; uvwxe3e! H6TH 03SG.0149SGP Schott AG Hernetic encapsul ati on of organic,

el ectro-optical elenents Description 5 The invention relates in general
terms to organic, electro optical elenents, and to a process for producing
them In particular, the invention relates to a process for producing
hernetically encapsul ated organic, electro-optical elenents, and to a
hernmetical |y encapsul ated el ectro-optical elenent. to @B§ahPe43SGP

| T ght -em t tSahptdi ;des (OLEDs) are the subject of intensive devel opnent
wor k, since they have a nunber of advantages over other illumnation and

(5 Nor bover,  compared 16 11 quid-cryetal o eprays, oLEps naWINHBIBER : ot

being self-illumnating. However, the main problemw th OLEDs {&shheir
service life, which has hitherto been very limted. It has proven al nost 20
i npossible to extend the operating tinme of OLEDs to nore than 5000

operating ti\@téﬂc@%mmé‘f &émwm lope PE£L 9eTEehehty used

for OLEDs. In this cont , I nter ia hetallic calciumis customary.
However, these materials with a |ow work function are generally highly
reactive. (ﬂenical 25 reactions undergone by the nmetal |ayer and associ ated
changes in c nction are considered to be one of the nain factors
limting the service life. In particular the reaction with air or with the
wat er whi ch 2 is present_as nojsture in the air is responsible in this
cont ext5 f orThelpegpaieR | Bl dfes hn ngeReral cbe¥Be et of CBFRAELED. €5 TBT 30l ve

the proble |g§§18%3g§_}t I 0ROSES, Al ]éll_gpeég g@{cér%%gc%%q:ﬁé ucgyres are
covered mﬁ?ﬂ?a curve neté?'§%§et. I'naddition, th ED scrlﬁed I'n that
docunent hasarti@skawpithefinvennjomgeatabes Bed¢t @rprdbesdr jongprgénting
reservoir and the, structurfs are segarated fromone anoihei bg g
poOr ous ermetically encapsulated organic, electro-optical elements,
and to a hermetically encapsulated electro-optical element.
10
Organic light-emitting diodes (OLEDs) are the subject of
intensive development work, since they have a number of
advantages over other illumination and display means. For
example, OLEDs can be made very thin and even flexible.

15 Moreover, compared to liquid-crystal displays, OLEDs have the

benefit of being self-illuminating.

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

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

25 reactions undergone by the metal layer and associated changes
in the work function are considered to be one of the main

factors limiting the service life.

In particular the reaction with air or with the water which
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i 0 adhesive tape. The netal sheet is joined to the glass substrate by neans
of a WV adhesive. A drawback of this solution is that organic |ayers, such
as the bondi ng area between netal sheet and gl ass substrate, are relatively
easy for small gas nolecules to penetrate. Therefore, the adhesive i5

bondi ng represents a passage, in particuldar for atnospheric oxygen and
water. Therefore, it is only a question of tine until the drying agent is
exhaust ed and degradati on of the nmetal el ectrode commences. Furthernore,

this type of encapsul ation .mekes i1 _inpossible to inmple t significant 20
properties ot Rq?égeﬂ_qfﬁﬁ &%”%%,l%u%ﬁe & he® eﬁ%%%%ﬁ nlrb?tr}é%(? remely
thin or fl exdrdextcaFRONSY dedwadi £5n £ kileywmdied1 es] et evdel Sf ade | 1 qui ds
such as those described in JP 7211456, US 5,821,692, or 25 US 5,962, 962.
Furt her nor OLBIR 0776147 describes the use of solid-state materials as
Betters. As disclosed in WD 99/03112, gases can al so be used as Better

medi um for organi c conponents. However, a commobn feature of all these

sol uti ans Wio cdplaree throwprdbloemt HES 5 882 AT61 isropages hen PLER | Bmcyhdéh 30

the Better terial falls as the incidence of .gas continues n
consequent 1516 DD (S Bram o GPOTERT | G- B VR gPatRl | et T g
Therefore, gdeit IIENHIRD dSEDabSscPTbddeiwbiiest Adcwh@nt Nead he FegepEs]+on
of organic, electro-optical elenments, such as for exanple OLEDs, and of

i ncr easi ng ehddrying Agent 9 g tRT s Bt ¥y IRg ardpll cleservaiyeayd the

sur pri si ngl i y\@(%/ Y. p, r duci ic,
el ectro- opt(?(lé% n%xglrren ]feéz;n%ta%néegé%%%?%ge?]g%?r%ﬁ%%%g%?%ae%tp%rso%? ai ned
in theid ndepitsieinte ol ppens . Thiel vment &) eshuse tt ef $ npobméd @ eche ghadisi o case
given in the dependent clains. Accor d'%gllg%/%ithe gr(&cess ccording to the

= a

i nvention fAHPHrIRRR DG BEART gahiz, Ve ot it FrRYRAEht Ot ot Fses the

steps of i%alﬁ%@@&&@t@%&ﬂ@;mﬁp@l ViRSh dad i £15¢ SORGISS | ¥Bch ayer, -
appl yi ng at least one layer (15) which includes at |east one organi c,
el ect r o- opthetweemtregtial  sheeippryd nglass cewpslt vabelucare er¢ hyeive hyidea g

t f 20 : d it t | To 11 T2, c. .7 i :
i treous stidbraia ! IRt lFen o re rBRTEe e TR EReF e Rnom et Erirs
extrensd y gesdded Itefrasdnod. a | pasdhge ot epdrt BohBYEr £@D athbopheRic

| ong-range order of the elements and/or substances which nake ug t he
mat erial  wiPRYILH| IR HALRF r uUEREFRIFR, 1t 1HeORbBYe? tIReStipR oy time

close- rangeof Jere il &P a4l EiC oo ARAOUS ELEBAN Sadrd@abPotidET She0d as
a layer with a vitreous sttucture. Therefore, the termlayer with a
Vi treous metal electrode commences. Furthermore, this type of
encapsulation makes it impossible to implement significant
20 properties of the OLED technology, such as the encapsulation

of extremely thin or flexible components.

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

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

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

degradation.



so structure denotes a vitreous, anorphous |ayer. Accordingly, |ayers of
this type do not only conprise glasses. Rather, in addition to gl asses,
vitreous |layers may al so enconpass, for exanple, organic materials, alloys
or anor phous el enent 4 | ayers. Conpared to non-vitreous, i.e.
substantially mcrocrystalline, polycrystaalline or crystalline |ayers, the
| ayers which are applied by neans of the process according to the invention
ar e di stinguished by the absence of grain 5 boundaries, inter alia on
account of the anorphous structure. However, grain boundaries of this type
are in fact essentially responsible for the higher perneability rate for
smal | nol ecrieSef StE) thige fiivertaigh e ©XyHedd obn Wehe€lobjddoush €Xywinmdg | i ne
or polycrystalline nedia. to A partjcularly preferred enbodi nent of the

i nvention prifi REFIFAHELT i I WIFBIC t RLYEPR IR OHCDE atemerit. ofiech S%r
with @ viUTEOHSShiNEL Wit COPIAS S Adteal B0y A ndlBPOstiyie A g8ss, [N
particular an inordganic glass. 15 Wth regard To the barrier properties of
evapor & ion-coating glass for the encapsul ati on of conmponents and ot her
substrates,_reference is also made tp the applicatipns 202 05 830. 1,
iTed on O/ FIE o DR GE PR ot # Yol B P HEE 23 DO R PEe 18 2
609. 1, fil esly o Podadsz Ok %od&?ir?@ 258 Eganid cle Docbo 25p2dOL1 DE 102 52
787.3, filed on 11.13.2002; 103 01 599.0, filed on 01.16.2003 25 in the
name of theekefRNpARE AR CXFANLYOR L HP - R EEFR5 e emenwvi e hcl 31l med by
expressly | 0eor RRSaLEth Ay I of SIENCAaIALIEAN P haRDAL TLEL BhOBEEAT €5
of evaporation-coaiing glass layers, neasurenents have shown that, at
evaporad i oncaae cybtemgingl tiss deyendémt ckhestses in the range from8 ~mto 18
Vim heliumleak rates of |less than 10' nbar 1 s-1 or less than 10-a nbar 1
s-1 are reliably achieved. For layers with a 5 layer thickness of 8 Vim

and 18 Vi Malis-aBasLy €MEid SpPevEs §VES8EIEig Nebi uie | Bkerel8s B6rbetween O

and 2 x 10-9 nmbar 1"s-1, and these upper limt values are already
subst ant i alpyodutingerdiganrhe, nebeckererpt i eat cetemgniof comprisgsstharri ed

5 out. steps of:

15 - providing a substrate,
- applying a first conductive layer,
- applying at least one layer (15) which includes at least
one organic, electro-optical 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 elements and/or substances
which make up the material with a vitreous structure and, at
the same time, with a close-range order of the substances
and/or elements is to be understood as a layer with a
vitreous structure. Therefore, the term layer with a vitreous

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

example, organic materials, alloys or amorphous element



There are nunmerous known gl asses whose perneability to all gases with the
exception of helium cannot be recorded using the avail abl e neasur enent
means even at |ayer thicknesses of |0 50 Vim A summary of diffusion rates
through glasses is to be found, for exanple, in "Handbook of Gas Diffusion
in Solids and Melts". Heliumitself, however, on account of its inert
nature, does not affect the layers of the OLED and is therefore of no
i portance to the service life of OLEDs. 15 In particular, a layer with a

vitreous structure i.ch c ri_ses | kal i -.ret al - gont ai ni lass is
particul ar Il;?%;s:etﬁst'atg\(%n oﬁeqﬁg)neqoﬁlc_vgn%clgeposuu "t 'O, sf'f?esqca‘ﬁrktélla}q%rgt al ions
fill up i ntreicdcssstdl Tiee ,0lptslsy caked tellani ren it heredna 1rind deayrslensee

| ayers with a very | ow perneability. In particular, borosilicate(fjasses
are al so pdr¥df ﬁh%%@%@@%ﬁ%rhyalmﬁﬁrb? th&heaRioshtsh arsridigssto

structure. +IReseQasIes J7Y Bt difldfits alkalle MiAnddss igrpider to 25

reduce the perneability. The term an organi ¢, electro-optical” materi al
enconpasseddvmdariesyr gatiar ratiey ical advdainthast diler tamnphowss cagmtucture.
properties.and_is therefore sujtable for .the construction of so an OLED and
B or gani ¢ HRNCHS GHACh BRI o1 A o (38 11 T4%% 1ol | owi ng
text, for tdsesakienafy SdBYdrdinld ot aine Qkhds dessbdul daneratd efdm for
| i ght -converting 6 elenents, i.e. both for light-emtting el ements and
for phot ovémadilc Mlampes, EVdr ERurficnfeXanne «jiaal a@n bt urougn

wi de range t.anc ' t ne person skilled in the art
(§€¥§%§¥ifﬂé‘%&‘%Hfﬁkfy§%4%¥§ﬂb ﬁ%&fﬁ

can be use S organic, electro-optic material. Inter alia, netal-organic
materim s, in particular nmetal-organic conpl exes, such as triplet emtters

or | anthani_de cqnpl exes, canéae used for_this purpqose., By way of io ,
exanpl e, t P PRI UG HFELIPRINRTH & O1° METgion provides
(pol y(2- netihpopartSdid aretivy -HRXHeponi s Rie i ey st e M dERri P\ 1S
used as el ectrolum nescent material. The |ayer may al so conpri’se an organic
or i nor ganivd tnequsx dtapatugs die ieomiupiett iheh stdn taff depasgiting faor exanpl e
fluorescen%f%@%% in particular an inorganic glass.
15
With regard to the barrier properties of evaporation-coating
glass for the encapsulation of components and other
substrates, reference is also made to the applications
DE 202 05 830.1, filed on 04.15.2002,
20 DE 102 22 964.3, filed on 05.23.2002;
DE 102 22 609 filed on 05.23.2002;

DE 102 52 787

.3
.1
DE 102 22 958.9
.3, filed on 11.13.2002;
.0

, filed on 05.23.2002;

DE 103 01 599 filed on 01.16.2003
25 in the name of the same applicant, the content of disclosure

of which is hereby expressly incorporated by reference.

With regard to the barrier properties of evaporation-coating

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

18 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



i5 as organic, electro-optical material. The inorganic matrix used was,
inter alia, porous titaniumdioxide. Further electrolum nescent substances
are described, for exanple, in US 6,107,452, EP 0 573 549, EP 800563 Al, EP
20 800563 Bl and EP 1006169 Al, which are conpletely incorporated by
reference in the present application. Al though it is known to the person
skilled in the art, reference is also nade to the structure of the OLEDs
described in these docunents, and this description is assuned 25 to form
part of the present,apglication. Mor eover, the inventive deposition creates

an inti mat e-3¥%h Yt T HRE 15y i@th g Ry dtfs REFEIEEERS %J‘aﬁf’e
ol el b e LA B SeV Ly Sd LT Pt o

Sl nce ayer Jgrows rectliy on

surface belpwt}.ahdyEhSsM iPpér Vi imeOUSablié HCAHE Caltefdy SEibEBaht 8hl Yy

w t hout crystalline partial regions or subregions are, noreover, ,

di sti ngui shifbienred By the (RgasurrREenl t MIGRWERTY tOf ke aifeef Fomkked
conpar to,gfystalline materials. This means that the very good barrier
actions of such materials are retained even in the event of deformation

wi thin the nechanical load limts of the s material. Therefore, the process

di to the i ti k it ible t d flexib OLEDs
With a higHReFG T ITHIEToN TGO FHETPTT FRRST BEFMRRD R SCYi 7 ot

structure, ddsd® ROOONCRNCEMD N dhCof WEM IR NcakRBP! b eBetBLAYACUHTHET | OW
pressure deposition of the |ayer, for exanple the deposition of the |ayer

by vacuum oth¢ cawaptksisle quedsitieneninneans &Viebat nteyebcebieknaagepeo
suitable for this purpose. Accordingly, to deposit the layer with a
vitreots st?Udtrd} § ?rﬁ'sof)o‘%%é%‘?%‘?/m?n’f%?e I'F%lfo‘f%}‘u%gfxﬁﬁ)gojrsdfbbe
processes. #4yh§, #SP LLIRPLE {0 RaANESk 1 &Y @hs UBPPBLEIOR PHOSESSAES 1O
be conbi ned wth one another. Vacuum coating processes or | ow pressure

coating prozed Ml tstichHekitdnriesehpl chewerer, GuD, ageeuntvaht hgeolBerht er

lia b h 20_b ied ' [ d
2t mosphor o, LR S0y BTRVERY | AL £Bh HRE not SHE of F o VB SERE PRVE olep

|l ayers durifgetdfor®adbf NGo AEEOFEhNget Ooarparséevlae! YipeeberoBEDs.
enbodi ment, the at 2s |l east one layer with a vitreous structure is
deposi t®d by evaporation coating. Evaporation coating nakes it possible to

achi eve hian'ﬁ%fEi@ﬁﬂ&@b éai§§erm@l9ﬂ gagférégﬁ§ Narhaphr&f which
comprises an alkali-metal-containing glass is particularly
suitable for hermetic encapsulation. The alkali metal ions
fill up interstices in the glass skeleton and thereby provide

20 dense layers with a very low permeability.

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

25 reduce the permeability.

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

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



the process according to the invention particularly fast and therefore
econom cal for large nunbers. 30 The deposition of the layer with a
vitreous structure by evaporation coating may advant ageously al so conpri se
the. step of plasma ion assisted deposition (PIAD). In this case, an 8 ion
beamis additionally directed onto the substrate which is to be coated. The
i on beam can be generated by neans of a plasma source, for exanple by

i'od zation of a suitable gas. The gas ions additionally accelerate the

particles emtted s fromthe.evaporati.qn-coati.ng s This;| s to

| ayers whi @?% r thi cul Labrqei-sh otgcgrsellaq{% 'aeé‘bl?sﬁltrgld %‘L%r?ﬁe%tes\’/vmd'gq e%?g. The
step of deppritddwig ddit: lakatertid h ch \dddaous off riledin edqmiwalagrt cul arly
preferably al so conprise the step of to depositing an evaporation-coating
gl ass. d as¥er@funeri s type are materials which can be deposited by
evaporation coating. It has been found that evaporation-coating gl asses
have excel | ent encapsul ation properties. In addition to the preferred
deposi ts on hwislsaparate wf codistrancdmwevierh atesendvn glastses petysornf
course, alsq he deposited using other vacuum or | ow- pressure coatin
processes. E%S/“bﬁaesfiedfn S AT HETR A IS s&;s)ea? ]f%"u?%aﬂ

sui tabl e f gfaidie £vapaialt o GPAlhd¥h ] FOFgdri & il POFEL s AN 12 Herdu Dir beam
is directed onto a target and the inpact causes the electrons to rel ease

t hei r ki netniefalernganisc t¢mnkexRs ., sWikAs thoaiel Rl biers 0% .

B

evapor at ed materia en cones i nto conta to be
coat echo 2s ephmmisld I 15 sleOshydabysu tndBdes) vaIlmbnwn t (EDg®) sbr UCEHKBPV The
step of evaporation-coating to forma Igger Wi th a vitreous struciure nay,

mor eover, cRRFY SRR ¥ep B (T oeREpe RO PFHin RRTIRISRY 1SRE ¢ T on

sources. | Ny SpBP) WaY . uddd | S5 ROBSEDE S uh Plie $XEP| RatdPial] UBhe tIWyer
stoichionetry of the Tayer which is deposited by neans of the evaporation

coating ratesy cilsheconprices. an roxganicuarinergasiepatrio kyyporwrich my
20,50 06 ANE SRR NAUPS, by 2 PBSL EHAASSE LIS EBLLY, A o

t he evapor at¥ ast“one of 1 evapor ati on sou

The maieri ads bPR@iid eSeDict e dptyBEalvihdt @r V4l [ eDlie Bhobgini€ matrhe

i nfluenced and adapted in the direction perpendicular to the
used was, inter alia, porous titanium dioxide.

Further electroluminescent substances are described, for
example, in US 6,107,452, EP 0 573 549, EP 800563 Al, EP

20 800563 Bl and EP 1006169 Al, which are completely
incorporated by reference in the present application.
Although it is known to the person skilled in the art,
reference is also made to the structure of the OLEDs
described in these documents, and this description is assumed

25 to form part of the present application.

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

regions or subregions are, moreover, distinguished by better



5 evaporation-coated surface by varying the evaporation-coating rates. For
exanpl e, by varying the |layer stoichionetry, it is possible, for exanple,
to match the coefficient of thernmal expansion of the layer to that of the
coated surface, so that thermal stresses between the surface material and
the to evaporation-coated | ayer are avoi ded or reduced. A periodic
variation in the evaporation-coating rates can be used, for exanple, to
produce periodic variations in the refractive index in the

evapor ati on-¢coat.ing |l ayer perpendicul ar .t q .t oat e; ... 15 However,
t he deposi B"lo Y %f%vé”d‘c}-‘ﬁlatr’% eccoq"att_‘longrjﬁala gcehr?glrla%elyc']‘r%q(ﬁsld riésﬁﬂsag*gec‘? at-lo1

evapor at i orer8aAld NG e hRided i 1 ITHigd atdared e Hitghthepasryprasslinascrismnce
for special OLED applications materials with | ow vapor pressures and, 20
cor r espondidffipngyyeerstdly MtGF A iHE FRtRIPSHEES o hdR&I ¥ e, OF he
step of deRasidiit A |\AAH: P hd BRANIdLR Mdd S & Il Dy means of
physi cal and/ or chem cal 'vapor deposition may al so advantageously conprise
the step ofmagmuitedr.i ritheore foreny erhenintocess tacouslistg uoy whee  inverti o5
context, the termssputtering.on |ayers is underst.qod ani one of. the
PVD processes™ 'ﬁﬁil‘%)dttt é’r‘?%gl%gfe ﬁ)‘a%/é’rrso, hohii ?@ee’él&;peo?%ﬁ%-%r%i%gr}l%%n be
carried outgegmenavtiedmaterials which are relatively difficult to
evaporate. 30 However, layers with vitreous structures can al so

advant ageously be produced using ot her processes, for exanple chem cal

vapor deposi:ti o YO RANS f. Dl Sfﬂﬂﬁﬂgﬁﬂ&e Shemigal mapor

deposi ti onsfz%r?gﬁolntlt%?srmﬂ gcslgé/ec]t , 1‘811_#1) %artl cul ar %[ asna ]?%’pu]frge

chem cal vapatorteposs twicth (RleC\iD)verst joai | | cxmprise s whabraguum dhisow-

process, the plasma is not produced constantly over t e%\(,:\é%ésg?of fipe, but
S

rather in g T IFRAF LA IPS At LAY PP BRF Hett oad
on the el empnte i Gy d:S By ReaaRted. 1 Mprevesurd heodepesi tAon wicdhdie- | ayer
with a vitreous structure may also, in an advantageous configuration of the
process, comptiisw tprocrsgeDima-kiepositalvke oformt kg anerdase material . The
co-deposition, or. siqwltaneous iti ft r | terl et her
with the | %/ceﬁorna]tréqil’r}g'l i C?P?%ﬁm%%e Igé;%?]?vx‘ﬁ’ %%?agv‘?ﬁ%éc:ﬂggsﬁﬁgéhégg’my
be ef fect edit fi¥ BB, bintor evBo, atd OsOrPYRPOS| tVDpfsessdéde. resi dual
gas atnosphere._ In this case, the nolecules of the organic i5 material are
i ncor por at etF 1AL INPITTR L& HIF 2 BIVERLEX 1951 4R L HHN RERFFESTHE e P al
may have a RoSidiiehd i HEDcsh Ol diehd AY 8Fa ALOREESA E8nd N FBEYs YEY Sor By vay
of exanple, 1n this context nention nay be nade of a higher flexibility of
t he | ayer underprmeshare cabatiomgyl, prdeesseshi suchfasptdor atxampll@PVRcPrani cal
properties, e inproyenent to the |ayer. bonding. for, .exampl S [e t of
the | ayer b%‘?]%'g %r’%oas(%l‘f%rﬂtaa%e%usgrlanl%nta la?/g?e(\:m T atltlz %%g%]??%e? e o?%ljéni C
contendg t hee chrarigiced Nnoutheipaeckiungy dedsot yimng dhe 4deyespie s st iecdlby e,
and the influencing of the chem cal properties of the |ayer, 2s in

particul ar REEVRRLHRP HRR EHNIIA el Omt OF | BP 55 H T et eRF L Y rPLFR  1F¥RIT ayer s
are advant a(ggpﬂﬁéy ied.in such a way that one of the conductive |ayers
has a | ower wor f%ﬁ%ﬁ%ﬁx}%n the 30 ot her conductive |layer. On account of
the difference in work function between the first and second conductive

| ayers, which are used as el ectrodes and bet wee ich, the |ayer ich

i ncl udes arf“cb‘?%;‘?iﬁ’rrtg, = e%tf?%?tolp‘f‘f]cadlflmlé‘?g%’fr?g gﬁl‘igjr%%%'f 'eg‘,yh%n%\@gi ven
correcis polpgddty se theyawldage Appltesbi® dtheueteed rdsesepsbLedd g are
injected at the layer acting as a cathode into unoccupied electronic states
of the org@Vaporaein coptingl FARPTaE Lo Copelrg i ieselt dRPBEIPLle to

el ectrons s : : WalW=To I 1 r

function, %Jh&?ésqgﬂ ﬁlgé}géslea#f%%%%g%g%\n@%h %Jg&rl\éﬂé% tgt 13;}[_’@'7-9 j't:grththacr>11§a
are emttecthe plocesgantcondiney itad tdse aimesnt omfpaecibol amaty ofaof am@
electrons with the defect electrons._ 1o In ny cases, additional

functi onal q%@r%ﬁ%qp%{?%c%pﬁ?’édl??ﬂ%ﬁ‘m%?%r bet ween the first and
secondygonductive layers, are used to produce OLEDs. Accordingly, the
process nay advantageously also include the step of applying at |east one
hol e i nj ectTh degesitiet ovf & hpptlawenl wid chi Wit regues $GrageMee ki

el ectron bl ocker_layer and/or_a hol e. bl ocker r / n. ele 0,
conduct or Iea‘i/a XS %Od% régc%ar%lu%?%?n?%%/%?&%y /%J?Q%n&ép c %%n&irl%j g-’;%:(%Ilbon
| ayer. Partdffubbddnya high dpeidted depogitiod f (PImDCY I ethibs at@sachaeved by
applying the layers in the follow ng preferred sequence: potential 20

mat ching | ayer/hole injection |ayer/electron blocker |ayer/layer which

i ncludes at | east one electro-optical material/hole blocker |ayer/electron
conductor |ayer/electron injection |layer/potential-matching |ayer.



z5 For the sake of sinplicity, the sequence of functional |ayers of the
organic, electro-optical elenent is referred to below as the OLED | ayer
structure. This conprises in particular the first and second conductive
|-ayers and the | ayer which includes an organic, electro-optical material.
In addition, 30 the OLED |l ayer structure 8&my al so conprise, for exanple,
the further functional |ayers nentioned above. 12 To allow light to be
output or input, it is advantageous if one of the conductive layers is at

| east partial| a r s ntar A i ndi t i3 0X] i ne-.doped
tin oxide (1%5103266%11. ﬁ}g%ﬁ&éﬁns%&i agile c?re rﬂq{sg a%}leer ?g‘g)%ﬁauti %1&1? £
advant age a@fo ke doateess The tivai Hdaen aaterbd yerdradtddieoy ayarss asfe sappl i ed
produced by applying a transparent substrate, io includes an organic, a

t r anspar en®P @GR USTWE Dy ToTc STRTRLS Y ARA1Z3t o] Anftiablecdftal |y,

OLEDs are w&n%ﬁ g_lranscq&aicttiio\ffaﬂl %{céeqeara?eaﬂ éﬂeepaaeoqceﬁiéé NGnitdieed ayer

which | ectro-o material on the layer. This structure is then covered
whi ch fsor & |tdemmy apare ta drovesra tiordk sfawistd oiTitimnl gdds transpeamsnt
conductive _layer, _as furt.her el.ectrode. In, this case. t.he Iight ich is
o tted |6 EEThema BRRC AR o AR A RPaTR arh ApaHE®
According to a preferred configuration of the process, the step of
depositing the at |east one |ayer with a vitreous structure takes place

after the 58 i@ &f stenafs tiing ddwt LBy Thevitdy et WHiRaPUsh et wie | east
i | QORt i igst duct i
Vayers. 1t R aanear, T AR S U T R e rate,

| ayers. e layers a ne si substrat e,
for exanpl @dppdiaiing GepeEsidpet;atin JaysaringhigllasaclGidessed dfeadii oneype
organi c, ‘el ectro-opt. cal terial iis 25 | ocated between the substrate and
e ayer O\ T AR ST B° (PRI Sy (TR § Oy iR ur o
I s encapsulm@at efh PHUBET S TURH IAiH AL 1dIE demeimgV dih Psdd tHBRUS _
structure. 30 Since the layers with a vitreous structure which are applied
i n accor dafgeadilient Rngapanta terPImBr orRedrt ie&npite add sl athdis dihees be

t ransparen jd I -icﬁ_l v f ] gyer c e
ar r anged iﬁjrséufg%fr;e% d;e%tcﬁéétﬁ eeby NS ae fH dA I8 EMSRAENCE B d
15 glasses may, of course, also be deposited using other vacuum

or low-pressure coating processes.

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

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

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

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

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

evaporation may also comprise the step of varying, in



13 transparent conductive layer is applied to the substrate after the |ayer
with the organic, electro-optical material. In this way, it is also

possi ble to produce an OLED with, for exanple, a non-transparent substrate,
in which case the |ight s passes through the layer with a vitreous
structure and the transparent conductive 3ayer. It is advantageously al so
possi bl e for one or both of the conductive |ayers and al so the | ayer which
inhcliudes an to organic, electro-optical naterial to be applied or deposited

St uct ur cd BTG R The T ARy, iR e (RS IF St Sl

Structuri ngpfofat Nieadtatdiiee cl 1S edrdayrget ivmissunde Pr ortss tmesefasuch
el enents to be influenced. By i5 way of exanple, |ight-passage openi ngs can

be creat ed REPRETIGRAIGT 'S dybfeT Plirttthet nbrte eeps U dEHRME i n whi ch
the layers ﬁqfirﬂgn%f%%&?radaw@. GrRe &%e&%f@ér%%pemim@% h&fe i S
ble. Rather, It e [ e,

al so possi I S "possi , by way of exa for structured
| ayers st 0 ievagroredtion tdoadres 2uestehdry Byrwiayg dfhe>evaperatimnfé¢oasting

d/ ti I I |.i ed h that th .
ST uct ur od BAFSE Ot ST eon Y A P Moo S PRHEte GG of D c.

el ectro- optddeHiveg ericy dimginen, td OlateX@iie, chef £ Dedded sPNphetdy or
partially between the conb 2s structures. Moreover, structuring is

appropri at @¥pRangioe|eff dhsthananres tterhrdomeaited Pir g catedhat
i t chi , t | i troz opti I
swi tching gherBS, o Qe s ﬂ(}?%svgéggfﬁgéoo%?{a@é‘ &é%@f;iacl el gtdms Opti ca

el ement as an active natrix ayers wt Vitreous structure
whi ch wonprevseparataton easttdi Narye:s ywteemwdided esr atedwared pak tpetl ety
suitable for hernetic, encapsul ati on of COLEDs. Lan%airs of thri)s tgg{ ?e
general |y dHa&t3afgiisney %ﬁpﬁa‘faﬁ%ﬁ%‘rqrqujﬁé‘? B3 557 LAt estO%ince
they have scamgely, ay gRUMKNCpd 0 PPy S Bl dh el I eRs , rdfhd ki giart z

gl asses, for exanple, and they al so have denser structures. Such at |east

bi nary systigiierofimedile iefaponat idorcestaing clayrr degmeerdioilar o |det two
met al oxi decsoacgeéiédrcﬁgced_i oxi de and one or nore netal oxides. Furthernore,
the process may al'so be configured in such a way that the step of

deposiis ng the at | east one layer with a so vitreous structure takes place

before the application of one of the conductive layers, As a result, the
| ayer with BOWAYG ol St9RATH I B QRPN YRR rCRMe R EERSE R Bd t he

OLED | ayer féci&!ﬁ}éﬁ S pdda B UAh ¥ A Bn Hod e PIRSESS: T OdWCEs an OLED in
whi ch the diffusion through the substrate 15 imto the OLED | ayer structure

can al so beslgpresikedidhivrls ereskasres. pdsadd| Eox ospedial OB net i ¢
encapsul ati on .on_ t.he substrate fi de.tf}{) ]Ehe QLED, This_ is advagt ageous, for
S

exanpl e, foarpqllle&?tblr%nﬁlﬁﬁe?fa &' ?“ét‘éa%%ﬂ‘p?I%séssuﬁe? 18 bl e pl astic
mat erigal WidHrdsgiri@ingl hasgenditgily high melting points may also be
suitable, the step of depositing at least one layer with a
vitreous structure by means of physical and/or chemical vapor
deposition may also advantageously comprise the step of
sputtering on a layer with a vitreous structure. In this
25 context, the term sputtering on layers is understood as
meaning one of the PVD processes. The sputtering of layers,

unlike evaporation-coating, can be carried out even with

materials which are relatively difficult to evaporate.

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

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



20 perneability to small gas nol ecules. The vitreous |ayer can in this 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 |layer with a
vitreous structure nmay be applied to thelBpposite side of the substrate
fromthe side to which the layer which includes an organic, electrooptical
material is applied. Therefore, the layer is applied so to that side of the

substrate i i.ght_ IS s [ it ' Qﬂ%g i standard
| ayer str u%@ﬁ‘ﬂér&{l%ﬂgﬁa M J?#’ﬁlgt%easdg{ t?noloé,}ielrraq{é#ﬁhgg Sflht{(;idr}lef ractive
i ndi ces by (rravd)ofid padtaiyer] arliyh suiviablegusis tthicd weoosas i rdree geleadnie
15 output efficiency, since otherwise there_ is a considerable ci)hange in

refractive iSnd&E REARGES (St wYah Jltf K S%1 e dtiWhs PYh

particul ar ,afe e iTRERIIAd FdsHiHEL fafi&n lhiaddidiQ) 1ad R Li1dds type
can also create a diffusion 5 barrier in order to |l engthen the service life
of t he sOLERheAmedf ilmaemin dthe led qoresde sdhiadr orlitty heo adatddwention for
produci ng OLEDs in which the step of applying a layer with a vitreous
structure by neans of physical and/or chem cal vapor deposition conprises
the step ofMcHydwEMg theNddgd it icty &if ithel A aafeso Whitghlay wichwesdageous for
the properties of OLEDs. The plurality of individual |ayers of a multiple

| ayer of tHEFUGHEadAY fkSoxdiblal KA tRIFARIE o 3 1 Do sihe ons,

so that, f Sxap! rder td i ngid slual 5 4.2y, tail ored
to specifi EHrgases ’V\fﬁoc[ﬁﬂ{]laéveg tal'rﬁé:aécf'f/%scstzaEc i%&g%%ﬁect olncgr'?h(’;Er :aergscl%:d;aerllli(?e. The
mechanioccal nErtepeirali e<Thes undh Gepdit iexanpie ¢imi¥tanediis idgpodiyieyn barfdi ng
or intrinsic |layer stress, ca | so ke inprqve f.or exanpl e by the

"It oduct PR D R R P i LA A2 PR D ¢ he
nul tiple | axamdaye dyehavecrd & idiaasu? Gistiaaird enaatdiest fddkbiy, dist

| ayers with a vitreous |ayer materjial can be conbined with other individual
| ayers of di¥amlent ohetp VaRAAFOIT i Oh, deResl o ofra% it ererstdal ayers

or organic s 40 Rardi r yer Sae r mat ch
the chem ca#a%ﬁgda%%am%a ) Iiarger S %go%’erﬁées@oeéﬁgip%%iﬁﬁ C?Kg%%llgf%nent S.
Accor disngl wmatieridili sareefimenepiratfed hin prioe essyeac coitch g ¢titdeus nvent i on,
the step of applying a nultiple |ayer conprises the step of. appl yi a

mul tiple | @GR di?ﬁ%r%?fa%r@/%%rwnﬁwﬁﬁ%_%_ B 1 %ﬂ?ence_
mechani cal gy U ffer hdbpeit 1685in txmgpfwé}@. igdiyidusd dav@ite, Ifhthis
context, it Is also possible to conbine different production processes for
t he indivi duls |eorerext fmgneiempiay dthaside b ralimggheli ptleximgl ory of

Spi n-coat i ith one another, and w th the 16_deposition of at_ Je one
| ayer wit hnr’gievi Peous Ul eucrléa}n cn"’\{!ﬂpalr éllé(;'ult_a}%ej nt‘%e&bjﬁﬁ a?fl]t?P%Jféaldn 1'vi dual
| ayer s2can néd Goarhiec=6p [ @k 1 thi esd)C e e ilyptdiedmenit | teasthd Woaywdr thending

i ndividual s |layers have different refractive indices._ This, cap be achieved
by applyi nof W fef’éﬁ“éﬂt? |1 % €t TREWHE aﬂ%.t}l%vaé?/)_é‘?’f Rging WRPVRIiH fto

i nfluence the d&ifacidyer IPAaY DYcHdRySe FHRO bR allle REACESS, PaiaTEL er's
during application, fdr exanple the selection of The evaporation-coating
rate. A 10 chdngeplim |Eyerpadking density and ree i layéndekcodstiictunge is

particul arl i.tabl e for matchi refractive indices..In deposition
processes f%?‘flut&}ferlsn%lf%%l% t?g&fée SHIRT e PROREF T 5T R ?nggérl%ea&af%%]a’ i's
appl i egk t o #rheyddERnitnt aé’}eraddjmt_fthy&r@é}fbm hever Bilverse gfdwees s on the

| ayers. In particular, the thermal load may affect the |ayer
materials.

)

The layers are advantageously applied in such a way that one
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



conposition in CVD or PVD coatings. To reduce adverse effects fromthe
thermal load, it is additionally possible for at |east one

pre-encapsul ation |ayer to be applied. A pre 20 encapsul ation coating of
t-his type may, for exanple, reduce the heat transfer and thus prevent the
OLED | ayers from bei ng heated. Moreover,l1lby way of exanple, a suitable
pre-encapsul ati on as coating can prevent the layer wwth a vitreous
structure penetrating or chem cally changi ng another |ayer during
application b ns _of RVD or oat | . i c .f
exanpl e, vviritohc\éttﬁe ’sgélé?nglggr?dtf&gi\é\?g yoéL%gFTt tﬁ% | a tlé%l%%r%%i%flrlc?% \}:eory
soft or reatid deiraddes,Sellecayrdnd al@ exgEdtecatcinim ldyesovert indas
process may advant ageously conprise the step ,of a pI%/Sir Q&Ja cover. To

protect thé G&tdode \nk& PRaGGynigpeelectr it stak NG QFEAE or the
other | ayers 0f AN PLER nypdanage adt L Wifle G@Mde ERlded it s d ayer

wth a vitreous strudcture. 5 Mdreover, however, it Is also possible to
apply & | ayer hailtes and titgarsest fucinurtée i aytech witkaya tlewen iwpxont act

rface between .t he cqver and the bstrate | eal. d herneticall
irosed up lf&lqcﬁelqnayé%vl\ﬂht 5 a\ﬁh:tltl%lcj)@is ﬁ"n?é"t‘fﬂrez. ‘Egc thi% rﬁeusrqlgLtl a}T‘atthye

0Se€,

step of depagyHt RfhAHtd €A dnfitAeRd lidy @heMddyahid @S Al raictainesult
conprises the step of covering the boundary edge of the bearing surface of
the cover Wh Fregombdaatisge afaydre Wliartaans r"é‘gllé tdhe feifE AR RRRE not

only achi eve the objective of providing a hernetic seal, but also allows
the layer, such as for exanple the i5 evaporation-coating glass to be used
to secwr e tihe ncowercadas,a aiditiamatarferctticormlsdlajensg wliads.arkhe termt he

bearing surface is not to be understood strictly as the surface o i_ch
the cont actPRRY1R% %t%?qqmﬁg?e%%bﬁé}ﬁ stt’;ﬁ/ﬁft cﬁﬁfé‘?ncgr%oq%?%d{e For
exanpl e, singRtde QERdQYalo Prddidd Ordd S Men@idyl 8] i1 Iprsdeavat ed,

there may be "a short distance between the cover and the correspondi ng base,
for exanpl eahedusrstaga@isin adjoimAgdedilthsirxiof AR IOERY aygast

structure. However, these regi-on r I f the
beari ng sur néa\(,:\g?o elrn(-,;’feoc‘r?tel,oeriJ hleayzeergraﬁlﬁg Q}g %ﬁjrc#{gec%g&gagln ’%%agco%h%g% ;@ C%edro as a
proj ects on i facamfetdwmir@i del adkdh e apoerandy ah £ doslses thieodiase loagtex t he
base. Furthernmpre, the process according to the jpvention can
advant ageo@é}qya% At A ‘Fqnda”cﬁﬁﬁ g‘rﬂ&fqﬁl é&f;n%ﬁ saesh‘?n]_rfe PP L _
applyi ng aty J\RAStaR)fo0 Ol dith d@XGH i fb i@ drl Cl AT 2 RO &1 dAKPThidgh Whi ch
the at |east 'one layer wth a vitreous structure is applied. A l'ayer of
this type camntupart ilcidlaty ¢ hpralenahey ol arprageoreved ki apwly-ayer
wth a Vltnﬁ&y%ayég% in the following preferred sequence: potential-

20 matching layer/hole injection layer/electron blocker

layer/layer which includes at least one electro-optical

material/hole blocker layer/electron conductor layer/electron

injection layer/potential-matching layer.

25 For the sake of simplicity, the sequence of functional layers
of the organic, electro-optical element is referred to below
as the OLED layer structure. This comprises in particular the
first and second conductive layers and the layer which
includes an organic, electro-optical material. In addition,

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

further functional layers mentioned above.



structure on plastic surfaces, which has advantageous effects on the
nmechani cal stability of the layer mcrostructure under thermal or
mechani cal | oads, for exanple a bending load. In this way, a continuous
l-ayer is produced nore quickly and it s is possible to achi eve snoot her

| ayers with a | ower porosity. The inventidn al so envi sages the provision of
an organi c photoelectric elenent which is producible in particular by the
process described above. 10 Accordingly, an el enent according to the

i nvention i s bstr - il conquctj v - at. J east
one | ayer \%\,%n%‘%l?)ﬁ'illﬁggg 2#’ I%eea?ttu%ooﬁlé: %rlfg&rﬂi’ét’i g%efiégctaﬁicia%%ﬁea:gceﬁus?m]téeri al ,
and - a seomrd oFfordie idorddayiere layer® lisaat leaiapgsidtachllayer with a

vitreous structure. As has al ready been described above in connection with

the 20 prol&S@SPGT Htoddditey AlEDs, EI APt (HIES T fPSHUAWE i s
particul arlpy st g% ardli HEUSHPBVRAT ELeEaboE 888! LhABI egykes, and

therefore provides effective protection agai nst degradation O0f the el enent.
The fast that the |layer is deposited on a surface of the el ement neans that

there is 2 j.Qi.n _between the | r and the surfac i,t hout . i nternedi gt e
or transi  Port YU ARIHRIS Yarti HERIS expodiBth WS [PEESH e (i ch
achi evi ng amenmgids 9@l apfhadayey dot inehaiallle. drpestdied, oOroiEss |xd ace
by means of CVD and/or PVD, for exanple by sputtering, evaporation-coating,

PCVD or Pl @¥R4WBEd Y aoplafiacam &ranshareny aadusndictiarey ferds to have
a | ower work f ' th & Ot hery ccq;%qpc&é Vs il RS e HD ﬂgﬂe‘%_f Hhpsleate a
di fference H&ﬁn\%%%?%nct%#%etev(een the Tayers. * %gl n the case}gf a
| i ght -1@m t tiimd weleement ongeen. g \adldcagw -ioptapEl ethttex itdle aonthect i ve | ayers
el ectrons are injected fromthe layer with .a | ower work function into
inoccupt o tREAGAE SOnTRSIOT A FHP AL B QiR ir

by a conductive layer, which for example may have a lower

work function than the transparent conductive layer, as

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

15 can be output or introduced via the transparent substrate.

According to a preferred configuration of the process, the
step of depositing the at least one layer with a vitreous
structure takes place after the application of the at least
20 one layer which includes at least one organic, electro-
optical material and of the first and second conductive
layers. If these layers are applied from the same side of the
substrate, for example by being deposited, the layer which
includes at least one organic, electro-optical material is
25 located between the substrate and the layer with a vitreous
structure. In this way, the OLED layer structure is
encapsulated between the substrate and the layer with a

vitreous structure.

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

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



s injected fromthe layer with a higher work function then leads to |ight
quanta being emtted. To increase the quantumefficiency of an OLED
according to the invention, the OLED may additionally have further 10
frunctional layers. In this context, by 2§¥ of exanple, at |east one hole
injection layer and/or at |east one pot i al mtching | ayer and/or at |east
one el ectron bl ocker |ayer and/or at |east one hol e bl ocker |ayer and/or at
I'east one el ectron conductor |ayer and/or hole conductor |ayer and/or i5 at

| east one 'E.lcﬁﬁtsbggeh@j ‘é%hh‘&%t'ii’r)ée'iggfe‘i i@v%%i?%‘&“%o ¥?\ea'§u%‘§t9§ﬁ‘:eem tted

i ght quanta to "be output, 1t is advantageo one of the conductive
| ayers i s attkeashepdnyeal Wwithr aheparganicy Eledtirghiopemdatledhalnertiled .| ayer

whi ch 20 incl es an organi.c, | ectro-qptical nmaterial. These required

o oner 1 es TRbBEs Fve LR04S ATeg barrabler T BRrisl agmaten o iy Eor

i ncl udes T el na0Kofe toanbbuehie sopedai) O dhicls MULPLY 1idhe al
n

| east one layer with a vitreous structure does not have to be located o
that sFde BRSERE Shiyouvght &hen laledh Willkd Baydit rfioueh Stasicidee emd dhgani c

el ectro-opli:&ggls 1R rti %Ionid%clt cat 84, Bat her, the layer with a vitreous
PEG § g on’t

structure may a € arrange € opposite side of the 30 substrate
fromthis side. Inthis way, it is on the one hand possible to limt the

di ffusion of gas nol ecul es through the sybstrate and on the _ other hand al so
to have a pbsifi FEVARERIERUS YN 21686 PORSHILE e B® ivCaPYFtoRdr Ghss of t he

20 OLED, fopnexaiRhe 3syRrseald adkdl ke a%§er Wl o Vidd1gRIsE $hy Uct ure
creating matching of refractive indices. Thé at |east one layer with a

vitreags svrgenice eradpctso-epticaiomaterivd &ocdepeginliied axd/depassftestctive
i ndex which va;:i estal ong .t he diIr ecti %n%ﬁr pen(%i cul ar; 1o t he coated surface.
A variati of™ §EHE T EE o Mon Ihe P&NdClIrPEr (0% e T80T & &2 I9WS B

| ayer to hpvedaeedespordi-i@tyired Yioirgh TRl @heallstrenediredind,hiis e.
direction, for exanple a varying io cqefficient of thermal _expansion or
refracti ve2lRB8x EhgomFERCeh & trarctacinge Afn ¢ Sc &7 talzso e IWH 1Au&EE i n

ot her mysnumgfeé§n§#%g@>ﬁt3|%%. rg;gr l%l&%'ho%eﬁfentt%e AR 1 f'”ix%@{ctédc.u'sii , the
conposli tion and/or r ractive 1 ndex can al so vary periodically. Al yer
with asvit wagusfsexasiplies dridghd-passage openings can be created in a
conductive layer. Furthermore, a layer arrangement in which
the layers do not necessarily have to be applied on top of
one another is also possible. Rather, it is possible, by way
of example, for structured layers to intermesh with one
20 another. By way of example, the first and/or second
conductive layers may also be applied such that they are
structured in a comb shape. The layer which includes at least
one organic, electro-optical material may then, for example,
be located completely or partially between the comb
25 structures. Moreover, structuring is appropriate for
pixelated structures which are operated by dedicated
switching elements, or for the production of an organic

electro-optical element as an active matrix display.

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

generally distinguished by particularly low permeability



i5 periodically varying refractive index is particularly suitable for
outputting or introducing light into the elenent. The at |east one |ayer
with a vitreous structure nay al so 20 particul arly advant ageously be
arranged between the substrate and the first or second conductive |ayer.
Thi s arrangenment al so suppresses the diftéision of gas nol ecul es through the
substrate. Mreover, in this way it is possible to produce refractive index
mat chi ng betmeen the OLED Iayer structure 2s and the substrate. The

or gani c, (EI 0" %g_tnl %alth%a/e ea&ousg}sté%%(feu;%} Lﬂfﬁlfeorln?yer whi ch

conpri ses at edst "one |la a V|tr i's ray be

advant ageousytiall lfiove tahea’si) cmﬂu@:&l QU iglesssed, iforpadanpllear dmx the
outputting or introduction of light, and for the nechani cal properties,

such as thé?hﬁéfn@llﬁé’ Have Aeaser SErugtures ¢ fugh P dFistb e Tedpaci ty for
out put t i ng R enfad b@%@t@&l‘dl@"tma‘?a” RF a&ngMed gk rr?cféélcfj‘rof fad he

i ndi vidual Tayers of the nultiple-layer have di fferent refractive

i ndi ces. Mieeeretwa ret@lEDxwe salago siddlagae dhtodigkes tarshens esneEpul at i on
| ayer which serve as a thermal barrier coating and reduces the thermnal
| oad on thé“e%_ d‘d‘rqe S¥g the io coating with the layer or layers with a
vitreous structure. Mreover, a pre-encapsul ation coating can serve to
create a stable base for the layer with a vitreous structure. To protect
the | ayer Euyberiomesotdes HRGQfe M5y tari@%tbwercqrﬁﬂtgay@f% 1I1'h ety jac Waat

from nechanicgl %%n'%g: dgg'%@ t y ver. In
addi tion, '?Ehe(‘:ﬁ gj\gnt geo%%faic%g]lﬁg at tezgg'ltesg'n on |t(r:1ig b ayer,
whi ch 1pr ef ezmahtephwdjst:ImE:tume dtaKesa gl agree L2 dray ethenagplal asttireeoust one

structure. ndi n er of this type results in._inmroved bondi ng of the
Cayer w thh i CORCEEIYE SR B e dEUtel A%, S G G h  at o5

and in rel atiit@Judy Bt RUMET d ARIaT R btveG it GuBHt G d Rhd the
deposition. Mreover, a bonding |ayer of this type can be 2s used to reduce
intrinsic [CAFE kwmgggggucture One such variant of the process

produces an OLED in which the diffusion through the substrate

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

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

25
Moreover, the at least one layer with a vitreous structure
may be applied to the opposite side of the substrate from the
side to which the layer which includes an organic, electro-
optical material is applied. Therefore, the layer is applied

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

means of the layer with a vitreous structure can increase the



Mor eover, an el ectro-optical elenment according to the invention may
advant ageously include structured |ayers. By way of exanple, the first
and/ or second conductive |ayers 30 and/or the at |east one |ayer which
i-ncl udes at | east one organic, electro-optical material may be structured
in order to integrate additional functiohality in one or nore of these

| ayers. In particular, the first and/or second conductive 22 | ayers may
be -structured in a conb shape. The finger electrodes of the |ayers which

are structuyr i,n onb _shape,. f.Qr ex I en e i _one. anqgt-her so
that a vol toélégmg‘ar?%ﬁ"é c&;%)iqyéd S&%eap%—‘glc? rgvejt%\gé%iecrc?n %gtal vceorfsalydee?rsaq?loec at ed

at one s | egingdidwe It raaititre SitHdesd U picdiiedppRlindgine sdrsshds Wddbl e.
By way of exanple, the conductive |ayers may have |lines, for exanple

i nt er connecdtef 1aGticRsr d&s R it ot i @AtE B3t e ntPrfidder &t
Levels and RidiRtdy xel 1350d e Ahidl M tialileo WAL R usion

structures, 1n particular for display applications. In this case, the |ayer
whi ch iss | deatEchdmwesdearha o drehgithere dhey eresrvairae inidaidss tde &R . one

electro-optical_.mterial ijs.locally excited (.0 i5 electr.oluninescence in
Cheovi o nr By S5E TR Sor HHE ST RS 1 ACHAT b b it L RSP dthiuct i ve
| ayers. Comp@yiflihg DIFEYY aP i d tHote ti Gy A e Ntayfan wienised

for local signal scanning for sensor applications, for exanple inmage
recor di ng. VAFnasusoesruative s dremeaans mionhisl celd@ndeon sthamiread MpRas

el amont - aoaSEnTs T BB A R AT R Hor S R A SRR B 1

el ement according to the invention. uci ng
t he OuED | aylevo stirgidivuragivam teydaues XomwftHehiprdpgee: ieas &f @IaBDang Theans f or

depositin t least one |layer, with a vitreous structure.. The invention is
described e G GRS of e e d Bt et and
with refereargr iy heAPR8AERA SO HHAMdiGSse rdh tMb i leintd o d &f Ripice
nuneral s in"the drawi ngs denote identical or simlar parts. In the

drawi ngs: sQ@IlREty. oyl rearrirodgteimnsiohnimdbint dlordHysrs o t he
invention, Fig., 2.sh g, f.urther .enbodinen fa n.OED according to the
i nvention Wt béan J':lanl\c;L\tla\érsrseéi Ité)yesrpesc[l‘refgfé L?raesje%—i“gl.l% shows %h %A;?geod'slengnt of an
CLED wist h & fifle-tergapdd aldn dedyielrfe ) Orifd G chbhilcn ¥ R rdipwy g di s0dH S

with an additional cover tq protect the OLED | ayer structure, o

as for example the flexibility, layer bonding or intrinsic
layer stress, can also be improved, for example by the
introduction of flexible interlayers. Not all the individual
layers of the multiple layer have to have a vitreous

20 structure. Rather, individual layers with a vitreous layer
material can be combined with other individual layers of
different chemical composition, such as for example metal
layers or organic layers, such as in particular polymer
layers, in order to match the chemical and physical layer

25 properties to the specific requirements. Accordingly, in this
refinement of the process according to the invention, the
step of applying a multiple layer comprises the step of
applying a multiple layer with different chemical
compositions and/or different mechanical properties in at

30 least two of the individual layers. In this context, 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



Fig. 5 shows an enbodi nent of the CLED i5 with the |layer wwth a vitreous
structure arranged between the OLED | ayer structure and the substrate, Fig.
6 shows an enbodiment with a 20 nmultilayer encapsul ation of the OLED | ayer
structure, Fig. 7 shows an enbodinment with a nultilayer encapsul ati on of
the OLED | ayer 2s structure and differenlérefractive indices in the

i ndi vidual l|ayers, Figs. 8A and 8B show the curve of the refractive index
i'na layer with a vitreous structure in accordance 30 with two further
enbodi nents,_of an .OLED, aq:d Fia%‘t 9 _shqws _an _enhodi neq_'t of an OLED with
conduct i ve SRPEAS TP §&t Ged §FF ta @ W Lh 24 Bt eoHs Sgweaire-
conpari son of two specinens with calciumstrips coated wwth SiOz and
evaporation-coating gl ass, respectively, 5 Fig. 11 shows a graph

il lustratidg PREGFULEE, Feslyprerl idic afs dingtied B lciligyests (qan axlsp be
function of, 44 i:0, B i fii cq.en f

vari ous en(“f1 E)Jéll%%z% elg1 &%&Qﬁgpﬁ%& %3 s%(r)a{\/\slzcotrth“gI I(%Jﬂr:‘ietr%’gésij’trgilgﬁq%/ha% ous
encapsul at day@irED haelvenglitfif egend Mmefotaamivef iiElitdes r &iidensen there in a
climate chanber. Fig. 1 shows a diagrammmatic cross-sectional view through a
i rot enbodtpasast b, SEEAS ek SLhg ST LS o R HS L San HAP S E e o0
overal I by ik 2l Pdefd iAPHES 8 A e e rdf A aMiifde@nyliHe | ayer

structure 5 is applied on one side 9. The layer structure 5 conprises a
first condseliegticayef the progess rRngiedieishdurdéy @&ppldasatioane diqmani c,

el ectro-opt] ri o Lve | ayer, 17, The | ayer
tructur o ©gRntE e Fen UL 3T RHE SR R e i e
structwer e anud tigd ebdayeapmiitdd doywarmangy afe R4 tand! dmdedd e athing.tyge
account of jits low perneability, the layer 7 creates a hernetic,

encapsul at i*6h P&E laey Iséﬂ?é%bslter Jaumetshing gefnaghise it Gespect to
smal | gas nol ecul es fromnatural atnosphere, such as water or oxygen. 30 In
this way, the degradation of the OLED according to the invention as a
result of dhemacyl depactitgen Fatossssaedott Vayrasewidid amtidideduss of t he

| ayer structure.is greatly reduced, and.this.manifests. itself i
i ner eased Ssé:rr\}licé:élreng s é:afgl %g'lefrmari Todd {8 appe.l.led te Ehe 'LV

15 layer structure and may have adverse effects on the layers.

In particular, the thermal load may affect the 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 example, reduce
the heat transfer and thus prevent the OLED layers from being

heated.

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

25 coating can prevent the layer with a vitreous structure
penetrating or chemically changing another layer during
application by means of PVD or CVD coating. This may be the
case, for example, with 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 a cover. To protect the generally very thin layer



25 30 life of the OLED. Inorganic glass has proven to be a particularly
expedi ent material for the layer 7, on account of its |low perneability. In
particul ar al kali-netal containing glasses have a particularly | ow
perneability, and borosilicate glasses are also particularly suitable. It
is preferable for the layer wwth a vitrebds structure to conprise an
evaporation-coating glass which has been deposited by evaporation-coating
on the elenent 1. The layer 15 which includes an organic, electro-optical

material ig;tfarigd, Lo, Relow 33,30 Q030C 1ot-{ﬂe%ht1'a%§é 'J1 d:lh@/ Yped O the
sake of sinplicrty. ﬁowever, s I"ayeér ey al'so be-dési gned as a

| i ght - absoifkiomg daplagieqV elhicaicovieay @farf e applldiedyald ale dlagrentwithe
evapor ati on-coating gl ass type 8329 produced by Schott, which has the

fol | owi ng Uéﬁﬁ8§P§i§%rPﬁtﬁéﬁbent by weight: Si02 84.1%Bz03 11 . 0 % Na20 ~
2. 0 %Kz0 ~ 0.3%Li20 ~0 . 3 %(in the layer ~ 3.3% A1203 ~ 2.6% (in
the layer < 0.5% has proven particularly suitable. The values given in

par ent Besedoxeovielre posevet,ong Hy wdisghiposfsiftie dor rggpondi Agysonpatdnt i n
the | ayer depgsited b 26 evaporation coating. .The el ectrical resistance
of thi 3 bofoditreats Giase PSR Sihtriin fhas K (RAsCe A

Fur t her nor @etiweehhe heUlcdvied End Hihe Fuisthae 49 efdaaed \end ndex of
approximately 1.469. The dielectric constant a is approximtely 4.7 (at

25C, 1 Mizpermghdced lypsleseshid Pyashe d@yen fiths@ vitweous The io
evaporatio L I : j ffer] ol gt if] -Qf nts
of ltohi S sys%?:g%%trtgg%l'g F%?Zﬁ%ﬂ%%& f ’ertg{lét %gcteé éﬁil[ oréé’ic%lsllge;lrt&;?dvgg'nr&t e

t ar getiomat enieallaged twhieh ayeritdeicels st rapplured dompeniageer atieorstegatafhg. The

deviations in the layer which is i ed vaparation-coatin re given
151 1 par eFENECASS M RErEinia S % Sinciti RATISOR S (ks O aier red 1o
bel ow as glaser?wiltds slthe da@ld @Mena QB QN vtk RIS FHrddt Rl ghir i L0

Conponents: Qass 2 SiQz 71%B203 2 6 % Na20 0 . 5 % LizO0 . 5%Kz0 1. 0%
A1203 1 . Gam% Tiedsenlyb asdriestd itdwt ejleddars Wi Erarisinefehametised in

pGa;.ts IS ¢ g I ar s@%\ie,‘ tbb:l% %rl%%e ratlil%iré it%teeq.aiﬁ II,h esutcefp laes %ro V&xa'?r(p?l.pee rt:t]:jle(:"s 8329

15 evaporation-coating glass to be used to secure the cover, in
a similar manner to a soldering glass. The term the bearing
surface is not to be understood strictly as the surface on
which the contact points between further components and the
cover are formed. For example, since the OLED layer structure

20 is generally slightly elevated, there may be a short distance
between the cover and the corresponding base, for example the
substrate, in adjoining regions next to the OLED layer
structure. However, these regions are also to be understood
as part of the bearing surface. Therefore, the bearing

25 surface can be understood as a projection surface of that

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

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

improve the bonding properties of the layer with a vitreous



27 a [10-6K-1] 20-3002.753.2Density (g/cnB)2.2012.12Transformati on poi nt

[ C] 562C742Ref racti ve i ndexnD = 1, 4691. 465Hydrol ytic resistance class in
accordance with |1 SO 719HGB 1HGB 2Aci d resistance class in accordance with
DIN 12 1160. 62Al kal i resistance class in accordance with DI N

523223Di el ectric constant s (250 4-7 (1 MHz)3.9 (40 GHz) tan8 (250 * -4 45
10 (1 MHz)* -4 26 10 (40 GHz) The application of the layer 7 by neans of
vacuum deposition, such as for exanple CVD and/or PVD, results in the

format | on of. an. Ll M5 1000dING, gfc Jhe, | yaicy ol B the S Al 5

the | ayer structure e substrdte itselT 1 n areas e OLED

structure. ofs ther @@dhianiperlmeakidiiltitypass ages lalydrhaniedgstregitans ainddre
OLED | ayer structure are_al so avqided; in OLEDs whi ch_have been known

hitherto, $BEAMRAsSFgdS R &gt ed Ol G538 R I% NP HIKe 197 bt ng.
o It is prefierahhe LoLdhe AR 1463 & sRRRIdRM n@f&%ﬁﬁ%k@‘fy ¥fRParat i on

coating, in particular by neans of €&l ectron beam evaporation of a gl ass
t ar get shaviisg poseidile o eomicsie s tdiered aateove wiith Fo Jewsdugerosity.
particularly dense, |owdefect layers, it has al so proven advantageous to
use an APS (APS = advanced plasma source) and to carry out a plasma ion

assi sted depesiihivemt iich RAdd EHvilsaR)e U ipHOERAIIN GRS Yrefhibik pl asma
$ons: 28photoelectric element which is producible in particular by
the process described above.
10
Accordingly, an element according to the invention comprises:
- a substrate,
- a first conductive layer,
- at least one layer which includes at least one organic,
15 electro-optical material, and

- a second conductive layer, as well as

- a deposited layer with a vitreous structure.

As has already been described above in connection with the

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

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

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

to create a difference in work function between the layers.



In this enbodi ment, the substrate is transparent. Light emtted fromthe
organic, light-emtting layer 15 first of all passes through the first,
conductive layer 13 and then s passes through the interface with the

envi ronment on the side 11 of the transparent substrate. In this

enbodi nent, the first conductive |ayer 1B89conprises a transparent,
conductive material, such as for exanple indiumio tin oxide, in order to
all'ow the light to pass through. The second conductive | ayer conprises a
mat eri al w.th I f t .t han t of the first ductive
| ayer, the I\t}\.‘ort%ef %nc 5 \OQ%I ilén %%%gltc_%rs&%%fain%%ﬁr?&}eﬁlr% "t iqﬁlec%(iadélcqqancyage bei ng i5
appr oxi mat elppl4.ed &b thrl Fonduck irepdrdyients allectrddakire nairidtadd ffoafon he
second conductive | ayer. However, calciumis highly reactive and reacts in
parti cul ar Shie HayeE ks phawe ToWRTdh P hdiath e waracuiesh sneyshesent
as Mol STUF Gula} e rlldomp BRI GUIAL dek dItOlAod s et iy et ¢ 20
encapsul ation of the ayer structure 1s Inportant 1n order to avoid
degr adat i onnjEutede fhadi i lafyean wiltED ac dnjghese svartke flumari sedilence

substrate/firs onﬂ]uc iive | ayer/or.ganic,. light-emtting 25 | ayer/second
conducti ve ]'Iei\ﬁf?r .Ctol' it orqpéaé%&&’f 6 Shdard structure of OLEDs.
However, a structure with an inverse |ayer sequence can al so be achi eved by
the application of a layer with a vitreous structure which at the sanme tine

ef fecti vel ferdanranss che plagtmy [effdciandeqfi @BELED RAPRHMBMO |

illustratedn :E. Q. 2. 1N e I : j i , yer
sequence i gﬂfgc%{r‘gilnng 03#:' stfj%stﬁ';%ﬁéﬂsa{gorgndﬁl ?%\r%‘udc]{%}}\jg%vdgyefr%%éalﬁi c,

l'i ght -1@m t thung-tizyperl/ fliaystr scomduathiee danteaxt | oyt wasy enfbadiangpite, tdte 29
substrate 3 nay al so_cqnpr,ise an opaque materjal. The |ight which is,
enitted frdfdte GIAE IMIGRIGH t]tqa}X‘Fgrl °T 3% HERS GG Rt Fassed
through t hendftidiSitnC ARAMGE IatR1 /Y &t hda SR S 1@&lcdth BRIk A&yl t hrough
the layer 7 with a 5 vitreous structure. Fig. 3 diagrammtically "depicts an
enmbodi ment and/tera atr dersdp Peaticdie (khagkex] layas andl ancdpsigat ome ayer
is used inter jat eqt I rt er. A wth a

Vi treous steﬁl?c d‘J rogl. ngd’uscé%coc;erngai{)eﬁiguaaéj/\ib}elﬁf&eer %&’fih%?’te?re rlaat}feypc%nrépfr)?rs es
the vermsy seft sl il @lwvtrbie iprjednicapsidydr Gird ayprartlagyauent s

nol ecul es fromthe layer 7 penetrating into this |layer. Mreover, the |ayer
21 also fornms a thermal barrier coating which, on account of its |ow

t her mal 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 emitted by the layer which
20 includes an organic, electro-optical material. These required
properties may be fulfilled, inter alia, if the first
conductive layer includes indium tin oxide or fluorine-doped

tin oxide.

25 Moreover, the at least one layer with a vitreous structure
does not have to be located on that side of the substrate on
which the layer which includes the organic electro-optical
material is located. Rather, the layer with a vitreous
structure may also be arranged on'the opposite side of the

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

influence on, for example, the optical properties of the



i5 conductivity, prevents high levels of heat output from being transferred
to the OLED | ayer structure during the application of the layer 7 with a
vitreous structure. Figures 4A to 4D show enbodi nents of the organic,

el ectro 20 optical elenment 1 with an additional cover 23. The cover 23 is
used to protect in particular agai nst neZ@ani cal danage. Since the |ayers
13 to 17 of the elenent 1 may be relatively soft, the layer 7 is joined in
the region of the COLED | ayer structure 5 to a base which is not very
stable, so t r_7 ens ti.ve .t i cal_.effe . The
cover 23 rr%‘%%dvg%?aé%ghny% 5& gﬁ&%ﬁl\}e y%%'btci):rll'l(fec} c??ﬁfg‘%a%&vﬁrgefﬁ}ess
enbodi nent sthowture krgatdfg e chdvey of3 defja@itieed tiadiked.urt her
conponents of the elenent via a synthetic resin or plastic |layer 25. The
synthetic resin or plastic layer 25 is so suitable for conpensating for
unevenness e Ifa fq. yseqd, jhg OLED | ayer
structure. ﬂ%SthEI r%%!téﬁé: e%?nrt?odlial erﬁ&g%vﬁ Sﬁ Fi g'd%és?tf}&ogr%g@i}}; wth a
vitreows stturthermones depesiat ebripossitdona amaly/ drh ate firtees thioten darde xe e aif

t he bearing _surface of the cgver .i,s _also covered. For this purpose, the
cover 23 WAETASE AT o The B "ESHAT RERTEES Beror® (HE IRAESD with a
Vitreous stgitFades. ATRRriatdlon’ i tthed AOMPcRAUS ol PeHPErRI MAS dh&ib the
deposited on the cover and over its edge which defines the boundary curve
of the beasu¥dase RddeWss$hehdavere téug@‘f@r qrE esprRd iy lis ealia by t he

| ayer 7. Thi : n 10 f ; is-ng b ﬁ&é ;
substrate g“r?g éL%\r%’ ?Eﬁog)%?giréésgcH%Héga%%efgr%’sﬁ%%e glaﬁq{jahrglng
enbodimvent coledfri dienfEl gf 4Geradile ®xpanzdmt rg ofe ideetdorcerirtdest.hne base was
di spensed with. In this case, the layer i5 7 with_a vitreous structure is

itsel f usedMEVEECUMES FELTRRTVE3 I1NGF¥Ka difi™t 1P $S& AT IMFHIEY HE QUG of
the cover, w-R& d8RQSIekatp1@f Hy1& HAYRIrpHdIbad, W RERUS SidhICTy e

accordingly also results in bonding of 'the cover, in a simlar manner to
t hat achi ewedbiicu} ax , s dihge dompasiidsen lemd /2y wefraat ittee iOdEx |careralso

structure I ed t n rticul.ar_the || Qad. B of
exanpl e, the%@’& q’?%ﬁscg)r%&s'dg‘silér%ﬁgg%gl c?oﬁltll%rﬁ?&}lsg Ir%yrélrc%%ruet a>rélzﬁ,\ﬁé/er i's
only deposipead odidang yedgas ielg thed ramediveoriddes deundarti cilrarg yof t he
bearing surface of the cover. Naturally, the layer 7 may 25 also be

deposi t ed SHHEEHNE EQFeCUtRM ARG O% di¥FQOUF LN d ik ddtq dd'%f t he

el ement, |iR1@pey@ | ar manner to that shown

The at least one layer with a vitreous structure may also

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

25 and the substrate.

The organic, electro-optical element may also include a
multiple layer which comprises at least one layer with a
vitreous structure. This may be advantageous both for the
30 optical properties, or in particular for the outputting or
introduction of light, and for the mechanical properties,

such as the bending tolerance.



in Fig. 4B. Fig. 4D shows a further enbodi nent of an elenment 1 which has 3o
been provided with a cover 23 and in which the boundary curve of the
bearing surface of the cover is covered with a layer 7 with a vitreous
structure. In this case too, as in the enbodi nrent which has been shown with
reference to Fig. 4C, in 31 addition t8la seal, securing of the cover is
al so achi eved by neans of the layer 7. By contrast, however, the layer 7 is
evaporation-coated laterally onto the elenent, so that the edges of the
element 1 are sealed. 5 In the enbodi nrent shown with reference to Fig. 4E,
a seal, or a hermetic closure, of the OLED | ayer structure and a securing
of a cover 2Ppavas cadlirdawed awordeyies idapat ifryoMidheowppadiitrey same from t he
cover. In this case toqQ,, a common io feature to the_engggéme é: shown in

f

Figs. 4B, AStHAEUBRS Hd BufRl P& G- DOfed e MR the cover

23 is coverijefhiRM G hawkirs’ M ithe Mﬂﬂﬁg@ﬁg&ctw@ diifFererdd | ustrates

an enbodi nent in which the layer with a i'5 vitreous structure is applied to

t he sulbst r atesf rarxdigfusy dndieesppl i cation of the first and second conductive
| ayers and of the organic, light-emtting |layer. As a result, the |ayer
with a vitreous structure is |ocated between the substrate and the OLED

| ayer strumdifedvdr) tdles OKBD ridie alidd Usiciudo dthrimegt tdre pfEstrate into
the OLED | ayer structure is suppressed. Mreover, the encapsul atjon of the
OLED fr om tsReafsie a1 Qe aais thi ) FathiRrYs ak i SRRt Pamiier

arr angerrentcoqt&t,géefgggyexredﬂé@g \é@@m%%%alﬁyﬂaétéﬁcéﬁg el Ssulstnat e 3

makes it possi a materi can be 25 penetrated by gas
nol eculoes tawaid ngs ed tfhortHehe ssrdrstomatlayErBwitdy ofvidxaamle, stimathize way it

is even possible to use a plastic .substrate through which gas npl ecul es
woul d ot her S YTyr & T IR ED 9yt SHHL T ST DU the
poor barri eytzaa0td Had FIRMHLCSLavide wisth of ¥l sddies sgthsid@ims. is 30
particularly suitable for the production of flexible O.LEDs. Mreover, the

OLED may include a bonding layer 10 for joining the layer 7 with a vitreous

structure tgQ, %)J:Q!t@éﬂ Ctl'?é"tﬁ.%};éant Gith a vitreous structure or the other

15 layers in particular from mechanical damage, the OLED may

advantageously also have a cover.

In addition, the OLED may advantageously include at least one
bonding layer, which preferably adjoins the at least one

20 layer with a vitreous structure. A bonding layer of this type
results in improved bonding of the layer with a vitreous
structure. As a result, relatively high growth rates and in
relative terms smoother layers can be achieved during the
deposition. Moreover, a bonding layer of this type can be

25 used to reduce intrinsic layer stresses.

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

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

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



32 The bonding | ayer 10 adjoins the layer 7 with a vitreous structure and
is |ocated between substrate 3 and |layer 7. The bonding |layer 10 creates a
fi xed and permanent join between the layer 7 with a vitreous structure and
the substrate 3, so s that separation of the layer 7 fromthe flexible
substrate 3 in particular when the OLED 28 bent can be prevented. O
course, it is also possible for the enbodi nents which have been descri bed
abdve and those which are described below to include bonding |ayers of this
type. io |l it fur I | t. S j. .,g. 5) can
her neti cal [1€§%th “}%ﬁ’eb%_éélfura&?gr S ?Lgli't.gufctéi“gp t %g'e%\ggsfuﬁ%ﬁ%n preferably
| i kew se belegtafddest ed Mheapfplyierat iwinddf ard stauctured i ta ecnt Hhape ur e
by neans of i5 CVD and/or, PVD coatifrj}es”.e The layer with a vitreous structure

which is aff¥ired PetHEaP e SBIATS (o e satdathé sipdass €ap
may, in addid ipn1tied ot fldpld @bt mlidddifidn RN RIrs Al SRl W tdhe
mat ch refractive 1 ndices bétween OLED | ayer structure 5 and substrate 3, in
order tso i i@vede the 20 outputting of the light emtted fromthe organic

| ayer 15. In the case of OLEDs with flexible substrates 3 which are
constructed as shown in Fig. 5 the layer 7 should run as far as possible
al ong the nrugwdr,fidiglerofstrtiirdiC ol &hes A dytats 2rd taliso g1 e Byor
any cracks which could .increase the degradation again to formin this |ayer
when the oMY i $&RMPlE.g the SRR EhGYaRshmarh R i a@sfid tigf e | ayer
27 has been,.applii£dd G, M oTHIN structure.
In this cas%é lge%]lt!tei&pcﬁa zfytfasg fgﬁicgﬁzgrpﬁ%%d&%%)%gj%}*}%ﬂs%egﬂ&eof t he
subst rat e, shitsweErtes ubstdidife r@rend D landralstowgdined mcetivathion of

enbodi ment,, the .,nul ti.ple l.ayer 27 conprises N |ayers with .a vitreous
ctructure. ApdissRuat Ry i Pehed bsEl 1§ G e s in PATEICUIAY FRE appl i ed
al ternat el yj Wiyt e ildatslichs/1 1/ $his cadd, TR fldbdlvhiayers 81,
82,..., 8N may, by way of exanple, conprise polyner layers. If the 5 OLED
is bent, shHamatest kedwaedurthsetomsnatierd ndivaudnd dyglsidephets Heamst or ces

are absor b%qlsebéfc%e%&ré:{;rl_aotﬂéqbaq I&;Leeskqha{layg %Lo%hﬂ@f%itcgdt flexibility

of the | ayer course, the sane prin can al so be applied
t 0 t heisoppasliear r3ildeniofe sdemdd BD [t@eervistimictyreef ian cradey gaint of two

o

driven interconnects of the conductive layers. Conversely, a
corresponding photovoltaic arrangement can be used for local
signal scanning for sensor applications, for example image
recording.
20
Moreover, the invention provides a device for carrying out
the production process described above and/or for producing a
photoelectric element according to the invention. In addition
to the means for producing the OLED layer structure, a device
25 of this type has a coating means for depositing at least one

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:



so conpletely and, at the sane tinme, flexibly encapsulate the OLED | ayer
structure 5. In each case for the sake of clarity, the encapsul ation of the
OLED | ayer structure on the opposite side fromthe 15 substrate is not

il lustrated in Figures 5 and 6. Fig. 7 shows, in a simlar manner to the

enbodi ment illustrated in Fig. 6, an OLEEBaccording to the invention with a
multiple |ayer 27 which conprises layers 71, 72,..., 20 7Nwth a vitreous
structure and further layers 81, 82,..., 8N Unlike in the enbodi nent shown
in Fig. 6,

wever, in thi e_t L.ay I; pliced t e i
side 11 ofF e éubstrate 3§?§§%]?hgfgﬁgegbigo1&ﬁﬁ§hokhgnd%§§ﬁi%%gﬁ?ﬂfﬂ%
structure 5 is applied. Antenthpsih&ehothonf the OLED | ayer 25 structure 5
simlar to the enbodinents illustrated with reference to Figures 1 to 4 by
a layer 7 with a vitreous structure is additionally illustrated. In this
case, the gyltiple layer 27, in additiondQhe IRy ematdindncMych is
achi eved by the layers 71 to 7N, is also used for refractive i ndex matching
in ordér to inprove the ouapubLBD aheokdghy &mi thedibyenhéoor wathcanayer 15
at the interface between the OLED and the_environment. The 34 indi vi dual
layers 71 to 7N and 81 to éRVSFSFhZaXﬁFtFBFBC dy&r 27 for this purpose have
different refractive indices. In particular, the layer 27 is constructed in
such a way that the layers 71 to 7N with a vitreous structure have the sane
5 refracti ¥&9-ndi ces, and the |ayers 81 881¢ Gk &fLLLeImRRE Gfe agaRLED
refractive indices. In thig:pay _ i .1,nd ternates froml ayer
to layer through the alterﬁé??na g?ga%g%%g%Paéﬁlkﬁegﬁgggfs. 10 However, a
vari atioon in the refractive index can be produced not only by comnbi ni ng

different | ayers. ther, it is alsq,possible for a |l r, Wwth a vitreous
St ruct ure ESRa &% teodbhs FiPUneHPGHRGR Pk LERoRY AHELREPBRL GRVET £O
perpendi cul ar to the coategrsuetacenandrep aayekr aekveurBdex which varies
is along this direction. A variation in the refractive index is preferably
al so achi eved by varying the | ayer conposition. However, variation by neans
of a layer Fq?' pt%ol ogy whi ch changes al ongshtomss & i re%otgd{%e ftorc>f«a>%ehr%)loc=L
changi ng densi'ty, is also conceivable. Layers with a Vari At on in 1 he'Zo

refraati ve i ndex as a resublttaf thbangiyeg wayar acetpesobusosteaatheepr oduced

by depositing the |ayer by neans qf co
arranged between the OLED layer structure and

the substrate,

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

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

the individual layers,

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

30 with two further embodiments of an OLED, and

Fig. 9 shows an embodiment of an OLED with

conductive layers structured in a comb shape,



evaporation, the evaporation-coating rate of at |east one of the

evapor ation sources being changed during the evaporation coating process.
Therefore, a periodic change in the 2s evaporation-coating rate, for
exanpl e by periodically changing the output fromone of the sources, nakes
it possible to produce a corresponding |&§er with a vitreous structure

whi ch has a refractive index which varies periodically perpendicular to the
coated surface. 30 Such a curve of the refractive index is illustrated by
way of example in Figures 8A and 8B. The coordinate z in these figures

i ndicates the direction perpendicular to the coated 35 5to 15 20 25 30
surface. Betig.cwoves reveal a periodilmoward aldnpandikdhefr efwadpemingrex in
the z direction. The curve of the refractive index jllustrated in Fig. 8B

has, in addition to the p&itHi@hEY R HNPS RS- Gth 83 aRFIitude in
the z direction, which mayw.additdanal JopdeRf pensl) trdHddiewutputting and
i ntroduction efficiency of the elenent. Finally, Fig. 9 shows a“further
enbodi ment of an OLED or of an organic, electro-optical elenent, which has
structured Ef.unct ilonal | ayers. In thi }oewrrbodi ment, the ornacaituicti Vrﬁ-éé ayers 13
and 17 are structured in a conmb shaps ahd e a}%} hﬂl otat e Ao t sane

|l evel on the substrate 3. optddaay@enslityarnsk heasulae fddigerunel actimgles
30 which are connected to at | east one web 32. The voltage supply or

vol tage tap in the case of2Sa PpHASIGIARIEL diidbent is effected via the webs
32. The layer 15 which includes at |east one organic, electrooptical
material is applied to the structured |ayers 13 and 17, so that there is

al so mat er iFdlg.ofix he | ayer 15 bet weeshdwe & iqugerarx] gt rafdashe lef figisency
exenpl ary enbodi ment, in order to be encapsul ated, the OLED | ayer structure
produced in this way is ofte AfdiHs i%%%‘#iqqﬁgr%ﬁ%' 39 he” enbodi ment
whi ch has been explained with reference to Fig. 1, covered with a |ayer 7
with a vitreous structure. O course, the exenplary enbodi ments which have
been presertigt dFove can al so be corfhiana the duRigwogidigobivawials f or

exanple by layers with a \gl{%g’%{n%a?“%ﬂﬁaﬁféﬁ%% ed l&%ip%ﬁr@é ity of

si des of the substrate. For , Inter enbodi e own with
referamsce to Fig. 7 can belromssietbnd It ianec dat iang-loimdtetcismsef t he
substrate which faces the OLED | ayer structure 5, for exanple as in the
enbodi mrents shown in Figures 5 or 6. Also, virtually any other desired

conbi nat i ons Pf 1t e KD Qi dTRIY S G A hasibr 1 315 Rty ane: iple. It
is also possible for all the enbodinments to be used in pixel displays, for
exanpl e by fugisty embhratimisntarafarmge @D gicadrdigie tentthel agerdrideidoror Wi alsi ng
correspondi,ngl y structured . conducti I with 5 intercqgnnects i ¢h
Cross one éLnsgt Tk |gf.vef(?1§ho%\k/’sclp'ho oeg?(%ai'gé#cc?m ]E;lessesofa the ﬁqﬁg i v@ o
t ransmossi ahildh GlgIOIEW 1er Mructidre e sl idd @ aste ild rat emhd 0
whi ch two cal cium strips have been applied. The substrates
layer structure 5 comprises a first conductive layer 13, a
layer 15 which includes at least one organic, electro-optical
material, and a second conductive layer 17. The layer
structure 5 of the OLED is covered with a layer 7 with a
25 vitreous structure and has been applied by means of PVD
and/or CVD coating. On account of its low permeability, the
layer 7 creates a hermetic encapsulation of the OLED layer
structure 5, in particular with respect to small gas
molecules from natural atmosphere, such as water or oxygen.
30 In this way, the degradation of the OLED 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 were then encapsul ated on the side bearing the calciumstrips. In the
case of the specinen shown on the left-hand side of Fig. 10, an
evapor ati on-coating glass was applied for encapsulation, while in the case
of the specinen illustrated on the right-hand side of Fig. 10 a silicon
oxi de layer was i5 selected for the encag$ul ati on, for conparative

pur poses. The inmages were taken after the speci nens had been stored for 20
hours in air. Undegraded regions of the calciumlayer appear dark in the

images. It .can b en {r t-he i ' strips
coated wt t%lgf\)eapogfr g'-t |eon-%@a?t ifr%boztgq asls% Srr%%hé%]?s%&g%} ?%gﬁdé.] he

degr adat i orpft itdifl I8E | evpediaaitedna dii £1 | fewneloxi deyds 1 urdhedcasivianced
over the entire surface than jn the case of the conparjson specinmen with an
evapor at i orRfcddts niPvyIRgENgaRk HeY - 25 MR LU0 el I ERET density of
cal ci um str/d ; ' | FENS, ;@%h t L Xvby 1 4

evaporati onc%dc%gtaa{tJ(i}{nlgl?c‘]gPjals%gg%oérg &ﬁ%gﬁ%i de, las f%ﬁgt%\m%éfﬁltlhjét%'ur%??on
of actison diomgilildetes prlEsesrs are vl sh pdet heakaremesustateke. 30 carri ed
out are simlar to the specinmens shown in Fig. 10. In this case too,
calciumstrips were deposited on a substrate, and the side bearing the
strips was tihefs gieanstdte by YR P0dwd * O €03 | Rk Mbdille e ructure to
evaporation-coating glass or a A 37 siljcon oxide |ayer. The graph shown in
Fig. 11 reReNRrismtan IRVIRIFIHLLRD trPF I ks Tivhd &t rhps RRRWr s

consi der abl lgg:g ekl %BE%FE . Sl . OXI I capsul ati on
mat eri al th%/.e wnlfth tht?{s%‘é 1 mn%l%c%%%%%e%?ugﬁ%ﬁ%%% :{'i on-coati ng

gl ass.1dig. 12 shows a bar chart representing a conparison of the
efficiency of differently encapsul aied OLEDs. OQLEDs which had jo peen
encapsul at e %W%ép%r%’r%-%b‘é%‘#@s PRSI IRAEC © ST e VPR - ER-EDs

wi thout engapsdil &l ofs ande QLELS Wb the Bowi 44 COR OXbLlei @NCADSIE Bdh PP 1 dde
efficiency measurements were neasured shortly after the encapsul ation at
two differerayemur fres ceire esakahel GEMBL ety t dioweven, atlhs elalyen mRv i 5

at nosphere in_ order.to. prevent degradati.on of.the n a |t
can be seena%%rﬁ(? h%e EAHS #eé}%n? ?lsiﬂgﬁma]?sno |bﬁglﬁ§%§éﬁ%é%gga |(E)f1c%f

evaporgd i ona gstedttdgo L B85S , e Ldtheékie. t he 20 deposition of silicon oxide, has
substantially no effect on the quality of the finished OLEDs, since the
efficiency of the OLEDs encapsul ated with evaporation-coating glass reveals
scarcely ?%@'éxﬁ@ﬁ&f&@foﬁ%ﬂ%fﬁ@gt dde %@P@ﬁé‘!}?ﬁ@&;&@ Syn&optrast,
the efficiency of the OLEDs encapsulated 2s with silicon oxide is

consi der ablwhichluoasl. t Hdhef 0l dwimgcompes tefen sin eereentl py whetdhishows a
graph illustrating the lum nosity of two differently encapsul ated OLED

el enments as a function of the residence tine in a 30 climte chanber. An
OLED espcapsgi@ted with silggomg oxide was conpared with an OLED encapsul ated
Wi th evaporation-coating glass. The lum nosity was neasured using a

phot ogr aphi®Cel enent, and ¥he®¥heasured values are given in relative units.

Na,O ~ 2.0% |

K,O ~ 0.3% | (in the layer => 3.3%)
25  Li,0 ~ 0.3% |

Al,0, ~ 2

.6% (in the layer < 0.5%)

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

of the corresponding component in the layer deposited by



38 The lumnosity was determ ned at a constant operating current of 2 mA
for the OLEDs. The specinens were stored in the climte chanber at an air s
tenperature of 85C and a relative atnospheric humdity of 85% It can be
seen that the OLED encapsulated with silicon oxide has only approximtely a
quarter of the original lunmnosity after2éen days in the clinmate chanber.
By contrast, the OLED encapsul ated with evaporation-coating i o glass even
has a slightly increased |umnosity. 39 List of reference nunerals
1Organic, e€l.gctro- i cal_.el nt 3Substrat e5S5OLED | ayer structure7, 71, 72,
7NLaye%‘a\;§n t%r%éﬁ\%ltn[ rcé%c?t}gn Tucture9First side of the substratelOBondi ng
| ayer 11Second si de of the substratel3First conductive |ayer150rganic,
light-emtting l.ayer17Second conductive | ayer19Quter, side of the

OLED21Pr e- MGGl Frsisienrs SIadthes RO IfpEAVe 3 s

| ayer 30Fi n I Ve 8 +anocaNLayers of the nultiple |ayer 27
40 d ai ns: %?pr?)%ﬁgg%g?ﬁ?r g?/(]?glucﬁ?ar?g 1aOn0 oérg)g'ani c, electro-optical elenent
(1), conprimirthdhrad,edsn dhe pureprrdtndi Nhics YIREd alss B)refraaplve Ng a
first conductive |ayer (13, 17), - applying at |east one |ayer (15) which

i ncl udes atlAd&Xs oo RPRIIEMaE e 181 élot‘lré)?--opti cal material, - applying a
second conductive layer (13, 17), Zo which includes the step of: -

depositing at |east one layer (7, 71, 72, ... 7N) with a vitreous
structure. The BiR1¥RGETS cthHaaitRd 1N apbaoikihateher @i h t(Re skep,of 15
depositing a layer (7, 71, 72, ... 7N) wth a vitreous structure conprises

t he step oMHeacuuandr ilsowppressimatedepasi ki a0 ‘of (athedeayer. Miiz)Thahe ocess
of depositing _at |east one

as clainmed in claiml1, or 2, wherein the 20 step

layer Wit h YARFATE SR 15757 & ’éi (e éfjéf(fe(ﬁlr‘@eﬁ’&sliatti%té’n of

i norgani ¢ @RS SonfbonEMt PIHIC IS ASyd iR Ul ONG A1 ildie 1RF eradidie/ ai s,

2s wherein the step of depositing at |east one layer wth™a
stoichiometries between the target material and the layer
which is applied by evaporation-coating. The deviations in
the layer which is applied by evaporation-coating are given

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%
B,0, 26%
Na,0 0.5%
Li,0O 0.5%
K,O 1.0%
Al,O, 1.0%

These two borosilicate glasses which are preferably used in

particular have the properties listed in the table below:

Properties 8329 Glass 2
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15

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

such as for example CVD and/or PVD,

results in the formation

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

the layer structure 5 and to the substrate itself in areas

next to the OLED structure.

As a result, permeability

passages at the edge regions of the OLED layer structure are

also avoided; in OLEDs which have been known hitherto, such

passages are encapsulated, for example by adhesive bonding.

It is preferable for the layer 7 to be deposited by means of
evaporation coating, in particular by means of electron beam

evaporation of a glass target having one of the compositions

given above.

it has also

To produce particularly dense, low-defect layers,

(APS

proven advantageous to use an APS advanced plasma
source) and to carry out a plasma ion assisted deposition, in

particular evaporation coating assisted by plasma ions.



so in particular the step of deposition by neans of plasnma inpul se chem cal
vapor deposition (PICVD), and/or the step of sputtering on a layer (7, 71,
72, ... 7N) with a vitreous structure. i5 14. The process as clainmed in one
of the preceding clains, wherein the step of depositing a |layer with a
vitreous structure conprises the step of280-deposition of organic material.
20 15. The process as clainmed in one of the preceding clains, wherein one
of the conductive layers (13, 17) has a | ower work function than the other
conductive layer (13). 16. The process as clained in one of the preceding
clainms, 25 which includes the step of applying at | east one hole injection
| ayer and/ amn ahﬂ@tenmb@hmmmmqhkm@Isnbytnuuycnsznraﬂspﬁnentlﬂnmghﬂ- | ayer
and/ or a hol e bl ocker %6; and/ qor an el ectraon conduct or §6¥ and/ or a

7

hol e condu@f“&rttleélyélroéh oxgagiicet ridhtnjesttitdhg dyaver Sthé€r ocess
as clai medghf ?:%%s%fs tt'i‘ﬁol%rg‘ﬁc%‘ilieng_’l@s% MponthRitaive alayiasts ey dndde
conductive | ayers (13, is at |east partlally transparent to the |ight

em tted fr p:stses th@dgéxye:me( isitexfiacte iwidhudde @nvigpsmegite oy gde ide
electrooptlﬁa n% r%el 18. TQe LQGess as claimed in claim117, in which
t he Iayer }53 rﬁ&%ﬁﬁﬁ?ﬁ Wﬂﬁ i “oxi de and/ or fl uori ne- doped tin
oxi de. 19. The process as clainmed in claim17 or 18, wherein the at |east
one | ayer &7 71, 72, ... 7N) with a vitreous structure to is deposited

after the dBpltifddt ieglposhmens | &Per fiisth GaOuRTds aatl avess tl oROBIGERT 2
el ect ro- opticals ngﬁfﬁ]?{t' alcon%ﬁxct he M52 &l R 44y e d G%dltuhe "

precedi ng cl al erein Irst an ‘second conducti ve “and/or
15 | east ondn axedenhiich dndelrudes aaildveashe Gnigrhor gamipmg s=eltdotauglopt i cal
material are applied in structured form 21. The process as clained in
claim 20, wherein the first conductive |layer (13) and/or the second

conduct i ve Thay e dohd) chdRict iafRP i8S Whdhialed Renaa e il WEHH &f lidwer
comb shape. 22. The process as clainmed in one of the preceding clains,

wher ei n t havorky uncriom than that n\ﬁ) ke Hixsh tqqtﬂ]@tsltwdtwrcdmﬁu ses
an at leas%o@ﬂ@@ﬁcﬁ:&%ﬁa@ ft].'{eatc%.ré o% an indium tin oxide layer being

15 approximately 4.9 eV. Calcium is a particularly suitable
material for the second conductive layer. However, calcium is
highly reactive and reacts in particular with the atmospheric
oxygen and with the water which is present as moisture in the
air. In particular to protect this layer, hermetic

20 encapsulation of the OLED layer structure is important in

order to avoid degradation.

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

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

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

layer/first conductive layer. In this embodiment, the



25 23. The process as clainmed in one of the preceding clains, wherein the
step of depositing the at |east one layer (7, 71, 72, ... 7N) with a
vitreous structure takes place after the application of the first
conductive layer (13) and the second 30 conductive layer (17) and of the at
| east one |ayer (15) which includes at |88st one organic, electro-optical
mat eri al . 44 24. The process as clained in one of the precedi ng clains,
irn which the step of depositing the at |east one |layer (7, 71, 72,

... TN
wth a vitr, t f LCad | f of
the conductive I?y%érjg ?‘?La? éil%? d285.i Thste@pa?‘ggogaséig Cc alfrrl;agl‘l gﬂé)ér)\elgé t he
precedi ng othbiars,isveeridited Harant dtheoforppoist t i Ingglet Hemyidrt ing Telyexw 215 . . .
7N) with a vitreo struycture conprjses the step of depositing a 20 |ayer
(7 71 "5 chied SR8ty 1 T e dfeddh 6 S i e of
the substrat® fdnabddie £ dthd itd® st 4 henddy (HS)1 W€y iwvicdwdes at

| east one organic, electro-optical material is applied. 15 26. The process
as cl aiSred VD ISYE B edi ng cl ai ms, wherein the step of depositing
the layer (7, 71, 72, ... 7N) with a vitreous structure takes place before
the application of the first conductive layer (13) and the second

conduct i ve Riayer3 (diggraamuhaifidald y aleyi dtld)amtemtbod indntdesitth d qasd- one 20
organic, electro-qptical material. 27. The process as clained in one of the
pr ecedi ng cqnaﬁar%'s,uo]ﬁfe’r‘g? na¥fF stlep BHSTEITITRP 14T (FAYer igused

IN) with a \idequs: SidICdrEf & Y I805% IgS e AhaPRlpd NS ayZsh il tiple

| ayer (27). 28. The process as clained in claim27, wherein the step of
appl yiyg a vatindqis stagertusnprTesadmnd temaictipg yiawea Wolinpieferdbiser
with different chem cal_ conpositions .and/ or, 30 different nechani cal, .
properties clorllrﬁpafl e(ragag%? \%,Der% %Chfet i |ar\;l| u%llc 1é{'&‘/'er%sh? ﬂ’fe'ﬁ?ca}p.s.lﬁ%fl%ri,

82, ..., 8Nayer 48 Frevidre Pmariessulass f ¥onethe M et M Anehedteing tireco

i ndi vidual layers (71, 72, ... 7N, 81, 82, ... 8N) of the nultiple |ayer
(27) have diftferéhteT eMARINRF i idi®YSF R P prcss® dheated in one
of the pre%ﬁ%ﬁ'@dmn%ﬁmﬂgg%w@&m& YL BRP! o d¥nd

pre-encapsul ation | ayer ( The process as clainmed 1 n one of the
precedisng cicmidm;tinditwhi ghrevesitaldsidihel esteels of £ dpgpity i ourpute ofimerm (I28)ng 32.

The process as clainmed .in clai .~ Wherein the step of depositing at |east
one | ayer \%}irtaﬁl %5 %0 tgl'ier Lﬁ%elacyo‘?ﬁﬁ%%‘éc Y scf'“élbulﬂ fvering the
boundary edgfpfcddion ohasid Nty FAGREH 4 hel eadis WiFuatuteast one

| ayer with a vitreous structure. 33. The process as claimed in one of the

preceding clains, which includes the step of applying at |east one bonding
Fayer (7, 10995 PG YR e SO SRt O
organia el egitriccadptalemierd] enevitt{ Bn gutdiiciciridle ¢avedd Jibr tTheul @rversiaiyy t he
process asigiﬂéga g31§¥g%égttfﬁaparticular against mechanical damage.
Since the layers 13 to 17 of the element 1 may be relatively
soft, the layer 7 is joined in the region of the OLED layer
structure 5 to a base which is not very stable, so that the
25 layer 7 may be sensitive to mechanical effects. The cover 23
may advantageously be adhesively bonded to the OLED. In the
embodiment shown in Fig. 4A, the cover 23 is joined to the
further components of the element via a synthetic resin or
plastic layer 25. The synthetic resin or plastic layer 25 is
30 suitable for compensating for unevenness on the surface, for

example caused by the protruding OLED layer structure.



preceding clains, conprising: - a substrate (3), - a first conductive |ayer
(13), - at least one layer (15) which includes at |east one 30 organic,

el ectro-optical material, and - a second conductive |ayer (17), which

el erent i ncl udes 46 - at | east one deposited layer (7, 71, 72, ... 7N)
with a vitreous structure. 35. The el eneAP as clainmed in claim34, wherein
the at |l east 5 one deposited |layer (7, 71, 72, ... 7N) with a vitreous
striucture conprises an inorganic glass |layer. 36. The elenment as clained in

one of the 1y aaRdidihdd BidBy WRRLITH tﬂe%.aué,e%%e_ deppsiigd 4 ayer (7,
71, 72, ... 7N) io wth a vitreous structure conprises an
al kal i - met atidore@isistyuitass Wik deposimknn such & mal i thatnetlod t he

0N 15wt PRA R A PnEe 0t 1% A A 218 The
el ement as ddwaid@d, iFbEI ghwdecaiddtlead B whergipn ide &f digast one
deposited layer (7, 71, 72, ... 7 wWth a vitreous structure conprises an
evapor d@ i orf@d P it Pefagr thee IEwsent vtk |aiwddrestl ai m 38,

wherein at | e | rv M i . I | means
of chem cal and/or p'hy'lgl'lyega%é%%/éa%c:o?:1 %e%%%?t{?lo%é% %&@eﬁfﬁ%ﬁ%}/cl ai ned
i n one of tdepqgwidsstiony tHeaicwembe@iavdameitat ddepstwhnieh diphicidedHeayer
(7, 71, 72, ....7 with a vitrequs structure is applied by evaporatjon
Conti ng.  aGIHFIL ittt HIC BEARRd PUHECR: (9 PRt %, O,
wherein themd dfRast 0ne deRasidethy M Adher’l7. Hhis preNnti tdhdes
vitreous structure is applied by sputtering. 47 42. 'Iphe el enent as

cl ai mel i n form afenateragdrigte digtgvedmi gave sk i sukateratfe tdred dogichg tabiee

| ayers (13,  17). .has I%/j% rk functiqgn than the other of the conductive
| ayers (17,tq5 %‘%‘ .tahf& Dev%yeenrenncrélscqcc A ?r%’d in one of the preceding
clains, wherein at | east one of the conductive layers (13, 17) is at |east

partially transparent to the light emtted fromthe to | ayer, (15)_ which
i ncl udes” at*t é"j% IR ShWedin Joidt i &ff- RdRgsie bending of dhst as

clai med in QAR0ftd haPrraRding (aia.r',}f@;séél WiHiEh dhe s least nald ialjer
transparent, conductive layer 15 (13) includes indiumtin oxide and/or
f1 uor i¥ve- dépeditth @ oxitdeeows st teimaeie idssel faiumsat i tro osecwfe ttie

preceding Cc,!oa\;eqrs’23mqneiaqiéiq:eioar} tloeassetaloir}leg loaélq:rhé 7édg7elé o7t2’t1'ie' 'co7v'\e!,)r,w th a
the deposition of the layer with a vitreous structure
accordingly also results in bonding of the cover, in a
similar manner to that achieved with a soldering glass, but

20 without the OLED layer structure having to be exposed to any
particular thermal load. By way of example, the layer 7 is
not designed as a continuous layer, but rather is only
depcsited on the edges of the cover or the boundary curve of
the bearing surface of the cover. Naturally, the layer 7 may

25 also be deposited so as to cover the entire surface of the
coated side of the element, in a similar manner to that shown

in Fig. 4B.

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

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

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



20 vitreous structure is arranged between the substrate (3) and a first
conductive layer (13) or second conductive |ayer (15) . 46. The el enent as
clainmed in one of the preceding clains, 25 wherein the at | east one |ayer
(7,-71, 72, ... 7N) with a vitreous structure is |ocated on the opposite
side (11) of the substrate fromthe side3t9) on which the |ayer (15) which
includes an organic, electro-optical material is located. 30 47. The

el enent as clainmed in one of the preceding clains, wherein the at | east one
layer (7, Y/ th I MRGS; ich
varies al o%ﬁlﬁ:%oé} rté)cta{\%snélgpler p%r%illf:lu a?bcft ?}{éﬁg&d&% e?s%rﬁce an%j\&%]%
48 refract maansnd:e&mm diayear i‘es Byt aroptitdist diheeiveon. 48 IEheemr|enent as

clainmed in claim in iC re.i.s a peri c varigtion in the

Conbos: t 1 off VARIFGIE Hafk G AR S TG it sdeae Bnehan dhe 7, 71,
72, ... TNedgydd) & WHe RQmetit’ UCtdded s ong t he direction perpendicul ar to
the coated surf ace . 49. The elenent as clained in one of the preceding
claims5 io which includes a multi pI e layer (27) which conprises at |east
one |ayer (; N) gt [y 5 The, elene as
clainmed in c aﬁ% f&% 1éﬁreé}tn | i VI d{J%Oq]Searfl‘%’rs L7E 4QE' éb 1 81& 82,
. 8N) of & hernkethd tdlpismﬂaye)*f (the diBmE ]chjé:ersemudtﬁifeacztnd/eal ndi ces.

51. The elenent as clained in one of the precedlng cl ai s, mhlch i ncl udes

at | east o®PIEhECHSISAYTh 1S @Dievas £ 9RO It 2R NG ned in
one of the JyREEAUNGIHA ffom WHE dvisd UdES 18l d &asle Ao ha] &drbi&et i on

| ayer and/or "at |east one potential-matching |ayer and/ or’ at [east one

el ect rion blfsekarrd dycerthen ddyodimerdss tshovn Hol Fidocldd, Afd/and 4D ¢dst one
el ectron c nduc or la (er,, al /tCOH at Ieast 25 ne hoéetconduct orzr#edyer and/ or
at least o eacrtronlnjec nlaaerr eelerrer%'f as clai I n one of
the pr ecedldtg;eﬁeai By i CZIha.YeIEl'leﬁa:rﬁ aCQ)c/Jﬁj’re(cﬂfé st¥uddurelhe el enent as
claimed in claimb53, wherein the boundary edge of the bearing surface of
the cover (23) is covered with at |east one layer (7) with a vitreous
structure.
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substrate 3 may, in addition to its function as a diffusion
barrier, also serve to match refractive indices between OLED
layer structure 5 and substrate 3, in order to improve the

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

In the case of OLEDs with flexible substrates 3 which are
constructed as shown in Fig. 5, the layer 7 should run as far
as possible along the neutral fiber of the structure, so that
25 it is impossible for any cracks which could increase the
degradation again to form in this layer when the OLED is
bent. Fig. 6 shows an embodiment in which a multiple layer 27
has been applied, in order to increase the flexibility of the
structure. In this case, the multiple layer 27 is applied to
30 the side 9 of the substrate, between substrate 3 and OLED
layer structure 5. In this embodiment, the multiple layer 27

comprises N layers with a vitreous structure 71, 72,..., 7N.
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opposite side of the OLED layer structure in order to
completely and, at the same time, flexibly encapsulate the

OLED layer structure 5.

In each case for the sake of clarity, the encapsulation of
the OLED layer structure on the opposite side from the

substrate is not illustrated in Figures 5 and 6.

Fig. 7 shows, in a similar manner to the embodiment
illustrated in Fig. 6, an OLED according to the invention
with a multiple layer 27 which comprises layers 71, 72,...,
7N with a vitreous structure and further layers 81, 82,...,
8N. Unlike in the embodiment shown in Fig. 6, however, in
this case the layers are applied to the opposite side 11 of
the substrate 3 from the side 9 to which the OLED layer
structure 5 is applied. An encapsulation of the OLED layer
structure 5 similar to the embodiments illustrated with
reference to Figures 1 to 4 by a layer 7 with a vitreous

structure is additionally illustrated.

In this case, the multiple layer 27, in addition to the
barrier action which is achieved by the layers 71 to 7N, is
also used for refractive index matching in order to improve
the output of the light emitted by the organic layer 15 at

the interface between the OLED and the environment. The
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individual layers 71 to 7N and 81 to 8N of the multiple layer
27 for this purpose have different refractive indices. In
particular, the layer 27 is constructed in such a way that
the layers 71 to 7N with a vitreous structure have the same

5 refractive indices, and the layers 81 to 8N likewise have the
same refractive indices. In this way, the refractive index
alternates from layer to layer through the alternating

arrangement of the layers.

10 However, a variation in the refractive index can be produced
not only by combining different layers. Rather, it is also
possible for a layer with a vitreous structure to have a
composition which varies along the direction 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 composition.
However, variation by means of a layer morphology which
changes along this direction, for example a changing density,
is also conceivable. Layers with a variation in the

20 refractive index as a result of changing layer composition
can be produced by depositing the layer by means of co-
evaporation, the evaporation-coating rate of at least one of
the evaporation sources being changed during the evaporation-
coating process. Therefore, a periodic change in the

25 evaporation-coating rate, for example by periodically
changing the output from one of the sources, makes it
possible to produce a corresponding layer with a vitreous
structure which has a refractive index which varies
periodically perpendicular to the coated surface.

30
Such a curve of the refractive index is illustrated by way of
example in Figures 8A and 8B. The coordinate z in these

figures indicates the direction perpendicular to the coated
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surface. Both curves reveal a periodic variation in the

refractive index in the z direction. The curve of the

refractive index illustrated in Fig. 8B has, in addition to

the periodic variation, a decrease in the amplitude in the z
5 direction, which may additionally be of benefit to the

outputting and introduction efficiency of the element.

Finally, Fig. 9 shows a further embodiment of an OLED or of
an organic, electro-optical element, which has structured

10 functional layers. In this embodiment, the conductive layers
13 and 17 are structured in a comb shape and are both located
at the same level on the substrate 3. The layers 13 and 17
each have finger electrodes 30 which are connected to at
least one web 32. The voltage supply or voltage tap in the

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

20 to be encapsulated, the OLED layer structure produced in this
way is once again, in a similar manner to the embodiment
which has been explained with reference to Fig. 1, covered

with a layer 7 with a vitreous structure.

25 Of course, the exemplary embodiments which have been
presented above can also be combined in a wide range of ways,
for example by layers with a vitreous structure being applied
to a plurality of sides of the substrate. For example, inter
alia, the embodiment shown with reference to Fig. 7 can be

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, virtually any

other desired combinations of the embodiments which have been
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shown are possible. It is also possible for all the
embodiments to be used in pixel displays, for example by
using a matrix arrangement of the elements described or by
using correspondingly structured conductive layers with

5 interconnects which cross one another.

Fig. 10 shows photographic images of the light transmission
through two specimens. The specimens are glass substrates to
which two calcium strips have been applied. The substrates
10 were then encapsulated on the side bearing the calcium

strips. In the case of the specimen shown on the left-hand
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 selected for the encapsulation, for comparative purposes.

The images were taken after the specimens had been stored for
20 hours in air. Undegraded regions of the calcium layer
appear dark in the images. It can be seen from the two images
20 that the calcium strips coated with evaporation-coating glass
are much less corroded. The degradation of the specimen
coated with silicon oxide is further advanced over the entire
surface than in the case of the comparison specimen with an

evaporation-coating glass coating.

25
Fig. 11 shows the optical density of calcium strips for a
plurality of specimens, each coated with evaporation-coating
glass or silicon oxide, as a function of the duration of
action of air. The specimens on which the measurements were
30 carried out are similar to the specimens shown in Fig. 10. In

this case too, calcium strips were deposited on a substrate,
and the side bearing the strips was then encapsulated by

evaporation coating with an evaporation-coating glass or a
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The graph shown in Fig. 11 reveals that the degradation of
the calcium strips occurs considerably more quickly when
5 silicon oxide is used as encapsulation material than with the

specimens encapsulated using evaporation-coating glass.

Fig. 12 shows a bar chart representing a comparison of the
efficiency of differently encapsulated OLEDs. OLEDs which had

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

15 atmosphere in order to prevent degradation of the

unencapsulated OLEDs.

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

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

25 with silicon oxide is considerably reduced.

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

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

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

10 glass even has a slightly increased luminosity.
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List of reference numerals

1 Organic, electro-optical element
3 Substrate

5 OLED layer structure

7, 71, 72, ... TN Layer with a vitreous structure
9 First side of the substrate

10 Bonding layer

11 Second side of the substrate

13 First conductive layer

15 Organic, light-emitting layer
17 Second conductive layer

19 Outer side of the OLED

21 Pre-encapsulation layer

23 Cover

25 Adhesive bonding

27 Multiple layer

30 Finger electrodes

32 Web

81, 82, ..., 8N Layers of the multiple layer 27
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Claims:

1. A process for producing an organic, electro-optical

element (1), comprising the steps of:

- 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),

which includes the step of:

- depositing at least one layer (7, 71, 72, ... 7N) with a

vitreous structure.

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

deposition of the layer.

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

glass.

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

alkali-metal-containing glass.

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

borosilicate glass.
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wherein the step of depositing at least one layer with a
vitreous structure comprises the step of depositing an

5 evaporation-coating glass.

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

deposition.

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

with a vitreous structure.

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

with a vitreous structure comprises the step of electron beam

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

with a vitreous structure comprises the step of co-

evaporation from at least two evaporation sources.

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

the evaporation sources.
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12. The process as claimed in one of claims 8 to 11, wherein
the deposition of a layer by evaporation coating comprises

the step of plasma ion assisted deposition.

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

wherein the step of depositing a layer (7, 71, 72, ... 7N)

with a vitreous structure comprises the step of deposition by

means of plasma-enhanced chemical vapor deposition (PECVD),
10 in particular the step of deposition by means of plasma

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

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

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

material.

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

work function than the other conductive layer (13).

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

least partially transparent to the light emitted from the
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18. The process as claimed in claim 17, in which the layer
5 (13, 17) includes indium tin oxide and/or fluorine-doped tin

oxide.

19. The process as claimed in claim 17 or 18, wherein the at
least one layer (7, 71, 72, ... 7N) with a vitreous structure
10 is deposited after the application of the layer which

includes at least one organic, electro-optical material.

20. The process as claimed in one of the preceding claims,
wherein the first and/or second conductive and/or the at
15 least one layer which includes at least one organic, electro-

optical material are applied in structured form.

21. The process as claimed in claim 20, wherein the first
conductive layer (13) and/or the second conductive layer (15)

20 are applied such that they are structured in a comb shape.

22. The process 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.

25
23. The process as claimed in one of the preceding claims,
wherein the step of depositing the at least one layer (7, 71,
72, ... 7N) with a vitreous structure takes place after the
application of the first conductive layer (13) and the second
30 conductive layer (17) and of the at least one layer (15)

which includes at least one organic, electro-optical

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

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

20 organic, electro-optical material.

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

25 multiple layer (27).

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

applying a multiple layer comprises the step of applying a

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

individual layers (71, 72, ... 7N, 81, 82, ..., 8N).
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comprises the step of covering the boundary edge of the
15 bearing surface of the cover with at least one layer with a

vitreous structure.

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

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

structure is applied.

34. An organic electro-optical element (1), producible in
25 particular using the process as claimed in one of the

preceding claims, comprising:

- a substrate (3),

- a first conductive layer (13),

- at least one layer (15) which includes at least one
30 organic, electro-optical material, and

- a second conductive layer (17),

which element includes
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wherein the at least one deposited layer (7, 71, 72, ... 7N)
with a vitreous structure comprises an alkali-metal-

containing glass.

37. The element as claimed in one of the preceding claims,
wherein the at least one deposited layer (7, 71, 72, ... 7N)

with a vitreous structure comprises a borosilicate glass.

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

glass.

39. The element as claimed in claim 38, wherein at least one
layer with a vitreous structure is deposited by means of

chemical and/or physical vapor deposition.

40. The element as claimed in one of the preceding claims,
wherein the at least one deposited layer (7, 71, 72, ... 7N)

with a vitreous structure is applied by evaporation coating.

41. The element as claimed in one of the preceding claims,
wherein the at least one deposited layer (7, 71, 72, ... 7N)

with a vitreous structure is applied by sputtering.
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43, 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
10 layer (15) which includes at least one organic, electro-

optical material.

44. The element as claimed in one of the preceding claims,
in which the at least partially transparent, conductive layer
15 (13) includes indium tin oxide and/or fluorine-doped tin

oxide.

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

a first conductive layer (13) or second conductive layer

(15) .
46. The element as claimed in one of the preceding claims,
25 wherein the at least one layer (7, 71, 72, ... 7N) with a

vitreous structure is located on the opposite side (11) of
the substrate from the side (9) on which the layer (15) which

includes an organic, electro-optical material is located.

30 47. The element as claimed in one of the preceding claims,
wherein the at least one layer (7, 71,'72, ... 7N) with a
vitreous structure has a composition which varies along the

direction perpendicular to the coated surface and/or a
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10 which includes a multiple layer (27) which comprises at least

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

50. The element as claimed in claim 49, wherein the
individuvual layers (71, 72, ... 7N, 81, 82, ... 8N) of the

15 multiple layer (27) have different refractive indices.

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

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

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

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

injection layer.

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

30
54. The element as claimed in claim 53, wherein the boundary
edge of the bearing surface of the cover (23) is covered with

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



" #$UR' ()*+,-./0123456789: ;
<=>?@A\BCDEFGHI JKLMNOPQRSTUWKYZ[\ ]~ " abcdef ghi j kl mopqgr st

10

15

20

49

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

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

57. The element as claimed in claim 56, wherein the first
conductive layer (13) and/or the second conductive layer (15)

are structured in the form of comb.

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

vitreous structure.



