1 5 NOV 2006 166166* GDOOOZ* Her met i c- encapsul ation of organiec,
el ectro-optical scription 5 The invention relates in genera

ternms to organic, el enents, and to a process for produ0|ng
them In partlcularﬂmﬁﬂﬁlwmmmmeon relates to a process for prodpg
hernmetical ly encapsul anic, electro-optical elements, and -
hermetical | y encapsul at ed’ ¢'fectro-optical element. 10 Crganlc . ' .
light-emtting d|odes—fﬁtEDsT‘ﬁTé—Fﬁensubject of intensive developnent
-~ work,. since they have advant ages over other illum nation and
di-spl ay nmeans. For EXMH mg M‘\can be made very thin and even fl exible.
i 5 Moreover, conpared t crystal di spl ays, OLEDs have the benefit.
~of being self-lllunlnatlng tever, the nmain problemwith OLEDs is their
service | i t ry | 9 _ proven._al nost
h% et‘i\@ EHcQEEuEhEH% %rb% a\'ﬁe.i.é/ O%%Eg% J{%t:bc?él %ﬁ%ﬁengﬁoo

20 i npossi e to .extend the operating ting nore
operating hours. N@tal cathodes with a .low work function are generally

used for-&%EEB. In this context, inter-aLia metallic calciumis custonary.
However, = ials with a lowwork function are generally highly
reactive. Chemical 25 reactions undergone by the netal |ayer and associated

. changes - in the work function are considered to be one of the nmain
facto?s | FRft iRYeRhéoBeFGiaEeR| fa, 9?@%&ﬂﬁliﬁﬁmﬁ theorgaTid orelgchrair or

with the &BEEEaThEEQmé§t§OVaKQOQO % process for producing them. In

partlcular the invention relates to a process for producing

hermetical}y encapsulated organlc, electro optlcal elements,
and to a hermetically encapsulated electro—optical element.

. _ : . , :
Organic light—emitting diodes (OLEDSs) arefthe 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 tnln and even flexible.

15 Moreover,'compared to llquld crystal dlsplays, OLEDs have the_

benefit of being selr_lllumlnatlng.

However, the main problem with OLEDs is'their service life,
which has hitnerto been very limited. It has proven alﬁostt
20 ~ impossible to extend the operating time of OLEDs to more tnan
| 'SOOO-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 functlon are generally highly reactive. Chemlcal
25 reactlons undergone by the metal layer and associated’ changes
in the work function are con51dered .to be one of the maln ) |

factors limiting the serv1ce life.

In particular the reaction with air or with the water which



is present as noisture in the air is responsible in this context for the
degradation of the netal electrode of an CQOLED. 5 To solve the problem US
5,882, 761 proposes an OLED in which the OLED structures are covered with a
curved netal sheet. In additi on, the OLED described in that #8cNMe806has

-a reservoir - of drying agent or getter.p The drying-agent reservoir and the
OLED. s tructures are separated from one another-by a porous 10 adhesive
tape. The netal sheet is joined to. the glass substrate by neans of a W
~adhesi ve. A drawback of this solution is that organic |ayers, such as the -
" bondi ng. ¥ ereIRAHERH Hetarushedt ahe glasd sutsimensible dn dlats vel y

easy. foloammll gas @@ée&ggﬁgdgelgsn%kr P R e adie A0Sy Ve 10
bondi ng represents a art rcul-ar for = nDsp {fyen and.
“water. Theuwefore, it is onIy a question of time wuntil the drying agent is.
exhaust ed and degradation of the netal el ectrode comences. Furthernore,

"this type of encapsulation nakes it. inpossible to inplenent. significant

- 20 propertd es,Qfe thige i&ghngéogy88§u9%éxz:11 %S%%C SLHL%IIJ %'t which
of “extrenely thin or flexible conponents es NOWN 't e
mat eri al sre @Hﬁmmwtsmstm;heasaré\oseveﬁeécmxlné:d a rcu]:l%e‘dZMG slli.%eﬁ: 821 692,
~or 25 US 6.2 96 F EP 0776147 descri bes the use of - -

sol i d- st aatdlsd e TB étlré“ Lgsﬁ%gtcgm STiRgAg-Be FHEEd SOFUMB Lo §FG3 £1 ZeSFadEs Ttan |

-al so be uﬁeﬁjyidyﬂégﬁnﬂﬁﬁﬁl@%i@%rorﬁﬁe'arzgﬁgp% DS re SHOWRME! ar@ GYITON

feature of all these solutions which are omthe prior art is that
t he ef fi QREtF O30T He et teepaaderdafrPal bocagnoiderndydenperofusyas.

- gggg;ggte%gﬁe@ldve%&gegggmé Ymd 11€1 €51, 8o P05 REY TRAGHT tlo,r etecthgnagal “St_
- substrate by means of a UV adhesive. A drawback of_this
solution is that Organie.layers, such as the bonding_afea
.between metal sheet and glass substrate, ate relatively'easy.
for small gas molecules to;penetrate; Therefore,-the adheeive
15 bonding represents a passage, in particular for atmospheric .-
oxXygen and water. Therefore, it is only a question of time
until the drying agent is exhausted and degradation of the
metal electrode commences. Furthermofe,.this type of
encapsuletion makes it impossible to implemeﬁt 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, 821,652, or |
25  US '5,962,962. Furthermore, EP 0776147 describes the use of -
solid-state- materlals as getters. As disclosed in WO
99/03112, gases can also be used as getter medium for. organlc
components. However a common feature OI all these solutlons
‘which are known from tne 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.



3 Therefore, the invention is based on the object of slowng the
degradation of organic, electro-optical elenents, such as for exanple

OLEDs, and of increasing their service life. 5 This object i jfga %ﬁj . in
a very surprisingly sinple way, by a prgcess for producing Z , '
el ectro-optical elenment, and an organic el ectro-optical elenent as clained -
in the independent clains. Advantageous refinenents are in each 10. case
given in the dependent clains. Accordingly, the process according to the
invention for producing an organic, electro-optical elenent conprises the
steps O: 15 - providing a substrate, -applying a first conductive |ayer, -
appl yi ng a ?%ed]g?r%het?%yé?v?%%}o%?ﬁthﬁéfquI’é‘s the ePIsct GHfe PrayEme,

el ectro- opticadedBd @5t Bbn SPPOYELDYi A S Q tive J I nd, t he step
of 20 - deposi tigﬁlﬂéé at | east %%éf%g'r %%QER;!{B ggt&&tca\%ﬁ)l%v\l\%%sg CL’\H _r-eaosus '
“struct ur e.Laayasrammd ¢ HOBRERS { rapdisost tncteresiage thedwn sfearvitdeeilri feext remel y
good rrier action. In this context, a |layer 25 without a |l ong-range order
of thé el enents and/or substances which nake up the material with a '

vi treous Strisctalfedndis dchide@AnEnts Meri Ehrarekese15ARAGALAG/,0f the
substance% and/ or elenents is to be understood as a |ayér w tph a vitreous
st ruct ur e PYTReFAS S tTeF tFPAY@IRT it BrganéFi r edast30-opticklr e denot es

a Vi treouslenB¥ Phays d:2%ekqaAGcor i 0oLy, s.oL this_type do not only
conprise gl éessles. Rat her, irm. ad%i%%%g%% 8?%2%%% eglefnfaggugsl §3gﬁ§?eﬁa§nal SO
encor_rpass,t.hef_omd@@@rs:_, ©ragjows ¢ Advtantagsoual Feysnemeaner pheusnekaeant

. 10. case given in the depeﬁdent claims.

Accordingly, the-proceSs according to the ihvention for
producing aﬁ organic, electro—optical'eiement Comprises the
scteps of: . | | | |
15 - providing a substrate;
T.appiying a first conductive iayer,.
- applying at least one léyer (15) which includes at least
dne organic, eléctroéopticél material, |
- applying a second 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 éléments and/or substances
which make up the material with a vitreous structure énd, 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 st;ucture'denotes a vitreous,. amorphous layer. Acbofdingiy;.
layers of thié'type do not only comprise glasSeé.fRather, in
addition to glasses, vitreous layers may also encompass, for

example, organic materials, alloys or amorphous element



1 5 NOV 2006 4 layers. Conpared to non-vitreous, i.e. substantially
. mcrocrystalline, polycrystalline or crystalline layers, the [|ayers which
~are applied by means of the process according to the inventiars #0® 2006
di stingui shed by the absence of grain s boundaries, inter alia on account
of the anorphous structure. However, gréin boundaries of this type are in
fact essentially responsible for the higher perneability rate for - small
mol ecul es, such as for exanple oxygen or water, through crystalline or - -
‘pol ycryst ald ' ; e preferr odi.nent of the -
i nventi onqiéryg\}?d'ggfgnlﬁjna%% ﬁ%ﬁrﬁéﬁ %’?{%%%sdegogi't %gﬁ%g:%ngtlﬁ gé’st one | ayer
with a vitticeoysystyaidtiure, tmoonpystsel I hee sbepcel sdeposide NGy rgl ags 0.
i ic glass.,is Wth regard to the barrier properties of

articul ar._-an ingr.gan
0 IRYESS i“%@lgc%ﬁafses FRRL 198 RN CBPREF aPf 0hDEF PEGRSSH e RCSOTSd na e

evapor at i

subst r at eghel efRfSNGRH A 30 dBdeni Ostdle BppLigcati - 20 830.1,
filed on 04.15.2002, 20 DE 102 27 964. 3, ]fgfl &4 0%58355%&%?%65 102 22
609. 15 fi POYNERIE23 12062, alDR 102 KOS58t 9of Eheedmomphbua3 s2e@2tureE 102

52 787.3, .fi on 11..13.2002: _.DE'103.01, 599.0, filed on 01.16..2003 25 in
" the nanme gfbkﬁgréaﬁéaﬁﬁbHQ%ﬁﬁér%?ﬁa -_ﬁB% t ©YP8i SEPoslr £3°5f which is
hereby expesesity ailngonrpemaird Uik referenceni Yheh peIAELLQ;the arrigr
‘properties of evaporation-coating glass |ayers, neasurenentS have shown
that, at &Fapdr FHGFILSE cHAGThGYIess e3eple hbxkaesses watehe tamgeghrom:

8 mto. crystalline or polycrystalline media.

- 10
A particularly_preferred~embodiment of the invenﬁiqn provides
in pgrticular for the deposition of at least one.layer with.a
vitreous structure to comprise the step of depositing a -
glass, in particular an inorganic glass.

15 '

'With.regard to the barrier properties of'evapdration-éoating
glaSs_forzthe encapsulation of.componenﬁs'and other “
substrates, reference is also made to the applications
DE 202 05 830.1, filed on 04.15.2002, | R
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 onm 01.16.2003 J
25 in the name of the same applicant, the conteht of diécl@sure

of which is hereby expressly'incorporated.by reference.

With regard to the barrier properties of evaporation—coéting

-glass layers, measurements have shown that, at evaporation-
30 coating glass layer thicknesses in the rangé.from'B gm'to
18 um, helium leak rates of less than 10’ mbar 1 s or less

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



18 m heliumleak rates of |less than 10' nbar 1 s- or less than 10-8 nbar
1 s"1 are reliably achieved. For layers with a 1'5 NOV 2006 5 an)@r

t hi ckness of 8 m and 18 m the measurenments have even given H NG 2088k
rates of between 0 and 2 x 10-9 nbar 1 s%tl, and these upper limt values
are already substantially influenced by the neasurenent inaccuracy of the
tests carried .5 out. There are nunmerous known gl asses whose perneability
to all gases with the exception of heliumcannot be recorded using the
avai | abl e Yegsurenrtneeanst eveamat ahayes ki, clgﬁ@smsgregr@&g MaA
summary. of diffusion rates through. glasses is to be found, for exarrple
i n " Handbdb¥%ebfgien meﬂtwnoheah Satedsofabethelets'’ adel ium hoselfpar

however, on scou% its_inert_.nature, does not affect the |ayers of the
OLED and |s her &1 or &*%F© ngPPfiportBhte e%ueﬁeasr@r\ﬁle%eady SWfstarEDs115 In

parti cul arinfl Uaysid Wyt ht1de Vihé 4 89 u I c rise '
al kal i - met al - cont ai ni n}g glass is %ﬁ?%&%ﬁzgu\%ﬁhé’gl grgg tsé Zﬁnﬁairgled |
encapsul at3¥n. The alkali metal ions fill up interstices. in the glass _
-skel eton and thereby provide 20 dense |l ayers with a very |ow perneability.
In particular,. borosilicate glasses are also particularly suitable .
material s 'JTlm'ret leere Irayrerran 4 hu@owmtgmsl§e§t¢;,ﬂ@ggr?emggggglg#,aigeg y al so
include alkali netal ions in order to 25 reduce the perneability eterm

an or gani 83 8% G- GRS SRR £ drebhpassasnobobh aacorgadl astateri al

et et e o R el Bk Ao BsoRtal o

construction of 30 an OLED and an.organic nma
10 50 um. A summary. of diffusion rates through. glasses is to be

‘found, for example, in “Handbook of Gas lefUSlon in Solids
r .
~and Melts"._Hellum itself, however, on account of its inert
nature does not affect the layers of the OLED and is

_therefore of no importance to'the'service life of OLEDs.

A

1s.
In particular, a layer with a vitreous structure which
comprlses an alkali- -metal- containing glass is partlcularly
" suitable for hermetic encapsulatlon. The alkall metal ions
fill.up interstices in.the'glass skeleton and thereby broVide

20 dense layers with a very low permeability.

In particular, borosilicate glasses are also partlcularly
suitable materials for the layer with a vitreous structure
These glasses may also include alkall metal - ions in _order to

25 reduce the permeability.

The term an organic, electro-optical material encompasses'
both an organic material which has electrOIuminescent
| propertles and is therefore suitable for the constructlon of
30 an OLED and an organic materlal whlch has photovoltaﬂc

properties. In the following text, for the sake of simplicity

the term OLED is used in general terms for light-converting



roperties. In the following text, for the sake of sinplicity the term
IOCJ_EF[)). is used in general terns for light-converting 1 5 NOV 20068 S?HW, 208
el enents, i.e. both for light-emtting elenents and for photoval

el ements, on account of their equivalent gstructure. 5 A'wide range of
subst ances whi ch are known to the person- skilled in the art can be used-
as organic, electro-optical material. Interalia, netal-organic nateri a] S,
in partlcul ar netal -organi c conpl exes, such as triplet emtters or
1 ant hanl des t¥Mprexest - eanbpehused ﬂ-mgﬁ%emlmmp@esldﬁ)enf@y z0fg i exanpl e,

tris- no) _-al m num or MEH PPV (pol y(2-nethoxy, 5-
(2 -et hyI lqcaex\(;l%’%xy#pa%%p Bnyt eRE % l‘é”r’feof( VB PP YRRt as -
el ectr ol unsteseemte mat erial . The [ayer ~nmay al SO conprise an -organic or
inorganic matrix layer which is doped with emtters, -such as for exanple |
fluorescent dyes, 15 as organic, electro-.opti ga 2rrgt erlFaIth'é'?e i norganic
mat ri us : rodl tanl um di. oxi de ur

el ect )r(sol un?ﬂ%l\s&ééenﬁéﬂ%‘%s?an%%sggéggescr 5Ed 2RO a i &1 ReFS B 107 452,
EP 0 573 5#9;11ER 800563 Airt E‘EanZBe8GQ563alaloa-@@n§% 1@@@%§gdb\lor?twﬂclh are

h .
| etely incorporated by eference_in the present applicati t houg |
IC'([)ITPS knoz% Eﬁle frib‘?%%’fl Bkt#1 BetRlrRETapLC maskariense s maswimadert o

the str UCWt%LIOfoﬁd‘}ﬁuﬁ%&n deset | bﬁgchnatsh%%%‘i%%”%ﬁgt%nggg ;[glns _

description i s assuned 25 to formpart of the prese app
- Mor eovgr - hatvidit | Yemriepess ¢ | on cheatiesdatiorntihnet puirebBe . betvweer e

| avenon { g s St skt pa AR, enlal bl gL o Che
" gases, s|mpphyﬁ24mﬁnhoxy(NM}(2’—ethyl -hexyloxy) paraphenylene v1nylene
' (MEH-PPV) is used as electrolumlnescent material. The layer
may also comprise an ‘organic Or inorganic matrix layer whlch
is doped with emitters, such as for. -example fluorescent dyes,

15 - as organic, electro-optical material. The inorganic matrix

used was; inter alia, porous titanium dioxide.

‘Further electroluminescent substances.are described, for
example, in US 6,107,452, EP 0 573 549,.EP B00563 a1, EP

20 800563 Bl and EP 1006169 Al, which are completely_-
.inedrporated by reference in the present application-
"Although it is known to the'person skillied iu'the art,
reference is also made to the structure of the OLEDsF
described in these documents, and this description is assumed

25 'to form part of the present aDpllcatlon

Moreover, the 1nvent1ve depos1tlon creates an 1ntlmate 301n.
 between the layer with a v1treous structure and the materlal
below it ‘without the formatlon of cav1t1es 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 crystalliue partial

regions or subregions are, moreover, distinguished by better



directly on the surface belowit. Layers with a vitreous structure, i.e.
substantially without crystalline partial regions or subregions are,
nor eover, distinguished by better 1 5 NOV 2006 7 tolerance W §hygve | ct to
mechani cal |oads conpared to crystallineg materials. This nmeans that the
very good barrier. actions of such materials are retained even in the
~event of deformation within the nechanical load linits of the 5 material.
Ther ef or e, rocess accordlng to the invention even nakes it possible
coiesed

" to produce Fe. BLERST SRR R hPgRecdeniiced [liorels FRmmbasobitid on of the

|ayer wi theayyti1eous bfusiang, rAislQcageondance w (. the inventian,
.CO%DFISGS ?ﬁ% vacuum or | ow pressu%g gb03|t|on oglthe Iaﬁ%r SF.éfghple

t he dep03|%?ehon%fofh%u¢@y@§t¢wiahsuaneorekanpﬁee&@me1ﬁpaﬂkﬂ&weﬂd ofacuum
t hi s _purpaose. Accordingly, to .

tin r may -be SUIt bIe fo
gggoslg FH§&f§§§$t%$ VRN MeSPRUdCEre Lops imiSspedsithiee, inter
alia st()maeef&&l(NTﬂéiéﬂ&ﬂgessﬁé pf&cb%sahégoBﬁi ?bk% for. a plyral ity of
dep03|t|on processors. to be conbined with one ano acuun}coatlng _

processes DYST |BREDT ekls RRSTHut e ngo ppuedsses £lsudhlas Otansexdnl @ BYBLOr |
CVD,. are gdvantageous inter alia because these. processes can 20 be -
carried out in vacuo and/or in a.dry atnosphere, t her eby preventing
“contani nati on of noisture-sensitive OLED | ayers during the coating.

Accordin articularly preferred enbodi nent, the at 25 | east one
| ayer wi tghrlt% vd%) TG r ttﬁ'fee t3yeepyithed Hytréﬂ?aﬁoﬁﬁﬁfmmurcoaunng

~ Evaporat | eiceoatditge Wakas «id 0esshd &nt Ocq g?'éﬁéég hghla o .ﬁ"t‘,_rat es,
~which nmakes this variant of the process acc rng to thei _
particul aBEegHEEte fdrposition of the laye for example the aepos1tlon

of the layer by wvacuum or low- -pressure coating. A1l vacuum-
--coating processes may be suitable for this purpose.
Accordlngly, to deposit: the layer with a vitreous structure
15 it is possible, inter alla to use PVD or CVD Drocesses It
is also possible for a plurallty of deposition processors to-
be combined with one another. Vacuum—coatlng Drocesses or
low-pressure coating processes, such as for example PVD or
'.CVb, are advantageous inter alia because these processes -can
20 be carried out ln vacuo and/or in a. dry atmothere thereby
-.preventlng contamlnatlon of mOLSture sensitive OLED layers

durlng the coatlng

According to a-particularly preferred embodiment the at’

25 least one layer with a vitreous structure is dep051ted by
-evaporatlon .coating. Evaporation coatlnc makes ‘it possrble to
achieve high layer growth rates, which makes this varlant of
the process according to the invention partlcular1y fast and
therefore economical for large numbers.

30 '

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

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



t herefore econonical for |arge nunbers. 30 The deposition of the layer with
a vitreous structure by evaporation coating may advantageously al so
conprise the step of plasnma ion assisted deposition (PlAD) Iy rNb{,sz' se;
an 15 NOV 2006 8 ion beamis additionallgy directed onto the substrate
which is to be coated. The ion beamcan be generated by neans of a plasma
source, for exanple by ionization of a suitable gas. The gas ions '

additional |y accelerate the particles emitted 5 fromthe - '
evapor at i oHRPR 08¢ * Rl SREeet iThrtly ediizertebaparts the chiwrterapar titcdrarisy

dense and depgsi Wt hf ew. defects. The step of depqgsiting the |ayer:
with a vi t?‘g&% Cté('?%ﬁ%% U?gﬁg'nﬁggpggﬂncﬁﬁﬁr Py §F2‘Féﬁ‘§tﬁ‘§%§l %agﬁnﬁﬁl $e the
step of i oolemesisdmgecan eyApekakbLe- BoatbRd zghkdsh Jd as$8s tebikhics L ype -
are materi a%s whi ch can be deposited by evaporation coating. It has been -
found t hatTR% a7 atPoh-202t Fhgn gl HXseSCRAREatex Eld @mrtddass elnatited - B
properd i eserdi Addidy o019 1 B8 B4 r ositi.Qn -hy.. evaporation
coati ng, hO‘I;/\{ever, the&stgb 157 ascs:esg%lg%, Sngggurgﬁlé,l%alls%dbse "3e§8¥|eféd usi ng
ot her vacwimchratowapressulartpadénge pandedeessiBeaay tof rexanpkects .

el ectron-beam coating is particularly .suitable for the evaporation

~ coating. ~For this purpose, an 20 electron beamis directed onto a target -
and the i mpactseauses adpes et eedTons 1oveel pase LhelihKijiet ke gnergy to the
target, which is heated as a result.. Utimtely, the target material ‘is -
evapor at ed"®y R¥e- Heutanyy orelevaipby aztdonapupiralset e scepesfinto cont act
wi th the syface wu [ ) coated, 25 where it Is deposited as a |layer
‘witha vit r'e%us s%%r%gﬁﬁ%ls%gpg% t%?/%pgﬁgﬁﬁong&gﬁtsfaﬁgoFothFr’rFé{PFayer.
with a are materials which can be deposited by evaporation coating. . :

It has beem found that evaporation-coating glasses have
excellent encapsulation properﬁies. In addition to the

- preferred deposition by.evaporation-cbating; howéﬁef, theée'

15 glasses may, of course, _al's',o be deposited -ﬁsing other wvacuum

or low-pressure coating processes.

By way of examplé, electron-beam coating is particularly .
suitable for the evapdration coating. For this purpose, an
20 electron beam is directed onto a target and the impact cauées
the electrons to release their kinetic energy to the target,
which is heated as a resuit. Ultimately, the target material
is evaporated by the heating. The e&aporated ﬁaterial then
. comes intb_contact with:the surface which.is to be'coatéd,

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

The étep of evaporation~coatihg.to form a layér with.é
_fvitreous structure may, moreover, comprise.the step of co-
evaporation from at least.two evapération'éources. In this
30 way, it is possible, for example;.to adjust the.étoichioﬁetry -
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



vitreous structure may, noreover, conprise the step of co- evaporation from

at |east two evaporation sources. In this 30 way, it is possible, 9
exanple, to adjugt t hest oi chionetry of the |ayer which |sdeposst@%88@6
means of the evaporation- coating rates of the sources. In particular, the
step of co- evaporation may also conprise the step of varying,. in-1.5 NOV
2006 9 particular periodically varying, the evaporation-coating rate of

at |l east one of the evaporation sources. The materi al ~properties of the

| ayer wit R3& SiCllEduPeIthaseiqad Yc R ELng nf Fhenesdpandt adaptedtingt rate

direction rprerdicul 5 i on-coated surface by varying the
evaporatigﬁ?gga?gﬁé%'?gFégﬁtgag(gzggﬁggg%@pv§§§FﬁasfhéLFa98r¥F¥§5_ -
st oi chi onptropeirtiles qfosdieblleyerowiexanpleitteolibt shrtibeueeetbhchbent of
thermal expansion of the ]ayer to that of the coated surface, so that
" ther nal EPEEEEECSQtﬁEQnaFﬁ@t§ﬁ¥PébéhWhﬁ%¥¥%$taﬁa PREPEDA&FupaFatironheoat ed

| ayer sare . 1O -IcRtteRd s RRT @) Cra MU LA ERD L0aEBSa 5 on-coatin
evépo?atigﬁﬁggg??ﬁg ré?gg can be usegg}for¥?%x§npﬁez to‘proguce ﬁerléaﬁc
vari at i on¥Fatast h&orefxasplee tbﬂd@xﬂﬂngfEh@vh@peatEﬂﬁzcﬂﬂbm?gryaﬁﬁt_is

per pendi cyl ar. . the _coated.surface. 1 wever, the deposition by
gvagoratigﬁgééggfhg%ﬁéngﬁngge'réﬁhf@§§3§_ T aF 2T ApOI &R T oRE coREFRE!

mat eri al sewpthsivel atti tely 1biyeh tapPehi esswWres. cShce forsspeci al, O :
applications materials with [ow vapor pressures and, 20 correspondingly, "
‘gener al | y hEgReeFEFRESES RESVREY &hso rface tmdterizheand ephef depositing

at | gast evgphayelol thaleaViLLeous. Sl CURLUE, by, neaRe of Physi cal  and/or
chem cal vapor ' deposition may al so advant'ageousTy conprise th b Qf |
variation in the evapo:ation—coating_rates can be used,. for-
example, té proﬁuce periodic_variétions in the réfractive
‘index in the evaporation—coating layer perpendicular to the
coated surface.
15 .
However, the deposition by evaporation coating généfally _
reQuires Speéial evaporationFcoating materials with
relatively high vapor'pressures; Since for speéial OLED'
applications materials-with low vapor pressures'and; _
20 correspondingly,'génerally high meiting péints may_also be
suitable,Tthe step of depositing at least one layer with a
 vitreous'structure.by.méans of physical and/or chémical_vapor'“
deposition may also advantageoﬁsly comprise_;he stép of
sputtering on a layer with a vitreous structure. In this-
25 context, the term sputtering on layers is_understood as
meaning oneféf the PVD processes. The sputtéring'of layérs,
ﬁnlike 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,



sputtering on a layer with a vitreous structure. In this 25 context, the
termsputtering on layers is understood as - meaning one of the PVD _
processes. The sputtering of |ayers, unlike evaporatlon-cpatﬂﬁguowammbe
carried out even with nmaterials which a relatively difficult to -
evaporate. 30 However., layers with vitréous structures can also.
advant ageously be produced using other processes, for exanple chemi cal
vapor deposition, for exanple by nmeans of plasma- enhanced chenical vapor
deposi ti onigPe¥Brichhatrhpd asespembulleb AWM POI6 vafbr na@eesieubar pl asma

i mpul se chepical , vapor deposition (PICVD) is.particularly suitable; in
i Ws pr oceggi,gv?he_lgl REMELCPdandt SHIRRRIE corstEm s PIRe?s s het o up basmuf

tinme, but jsahberpkBapeksedchashhen,, \éé%iegﬁ A %%ﬂéﬁbéfa&%néf’xguéower S
thermal | oad on tﬁe el enent which 15 to be coated. reover,’ the
deposi ti onratheheihaped sadt faghuphy, e@mchrstirnmémra_eljrmylheachQ, td n? alower
advant ageo configuration_of the rocess, comprise the step of : :

" co- dep%si t-i%%r%?iagogrgggﬁi ngoeﬂﬁpgf‘italw. e Co-'epusi 49Vt or si nul taneous:
deposition, of the organic material together with the |ayer material which

forms a layer with a vitreous. structure may be-effected, for e'xar_rpl e, by
‘co- evapor d%/‘?%‘ho'ﬁ?—rdeb?ﬁi BFBASELFoANt RE 1tés dlﬁa/lter g@s;katam&piwef@gs In ': EI s
case, the golecyl t rgapi g_i terial are incorporated in the -
layer with a v?ﬁg%ulggystggﬁgf u?{é. hédg'?aélarﬁ * Tt ecrcin;ﬁcl%gvtﬁa% % positive
~influence porcehe, | ageprpsepehti ssejanohﬁamr?—\ﬁﬁbsi&%idlm%b@f%ﬁ&?ﬂgﬁ%c in

this context_ nentjon y be _nmade.of a higher, exibility of the |ayer
underlonecﬁg%tf%ﬁi‘aioaﬁ%t-ﬁ@'ﬂﬁ?@ﬁ?‘ﬁboﬁﬁ Bt iISAAL LR ey sreteRaf ialon, of

- propertiesthd herapiovaaERE LD £bgeta¥e JRdinG e L%Am.8 A5 Jigsult
of the layer being deposited as a _ : : T -

_ forms a layer with a vitreous structure may be eﬁfected, for
example, by co-evaporétibn or deposition from the residual
_gas.atmnsphere. In this case, the molecules of the 6rganic

15 materiai- are. incorporated_"in the léyer with a vitireous |
:structure. The organic material 'may ha&e a. positive influence -
- on the layer properties in many ways. By way of example, in |
this context mention may benmade of a higher flexibility of
‘the layer under mechanical load, the matching of optical and
20 menhaniCal'properties, qhé improvemént to the layer bonding
" for examplé 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 layer microstructure{
and the influencing of the.chemical_properties of.thé layér,
25  in particular by adding hydrophobic materials or getter 

Mmaterials.

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

which includes an organic, electro-optical material is



gradient layer with a change in the organic content, the change in the -
packi ng density and the | ayer mcrostructure, and the influencing of the
chem cal .. properties of the layer, 25 in particular by addlng1bwq{ bIC
materials or getter materials.. The layers are advantageously a

such a way that one of the conductlve | ayers has a | ower work functlon
than the 30 other conductive |ayer. On account of the difference in work
function between_ the first and second conductive Iayers whi ch are used as .
el ect r odes- AFRIE BBt vRRA FHYER FﬂérFEQePOlaWRFahOﬁn@h@dé@iknagﬁwymmh;ed to

- el ectro-optihcal; dBtLLE8s 18] AQY 2006 ated iven carrect
pol arity E% tﬁ% %%%tage appl%%érto %ﬁg & é%?%% EE ecgfghghfﬁéﬁq% &ct ed
at the | ayercachddey antoaunathudeednemeunacnualedaekQCEHOMH% Prates of the
or gani c, ectro- material. At the same tine, defect el éctrons 5 or

holes are ¥ ?%%’f%doé)%%‘r%? HBa”r%ﬁa?lw R BhpoReRewsiRe . f GedEictn & Lpigiteivniss

acti NG as . helnosles rav 1k dbeafespbl, that 14 Egh&%gﬂagt e wor&ct ed i'n the
organic material as a result of reconbinatfon of the él’'ectrons with the

def ect eIé%%?%#EPnJIFm¥FmBh§ 2aserng addani snatief umdthonale P@yeaf twhkch are
applied i b en. the.first. and second conductive ayers, are
uggd to prrlo c%a C%ggéﬁgs %:%\ﬁr%ltn‘g?ﬁ l?héhﬁrBEggﬁlcnﬁﬁtﬁc‘N&ﬁt §§e6u§le§"uéliso

i ncl ude th&ﬂm&ﬂbmﬁlﬁﬂnﬂanmﬁEﬁhée@EéctﬁaﬁsthﬁhlBh@CHbQQcEaﬁﬁég?QQEQr

potential -matching layer i5 and/or an el ectron bl ocker |ayer and/or a hole
bl.ocker |ayer .and/or an el ectron conductor |ayer and/or a hole conductor

| ayer: cand/ oy el @eddoN 4 £Ctdom | étlgﬁ,’éi' f&{/glﬁéy Deghy, g”a”t um or

light efficiency yields are achieve y app yers At he
f ol | owi ng 3R AT e ERfUiermElapdrerwéah-the first and second conductive

layers, are used to produce OLEDs. Accordingly, the process
may advantageously alsc include the step of applying at least
one hole injection layer and/or a potential-matching_layer'

1s 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/o* an electron 1n]ectlon layer. Da*tlcularly high
quantum or light efficiency yields are achleved by applylng
the layers in the following preferred sequence. potential-

20 - matching layer/hole injection layer/electron blocker
‘layer/layer which includes at least one electro—oétical
materiai/hole blocker layer/electron conductor layer/electron -

injection layer/potential-matching layer.

|25 For the sake of 51mpllc1cy, the sequence of functional layers
of the organic, electro-optical element is referrec to below
as the OLED layer structure. This comprises in parclcuear the
first and second conductive layers and the layer wblch
1ncludes an organic, electro- opclcal material. In aca;tion,'

30 the OLED layer structure may also comprise, for example, tne

further functional layers mentioned above.



20 -matching layer/hole injection Iayer/electroh bl ocker | ayer /| ayer which

includes at |east one electro-optical material/hole blocker |a Sr “gl ectron
conductor |ayer/electron injection |ayer/potential-mtching | ai‘_ r. ‘éé’mﬁor _
the sake of sinplicity, the sequence of fanctional layers of the organic,
el ectro-optical elenment is referred to below as the OLED | ayer structure:
This conprises in particular the first and second conductive |layers and .

the layer which includes an organic, electro-optical material. In addition,
30 the OLEFP|&ye?¥ st¥FREuke ReyCHEBBtcOmpineat f ot eamsivantdgeodaritther -

functi onal YEF St 1 I ve.. 1. 5 NOQV_2006 2 Tao .all light to be
out put or ?Jrllf)lu(t@lE s?l%@lrgség%gﬁ?ggegﬂéfg Nogr\{g%oﬁetah%t (Poanrc}:&cat]lg\ye- | ayers 1s at -
| east parttadhgpardntansparent aliat etnativa, tifdiciddd Pr0X1dRH8Me-doped |
fluori ne--doged Iénpxi de SnOZ:FE% has proven suitable for this layer. 5 A
further advhht R of ($He grlo RIOMSat S et def oF ntihFchayehe | ayers are
appliegl is not immutable. CGenerally, OLEDs. are produced by applying a -
transparent conductive layer to a transparent substrate, and then '

- deposi ti ngdt herthgeraditiehade thckhedesranessgds chasl etter @rdeld dal wWiateal i al
- on the tr t_conductive lLayer. This structure is then covered. by a
~conductive _%E%f&ﬁi%%efﬁp%igﬂp¥ﬁ_%§ (0 E= VA=A ﬁ&vm.ﬁe%ﬁlllﬂun@ﬁ%.taﬁﬁm

the transparehicednducipyeyisyes, tasnsharbher cehesltqde. 1k etﬁrhit% gase, the
light which is emtted i5 can be output or introduced -via“the transparent
subst r at . "TEIRFTHA My TP PRt er fed ebARi gepasishingf thiee lpyeres®ichhe

step of depesidddW dieAtak £25te P0ELEYEE: YELR- 8 ULLgoUs (FLructure takes:
an t 3
- place after the appli caﬁon'of t_}?le at le s& material on _ti‘? L -
.transparent conductive layer. This structure is then covered.
by,a'conductive'layer, which for example may have.a lowér

work function than the transparent conductive layer, as

further electrode. In this case, the light.which is emiﬁted

15 - can be_ output or introduced via the transparent substrate.

- According to a pfeferred configuration of ﬁhe_process/ the
step of depositing the at leaét.one-layer With a vitreous |
‘structure takes_place after the application of the at least

2Q one layer which inqludes at least one organic, electro-
optical material and of the first.and second conductive
layers. If these iayérs are applied from the same side of the
 substrate, for example by.being deposited, the layer which |
includes at least one organic, electro-optical méterial is
25 located between the subsﬁrate and the layer with a.vitfeous.

_ 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
1ln accordance with the invention may, for example, also |
tnemselves be transparent, it is also possible, however, for

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



20 one | ayer which includes at |east. one organic, electro- optical:

material and of the first and second conductive Iayers | f these | ayers
are applied fromthe sanme side of the substrate, for exarrpl e t§yN@J\é|2m5
deposited, the layer which includes at jlzeast one. organic, electro-optical
material is 25 | ocated. between the substrate and the Iayer with a vitreous
structure-In this way, the OLED | ayer structure is encapsul at ed-bet ween
the substrate and the layer with a vitreous structure. so Since the |ayers

with a vi tré88RaSERkc CRPERMT e 4y, erapb$|@Epliﬁda*eeot@eneebﬂhrhtehe -
i nvention es ran ren
aFR¥r £OE XYW Gitdl $%e ?e}%[?&ig 8£5$r8 gecaa# mg%gﬁ‘la

possi bl e, however, for the Tayer ence’ t o
that the En5tNOV . 2@@6 113 ity aispapents tonducd | yeodiayer ah Sogpp! wednt 0 gpe

substrate ' aft r the Iay;%r with the organic, electro-optical material In
this -way,  TTor§ aPsEPosSiITHEHr o'ﬂ'g%%t%%‘—%lEB“vW}fthhf%?SEe‘s‘ehﬁpﬂegha

non-t sanspaeeat SuBshighl @nd NMAICRiGaSe tRe LLGL S PASSES. thrgugh the

layer with-a vitreous structuré and the transparent conducti ve Iayer I t
i s advant &4§eBEBRyeRIs6OpEYsitive fleyeane or both of the conductive |ayers

and al so the layer which includes an io organic, electro-optical material
to be applied or deposited in. structured form In particular, these

I ayer s maytaksoabeanprodocedyl b sst beEeTe fo6M dik the rlc?él?ré‘f girection,
i.e. al onggéhe surface. Structuring of this nature allows a |arge nunber . .

of pr oper £PBEUGF1¥Gch2EPETeARS £ SBe Uh | trRedynBsh | nalayded @xanpl e,
| T ghto passagenoeentngs eandesceeaked dt & LonUAivg Javer o LurLhel
“a |layer arrangenent in whic ayers not: necé sarily AR 'fbt%
appl i ed Oﬁnt@brgetured form. In partlcular these layers may also be
produced in structured form in the lateral direction, - i.e.
along the surface..Structurlng of this nature allows a large
-number of properties of such elements to be influenced. By
15 way of example, lightepassage openings can be Created in a
conductive layer. Furthermore, a.layer arrangement in which
.the layers do not necessarily have te 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
conductlve layers may also be applied such that they are
structured in a comb shape The layer which ‘includes at least
one organlc, electro- optlcal 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



one another is also possible. Rather, it is possible, by way of .
exanpl e,.for structured layers to internmesh with one 20 another. By way of

exanpl e, the first and/or second conductive layers may also be applied -
sucgpt hat they are structured in a conb,shape. The | ayer. V\hﬂo'inNBﬁcZUﬂ&jes
at least one organic, electro-optical naterial may then, for exanple, be
|l ocated conpletely or partially between the conb 25 structures. Moreover,
structuring is appropriate for pixelated structures which are operated by

dedi cat ed rawes chsigeel eneptsaver starcely prgdiehidemcgl &N 5 ani c

el ectro-optical enent as_an active matrix display. 30 Layers with a
vi treous g?ma?%f LRI THERBnprESERanTHETIEGa St aSHieRar f OFy SFamTIfe et i al s

are partic I [ ' h [ ca ati, o f 505, - Jayers of
t hi sptype %Hrl? ééleflﬁrlg%e%iégf?%gﬁiﬁgﬁggﬁgggﬁa%ﬁ%%u}agr Pf%]sécvcabge%fa ability 1 5
NOV 2006 3Svstemesof shakeriaby have Soar ea:caynpaley belncd:en@ybjtemi Lc(ff rat:I o have
crystalli nl Ji yartz gl asses, for, .exanple, an ey al so /e
deynse?‘J st %ec uéragév.vo gﬂ%:%ggtgﬂue S5 %’fnﬁ? 1D FAREIGE. ang: &M%l MBre for
exanpl e, bestcanpassitesf at 5 |east two netal oxides or silicon di oxXi de and
one or nore metal oxides. Furthernmore, the process may al so be confi gured
in such a way that the step of depositing the at |east one |layer with a to

.' vi treous are takes, pl et ppLi catizon of .one of the
conduct i vzﬁl{%{f/ﬂer S. %A% gér%és. (tg?@%é&%gyg?s%i SO EPESHs 11 STCurMEYi s
| ocat ed bethaerthdestsemstt adepanit-ihe tReEBRtI aEEEtSEhQSQFL?QI_. w@&selh%uchh he
variant of_the process roduces an OLED jn _which t-he diffusion rough the
subsflrbat'_e VIR thet BT § ayres KtaceuPefesn ‘BP8oaprliggpiessed. orki s :

of the conductive layers. As a result, the layer with a
'vitreous sEructure ‘is locétea_between the substrate éﬁd'the
OLED layer structure. One such variant of the’process
produces.an OLED in which the diffusion through the substrate-
15 .i'nto_ the OLED layer structure can also be suppressed. This
also makes it possiblé to achieve hermeti¢ encapsulation on
the substrate side of the OLED. This:is'advantageous}-for
example, for flexible OLEDs if the substrate cbmprises a
flexible plastic'maﬁerial which typicdlly has a high
20 permeability to small gas molecules. The vitreous léyer can
in this case also fulfill the function of én outpuﬁting or
introductionnléyer for'the'light emitted_by the OLED, in
order to increase the Yield of. the OLED'by.matching'the

refractive indices.

25
-Moredver, the at leasﬁ one-layer With é vitreous sﬁructuré
may be applied to thé opposite Side‘of_thé substrate from the
side to which the layer.which includes an.organic,'electro—ﬁ'
0pti¢al materiai is applied. Therefore, the layer'iS'abplied

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

0]



al so makes it possible to achieve hernetic. encapsulation on the substrate
side of the OLED. This is advantageous, for exanple, for flexible OLEDs if
the substrate conprises a flexible plastic material which typ'Q%|NUVEﬂ@ a
hi gh 20 perneability to small gas nnlecu%gs.The vitreous |ayer can e hi s
case also fulfill the function of an outputting or introduction [ayer for.
the light emtted by the OLED, in order to increase the yield of the OLED
by-matching-the refractive. indices. 25 Mreover, the at |east one |ayer
with a vitoeopstseffittiercypmayiheeapphieedrilse the@pposid ecshdadfayne
substrate fromthe side to which the Iayer which includes an organic,

el ectro- oﬁ??ﬁ%?'hﬁtﬁ?fﬁ?cFévépbPﬁéﬁy Tﬁéheﬁﬁﬁzeﬁﬂﬁﬁdfgﬁﬁy;stfqng|ha¢KK)to

at side ' : t rat eo9p: Wa t [ i.s . output. into the -

Lﬂvironneh?éfagitgggﬁdafﬁ ?§§e¥e§§?5c?§r§5%fHFﬁ§f¥§i£§lﬁr%%ﬁﬁ%£¥§$e1Fbo,
natching-o&d@h@ioefraclayeriqﬂithisbyypﬁﬁgas-aﬂﬁﬁuﬁigagg.aMdﬂES%ﬁi?{eous
St N e the 15 2006 15 output efficiency, :

ot hor i se TaarifF 2% %%Ei%%rgggéthﬁﬁaﬁﬁé Fﬁﬁ%%QQnﬁ¥§RBQﬂuﬁﬁé,Ohﬁﬁ+1

ot herwi se There Ts a. _ P _ |
COrresponda nge ¥isém@ng dACKne - peblbeski @B orbinBakld GHAr: Afeddl®n for
material/air interface. In addition, a layer of this type can also'create
a di ffusi FFSIpEERY PLERS ok devhioh| ehgt Beapt bé sppliytend i é.ay(‘jezt h&;ﬂ_G_E[E).DS A
refi nement ' ' cQr.dj fo_the.inventiaon r_ producing .
in mhich.t¥é§§%€%58 9@%%?%?%ggg #%g%?'ﬁ%tﬁhXSlg r &ols bt | “&1hyaReENs
rof physi catpasilt oon chenpchseyaphe steposit bpPLGAMRY i=Semitdi@ist eRveE i
applying a nultiple layer is 10 al so hyghly advant ageous f-or the properties
of OLEDs. He® ‘bfii?]aér iﬁ%’?@%ﬁ?% dfaF FhyeP5OBETAiMA 1A5pI0&HEDsyelhef this.

plurality of individual layers of a multiple’layerfof_this

type may, £for example, have. different chemical compoéitiéns,
so that, for example, barrier actions of individual-layers
can be tailored to speéific.géses'which have an adverse

15  effect on the service life"% The mechanical properties, suéh
as for example the flexibility, layer bonding or intriﬁsic
layer stress, can also be improved, for ékample by the |
introduction of flexible interlayers. Not all the indiﬁidual
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 eiamplé metal
layers or organic 1éyers, such as in particular polymer |
layers, in order to match the éhemical and physical layer

25  properties to the specifié.requirements. Accordingly, in this
refinement of the process according to the inveﬁtion, the
step of applying a multiple iayer compriséé.thé étep_of
applying a multiple'layer with different chemical '
cbmpositions and/or different.mechanical properties in at.

30 leaét: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



type may, for exanple, have different chem cal conpositions, so that, for
exanpl e, barrier actions of individual |layers can be tailored to specific
gases whi ch have an adverse is effect on the service 1ife" The nechanica
properties, such as -for exanple the flexibility, |ayer bondih§0%r2006
intrinsic: layer stress, can also be inproved, for ‘exanple by the _
i ntroduction of erxibIe interlayers. Not all the individual |ayers of the
multiple layer have to have a vitreous 20 structure. Rather, individua

| ayers wi t3FRPSAitToIRE | 2 ekeannt ene al avan bé. tdorbivied ewiush satrerture .

i ndi vi dual layers of different chenical conposition, such as for exanpl e
metal layers or organic layers, such as in particular pol ynmer- layers, in

order to nat gradthenwlen cahe aptuphystgabs | anan vABuRNOReKEReS b8 &0 be
specific. requirenents. Accordlng%% in this refinement of the process
accor di ng- 3~ IR i HFrE Yas € eprbf Lappryitvg @Imibei phdilvagmal

COMDYIs5 05 1 bfar oSyl AP, 2 AULLLDLE: Layer o thdi Ligr gt cheri ool

conpositions and/or different properties in-at. Feast two of
-~ the |nd|vﬁ$maEVanén5 applying @1ﬁﬂement|1aye:~ahserna&elbhewbeeeonﬁtne

di fferent %gtlon qgesses f t-he individual |ayers, for exanple
‘adhesi ve bon&‘ g, Hfgé)Q: Attt g %ﬁﬁ??c%%?lﬁ&frﬁFFHVSnéngﬁﬁtﬁ§rtéﬁd Wi th

the 16 5 NEVe2@QGn daposid ivroedsdipd.0andc 0ng basé%gwaiaplécgt&&ﬁou%
structure. In_particular, the plurality of individaal fayers- can aPso be

applied - iefaspdis é%f%%tmnl%sﬁhﬁ vevaporhtipndivatual 5atayeAs have |
Tayer* marerrare” tewsver ot 2 el EeePRreTrE iifeSoRbetbRe FapFactive
“index by uﬁepasell@@thami}ofsuimam]r@c&s:s et GHELE SedubbBgvapphicakkon, for
exanmpl e the selectlon of the evaporatlon coating rate. A _ -
In many dep051tlon processes for layers with a vitreous
structure, a certain thermal load- is applied to tﬁe'OiED
15 layer structure and may’l_i_a'\;re adverse effecte orl the '.layers.
_In particular, the thermal locad may affectlthe layer
- composition in CVD or PVD coatings. To reduce adverse effects
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 examplek'reduce
the heat transfer and_thus prevent the OLED layers from being

.heated.

Moreover' by way of example a suitable pre- encapsulatlon

25 'coatlng can prevent the layer with a vitreous structure
penetrating or chem1Cally changlng another . layer aurlng
apollcatlon by means. of PVD or CVD coating. This may be the
case, for example, w1th_the second conductive layer if the -
latter is made from very soft or_reactive metals, such as.for.

30 example calcium.

Moreover, the process may advantageously comprise the step of

applying & cover. To protect the generally very thin layer



10 nultiple layer with a varying refractive index of this type is
particularly suitable for matching refractive indices. f In many

deposi tion processes for layers with a vitreous structure, a CestR\ x5
thermal load is applied to the OLED .is {qyer structure and may have =
adverse effects on the layers. |In particular, the thermal |oad may affect
the |layer conposition in CVD or PVD coatings. To reduce adverse effects
fromthe thermal load, it is additionally possible for ‘at. |east one

pr e- encapsUi |aonV3rta1§/%<Pu$ oS%éu@plbW e@li Aﬁpr @tmreli](caa@sal éaliftﬁme:a}immgt OI e
this type the ea tr.ans a us preven
OLED Igser ronﬁefér(]g 5-99{1 reovera )} \ﬁa§°o$%8x§ﬁﬁ’eé: wWitdhid abl e .
- pre- encapsm*na:tecms s’ZtSru@tam:r@g can prevent the layer with a vitreous :
structure "penetrating or chemcally changing another |ayer during.
application by neans of PVD or CVD coating. This may be the -case, for

example, Widdhdhe: sepopdeonduct iy e ayeEoLl e LaLten ls mde frg ver'y -

soft or. reactive metals, such as for exanpl e ca

process ey V&G\mmﬁgmc\ymmpm smd;ﬂneastvap ohatappbyt:bgtac@\éefrfat‘é
2006 17 with a vitreous

tect t ener N ver th| a
g'[ ?ugfure@%rtgv attl-her %f kf%eS‘a?EBraFFoﬁ‘Fdéﬁﬁééd ‘aPfe cover can be

appl i ed toletrlﬂfatllatsearl}v\/lctlfbsaed Vig N8pUSHST THGEW QiR NDLepYRL, however, it is.
al so possible to appl}y a layer with a vitreous structure in such a way

that the SHASHUISUr fER%e tbed \iiEPQdfe cober saad thedspbsitang ias dealsed and
her”ﬂ%'cabE% QE%%%dd%%ﬁnétJEtéé%GE g%ruc€u¥et288gglses the step of

covering the boundary edge of the bearing surface of the o
cover w1th,at least one layer with a vitreous structure This
can not only achieve the objec ive of providing aahermetlc
seal, but also allows the layer such as for examole the .

15 evaporatlon coating glass to be used to secure the cover, in'
a similar manner to a solderlng glass. The term the bearlng
surface is not to be unaerstood strictly as the surface on

- which the contact p01nts 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 ad301n1ng-reglons next to the OLED laver | |
structure However these reglons are 2lso to be understood '
as part of the bearlng surface. Therefore the bearing
25 suriace can be unaerstood as a projection surlace 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 ohe bonding layer, in particular'a7.
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



structure. For this purpose, the step of depositing at least .10 one |ayer
wWth a vitreous structure conprises the step of covering 'the boundary edge
of the bearing surface of the cover with,at |east one |ayer w tIl3 NOV 2008
vitreous structure. This can not only afgll eve the objective of providing a
hernmetic seal, but also allows the |ayer, such as for exanpl e the.. 15
evapor ati on- coatl ng glass to be used to secure the cover., in a simlar
manner to a soldering glass. The termthe bearing surface .is not to be

under st 00dSEERFERTS @ El@Stmfaumenesmhmhchhaaeorardammmdﬁtﬁs hetmeen
since the OLED

.further cogpo nd th cover.a d. _For exanpl e,

| ayer stru&Fu#F}ggig S gener af T?/‘béll?gﬁt P gf?’@v APEET W@W%r@ s‘rﬁ&etr .
di stance tedémeen dheneeveii @ad 188460r EesPaRdiy 8ebas e faln _
substrate, in. adjoining regions next to the OLE | ayer str cture wever '

these regi'oisS &f¥ al3 - Heuemdel 3Yeodisaprpduredf molve bpedkly sund dee. .
Therefore,; d gﬁo%l@gc@%éﬁ' d eeﬁggtggﬁ %gé_%tsgg(g&%ts Be l%érogjge%olr%nsﬁlyr Face

of that sid e cover aces _ _
Furt hernbre, .t he process accor d| ng to the invention can advantageously be

i nproved if 1it, additionall corrprl ses the 30 step of -applying at |east one -
bondi ng | ay&t , T F P (f?u]t%c? zi"lvb%"ﬁﬂ‘?ﬁgtpayBFOVésmpcﬁftIﬁlel grdaeast one

| ayer. Wtfpkﬁodﬂélre%ﬂtslc St urgni snapp! Led et 0 th' SuLRe, can in
particular inprove the bonding pr opertlgeg> ?uéﬁiﬁ%a)%gr SR Tl “t Pous 1 5
NOV 2006 Uhf sirqrass aearpibed izbgwefaces, which has advant ageous effects
on thg nechanical stability of the layer mcrostructure.under thermal or

~mechani cal |oads, for exanple a bending load. In this way, a-continuous
layer is proghcEthgine mleﬂ}@ln)eramdad:&oédhﬁgp@éStHéEiﬁ@eﬁ%'i‘bﬁvéoﬁxgg%ggr:
| ayers V\nthalower §p0r05|ty ' ' S
trate
- a. first conductive layer,
- at. least one layer which 1ncludes at least one organlc
'15' electro-optical materlal and

- a .second conductive layer, as well as

- . - a deposited layer with a vitreous structure.

As nas already been described above in connectlon w1th the

20 process. for produc1ng OLEDs, a layer with a vitreous
structure is partlcularly suitable as a-diffusion barrier for
small molecules, and therefore provides effective protectlon '
agalnst degradatlon of- the element The fact that the layer
is depcsited on a surface of the element means tnat there is

.25 a join between the layer and. the surface WlthOUL intermediat e
or. transition layers which is partlcularly expedient w1th a
view to achlev1ng a hermetlc seal. The layer is preferably
deposited on the surtace by means oF CVD and/or DVD, for
example.by-sputterlng,'evaporatlon—coatlng, PCVD or PICVD.

2 _ : _ _ : T _
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 lererence in work function between the layers



The invention al so envisages the provision of an organic photoelectric
el ement which is producible in particular by the process descrlbed above

10 Accordingly, an elenent according to the. invention conprj E Fm%
substrate, .a first conductive |ayer, at;4east one |ayer which inc es at
| east one organic, 1s electro-optical material, and a second conductive
layer, as well as. a deposited layer with a V|treous structure. As has

al ready been descri bed above in connection with the 20 process for:
produci ng BrEERe @asayef i lhghtvenietusg sllenenr, e wkempal tidliteayd Yis

sui t abl-e a$ dléfUSI n barrier for _.small gglecules and therefore
€c

orovi des efFRttTYe prio ec??%%ucaban%Fyﬁéﬁr SESGRTST %%%Jéﬂéﬁﬁﬁﬁ Frean f act

that the |ﬁyerlaY§rd@ﬂQ§|aeﬂoﬁérawéﬂkf@Qﬁc@ﬁoﬁhgn%be@ﬂgc éﬁhere
is 25 a join between the |ayer and the surface. without in erne

transiti onStaye¥ s Rw%lm%tb%ﬁtWéghaﬁleﬁeekpedlesmrqmst hlhachvlag:w tot )
achi evi n T |s ref er abl %ep05|te n e
4 Ng Ay n@%ﬁs 1 atne g ye&?%%# 3 BiSRSFe ™ k en

surface by and/or _
evapor at i cheadatiangl, ifE/Rroint £ ¥bhg aﬁltteas preferable for one of the
conductive layers to have a |ower work function than the other conductive

layer, in order to create a difference in work function between the

layers. 1 Bo NQE2006 t@ﬁel@aaﬁ@uﬁaéfotlénl:ggBF el bLiRd .el. %@E% Jen a

voltage is applied to the conductive [ayer ectrons are T njéec “f.r om
the |ayer WWe hinveniiean worke fQRED | may . addnblunamayphadeema&gmer.

10 functional layers. -In thls context, by way of example, at
.least one hole injection- layer.anq/qr at least one potential—
matching layer and/or at least one electron blocker layer
and/or at least one hole blocker layer aund/or at least one
.electron conductor layer and/or hole conductor layer and/or 

15 at least one electron injection layer are advantageous.

To allow the emitted light quanta to be output, it'is
advantageous if one of the conductive layers is at least
_partially transparent to the light emltted by the layer'whlch
20 includes an organic, electro optlcal material. These required
propertles may be fulfilled, inter alia, if the first. | _
-'conductlve layer 1ncluaes 1nd1um tin oxide or rluorlne doped

tln oxide.

'25' ‘Moreover, the at least.one layer with a vitreous structure
'does not nave to be located on that 51de of the substrate on
which the layer which 1ncludes the organlc electro thlcal
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 thls way, it is on the one hand
possible to limit the diffusion of gas molecules thlough the
substrate and on the other hand also to have a positive

influence on, for example, the optical properties of the



states. Reconbination with defect electrons which are 5 injected fromthe
layer with a higher work function then leads to |ight quantd Sa0nopgs
emtted. To increase the quantum efficiency of an OLED according to the

i nvention, the OLED nmay additionally hage further 10 functional layers.- In

this context,. by way of exanple, at |east one hole injection |ayer and/or
at | east one potential- matching |ayer and/or at |east one el ectron blocker
| ayer and/or at | east one hole bl ocker |ayer acid/or at |east one

el ectron O&FBuctBF P¥EPiEn&0r Festtidorriickde layer wathoa.vitraepbukeast

one el ectr Lhj,ect | I re.. | Jo allow the emtted light

-quanta_tosggugg%ggtFggﬁtgégrggggﬁ?géggﬁggﬁgfgﬁgto etﬁgg%%%ﬁUCtive | ayers is
at least. partially transparent to the light enmitted by the layer which 20

i ncl udes %S_orgagic,'electro-optiqal material. These required properties

may be fulffl FEdIS3Pht EPaliBYEh itthe F i FSETCRBAGEERGRUTQYBRY i ncl udes

indiU@‘tiBu@%h@@m@iet'%9&%”%7@Qﬂ%@si&ﬁ&nP&LQE/o 5r@@£§9%§5 1 é%twh§a t
one layer with a vitreous structure does. not have to be ?oca ed on F_at
si de.of tNarsgbstiane one wircctiloa lpeygyeni chlanctadeise tdeategani c
el ectr o- opt,l terial . i.s | ocated. Rather, the |layer wth a vitreous
structuregﬁg§gg?éggb§aggﬁgﬁﬁgdl@nEgﬁbC: %?%%l%?d%e%ﬁe?@%F%kﬁ§uB§tF%?e
from t hi ssardacel allbws way, lilyelrs ton HAR 0RSrFaBfon®Ossi Pl eatPihim t the
di f fusi on_of gas mol ecul es :t hrough_ the substrate and on‘$he,£%th%r hand
al so to hBFESRIPOS| PFORCI AL SudRc 603, digreexbepl efox examica yaopengi es
of 1he 1 8obE¥;2008: 20 ChEDnahOL.EXaml s a5 A LASHLL Al Lhe taver vith a
vitreous - structure creating matchfng of refractive rndices ' . : _
-‘However, the refractive index can also be influenced in other
Ways, for example by the morphology of the layer. In |
_particular,:the composition and/or refractive index can also
vary periodioally. A layer-with a vitfeous'structu;e-and a..
1s -periodi_cal'_ly varying refrattive iﬁdex is particularly .
suitable for outputting or introducing light into the

element . .

The at least one layer with:a;vitreous-strucﬁure may-also.
20 particularly'advantageously be arranged between theosubstrate
and the first or second conductive layef. This afréngemenﬁ
'also.suppreSSes the diffusion of gas molecules through:the
substrate. Moreover, in this way it is possibie to produoe
refractive index matching between the OLED layer structure

25 and the substrate.

..The.organic,'electro-optical élementfmay.also include a
muitiple-layer which comprises.at least one layer with a
vitreous structure. This.may be advantageOus both for the.

30 optical properties, or in.pérticuiar'for the outputting or _
introduction of iight, and for the mechanical properties,

such as the bending tolerance.



‘be. achi eve

The at |east one layer with a. vitreous structure may, 5 furthernore, have -
a conposition and/or refractive i ndex which varies along the direction
perpendicul ar to the coated surface. A variation in the conp giﬁéﬁ' _
perpendicular to the surface allows theyi{ayer to have corresg 3&?
varying. materials properties in this direction, for exanple a varying 10
coefficient of thermal expansion. or refractive index. However, the _
refractive index. can also be influenced in other ways, for. exanple by

the norphol ogy of the Iayer In particular, .,the conposition and/or
refractive ifdex can r I Lt .th a_vjtreous.
structure%ﬁ%1 : ISa%% lca 3§§v%$§?%§tﬁéFF§bfﬁ%: &gﬁ'ﬁg' artlcularly

.SU|tabIeImntrnﬁumdmgnglgmtl¢amddycaﬁnlewgﬁt1mntﬁrtheu1%keﬁﬁnkhe'The at

| east one | a er mnth a.vitreous structure may also 20 particularly
advant age Zh r 5AGRES Rt Weth TrRetipdissilexes hawe €Ad femestt or second

conduq;iv%gggggtlg@l§n@{&@§genent al so suppresses the diffusion of gas
nol ecul es through the substrate. Moreover, in this way it is possible to

- produce refractive index natching between the OLED | ayer structure 25 and

t he substr The el ectyo-opti el ement may al so include a -
nultiple Pg &t ﬁ%ﬁchg%%ﬁ§¢$%éga%lai%%sEnﬁﬁgdﬁa nﬁﬁFﬁﬁ gneyPtfeous

st ruct ur e.enthigsulbat en atwett agedsls Bahh skokset Be. g %Qe?ﬁ%ﬂc%ﬁrQﬁ%Eert'es
or in particular for the outputting or introduction of light, and for the

nmechani calCORoFF 1328, rediess ashe h@h%manlngoaél enatbe. OLED GusiNOVt2@06 A
_ t I f d trod n I| ht can
par ti Gul ard ﬁuv%%béﬁuﬁ? afa}wg% & 9%% '—; VlEQF[a?lﬁgC' bll%

| artic ayers 0 g Iayer
have di f f emover, a pre-encapsulation coatlng can serve to create a

stable base for the layer with a vitreous structure

To .protect the layer with a vitreous structure or the other

15 layers in particular from mechanical damage, the OLED may

- advantageously also have a cover.

In additicn, the OLED may advantagebusly include at'least-oned
bonding layér,'which-preferably adjoins the at least one _

200 layer with a vitreous structure A bonding layer of this type
results in lmproved bonding of the layer with a vitreous
structure. As a result, relatively high growth rates and in
frelative terms smoother layers can- be achieved during the
deposition.'Morerer) a'bonding layer of this type'can be

25 - used to reduce intrinsic layer stresses.

'ﬂMoreover, an electro- optlcal element accor dlng to the
invention may advantageously 1nclude structured layers. By
;Way of exalee the first and/or second conductlve layers
30 'and/or the at least one layer Wthh 1ncludes at least one-
organic, elechc—optlcal mater;al may be structured in order
to integrate additional functionality in one or more of these_

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



5 refractive indices. Mreover, the OLED may al so include-at |east one pre-
encapsul ation | ayer which can serve as a thernmal barrier coati nﬁ and
reduces the thermal |1oad on the CLED during the .10 coating wil ©h @_\hdﬂﬂﬁayer
or layers with a vitreous structure.. Myggover, a pre-encapsul ation coating
can serve to create a stable base for the layer with a vitreous structure.
To protect the layer with a vitreous structure or the other 15 layers in
particul ar_from nmechani cal danage, the OLED nmay advantageously al so have a
cover. I'n BYEIFoRYthe eLrerhuyeddiBnragenbsishapecl Mhe dtidgast one o
bondi ng | «Whieh pre a lj opns. the at | east: one .20. l.ayer with a
Vitreots crrterires Phondt merYebel thi e ree et i 6F r ihRoRaDe
bondi ng ofmahe fayeexamphe o engagousn sheughdt@erAsA disuld ~d18lald wely
high growm.h rates.,apd in relative ternms snoother |ayers can be achi eved
during t he®® RRRBETEF o WAPRIY PELHEBBNEPREUFA}#F dRYETSs loged eshmthen2s
used t redage i-ntrinsic layer stresses. Mreover, an electro-optical -

el enent according to the invention nay advantageously i.nclude structured

| ayers. By away of exanple, the first and/or second conductive layers. 30

and/or the.at |east one |ayer which ipcludes at |east one organic, :
el ectro- 03?&5‘3 = tOt_ghe e ¥ETucthr EBS iaﬁﬁﬁér aTfo 3ilifce Gdttabaddi Bronal

I cal "materia _ _
functi onalvwdy ¢f @tensTe Moie Afohdeseivhayslsrs! haRahlieuhat .t he first _
and/ or second conductive 15 NOV 2006 22 Iagerrg rrggabe strg(%lteﬁr’e Oitrn a conb .-
shape. ThEFIWY: IR Df Wivechagepsswanehaapshetr oot twhed in a conb

shaps.e Ml i-gvonnl e cnaage 10,00 g2t I9toocihgh 2 volisge cap be

_ individually switched pixel_struétures,-in particular for - :
display applications.'ln this case, the layer which is
located betwéen.thé conductivé'layers and includes at least
one electro-optical material is locally.excited to ﬂ

15 electroluminescence in the"-_viéinity of a c.ro..ss point .of “two
driven interconnects:of the conductive layers..Coniersely} a
corresponding photovoltaic arrangement can.be used for local
signal scanning for sensor applicatiéns, for exampie image

~.recording. | | - | |

'26_
'Moreover;'the.invention provides a dé&ice for.carrying out
»theiproduction process described abo&é and/or for producing a
photoelectric element according to the'invention..In.addition
to the means for producing the OLED.layer-structure, a devicé

25 :_offthis type has a coating heaﬁs for depositing at least oﬁe_

layer with a vitreous structure.

The invention is described in more detail below on the basis
of preferred embodiments and with reference to the appended
30 .drawings, in which identical reference numerals in the

drawings denote identical or similar parts. In the drawings:



5 level. However, other structures of the layers are also suitable. By way
of .exanple, the conductive [ayers may have |ines, for exanpl V '
interconnects, which cross one another on the 10 substrate in d|§f reﬂpﬁ

| evel s and al |l ow pi xel activation of ingividually swtched pixel
structures, in particular for display applications. In this case, the
layer which is 1ocated between the conductive layers and includes at | east
one electro-optical material is locally excited to is el ectrol um nescence
inthe' viBiaity of a crossh90$na birswoemboidisrentte GONMEES MHodF®ing
conductive | ayers. Conversely Ye correspondi ng photovoltaic arrangenent - .-
~can be used for local S|g%% %%aﬁﬂY%@t?8$ sensor applications, for exanple
i mage recording. 20 Moreover, the invention provides a device for carrylng
out the Eroductlon process descrlbed above and/or for producing a -
phot oel ect¥+%: ek enent according to the i shems en.funtleddidnteniinemt hef neans

for producing the OLED | ayer cture, .a de 25 .of .thiis type_ has. a
- coating nmeans for depositing %%é#eas?ord%ngl ?e&hﬁlPFV§D5FPPe§&§hSFPuctUre;

The invention is descrlbedmwtrm&e&ﬁ&éﬁlétﬁﬁbam&@n the basis of preferred
enbodi ments and with reference'to the appended 30 draw ngs, 'in which -
identical reference nunerals in the drawi ngs denote identical or simlar

parts. In ﬁ{g; grawi ngs: 15 NOV 2006 23sﬁ%@s 1.sh g&%) flrst.enbogggﬁpt of

an OLED according to the invention, Fig shows Ve &b
5 an OLED according to thevitiventprerentdpsnlation layer,

10
Figs._4A to 4D . show embodlments ‘with an addltlonal cover to

p Drotect the OLED layer structule

Fig. 5 . shows an emboclment of the OLED

15 . _ ' w:.th the layer Wlth a vitreous structure
_arranged between the OLED layer structure_and

the substrate,

Fig: 6 shows an embodiment with a
20 - o ‘mult 1layer encapsulatlon of the OLED layer

structure,

Fig. 7 o . o shows an embodiment with a
'multllayer encapsulation of the OLED layer
25 _ _ structure and different refractlve 1nd1ces in

the individual layers,

Figs. 8A and BB 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,



i nverse | ayer structure,.. Fig. 3. shows an enbodi nment. of an O_ED_ ‘W th a
pre-encapsul ation layer, 10 Figs. 4A to 4D show enbodi nents with an
additional cover to protect the OLED | ayer structure, Fig. 5 sﬂ(SV\BO\érYUUB

enbodi mrent of the OLED is with the layejgwith a vitreous structure-
arranged between the. OLED | ayer structure. and the substrate, Fig. 6 shows
an enbodi ment with a 20 nultilayer encapsulation of the OLED layer
structure, Fig. 7 shows an enbodinment with a nultilayer. encapsulation. of
the -OLED | ayer 25 structure and different refractive irndices in the

i ndi vi dualg{ay Fi gs. BA and. BB how the curve of the refractive index
ina |layer %7“ oSa vitreous struct ur% 'R acggﬁﬁ)ﬁ&é;onsﬁqwttwﬁ ﬁﬁc?cﬁﬂecrﬁ%r. .

‘enbodi ments of an OLED, amiltii galdishowsrapsemeedicment of sap OLER with
conductive |ayers structured in a-comb shape, 1-5 NOV 2006 24 Fi g. 10
shows a conparison of twoSVIPRERHEPR- CRRERTGAIdAFR, steispectdaedd, with SiO2

and. gevaporation-coating glass, respectively, 5 Firg. 11 shows a graph
illustrating -the optical den3| ty of encapsulated calciumstrips as a
function dfig.i rig, shows a graph illustrating the

optical dens;ty of encapsulated calcium strips

as a function of time,

10. Fig. 12 _ shows a comparison of the efficiency

- of various encapsulated OLEDs, and

-Fig. 13 Lo ' shows the lum1n051ty of’ various .
-entapsulated OLED elements as a function of

15’ the residente time in a climate chamber.

. Fig. 1 shows_a diagrammatic cross—sectional'view.through a
first embediment-of an OLED according to the inventiQn,'which
is denoted overall by 1. The OLED comprises a substrate 3, to

20 which an OLED layer structure 5 is applied on one side 9. The
layer structure 5 comprises a first conductive layer l3,_a
layer 15 which includes at least ene.organic electro optlcal
material and a second conductive layer 17. The layer

_structure 5 of the OLED is covered with a layer 7 w1th a

ésf vitreous structure ~and has been ‘applied by means of- DVD
and/or CVD coating. On account of ‘its low permeablllty, the

'layer_7 creates a hermetic encapsulation of the OLED layer:
structure 5;'inaparticular with respect to small gas
molecules from natural atmosphere, such as water or oxygen.

56 In this way, the.degradatibn of the QLED according to'the-
invention ‘as a result of chemical reactions between reactive

-gases and materials of the layer structure is greatly

reduced, and this manifests itself in an increased service



10 Fig. 12 shows a conparison of the efficiency of various encapsul ated
OLEDs, and Fig. 13 shows the lumnosity of various encapsulated OLED -
elenents as a function of is the residence tine in a climate thiid¥e?0s
Fig.. 1 shows a diagrammtic cross-sectiggal view through a first

enbodi mrent of an OLED according to the invention, which is denoted overall
by 1. The OLED conprises a substrate 3, to 20 which an OLED | ayer ‘structure
5 is applied on one side 9.. The layer structure 5 conprises a first
conduct i vel}%&§ e?f 18he 0LERy efnasgahichsiledsudes airdveasttons of gani c,

el ectro-opt] rial nd second conductive_layer 17. The |ayer
struct ur_e%égﬁ?%ggg%ﬁ%e c%%%?elaé ﬁirt.lﬁ(iar}loéhyék‘% 1\@%/5&: a 257 \AFGRHs
'struct ure ahdihesl beepeappabETH by . "BANS 204 iR arandian iCyfdcpat ing. On

account of its |ow perneability, the ayer 7 creates a hernetic o
encapsul atfIHF DI He TEFFERYREVE sirpefiiedarnly pom peuimmabstity espert to

smal | Qgas SSH o)1 t here, .such_as wat.er .ar oxygen. 30
In this vva%/@t_he g%%%%%%%%%eg@éD g%g&rc i ﬁﬁﬁyosfjﬁ a84%rention as a
result of chem cal reactions between reactive gases and materials of the

| ayer structure is great]y _reduced, and this manifests itself in-an

i ncreasedLigterJ\ﬁ c%relg%r%g.%&%%ﬁﬂ’?é ¥itfhe YEEDSoRSosFamas uyieads has
proven to dnprifardd Caitasdya expedtsat 1 aRt %'i.b_@ls f85 chhelayer, 7, on account |
of its low perneability. In particular. alKali-netal- containing glasses
have a pardSRAAETY MoveRperablontgoatand enboheskelLeoane. 1gl asses are al so .
partigularly suitable.. It is preferable for the.layer with a vitreous
structure to conprise an evaporation-coating glass which has been

The layer 15 which includes an organic, electro-optical
material is referred to below as én organic, light-emitting
layef, for the sake of simplicity. However, this laye:r may
also be designed as a light-absorbing, photovoltaic'layer for.

15 a photovoltai_c e-l_ément.

The evaporation-coating glass type 8329 produced by Schott}

which has the following compoéition in'pércent'by weight:

20 Sio, 84.1%
B,O, 11.0%
Na,O ~ 2.0% |
K,0 ~ 0.3% ¢ (in the layer = 3.3%)
25 . Li0 ~  0.3% ] |
- Al1.0, =~ 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 laver deposited by



deposited by evaporation-coating on the elenent 1. 10 The | ayer 15 which

i ncl udes an-organic, electro-optical material is referred to bel ow as an

organic, light.-emtting layer, for the. sake of sinplicity. However, this

| ayer may also. be designed as a |ight-gapsorbing, phot ovol t ai &5 N@Weﬂmsor

15 a photovoltaic el ement. The evaporation-coating glass type 8329 produced

by Schott, which has the follow ng conposition in percent by weight: 20 '

Si 02 84.10 B20., 11.00 Na20 2 0 0 K20 0. 3 0 (in the layer 3.3 0)

Li 20 0.3' s€YaPATan3oD. GgathEn the layer < 0.51) has proven partlcularly
suitable.. 30 The values given in parentheses are the proportions by weight

.of the corresponding conponent in the |ayer deposited by 2 6 1 5 NOV 2006 -

‘evapor ati omheoal bogridhe ekeckrhgak b&mﬁﬁﬁﬂﬂﬁbfgsiiﬂéaég”#¥%éé(Ege gl ass
is approximately 1010 S2,/cm (at 100C) 5 Furthernore, in pure form

thi's gIassahasoalmetehytlvgSQVnmeXamf1ampKDX|nately 1.469. The dielectric

constapnt s r oxi mat el at _25C, 1 , tan6 is apprOX|nater 45
X 10- 49 (at F&Etgggmm) “fhghe BUgCeFRpaY attlfbir'ﬁ cfﬁeﬁ%ﬁwdla;ﬁ G L Tawt ivRe

di ffering vpbeki bi t¥pefokhRacemponenks of this systemresult in slightly ,
different stoichionetries between the target material and the |ayer which

is applied by evaporatlon coating. The deV|at|ons |n
'The dielectric constant e is approx1mately 4.7 (at 25°C, 1
| ‘MHz), tand is approx1maeely 45 x 107" (at 25°C 1 MHz). The
10  evaporation-coating process and the dlfferlng volatlllty of
‘the components of. thlS ~system result in sllghtly dlfferent
stoichiometries between the target maeerlal and the layer
which is applied by evaporatlon coatlng The dev1atlons in.

the layer whlch is applled by evaporatlon coatlng are glven

15~ in parentheses.

Another suitable evaporation-coating glass) referred to below

as glass 2, has the following composition, in percent by

weight:
20
Components: -  Glass 2
- sio, 71%
B0, 263
Na,0 - - 0.5%
1i,0 0.5%
K,0 : | 1.0%
'Al,0, | 1.0%

- These two borosilicate glasses whlch are preferably used 1n

particular have the properties listed 1n the table below:

Properties . 18329 Glass 2




the layer which is applied by evaporation-coating are given 15 in

par ent %eses. Anot her pgw tabl e evaporation-coating gl ass, ref erreﬁl to bel ow
as glass. 2, has the follow ng conposition, in percent by wei At NOV2 @006 N
Conmponents: Gass 2 SiC 71 0 B203 2 6 §7 Na20 O .. 5 0 Li20 0.50 K20
1.00 A1203 1.00 These two borosilicate gl asses which are. preferably .used
in particular have the properties listed in the table bel ow. Properties
8329 Cass—2 1.5 NOV 20 27 a20-300 [10-6K-1] 2.75 3.2 Density (g/cnB)

_ . : , . . . ) 1. 469
2.201 2. 1Pa, TrahsbCKMati on point [C] 1562C 7&2 "Refragdtixe index nD. 1, _
1.465 Hy rﬁfbf.r resistance class HGB HGEB 2_ LN accordance mnth_ISO 719:
Aci d res|s@%1h%ét36|ésécmri 0.6 2 accordanciMith DI N2 1216 Alkali R
resi stances 5 gr"" th—bEN-—-52322Dbi-electric—constant (250
4.7 3.9 (L ﬁfz?% ?izl” ‘3&5’ B¢ Ez%g 454 P4 96* 10-4 | 742
'~ .|Refractive index n, = 1,469 1.465
Hydrolytic resistance class HGB 1 HGB 2
in accordance with ISO 719 ' '
Acid resistance class in . . 10.6 2
| accordance with DIN 12 116
Alkali resistance class in | R
| accordance with DIN 52322
Dielectric constant & (25°C). [4.7 ' 3.9
| o (1 MHz) | (40 GHz)
|'tand (25°C) - ~ [a5*%10°° ~ ]26%*107
| (1 MHz) (40 GHz)

The application of the layeri7.by means of vacuum depositien
such as for example CVD and/or PVD, results in the formation
of an 1nt1mate bonding of ‘the layer 7 both to the surface of
5 the layer structure 5 and to the substrate 1tself in areas
next to the OLED structure. As a result, permeablllty
passages at the edge regions of the OLED layer .structure are
also avoided;  in OLEDs whlch have been known hitherto, _such
passages are encapsulated for example by adhesive bondlng
10 It is preferable for the layer 7 to be. deposited by means of
| .evaporation coating, in partlcular by means of electron beam
evaporation of ‘a glass targetlhaving onelof the compositions

given above.

13 To produce particulafly dense, low-defect layers, it has also
proven.advantageous to use an APS (APS = aavanced plasma '
source) and to carry out a Plasma ion assisted deposition, in

particular evaporation coating assisted by plasma ions



(1 Miz) (40 GHz) The application of the layer 7.by means of vacuum o
deposition, such as for exanple CVD and/or PVD, results in Hhe fornatlon
of an intimate bonding of.the layer 7 both to the surface of 55Nﬂ¥ 4086, er
structure 5 and to the substrate itself jp areas next to the OLED i
structure. As a result, perneability passages at the edge regions of the
OLED | ayer structure are also avoided; in OLEDs which have been known
hitherto,. such passages are encapsul ated, for exanple by adhesive
bonding. .10.it is preferable for the layer 7 to be deposited by nmeans of
.means. of .el ectron beam evaporation

evapor at i ting. in.particular b S ( _
of g gl asgﬂf géra%é? %g't\)/?%bg%ﬂ%' ot?h"? hESREmpasist Foh s T SRAT aov &1 9k8- To
produce pamtitctedrfyosletse, ot gan fef eﬁighQBL%'itﬂ-t’ti'rxtg' rladé/eﬁj 3¢ ALQMEN
advant ageous to use an APS (APS = advanced plasna™ soudrce) andto carry

out-a pl ashel iRAS2RSi SReengepels tbnsti ncopany Ciht_dwlmﬁba@xeapd_ | G.Btatalr{[aiﬂ msubistn?at'e |
assi sted ey 4 QN 28 én thi s enbodi ment, e ) B
i's trasﬁsp?}é e%é%%?uékémé?geg ;?%%Q'? e"or arrnthf, SHVgHCRERRE (97 tlhzfs@rldﬁ
first of Ildl lopassesttimepmgietthesdbststaceonductive layer 13 and then 5 -
passes through the interface with the environment on the side 11 of the
transparent substrate. In this enbodi nent, the first conductive |ayer 13

rises 10 Sdaxh S nduct i ve- opt erial,+§Yeh,as. fot sexanpl e i ndi um.
fgnPin oxfﬁ%fﬁﬁﬁﬂorder t%ﬁgflom1théLI$gh§5?g Sggs%t%r§&§h.3Tﬁ8g§€&§ﬁ5,a |
conduct i véTeRRRATSHpr | sedurtiatemiateni ah, ashaners wotk ekmel LOARKAaR t hat

' ' ' in the case of an indium
?{ntgﬁiBE&?§§§§H%§$;§%?§L§6%§8%%Eéﬁé%@rﬁbéuggghggFeiaﬁﬁﬁstarﬁaghrcuyar|y_;
sui tabl e - | - S |
“The secondfconductiﬁe-laYer comprises a material with a lower -
work function than that of the first_cohductive layér, thé
work function in the case of an indium tin oxide layeribeing_

15 .approximat_'ely 4.9 ev. Céléiﬁm is a part.icu'larly suitable
material for the second conductive layer. HQwever, célcium is
highly reactive'and feacts in particular with the.atmospherié
oxygen-and'wiﬁh the. water which is present as'moisture'in.the- 
air. In particular'to protect.this'laYer,_hermetic- '

20 encapsulation of the OLED layer structure is important in

ordef to avoid degradation.

This-embodiment of an OLED'cohprisés théflayer-seqﬁence
substrate/first éonductive layer/orgénic, lightFemitting

25 layer/second conductive layer. Thisléorresponds tb the
,standard_struéture of OLEDs. However,.a structure With.an
invérse layer sequence can;also be achieved by the
application_of a layer with a vitreous .structure which at the
same time effectively eﬁgapsulates the OLED laYér structure

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

layer/first conductive layer. In this embodiment, the



material for the second conductive |ayer. However, calciumis highly
reactive and reacts in particular with the atnospheric oxygenayquvﬁﬁm.
the. water which is present as noisture in the air. In particular to
protect this layer, hermetic 20 encapsulsagi on of the OLED | ayer structure
is.inmportant 'in order to avoid degradation. This enbodinment of an OLED
conprises the | ayer sequence substrate/first conductive |ayer/organic,
light-emtting 25 |ayer/second conductive |ayer. This corresponds to the
st andard sTHREEERES 0f TRERLISHoMRPRFiSE sfr opegue wWaterdml i riher dedhayer -
sequence can: al so_b hiev y e opl.icati.on of a layer with a
~vitreous. %%tﬁ? e&nmﬁf%%gatgp?‘ﬁetﬂga%ggﬁ%g"e ] ti_\?g];);téﬁtgadfmea’i&ss the
OLED | ayertisdm ucafiter 30t Shas Thassear tArbugh khleustikaitedddaddtdve? 1ahR L he
enbodi nent__ shown in Fig. 2, the |layer sequence is accordingly: B
subst r at eljs%'co?fEFE%‘?l%Iu%‘gi VRS | AyePF oF §8Ri &° FhFRUTENIthE Agyetaylemiftiy st
conduct i ve 4 @yesus | &k Hhksygibodi ment, the 15 NOV 2006 29 substrate 3 may
al so conprise an opaque material. The light which is emtted fromthe
organic, light-emtting layer 15 then, after it has passed through the

first conductiv. aver_ 13 .e es at the outer side 19 through .the layer
7 with e 4 i CHRS PP AT Qe SChP aBRaRPRCERFS tegrorePaR-
enbodi mentervdd el $f fon NGRS U AL i PR & a%%é -2hcapll3 aRhenencaRsulat i,Qnl ayer
is used- inter alia to create a stable base for the layer 7"with a 10
vitreous SYFRA FE2 THe GERIMRI & oneriel fvbabayépritiepieleraldl witkoapri ses

ol eoal bs T om The Taper T penars 1T aginr IRk SV P ag By ST e BTBF STPRbY
| ayer 21 dswAfises Gh¢km&r&ﬂspft metal calcium. The pre-encapsulation
layér 21 prevents molecules from the'layer 7 peﬁétrating_inﬁo
-dthis'layér. Moreover, thé laYer.Zl also forms a thermal |
barrier coating which, on acédunt of its.low thermai
15 conc_luc_:tivity,. pievents" h‘igh- leveis of heat output fi‘ém- being
transferred to the OLED layer structure during thé'

-application of the layer 7 with a vitreous structure.

- Figures 4A to 4D show embodiments of the organic, electro-
20 - optical element 1 with an additional cover_23. Thé.co§er 23
| is used to protect in particular against mechanical damage.
Since the layers 13 to 17 of thé element 1 may be felaﬁively-'.
soft, the layer 7 is joined iﬁ the region of fhe OLED layer
structure 5 to a base which is not very stable, so that the
25 layer 7. may be sensitive ;o_méchanical effécts. The cover 23
may'advantageously_be'adhesively.boﬁded_to the OLED. In the
embbdiment'shown in Fig. 4A, the'cbver 23 is joiﬁed t§ £he
furtherlcomponents of the.elemeﬁt_via_a synthetic resin or
plastic layer 25. The. synthetic resin or plastic_iayérl25_is
30 ISuitable for'compenSating for unevenness on the.surface, for

example caused by the protruding OLED layer structure.



rrier coating which, on account of its |low thermal is conductivity,
lS(rfievents hi gh Igevel s of heat output frombeing transferred to the OLED
| ayer structure during the application of the layer 7 with a \1|5t NW(%@O
structure. Figures 4A to 4D show enbodiygnts of the organic, eleC _
optical element i wth an additional cover 23. The cover 23 |_s used to |
protect in particular against mechanical damage. Since the layers 13 to 17
of the elenent 1 may be relatively soft, the |layer 7 is joined in the
regi on of Ihet&E@nlba@émen?stshomr en5Ftig.akase oMe Chayer MptwMed Yo St abl e, so
t hat. t he Zé {__ be sensi tdl ve to nmechani cal effects. t_-The cover 23
may advant ageous‘]ls S%Iéué‘a‘ﬁ’é& VePy BBHﬁégefiolFtt;ﬁ“@_l}EG Y3y tHea eﬁﬁﬁ;?;ngptthe.
shown in Fbgunddryté@g&oyer t83 bsakrohgedut@sdche s fllf '-
el enent vi a@ansi?t/hée%c resin or pl agtl c layer 25. %1 echp% ¢ Fesin or
plastic | a%?ezzsi- |%O%0tléh$tﬁbréoﬁev Caterpegyam (ri]a_@ gﬁsa?fﬁ]ﬁ?u%hé hiS
rfac f e r ot rudi ng
NOV 2005 S0 TEe T Srback rert SEROGRE! RFFD. TAH he [Lydroiay th &
vi treous. sﬂ:rmmttmm'@ VEise deppstt edwi BhSHCHiarways tét%tucttﬂfre Reundary, edge Of -
t he bear| ng surface of the cover is _also covered. For this purpose, the

cover %P%?J’pfr‘?%ooq FRheCSVebated QUBEL %aﬁeeﬁgfeor“éutdie deziyLe)etsE tiiet h a
t us dAYEhe Tpubih g ¥ r Gl was then
\dlepz)glot ed %ﬁ%%?vue%%nd ove? P%’% e g {VJﬂIEI- ngs l*:h heb@fﬁ%;&aﬂf curve

of the bedrthFaeYT e, isosehbedt he ‘ehlgelaifert he frmsr prdventsealaad by the
"bet ween cover and -

cuet ¥ o A DI Ea B0 (e T ‘THESTLER AYBF SEr s PacE beirt Ak

subst rat e an
enbodi menttcs hovereli rtl'Fel g)LEkﬁ: 1@@?55&@@@@% ng Of the

In the embodiment sho&n in Fig. 4C, adhesive bonding of.the
cover to the base was dispensed with. In this case, the layer
15 - 7 w:_tn a vitreous structure is J_tself used to secure- the
cover 23. In addition to sealing of the. edges of the cover,
the dep051tlon of the layer w1th a vitreous’ structure.
accordlngly also results in bondlng of the cover, in a
" similar manner to that achleved with a solderlng glass but
20 'w1thout the OLED layer structure hav1ng to be exposed to any
particular thermal_load. By way of example, the layer 7 is
- not designed.as-a-continuous layer, but rather'ls only
dep051ted on the edges of the cover or the boundary curve of
the Dearlng surface of the covnr Naturally, the layer 7 may
25 also be deposited so as to cover_the entire surface of the
coated side of the element, in a similar'manner'to that shown

in Fig. 4B.

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

30 been provided with a cover 23 and in which the boundary curve
of the bearing surface of thc cover 1s‘covered with a layer_7
with a vitreous structure. In this case too, as in the

embodiment wnﬂcn has been shown with leference to Fig. 4C, in



cover to the base was dispensed with. In this case, the layer is 7 with a
vitreous structure is itself used to secure the cover 23. In addition to.
sealing of the edges of the cover, the deposition of the IayGHSMN@lehs
vitreous structure accordingly also resmits in bonding of the. cover, Tn. a
simlar manner to that achieved with a sol dering glass, but 20 without the

OLED | ayer structure: haV|ng to be exposed to agy particul ar the{nal Iga?.
By way of e nple t he 7 is not designed as a continuous |ayer, ‘bu
rzlt he?/ is. %%%y“ %p%%l‘?eﬁgﬁi 't RECBYYRE &F tﬁ'é?c‘%ﬁ/‘é‘?‘r drs t%%o’ﬂkﬁf@eﬁ‘ye%d-ﬂoe

of . the beedddikbsUFhaceapbrt he goVeEn Aty alﬂa‘vfex}%‘? e e§, 25, al so

be deposited so as to cover -the entire surface of t S|de 5? t he
el enent, i¢vVaPeiaiien-eeahed latehallyhowto ivhdiglemtit Fisgp ®Rsshovs a

further e f apn el e whi ch_has. 30 been provided with a coyer"
23 and |nm%%§%ﬂ%g%e it %??ng #v% oP *PHEYear i ng surface of the cover is
coverexdd with a layer.7 wth a vitreous structure. In this case too, as in

t he embodi ment. whi ch has been shown with reference to Fig. 4C, in 1-5 Nov
2006 31 atRlithorriRrdinear, S%@Uﬁr?’hehoffetfﬁﬁe‘e(;mﬁertq Fiaql 9&,achisnesd, by -

the | 7 1s
‘means of thed.qyarc 7.1 &Y f%ng{%taztl?ﬁ Y_\f?:enen eres %ﬁlgtttrrﬁ;anéidfes of the

‘evaporation-coated latera
el ement . Isegwriswnleil.a Soverthe earbodt:ﬁ&etvefaihw Aepids iteber enem tthd i g.

4E, | ._or ..a her c closure, of the OLED | ayer. structure.and a
fing. S Jz‘ggv\gﬁ °BchievEdVDY - déPoditifoFaRtorothe a GipsInt e si de

securi ng OC%ppaO COVEI’
fromihe coafurd ntd hile C&fSod OQendls CORRRA 1Q fFe_L%tsur %Bt Y rch%_n%ntﬁ)d' rt%nt S
“shown. in Figs. 4B, 4C and 4D, the
' boundary curve of the ~bearing surface of the cover 23 is

covered by, the layer 7 with a vitreous structure.

Fig. 5 illustrates an embodiment in which the layer with a
15 vitreous structure | is applied to t.he _substrate 3 _befor_e. the _'
'-application of the first and second conductive layers.and_of
the organic, light—emitting layer. 2s a result, the layer
w1th a vitreous structure is located between the substrate
and the OLED layer structure. In this way, the diffusion-
20. tnrough the substrate. into the OLED layer structure is
suppressed. Moreover, the encapsulation of the OLED from the'
rside of the substrate 3 Wthh is achleved w1th thlS
arrangement of the layer 7 between 'OLED layer structure 5 and
substrate 3 makes it poss101e for a material-: Wthh can be
25 penetrated by gas molecules to be used for the substrate-B.'
By way of example, in this way 1t.1s even poss1ble to use a
plastlc substrate through which gas molecules would otherw1se-
migrate into the OLED layer structure on account of the poor
barrier action of plastlcs The use of plastlc substrates is

30.' partlcularly 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.



boundary curve of the. bearing surface of the cover 23 is covered by, the
| ayer 7. with a vitreous structure. Fig. 5 illustrates an enbod e V@&Q
which the layer with a 15 vitreous structure is applied to the S te 3
before the application of the first andzsecond conductive layers and of
the organic, light-emtting layer. As a result, the layer wth 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 RARFHE sk T MY eibpinst hbeedeaesulariich of vtitere@iED from

the side scgrgms@bma;% Zouligh becasiieyed ULh (1l 5 At angerent of

the layer 7 between OLED layer structure

possi bl e flomda nmtleryrent mlcnheatcasl é)efZEeﬂlelaﬁhﬁr @Eiﬁlaménﬁaﬁc{i@i efdiwrst 0 be
~used for t ubstrate 3. By way of exanple, inthis wayit is even .
possi bl e tg‘eugea YET o a“éjtfrl& %u‘b’s"t?%f?‘ést RESHGH Ui éﬁdgéﬁewﬂl@@ﬂr@ste \oulse

ot her w se t HAtIr S dd i Ton tHE %Qéﬁa rﬁ%%ﬁlt YhE 9? g%&%nt u% tra P90r
barrier action of plastics. The use of plastic subs o
parti cul ariry pantiahilar orhehelpy D i bR bentl exhbbe BrEDRnteMhr @@ver, the |

OLED. may iJy e a . bondi Iaer g]%f oipin he layer 7 with a

vi t reous stﬂlflc%t%mettolsa apgsast Tr %l?t glg %@Oée%n §2wWpEENh §FdFEng

| ayer 10 adiemi raﬁst&mﬂéd’&ib&vé/\ﬂatﬂﬁ & WbEECQUS chShidChHEE -aRd gl %ell%%attgd

bet ween sybstrate .3 and | ayer 7. The bonding .layer 10 creates xed and

per manent P& AseRREEH IS W YeRferol; WhiA aypetreous structure and the

substipate 3, so 5 that separ ation of the layer 7 fromthe flexible

substrate 3 in. particular when the OLED is bent can be prevented. .Of -

course, i tln &dslidd qross Murtfler ldrimapeshbdt reat $nubi §hohﬁvgn bggn gescrl bed

i bel ow to

above and %EQ%%EMEJ*& re qg%lr %9(ILED layer structure 5, this
encapsulation preferably likewise being ffected by
application of a layer with a v1treous structure by means of

15 CV’D_a_nd/or_ PVD coating. The layer with a v1crec_>us 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 1mprove the

‘20 outputtlng of the llght emltted from the organic layer 15.

In the case of OLEDs with flexibie substrates 3 which are
constructed as shown in Fig. 5, the layer 7 should run as far
as poss1ble along the neutral flber -of the structure so that.
25 it is 1mp0551ble for. any cracks which could 1ncrease the-
| degradatlon again to form in this layer when the OLED is
bent . Fig. 6 shows an embodlment in which a’ multlple layer 27
has been applied, in order to increase the flelelllty of the"
structure. In this. case, the mult iple layer 27 is applled_to
30. 'the.side S 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.



include bonding layers of this type. 10 In addition, a further

encapsul ation (not- shown in Fig. 5) can hernetically seal the OLED Iayer
structure 5, this encapsulation preferably - likew se being ef fesingg¢ QMG
application of a layer with a vitreous structure by means of 15 CVD and/or_
PVD coating. Tile layer with a vitreous Structure which is applled
between. the OLED | ayer. structure 5 and the substrate 3 may, in addi tion
toits function as a diffusion barrier, also serve to napch refractive

i ndi ces between OLED | ayer structure 5 and substrate 3, in order to .

rove th Q utting_of he light enitted fromthe organic |ayer 15.
. II nrrpt he casg %&eééﬁ)se &a?'%‘ biB& 'subst 3N &S FRLhear 2l Cemrrte Lic it s

" shown in Fibest, 1tferkayer, hshoul ,d 7N s flex A% OB & g, Lhe
neutral fiber of tgg structure, so that 25 it is |npos§*%+ ?%r any’ ctracks.

“whi ch coul 8Ni Rg¥ead¥ vRY Oée@%&@@ﬂﬁonQﬂ@PﬂﬂﬂQ)HQWymem tdysrs ayef wwen the

+ OLED 1 b JpeftsSh n | ent ich nultl | e layer 27 has'.
been agpllgﬂbDlggoPgeF t%ﬂgﬁgrg§g§%the eX| V%%P éﬁ%&@%&%ure ln -
this case, layhesnuwhepsheaayébraéslar&pa%s%iﬂéatﬁ¥)%éﬁbﬁﬁégﬁéhggftgﬁgse
substrate, .between substrate 3 and OLED  |ayer structure n
enbodlnentlaYﬁesnﬁPtFEFBuPEyQF She é&ﬁﬁ#ﬁ§é§QYIQ£uﬁhﬁ Vaydrs 8 tredrs.

iric e s i s RO, B A s AL

are-appli.ed alternately W th ayers
" layers 81,°Bposite SBﬁEnﬁﬁ thy W@EDoﬂagﬁmmmurudnmnﬂlfﬁedxdeﬁnﬁb | ayers. |f
S occur hetween the ndi vi dual_ | ayers. The

5 ED
gﬂgar ?%rcesﬁg?ggg%gogﬁ H %y ge?o?ﬁ§F|5ﬁqﬁ l%%ﬁ% %Xnﬁﬂ%?QﬁF%ﬁRﬁnﬂhecﬁ t he
erX|b|I|tQLED lapefayEfﬁcBﬁré058N . _

.In each case for the sake of clarity, the encapsulationlof

_the OLED layer structure on the onp051te 51de from the
. 15 substrate_ﬂs not 1llustrated ln Figures 5 ‘and 6.

-Fig; 7 shows, in a similar manner to the embediment
illustrated in Fig. 6, an OLED according to the invention
with a multiple layer 27 which comprises layers 7l, 72, ...,

20 7N with a uitreous-struCture and further layers 81; 82).}.r

-8N. Unlike in the embodiment shown in Fig. 6, however, in
thlS case the layers are applled to the opposite 51ae 11 of-
the substrate 3 from the side 9 to which the OLED layer |
structure 5 is applled An encapsulatlon of the OLED layer

25 structure 5. similar to the emboalments 1llustrated 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 achievedlby the.lavers'7l to 7N, is

also used for refractive index matcnlng in order to 1mprove

the output of the light emltted by the organic layer 15 at

the interface between the OLED and the environment. The



O course, the same principle can also be applied to the opposite side of
the OLED | ayer structure in order to 10 conpletely and, at the same tine,
flexibly encapsulate the OLED layer. structure S. ..In each ¢ 5315@ for the
sake of clarity, the encapsul ation of the OLED Iayer structure X?U%
opposite side fromthe i5 substrate is not- illustrated in Figures 5 and G
Fig. 7 shows, 'in a simlar manner to the enmbodiment illustrated in Fig. 6,

an OLED according to the invention with a nultiple layer 27 which
conpri ses 1RGEVEIEL F@yers, TR0tGN7Ni &hdasli toe®@is ot ruet utd tapd  urbher
nbodi nent_ shown in Fig. 6, however,

| ayers 81, 8SN. UnI int

in this cagéf?:r"uet %e elb%Y'f’e‘gngeFﬁBtoﬁﬁgaFéné’edemP}C@ts tiHe
substrate ;&thfﬁ’(l]tah.e Sttld@ Day@r Whi Chst BEnsOLBRLlRY 8 sl UCLULE RS
applied.. An encapsul ation of the OLED layer 25 structure 5 si Iar to the

enbodi ment' <SS [13K3FRLEH WPt AN viblrencetreoRsgstencture Aave ablayeme? Wit h
aV|tr5eou t it al | ust.rate his case, the
nultiple" IS%?%E[%\}% ﬁlﬂadh??lgonéga Tllﬁg ggge ar ?ﬁe%oag% (L)Lrjr)ﬂfvﬁ’ﬁ‘@ﬁ havgc fifgved
by the | aysree ZefmdiN ve sindl ses uskl £Bisr ebiyactinee refFdex cABLChink@yi N

order to i rovetthe output of the light emtted by the organic |ayer 15
at - the i TR Fetiiceh 1HEOLED LAYEE heReRVBFoffenel tRBating34 NOV 2006

i ndi vi dualadrayefesnefrk tOF 7&@%}841-&9 8N of the nultiple layer. 27 for this
pur pose have different refracti've indices. In particular, the layer 27 is

constructed in such a vvay that the layers 71 to 7N vvith a vitreous

strutureﬁg@}é esqq‘aq eractl elndj:c and .t | ayers 81 to 8N_ .
| i kevC\J’/l se haveq{t o sane Fefractive I?‘Iﬁ%bgac?ﬁv?hllg CaPhEerEFPQEFP@e

i ndex aIugﬁnatﬂgfﬁxxnndmnﬁﬂlﬂg)&f@&gréﬁﬁoygyekbe Rbkﬁégathegls also.
p0551ble Ior a layer with a wvitreous structure to have a
compOSLtlon which varles along the 4ir ection oerpendlcular to-
the coated surface and/or a rerractlve index which varles

15 along th:.s dlrectlon A variation in the. refractive index is.
prefe ably also achieved by varylng the layer composition.
However, variation by means of a layer morphology which-
changes along this direction, for example a'Changihg density,
‘is .also conceivéble._Layers.with a variation in the -

20 refractive index as a-resulf of changing layer compoeition
can be produced by depositing the layer by means of co—

Vevaporatlon the erDoratlon coating rate of at least one of
the evaporatlon sources belng changed durlng tne evaporatlon—
coatlng process Therefore a periodic change in the

25._ evaporatlon coaclng rate, for example by periodically
changing the output from one of the sources, makes-if

- possible to produce'a'corresponding_layertwith a vitreoﬁs
structure which has a refractiVe index which varies |
periodically'perpendicular to the coated surface.
30 o . - | ' -
Such a curve of the refractwve lndex is 1lrus*rated by way of

. example in Figures 8A and 8B. The cooralnare Z in these

figures indicates the dlrectron perpendicular to ehe coated



arrangement of the layers. 10 However, .a variation in the refractive index
can be produced -not only by conmbining different | ayers. Rathgg,dlesl

al so. - possible fpr a layer with a. vitreous structure to hav £\ mms
-conposi tion .which varies along the diregglion perpendicular to the coated
surface and/or a refractive index which varies 15 along this direction. A
variation in the. refractive index is preferably also achieved by varying
the layer conposition.. However, variation by neans of a |ayer norphol ogy
whi ch chafige a@?ongothi§U§We§crbvﬁalf@rpgmﬁTifcgg@hﬁ?@d@?_ﬂgn?ﬁgg% a;sé
al so concej le..layers with a variation in the refractive ir :
resul t of % g%%?%ﬁv?g§8re§oﬁﬁogPFiBngaﬁﬁ?QkPﬁwdﬁﬂ%eﬁuﬁyed%%o%?%lng t he
l'ayer by neafsacfice-ifvapoiatiebratbe avaporaligh-oating Lot e pfat, | east
one of the evaporation sources being changed during the evapor ation- _ R
coating prbResReripeief ypeiagiperiad & Celv@wre t_hlm tt_lrﬁe ?ﬁpblﬂam _On-giné]?tﬂ?ﬁgatl ng
rate, for ﬂm% : - L.adi cal -k -ng the g u r.om ong

sourcei, Hg es |%og%oggﬁgﬁeb§g %¥% ggggglg'rfg%ﬁj. _?ﬁf%%ﬁ@ﬁovﬁQ% a
vitreous strpetuirgwahdhihasodurefoackinre dindex, Wi dhhe/alidgenperi odical Ly
perpendi cul ar to the coated surface. 30 Such a curve of the refractive
index is illustrated by way of exanple in Figures 8A and 8B.. The = :
coor di nat erzadm § Neseq f bouness| Rdkaates,! Reuidigrtdon perpepdioylar,io the
coated 15 NOV. 35 surface. Both curves reveal a periodic variation Th the
refracti vedl refeS@Rhct helectdrpecptbnal Thdeqente ofhitdte haefataatiduerddadex

O : i i s, i iti eriodic variation, a
i1 usiy at eﬂu%%tf&ga} Blfagé@s ! ?ﬂaggiél (e){l’llb% irr:[er}S:,p the conductive layers
decrease in e anplitude I n e - .

13'and 17 are structured in a comb shape and are both located -

~at the same level on the substrate 3. Thé.layers.l3 and 17
-each have finger eslectrodes 30.which are -connected to at
least one web 32. The voltage supply or voltage tap in the

15 case of a PpPhotovoltaic element is effected via the. webs 32.
The iayer_lS which includes at least one organic, electro-
optical material is applied to the structured layers 13 and
17, so that there is also matéfial of the layef_lS_between
the finger . electrodes. In this eXemplafy embodiment, in order -

20 to be’encapsulated, the OLED layer structure producéd in this

. way is once again, in a similar manner to'the embodiment
.which has beeﬁ explained with reference tb Figf_i, covered '

with a layer 7 with a vitreous structure.

25 - Of course, the éxemplary.embodiments which have,beeh'
presented above can also be combined in a wide range of wayé,
for éxample by layeré with a-vitrebus structure being applied
to a_plurality of sides of the'éubstrate. For example, inter _
~alia, the embodiment shown with référence.to'Fig.'f can be

30 - 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,'virtualiy any

other desired combinations of the embodiments which have been



5 direction, which may additionally be of benefit to the outputting and
introduction efficiency of the elenent. Finally, Fig. 9 shows a further
enbodi nent -of an OLED or of an organic., electro-optical elenent, NW“ZQ(%
has structured io functional |ayers. In this enbodi ment, the conductivVv

|l ayers 13 and 17 are structured. .in a conb shape and are both | ocated at
the- sane level on the substrate 3. The layers 13 and 17 each have finger
el ectrodes 30 which are connected to at | east one web 32. The vol tage
supply or SRPYRAGRTEaPOFRLPAE- i BtcaSeadfsca pstastidie thox alleneme i s ef fected
via the wels,32; y tch_i.ncludes at | east one organi.c, :
el ectro- opt |%§ m%%-?grll:gl Blés&gﬁykédpﬁécetlhﬁsﬁpalﬁ%r efEPF aeg?'e"’?’g%i% Bhd  17.,
so that thesengsaahsorimtertahgemehbedfayefe ehmdifidetisctied idWedy,
~electrodes. Jn this exerTBI ary_enbodi ment, in order 20 to be encapsul-ated,
‘the OLED I%/E19 sTrItEaPRptBdledtrrcthred wapdustdnte layers Wit sinil ar

Tenners t0 4iee ibiadh apatun0bhchrhas Begnexphalned with reference to
Fig..1, covered. wth a layer 7 wth a vitreous structure. 2.5 O course,
t he exenpl ary enbodi nents whi ch have been presented above. can al so be
conbi ned in a wde_ range of ways,. .for_ _exanple by layers with a vitreous
structure Ett;le?a 'n\é\i(gpsplll?"é% p}fl%t%g%?gFéFi-f‘?agﬁss Cded DS ltidhts ransmissioy
exanpl €, ittmugh atwa, spei eehedi TRAt sphewn it h feef r%%ces&b%lt': / gan be
30 conbined with a coating on that si dg of teh'eS sugstgggte whi C xlaquaecse'st%t he =
OLED | aye™ st FRICEYR eBLCHER ekahps ehavei heehe appibied .miites shmuratesFi gur es
5 or f A& Vigdyally her _desired .conbinations of the enbodinents
whi ch have been 15 NOV aé%%%h%%&sé%v\gﬁgr 818&?‘%’%{13 ttiie_s Cﬁaﬁpﬁbssi ble for
al'l the emodisenis the beasset i thei ¥pbctdnspl ayswnl oh eX@MleE thhang

side of Fig. 10, an evaporation-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 layer.was

15 s'elec‘;ed for the encapsulation, for comparative purposes.

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

20 that the calcium strips coated With evaporation—éoéting glass
are much less corroded. The degradation of the specimen.
coated with silicon oxide ié further advanced over thé entire
surface than in,the'case of the comparison specimen with an
evaporation-coating glass coating. | n

25 ' . : |
Fig. 11 shows the optical density of calcium strips for a
plu#ality of'specimens, each-cbated with-evaporation—cbating
glass or silicon oxide, as a'function of the duration df |

| ~action of air. The specimens on which the measureménts wefé

30 carried out gre'similar_to the Speciméns shown in Fig. 10. In
this case too, caicium strips were deposited on a substraté,
and the side bearing the strips was then encapsulated by

evaporation coating with an evaporation-coating glass or a



usi ng' a matrix 'arrangement of the el enents described or by wusing
correspondingly structured conductive layers with 5 interconnects which

cross one another. Fig. 10 shows photographic i mages of the |I$Si‘
transm ssion through two specinens. Thesgpeci mens-are glass s Pym
whi ch two cal cium strips have. been applied. The substrates 10 were. then
encapsul ated on the side bearing the calcium strips. In the case of the
speci men shown on the left-hand side of Fig. 10, an evaporation-coating.

gl ass. vvasSJaprq:‘P%do’F%ﬁe ER@psul ation, while in the case of the specimen
illustrated on the right-hand. side of Fi g.. 10.a silicon oxide layer was-
is selected for the encapsulation, for conparative purposes. The inages
wer e takenrlmét@raplineslsqﬂ.mlﬂnnslbadllmeeeVétaQéedhﬁgr tﬁ-&o t asia{ﬂcgi roflt can
Undegr aded_r egi ons, of the calcium|ayer appear dark in e i mges e
be sgen f o g%?Wl%JeES 2DCFHAF FRESEERERBAYSMOYSS %—eaitkédf wittem

‘evaporat i af Loabh NG M asss @éednageehsa s626£9480 - The. dearadat i gn of Lhe

specimen coated with silicon oxl advance over

surface t Bpe¢imene erxcapoilatae uempgr esapospee:blfﬁem:daittﬂmga@lass _
evapor ati.on-coating gl ass coating. 25 Fig. 11 shows the opti cal den5|_ty of
calciumstrips for a plurality of specinmens, each coated with e

evapor at i @goati Nghowl as SHoF éhét@oﬂeﬁirégéntéﬁgaa EuREER 2f J tfhg&gur ation
of .action of air. The speci nens on which the neasurenents were carri eo_l

out are siShIHFLeR%Y (He pre%@’ﬁenelxhemapﬁuicagedlempﬁ OREDsc wde chobad
cal ciym Styddis MRIH JeRo ‘PH §v§%9§gg%n coand t helsl de bearl ng the
strlps was t hen encapsu t evaporati on coa |n8 %
evaporati mwmqmgugﬂamms awzltﬁom/eﬂeé)ﬁsuBZtlon angd OLEDs Wlth a .
silicon ox;de encapsulation. The eff1c1ency measurements were
_measured shortly after the encapsulation at two different
luminescences. The OLEDs were tested in a shielding gas

15 atmospher«= in order to prevent degradation of the

unencapsulated OLEDs.

It can be seen from the measurements shown in Flg 12 that -
the dep051tlon of evaporation- coatlng glass unllke the.
2Q' depos1tlon of silicon oxide, has substantlally no effect on
the quallty of the finished OLEDs since the efrlc1ency of
the OLEDs encapsulated with evaporatlon coatlng glass reveals
scarcely any differences compared to the unencapsulated
'OLEDs. By ccntrast, the efficiency of the OLEDs encapsulated

25 w1th silicon oxide is con51derably reduced.

The following text refers to Fig. 13, which shows a grabh*
.illustrating the lumincsity of two.differently encapsulated
OLED elements as a runctlon of the re51dence time 1n a

30 climate chamber. An OLED encapsulatea w1th 5171con ox1de was
.compared with an OLED encapsulated with evaDoratlon coating
glass. The luminosity was measured using a photographic

element, and the measured values are given in relative units.



silicon oxide |layer. The graph shown in Fig.. Ii reveals that the
degradation of the calciumstrips occurs. considerably nore quickly when 5
silicon oxide is used as encapsul ation material than with the $perd
encapsul ated using evaporation-coating gi@ss. Fig. 12 shows a bar chart
representing a conparison of the efficiency of differently encapsul ated
OLEDs. OLEDs which had 10 been encapsul ated with evaporation-coating gl ass
were conpared with OLEDs without encapsul ation and OLEDswith a silicon
oxi de. encEisUURINGS1thhevas f et ermynadastir emeons twerce opermrasiy ettt |y
after the ulati t different |um nescences. The OLEDs were
tested in(gpgﬂﬁgféﬁﬁgqggg.O#éﬂatnnsphere in order to prevent degradation of
t he wunencapsul ated OLEDs. It can be seen fromthe measurenments shown in
. Fig. 12 tha}HT t he deposition of evaporation-coating glass, unlike the 20
deposi ti ot ¥t SHAGEER DX FaRTeUbER ahbfarlymascerhesbesnatt ke qual ity of
the figisheddiflse mogsdbeehficiency oL SLhe QLEDS encapsulated with
evapor ati on-coating glass reveals scarcefy any di tferences compar&d to the
~ unencapsul&it%ed ItOcEDs beBysemmt thast , thdeOBEDi eheapyuabitthe wdkEDS 111 con '
encapsuIanQCQS.mﬁthiéjIicon oxj de is considerably reduced. The follow ng -
text refersis A °T3Y HRRICEHRES W of aHATFRFUSEr AFPnETEAENRAN nosity of
two differefmtinysangapsdeat eden QAR el eneRL scasmar Eupgtignof zt,he residence .
time in a 30 clinmate_chanber. An OLED encapsul ated wth silicon oxide was
- conpared WIHT&TTOLEDeidP3 Areapswiatte@vepohativanoreat bngcogkass. The

| um ngsi t u i Y t.oqraphi.c | ement, and the neasured
VAl ueD o S R R B B P R S o BRSBTS



The lum nosity was determ ned at a constant operating current of 2 mA for
the OLEDs. ‘The specinens were stored in the clinmate chanber at an air
tenmperature of 85C and a relative atnospheric hum dity of 8%% ﬁﬁg e
seen that the OLED encapsul ated with silkggon oxide has only appro% tely
a quarter of the original lumnosity after ten days in the climate chamber.
By contrast, the COLED encapsul ated with. evaporation-coating. 10 gl ass even
has a slrghtly i ncr eased lum nosity. 1 .5 NOV 2006 39 List of reference
nuneral's 1L¥Pa0f crefeseney- @BmﬁsaﬂSelenent 3 Substrate 5 OLED l-ayer
structure 7, 71, 72, 7N Layer with a vitreous structure 9 First side of
t he substrate 10 Bondrng | ayer 11 Second side of the substrate 13 First -

conduct i Ve I ayer 15 O gani c, I|ght1jﬁ§éﬂjduyéﬁ@e%%o—éﬁtfﬁ%ﬁ”@héﬁé@?“f ive
layer 1.9 Quter side of the QED 121 pre-encapsulation |ayer ~ 23 |Cover
25 Adheer% bonding 27 Miltiple Ié?ﬁnstﬁﬁméﬁnger el ectrodes - 32 Wb 81,
82,. ., "SLayc{° Uf.th? mttpte dﬁﬁﬁ fg§er structure . |
17, 71, 72, ... 7N | Layer with a vitreous structure
s : | - First side of the substrate
.10 ' ' . | Bonding layer |
11. o Second side of the substrate-
{13 : First conductive layer
15'._ ' . | Organic, light—emitting layéf
117 .' ! | Second conductive layer
.19 ." - _'. Outer side of the OLED
21 - | Pre-encapsulation layer
23 . céuer
25 . 2Adhesive bonding
27 | : Multiple layer
130 o ..Finger eléctrodes
32 . _ Web
LE}I 82, ...,_8N E— Layers of the multiple layer 27




1 5 NOV 2006 40 1. A process for producing an-organic, electro-optical

el ement (1), conprising the steps of: 5 - providing a substrate (3), -
applying a first conductive layer (13, 17), - applyi'ng at | east one |ayer
(15) which includes at |east one organic, electro-optical e &oyadgs -

appl ying a second conductive layer (13, 17), 10 and depositing atuw%ast
one layer (7, 71, 72, ... 7N) with a vitreous structure, wherein the step
-of depositing at |east one layer(7, 749 72, ... 7N) with a vitreous
structure conprises the step of 15 evaporation coating to produce a |ayer
(7, 71, 72 ... 7N) wth a vitreous structure. 2. The process as clained in
claim1l wherein the step of depositing at |east one |layer with a vitreous
structure 20 conprises the step of depositing an inorganic glass. 3. The
process as clainmed in one of the preceding clains, wherein the step of
depositing at |east one layer with a vitreous structure conprises the step
of depositing an .25 alkali-netal-containing glass. 4. The process as
clainmed in one of the preceding clains, wherein the step of depositing at

| east one |ayer with a vitreous structure conprises the step of depositing
a 30 borostlicabePrgprasss o5 ROVIRGABT 4D OFJaTRE, prdEEsT cardligiaded i n one

of'the pregggﬁ@gtckggUscomﬁggggha the gkggso%erpositing at | east one |ayer
wh aS - providing a substrate (3),
- applying a first conductive layer (13, 17),
- applying at least one layer (15) which includes at least
one organic, electro-optical material,
- applying a second conductive layer (13, 17),
10 and
- depositing at least one layer (7, 71, 72, ... 7N) with a
vitreous structure, '
wherein the step of depositing at least one layer(7, 71, 72,
7N) with a vitreous structure comprises the step of
15 evaporation coating to produce a layer (7, 71, 72 ... 7N)

with a vitreous structure.

2. The process as claimed in claim 1 wherein the step of
depositing at least one layer with a vitreous structure

20 comprises the step of depositing an inorganic glass.

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

25 alkali-metal-containing glass.

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

30 borosilicate glass.



vitreous structure conprises the step of depositing an evaporation-coating
glass. 5 .6. The process as clained in one of the preceding clains,
wherein the step .of depositing at | east one layer (7, 71, ?%N v 7N)
with a vitreous structure conprises the step of depositing at ?e one

| ayer (7, 71, 72, ... 7N) with a 10 vit4kous structure by neans of chemi cal
vapor deposition. 7. The process as clained in one of the preceding clains
in which_he ep_of evaparati.on _coating to uce a layer (7,..71, 72,
... 7N) with asrbiet PEGTS ®st raLfctCulraelmceOQ?rplrr} gjense tcﬁtrechrleeﬁj * el%e%an%l%lc ¥or beam
evapor at i emer&inThéeprsaees © faladdd inteichg noneoft tdree pr&pediwigticlai s,
wherein the step of _.evaporation coating.to produce | ayer. i? 71, 72,

TN Wi t R AR e G (RO SEE (he 0 1 &P e it evAbor ati on
from at | easftpdrad ievefa=atinn gagces. 9. The process as clained in claim
8, wherein the step of co-evaporation conprises the step of varying, in
parti cul ar periodically varying, the evaporation rate of at |east one of
25 the evapor atiheN pFUHGRS .asl Gl alieProcasse ast Ctiod Bk ddd Dig Ofaihe,
preceding clains, wherein the deposition of a |ayer by evaporation coating
conpri ses WFFSe P16 SHsRRf iQﬁP‘g?sqjs‘?%oatde]p%%ﬂ i O 98 (The/Jr oless as
claimed in onengf Wihe pr ecedidih £l MBetumhessipr 1 Hes stigp Sfepleppsiting a
| ayer (7, 71, 72, ... 7N) wth a vitreous structure conprises the step of
deposi t i orfRP S iddYss 0 IR aheRehnes theni ®al 7vapor - gz‘]bbs‘i’ﬂlbna ( PECVD) ,

35 i mpar ty QU ud i SieR A KleRRsiid 08t byndRAES1 OfapbASaBpd S N, 2006 42

7. The process as claimed in one of the preceding claims in

which the step of evaporation coating to produce a layer (7,

71, 72, ... 7N) with a vitreous structure comprises the step
15 of electron beam evaporation. |
8. The process as claimed in one of the preceding claims,

wherein the step of evaporation coating to produce a layer

(7, 71, 72, ... TN) with a vitreous structure comprises the
20 step of co-evaporation from at least two evaporation sources.
9. The process as claimed in claim 8, wherein the step of

co-evaporation comprises the step of varying, in particular
periodically varying, the evaporation rate of at least one of

25  the evaporation sources.

10. The process as claimed in one of the preceding claims,
wherein the deposition of a layer by evaporation coating
comprises the step of plasma ion assisted deposition.

30 |
11. 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),

35 in particular the step of deposition by means of plasma



i mpul se chem cal vapor deposition (PICVD), and/or the step of sputtering
on a layer (7, 71, 72, ... 7N) with a vitreous structure. 5 12. The
process as claimed in one of the preceding clains, wherein ﬂhﬁN§Vfﬁm§ﬁ
depositing a layer with a vitreous structure conprises the step of
co-deposition of organic material. 10 132 The process as clainmed in one of
the preceding clainms, wherein one of the conductive |ayers (13, 17) has a
| ower work function than the other conductive layer (13). 14. The process
as cl ai redinpubpe ofhemheaprvepdindepbaiiéon IBIGNDeh ind/vdeshehetepepiof

appl yi ng ag g@é}lﬁgeogoge%?ggﬁeggloallaygr and/gﬁ0|w99%egtwa -t chi ng

| ayer and/o ctron [ayef and/or ocker Tayer and/or
an el ectrehreondoetor | ayer and/or a hole conductor |ayer and/or an

el ectron injection layer. 20 15. The process as clainmed in one of the
preceding clains, wherein at |east one of the conductive |ayers (13, 17)
is at 5| eadk.pafheabkycesansparéatmed tiheohieghtf eMEtpe@ckﬁdmgthéaihayer

(15) uhi ch,} 06LuHoR, 8L oL 8B OB, BLOPILE, nohGEL0, 25,00 bl JRer o

i ndi um ti nsoxideuaadtomptlisesi needeped bﬁncoeﬁe@6313aoh7ofTb&gpmdcess as

claimed in_claim115 or 16, wherein the at |east one layer (7, 71, 72, .

7N) with a™ 9%??%8 § structure is deposited after the application of the

| ayer which includes at |east one organic, electro-optical material. 1 5

NKN,2986 13. 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).

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

15 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/or
an electron injection layer;

20
15. The process as - claimed in one of the precediné claims}
wherein at least one of the conductive layers (13, 17) is at
least partially transparent to the light emitted from the
layer (15) which includes at least one organic, electro-

25 optical material.

16. The procéss as claimed in claim 15, in which the layer
(13, 17) includes indium tin oxide and/or fluorine-doped tin
oxide. |

30
17. The process as claimed in claim 15 or 16, wherein the at
least one layer (7, 71, 72, ... 7N) with a vitreous structure
is deposited after the application of the layer which

includes at least one organic, electro-optical material.



43 18. The process as clained in one of the preceding clains, wherein the
first and/or second conductive and/or the at |east one |ayer which

i ncludes at |east one organic, electro 5 optical material are apgﬂ%qug#Q
structured form 19. The process as claimed in claim 18, wherein the st
conductive layer (13) and/or the second,gonductive |ayer (15) are applied
such that they are structured in a conb shape. 10 20. The process as
clainmed in one of the preceding clains, wherein the layer (7, 71, 72,

7N) with a vitreous structure conprises an at |east binary system of

materials.. 15 . The process as_clainmed in on f th recedi ng_cl ai ns,
Wher el n T ot AP AREnT 76 Ta e Thab0e RS PheoPFobL8LEd! Diatney My
with a vitwestsistthet i est akes/ pt acecahtiecohiect appl asafbontiboé &he first

conducti ve, | ayer %132 and the secong cond c;ive Iaxer %17 .and_of - _the at
| east one T&Ver (i%)T20°nTRECT ntl oS at 2 F ea8f Sbnd or ghAFRICr Stectro

el ectro-opspeidal MAdestbdl 22 dbplpsacesssasuetarsedtopmone of the
preceding clains, in which the step of depositing the at | east one |ayer
(7, 25.. 71, 72, ... 7N) with a vitreous structure takes place before the
appl i cati ono of THe Pfotbescondutiimed| ayeesa(h318]17Wherddn The piosess as
clainmed in one of the preceding clains,  wherein the steg,of gegositig? a
layer (7, §andystive laxgr3plaftAnd/oft FRBUSSSPRUCEAREUELMBRI SB¥SFhél el ep

of depositing applayerstén zﬂat7£he¥-arzh%tmhbhu@eaiiﬁegugoﬁbrgﬁh gee on the
opposi te side (9? of the substrate fromthe side (11) to which the |ayer

(15) %hich includes at |east one organic, electro-optical material is
appl i ed. 125.“£Whg09§ocess as claimed in one of the preceding claims,

wherein the layer (7, 71, 72, ... 7N) with a vitreous

structure comprises an at least binary system of materials.

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

wherein the step of depositing the at least one layer (7, 71,
72, .:. IN) with a vitreous structure takes place after the
application of the first conductive layer (13) and the second
conductive layer (17) and of the at least one layer (15)

20 which includes at least one organic, electro-optical

material.

22. The process as claimed in one of the preceding claims,
in which the step of depositing the at least one layer (7,
25 . 71, 72, ... 7N) with a vitreous structure takes place before

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

23. The process as claimed in one of the preceding claims,
wherein the step of depositing a layer (7, 71, 72, ... 7N)
30 with a vitreous structure comprises the step of depositing a
layer (7, 71, 72, ... 7N) with a vitreous structure on the
opposite side (9) of the substrate from the side (11) to
which the layer (15) which includes at least one organic,

electro-optical material is applied.



44 24. The process as claimed in one of the preceding clainms, wherein the
step of depositing the layer (7, 71, 72, . . . 7N) wth a vitreous
structure takes place before the application 5 of the first cq&dw& ive

| ayer (13) and the second conductive layer (17) and of the | aye éi@ﬁ

whi ch includes at |east one organic, efsgectro-optical material. 25. The
process as clainmed in one of the preceding clainms, 10 wherein the step of
depositing a layer (7, 71, 72, ... 7N) wth a vitreous structure conprises
the step of applying a multiple layer (27). 26. The process as clainmed in
claim 25, ahereThetpheostep o clbimppl ynngna otil thpl preaydingoaprises t he
step of applying a nmultiple.layer wwth different chem cal nposi tLQns
andlor o e CHRESTRarT FERerTEAas! Koy LRakS: fao ot (Re’ i ndi 01 dual
I?yers (71wi€ﬁ,a.vizfébugéstﬂgctTre,tgkks @Qaaz.b@herproﬁeSSppsicbaﬁaﬁdhén
cl ai m 26, erein_the individua ayers , 72, ... 7N, 81, 82, ... 8

of the® muPtiple Fhyer f%@?uﬂgﬁ%ed#?%@Feﬁgg}eﬁpécfb§eSFﬁ8P3e§9n§§9t?ﬁ@
process aslgharmed7j napaeoof thbelgyeeediny whachsinc2bdwbi gh 1Bgkudeset he
step of applying a pre-encapsulatjion layer (21). 29. The process as

cl ai med i nOBERNLE t BeCpFELEAPhYyCRE APAESTL2%hi ch i ncl udes the step of
applying a cover (23). 30 30. The process as clained in claim?29, wherein
the step of depositing at |east one layer with a vitreous structure

conpri ses £he step BFoesFerfRgCtReMBBuhBaPliCe@fe tbf PRECCHEARI R§24TET ace of

the coyer whihedh tgasttopeokayepowkithng 3514hkRequs Shrugbyure. 15yNOV 2006
with a vitreous structure comprises the step of applying a

multiple layer (27).

26. The process as claimed in claim 25, wherein the step of
15 applying a multiple layer comprises the step of applying a
multiple layer with different chemical compositions and/or

different mechanical properties in at least two of the

individual layers (71, 72, ... 7N, 81, 82, ., 8N).
20 27. The process as claimed in claim 26, wherein the
individual layers (71, 72, ... 7N, 81, 82, ... BN) of the

multiple layer (27) have different refractive indices.

28. The process as claimed in one of the preceding claims,
25 which includes the step of applying a pre-encapsulation layer
(21) .

29. The process as claimed in one of the preceding claims,
‘which includes the step of applying a cover (23).

30
30. The process as claimed in claim 29, wherein the step of
depositing at least one layer with a vitreous structure
comprises the step of covering the boundary edge of the
bearing surface of the cover with at least one layer with a

35 vitreous structure.



45 31. The process as clained in one of the preceding clains, which

i ncludes the step of applying at | east one bonding layer (10), in
particul ar a bonding |ayer (10) to which the 5 at |east one 1ayV 2088 71,
72, ... 7N) with a vitreous structure is applied. 32. An organic

el ectro-optical element (1), producible igy particular using the process as
claimed in one of the 10 preceding clainms, conprising: a substrate (3), a
first conductive |ayer (13), at |east one layer (15) which includes at

| east one organic, electro-optical material, and 15 - a second conductive
layer (17)3; a t_on i ted y , mnth a
vitreous struc?ﬁ?% %%%?n % Slggﬂggagﬁ Shg Epggﬁtééefgélng ?lgN%

... IN) Z@hmmmhlacbudeeoUBeS$teptqfeapslappbleﬂ byaSVapaeabD@mlmgatlng

33. The el | aj e in. 2 erei the lleast . on osited
Caver (7. TA7eh,BR0F, L REEa PR ERR T, onalisheL Re ket uta oot e R

i norgani c gtaksakayene BAyeEhé7eIéhenﬂ2as cl.ai’Tngdwinhore vaft rieloe spr ecedi ng
cl ai s wherein the, at one deposited layer (7, 71, 72, ... 7N} with
a V|treoussgf?ﬁgFﬁ?elﬁoﬁ%P?§%§ an al kali-metal 30 containing glass. 35. The
el enent as clalned in one of the preceding clainms, wherein the at | east
one dep05|g§ er (7,.71, 72t h a V|treous st rug

conpri ses a%bord8i PFEaARLCoragstre- gpﬁtﬁaéoﬁ eMERE producible in

particular using the process as claimed in one of the
10 preceding claims, comprising:
' - a substrate (3),
- a first conductive layer (13),
- at least one layer (15) which includes at least one

organic, electro-optical material, and

15 - a second conductive layer (17),
and
- at least one deposited layer (7, 71, 72, ... 7N) with a
vitreous structure,
wherein the at least one deposited layer (7, 71; 72, ... 1IN)
20 with a vitreous structure is applied by evaporation coating.

33. The element as claimed in claim 32, wherein the at least

one deposited layer (7, 71, 72, ... TN) with a vitreous

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

30 containing glass.
35. The element as claimed in one of the preceding claims,
wherein the at least one deposited layer (7, 71, 72, ... 7TN)

with a vitreous structure comprises a borosilicate glass.



36. The elenent as clained in one of the preceding clains, wherein the at
| east one deposited layer (7, 71, 72, ... 7N) with a vitreous structure
conprises an evaporation-coating 5 glass. 37. The el ement ast§glxjweggi n
one of the preceding clains, wherein the at |east one deposited layer (7,
71, 72, ... 7N} 10 with a vitreous stryeture is applied by sputtering. 38.
The el enment as clainmed in one of the preceding clainms, wherein one of the
conductive layers (13, 17) has a lower work function than the other of the
conductive layers (17, 15 13). 39. The elenent as claimed in one of the
precedi ng gkai "phe Whemehh ak keashedna Obnkhe candugdatadianers Aiks, 17)
is at least partially transparent to the light emtted fromthe 20 _| ayer
(15) whi ch"PRERLBeENEt 2Fed8BSENOTSr GRS t8CedBYEE olii Al netreri-al ./N40.
The el emeniyiag 6l @tifRdoll QR Rk urRe RINPGadRY 6 Qéﬁ%oﬂdti%ﬁ%a?ﬂl@ggat o

| east partially transparent, conductive |layer- 25 (13) includes indiumtin
oxi de and/ 8F-2FBuori ne-doped tin oxide. 41. The element as clained in one
of the preceding clains, wherein the at |east one layer (7, 71, 72, .
7N) with a 30 vitreous structure is arranged between the substrate (3) and
a first conductive layer (13) or second conductive layer (15) . 42. The

el enent as-el ai L Lof .t I in i o ey | east
one | ayer 8? 7?:?@_7%?(3.91.@.%L7 ° v%ﬂtaﬁng(aiqgl gl\fcn)%l ?Ofggche4 vitr elg{?{s] il{gﬁlﬁ'ure i's
| ocat ed onwhiReaedppbbit etsilga stlPneofdendsd tegbdtavgte fronmlhe i de ( 9Nlon

MhiChl%he bﬁxﬁra(%§%r@%h%hstructure is applied by sputtering.

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

wherein one of the conductive layers (13, 17) has a lower

work function than the other of the conductive layers (17,
15 13).

39. The element 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

20 layer (15) which includes at least one organic, electro-

optical material.

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

in which the at least partially transparent, conductive layer -

25 (13) includes indium tin oxide and/or fluorine-doped tin
oxide. |
41. The element as claimed in one of the preceding claims,
wherein the at least one layer'(7, 71, 72, ... 1IN} with a

30 vitreous structure is arranged between the substrate (3) and

a first conductive layer (13) or second conductive layer
(135).

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

35 wherein the at least one layer (7, 71, 72, ... 7N) with a



i ncl udes an organic,

as clainmed in one of the preceding clainms, wherein the at |east one |ay
(7, 71, 72, .... 7N) with a vitreous structure has a conpositi5nquhh@§
varies along the direction perpendicular to the coated surface and/or a
refractive i ndex which varies along thisé4direction. 10 44. The el enent a
claimed in claim43, in which there is a periodic variation in the

72,

di &ul ar

conposition and/or the refractive index of the at |east one lgﬁﬁ{ (7, 7

. INVINEERUS  SHAYEOTE st dOSGFE QI Vh AN ePRRI TS ot Fer
the 15 coated sswsiacee 4Fom MaelamRNt(AS G aliesh i thomewfr t hes praciedi ng

clainms, which includes a nmultiple layer (27) which conprises at | east
| ayer (7, "T*I‘,Cl‘Fl?,es.-.a.n Mgl £AATEOIRP Strakt e r Pl 468 TP et enent
clainmed in claim45, wherein the  individual |ayers (71, 72, ... 7N, 81
82, 8N) of the multiple layer (27) have different refractive indice

25 47. 5The ‘d-endite &3 leiitned 91 0@Ee DLt HeNQreb et hPre R FHNg G Ehs /

i ncl udes at,8ast, AR e RNGAPIHALILN 4 ayer {21)72, 48. . The eleaent as
clainmed in one of the preceding clains, ich includes at |east one hol

i nj ection Ivayerecarsd/strr it B3 feesta Gieenpot eht dal wined o hvagl ¢ iyekonmdiiog  at
| east one a%'reel%ttri%@l Bl di'cﬂﬁ%{r and/Qle %oé@é&%@?ﬁa@é"&@ cker  and/

at | east one el ectron conductor

ayer and/or at |east one hole conducto

| ayer and/ orefatadteamsst igrexelvdtitgtovarnirgectlong | byes . 15 NOWLRO06 48 49.
The elgment as clainmed in one of the preceding clains,

15

20

30

44, The element as claimed in claim 43, in which there is a
periodic variation in the composition and/or the refractive
index of the at least one layer (7, 71, 72, ... 7N) with a
vitreous structure along the direction perpendicular to the

coated surface.

45. The element as claimed in one of the preceding claims,
which includes a multiple layer (27) which comprises at least

one layer (7, 71, 72, ... 7N) with a vitreous structure.

46. The element as claimed in claim 45, wherein the
individual layers (71, 72, ... 7N, 81, 82, ... 8N) of the

multiple layer (27) have different refractive indices.

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

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

48. 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 blocker
and/or at least one electron conductor layer and/or at least
one hole conductor layer and/or at least one electron

injection layer.

el ectro-optical material is located. 5 43. The el enent
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whi ch includes a cover (23). 5 50. The elenent as clainmed in claim49,
wherein the boundary edge of the bearing surface of the cover (23)" is
covered with at |east one layer (7) with a vitreous structuy éﬁ; The

el ement as clained in one of the preceding clains, 10 mhlch In

bondi ng layer (10), in particular a bonddihg |ayer (10) which adjoins the
at |least one layer (7, 71,-72, ... 7N) with a vitreous structure. 52. The
el enent as clainmed in one of the preceding clains, .15 wherein the first
and/ or second conductive layer and/or the at |east one layer which

i ncludes atydl eash, 0RQ HGRNLG 188l OPRIHLY s 'E%teefﬁx%céﬁl% Flduatir ed.
53. The elerent as clainmed in claim©52, wherein the first 20 conductive

| ayer (13)W@nﬁmoﬂiﬂﬁeK%ét@nGow@ﬁddéﬁive | ayer (15) are structured in the .
formof conb. 54. A device for carrying out the process and/or for
producing the organic, electro-optical elenent (1) as claimed 25 in one of
t he précedidfy clTaienslanmsinch agevileeniatt| Udesl atgas f ovheaiportdtd drouwtdaryast

one |ayer %d@e %f-@%e bearfﬁb‘@&gké%e\%fréﬁél 5§Jﬂ“¥2§fiié covered with

at least one layer (7) with a vitreous structure.

51. The element as claimed in one of the preceding claims,
10 which includes a bonding layer (10), in particular a bonding
layer (10) which adjoins the at least one layer (7, -71,-72,

7N) with a vitreous structure.

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

.15 wherein the first and/or second conductive layer and/or the

at least one layer which includes at least one organic,

electro-optical material are structured.

53. The element as claimed in claim 52, wherein the fi;st
20 conductive layer (13) and/or the second conductive layer (15)

are structured in the form of comb.

54. A device for carrying out the process and/or for

producing the organic, eleetro—optical element (1) as claimed
25 in one of the preceding claims, which device includes means

for evaporation at least one layer (7, 71, 72, ... 7N) with a

vitreous structure.



