surface.

‘Theref ore, an?tﬁﬁndwgﬁxﬁﬁsbﬁYgﬁe vahchefandexampde mayahpvej aclipwarsurface

of that SI gg*gr%%gﬁc@hé ggngggﬁgggvgﬁ?&gcgngbgégerFurthernDre

t he pr ocess accor |nve I on ageous rrpr Sved if it
addltlonalIQUEKHHHIé&Ebﬁfmde. In this case, the light which is emitted

15 can be output or introduced via the transparent substrate.

Accofding to a preferred configuration of the process, the

step of depositing the at least One'layer with a vitreous

structure takes place after the application of the at least
20 one layer which includes at least one organic, electro-

- optical material and of the first and second conductive
layers. If these layers are applied from the same side of the
substrate, for example by being deposited, the layer which

~ includes at least dne organic, electro-optical material is

25 located between the substrate and the layer with alvitreous
structure. In this way, the OLED layer structure is

'encapsulated‘between the substrate and the layer with a

vitreous structure.

30 Since the layers with a vitreous structure which are applied
in .accordance with the invention may, for example, also
themselves be transparent, it is also possible, however, for

the layer sequence to be arranged in such a way that the



so step of applying at | east one bonding |layer, in particular a bonding

| ayer to which the at |east one layer with a vitreous structure is applied.
A layer of this type can in particular inprove the bonding properties of
the layer with a vitreous 18 structure _qn plastic surfaces, which has
advant ageous effects on the nechanical stability of the |ayer

m crostructure under thermal or nmechanical |oads, for exanple a bending
load. In this way, a continuous |layer is produced nore quickly and it. s is

possi bl e t @ rachieuemiueticd Ry rSayét hia 4epeie@otOSthy. substiraventi on
al so envi sages the provision of an organic photoel ectric, element which:is.
produci bl e & earthe yiadrehyWitHe tHhe @e3ayescrbeat BpodRtiFal Aebeaiagly, an

el enent ac i t he, J ny, i LSSy . - trate Cfhrst
“conduct [ve s Ml 1o MEI0 SOTRIRE o nBoddle A8 G WEE) for
organi ¢, lexsnediea,o-sopiomcdlradmaranit, Sansitpasecoim ebidbctaye thyeligas

well as a deposited |layer with a vitreous structure. As has al ready. been
doscri fed $ haEE (hh, AaSE (FEeBer py bEESSUF o RROREE noneL LB A
llayer W th @-atHdd8s ddibialBrd SiPpdticularly suitable as a diffusion

barrier for small nolecules, and therefore provides effective protection

agai nst degradation of the elenent. The fact that the layer is deposited on

a surface ts ﬁ[ﬂ%?i t t LS 2 j.oLn_he n_th ayer
and the suﬁtac%evﬁ%f ou qn% er% I'a Oel(g)k?é ‘%ﬂélr?l%i ?gnb ay%?sl,géé\E i%ﬁ ?2‘13 -
parti cul ar laorexpediventlaydds caand exl @ tEledi Eayayg ahbhehnehectudeal anThe | ayer

is preferably deposited on the surface by neans of CVD and/or PVD, for :
exanpl¥ by %"{ﬁﬁnﬁé'r'i L e DRI Gt s iRl PERDPor 2R VRS PT fePpFétefanl e

for one of itheGandustdyerdAYers t9aPaVe, Bar | OVRE SUOT K EHBCKE PN T BgNpLhe
ot her conductive layer, in order to create a difference in work function

bet ween t hedeparesd in Irnyrctiyredsberofin thghtaberali dagretehent , ivaen a
}’g' tage is a%%%gﬂg%et Osy%( acceonfjékclt&é’@l%r!-f‘ﬁ or Sg CLECLT NS, AL ea%f%ﬁgtgdlénr:&g‘ the
yer witha I wor unction. T ni'o unhoccupled énergy states.
Reconbi nat immniwirt o flefmsie et Bed rahsswdth cdl @nenssi tp eoé etnfIosnesa . | Byer
wth alshi gfliea{y \Aé)fr ke)IaurrPg]Fé,OnljafngIW.etn—passage openings can be created in a
conductive layer. Furthermore, a layer arrangement in which
the layers do not necessarily have to be applied on top of
| one another is also possible. Rather, it is possible, by way
of example, for structured layers to‘intermesh with one
20 another. By way of example, the first and/or second
conductive layers may also be applied such that they are
structured in a comb shape. The layer which includes at least
one organic, electro—optical material may then, for example,
be located completely or partially between the comb
25 structures. Moreover, structuring is appropriate for
pixelated structures which are operated by dedicated

switching elements, or for the production of an organic

electro-optical element as an active matrix display.

30 Layers with a vitreous structure which comprise an at least
binary system of materials are particularly suitable for
hermetic encapsulation of OLEDs. Layers of this type are

generally distinguished by particularly low permeability



| eads to |ight quanta being emt-ted.- To i ncrease the quantum efficiency of
an CLED according to _ the invention, the OLED may additionally have
further io functional layers. In this context, by way of exanple; at |east
one hole injection layer and/or at |east _one potential matching |ayer and/or
at |l east one electron blocker |ayer and/ é# at |east one hole bl ocker |ayer
and/or.at |east one electron conductor |ayer and/or hole conductor |ayer
and/or 15 at |least one electron injection |ayer are advantageous. To all ow.

the enittedddeght gjuaid atd, hevutfilircdly i Snpdvani@gepus,i foppe of the
conductive layers is at |least partially transparent to the Iight emtted by
the |ayer \WY&Etradd infe|anfss alorigimhiquartecglasopsi cBOr nexampheé, Thése

requi red prgpeytli j | inter [ if the first conductive

“layer incl L‘I:g%? ia{r}%%u%égedo%(’#g e]'1 oérte]gf%%%ensel 2%%%% Tt ni%"i‘(?%el?l%rﬁ(/br eover,
the at | eastysoresnd afematiethi =l &/ indye,0USoS texhpl €, do€SchtboLed ot Ozbe
| ocated on _t hat side of the substrate on which the_|ayer which includes the
organi ¢ el - S Rt ataiides (QF | Hekieer RRRS IME PRGPT Wehea
Vi treous Std#Ghursigas al so be arranged on the opposite side of the so
substrate fromthis side. Inthis way; it is on the one hand possible to
limt the diffusion of gas nol ecul es through the substrate and on the other

hand al so Vi osi.tive influence on, far exanple, the optical
properties of t%ﬁgm%r%(} &HED,P]:foocrese%(éW earaa%o 3"? STt l%"?ref‘ﬂeulla%/‘é?hv\?t‘ﬁaﬁ
vitreous stthat whe etedt 0Ty d@icHidihPicHeld@actéyer | skl casyeThei @t 4 east
one layer with a vitreous structure may, s .furthernore, have a conposition

Yy
-and/ or*%r ef MRS R AMMTEh SR P ldBhPeirrali Fre tarml rea piorli efil eme t 0
‘the coat ed HURRRC @orAuainal U, ddk t hes caomj}ﬂ,o%lpgrl% i@ to the

surface allows the |ayer to have correspo y varyi materirals

properti es vVilkredus dirmacttiver - ifsorleedrgl ot waaryittite sulsnefdfticiant fe

t hermal ex iqn.or refractive index. However; the refractive index can

al so be i nﬁi@ncg S'n sotrﬁlec%lﬁfys_,on_fer HE P 1Pt n@?ep_%?%%ﬁ%f t he
layer. |n pacdueidsabn OLEDC AR WHIGOR RNH OF FUSf SR MM dRe GANL M SO yary
periodically. Alayer with a vitreous structure and a

15 into the OLED layer structUre can also be suppressed. This
also makes it possible to achieve hermetic encapsulation on
the substrate side of the OLED. This is advantageous, for
example, for flexible OLEDs if the substrate comprises a
flexible plastic‘material which typically has a high

20 permeability to small gas molecules. Thé vitreous layer can-
in this case also fulfill the function of an outputting or
introduction léyer for the light emitted by the OLED, in
order to increase the yield of the OLED by matching the
refractive indices. | .

25

- Moreover, the at leasﬁ one layer with a vitreous structure
may be applied to thé opposite side’ of the substrate from the
side to which the layer which includes an organic, electro-
optiéal material is applied. Therefore, the layer is applied

30 to that side of the substrate on which the light is output
into the environment in a standard layer structure of the
OLED. In this case too, matching of the refractive indices by

means of the layer with a vitreous structure can increase the



i5 periodically varying refrac:tive irndex is particularly suitable for

out puttting or introducing light into the elenent. The at |east one | ayer
with a vitreous structure nay al so 20 particul arly advant ageously be
arranged between the substrate and the first or second conductive |ayer.
This arrangement al so. suppresses the dif#8sion of gas nol ecul es through the
substrate. Mreover, in this way.it is possible to produce refractive index
mat chi ng bet ween the OLED. | ayer structure 2s and the substrate. The

organi c, eleetyQ Q¥ icalerRheMenty IR 1SR, NIC ! isler & wlél&ﬁsi&é/ﬂby@'ch

conprises at least one layer with a vitreous structure. This .may b
advantageo@@amgﬁhlmomaﬂnadﬁlvﬁnmndﬂx4nwmnhtqqxrespom¢RQEQY|siﬁqmgfhackhe
outputting_o r.oducti.on _of . d for t ertle '
SUch s RESSASHIGRI bttt Mg A0 ArCer TET IS At EERE | TR o
out put ti ng a@dd tii,0GUQiagd it Hia hpHeadHewelkd nehedte Cal @1 f fiside

i ndi vi dual | ayers of the multiple | ayer have different 5 refractive

i ndi ce$. MbPREFHET, %qﬁé’ré_eEDt@}%ﬁd‘ﬁﬂﬁ(ﬂhﬁi@%’ﬁ%‘%él%ﬁ@%r‘é@m@p’%@l ation
| ayer whic er r ]Qﬂﬁg E@M&?@ erma
| oad on th% ?Er%%%“?éﬁ?gﬁ ettﬂ;geoﬁ(??a%e% a{vﬁ% eél ayer or [layers WI #]

Vi treous sprochurieg NUEm/aem vmlprhe -terec ey abd capplmimgmga cbmyaerwgtlhm
create a stable bash for .the éyer mnthjﬁ %B%reoqf cture. frotect
the |ayer W24 tsrter&%”ﬁeu? B Yhe Cli“‘rf‘”p%fi‘ i CHPY
from™ WECh@@p‘é%'lt‘i@ﬁ%m s dd- Ry &4 \@E\th’ 2l 5o hayee aLPVerigln
addition, the OLED nmay advant ageously include at |east one bonding | ayer,

whi ch 19r ef @last pigdilo rstviame age qus ororrélezmn%a@'rtW% 122 Q/Iia‘rEIP%ou'%he
Lructure, BRI JeNelainl S A SId Sulik LB SHetk basding of the

| ayer wwth™a vitreous structure.
and in rel atypee ragr, T caneotargrl d a)mr\&e mrfﬂc&racthlcehﬁmﬂlm& |¢rgnpdsm1tlons

deposition. Mreover; a bondlng l.a of this t pe can_he, used to reduce
intrinsic IS8y&Patyr v@g rIge elaé‘cttlr‘?)rl L] cladeJeYJe‘ﬁﬁ& LR Sing to

the inventigm Wc@qﬂ@ﬁe@w%pédﬂq&%eaéég uatirechd ey els adeMsy of
exanple, the first and/or second conductive layers 30 and/or the at |east

one | aper wiifeet @l Fdes servigsstlidieeorPenine cdriccab-ppepest iewmt esuclh my
be o1t Vg0 Ak sl i UL a0 ol WBlAntsl Ly A s Tore
layer stress, can also be improved, for example by the
introduction of flexible interlayers. Not all the individual
layers of the multiple layer have to have a vitreous
20 structure. Rather, individual layers with a vitreous layer
material can be combined with other individual layers of
different chemical composition, such as for example metal
layers or organic layers, such as in pafticular polymer
layers, in order to match the chemical and physical layer
25 properties to the specific requirements. Accordihgly, in this
refinement of the process according to the invention, the
Step of applying a multiple layer comprisés the step of
applying a multiple layer with different chemical
compositions and/or different mechanical properties in at.
30 least two of the individual layers. In this éontext, it is
. also possible to combine different production processes for
the individual layers, for example adhesive bonding, dip-

coating or spin-coating, with one another and with the



22 layers may be structured in a conb shape. The finger electrodes of the

| ayers which are structured in a conb shape may, for exanple, engage in one
another so that a voltage can be applied or tapped between conductive

| ayers |l ocated at one s |evel. However, other structures of the |ayers are
al so suitable. By way of exanple, the codductive layers may have |ines, for
exanpl e i nterconnects, which cross one another on the 10 substrate in
different levels and allow pixel activation of individually sw tched pixel
structures, ; r cgt Lang. «k e

| ayer whi C#e%pébﬁ%xﬁé& %e?%%g%ﬁgé Ig%n%ﬁ%%ifvgi}:gygr gkgﬁgg}lﬁcﬁgggg tg{rlal'east
one electro-optical material is locally excited to 15 el ectrol um nescence
in the"vicinit f. a €£ross_poi of.two driven.interconnects of th

conduct i ve nafyearrgt.l%%%%‘r s%ﬁ?/,lg]%ulé%ﬂ%gp%%d?‘ﬂ ?Kﬁ%l%goE?XFESaFFQnﬁiﬁBnPecan
be used foraggiciadd signebch S€ awdy Nehd OrasensQEL apRbi 68t tBBSink9k iguanpl e

i mage recordi ng. 20 Moreover, the invention provides a device for carrying
out thé pr dRYETDIPPID L5 HeRRt | FRErapoi e anBioFefor Thisddarngea ' :

phot oel ect rj G, 4 agGo! v Lon Lti he . geans

for produd%ﬁ?ﬁ%ﬁgqiﬁﬁ)layer sfrééﬁﬁéifﬁg.ge %gem%gggﬁggﬁfsﬁ?y%ge aslge v

coati ng nedrs o depesiblegtatitEhsenomethayeefnbthivevihderubysthact ure.

The inventio;hi descr%bg& in nmore detail below.on,the basis of preferred
feVBrRE

embodi nent & and wth ¢ CTHe Y HRALHPRNEET 3BT 1R a@PRGICAFAOC i ERT -
identical refsfEnCenbiesptstiontde Havkngscdepobe-Ldgnthgakapl shnilar
parts. In the draw ngs: 23 Fig. 1. shows a first enbodinént of an OLED
accor dithg tWHitHelvaneorith g vashng refurchéveeibdakneft this5tapeOLED

a pre-encapsul a

according U Yied fMeniiep wifusi. |FerascLayer SLENSLULG, Ehalced - Shove

an enbodi nent "o

In many deposition processes for layeré with a vitreous
structure, a certain thermal load is applied to the'OLED
15 layer structure and may have adverse effects on the iayers.
In particular, the thermal load may affect the layer
- ‘composition in CVD or PVD coatings. To reduce adverse effecﬁs
from the thermal load, it is additionally possible for at
least one pre-encapsulation layer to be applied. A pre- |
20 =~ encapsulation coating of ‘this type may, for example, reduce
the heat transfer and thus prevent the OLED layers from being
‘heated.

Moreover, by way of example, a suitable pre-encapsulation

25 coating can prevent the layer with a vitreous structure
penetrating or éhemically changing anothef layer during
-application by-means_of PVD or CVD coating. This may be the
case, for example, with the second conductive léyer if the
latter is made from very soft or reactive métals, such as.fof

30 example calcium.

Moreover, the process may advantageously comprise the step of

applying a cover. To protect the generally very thin layer



Figs. 4A to 4D show enbodi nents wth -.an additional cover to protect the
OLED l-ayer structure, Fig. 5 shows an enbodi nent of the OLED 15 with the
layer with a vitreous structure arranged between the OLED | ayer structure
and the substrate, Fig. 6 shows an enbodinent with a 20 nultil ayer

encapsul ati on of the OLED | ayer structuré/ Fig. 7 shows an enbodinent with
a nultilayer encapsul ation of the OLED | ayer 25 structure and different _
refractive indices in the individual |ayers, Figs. 8A and 8B show t he curve
of the refraeh we Jitdodd s analrdvidh tﬁué“cBEl?é’HSl%éf@t&fethQ @£gpr dance
30 with two further enbodinments of an OLED, and Fig.” 9 shows an enbodi nent.
of an OLEDfworh deaedisot itk |eyreats can ke tarpllied ateore shaper wikhh &ig. 10
shows a coqp%rl SN Osft twqi steC| mens with calciumstrips coated with Si Oz
‘and evaporatl on~coat ﬁ:g ass, respectively, 5 Fig. 11 shows a graph
illustrating the optical den5| ty of encapsul ated calciumstrips as a
function of time, . io. Fig. 12 shows a conparison of the efficiency of .
vari ou$ end@FSoVaTed r{9_"{’_5].')@?—1'rarPd'- Vi Fi gl SA PRTHWRLE Heo | %i?ﬁ’]fﬁés‘?t %'aﬁ‘Frv‘e[H:bus

encapsul at gd (GLEQ &l er & el Afad Sehdie {81 doRELE: LLAPELBEA
climate chanmber. Fig. 1 s ovvs a agrarrmatlc Cross-section vi ew through a
first enbodhermmemftman OQ_\ED' amxi)rmmgsuhnst:tmtee nventeabed wméh i s denot ed
overal | 1 The Dc $es te 3, 1a 20 which an OLED | ayer
ot ructur o’ SETTERISAIGT GRS S Tt vifh R Ut e 0B Bnpr i ses.
first condegtriueedr@yerrchs tid ¢ gnefpdde WiKd ¢ U&’ﬂsdé‘éoéﬂaﬁﬁ 0ge Dedafic,
el ectro-optical material,, and a- second conducti ve | ayer c‘IJ'he | ayer
structifr e BUGF LENVETOMEIDH & CHVEreara 2 ECTHENR  CTRF 1 $E R ?]Eevﬂ:?EoG
structure V. Mg n

g ha: \ﬁbper neao‘%:glr}c@?rf eﬁ@"g‘f Oéhé;’\@eé‘f@é B, EQ3LE NG e ON

account of 1ts o | ayer Creat es a hernetlc
encapsul at icoveaf wihén, @ttEDd&/lBrors& rla:)teurr ewbthian pairteous a$tmd:huresp'ehist o]

smal | gas m)l ecul es from r}iajﬁeu_\%eﬁl rE%)sjge?cgt(r)fﬁ sg h%?‘g‘ﬁje Jﬁ% g ?%ﬁfxg'glg so In
this way, ng- t ent
result of Fs'é%fIi caJutr%@.csId QS| A ween ¥ Ve, gRSES e 18l enef the

| ayer structure is greatly reduced, an this manifests itself in an
i ncredSed $dEpPOFatigs qqdteing SIJI@S{]_"CED ber NNt e eesse helke peoven, t dnbe a

particul arly gxpediegl, faterd gl fsoélci%}%ﬁlc%y ads. Ofh %%&Px{?t oL ﬂ:ééxif?&’

perneabi lity. Tnparticular a Kl aini ng gl asses ave
parti cul ar lsprifewepdrareait |tid e antlerstood strictly as the surface on

which the contact points between further components and the
cover are formed. For example, since the OLED layer structure
20 is generally slightly elevated, there may be a short distance
between the cover and the corresponding base, for example the |
substrate, in adjoining regions next to the OLED layer
structure. However, these regions are also to be understood
as part of the bearing surface. Therefore, the bearing
25 surface can be ﬁnderstood as a projection surface of that

side of the cover which faces the base onto the base.

Furthermore, the process according to the invention can
advantageously be improved if it additionally comprises the
30 step of applying at least one bonding layer, in particular a
bonding layer to which the at least one layer with a vitreous
structure is applied. A layer of this type can in particular

improve the bonding properties of the layer with a vitreous



5 borosilicate glasses are also particcularly suitable. It is preferable for
the layer with a vitreous structure.to conprise an evaporati on-coati ng

gl ass whi ch has been deposited by evaporation-coating on the element 1. io
The layer |15 which includes an organic; electro-optical material is
referred to bel ow as an organic; [ight-ed®tting |ayer, for the. sake of
sinplicity. However, this |layer nmay al so be designed as a |ight-absorbing,
photovoltaic |ayer for i5 a photovoltaic elenent . The evaporation coating

gl ass type {322 thHRAUGEG S rs ke £h Pasch Nea d oéa%@%éaﬁmétkéeesi n
percent by weight: 20 SI02 84.1%1 1 . ~ %Na20 -~ 2 . 0 %K20 ~ 0 . 3 %~ (
in the layen the meFlanicEl 1$tadbility f Al3layer 694 ¢rasthectayer urdor5%)

has proven particul arl ui table.. 30. The, val ues gj ven .i n_par ent heses._are
the propor CBTEy Shei it BH e K350 il T onS ot P e RS rhoRay oF

deposi ted his A@ygvapaait dueoatiagr The ptedided ahoresisianTe ahdt bts
borosilicate glass _is approximately 101 S2,/cm (at 100C) . s Furthernore,

i n the Suré S RARSHHiS T AR LFPRTRRY | LY SIS B App?PBST nMRPEPHLEY469.
The dielectric constant E is approximately 4.7 (at 25C, 1 MHz) tan8 is
approximately 45 x 10-' (at 25C, | MHz). The yo evaporation-coating process
‘and t he di fiher iimyerdliain |[diso cinvheagonpormepsovision sobyant eprgasutt in :

lightly diff t staichi tri bét the t t. materi al d th
Cayer  whi CIPHOE RIS TEd Dy UHUT AT COBPTOR iR eVt R TGP AT hRY | ayer
which is appld gF-dueRy i @tives casdédg are given is in parentheses.

Anot her suitable evaporation-coating glass, referred to below as glass 2,
has the& foll owi ng conposition, in percent by weight: 20 j Conponents: d ass

2 ?ipf 71@%§%Q§d%ﬂ§f§ﬂw§ﬁ)éﬁeméhéjgé%ékdiﬁbckéuéhéj£ﬁ@éﬁggén1com8r95€st -
: - .. a substrate, ,
-+ - .a first conductive layer,
- at least one layer which includes at least one organic,
15 electro-optical material, énd
. - a second conductive layér, as well as

- a deposited layer with a vitreous structure.

As has already been described above in coﬁnection with the

20 process for producing OLEDs, a layer with a vitreoﬁs
structure is particularly suitable as a diffusion barrier for
small molecules, and therefore provides effective protection
against degradation of the-élement. The fact that the layer
‘1s deposited on a surface of the element means that there is

25 a join between the layer and the surface without intermediate
or transition layérs, which is particularly expedient with a
view to achieving a hermetic seal. The layef is preferably
deposited on the surface by meansvof CVD and/or PVD, for
example by sputtering, evaporation-coating, PCVD or PICVD.

30 . , |
It is preferable for one of the conductive layers to have a
lower work function than the other conductive layer, in order

to create a difference in work function between the layeré.



These two borosilicate gl asses which -are.preferably used in particular have
the properties listed in the table bel ow. Properties 8329 dass 2 27 a
[ 10- 6K-1] 20-3002. 753. 2Density (g/cnB) ,2.2012. 12Transformati on poi nt

[ (] 562C742Refractive indexnn = 1,4691. 465Hydrol ytic resistance cl assHGB
1HGB 2in accordance with | SO 719Aci d resi‘st ance cl ass in0. 62accordance with
DIN 12 116Al kali resistance class in3accordance with DI N 52322Di el ectric
constant E (25C).4-73.9(1 MHz) (40 GHz)tan8 (25C)45*10- 26*10-' (1 Miz) (40
Gz) The apy i@l isOfof Ne 1 AYRF - dnPie BENS1 She NACUMRRACROSLE |98 §ECh as
for exanple CVD and/or PVD, results in the formation of an intinmate bondi ng
of the | ay@rPlinsg Ha chaeconddciveflayehe ¢hgetrons usrear énfeahddt Grohe
substrate it-:[hseelfa ien a“;iq_ta}? next to th ED t’ruct’lajie. As a re‘sal t

per meabi | i {7 paseages ot the ¥ge YYF ohs o Phe X EO RGPPSR uEPEF Y ar e
al so avoi degtatids OfEZombli fdt 5y evbElenakneyn dléberdRs wHEBhpassages are
encapsul ated, fox exanple by adhesive bonding. io It is preferable for the
| ayer 7 to B8 efRFssi i tyhredseofwihvapdrat gbar cvark nfuneripar theol ar by
means of el My, vtgp&g 1400 target having one of the
~conposi ti onlﬁqﬁgn&%g%%f 5 Ttgé plg%dlqu%eégg#?;égm arly dense, | ow defect

| ayers, it has al so proven advantageous to use an APS (APS = advanced

pl asma source). and to carry out-a plasna,ion assiste positiqQn, in
particul ar Tg?/afﬁbcrraetarso‘% t&%t%%ﬂi%ﬁ%ﬂcbﬁnﬁ'a%ﬁaa' o%&gg a%orﬁl fi §°

enbodi ment ,tHehel rirdisd icH & d1se td@mnﬁ’éynaddugaﬁaﬂvjﬁtﬁ&deff@fﬂ:h@@ organic,
light-emtting |ayer 15 first of all passes through the first, conductive
| ayer 493 arfdideiPnalpdsstars hrfugdihi hecomtext acey vwah eheexambiennght on

th ide 1 t 2 b 1l ' fLE
coﬁdalct ?ve]%éaj{lsegr %é (r:}c?)gr}pse??l; 5" G ﬁnis %%n%&d%%%hgﬁ%%éﬁ%?i é?;eelél%%&és

f or exanpl endtuliiurg ilaydm aod fer atn Dealer dwe atleovttde blgbketol gpes

t hrough. The cond. .conductive layer conprises a material with a | ower
wor k f.uncti"’tﬂﬁf/te%ar? Hef2 85 fone ﬁéojf‘%/?‘%}o‘&}g%duﬂff% ?%‘%Z?F'?%elﬁﬁ?k POficti on
in the caselfctibd hndidtdy oXdwier | aY@) shehdle | SoR@REOXE MBAGLY 4nd/EV.
Calciumis a particularly suitable material for the second

conducti ve.dtay@astHoms &legtaren vl echighl Jayencary cadvieR F2getesi n. ﬁ
particular with the atnpspheric oxygen and with the water which is presen
as noisture in the air. In particular to protect this layer, hernetic 20

encapsul at iTan adfldwhecHal Eitayet Sidhctquignt s tomes tamtpnt), offlefst o avoi d
degradation._ This enbodinment of an OLED conprises the | ayer seguence

subst r at e/ AYEEFTRG iVe F &F diparfRIYFgHYE elA ¥ hgls at least

- partially transparent to the light emitted by the layer which
20 includes an organic, electroFoptical material. These required
properties may be fulfilled, inter alia, if the first |
- conductive layer includes indium tin oxide or fluorine-doped

tin oxide.

25  Moreover, the at least one layer with a vitreous structure
does not have to be located on that side of thé substrate on
which the layer which includes the organic electro—optical
material ‘is located. Rather, the layer with a vitreous

| structure may also be arranged on'the‘opposite side of the

30 substrate from this side. In this way, it is on the one hand
possible to limit the diffusion of gas molecules through the
substrate and on the other hand also to have a positive

influence on, for example, the optical properties of the



2s | ayer/second conductive |ayer. Thi's corresponds to the standard
structure of OLEDs. However, a structure with an inverse |ayer. sequence can
al so be achieved by the apphication of a layer with a vitreous structure
which at the sane tinme effectively encapsul ates the OLED | ayer structure 30

5. This variant is illustrated in Fig. 2202 In the enbodi nent shown in Fig.
2, the | ayer sequence is accordingly: substrate/second conductive
| ayer/organic, light-emtting |layer/first conductive layer. In this

enbodi ment ol £029 SURFPIALS X RIS L LR | 58 &n PPAUL YRELLLEL. The
light which is emtted fromthe organic, light-emtting |ayer 15 then,

after it ha$rpyefage meardna matfdhing whdariraetivgeindBesnerges at the
outer side 19 through the layer 7 with a 5 vitreous structure. Fig: 3 - -
di agrammatical |y depicts an enbodiment with a preencapsul ation |ayer 21.
Thi s pre-emt@psit] dleagt loneerl dy@ewisecth iatelt Pédwds t O LliERlire amsf Abl e base
- for the layer 7 with a Zo vitreous structure. ]’he second conductive | ayer

1.7 préf er dOEFRESH e S MRe & GFRITAL IR ANLEPE TRE TAH Y7 elRiR%pehi aRi on
layer 21 prevants JTRIRCWiRs &ihding, @%?J%P&Pﬂf atd NGyd né%?%ﬁl s |ayer.

- Moreover, the layer 2T also fornms at arrirer coatlng , on
account of surgacew Phemwilati®redndudte Ganpopi eventsetpeidi evlds oé teat

out put from being transferred. to the OLED |ayer structure during, the
ol cat | o B e TS FHR (HER 5T AU AT TR BRES 4D show
enmbodi nent smatlertike 0@t RlLald QA0 O Kadt Bbe)Tefbr ledhpl &M aggh-Fi9gal

~cover 23. The cover 23 is used to protect in particular against nechanical
damagé? Si reeftieieafed fhargpally pantiqn erefragiite ndexively soft,

‘the layer fdysved Nggd ' j OLED. My Stf t se
whi'ch is ngltdw\%gﬁgl's?gltﬁ (Ia};etfg%{tﬁgieophe efgsnle%yer 7JJ ?r%% Jblgfls%{%{s%c?v%nt%tﬁgﬁ

mechani cal wefyfsectfor Exampdyeeby? 3 hreaymcaghiarit aape oS | yhdel sythresi el y bonded to
cover 23 is joined to the

the CLED. |n k‘he'u mbodi ment, shown .i.n Fifq_.g/dA thrccar
further coRSonerts o the &THRT Vid .-ncflfhe’f? FESHE PRSI FHSRr
25. The syrbhst pediesiit=a1yl astlisfydrawartrR b i1 e sl tabhe-foFe copesnsati ng
for unevenness on the surface, f.or exanple caused by the protruding CLED
Iayer1§truéﬁﬁﬂéﬁlcally varying refractive index is particularly

suitable for outputting or introducing light into the

element .

The at least one layer with a vitreous structure may also

" 20 particularly advantageously be arranged between the substrate
and the first orvsecond conductive layer. This arrangement
also suppresses the diffusion of gas molecules through the
substrate. Moreover, in this way it is possible to produce
‘refractive index matdhing between the OLED layer structure

25 and the substrate.

. The organic, electro-optical element may also include a
multiple layer which comprises at least one layer with a
vitreous structure. This may be advantageous both for the.

30 optical propeftiés, or in particular for the outputting or
introduction of iight, and for the mechaniéal properties,

such as the bending tolerance.



30 In the enbodi nrent shown in Fig. 4B, the layer 7 with a vitreous
struct-ure was, deposited in such a way that the boundary edge of the bearing
surface of the cover is also covered. For this purpose, the cover 23 was.
applied to the s coated substrate before the layer 7 with a vitreous _
structure. The layer 7 with a vitreous struct ure was then deposited on the
cover and over its edge which defines the boundary curve.of the bearing
surface, so that the edge of the cover 23 is sealed by the layer 7. This
prevents gases io from penetrating between cover. and substrate and being
able to reach the OLED | ayer structure 5. In the enbodi ment shown in fig.
4C, adhesi Ve BRFidi Al 1Y Heacaonahrle occaprcbigef opsodrBpehéed @andh. In this
case, the I, 45 . Wit vitreous [ re_ is_| I se secure the
cover 280 IRt ieind | il dd G0 chILOLE | Fol Ba L 28U T o8F LRee oL T on
of the | ayemdivitwalilaweats of riled ungl oebe diagey Bheé destéientn bondi ng
of the cover, in a simlar manner to that achieved with a soldering gl ass,
but 20 5wi t FGRTAH & BP9LB/F - structure having to be exposed to any
particular thermal |oad. By way of exanple, the layer 7 is not designed as
a continuous |ayer, but rather is only deposited on the edges of the cover
or the bountargovar vetld QURD bemy i apsuihatedef at hkegsverneNataral |y, the

| ayer 7 naxﬂ?%ralgg bq)d Qgsite sSQ as_to_cover the‘ﬁgtire surface_of the
coated si d& SFPRTE FEHE Y h WA THF FRhRer2P ot Rt SAoWRT A R g. 4B.
Fig. 4D shawawiddirdmerraihads e thefifa®l oAt oh vhé cOLBBSISPiRgethe
provi.ded with a cover 23 and in which the boundary curve of the bearing
surfad® of IREITE HF1GR i FBP T O rRYeyer Wit 2 hVALTPPREOBETYEEUE. Y €.

In this ca S in, ﬁ%%?gﬂiﬁ%% ' ’ n i erence
to Fig. 4C,§E3ixtné&763€' a%gtln%%]gan to a sea ow@%@%‘rz?ﬁ% ggﬁt ﬁépg%cteéry %geé éoé

achi eved bytwddes wsg hicod aer TaydBy winhrasvitheeesestrubeutrayer 7 i's
evaporation-coated laterally onto the elenent, so that the edges of the
elenment | are sealed. In the enbodi nent shown with reference to Fig. 4E, a

seal, or amhergmit€ctt!asdirtayed wien Q Bt AY6Ns Skt UGt thfe a9 Bh&e6HALRY- Of
a cover 23 was achjeved by deposition fromthe . opposite side fromthe
cover .18 n tIR¥EXasE tRRF LI Esnoi o fedkyrtced €aB2gfbothae@tBD sHaYin i n

Fi gs. 4B, ‘%ﬂﬂ: QQHQg V, t he bearing surface of the cover
&= %g%ﬁigﬁzwwﬁ é%ﬁ%é?g St

.23 is covere a vitreous structure. Fig. 5
illustrates an enbodi ment in which the layer with a i5 vitreous structure
s appliedfﬁ)éégiéﬁgﬁvréﬁéaéiéﬁﬁég§aégﬁgntageously inélude at least one
bonding layer, which preferably adjoins the at least one
20 layer with a vitreous structure. A bonding layer of this-type
results in improved bonding of the layer with a vitreous
structure. As a result, relatively high growth rates and in
-relative terms smoother layers can be achieved during the
deposition. Moreover, a bonding layer of this type can be

25 used to reduce intrinsic layer stresses.

‘Moreover, an electro—optical element according to.the
invention may advantageously include strubtured layers. By
‘way of example, the first and/or second conductive layers.

30 and/or the at least one layer which includes at least one
organic, electrb-optical material may be structured in order
to integrate additional functionality in one or more of these

layers. In particular, the first and/or second conductive



application of the first and second conductive | ayers and of the organic,
light-enmitting layer. As a result, the layer with a vitreous structure is
| ocated between the substrate and the OLED | ayer structure. In this way,
the diffusion 20 through the substrate into the OLED | ayer structure is
suppressed.. Moreover, the encapsul ati on?®* the OLED fromthe side of the
substrate 3 which is achl eved with this arrangenent of the |ayer 7 between
OLED | ayer structure 5 and substrate 3 nmakes it possible for a materi al

whi ch can beaydrd ezﬁ@}f@é%k@&@@&@biﬁ%'eémbosﬁspése@héorlhgersubstrate 3.
By way of exanple, in this way it is even possible to use a plastic _
substrat e tekerigrdes cht giize nbhyers eshivohl aret EQrwcSermignate camb Bhep@_ED
| ayer stru 56 (g%accou of thae oor barrier ctlon g%g gf_ The use
of plastic Sbsttal €5 T e 8y pateTeul 21§78 urtRb Srf oP thé p?oaﬁ PR GAT

fl exi bl e O¥Dsapbiedver , t dpee OLIRE: weyn | 66hadet aveondi ags! ayeatd@ &6 one
joining the layer 7 with a vitreous structure to a plastic substrate. 32
The borfdi nglEF"éS/Jef‘ 10 adjoins the layer 7 with a vitreous structure and is:

| ocat ed between substrate 3 and |layer 7. The bonding layer |0 creates a

fi xed and permanent join between the layer 7 with a vitreous structure and
t he subst r diewedveso Qttmrssetpﬁaﬁatmmlsocbfthhelbyzeré’ érenuibe fshe'zxiab[Le By
substrate 3 incpélrtl culf en-the. OLED is. bent can bﬁ gr ent ed.

course, it 1& als0 PORTID € %rc?lﬁ%ucétf‘rb%ﬁl TRREES AR ENREG e HRER dgga‘l bed
above and tdwse Mhi Git & €olleset ¢ pesh beh ovt-&8si B8& UdBobRALI B tayers of this
type. io In addition, a further encapsulation inot shown in Fig. 5) can

her meti%al I%Plésetalfa'%%el’{]_ﬁffwt stevetsrang athey pirapsarhivehiprepérably

Ii-kewi se Bej f r t u
structure by m@n&%#ag%}%&g%%f%{*%{}fg%% %gggﬂ'hgﬁlgagtr:xe\nﬁgﬁga%lrtreous
structure whisgilas @m)hcmlthﬁmee:mtttﬁelﬂ_&)séayeheslayteruwal&ihaﬁ]d t he
substratené[na i ddition to its function as a diffusjon barrier, also
cerve to mRFIRIE RETTVE | TR COPRETEED PREPFF BT LRrLiREFeat LRASE
substrate Jnd nexddefolispt Ot dei 20 o8t pYELINY Skcibeg! tght emitted

fromthe organic layer 15. In the case of OLEDs wth flexible substrates 3
whi ch Bre electroluminescence in the“vicinity of a cross point of two

driven intercennects of the conductive layers. Conversely, a
corresponding photovoltaic arrangement can be used for local
signal scanning for sensor applications, for example image
recording. | ‘
'26
Moreover, the invention provides a device for carrying out
the production process described above and/or for producing a
phoﬁoelectric element according to the invention. In addition
to the means for producing the OLED layer structure, a device
25 of this type has a coating means for depositing at ieasﬁ one

layer with a vitreous structure.

The invention is descrlbed in more detail below on the basis
of preferred embodlments and w1th reference to the appended
30 .drawings, in which identical reference numerals in the

drawings denote identical or similar parts. In the drawings:



constructed as shown in Fig. 5, the llayer 7 should run as far. as possible
along the neutral fiber of the structure, so that 2s it is inpossible for
any cracks which could increase the degradation again to formin this |ayer
when the OLED is bent. Fig. 6 shows an enbodi nent in which a nultiple |ayer
27 has been applied, in order to increasé3the flexibility of the structure.
In this case, the multiple layer 27 is applied.to 30 the side 9 of the
substrate, between substrate 3 and OLED | ayer 'structure 5. In this

embodi nent pilghe jnul tiple | ayRiwe? d GAMNY BbHM MM oM dh GLMDIEE0Y8ding.
structure 71, 72,..., 7N 33 Nflexible layers 81, 82,..., 8N are applied
alternately with these | ay&os the ipyentionzN, The flexible |ayers 81, 82,

, 8N may, by way of exanple, conprise polyner layers. If the 5 OLEDis
bent, shear forces occur between the individual |ayers. The shear forces
are absor bedghy 2def ormati on of these | ayastsows @ctotitthe Of eribed fhept bbfity
of the layers 81 t.o 8N. O course, the sanme principle can also be applied
to theSopposite side of th&ROPEBD &F&PTEANG MR £Heh BRIt QR tW-dbridt et el y
and, at the sane tine, f'e&h%%%s%”@%ﬁ%&'%EEu&QRnQ%ED | ayer structure 5. In
each case for the sake of clarity, the encapsul ation of the OLED | ayer
structure on the opposite side fromthe i5 substrate is not illustrated in
Fi gures 5 6., Fig. 7 shows, in a simlar nmanner to the enbodi nmenf_
illustrate l%ri Pig. 6, an OLED according T8 Thet n%%?%lorﬁeﬂft%gaa%é??%i e

| ayer 27 which conprises | ayens a/bref2ncapsud@tANoMitdyer vitreous structure
and further layers 81, 82,..., 8N Unlike in the enbodi mrent shown in Fig.
6, howdver, in this case the layers are applied to the opposite side 11 of
the substr gt 40 Si [ he,. .St t [
applied.A%tl ﬁgaéfhﬁgiﬁg% gﬁﬁ?ﬁgﬁ%f%%h%§§%r%aghggﬁt%%ﬁ%éﬁéﬁgﬁhg%ﬁﬁgi3§%he
enbodi nents il ustrat-ed W plrotefcer eéhee OLEDFlgyees skrusthde, a | ayer 7 with

a vitreous structure is additionally illustrated: In this case, the

mul tiple layer 27, in addition to the 3o barrier action which is achieved

by the layeng.75 to 7N, is , shows an embodiment of the OLED
15 ' with the layer with a vitreous structure

arranged between the OLED layer structure and

the substrate,

Fig. 6 'shows an embodiment with a
20 - o multilayer encapsulation of the OLED layer
structure,
Fig. 7 | shows an embodiment with a

'multilaYer encapsulation of the OLED layer
25 structure and different refractive indices in

the individual layers,

Figs. 8A and 8B show the curve of the refractive index in a
layer with a vitreous structure in accordance

30 with two further embodiments of an OLED, and

Fig. 9 shows an embodiment of an OLED with

conductive layers structured in a comb shape,



al so used for refractive index matchirng in order to inprove the output of
the light emtted by the organic layer |5 at the interface between the OLED
and the environment. The 34 individual layers 71 to 7N and 81 to 8N of
the nultiple layer 27 for this purpose.have different refractive indices.

In particular, the layer 27 is constructé4 in such away that the layers 71
to 7Nwith a vitreous structure have the sanme s refractive indices, and the
| ayers 81 to 8N |.i kewi se have the sanme refractive indices. In this way, the
refractive index. alternates fromlayer to |ayer through the alternating
arrangenment of the layers. . io However, a variation in the refractive

i ndex can BFdgrdduced not only by cosidws iy cofparesen| afjerwo Raehémenst is
al so possible fQ a layer wth a.vitreous structure.to.have,. ‘ '
conposi tion. whi ch varies al‘ony THe o eet b° p%?.?)%‘?\%i%h%rg%@z @ coat ed
surface and/or a refracti weragdriesi o cdutyiid €514 5s Al pagpébt svéiyection. A
variation in the refractive index is preferably also achieved by varying
the | ayer conposition. However, variation by neans.of a |ayer norphol ogy
whi ch chan al.gng this direction, ' siiy, is also
concei vabl g.q%l_'a;}ceirs with a variati onéﬁw%ﬁ%%%%fgg%tgﬁgg?gﬁgxtgé aresult
of changi ng .| ayer conposidpticaiarmdres jrodut eeh dyp siepoised | ogltivem| ayeipby
means of coevaporation, the evaporation-cpatjng rate of at |east one of the
evapor ati on sources bei ng ac%fngfg}ﬁ"'giﬁ?rhgofh%l’%%apor ationcoating process: -
Therefore, a periodic change in the 2s evaporation-coating rate, for

exanmpl e by periodically changing the output fromone of the sources, makes
it poddibl &4% prloduce a correspondiFhRPYRyRrCoRRHr bseR t pEoble sefhiteLercy
whi ch has a refractive in i i i .0di C pe ndi cul ar to the
coated surface. 30 Such a%rd\%%h%ﬁ%ﬂ%%%?% ?I!ﬁéei' iéslg(?l | ustrated by
way of exanple in Figures 8A and SB. The coordinate z in these figures

i ndi cat es téphe di.rection perpendicular to the coated 35 surface. Both
curves revédd-alferiodic variation iFPUHe TF rHUPIRRS ISRt i R HRUS
direction. The curve of thadffdhadiae dEeXeidhdist & ai&ds i fufbgi o8Bobas, in
addition, to the periodic variation, a decrease in the anplitude in the z s
di r ectliSon, which may addi titshatesidanes biemefin a oclireatorit prambey. and

i ntroduction efficiency of the element. Finally, Fig. 9 shows a further
enbodi rent of an OLED or of an organic, electro-optical elenent, which has
st ruct ur ed Fiig .f unchicosala |dyeyrsamlat tdicresdaosk aeivnal hei @oncedaye dayers

13 and 17 %r,e stréjr&)t red. in a conb shape and, are both |ocated at the, sane
| evel on thé&*Shb mentripd Ay QLED FCHRFPRS N TR L FV5RfetCR etiitles

30I ;Ahi cht ane @%P%%%He@vre(}aqtl hgast. R WiEBZonkhe 4l tA081SUPRL Ve 0F, to
vol tage tap in e
20 which an OLED layer structure 5 is applied on one side 9. The

layer structure 5 comprises a first conductive layer 13, a
layer 15 which includes at least one organic, electro-optical
material, and a second conductive layer 17. The layer
structure 5 of the OLED is covered with a layer 7 with a

25 vitreous structure and has beeﬁ applied by means of PVD

, and/or CVD coating. On account of its low permeability, the
layer 7 creates a hermetic encapsulation of the OLED layer
struycture 5, in particﬁlar with respect to small gas
‘molecules from natural atmosphere, such as water or oxygen.

56 In this way, the degradation of the OLED according to the:
invention as a resulﬁ of chemical reactions between reactive
gases and materials of the layer structure is greatly

reduced, and this manifests itself in an increased service



. transni ssi o Brotigft wo”

nb case of a photovoltaic element is effected via the webs 32. The | ayer.

| 5 which includes at | east one organic, electrooptical material is applied
to the structured layers 13 and 17, so that there is also naterial of the

| ayer 15 between the finger electrodes. In this exenplary enbodi ment, in
order 20 to be encapsul ated, the OLED | ayetr structure produced in thi S way
is once again, in a simlar manner to the enbodi nent which has been
explained with reference to Fig. |, covered with a layer 7 with a vitreous
structure, 1% r GHE SELED Nersxeyih 88 Yo eaRo0h ABND SoWhh Cho By e  been

present ed above can al so be conbined in"a wde. range of ways, for exanple
by | ayers watticudarlaosxprdienurnaberhgl appti tdetbapepl Ur abnt gcobuskdes

of the substrate. For exanpl.e,.inter_alia, the enbodi nent_shoywn with

ref erence too{ %tgs. % RO BEHY Yot ned W?Elﬁu%ﬁﬁt?ﬂfég‘ghﬂf‘ﬁgf‘x\gi de of the

substrate wortnimoes dlhes£dFMhdwyes warucbulerby {ow pxanpheiastiN LAe

enbodi nents shown in Figures 5 or 6. Also, virtually any other desired -

combi nat i oRPTRAS D FHIRIRS Wcﬁlﬁ‘avéa’é*ééﬁulag%ysﬁ‘é%a]a%%- possible. It

is al so possible for all the enbodiments to be used in pixel displays, for

exanpl e by using a matrix 'arrangenent of the elenments described or by

usi ng corr ésporsipngiesthietivedhontager veithyareinreébus sntectonaecds

whi ch cross_one .another. Fig. .10 shows_phot ographic, i es of the |ight
aspp%iel‘%%fc %:P%%e%f?@%s‘f’}éjr%h 38 sPeEMstrates to. .

which two cRigddinaed Hyp ey feesn 2Pt edg Jhecsabsieates 10 were then

encapsul ated on the side bearing the calciumstrips. In the case of the

speci M®n shown on the |l eft-hand side of Fig. 10, an evaporation-coating

gl ass was [ r1 engansyl fﬁgh ile ] C t he: i men

illustrat e?ﬁgénlt eélfilgf?@ﬂlg%g %}é e o?%%.oﬁ%a%fgi I?%%%Q%ai %tfgégr was 15 .

sel ect ed f orattehelancapsid fimnl forbebopanat aneopgapdsesl idhe- émbgesnyer e

taken after; the spfeci ﬁls had been stoied.for 20 hours in, gig. Undegr aded
regi ons of YWe walGumitay et TR kMY t HEOYSEYEs. t 115 chV®s B8%n from

the two i nages 2e tdwdiddes el & um Ei%séﬂﬁi&?, V\%]E&W@P@éﬁéi%]y%a%?g
gl ass are nmuch | ess corroded. The degradation of the specinen -
15 a photovoltaic element. " .

The evaporation-coating glass type 8329 produced by Schott,

which has the following composition in percent by weight:

20 sio, 84.1%
B,0, 11.0%
Na,O ~ 2.0% |
K,0 - ~ 0.3% (in the layer = 3.3%)
25 Li0 ~ 0.3% J
Al,0, = 2.6% (in the layer < 0.5%)

has proven particularly suitable.
30 \ |
The values given in parentheses are the proportions by weight

of the corresponding component in the layer deposited by



coated with silicon oxide is further -advanced over the entire surface.than
in the case of the conparison specinen with an evaporation-coating gl ass
coating. 25 Fig. 11 shows the optical density of calciumstrips for a
pturality of specinens, each coated with evaporation-coating glass or
silicon oxide, as a function of the duratd®n of action of air. The

speci nens on which the neasurenents were 30 carried out are simlar to the
speci nens shown in Fig. 10. In this case too, calciumstrips were deposited
on a substr&ffpofdth dhecsddendearing the strips was then encapsul at ed by
evaporation coating with an evaporation-coating glass or a 37 silicon

oxi de layer. The graph shown in Fig. Tl reveals that the degradation of the

oxide | ayer h shown in | veal s that the degradation
ieed s encHRR T EEY U Gl e AenioE nBHhE etPiesS=Bheligipatea usi ng

evapor at i orgﬁgpgi%tgépfslozﬁigg/crgz(égoy\goacf)@r chart representing a
conparison of the . efficiency of differently encapsul ated OLEDs. OLEDs
whi ch had ZeubEeeremeapsiut dtleel putd Evapor fhiengtaati hgsghasefwerceivenpar ed
with OLEDs mﬁ#hout -enca sula%igﬁ q%@CLEDs.mjth asilicon

oxi de. encapStif i Oh. TERECETIE F c@' Asurenments were neasured shortly

- after.the encapsul ation at two different |umi nescences. The OLEDs were

tested in a shielding gas i5 atnosphere.in order to present degradation of
t he unencapBhe aleell €ttBElsc donstamtbes sieermfpoexihet ebastirentatt s25hownlin:

Fig. 12 that the deposition of evaporation-coating glass, unlike the 20
deposi ti on ¥izki | talth idkiaRPr PedabSt AR i°al 19 nb2ef 22t€. oh MH2) quBhety of

the 111§ Shed fhh s ol A6 e SISLELENEYOlnLG: PLEPPaGNGaPSLL Rl ed ML
evaporation-coating glass re s scarcely any differences conpared to the
unencapsul atlesl chrigomerys cmit tlass , sysreeref testkacynobliget O EDs £ eaeansul at ed

stoichiometries between the target material and the layer

which is applied by”eVaporation—cbating. The deviations in

the layer which is applied by evaporation-coating are given

15 in parentheses.

Another éuitable évaporation—coating glass, referred to below‘
as glass 2, has the following composition,vin_percent by
weight: |
20

Components: Glass 2

- 8i0, | C71%

. B0,
Na,0

2

(0]
Li,0 . 0.5%
Ko 1
Al,O, 1
These two borosilicate glasses which are preferably used in

particular have the properties listed in the table below:

Properties 8329 - Glass 2




2s with silicon oxide is considerably reduced. The follow ng t ext

refers to

Fig. 13, which shows a graph illustrating the lumnosity of two differently
encapsul ated OLED el enents as a function of the residence tine in a 30
An OLED encapsul ated with silicon oxide was conpared w th

-ckimat e chanber.

an OLED encapsul ated with evaporati on- co&t’i ng gl ass.

nmeasur ed usi ng a phot ographi c el enent,
38 The Iun1n03|ty was determned at a constant operatlng_

relative units.

The lum nosity was
and the neasured values are given in

current of (f m—\ L-Pd’-s e ULEDST e SPET] E WEeTEStO Fu 1 the—ct rrate
chanber at| &M3*Qi Ketperature of 85C ahd a rel ative g nDspherlc hpimi di ty
of 85% | peatkills, segfe®hat. The OCED encppsghated W Th ¥bcon OXTde has
only appr(xnnnrelv a quarter of the original lumnositly ter ten days in
the cli mat ExanEfsamatByore atirdst[°Ghe OLEP6@ACapsul at ed7#&t h :
evapora.tic.Re £§é|5bixi a5Ss—eveR—has !igpt!y -RGr-e $ [ Y.
39 List of 59r&% ri'lf%ﬁ"%ll s 1Organic, pfectrio-¥ptical e?@?rent
- Subst ratem&‘:la:u}ad&&r S EHAH &R . c1Elss /é HeB: 1 /NLayer vitT S
structure9First side of the substrate.10Bondi ng | ayer11Second si de pf the
substratej$ﬁ|@9¢Q§ﬂﬁﬂﬂﬁ|WR¥hE%§9]IK§gan c, light-enitting |ayer17
~~. Second uter—stde—ef —the—O-EB2ZiPre—encapsulatipn
| ayer 23Coye égygﬁgggﬁéﬂ%ﬁtd:néﬁ%ﬁﬁ}tlple Pa§er30Finger %Iectrode532veb81
82, ..., EBHIca:y:e:rcﬁrﬂfe e hgiN ple diayer 7 40 d ai nsf :
Alkali resistance class in 3
accordance with DIN 52322
Dielectric constant (25°C). | 4.7 3.9
’ (1 MHz) (40 GHz)
tand (25°C) 45%107¢ 26*10™
(1 MHz) (40 GHz)

The application of the layer 7 by means of vacuum deposition,

such as for example CVD and/or PVD,

results in the formation

of an intimate bonding of the layer 7 both to the surface of

next to the OLED structure.

As a result,

permeablllty

the layer structure 5 and to the substrate itself in areas

{ passages at the edge regions of the OLED layer structure are

~also avoided;

in‘OLEDs which have been known hitherto,

such

passages are encapsulated, for example by adhesive bonding.

.10

evaporation coating,

It is preferable for the layer 7 to be deposited by means of

in particular by means of electron beam

evaporation of a glass target having one of the compositions

given above.

15

proven advantageous to use an APS

source) and to carry out -a plasma ion assisted deposition,

To produce particularly dense,

low-defect layers, it has also

(APS

advanced piasma

particular evaporation coating assisted by plasma ions.

in



1. A process for producing an organic; electro-optical elenent (1), _
conpri'sing the steps of: s - providing a substrate (3), - applying a first
conductive layer (13, 17), - applying at least one layer (15) which
includes at |east one organic,' electro-optical material, - applying a
second conductive layer (13, 17), io whi B includes the step of : depositing
at | east one layer (7, 71, 72; ... 7N) with a vitreous structure. 2. The
process as clainmed in claiml, wherein the step of i5 depositing a |ayer

(7, 71,72, ... 7N) with a vitreous structure conprises the step of vacuum
or | ow pressure deposition of the layer. 3. The process as clained in claim
1, or 2, wAsr ¢ihist lesiglistent oftiepogidtinratatis casangperénty erLight a

vitreous stru ure rlsesthe St ep .of de ositin n ino jc glass. 4.
The proces§™ é‘% f%é’? r?&gc?fmtcheqdr %‘r%&w@ay?’é %\ﬁe’gﬁ%’gtﬂfe step
of depositing padseastciprtidayele Wildsd Vddr[cﬁﬂéﬁlﬁé rl’&}é‘fel§0éﬂ&'t§1€?§nt he
step of depositi n%t an al kali1-netal-containing gl ass. 5. The process as

cl ai ned i nPéfEest treusteddW Agtardiane WW%lﬁ?ﬂY#@@ﬁ@p‘: ofn d‘elp@sﬂdfng
at | east oRe 'o%y%rhﬁ |tcar%p\§lier q__o%%b}ttr%cg ure conprises the step of

depositing a borosi te ass. “he process as clainmed in one of
the preceding clains, wherein the step of depositing at | east one |ayer

with a vit eou stru ecorrprlsesthe step_of depositing an s _ _
evaporati o z’ﬁ “gﬂo%i“ e pridcts ORI G R L 3YEHnE® Fonpiises a

precedi ng %&ah@@af@a&reldarh%titv@n@{téims'téd&%'f@é%%i@ addm . 71,

72.; ... 7N) with a vitreous structure corrprlsesthe step of epositing
at | ea8t ohény gyrdde( 7 iy prdex, to alAQw ikeh laight reo st rttmtcmgshby means
of physical and/or chemnical vapor depositions 8. The process as clained in
one of the preceding clains, i5 wherein the step of depositing at |east one
| ayer (7, The Eécondrcﬂﬁ)iudtmeal\aiyterxemdﬁnpshrsmLﬁenmmidls&ﬁlﬂm% Stepeof
evaporatlon c%atln t.0 pr duce _a layer (7, 71 with a V|treous

structure. &bay ey £irsh rﬁ%nd‘i“?FWﬁ citYee <t

evapor at i OQOQQatfhﬂgzttl%nprl(ﬁd‘&?l‘% 2RV YE Gh DI tin -oxtle WdyLA lyé.li.ﬂfous
structure. conprises the step of el ectron beam evaporati on. '
15 approximately 4.9 eV. Calcium is a particularly suitable

material for the second conductive layer. However, calcium is
highly reactive and reacts in particular with the atmospheric
- oxygen and with the water which is present as moisture in the
air. In particular to protect this la?er, hermetic
20 encapsulation of the OLED layer structure is important in

order to avoid degradation.

This embodiment of an OLED coﬁprisés thé layer-sequence
substrate/first conductive layer/organic, light-emitting

25 layer/second conductive layer. This correspondé tb the
standard structure of OLEDs. However, a structure with an
inverse layer sequence can also be achieved by the
application of a layer with a vitreous structure which at the
same time effectively encapsulates the OLED layer structure

30 5. This variant is illustrated in Fig. 2. In the embodiment
shown in Fig. 2, the layer sequence is accordingly:
substrate/second conductive layer/organic, light-emitting

layer/first conductive layer. In this embodiment, the



25 1.0. The process as clainmed in claim8 or 9, wherein the step of
evaporation coating to produce a layer (7, 71, 72, .. 7N) with a vitreous
structure conprises the step of coevaporation fromat |east two evaporation
sources. 30 11: The process as clainmed in _claim210, wherein the step. of
co- evaporation conprises the step of var §i9ng, in particular periodically
varying, the evaporation rate of at |east one of the evaporation sources.
42 12. The process as clainmed in one of clainms 8 to 11, wherein the

deposi ti on sfost detier3 yaye Ry Adnr Ratd o s AGRE | BESet g1 SteRe Of 1 ghasna
ion assisted deposition. 5 13. The process as clainmed in one of the - _
precedi ng ®bdioks 1suetidited Her o dheforiamss + | hight tenykt {79 Yayey2ls. ..
7N) with a vjitre r.yct i S position, b ans of
ol Asia. enndteE e At VS SR ol B ER) PLrLEPOSIR Ol TRTRE
step of depasi ten@rdes reantshefoyteasm demid sehehest Cehe VBppsr deposthi &n
(PICVD), and/or the step of sputtering, on a layer (7, 71, 72, ... 7N) with
a vitr&ous VHTFFAYF SEHEEHEE The process as claimed in one of the preceding
clainms, wherein the step of depositing a layer with a vitreous structure
conprises the step of co-deposition of organic. material. 20 15. The
process as Fdlgai redliiagnammadfiqaid ypdsmeidi gy at aemsod thentei withnea apre he
conductive | r 17 __has | qwer work functi t han 1 he ot her
conductive elna{j‘l(‘:}%l rs%gi.onl&a fe zglr'o%;lss T H TR T oh® o#a¥€ﬁ]é b €288t ng
cl ai s, 2s iwlieah dlie utescidm stepafblappadaorat tigastawsae nokechnkection
| ayer and/or, a potential -matching |ayer and/or an el ectron bl ocker |ayer

and/ ot% hIME ARV ST TURFAT andBt S(F BRI SohtictBFeT aybroemErerdhy
“hol e condugipfyyliansy @@/ﬁlfr’soeﬁte%éﬂl 'ﬂ%ﬁﬁrﬁ’!‘ +ﬁé/egfre39né%ps ?&ﬁé&cess'
c I erelrn at e

as claimed in“one of the preéeceding clains, east one of t
conduct i ve laypar LY 1 evEnts sncteddast foam i @he ylayemsharemdt t tat e ingit

emtted from.th 43 | ayer (15) i ch i ncludes. at | east one or ic,

el ectroothi(%gQéLlS ‘rafxaatyeeﬁ 'alpf&/rfé?v(eﬁe tgleo se%sthclaersrﬁs - R eﬁ‘?ﬁ]n whi ch
the | ayer Bafil.erl Boadtiglgides dH)dicimdddoid der aingl orov | tiesdmer - doped tin .
oxide. 19. The process as clained in claim17 or 18, wherein the at |east

one | dyer CPRARCLIFALY, prayengs highyilewhs of hratreutent strrpdes ied
after the apRklaahiay o e I 1liah ddalides & tejphe organic,

el ectro-optical materi al” 20. The p\rlgé}cess as ¢ alerred“ullln nter%c:f the
precedi ng epgilixabilcer aifn thee Hayest 7and/tdr s ecionte@ondictuateamnd/ or t he at
i5 least one layer which includes at |east one organic, electrooptical
material are applied in structured form

Figures 4A to 4D show embodiments of the organic, electro-
20 optical element 1 with an additional cover 23. The cover 23
is used to protect in particular against mechanical damage.
Since the layers 13 to 17 of the element 1 may be relatively
soft, the layer 7 is joined in the region of the OLED layer
structure 5 to a base which is not very stable, so that the
25 layer 7 may be sensitive to mechanical effects. The cover 23
. may advantageously be adhesively bonded to the OLEb. In the
embodiment shown in Fig. 4A, the cover 23 is joined to the
further’components of the element via a synthetic resin or
plastic layer 25. The synthetic resin or plastic‘iayer‘25_is
30 suitable for compensating for unevenness on the surface, for

example caused by the protruding OLED layer structure.



21. The process as clained in claim20, wherein the first conductive |ayer
(13) and/or the second conductive |ayer (15) 20 are applied such that they
are structured in a conb shape. 22. The process as clained in one of the -
precedlng clains, wherein the layer (7, 71, 72, ... 7N) with a vitreous
structure conprises an at |east binary s?Qtentof materials. 25 23. The
process as clainmed in one of the preceding clains, wherein the step of
depositing the at | east one layer (7, 71, 72, ... 7N) with a vitreous
structure takehdlatR @l IdfowRPPd aaltd 0”4;19‘c the {iyst gopgdugtive layer
(13) and the second. 30 conductive layer” (17) and of ¥he at | east one |ayer
(15) whi chviirtglagess %:truce'ame ofes cleposited|ortsechpricay thterthe. 44
24. The pr Cess. as c it e of the ggedlqg,ghalnsv in, mhlﬁh t he
Step of defSSTHINg HEHC d Fig i PE Bveyyitithey
Vitreous stdoieirece tfaiie&m?s’:tqmﬁ;ﬁiﬁe tHee Pt C28 | wals OdpPDee@f tdNEhe -
conductive layers (13, 17). 25. The process as clained in one of the

precedisng @ofites sHRstEate Rekaxy Wie dept (1 it el | ayeityeousy, 72, ...
7N) with a Gt ) ] t | ayer
1) W 8 ARG ShiIOHUE oPTREF 8 e S06P, f-GeRtal gD andd Laver
t he substr@bgdémnedtunsnhhaqdmertandevﬂrtiEsle@ge vibgh wite Eimencthees at

| east one qQrganjc, electro-optic material is appl he ocess
hs ol ar ed AR IR fioduth T et TiRe ey B0 hehiat cpar eHeBab 11 ng
the layer (the Gbvek2:23 -is 7sl\9al’!d oy tid regpsr st I ugh Us eptetest §l gesebef ore
the application of the first conductive layer (13) and the second ‘
condudid ve ﬁr%@WW%beWQ%y@V%HEHW@Pﬁﬁ?l%"ll%ud%%dabe¥@@s@bbﬁe 20
organi c, C I r Process as clainmed in one of the
precedi ng c%a?n%&pmﬁg%glonﬁtﬁaié g‘{ oFep05| ting a layer (7, 71, 72, ...
7N) with a V|treous structure conprlses the step of applying a 25 nultlple
| ayer (27) The ess claimed in claim wherein_the ste

noolyi N 2 T e o A Eb S e Bt A of BRI S A | oF cLPayer
W th di ffer&ﬂtexctt%ﬂtqfé B Ge § | DN SHUH Dy 300 di 14 ef e ae&@antﬁél layer
properties in at least two of the individual l|ayers (71, 72 ..) %

82, ..15 8N} withlym zetrﬁmlqors;‘cmwzee claiikerlh whed ntosseomee ei‘—lnet he

' nd' vi dual (ﬁ%‘% (71 lth 't 8lsea§L21n%d3f ?tfwe Oé%%e%sgyl éh

as ¢ alned¥ln one

(27) have rent rac I Ve i ndi ces
of the preaem mig:pﬁsaltnmqn Wi adhe ricdyutlesyittdre $t\en:zﬁéo@$)pétyr1m@t1&re
pre-encapsul ati on layer C21) 31. The process as clained in one of the

preceding @FQQﬁQlQQ}XMﬁ%ﬁ?lqﬁﬁRRE% IhPREFDOLIIS i FVSE coverd (23).

similar manner to that achieved with a soldering glass, but
- 20 without the OLED layer structure having to be exposed to any
particular thermal load. By way of example, the layer 7 is
not designed as-a continucus layer, but rather is only
deposited on the edges of the cover or the boundary curve of
the bearing surface of the cover. Naturally, the layer 7 may
25 also be deposited so as to cover the entire surface o6f the
| coated side of the element, in a similartmanner to that shown

in Fig. 4B.

Fig. 4D shows a further embediment of an element 1 which has

30 been provided with a cover 23 and in which the boundary curve
of the bearing surface of the cover is covered with a layer 7
with a vitreous structure. In this case too, as in the

embodiment which has been shown with reference to Fig. 4C, in



32. The process as clained in claim3l,

| east one
t he bounda
| ayer with

20 | ayer (
| ayer (7,

“wherein the step of depositing at

| ayer with. a vitreous structure conprises the step of covering
ry edge of the i5 bearing surface of the cover with at | east one
a vitreous structure. 33. The Rrocess as clained in one of the
precedi ng cl ai ns, which includes the steﬁ of applying at |east one bonding

71, 72, . 7N) with a vitreous structure is applied. 34. An

10), in particular a bonding layer (10) to which the at |east one
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ciaimed in claim34, wherein the at least 5 one deposited | ayer
7N) with a vitreous structure conprises an inorganic gl ass

layer. 36. rTHhe iRl emddarel AKEeh Wi Onerdfetbgcdr €6€Higy £EAI gBsealWhBLei N
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wherein the at | east one deposited layer (7, 7l1la.-72, ... 7N) with a

vitreous s
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tructure is applied by evaporation coating.
'Fig. 5 illustrates an embodiment in which the layer with a

vitreous structure is applied to the substrate 3 before the
-application of the first and second conductive layers and of
the organic, light-emitting layer. As a result, the layer
with a vitreous structure is located between the substrate
and the OLED layer structure. In this way, the diffusion
through the substrate into the OLED laYer structure is
suppressed. Moreover, the encapsulation of the OLED from the
side of the substrate 3 which is achieved with this
arrangement of the layer 7 between OLED layer structure 5 and
substrate 3 makes it possible for a material which can be
penetrated by gas molecules to be used for the substrate 3.
By way of example, in this way it is even possible to use a
plastic substrate through which gas molecules would otherwise
migrate into the OLED layer structure on account of the poor

barrier action of plastics. The use of plastic substrates is

 particularly suitable for the production of flexible OLEDs.

Moreover, the OLED may include a bonding layer 10 for joining

the layer 7 with a vitreous structure to a plastic substrate.
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30 41. The element as clainmed in one of the preceding clains, wherein the
at | east one deposited layer (7, 71, 72, ... 7N) with a vitreous structure
is applied by sputtering. 47 42. The elenment as clainmed in one of the
precedi ng cl ai ns, wherein one of the conductive layers (13; 17) has a | ower
work function than the other of the conddétive | ayers (1~7, , 5 13 ) . 43.
The el enment as clainmed in one of the preceding clainms, wherein at |east one
of the conductive layers (13, 17) is at. least partially transparent to.the
l'ight em ttre@ bomithe 153/ dayer {dfDindi€he i Dy eHes witheastiopgogsgani c,

el ectrooptical material. 44. The el ement as clained in one of the preceding-
cl ai ns, i n SHUEFUTRe aRd |idastogrired deweernspasentte chnamdt laeerayer The

13). incl i.nd] j i i ne-~ i ide.. 45. Th
i otent as SR /st S R AL o SR8 fa (88Afadol: DIHEE BEETRIET one
layer (7, %he 1&yer .7 WN)thwmd hyizt 2w tsEonst sie UShdr ehé Ssalbsenged between

the substrate (3) and a first conductive |ayer (13) or second conductive
| ayer élS)dhﬁt'%ﬁPﬁﬂaﬁﬁﬂﬂ ofs WS RET 7 oheCB tidef hretete nguksrake 2s

wher ei n t hg Ath:8%0,108 WIRME 't He/ 01D i bent dA Mk tHredeidd OYE
structure is located on the opposite side (11) of the 'substrate fromthe

side (9) orromyisech tilte isaypdrsq B)ssitileh forc| tide sembodiyemt s, wiel elot havept i cal

material is_|oc .30 A47. The elenment as .clainmed in one, of .the preceding
clains', V\E)éere%l ?et%gla ec‘deaéjs%veor?en ayer-q 7"Vt137“?h ot &e.s.c%\ﬁe% ?ﬂl_ngF?r eous

structure Hasladeoneesiitdon apdah omrdiess atyhg. t he direction perpendi cul ar
to the coated surface and/or a 48 refractive index which varies al ong
this di®ection. 48. The elenment as clainmed in claim47,- in which there is

a periodi ¢ AR/ N o HRGHBROH AL RNH 05, t oot SliaGt | M8 Fnglexspf the
at | east one Féyéf (7, 71, 72; ... 7§§ﬂajth ad?tpgﬁéggstruc%ﬁr%ﬂglo%g t he
direction pempéeditedimallyo sded ddm LBUrfayee stddctdhe % evlehs as

cl ai med ine%%%_ogl%gg_r{ecgg%p é!ainiﬁeﬂiLe jgf iqg%gggs nultiple | ayer
(27) whi ch COEN s ES & FEa 5%$ X aydie 73 718105 ette 5%5 W th a vitreous
structure. application of a layer with a vitreous structure by means of
15 CVDland/or PVD coating. The layer with a vitreous structure
which is applied between the OLED layer. structure 5 and the
substrate 3 may, in addition to its function as a diffusion
barrier, also serve to match refractive indices between OLED
layer structure 5 and substrate 3, in order to improve the

‘20 outputting of the light emitted from the organic layer 15.

In the case of OLEDs with flexible substrates 3 which are
constructed as shown in Fig. 5, the layer 7 should run as far
as possible along the neutral fibér of the structure, so that

25 it is impossible for any cracks which could increaée the

| degradation again to formvin:this layer when the OLED is
bent. Fig. 6 shows an embodiment in which afmultiple layer 27
has been applied, in order to increase the flexibility of the
structure. In this.case, the multiple layer 27 is appliedAto

30 ~ the side 9 of the substrate, between substrate 3 and OLED-
layer structure 5. In this embodiment, the multiple layer 27

comprises N laYers with a vitreous structure 71, 72,..., 7N.



50. The elenent as clainmed in claim49, wherein the individual |ayers (71,
72, ..- 7N, 81, 82, ... 8N) of the i5 nultiple |ayer (27) :have different
refractive indices. 51. The elenent as clained in one of the preceding
clainms, which includes at |east one pre-encapsul ation |ayer (21). zo 52.
The el enment as clained in one of the'pre&%ﬂlng cl ai ms, which includes at

| east one hole injection layer and/or at |east one potentlal mat chi ng | ayer
and/ or at |east one electron bl ocker |ayer and/or at |east one hole bl ocker °
and/or at |east one electron conductor |ayer and/or at |east z5 one hole

conductor |ayer and/or at |east one electron injection layer. 53., The
el enent as3ﬂﬂﬁﬁ¢ﬁﬁbl¢lkﬁﬁﬁtﬂ 8he B2 ecedi ngNchaenepphhedhal hernabely wotbr

(23). 30 54., IQ? % g@@t ialned ?§3q+ﬁén}§gxl§€8rf%ﬂethngguEQary.edge

of the bearlng Sur the covetf I'S cover onée-tayer
(7) with a wtm&pusbyztwalptmtt %xamﬁEeS&oﬁﬁﬁlgéEﬁBmwaﬁ Ehﬁéﬁgd re ene of

t he precedi cl ai mhlch |ncludes a bondi ng | ayer in partlcular a
bondmg’”a%@%3 q%ﬁ? n§°¥%%sa?c?%ESPeBW%ePa§E? %7d17i ugd 5 .

7N) with a ya;;éle@usmé ré&?é&'f 6 056 s The ChBEBPbeaSHE! AL FBENAD: BRE 0T thgg |
preceding clains, wherein the first and/ or second tonductive |ayer and/or

t he at IeaékaXﬁﬁsl%We¢CQWW@h ¢ﬁc¢@@e§l@x1beésty09é bhgahaz¢r8081 to 8N.

el ectro- opt eri e structur enent.as.c d in

ol i m o5 PhrerIFI e The S e tas ode (h8p hRcRarLERactaCERE "
conductive d@ﬁldé@l@é o 51 e t o el myéhesfﬁﬁat@fecgﬁboraérSBo A deVI ce
for carrying out t he process and/or for producing the organic,

el ect rf optT TR IR LHEANY 1) 2 st Re aF B Fhm%nef%?x%héyp?@@@ﬁﬁ%baéﬁthﬁ

whi ch deV|q§L¢§u4é§g§ Meansc{oL fepositing at | east one |layer (7, 71, 72,
7N) with a 20 vitreous structure. -
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illustrated in Fig. 6, an OLED according to the invention
with a multiple layer 27 which comprises layers 71, 72,...,
20 7N with a vitreous structure and further layers 81, 82, ...,
8N. Unlike in the embodiment shown in Fig. 6, however, in
this case the layers are applied to the opposite side 11 of‘
the substrate 3 from the side 9 to which the OLED layer
structure 5 is applied. An encapsulation of the OLED layer
25 structure 5 similar to the embodiments illustrated with
reference to Figures 1 to 4 by a layer 7 with a vitreous

structure is additionally illustrated.

In this case, the multiple layer 27, in addition to the

30 barrier action which is achieved by‘the layers'71 to 7N, is
also used for refractive index matching in order to improve
the output of the light emitted by the organic layer 15 at

the interface between the OLED and the environment. The
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30 ‘
Such a curve of the refractive index is illustrated by way of
_example in Figures 8A and 8B. The coordinate z in these

figures indicates the direction perpendicular to the coated
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the periodic variation, a decrease in the amplitude in the z
direction, which may additionally be of benefit to the

outputting and introduction efficiency of the element.

Finally, Fig. 9 shbws a further embodiment of an OLED or of.;
an organic, electro-optical element, which has structured
functional layers. In this embodiment, the conductive layers
13 and 17 are structured in a comb shape and are both located
at the same level on the substrate 3. The laYers 13 and 17
each have finger electrodes 30 which are connected to at
least one web 32. The voltage supply or voltage tap in the
case of a photovoltaic element is effected via the webs 32.

The layer 15 which includes at least one organic, electro-

- optical material is applied to the structured layers 13 and

17, so that there is also material of the layer 15 between
the finger electrodes. In this exemplary embodiment, in order
to be encapsulated, the OLED layer structure produced in this
way is once again, in a similar manner to the embodiment
kwhich has beeh explained with reference to Fig. 1, covered

with‘é-layer 7 with a vitreous structure.

-Of course, the exemplary embodiments which have been

presented above can also be combined in a wide range of wayé,
for example by layers with a-vitrebus structure being applied
to a plurality of sides of the.substrate. For example, inter
alia, the embodiment shown with reference to Fig. 7 can be
combined with a coating on that side of the substrate which
faces the OLED layer structure 5, for example as in the
embodiments shown in Figures 5 or 6. Also, virtually any

other desired combinations of the embodiments which have been
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using a matrix ‘arrangement of the elements described or by

using correspondingly structured conductive layers with

5 interconnects which cross one another.

Fig. 10 shows photographic images of the light transmission
through two specimens. Thé épecimens are glass substrates to.
which two calcium strips have been applied. The substrates

10 were then encapsulated on the side bearing ﬁhe calcium |
strips. In the case of the specimen shown on the left-hand
side of Fig. 10, an evéporation—coating glass was applied for
encapsulation, while in the case of the specimen illustrated
on the right-hand side of Fig. 10 a silicon oxide 1ayervwas

15 selected forAthe.encapsulation, for comparative purposes.

The images were taken after the specimens had been stored for :
20 hours in air. Undegraded regions of the calcium layer
appear dark in the.images. It can be seen from the two images

20 that the calcium strips coated with evaporation-éoating glass
are much less corroded. The degradation of the specimen
coated with silicon oxide ié further advanced over the entire
surface than in the case of the comparison specimen with an
evaporation-coating glass coating.

25 | |
Fig. 11 shows the optical denéity of calcium strips for a 4
plurality of specimens, each coated with evaporation-coating
glass or silicon oxide, as a function of the duration of
raction of air. The specimens on which the measurements weﬁe

30'_ carried out are similar to the speciméns shown in Fig. 10. In
this case too, calcium strips were deposited on a substrate,
and the side bearing the strips was then encapsulated by

evaporation coating with an evaporation-coating glass or a
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the calcium strips occurs considerably more quickly when

5 silicon oxide is used as encapsulation material than with the

specimens encapsulated using evaporation-coating glass.

Fig. 12 shows a bar chart‘representing a comparison of the
efficienéy of differéntly encapsulated OLEDs. OLEDs which had

10 been encapsulated with evaporation-coating glass were
compared with OLEDs without-encapsulatibn and OLEDs with a
silicon oxjde. encapsulation. The efficiency measurements were
measured shortly after the encapsulation ét two different
luminescences. The OLEDs were tested in a shielding gas

15 atmosphere in order to prevent degradation of the

unencapsulated OLEDs.

It can be seen from the measuremehts shown in Fig. 12 that
the deposition of evaporation-coating glass, unlike the

20 deposition of silicon oxide, has substantially no effect on
the quality of the finished OLEDs, since the efficiency of
the OLEDs encapsulated with evaporation-coating glass reveals
scarcely ény differences compared to the unencapsulated
OLEDs. By contrast, the efficiency of the OLEDS encapsulated

25 with silicon oxide is considerably reduced.

The following text refers to Fig. 13, which shows a graph
illﬁstrating the luminosity of two differently encapsulated
OLED elements as a function of the residence time in a

30 climate chamber. An OLED encapsulated with silicon oxide was
compared with an OLED encapsulated with evaporation-coating
glass. The luminosity was measured using a photographic

element, and the measured values are given in relative units.
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\\]~"}[ 947 The specimens were stored in the climate chamber at an air
5 temperature of 85°C and a relative atmospheric humidity of
85%. It can be seen that the OLED encapsulated with silicon
oxide has only approximately a quarter'of the originél
‘luminosity after ten days‘in the climate chamber. By
contrast, the OLED encapsulated with evaporation-coating

10 glass even has a slightly increased luminosity.
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1 Organic, electro-optical element
13 Substrate
5 OLED layer structure
7, 71, 72, ... TN | Layer with a vitreous structure
9 | First side of the substrate
.10 " | Bonding layer
11 , Second side of the substrate
13 : First conductive layer
15 ' .| Organic, light-emitting layef
17 ’ g Second conductive layer
19 ' o Outer side of the OLED
21 | Pre-encapsulation layer
23 . Cc;ver
25 | Adhesive bonding
27 Multiple layer
30 Finger electrodes
32 , Web
81, 82, ..., 8N Layers of the multiple layer 27




10Z 10ZYf; 10%Z& () - :

F9" 109Z& () - 6Mb109&Zb& () -1 3"10%Zx& () -1 . mBrmmmdEnmbCO+{ +{ $10%Zh&" () - Y! 109%&Z
& ()-y$10%Z& ()-109%Z& ()-z 109%&Z& () -

1 109Z&' () - 3manopq?qqwU3mbCo+! )" ' 109%&' () -!% (109%& ()- ! % (109ZZ& () - _

| e94.09%& () - ! MALOYEDE ()-! %0%: ()-q\rrsséfsr POO+! )" 109& | 109%JU& ()- 10 10
10! [ 3M 109&' ()-! 3M 109& ()-)'' 109&Z& () - stuuuuu}”=PCO+! $10%8&" ()-9_"10%
U& ()-10% U& ()-"10% V& ()- ! 8Y&L0%; E;

& () -1 Y&1@%ak&s(s) - uu[ vvv! wxzX6PCO+! | %1( 10%JU& () - @ %r( 10% >

>& () - @KSTOWKIXI& ()- p$l0%}& ()-!$10% & ()- ‘ o
p$10% } & () - xByyyyyy zzr S10! $10%&' ()- S 10%w& ()- 10%w& ()- 10UU 10UWU

O o ) A R ekt A AT SRR R 00
") - Y+F" 10%1&n(e)nt3(('11)0,%&n(9r1)siﬁ9§.&%& dfeps yaYod 0%& () - |

| 109V’ () - ~6n}~2410!, 10Mf; 109V& ()-19 109%VE ()-Y, 8
" 10%¢&58-I12¢}10%Ct‘51 difg FooPre THERR 100 () - O gEL0! 10M V3

applying a first conductive layer (13, 17),
- applying at least one layer (15) which includes at least
one organic, electro -optical materlal
- applying a second conductive layer (13, 17),
10 . which includes the step of: ‘
- depositing at least ene layer (7, 71, 72, ... 7N) with a

vitreous structure.

2. The process as claimed in claim 1, wherein the step of
15 depositing a layer (7, 71,72, ... 7N) with a vitreous
structure eomprises the step of vacuum or low-pressure

deposition of the layer.

3. The process as claimed in claim 1, or 2, wherein the
20 step of depositing at least one layer with a vitreous
- structure comprises the step of depositing an inorganic

" glass.

4. The process as claimed in one of the preceding claims,
25 wherein the step of depositing at least one layer with a
vitreous structure comprises the step of depositing an

alkali-metal- containing glass

5. The process as claimed in one of the preceding claims,
30 wherein the step of depositing at least one layer with a -~
vitreous structure comprises the step of depositing a

borosilicate glass.
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6. The process as claimed in one of the preceding clalms,
whereln the step of dep051t1ng at least one layer w1th a
vitreous structure comprises the step of depositing an -

5  evaporation- coatlng glass.

7. The process as claimed in one of the preceding claims,
wherein the step of depositing at least one ;ayer (7, 171, 72,
'7N) with a vitreous structure comprises the step of
10 depositing at least one layer (7, 71, 72, ... 7N) with a
vitreous structure by means of physical and/or chemical vapor

deposition,

8. The process as claimed in one of the preceding claims,
15 - wherein the step of depositing at least one layer (7, 71, 72,
7N) with a vitreous structure comprises the step of
evaporation coating tolproduce a layer (7, 71, 72, ... 7N)

with a vitreous structure.

20 9. The process as claimed in claim 8, in which the step of
evaporation coating to produce a layer (7, 71, 72, ... 7N)
with a vitreous structure comprises the step of electron beam

evaporation.

25 10. The process as claimed in claim 8 or 9, wherein the step
‘of evaporation coating to produce a layer (7, 71, 72, ... 7N)
with a vitreous structure comprises the step of co-

evaporation from at least two evaporation sources.

30 11. The process as claimed in claim 10, wherein the step- of
co-evaporation comprises the step of varying, in particular
periodically varying, the evaporation rate of at least one of

the evaporation sources.
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13. The process as claimed in one of the preceding claims,
wherein the step of depositing a layer (7, 71, 72, ... 7N)
‘with a vitreous structure.comprises the step of deposition by
means of plasma-enhanced chemical vapor deposition (PECVD),
10 vin particular the step of deposition by means of plasma

'impulse,chemical vapor depositibn (PICVD), and/or the step of

sputtering,on a layer (7, 71, 72, ... 7N) with a vitreous
structure. '
15 l4. The process as claimed in one of the preceding claims,

wherein the step of depositing a layer with a vitreous
structure comprises the step of co-deposition of organic

material.

20 15. The process as claimed in one of the preceding claims,
wherein one of the conductive layers (13, 17) has a lower

- work function than the other conductive layer (13).

'16. The process as claimed in one of the preceding claims,
25 which includes the step of applying at least one hole
injection layer and/or a potential-matching layer and/or an
electron blocker layer and/or a hole blocker layer and/or an
electron conductor layer and/or a hole conductor layer and/dr
an eleétron injection layer.
30 A
17. The process as claimed in one of the preceding claims,
wherein at least one of the conductive layers (13, 17) is at

least partially transparent to the light emitted from the



'\\eC7! 105! S)109%&' ()-! N#10% 5; 5&' () - ! D@10%1&" ()-"
D#10%41& ()- YZ109%b& ()- 105 105WAbz{Z9C7! 1 (-,10%& ()-9 (-,10%& ()-9
r(-, 109 ()-9 ' 109%& ()-!1"m 10%66& ()-Z! HS) 10965& ()-z}~ E 1
"1Q 10% & ()-@10% & ()- 105 105
1051 :, 109%8& ()-!v(-, 10%c& ()-9(-, 10%, &43-9! (-123 F~_E 1 .
“10 10% & ()-@3Q "1Q 10% & ()-@1Q 10% & ()- @ 1Q 10% & () - @ 1Q 10% & ()- @
EKPQR eF~_E 1 ~
1Q 12‘V<éc (13)a}@11QJ159)°/ owhi{dh @R udeL 1900 Behdt BAL L0Yn&1C) - @A LY & ()-@
rvwxe ~
1Q 100/ & (JRt@IT} T {31 @ 1Q 10% & ()-@3Q "1Q 10% & ()-@1Q 10% & ()-@
F~_

'1QlO‘V&() @1Q10% & ()-@1Q 10% & ()- @ 1Q 10% & () - @3Q “1Q 10% & () -

K1E 1Q 100/‘1%() '@B(ﬁrod@kéo% &La;.@acmo&a&lm) /1@ 1631116%&11(1 éhi@o 1/%/&?;/‘ 8@ (1
@t3Q ! eF 00/ & ()-@1 0% & 100 0 .
2’) 10‘VQ&5 (-8 /@?#u‘@%$% d?rEérs 48 iﬁé}a& 8& @’riéeié%’&d( Fi® 10

10% & () - @c;,géé)‘V&() @3Q " 1Q 10% & () - @DE abch5E#3 1Q 10% & ()- @ 1Q 10
%E& ()-@3Q " "1010% & ()-@1QA10% & ()-@1Q 10% & ()-@1Q 10% & () - @K, E#’

1Q10% & ()-@1Q 10% & ()- @ 1Q 10% & () - @1Q100/&() @3Q " 1Q 10% & ()-@1 -

Cioon e ()) BFG e PR EERL HRIRGGH B 10E (b GASaRY €l 2P 1O

110% & () -
F(109&& () 1éa(3t1a%i& 13ye@3Qy ) 1R 1096 & () @NQ k¥ &a( »1@ea>@b1@%fcr&c(thr@ lQ
110% & ()- @mopsvU4d FLO0%&R&' ( % *109&& () - QL0 10' 10 nl5@/<10%&() |
F(10% 3&) & ¥§ demosﬂ(tﬁfﬂ/s%&tﬂ e | pPRLACat gonooget e layeypgRich. 3

0 &E@g 0 S O lC a 1
tlgéfo&«)&&l() Y90@a(1%‘3/&& () - Jﬁ%éé‘mc &;Qe/@gg &# 55( [ EQ’A" BR-Ba0ose: () -

fN %0%08& ()-FvUs f, 100/&() @" 10%&() s 10%&() 10&10&10& @S

10005 L GHSE LR LU LR g OE L SAOME(L3 ©

n$&10% & ()wh&ﬂé&k@%@gf:(ﬁst v&&d@&@] Sy Sohd - cbﬂ;&ﬁ(@:&l{rh and/6E0%h&' &Y- vbA410'
| S:10% & ( 0% XLS{ ( LOY%H$x&' () - %O%n#n& i@ (10% 6# & ()-_s
109 & J(-‘) 1 OM SR 5\ 97 [1a34q_?0n‘(1hl¢\ﬁ3%9 ¢as 2 @8%9@@(&1’6?11#(? electro-

SME(10%s(s 0 & ()--~7ZbA410n(n
N yoaooy - )T RO M TS SROUR B (C A OTRR R T |

~ 10%VK( M&' () -10n(n10n(nDK|[: A410n(n F%O%ﬁ/&w& ()- 10%/$|v&| () &10%\/|<(?/;& ()-
\ S(10%)' & 1 Z" 109 l\/& Vz - A410 9" 1098VK( V&
4$(10%\/K( I\/&( %/K%?%\ﬁé%ﬁ (3% ‘% %v&f% 2QyrY %E/R%& Ehe S

aFYa 0% ( & (c) dudd@nr_é/u%%f $10% &su&c)/ozy 4090 Sebdnd cod@iEVEvE) 1Mer (15)
10% & () - 10MK( MLOMK( MLONK( M | @ i 109VK( M&' () - Lqt X| [ :vU410 | 10%/8We& () -
kOf &1 0% ( x &4 APRI%EE (Juchatgz: they | %rqos/rp&ﬂet}ure@ow&a( FORP | F{laE'@MlO
aY+9dovm(n& ()- )@10% & ()- $#109% & ()- S# "10% & ()- , s!10% & ()-

'10% & () -] $abcd| [ NA41010(10(10( F9! 10% & ()- Y8! 10% & ()- 1940% &&' ()-
k19409 ( X&'22).- Xhe+ PR’ o9 -cipdd Nad 10 &f 1086 FRe¢Sd Bngp#dDaims,

wherein the layer (7, 71, 72, ... 7N) with a vitreous
structure comprises an at least binary system of materials.
25 | |
23. _The process as claimed in one of the preceding claims,
. wherein the step of depositing the at least one layer (7, 71,
72, ... T7N) with a vitreous structuré takes place after the
application of the first conductive layer (13) and the second.
30 conductive layer (17) and of the at least one layer (15) -
~which includes at least one organic, electro-optical

material.
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24. The process as claimed in one of the preceding claims,
in which the step of depositing the at least one layer (7,
71, 72, ... 7N) with a vitreous structure takes place before

5 the application of one of the conductive layers (13, 17).

'25. The process as claimed in one of the preceding claims,
‘wherein the step of depositing a layer (7, 71, 72, ... 7N)
with a vitreous. structure cbmprises the step of depositing a
10 layer (7, 71, 72, ... 7N) with a vitreous structure on the.
opposite side'(9) of the substrate from the side (11) to .

which the Jayer (15) which includes at least one organic,

electro-optical material is applied.

15 26. The process as claimed in one of the.precedingvclaims,
wherein the step of depositing the layer (7, 71,'72, ... 7N)
with a vitreous structure takes place before the application
of the first conductive layer (13) and the second conductive
layer (17) and of the layer (15) which includes at least one

20 organic, electro-optical material.

27. The process as claimed in one of the preceding claims,
wherein the step of depositing a layer (7, 71, 72, ... 7N)
‘with a vitreous structure comprises the step of applying a

25 ~multiple layer (27).

28. The process as claimed in claim 27, wherein the step of

applying a multiple layer comprises the step of applying a

muitiple layer with different chemical compositions and/or
30 different mechanical properties in at least two of the

individual layers (71, 72, ... 7N, 81, 82, ..., 8N).
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&#10%H‘&()WﬂhCh includes the step of applying a pre-encapsulation layer
(21) .

31. The process as claimed in one of the preceding claims,

10 which includes the step of applying a cover (23).

32. The process as claimed in claim 31, wherein the step of
depositing at least one layer with a vitreous structure
comprises the step of covering the boundary edge of the

15 bearing surface of the cover with at least one layer with a

vitreous structure.

33. The process as claimed in one of the preceding cléims,
which includes the step of applying at least one bonding

20 layer (10), in particular a bbnding layer (10) to which the
at least one layer (7, 71, 72, ... 7N) with a vitreous

 structure is applied.

- 34. An organic electro-optical element (1)/ producible in
25 particular using the process as claimed in one of the
preceding claims, comprising:
- a substrate (3),
- - a first conductive layer}(13), _
- at least one layer (15) which includes at least one
30 organic, electro-optical material, and ’
- a second coﬁductive layer (17),

which element includes
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structure comprises an inorganic glass layer.

36. The element as claimed in one of the preceding claims,
wherein the at least one deposited layer (7, 71, 72, ... 7N)
with a vitreous structure comprises an alkali-metal-

containing glass.

s

37. The element as claimed in one of the preceding claims,

15

20

wherein the at least one deposited layer (7, 71, 72, ... 7N)

- with a vitreous structure tomprises a borosilicate glass.

38. The element as claimed in one of the preceding claims,
wherein the at least one deposited layer (7, 71, 72, ... 7N)
with a vitreous structure comprises an evaporation-coating

glass.

. 39. The element as claimed in claim 38, wherein at least one

25

layer with a vitreous structure is deposited by means of

chemical and/or physical vapor deposition.

40." The element as claimed in one of the preceding claims,

‘wherein the at least one deposited layer (7, 71, 72, ... 7N)

30

with a vitreous structure is applied by evaporation coating.

41. The element as claimed in one of the preceding claims,

wherein the at least one deposited layer (7, 71, 72, ... 7N)

with a vitreous structure is applied by sputtering.

S

)'S
LS.
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43. The elemént as claimed in one of the precedlng claims,
wherein at least one of the conductive layers (13, 17) is at .
least partially transparent to the light emitted from the
10 layer (15) which includes at least onevorganic,velectro—
optical material.
44. The element as claimed in one of the preceding claims,
in which the at least partially transparent, conductive layer

15 {13) includes indium tin oxide and/or fluorine-doped tin

oxide.

' 45. The element as claimed in one of the preceding claims,
wherein the at least one layer (7, 71, 72, ... 7N) with a
20 vitreous structure is‘arranged between the substrate (3) and
a first conductive layer (13) or second conductive layer

(15) .

46. The element as claimed in one of the preceding claims,
25 wherein the at least one layer (7, 71, 72, ... 7N) with a

vitreous structure is located on the opposite side (11) of

the substrate from the side (9) on which’the layer (15) Which

includes an organic, electro-optical material is located.

30 47. The element as clalmed in one of the precedlng claims,
whereln the at least one layer (7, 71, 72, ... 7N) w1th a
vitreous structure has a composition which varies along the

direction perpendicular to the coated surface and/or a
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48. The element as claimed in claim 47, in which there is a
periodic variation in the composition and/or the refractive
5 index of the at least one layer (7, 71, 72, ... 7N) with a:
vitreous structure along the direction perpendicular to the

coated surface.

49. The element aé claimed in omne of the preceding claims,
10 which includes a multiple layer (27)‘which comprises at least
one layer (7, 71, 72, ... 7N) with a vitreous.structureﬂ.
p
50. The element as claimed in claim 49, wherein the
individual layers (71, 72, ... 7N, 81, 82, ... 8N) of the

15 multiple layer (27) have different refractive indices.

51. The element as claimed in one of the preceding claims,

which includes at least one pre-encapsulation layer (21).

20 52. The element as claimed in one of the preceding claims,
which includes at least one hole injection layer and/or at
least one potential-matching layer and/or at least one
electron blocker layer and/or at least one hole bldckef
and/or at least bne electron conductor layer and/or at least

25 one hole conductor layer and/or at least one electrbn

injection layer.

53. The element as claimed in one of the preceding claims,
which includes a cover (23).

30

54. The element as claimed in claim 53, wherein the boundary |
edge of the bearing surface of the cover (23) is covered with

at least one layer (7) with a vitreous structure.
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wherein the first and/or second conductive layer and/or the

at least one layer which includes at least one organic,

10 electro-optical material are structured.

57. The element as élaimed ih claim 56, wherein the first
conductive layer (13) and/or the second conductive layer (15)
are structured in the form of comb.

15
58. A device for carrying out the process and/or for
producing the organic, electro-optical element (1) as claimed
in one of the preceding claims, which device includes means
for depositing at least one layer (7, 71, 72, ;.. 7N) with a

20 vitreous structure.



