Her meti c-encappsulataon of organic, elect-o-optical elenents Description 5
The inventio ./ general terns co organic, electro- optical

el enent s, analllgmuﬂﬂ“@m@m&s for producing them In particular,

i nvention relates rocess for producing hernetically encé’%ﬁfﬁ@tw
organi ¢, erectro-¢pticat—elements, and to a hernetically. encapsul ated

el ectro-opti I 10 Oganic light-enitting diodes (OLEDs) are the
subj ect of ﬂmmﬂﬂﬂ\/el opnent work, since they have a nunber of

advant ages over other I'I'l umnation and display neans. FO-1- examDoe,'
OLEDs can be nadé€¥%fy thin and even flexible . 15 Mreover, conpared to

| i qui d-crystal displays, OLEDs have the benefit of being self- :
~illum nating. However, the main problemwith OLEDs is their se ice lifer

whi ch hasghitherto been very limted. i~ .has proven al nost 20 inpossible to
ext end th%gic_)%é?:é% ing |Sr1rlé*ao“fl°(ﬁ_étk ToSRBr-E -t RARS-5000Ptépataci Ag=hdur s.

Metal cathodes with a |ow work function are generally used for OLEDs . In
this context, inter ilia netallic calciumis customary. However, these
mat eri al sSPREEREE 3w work function are general |y highly reactive. Chenical

25 reactions undergone by the netal |aver and associ ated changes in the,
wor k function are considered co be one of the main factors limmg the
servite | TRe 11Yepardti cEi@&taheln ezt foRlnkthmai toobryhthct hei vatgg. which 0
3 DEC 2004pcisa1 Xasent. as E[gqs.lcﬁre in the air_is responsible i n this

ti'on of T

context fof the degrada & MRt aF&8FetPFoBECBHCARY TRED: B0To sol ve

"the probleArtUS 52862146 Lrpraposes #016LED B whpeBcethe=QLED struct ures
are covergd with gfuraved metal sheet. in addition, the COLED described in-
= 1cal yeﬁﬁﬁ%ﬁﬁ?la“e organic, electro-optical elements,

rme
that docunent  has &
and to a hermetically encapsulated electro—optical elémnnt
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 mesans. For
example, OLEDs can be made very thin and even flexible

15 Moreover, compar=ad to liguid-crystal displays, OLEDs have the

benefit of being self-illuminating.

However, the main problem with OLEDs is their service 1ife

=L ————
which has hitherto been very limited. It has proven almost
20 impossible to extend the operating time of OLEDs to more than
5000-9 erating hours. Metal cathodes with a low work funttibn
are generally used for OLEDs. In this éontext} inter alia
metallic calcium is customary. However, these materials ‘with

a low work function are generally highly —sactive. Chemical
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&cltlons unasrgone by the metal layer and associzted changes

in the work Zunction are considered to be one of the mzin

factors limiting the serv

in particular the reaction with zir or with “he water which



of drying agent or getter. The drying-agent. reservoir and the OLED
structures are separated fromone another by a porous 10 adhesive_tape. Epe
nmetal sheet is joined to. the glass substrate by nmeans of a W BB 2 G/ 807 A
drawback of this solution is that organic |ayers, such as the bonding area
bet ween netal sheet and gl ass substrate, are relatively easy for small gas
nol ecul es to penetrate. Therefore, thezadhesive i5 bonding represents a
passage, in particular for atnospheric oxygen and. water. Therefore, it is
only a question of tinme wuntil the drying agent is exhausted and
degradat&onnggsghg_ nmetal el ectrode comrences. Furthernore, this type of
encapsul ati on° nakes T tTTPossT bte i ApFemEnt CSPGREEPLENET PBLiproperti es
of the CtEhrégehpot ogye segtua@stihe sncapsubationeciaf:exsregel y,thin or

fl exi bl e_conponents.. Exanples of known getter materials are |1quids such
as those®“#Bscribed in JP 7211456, US 5,821,692, or 25 US 5, 962, 962.
Furthernore, EP 0776147 describes the use of solid-state materials as
getters. As disclosed in WD 99/0311. 2, gases can al so be used as getter
medi Bm f §p eryumi the conpohent sUS Howeser 7ca oaawoszteah uoeeof ial knihese
solutionﬁhom@%ﬁg are gﬁgmgsfjgn1;hen$rior,aé} is ;fiat the efficiency of 3G
the Getter material Tarrs as the THer aen¥e t8f 2958 ¢Eht MALRS, Shanl- 1o
consequeatiiyciber ecihs OLEpPededNebe@r Oheehhon saganist ndegradation. ;0 3 DEC
2007 3 Therefore, the invention is based on the object of slowng the
degr adat Pon“o¥ 0¥ AT, @F 2t 2 optTREl devérenegensuthsasvoivrankarp e
OLEDs, aodeof stpgee@sifgatheidpseivigesliheond This,obi g6t is achieved, in
a very surprisingly sinple way, by a process for pr6duc?ng %n‘organic,

el edf adhesive tape. The metal sheet is joined to the glass '

substrate by means of a UV adhesive. A drawback of this
solution is that organic layers, such as the bonding a-ea
between metal sheet and glass substrate, are relatively easy

for small gas molecules to penetrate. Therefore, the adhesive
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bonding represen:ts =z passagé, in particular for atmospheric
oxygen and water. Therefore, it is only a question of time
until the drying agent is exhausted and degradation of the
metal electrode commences. Furthe>more, this type of

encapsuiation makes it impossible to implement sigmificant

2¢ properties of the OLED technology, such as the encapsula<cion

u}

of extremely thin or flexible components.

. P - R o . .
Examples of known getter materials are liguids such as those

described in JP 7211456, US 5,821,652, or
25 US 5,962,962. Furthermore, EP 07786147 describes the use of
solid-state materials as getters. ks disclosed in WO

95/03112, gases can also be used as getier medium for organic

component-s. However, & common feature of 2ll these solutions

which zre knowp from the prior art is :hat the eificiency of
30 the getter material falls as the incidence of Gas continues,

&Nnc conseguently there is no permanen:t protection agains:s



el ement, and an organic electro-optical elenent as claimed in the
i ndependent cl ai ns. Advant ageous refinenents are in each 10 case given in

t he dependent clainms Accordingly, the process according to the iQM?Q%bQ%m
for producing an organic, electro-optical elenment conprises the ‘steps of:
is - providing a substrate, applying a first conductive |ayer, applying at
| east one layer ( 5) which includes at |"east one organic, electro-optical
mat erial, applying a second conductive |ayer, .and the step of 20 -
depositing at |east one layer (7, 7-, 72,... 7N) with-a vitreous
structure. Layers with a vitreous structure are known for their extrenely
good barr&gg action. LQ this context, a laver 25 without a |ong-range order
of the el enents and/ 6FCsdBYPANLES *HhPESstace FHet REIRatepfakslnvinga vi
_reous strHeta@egrafdriah obhersanec!i BBe .1 R:Gl.03e-Fange order of the
“substances and/or_elenents is to be understood as a [faver wth a“"vftreous
struct ur e:OI TRERBPOEeOLEPRe &BENPf ajecrwiaing vhet recasvifsastedet ur e

denotes a vitreous, anorohou's !aver. Accordingly, layers of this tine do
not only conprise glasses. Rather, in addition to glasses, vitreous |ayers
may al so EhéBnpasscif o ackampte, oncar vieeymatepraksngal! oysp9k 2apr phous

e

P

el ement 0,3 DEC 2007 _ 4 layers. Conpared to non-vitreous, i.-e.

substantiaf |y ~nrcrocr yStaPTPRRT P9I FEr PSEAFCne cdECEFYSPRELERR | ayers, the
| ayers whetémane, apphi efl bygakanseDéc-the ReGess accqLding.to, the. .
invention_are, distingui shed by the absence of grain 5 boundaries i it er - al
-La on actBant“OfPERESRADC1BHBY: shéYRUERgEELS HoReuenengsaknebaundashes of

thi s.bypecace ghviacty the.dependent claims.

Accordingly, :<he process according to the iﬁven:ion for
producing an organic, electro-optical element comprises the
sSteps of:

15 - providing & substrate,
- aprlying a first conductive layer,

- applylng at least one laver (15) which inciudes at least

- applying a second conductive layer, and the step of
20 - depcsiting at least one layer (7, 71, 72,... 7N) with a

vitreous structure.

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

25 without a long-range order of “he elements and/or substances

m

- which make up the materizl wictch vitzreous structﬁ*n'and BT
re , &%

the same time, with a close-

H

ange order of the substances

and/or elements is to

U
0]

understood as a layer with a
- b -— -y - . 3 = — M iy = . 3
Vi-Teous structure. Theresfore, the term laver with a victreous

30 Structure denotes

fv

vitreous, amorphous layer. Accordingly,

layers of this type do not only comprise glasses. Rather, in

L T

addition to glasses, vi-reous layers may slsc encompass, for

- 5 —— . _ — = ' N
examp-e, orgaric materzals, alloys or amorphous element



essentially responsible for the higher perneability rate for snal

nol ecul es, Such as for exanple oxygen or water, through <crystalline or

pol yci-ystalline nedia. 10 A particularly .pref erred enbodi nentd HDECh2EI7
invention provides in particular for the deposition .of .at |east one

| ayer with a vitreous structure to conprise the step of depositing a
glass, in particular an _norganic glass4 15 Wth regard to the barrier
properties of evaporation-coating glass for the encapsul ati on of
conponents and ot her substrates, reference is also nade to the applications
DE 202 05;830+4, &d 9 : 2002 DE.102 22.964. 3, filed on

05. 23. 2002?33 D% 1%%]{1%%6%99%,&%%2%26%8385. isgzoﬁ‘ﬁbsgé“rdifléﬁ 958.9, filed
on 05. 23. RPOOZPCIPE-3DR1BR, 7871 B:-¥statlone1br13r2@082, 1 1DE 18301, 5880,

filed on 166. 2003 25 in the name of -the same applicant, the content of
disclosurgéybfgmﬁﬁ%%gi%rhe?%%gléép?%s?FﬁnFnEOrp&?aE§8CS§SréF€P§ﬁéES EQVt h
regard tothheihaenteonDeopedsstifguDEneyapor ahkonreeattng- ghasy | ayers,
measur ements_have shown that, at etiaporation-J 30 coating glass |ayer
t hi cknessB8S" AT he®r angeT rontB ©fn 19-°4Bt| 2A, “hel Enerbeaksr atescofiré ess
than 00 nﬁ@%e&e§,0&r£§§5boﬁﬂ@Q:iQ§EEfb§ﬁ'L §Qp§rngeLEaQ£ -achieved. For
| ayers with a 03-DEC 2007. 5 laver thi cknesSof 8 UM aRd-1B um the
nmeasur enefiF§eRBve &Y encgpoRpingt | {on | ek hagbs-obebetwbeniOyand=2 XoA0-9-
nbar 1 s: ndoibese.uppgl L imit-values are already substantially
influenceﬁh%§@tﬂ%iﬁggéﬂgéngﬁfki%%c%%?aE?a%?*rh8xfg§nsOEaWFF@HI-througﬂ
crystalline or polycrystalline media. '

10
A pariicularly.preferred~embodiment of the invenﬁion provides
in particular for the depesition of at least one laYerﬂwi:h a
vitreous structure TO comprise the step of depositing a
glass, in particular an inorganic glass.

15 | .
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With regard to the barrier DIoperties or evaporation-coating
glass Zor the encapsulation of components and cother
 Substrates, reference is also made to che applications

DE 202 05 B30.1, filed on 04¢.
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20 DE 102 22 964.3, filed on 05.23.2002;
DE 1C2 22 609.1, filed on 05.232.2002;
DE 102 22 958.9, filed om 05.23.2002;
DE 102 52 787.3, filed on 11.13

DE 103. 89.0, filed on 01.16.2003
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che name ©f the same applaicant, the content of disclcsure
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of which is hereby expressly incorporated by reference.
With regard fo the barrier Droperties of evaooration-coé**ﬁc
] 5 ~— —‘-.-. 3 .
g+ass layers, measurements have shown that, at evaporation-
36 coating glass layer thicknesses *n the range Zrom 8 um to
18 um, helium leak rates of less than 107 mbar 1 s or less

. . n-E o . L. . ,
tonan 107 mbar 1 s™° are reliably achieved. For lavers with =



5 out. There are nunerous known gl asses whose perneability to all gases
with the exception of heliumcannot be recorded using the avail able _
neasur ement nmeans even at |aver thicknesses of 10 50 m A surmaw;_agc w7
diffusion rates trrough.glasses is to be found, for exanple, in™ _ncfbook
of Gas Diffusion in Solids and Melts,,s .Heliu , itself, however, on _
account OF its inert nature, does not affect the layers of the OLED and is
therefore of no inportance to the seru-ice life of OLEDs. 15 in :
particular, a layer with a vitreous structure which conprises an

al kal i - net-& Eéoﬁgle@}m?}‘gs gPas8 ks, pamdi ral aml ythsUkableehon: heryetic
encaDstllati _on, The alkali_netal ions fill up interstices. in the glass
skel et on &Xd"t REY &by pr b¥T desabordensecfaperwawnint 0 anderyx| Dy pepaeability.
In particul ar, RQrosjli-C -0l asse re also particularly suitable
materials for t_healg§e% wé#ﬁ*g V?@?éoggﬁgﬂsu‘ Or E-TSPRYsEUgFaaBes2 Y al so
i ncl ude afRalkenetdlby onseimeasdeenént 2bateduceyt Be parneability. The term
an organi g, .elec tro-optical material enconpasses both an organic mat eri al
whi ch has el ectrol unlLi nescent properties a d _s therefore suitable for the
construction O 30 an OLED and an organic naterial which has photovoltaic
properti e§thQe followng taxt, for the sake of sinplicity the term OLED

i s used in"gehefaf TEIFECHOr  IPYht IkvATest¥ngse BebREaBODI-y &0 ellment s,

i.e. bothgheeslight - tding el gnent spand for_ _photovoltaic. el ements, on

account of their equivalent ~structure: W de°F aRge” BFCSUBS tHHdes whi ch
are }Bl owhFo2thel ek ohed aurtecnt tneans bevas ed: as208 gaph Coiel 861 4 Qfopti cal
10 50 pum. A summary. of diffusion rates througb.giasses is to.be

‘found, for example, in "Handbook of Gas Diffusion in Solids

and Melts" | Helj it £ - :
o) Helium itself, Nowever, on account of its inert

therefore of no importanc
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15
In particular, a layer with a vitreous Structure which
‘comprises an alkali—metal-cpntaining glass is particulérly
Suitable for hermetic encapsulation. The alkali metal ions
fill up interstices in the glass skeleton and fhereby provide

20 dense layers with a very low permeability

In particular, borosilicate glasses are also DartiHuTériv
suitable materials for the ilayer with & vitreous structu-e

- -_——_= [T [ W PR -
These glasses may also include alkal: metal iomns . in order to

253 reduce the permeability.

The term an organic, =lec:ro
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aterial encompasses

as electroluminescent

o

both an organic materizl which
broperties and is therefore suitable for the construction of

30 E i ic i ]
an OLED and an organic materizl which has phnotovoltaic
DProperties. In the following text, for the sake simplicicy

the term OLED is used in general terms for 7igh*—~on§c*+inc



material. Inter alia, nmetal-organic materials, it particular

net al -orGn_i ¢ conpl exes, such as triplet emtters or | anthani de conpl exes,
can be used for this purpose. By way of 10 exanple, tris- 03 DEC 2007
(8- hydroyaui nolino) -alum num (Al c3) or MEE-PPV (poly (2-nethoxy,

5-(2' -ethyl -hexyl oxy) paraphenylen_ vinylene (ME_HPPV) is used as

el ectrolum nescent material. The layer mnay also conprise an -organic or
inorganic matrix layer which is doped with emtters, such as for exanple
fluorescent dyes, i5 as organic, electro-.ow.i cad material. The inorganic
matrix: GSEB°W&S; inEer PRFRaiopoidadht-smsinitimadicaxinder sFapthes

el ectrol ug ent ;sub nces a described,. for  exanple, in US
6,107,452?EE%%3§5731549?E%PB§§05é§ ASCERT 6 8%6&6382$13ﬁ38EP 10061E9 Al-
whi ch ar e stonpltatel-y i ncorporated 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 docunents, and this

descrispt i enwiscasatugedo25stiestanRrpagt, o, the sent _application.
Moreover, the inventive degosi tion creates an :[]?'Irrll?)lwr%rel%CeJ jggrnp“bgf’%een the
| ayer wi t F*a vFPfr éBushst AHEt GRe BAdusd mat ermgainichekducttowbpheuta t he

formati on@tecaurtiege@t L9LDi ng_poin-s 30 which can be penetrated by
oases, since the |ave= rOV\IS~§f rg(':'?fy on Ithe SsOPFSCeH8l owi PRTEAFEESTWI th a

vitreous Msfr4cPurariF. cempighstantiall ywowict-Hgutcceystaklingparti al

~regions or_suhregion [ moreover, _di stinqui shed by better 0 3 DEC 2007
7 tol erance wg%ﬁglrles%é%???}é'rsmcﬁa‘ﬁi%al “Isoé?dgoéon‘ﬁaﬁeﬁumoséry@YaWhYncef

nateﬂWalsgxzmpéemeanﬁsthathybeonﬁyn@QQ%oba%ﬁhﬁﬁnuﬁcR£9ﬁ§)Oérsﬂﬁﬂ-gﬁéeria'S
are retai Q_%dlev n_in the event of deformation w thin the nmechanical | oad
limts of PREVS-ABEEPPAY: ThéfersrBYlrhe preosadspatepneinyete vhayiayention
(MEE-PPV) is used as electroluminescent material. The layer
may also comprise an ‘organic or inorganic matrix layer which
is doped with emitters, sucn as for exampie Zluorescent dyes.
15  as organic, electro-optical material. The inorganic masrix

usea was, 1nter alia, porous titanium dioxide .

Further electroluminescent Substances are described, for
example, in ‘US 6,107,452, EP ¢ 573 545, EP BOQCB3€3 21 EP
20 BO05€3 Bl and EP 1006169 21, which are complétef

lncorporated by reference in +he Dresent application.

Elthough it is known to the Dperson skilled iﬁ the ari
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S alsc made to the structure of “he OLEDs
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cribe
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in ;hese documents, and this description is.assumed

25 to form part of the present applicatiorn.

Moreovexr, the : ti ! iti | inti )
oreovez, the Lnventive deposition creates an intimate Jjoin

aetwaen i] : T 1 -] it © i =1
between the layer with a vitresous STructure and *he material

Delow 1T w.Tnout the formation of ‘cavities or joining poincs
g points

30 sk Nal = 1 > ke a3 1 | 1
wiich cen be penetrated by gases, since “he layer grows
Girectly on the surface below i-. Layers with a vitreous
S-ructure, .e. substantially without crvs-allipe par-ial



even nmakes it possible to Droduce flexible OLEDs with a high service life.
The deposition of the layer ww th a vitreous structure, in 10 a[?:gnod%;z‘@_ﬁ
with the invention, conprises the vacuumor |ow pressure deposit e
| ayer, for exanple the de-position of the |ayer by vacuum or |ow pressure
coating. Al vacuum coati ng processes jmay be suitable for this DLLroose.
Accordingly, to denosit the layer wwth a vitreous. structure, 1. it is
possible, inter alia', to use PVD or CVD processes. It is also possible
for a plurality of deposition processors. to be conbined with one another.
Vacuum coati g Proc&ssEs T6PPFontBr BSsthan et i1vgdsr coopsesd such as for
exanpl e P\éB-ﬁty_,aq_G\ﬁIQ ma@laglgd an 0 Al i Qbecause t rocesses
can 20 be carried out in vacu% aEdﬂ/g%r q?:néﬂégﬁfy “at ?ﬁ)spﬁer?ye Qt‘%efb@*g

pr event i ng TOMENOTaEGH @ﬁtﬁﬁkgtLar e-rsenst td e Okl dyerSe GenRgot he
coating. ALGQI 0 ticul y Drefe=red enhodinent, the at 25 |east
one -laver w tﬁﬂa{;aq\ﬂtpt @oggﬁstgﬁc urealé Weposiaed By “Sewfpdiat i on coati ng.
Evapordat i 0¥ Goatding Tieltesorit possbble-dss achicva i gh lgyer; gLowth rates,
whi ch makeg this varlam|7 the process according t6 the invention

parti cul arT T ASFSind - PREPEPOFeCBCHRAALGE T ibdrgOLlilsherish 30hThk
deposi ti ornseafvitdie ligdger Wth a vitreous structure by evaporation coating
may advant ageously al so conprise the step of plasnma ion_ assisted
deposition (PIAD) . inth s case, . an 0 3 DEC 2007 8 ion beamis

addi ti onaldne didRad;e nt.@ e strale, V\:hJ ch.is to be coated. The ion
beam can be gengr%ﬁ egogygne%ﬂs i?@ St Q{ e SOUT Ce-f GFTEKampte By

_ i oni z¥t i oo andet aliite gas. invention, comprlses the vacuum or low-

pressure deposition of the laye

&}
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Or example the deposition

=

T the i ; 1 1
of LQ- layer by vacuum or Llow-pressure coating. 21l vacuum-

coating processes may be suitable for this purpose.

Accordingly, to deposit the layer with a vitreous structure

[
mn

1t 1s possible, inter aliay to use PVD or CVD processes. It
1S &ls0 possible for a pluralicty of depesition DrOCEssors.tb

be combined with ons anot]

b
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Vacuum-coating processes o*
low-pressure ccating proce Eseg, such as for cxamDWo PVD or
.CVD, are aavantageous inter ‘alia because thesge processes -can
20 be carried out i ; 1/or in a t her j 1
: out 1in vacuo anc/o; in a dr-y acmosphere, - thereby
preventing contamination of moisture-sensitive OLED lavers

during the cocating.
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According to a barcicuiarly preferred embodiment, the at
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iayer with a vitreous structure is deposited by

- e ac . e . ; .
svaporation coating. Evaporation coating makes -it possiblie to

achieve high layer growth rates, which makes this variant of

gl
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rocess according to the invention particularly fast and

30

The aeposition of the layer with a vitreous structure by

evaporation cocati ' rant v an : L
hs L10L: coaring may advantageously also comprise the step

of . ssisted d it (PIAD) . In ti
plasma ion assisted @eposition (PIAD). In this case, an



The gas ions additionally accelerate the particles emtted 5 fromthe
evaporati or.-coating source. This leads to layers which are-Dart_icularly
dense and deposited with new defects. The step of depositing thd3 Qﬁ@rmw
with a vitreous structure may particularly preferably also conprise the
step of ID depositing an evaporation.-cqating glass. G asses of this type
are materials which can be deposited by evaporation coating. |t has been
found .that evaporation-coating glasses have excellent encapsul ation
properties. In addition to the preferred deposition by evaporation :
coating, H&WeRSHAN tifeg60i5 ignaddysdrmpctafd course; hal sodedepesiteds gsin
ot her vac Or. law-pressur.e_coating processes. By way of.

exanpl e, ertelgcqu}'oﬁ-daﬁ\ggm '??)%’t ilgja‘ ?’s’aﬁa %lﬂearqve”%%?uaﬁﬁyenﬁ%stﬁé a

evapor at i gl acust isogrcEor Sl expHbPesky a2 aleat ron beamis, di %ggt ed onto
a target aﬁ_% t he i.&act _c_ausesﬂthe el ectrons to release their krnetic
energy to the 35 g&F° AU Eh TS H¥aPeFAE R T sihe Pattidliesatnl yred he
t ar gets matesfdnalcnd sveyaperated by -t ing. €. evaporated material then
cones into _contact wi Fﬁthe surfaceh\%hi@g%%“s“ t omgs Slo“gat%(é)sdj%OZSE\v'\ﬁ’éFe itis
deposi t ed "5 P IEdFePARCLF U4 2Fillr deuSSsand Wepasieed wihe skepdefects.
evaporation-coa=l ng to forma layer with a vitreous structure may,

mor eover, conprise the step of cO- evaporation fromat |east two
evapor at i GiRssaeces? Hrpobisi’q way, liay<possid & <Ffofrexamle,Lg.adj ust

the StOichiOmtrV. of the'la er _which is depositedby neans O the '
e" vaDor at ?ﬂgg-n_?gg;éﬁ“ﬁdaﬁ:a‘tyeg%f“r &Xoﬁrlé&.cqn]i?qﬂaﬁ’ﬁtifélﬂ &tepthe step of co-

~evaporat i crepref talngo aG0eREbER athensteR tah v 3N . 21 Q.3 PEG 2007_ 9 -
‘particular_periqdically varying, the evaporation-coating rate of a"Teast
one of thé &V AFTEtForT $0drEeSahTRE REPaSidied pnomraricestobnt heat ayer with

a vitreoussStiauCtHe=e G¢amnbe rhat evaporaction-coating glasses have
excellent encapsulation properties. In addirion to the
- preferred deposition by evaporation ccating, howsver, these

N4

glasses may, o=

[}
ut

course, also be deposited using other vacuum

or low-pressure ccating processes.

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

20 electron beam is directed onto a target and the impact cauées
the electrons to release :heir_kinetic energy to the target,

which is heated as a result. Ultimately, the targ

(]

t materizl

1s evaporated Dy tne hesating. The evaporated materizl then

comes into contact with the surface which is o be coated,

N
ul
H.

where it is deposited as a layer with a vitreous structure

S

The ste .l g ration- £1 to F ' {4

Step or evaporation-coating Lo Torm a layer with
~vitreous structure may, moreover, comprise the step of co-
evaporation Irom at least two evaporztion sources. In this

30 way, LT 1s possible, for example, to édjust the s*oichiomﬂirv
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_____ d .by means of the evaporation-
coating rates of the sources. In parrticular, the step of co-

Svaporation may a.1so comprise the step of varying, ir



i nfluenced and adapted in the direction perpendicular to the 5
evapor ati on-coated surface by varying the e'vanorati of _-Coating at es. EPr
exanpl e, by varying the |layer stoichionetry, it is possible, %Pgﬁﬂu,
to match the coefficient of thermal expansion of the layer to that of the
coated surface, so that thermal stresses between the surface material and
the 10 evaporation-coated | aver are avoi ded or reduced. P. periodic
variation in the evaporation-coating rates can be used, for exanple, to
produce periodic variations in the refractive index in the
evapor at | BR* coatt iy PayePLipet PenEoiiRg | t bhehevapoatedosuebacengi Sate
However, thezdepositigne byre-ya ] oating gengrally recuires

Speci al evapora?f%%-cggtiﬁg n%fg%?% s£%§¥ﬁ8 F%F&%rge|§£ﬁia%b%abﬁ%

pressur esPTARETb%s spbciat CLEDr appl i zati ops ot ekiraksyyet Bal 0L vapor
pressures;and, .20 correspondi ngl eneral ly high nelting points may. also
‘be suita ?g?'%%éésé%% %?a%é s%?ﬂ%ﬁeaé*F%S§ﬂ°8n@eF39§@gﬁP%ﬁratovth$eous
st ructur eebypoeansont cphysd cabr sad iy CREM €Al VAROL; 9892§i5%990QB¥ also -
advantageQU§L¥ conprise the step of sputtering on a Fayér Wth a vityeous
struct ureT#FR°t hi 3 2%*°TBAt extDY t FNtierdn spat Laviengsonitayenstis, updet st ood
as neani pgsens: &f the' BV oc S dpe-gputtering.of |ayers, unlike
evaporatign-coating,_can %gﬁga???ig%zﬁtgevgﬁ %%fﬁf‘%ﬁr%rfﬁgstQWE%ﬁgare

rel ativel yHFFF1@UI ¢ toRevaptratee RBOatHowevehe kavees Wwithavd [ rEOUSHLac
structurespgcan.al $0.. advant a 51, % he_vroduoed using other Processes,

f or e_xan??eaﬂ%heﬁfzé V%ﬁ%?gﬁg%ééi‘id%f“f%r*e?ﬁnﬁFéa%ya%%aﬁ%eof ol asma-
enhahted ehaperativaporateposiyioreePravdDied bi bhiigcLeSPEChex; Os B, DEC

2007 10 j. ticular_plasna i mpul se chem cal vapor deposition
_ CR-PRLILEUI € e "evapor tlon—coating_ratgs canpbe used, for.

example, to produce periodic variations irn the refractive

I,.J.

Andex 1n the evaporatior-coating layer perpendicular to the.
cocated surface.

1s
However, the deposition by evaporation coating generally

raguires special gvaporation-coating materials wiﬁh
la

applications materizls with low vapor bressures and
20 correspondingly, generally high melting poinﬁs may_also.bé
suitable, the step of depositing at least one layer with-é
vitreous'structure by méans ©of physical and/or chemical vapor
depcsition may also advantageously comprise the step of

sputtering on a layer with 2 vitreous st~ucrure. In this

[N}
wn

context, the term trer: rs 3 i '
ontext, the term sputtering on layers is understood as

(SR

meaning one oI the PVD processes. The sputtering of lavers
. i = per] - P 1

1]
0

unlike evaporation-coating, can b arried out even with

materials which are relatively diff

}--

cult to evaporate.

Fh

30 However, layers with vitreous .structures can aiso
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
11 respecrt,



(PICVD)is particularly suitable; in this process, the plasma is not
produced constantly over the course of tinme, but rather in pulsed fashion,
which inter ilia leads to a lower 5 thermal |oad on the el enent 0BhDED 20 t o
be coated. ..Mreover, the deposition of the laver with a vitreous
structure may al so, in an advant ageous gﬁnfi guration of the process,
conprise_the Step of co-deposition of organic i0 material. The
co-deposition, or simultaneous deposition, of the. organic nateri al
together with the layer material which forns a |layer with a vitreous
struct ur e imapabe iehflect edzstar impxame eshdiyi G0- OMAROY L Qs Heposi tion
fromthe r%sri,q’g)sl . _gas at.rmbggner_e. in this case!, the molecules of the
organi c 15 MatEri af &FE SPREOFDOY afEd G391% held &y Wndees svi tneopdasma
struct ur eisTherongateemmtehsakn: MY RAVe @,00%.11. Ve d nfl yence  on the
| ayer properties in many ways. By way of exanple,” In thi's coitext mention
may be madé-dFTalRi FhersH EriSBiLPRt y wotich Hentdeayerl itnderadrechani Qaler| oad,
the t chih@ .ok joptigal,.and 2 ghanical .properties, the inprovement to
t he Inzsyer tg%ﬁgiaﬁg *Efaogr Oe'xa(ijrrlﬁl glggl“g'r evgrhjr‘trpdfspt“l"f’e BS99y &P %5 ng deposited as
a gradient layer with a-change in the organic content, the change in the
packi ng d%srieté(ma,ndtg‘ge Jayer mcrostructure, and the influencing of the
Cheni cal properties FRECFAYEPT 95 iTPSardNSEulME-thy Addinsgusydrophobi c -
mat eri al s serugetfrer mafatesodl sn Zhealayels AR Advantageously appljed in
such a way thO.t .cne of the conductive | avers has a-lower work function
than tns P3FCGHer COBRAIEE: &2 &78P. G ,Coactmastitagfort g dirf feezemde in wore
functicon hetowean 1t hewki rst sapd.secand Glj\e layers, which are ysed as
el ectrodes a.-Tld between \?\h?)ghi g%gllgé\}g?ﬁ%%lrcaﬁ‘l&r{f& 0§&Sar*6Pgaf=1" r el
e ArC, . the orgsmiiccaatgpatied- cbgethe) BLDECH200Ayer material which

forms a iayer with a vitreous s-ruciure may be effected, for

SXample, Dy co-evaporation or deposition from the r=sidus

gas atmosphere. In this case, *he molecules of the organic
15 material are incorporated in the léyer with a vitreous

structure. The organic materiazl 'may have a pesitive influence
‘on the layer properties in many ways. By way of examplo in
this context mention may be made of a higher flexibility of
the layer under mechanical load, the matching of optical and
20 mechanical properties, ;hé improvement to the layer bonding
for example as a resul:t of the iayer being deposited as a |
gradient layer with a change in the organic content, the
change in the packing density and the layér micrbstru:tura

and the influencing of the chemiczl properties of the layer
- -— - . < T

25 in part-cular by adding hydrophobic materials or getcer
materials
The layers are advantageously appliied in such a way that 5nﬂ
Ot the conductive layers has a lower work function =han the
30 other conductive layer. On account of the differsnce inp work

function betweer the first angd second conductive lavers
. - - 1

which zre used as electrodes angd betwesen which “he lzver

ha oA S TS . Aveah - ; - ; :
which Zncliudes I rganic, elec ro-optical maieris

[ S



11 |l ocated, and given correct polarity of the voltage applied to the
el ectrodes, electrons are injected at the |layer acting as a cat tqugE'Fnz'U@
unoccupi ed el ectronic states of the organic, electro-optical material. At
the same time, defect electrons 5 or holes are injected fromthe laver with
a lower work; function, which is acting.as an anode, with the result that
| ight quanta are em't'.-ed in the organ is material as a result of
reconbi nati on of the electrons with the defect electrons.:. 10 In many
cases, additional functional |ayers, whic-h are applied in ,articular
bet ween t HOTEEEE ARF FE¥6RdI COTAGEGt ivelatidyerd, tare wsetd=o appadue e ©LEDs.
Accor di ngly, . the pr. S V.. ntageousl y .a-, so incluyde the step of
appl yi ng e‘{%ﬁ‘I e%s“t“%%%ﬁoleg%%ﬁj%%\é% grllgel avt ey'a“mgf/ i gr‘ﬁogﬁ‘ﬁ’fr BErabehihic
aver 15 arsd/wrtranicelievto anoblacker leaver: mid/orstachel hloekerqhayer
.and/or an .el ectron conductor layer and/or a hol e conductor | ayer a_-zd/ or
an el ect r 61 ST ECtIEON Goay 8P ¢ - Par fitc (12 ISAW GRNequatfiantorlECghens
efficiencyyirlids are achieered BrAPRINV NG d-he:kayers J o hgfol 1 ow ng
preferred sequence : potential- 20 matching | ayer/hole infection '
| ayer/ el et 5 Moc KB Frayér ACay@ WiF &n imvidsdesiah |sdas repnés thas
el eccro- optiial mBRIES ial/ hgle hloq er;_.AhDav r/el.ectron _conductor |ayer/ _r
eler. On i nljée}gr!ti on I%e% po%e%t’i“ﬁo-f%at'c T nogrﬁa%}ecr TSR Fﬁe“sﬁﬁégﬁ Ssi npi
cicZr, thesgatmerighsicqquicttbenalldaysis ofidnhe ner garfidc®, electrons.
elecLrO-d-~:)L_cal elenent is referred to below as the OLED | ayer
structure. This conprises in particular the first and second conductive
| ayer® andit headyaversashi elfciisieldides et Qom@ni @ ayek-eccres:opt ixcal materi al
In additio_, .30 the OLD |l.aver structure may al so conprise, forexarrniie,
t he app¢;ga in particular between the first and second conductive

. layers, are used tc produce OLEDs. Accordingly, the'process

may advantageousiy .alsc include the step of applying at least

one hole injection layer and/or

o
g

otential -matcning laYer

15 and/or an ele:tron_blockef‘laYer and/or a-hoie-blocker layer
and/or an electron conduccor layer and/or a hole conductor
laysr and/or an electron injection iayer. Particularly high
gquantum or light efficiency yields are achieved by applying

the layers iIn the following preferred equence: potentizl-

n

20 - matching layex/hole injection layer/eleziron blocker

layer/layer which includes a* least one electro-optica

'__l

materizl/hole blilocker layer/electron conductor layer/electron

irjection layer/potential-maiching layer.

25 For the sake of simplicity, the sequence of functional iayers
of the organic, electro-optical eiement is refer—ed to beliow

as the OLED layer structure. This comprises in pa-ticular the
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ductive layers and the layver which
incluaes an organic, electro-optical material . In adéicion

- o - R e

30 the OLED layer structure may alsc comprise, for examplie, the

further functionzl layers mentioned above.



further functional |ayers nentioned above. B DEC 209 |2 To allow light to
be output or input, it is advantageous one of the conductive |layers is at

| east partially transparent. Inter alia, indiumtin oxide or 03 DEC 2007
fluorine-doped tin oxide (SnQ2: F) has prover_ suitable for thrs Payer. 5
A further advantage of the process is that the order in which the |ayers
are applied is no.-: imutable. Generally, OLEDs are produced by applying
a Transparent conductive laver to a transparent substrate, and then

deposi ti ngrﬁjt hq I aver which 10 includes am organic, electro-opttical

mat er i al fHEOY +AASparenPecBREREE P& [Lapart., TH siss tadveiag ebast hen
covered yra gonduct lLaveL. ; ich.for . exanpl.e maV _have a lowe r work
function than ofhegt r%ﬁisﬁggr e\r%?'c%ﬁgl%étgi Ve Iaétyer“,nansa“s P¥Urener el ectrode. |In.
this case,ta¥werRrght .wAnckri slemi t tedius cam e GUtUEE1ebriAkradyeed via -
t he transpcﬁ_rne%gct.%gb_z- .ngatg). - According to.a preferred config-oration of the
process, the —arep of “depositihdIheE At SPLa8PLlenéCOFayeiSwha¥eR: vi t r eous
structaure takes place after the application of the at. |east 20 one |aver
whi ch includes at |east one organic, electro- op-ical material and of the
first and’sedOhdCoRtdyErF¢gde Payers. PFPoEREsd s |dver shar erdppl iedwhiom t he
same side the theersubstrate; ;sLar ; exanpl hei, asited, the |ayer

VWi ch i ncl udes9at | east %%eloregéni-%{me .Ien?%&r %?Do‘%tgi %:ﬁ%‘rlfaab‘é?i’ aig“Fg’SZ e

| ocat ed bé&aREFeEhBYsBbSEVARe andrehevkaeer wictthivatdivier gaysr Sbructure. In

this way, {:he QLED Layer structure.is. encapsul.ated be-Wep the substrate
and the |aver \ fﬁnlé g@lhtrEG%S’sﬁlﬁcfg re, “SEC A% S LaY8FsYWRiER a

Vi tredus straictdeseanhbchaare, appeiedos -ioh-aeeqr dancs 1wt bt hg.i nventi on may,

‘for exanple, A-'so. N . : L
~ansparent conductive layer. This structure is then covered

by a conductive layer, which for example may have a lowsxr
work function than the transparent conductive layer, as

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

15 car be outpuI or introduced via the transparent substrate.

According to a preferrad configuration of the process, the
step of depecsiting the at least one layer with a vitreous
structure takes place after the applicatioh of the at least
20 'Qne layer which includes at least one organic, electro-
optical material and of the first and second conductive

layers. If these layers are -applied Ifrom the same side of the

0n
d
!
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ubstrate, Zor example by being deposited layer which
. 1lncludes at least one organic, electro-optical materizl is
25 located ‘between the substrate and the laver with & vitreous

=ructure. In this way, the OLED layer structure ig

n

encapsulated betwesn the substrate ang the _aver with =2

vitreous structure.

3c Since the layers with a vitreous sStructure whichk are applied
1L .accorcance with the invention may, Zor exam le, zlso
themselves be transparent, it is also possible, however, for

thne layer seguence o be arranged in such a wayv that the



t hensel ves be transparent, it is also possible, however, for the |aver
sequence to be arranged in such a way that -he 0 3 DEC 200T 13 transparent
conductive layer is applied to the substrate after the |ayer Wldl:g DREEGZBUT
organic, electro-optical material. In this way, it is also possible’to .
produce an OLED with, for exanple, a npan-transparent substrate, in which
case the light 5 passes through. the layer with a vitreous structure and
the transparent conductive layer . It is advantageously al so possible for
one or both of the conductive | ayers and also the Iayer which includes an
10 or gani CCAEREESG- GRAKHF - IHR rfivalr ties bapappkf edo orhalepositmde i n

struct uregef« d ot iculiaroy these | ayers.may_al so be . produced ir_
struct ur edfgf%; Eri nrltE%ZJI avfle?rglthd"l ?)e*c*tl o‘ﬁf’ i T%T“E?o%"%‘ﬁael KT

Struct urifg Bfst ey naturies alowpoxd Hrge caupbetued £1 quald ivesciof sych

el ement s %)Qan%elgi nfluenced. By 15 way of exanple, |ight-passage openi ngs can
be created 111 a’' contuctive THyer:- Erthernofe, & Yaydt @@Scardemenigtion

whi chs t heassuershrdadiotc e cessar ivix hayevt o-bg,appligd an top. af,_ one
another is_also Ypos,_si ble. Rather, it is possible, by way of exanple, for
st ruct ur et PRS0 TME TSI WidsTone 20 another. By way of exanple, the
first and/or second conductive |ayers may al so be anpli ed such that they
are structured in a conb shape. The layer which includes at |east one
organi c, ¢€}ect relmFtiazdonnterdaao mmsshehe for examy eyorbed ogat ed

conpl et el y .01 partd al 1y, between .t he conmb. 25 structures. MNoreover, ' :
structuri%%&i{uswaa{)’r glpalr}iy?a?% St S EET etPEEF bRt R s R UIR 52 oper at ed by
dedi eat edorgamiiachienige @l wrrenbtsi call dadfethel predystiom 0fs A JLGANU G g

el ectro- ogtiscfal &l enent_as an_active matrix displ ay. 30 Layers wth a
vitreous StrUctUre- vt cHdonprt S8 GElEreashese layers may also be

produced in structured form in the lateral direction, i.e.

1 - o — ~ e - '?-' % 1 T 3 b
along the surface. Structuring of this nature ailows a large

- number of properties of such elements to be influenced. By

IAI
w

way of example, light—passage openings carn be created in a
conductive layer. Furthermore, a layer arfangement in which
‘the layers do not necessarily have to be applied on top of
one another is also possible. Rather, it is possiblie, by way
o= exa:nple, for structured layers to'ini:ermesh with one

20 another. By way of example, the first and/or second

conductive layers may also be a

'g

'o
=]
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such that they are

Structured in a comb shape. The layer which includes at leas*
one organic, electro-optical material may then, for example
- ey

be located completely or part-ally between the comb

25 Structures. Moreover, structuring is appropriate

I-h

H

o
pixelated structures which are operated by dedicated

sw.tching elements, or for the production of an organic

electro-optical element as an active ma-rTix display.

30 Layers with a vitreous structure which comprise an a+ leas:

b-mary system ol materials are particulariy suitabie for



bi nary systemof materials are - - - parl_CUarlt' SL'i e or hernetic
encapsul ation of OLEE)s . Layers of this type are distinguished by
paricular . y ' i owp_ nr.e ah_|~ty 03 DEC 2007 14 rates, since they have
scarcely any tendency to form crystalline areas, unlike quart# 3gP&e<6®,
for exanple, and they al so have denser_structures. Such at |east binary
systens of materials may, for exanple, B& conposed of at s |east two netal
oxi des or silicon dioxide and one or nore netal oxides. Furthernore, the
process may al so be configured in such a way that the step of depositing
the at |easiteane diayes “wehyhnavieO stklic@OUs St uctiyg 4akes hl ace before the-
application of gne of the conductive lavers. As a résult, the layer with a
vitreous strittureT®s I 6CE edPBedReematic wirstasat e fand sbhem1@, ERnkayer
structure..¥Re Such el dilhs-0f the Pracess . prodiuces an OLED i n which the
diffusion through the substrate i s into the CLEDTay&FSst AICEEre can al so
be suppressterFhics r@EeriFRkesayt, Fossidandle achi ewaph@lRldC 5t
encapsul atiiaqn.on  t eczis_ubst_r.l%tge soirde _;Q_f_,’_"[he QLED._ This is advantageous, for
exanple, for f1exi bl'e O LEDST he SSubitate Ronsr f8€s oas frexidtiee pl asti c
mat eri al wisHl toppicea=ly has a high 20 perneability to small gas nol ecul es.
The vitreous laver can in this case also fulfill the function of an
outputting or introduction -Layer for the light emtted by the OLED, in
order !0 Imoraasadie yial $rebdienFR AN MU (A9 08, Le LAt Ve,

that tne step of depositing “he at lsas“ one layer with 2 .

10 vitreous structure takes place before the application of one

of the condue:ive layers. RAs =z result, the layer with =a

vitreous structure is located between —he sucstrate znd the

OLED layer structure. One such variant of the process

produces an OLED n which the diffusion “hrough “he substrate

'J
wn

into the OLED_layer stfuctﬁre can also be suppressed. This
also makes.it possible o achieve hermetic encapsuletion on
the substrate side of the OLED. This is advantageous, for
example, for Ilexible OLEDs 4f the substrate comprises &
flexible plastic material which typically has a high |

20 permeability to small gas molecules._The vitreous layer can-
in this case aiso frlfill cthe function of an outputting or
introduction layer for the light emitted by “he OLED, in
order to increase the yield of the OLED by matching the
refractive indices. | '
Moreover, the at least one layer with a vitreous structure

may be appiied to the oppesite side’ of “he subsc

ate

H

Side to which the layer which incliudes ap orcanic

= o
, 2lectre-

There . the layer :is applied

Th

or

0
(o

opt:cal material is applie

3¢ Co that side of the substrate on which the light is outpus
into the enviromment in a standard laver sctructure of the
OLED. In this case foo, matching of the refractive inﬁiﬂee by

means of the layer with a vitreous s-ructure can increase the



Moreover, the at | east one layer with a vitreous structure my be app_ _ea
to the Opposite side, of the substrate fromtR side to which éhg I%{ﬁr

whi ch includes an orgar i c electrc- optical material is appl? qUEC
Therefore, th layer is applied 3c to that side of the substrate on which
the light is output into the environnment Jr. a standard |ayer structure of
the OLED. In =his case too, match ng. Of the refractive n ices by neans
of the laver with a vi reous s trurc re ca_Ti increase the 0 3. DEC 2007

15 output efficiency, since otherwise there is a considerable change in
refracti veeurmiex,eMiichepoyt esponei nglhyestrangack i £ ef | e6td QRSaphb
particular_at the material/air.interface. IM_addition, a laver of this
type can al $6 ¢f eat € a diffisi on S parftdt FHCIIRARESNS HngEHana hecker vi ce
life of thefdfionk, rehi BerRAtQfa:t he: proacess accor ding 19 the jnveption
for producing OLEDs in which she step of applying a TLayer Wth a  Vitreous
struct ure IFPHELR 6 LBNFSI 4l tAHE SR et @l smporeadepositdfazieanpri ses”
the step ofzapplving Agal tipkeJayer. i.s. 10 also highly advantageous for
the properties of %’igﬁ)g ThléD pIIJtJC’a;'é =T yéDbT Sl“n‘diilv‘i“dugT‘"%/a%rts"eop%@Drrul tiple
| ayer of thizeiingwenmpl toe eoxamsse, dave didfd erentnhehemaal; £oRBOSi tions,
so that, fﬁlroﬁigaﬂ-r@ eppparrier.actions of individual |avers Can he tailored
to Specifi'C gases -whi Ch have “anm “Advélse I & &P ot ihed seavarc@ifhfe’ The
mechani calviproperd iesucsuel b§s e sexaig, 4:he of lexd pil iéa/em-'c%&e';-agﬁudi ng
or i ntrin_sio .laver stress, can also be inproved, for exarrﬁ] e by the .

I n' - r oauc T of 1 EOTPFESEF: H9 £FG of NePATURT e twdidgidudkykayess of
the md tiplesd ayafniRavevhe thawea Wit agyus 20 struct ure. Rather, indivi dual
lavers with a vﬁiﬁedus I a_yer.@é?r)e_lt eriOtaI can %e%%r%&lﬁ%do%mﬁgﬂc}t'hgf"

i ndi vi dualPYEAErsE0fol dnpEaiene cRayises  wompasilti e sigfeas i apiexanpl e

met al type may, for example, have different chemical compesitions,

8o that, for example, barrier actions of individual layexrs
can be tailored to specific gases which have an adverse

15 effect on the service 1ife" The mechanical properties, suﬁh
as for example the flexibility, layer bondiﬁg or intrinsic
layer stress, can also be improved, for example by the
introduction of flexible interlayers. Not all the individuzal
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.chemi:al composition, such a5 for example metal
layers or organic layers, such as in particular polymer |
layers, in order to match the chemiral and physical 1éve:

to the speciiic requirements. Accordingly, in this
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o
refinemen: of the process according to the invention, the
step oI applying a multiplie layer comprisés “he step of
applying a multiple layer with different chemical
compositions and/or different mechanical properties in at.

30 ~east two of the individual dlavers. In this context, 1t is
also possible to combine differen- production processes for
the indivigual lévers, for examplé adhesive bonding, dip-

coating or spin-coating, with one another and witn Zhe



| ayers or organic |layers, such as in particular Dolvmer |ayers, in order
to match the chem cal and physical |aver 25 properties to the Specific
requi renents- Accordingly, in this refinenent of the process @8coggiizggg to
the invention, the step of applying a nmultiple |ayer conprises the Step of
applying a m.11t'-Dle laver with differgent chemical conpositions and/or
di fferent nechanical properties in at. 30 -east two of the individual

| ayers. In this cont is also possible to conbine different production

processes for the indi'v idul layers , f O exam J_e adhesi ve bondi ng,
di p- coat PAG°BT - 5¢H R odkt i hg2S Wi PP oheyanowhsh andiwfehus het S-EEC 200
16 deposition of at | east one layer with a vitreous structure. In

particular, the plurality of individual |ayers can also be applied in such
a way thatrapateastlawo ofietheuiadivydoal ihdiaveansl havgedi féef eftso be
refractive_indices, This can be_ achi eved by ‘applying different |aver
naterialssptggééef? TEM 8 BP0 passtbl €585 i APulhcelt hendsTidetl ve i ndex
by the skkeetsonzoé £herpresessepasapel-er sndutiag application, for .
exanpl e the sel ection of the evaporation-coating rate. A 10 multiple laver
with a vafgrhg FefTActPRey tRdeX of SIRNS L9per mstpaielsul Bovyveu) tabl e for
mat ching pefsachiyeséndicess 5ha ABOY. depositi-on progesses for layers with
a vitreous strupt%reL a cer?a%n %hernal PBaa'FéggﬁﬁV?eﬁn‘ﬁ‘Hﬁé GED is
| ayer str&eiefelandofmyhhaveoadverserahéeetrs on-the hayersacidm, pasticul ar,
the thermal lopd pRy affgct the Laver _conposition in CVD or PVD coatings.
To reduce advgrse effects Té%n?fhénfhé? “Boaln FPRFsPAdHR S orfal |y
possitbl e fvitaple| bagtronetpre-eatapsdl akFenckayer iha=he.applied.. A pre 20
- encapsul at Lop gQating*gf this ryoe_may, for exanple, reduce the heat

Y _

transfer and Thus prevent “rhe®OLED PayBRsCFiom BeFAgetive indices.

s
In many deposition processes for layers with a vitreous

Structure, a certain thermel locad is applied to the OLED

h
h

0

i3 layer structure and may have adverse effects on the iayers.
In particular, the thermal lcad may affect thne layer
 composition in CVD or PVD coatings. To reduce adverse effects
from.the_thermal locad, it :is additionally possible for at
least one pre-encapsulation layer to be apprlied. z pre-
20 encapsulation coating of-thié'ﬁype may, for example, reduce
the heat transfer and thus prevént the OLED layers from being

heated.

Moreover, by way of example, a suitable Pre-encapsulzation
25 coating can prevent the layer with a vitreous structure

-

bPenetrating or chemically changing another layver Gurinc
latter is made from very soft or reactive merzls such as for
30 examplie calcium.

Moreover, the process may advantageously comprise the step of

applying & cover. To proiec:t the generally very thin laver



heat ed. Moreover, by way of exanple, a suitable pre-encapsulation 25

coating can prevent the laver with a vitreous structure penetrzat?i BE 02r -
chem cal |y changi ng another.-,' aver during application by neans. bf U‘HVD_
or CVD coating. This may be the case, for exanple, with the second

conductive laver if the a. t'er is nade-,fromvery soft or reactive netals,
such as .for latter 3C exanple Calcium Moreover, the process nmay -

advant ageou' s1V c_onorl se the s--en of applying a cover. To protect the
generally veer thin laver 0 3 DEC 2007 17 with a vitreous structure or the

ot her | ayéFstof fHETATS Frowmtuamage, tire cover arke appliehim t he .
layer with@n Wae=8RUS Std ygiiLe reover, however, it 1s al so possible
to apply a |ayer v?/i‘t h a vit réouga'gt 'r%g“cta(ﬁ%‘*}r‘n SUtHRE WEY Stha#f §thet cont act
~surface Betwmeems s wovwsrreand the substrate is sealed and hernetical ly
closed up by the layer with a vitreous structure. For this purpose, the
step of depositing at |least 10 one layer with a vitreous structure

conpr i ses Mdreevetep mefweweoveriing she1 boundary: ;edge of. the bearing surf ace of
the cover W.ith, at |east one layer with. "a vitr e'oouéapéjt‘ryuéat &%Y“*Tﬁil‘sncan
not only dchiétEMTe SSHEATVERoFUpFOV dialy hateraiet icontsenl ,sibutacal SO

al | ows thedayen sUchRsf gysexaople.the. 15 evaporation-coating glass to
be used to secure the cover., in 'alsg‘LlDrﬁ A %'6%286 der | ng gl ass. -
The term tHEMSEaTEAG Y] Snsfeat @ibsbrot nieo b dmderst @od stLigtl y as the

surface on.-.\which the contact points between fur the= conmponents and the
cover are formegl."vlfor~ ogrga'rl;mbengPREE'thé"eO_SE@H &rePePPEGELmoe 320 liegst

gener® | y csisi ghley elievateedsitrbene BRyRe & ShAisstadge - op of

covering the boundary edge of the beariﬁg surface of the
cover with,at least one la)}er with a v:'-_treous sStructure. Thié
can not only achieve the objective of providing a hermeric
seal, but also allows the layer, such as for example -he

15 evapo:a‘:.ion—coating glass to be used to seCufe the cover, in
a2 similar manner to a soldering glass. The term the bearing
surface i1s not to be underst ood strictly as the su&:facé on
which ‘:ne contact points. between furthe- components and the
cover are formed. For example, since the OLED layer structure

20 is generalily slightly elevated, there may be & short distance
betwee;' the cover and the Corresponding base, for example *the
substrate, in adjoining regions next to the OLED layer

ts tur i r, t© i '
Structure. However, these regions are 2lso to be underscood

)]

as part of the beari £ T r the 1 i
D I _ &ring surrace. Therefore, the bsaring
25 Striace can Dbe understood as & pProjection surface of that

-~

9]
H
r

t

side he cover which faces the base onto the base

Furthermore, the process according to the inven*ion can
advantageously be improved if i+ additionelly comprises <“he
30 -SP ©- applying at lsast one bonding laver, :n barticular a

ayer with a vitreous

}..l

bonding layer to which the a- leas- one
Structure is applied. L layer of this type car in particuliar

T 2 1 ongGino > e £ B -
1mprove the bonding properties of the layer with a vitreous

-l = _ i



bet ween the cover and the correspondi ng base, for exanDl e the subs--rate,
in adj pining regions next to the OLED | ayer structure. However, these
regions are also to be understood as part of the bearing surface.
Therefore, the bearing 25 surface can he understood as a proj egéi 6)%12 face
of that side of the cover which faces ége base onto the base. Fur re,
t he process according to the invention n advant ageously be i nproved
additionally conprises the 30 step o= appl 3-ing at |east one bondi ng

| ayer, _n particular a bonding |layer to which the at | east one layer with a-
vitreOu's sstuamtnr en plapplicedutidayer @fhidhised e oahddbRardd cuka-
inprove th e  bonding Properties o the_ _aye= wa v= _reous 0 3 DEC 2007

18 struct uTe O PIEg g%’écﬁ}rf%caet&lm cHT hald® akRpAT dyetims efiantme wdethe
mechani cal cisd:aRil idyy r@fcHAig dAyerodiLr 0sLL uck e under. thernal or ;

mechani cal |oads, for exa hole a bending Toad. 1n this way, a cont 'nuous

| aver is predRIcEY nor Eeqiiigkigrantyer 51 Ppodsidl endie aphisyey srrother

| ayers;w th a,l ower, 0s] hViav N I Nvention al so_envi sages the pravision
of an organi gpv phot”oﬂ%ﬁ%%"e‘?er%ﬁ?o Whi ch-T%"pr ot bt e*?‘??rpéﬁzip%l“é{r by
t he procéss descri bed above. 10 Accordingly, an elenent according to the
invention gonprises:. a substrate, a firs- conductive aver, at |east one

| ayer whi ch™Y ndt Udes 4t 3-S5 CCBhe BFPant RS PTIVE R ro- ot icedatiat eri al |
and a secopibedTcitettive diasein: agniel |1 aspro@udepasited laver w.th a
vitreous structure. As_has already been described above in connéctron wth
the 20 proc®3PIVETT SHRRGTPIOLERSVS: | ayer with a vitreous

10
Accordingly, an element according to the invention comprises:
- . a substrate, |
£

- & first conductive lLaver,

- at.least one layer which includes at least one organic,
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As has already been described above in :oﬁnection with the

20 process for producing OLEDs, a layver with a vitreoﬁs |
structure is particularly suitable as a diffusion barrier fbr
small molecules, and therefore provides ef:e:tive protection
against degradation of the -element. The fact that thé layer

1s depesited on a surface of the element means —hat there is

N
n

a join between the layer and the surface withou- intermediate
or transition layers, which is particularly expedient with =z
view O achieving a hermetic seal. The laver is preferabiv

depesited on the surface by means of CVD and/or PVD, for

30
It i1s preferable for one of the conductive ~ayers to nave &

e k¥ fun-—-ior trar =7 -3 ~ Ut 2 = ; 3
lower work function thar the other conductive L= exr, in order

]

to create

o

difference in work funcrtion betwearn the iavers.

(



structure is particularly suitable as a diffusion barrier for small

nol ecul es, and therefore provides effective protection  agai nst degradation
of the .elenment . The fact that the lave= is deposited on a ggrég&m&: t he
el enent neans that there is 25 a join between the laver and t frace

wi thout internediate or transition |layers, which is particularly expedient
wtr , a viewto achieving a hernetic seal- The |ayers preferably
deposited on the surface by nmeans of CVD and/or PVD, for exanple by
spucteri ngh v(gp{prq:tign-cgati ng , P= or PICVD. 30 It is preferable for one
of the condlict?VeETayérs & o e Fitovkd stomkedunotieon 4 harldshe other
conduct i veappyedg 40 @ldeis cfgat | fference ' 1 _won}. _unc ion be
weep the Ia_\%grs 0 3 DEC 2061’§&1’9J%I§n1e? “eld%:a‘.'sLe“% THT i Yht - S SASSHg TEPBent
when a vol Fagel3¥er appit ed havehevedndicidyvieod ayers @L&g&%&@% are-Eyj ected
from the Layer.w P . Mor k. function into unoccupi ed energy “States.
keconbi nat%é% V\Asthg%eo?néoﬁ%vggleo& rons . WAt TH are ST tdl 9 et he | ayer

Wi th ashi gherework Fugmctiien then beadss 1o ddghtyQuant g heing. eni ~-ted. To
increase the guantum efficiencjT of an OLED according to the invention,

t he OLED nay" addi® i‘orfal Wf%ﬁ%%re@@?%ﬂq—cti onal layers.- in this
context, by way of exanple, at |east one hole injection |ayer -and/or at

| east one Dotential- matching |aver and/or at |est one el ectron blocker
layer andfBrR3Fr$5Ess t-06n EUseteh| Bekier i draye ro andd/awED 2dcdreast epe

el ectron cepdugt-papdiayer apd/@rehql e conduct or | ayer and/or 15 at | east ‘one
el ectron injecti on Ilayér are aﬁ/ﬂ;%agl’be%%%'*&a&tll oWd e eHHE&Ed | i ght

cruant® tofBecelAmRit lavesis Iradvaid ageois:d f 8p @ofod he.GenAductive layers

is at |east_. : e ;
E_ast one hole injection layer and/or at least one potentizl-

matching layer and/or at least one electron blocker laver
and/or at least one hole blocker layer aid/or -at least one
elec:;on conauctor layer and/or hole conductor laYe: and/or

15 L -— T 3 ..r‘—' 5 l~
at least one electromn injection layer are advantageous.

To aliow the emitted light quante to be output it is
advantageous if one of the conductive layers is at least

bartially transparent “o the light emit:teg by the laver which

20 includes an organic, electro-optical materia

. y . v . : .
conauctive layer includes indium tin oxide or fluorine-dopad

tin oxide.

Vitrsous structure
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S-Iucture may also be arranged on ths oppeosite side of the

30 substrate from this =zide. Ip this way, i% is on the one H=nd

Dossible to limit the diffusion of gas molecules through the

(=i

Subsirate and on the other hand also te have a peositive

inrluence on, for example, the optical propert Lhe

n
t-h
r

ie

@]

{



partially trar_snarent to the light emtted by the |ayer which 20 incl udes

an orgar_ic_, el ectro-optical material . These reClired properties may
he fulfi i led inter alia, _f the _rs: conductive layer includk$ 0EEd2WMn
tin oxide or fluorine-doped tin oxide. -'S Mirreover, the at |east one

| ayer with a vitreous structure floes2ft have to be located on that side
of the substrate on which the [ayer which includes the organic elect__70-
DD-- CGEl material is |ocated. Rather, the "Layer with a "vitreous

structurepnBy atS$o defanued ot ppogite _side of ‘the 30 substrate
_rorr. this Side . Tn this Wy is &r%ht?hcg‘oné'hgﬁ “Tp8ssT b eV OTFPNS t t he

also to have a positive i _r._ iuenc_e_ on, for exanple, the Optical .
properties o- the 0 3 DEC 2007 20 OLD, for exanple as a result of th |ayer
With a vi Theeatslesdyt Ushalr Bagseaking aut-chi-ng,of s"’:%r:@%%{»é Vg ndi ces. The at
| east one _layer with a. vitreous structure may, s furthernore, have a
conpoSi ti GHAREFBPTF ef F&EE | ¥ CPTRREA Whpe handdpiresedkeny: thei o« e cihorh

per pendi cykar <t 0= 1 e coad eg: surLf . satj.on_in the conposition
perpendi cul ar to the”cggi%cg af?%ﬁ,?%%g%‘g?,é}ﬂﬁ’é have"cor? 's?)‘%)ndi ngly
varying FRuréetal ¢ propezties im tid scdippedction_p=fpenexanple 8o vakying 10
coeffici ent, .9 L hgrr{cg‘i, I_tgg §&£§|¥0n-~ ormref ractive index. However, the
refractive index can al so be inil uehced’ FnCBFhEFPRAGFITSLY oraexem®l e by t he
nor phol ogyabbriaks |mvepert fes par tiiCild adi rectRenCORBESLLL QM and/ of - ring
refractive index can also vary periodically. Alaver with a vit r eouS _
structur e "Snd-a"*%45 Per FouTEat | FRFaFYPRgCFeFEAERFVEVE Nnllekex s particul arly

suitabl'e HeweOuWtpULhe NGeorabPivOAUENY LGt LRt Q. the - glepent, | .,

ways, for example Dy the morphology of the laver. In

barticular, 'the compesition and/or refractive index can aliso

vary periodically. A layer with a vitreous structure and a.
._I .

15 eriodically varying refrattive index is particularly

Suitable Ior outputiing or introducing light into the

The at least one layer with.a-vit:eous Structure may also

20 particularliy advantageously be arranged between the sﬁbstréte
and the first or second condu;tive layer. This arrangement
also suppresses the diffusion of gas.molecules through the

substrate. Moreover, in this way it is possible =o produce

refractive index matching betwsen the OLED layer structure

25 and the substrate.
The organic, elesctro-optical element may also incliude a
multipie layer which comprises at least one layer with a
vitreous structurs. This may bs advantageous both for +he
30 optical properties, or in particular for the.ou:butting or

introduction of lighnt, and for the mechanical properties

7

such as the bending tolerance .



The at |east one layer with a vitreous structure nmay al so 20 particularly
advant ageously be arranged between the substrate and the first or second
conductive layer. TP_is arrangenent also suppresses the diffusgemmf s@ps
nol ecul es through the substrate. Moreover, in this way it is possible to
produce matching refractive index matching between the OLED | ayer
structure 25 and the substrate. The orca ic, electro-ontl =1 elenment may"
al so include a multiple laver which conprises at | east one layer with a '
vitreous struc ture . This may be ad'vantageou's both for the 30 optic ~
properties, or in particular for the outputting or introduction of |ight,
and for the hankcak properties, _such as the bending tolerance . 0 3 DEC
2007 21 %B‘g???gﬁ?g?ﬁy ¢§§§F_a e TAPAGHY £ (S’l’]lt"BHtFi%ﬂg gRd introducing
‘light caniberadhieéwed lighpatss cik aschfi ehhey imn@iavi-dual -kayer spaf the
multiple lLayer.have dif'f'erent s refractive indices. Mreover, the OLED
may al so FREFUUBYEL HEYSTSoRe Pre-TMeAcapsifl dEYeT bayer dififeh=oan serve as a
thermgl baertgrcigaatimag-and reduces the thermal | oad on the OLED during
the 10 coating with the layer or layers with a vitreous structure. _
Mor eover, a pre-encapsul ation coating can serve to create a stable base
for the | gye LLh aqyi u tructure. .To. protect the layer with a

vi treous g%%%%%%e or t %%%gtﬁ?? &Tgél a‘\?ecrlsuala.p'r?‘p FEFEuPBF PF6im nechani cal
danage, thec@EDlRRycadvaptagenishycahs@adiane =2 eOvRErmbn addition, the
OLED may ady %ageo%slrl i nclude at. |east aone bonding |ayer, which -

pref erabl yadj OFnS thé -at I 8ast® onBS3263 ay&i@hioth taevPLEEBoBETSREUERYre. A

bondiung | averint thich ttypelayer or layers with a vitreous s-ructure.
Moreover, a pre-encapsulation coating can serve to create a

~Stabie base for the layer with a vitreous structure.

To protect the layer with a vitreous structure or the othei‘
15 layers in particular from mechanical damage, the OLED may

advantageously zlsoc have a cover.

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

20 layer with a vitreous s:tructure. 2 bonding layesr of this -

:%f
[

results in imbroved 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

depecsition. Moreover, a bonding layer of this type can be

)
ut

used to reduce intrinsic layer stresses.

‘Moreover, an electro-optical element according Lo the
invention may advantageously include si:ru'c-':ur-e_d layers. By
‘way of f.—;xamplé, the first and/or second conductive la rers.

3¢ and/or the at leas:t one layer which inciudes at ileast omne
organic, electro-optical material may ‘be structured in order
to integrate additional functiomality in one or more of these

layers. In particular, the first and/or second conduct:ive



results in :inproved bonding of the layer with a vitreous structure. As a
result, relatively high growh rates and in relative terns snoother | ayers
can be achieved during the a.eDosltlon. Mreover, a bonding Iay3r3 Béc lzhms
tr/e can be 25 used to reduce intrinsic |layer stresses. Mreover, an

el ectro-optical element according to the, invention may advantageously

i nclude structured |avers. By way of e%: arRD | e, the fi=st anchor" second
conductive layers 3C and/or the at |east one |ayer which includes at !east
one organic, eleCiro-optical material may be structured in order to

i nt egr at e RIHATS Y Deuscrinenalriety iim oneoms g of rihesa dayers . In
particul argy 4 {J.St -and/or _second. conductive 0 3 DEC 200 22 | ayers may
be struct ueile'drpﬁnéda'scs:tooﬁb “gﬁaééy'f'ﬁewﬁln@%rar‘% et EctFgeread ofn tehecdmay eispwehi ch
are structumed fior axameshapeageayn fofe exail s, gage. i.n one anot her so
that a vol tna\g/a% can be @_p%I ied or tapped between cﬁd’uctl ve ‘fog‘ytear% f8tat ed
at one 5 JevdP Fer-2PEERe PESMEER Ireluft intree layers laremlsarsyhtabl e.
By way of lexanpl-e, the conductive layers may have lines; for exanple

i nterconnects, which cross one another on the 10 substrate in different

| evel s and al |l ow pi xel activation of individually sw tched pixel

struct ur egioildfar tjgulac, faoc  _display .applications. In this case, the
laver which is located bet éhl‘t“ﬁee}d%nﬂh'ct iRE TS i ieltedés . aByl east
one el ect MRyt calampater itak conbnealilve exsid-ad -, 15,8/ 9Gt{.Ql umi_nescence
inthe Viginity of .a cross point of two driven interconnects of “the
conduct i ve layers. "Conversefy s, ¥P1E8t resisiondingy sstvothmroldraithear r angenent
ic?rggt:@ Ezwﬁgﬂggjn diifgRgknsCaBReng; fols S8R ARR '%%[:'i%réstt’iol;ogf exanpl e
individually switched.pixel_structu:es, in particular_for
display applications. In this.case, the layver wnich is

catced Y bl juct i ' 1
located between the conductive layers and includes atr ieast

'_I

one electro-opiical meterial is locelly excited to

1

®
t

Cc
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0]

d ven 1nc = — - = ~ = Y =— . —— —_
1 Yo
CO-..ESPOI’ICL_DG pno COVOL ca21C a_raIlg ement can be useg TOIT lo»—a-

sSignal scanning for sensor applications, for example image

20
Moreover,'ths.lnvention Provides a device for carrying out
the production process described above and/cr for producing a
Photoelectric element according to the invention. In édd*tion
to the means for producing the OLED layer.st:ucture, a device

235 ©of this type has a coating meaﬁs for deposiﬁind at ieast.oﬁ=
layer with a vitreous structure. o
Tne invention is described in more detz:l below on the basis
of preferred embodimeénts and with reference tc the appended

30 Grawings, in which identicél reference numerzlis in :;;

d;aWLngs aenote 1denticzal or similiar parts. In the drawings:



Moreover, the .invention provides a device for carrying out the production

process descri bed above and/or for producing a photoelectric iqe r&
according to the invention. In addition tot-he nmeans for prod F@ t?Pg?

OLED | aver structure, a device 25 of this type has a com ng neans for
depositing at |east one layer with a vitreous structure. The invention is
described in nore detail below on the basis C )f eferre d enbodi nents and
with reference to the appended 3 0 drawings , i n whi ch identical _
reference nunmerals in the drawi ngs denote identical or simlar parts. In
t he drawi ngsS: 10- 3 DEC 208Row23 QFI-C-L*“Si sivdas iandid sb s %mmHE®bc®r@&9QED
according to the |nvent| ,,_gl C.. shows a further enbodiment of 5-an
OLED according to the |nvent| &% WA Tinverse | ayer structure, Fig. 3
shows an enbodi nent of an OLED. w th a pre-encapsulation |aver, 10 Figs.
4A to 4D show embodi ments with an additional cover to r prot ect the OLED
laver st_uct¥ € Fic. 5 shows an enbodi EMwWDfa t Fler OLED ents>diintmit he | ayer

with asvitreous structurezraprarged. hetueen .t %g_EDIa er, struture and
the substrate, Fig. 6 shows an enbodi rrent%n 3T 20T M T E
encapsul ati on of the OLEDipxeese devect ta:reruchzce 7 shows an enbodl ment

wth a multilayer encapsul ation of the OLED | aver

Fig. 3 : shows an embodiment of an OLED.
w1tr & pre-encapsulation layer,
10
Figs. 4A to 4D show embodiments with an addizional - .cover to

P protect the OLED layer structure

Fig. 5 shows an embodiment of the OLED
15 ' with the layer with a vitreous structure
arranged betwsen the OLED layer structure and

the substrate,

Flgf 6 shows an embodiment with a
20 : multilayer encapsulation of the OLED laver

structurs,

Fig. 7 shows an smbodiment wizh a

multilayer encapsulation of the OLED layer
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fractive ‘ndice

Figs. BA and 8B show the curve of the refract-ive index in a

layer with = vitrequs Tructure in accordance

30 YATh two further embodiments of an OLED, and

» G - ~ . - N
FPic. S shows an embodiment of an OLED with

conductive layers structur ir & comb shiape,



2.~ structure and different refractive indices in the individual |avers,
Figs. BA and BB show the curve of the refractive index in a y Y. _tr . a
vitreous structure it a dallce 30 with two further enbodlnentgfhpEQH%@iED,
and F J q. shows ar_ enbodi nen of an OLED with conductive |ayers
structured in a conme snap_, 0 3 DEC 2004, 24 Fig. 10 shows a conparlson of
two specinmens wth caIC|unlstr|ps coated. with Sic, and
evapor ati on-coating gl ass, respectively, 5 Fig, II_shoms a graph
illustrating the optical density of encapsulated calciumstrips as a
function of time, 10 Fig. 12 shows a conparison of the efficiency of

vari ous egggpéghated OLEDs, and Fi% 13 shows the |um nosity of various
encapsul at éd OLED el enents as a fu BPMEn S0fCOMRE 15881 @énsEOt ERECineas
climate chanber. Fig. 1 shewscaldiagr asmali< 055 SL¢hi @ W{ga' yigw through a
first enbodi ment of an OLED according to the invention, cording is
denot ed overall by 1. Th@VEEEEFeéﬁErF%%%}%Pﬁnﬂﬁﬁasat€°3pnt01v2mymh|ch an
OLED lsayer structure 5 is applied on one side 9. The |ayer structure 5
conprises a first conductive layer 13, a Ilayer 15 which includes at | east
one organfé3-eleéctro- optlcal nat efhelws and-asedondseendusti vael ayer 17.
The layer Structure 5 of t ClD is_covered with_a layer_ 7 with a 25
vitreous structure and has. Been appried By memntesyf-a5Re/ orlevBcsaring. On

account of fits |ow permaabkl ftyccibfh of time,

=4 ki 1 Y .
10 Fig. 12 Shows a comparison of the efficiency

of various encapsulated OLEDs, and

o : ; . . . .
Fig. 13 o shows the luminosity of wvarious

‘encapsulated OLED elements as a funcﬁion of

1=
)}

the rESLdenée-time in a climate chamber..

. Fig. 1 shows & diagrammatic cross-sectional view througn a
 first embodiment of an OLED according to the invention, which
1s denoted overall by 1. The OLED comprises a substrate 2, to

20 wnich an OLED layer s:zructure 5 is applied on one side 9. The

Fh

layer struéture 5 comprises a first conductive layer 13, a
layer 15 which includes at least one orgaric, electro-optical
material, and a second conductiVe lavn* 17. The layer.
Structure 5 of the OLED is covered with a’ layﬂ* 7 with a

25 Vitreous scructure and nas been aD071°d Dy means of DVD
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30 in this way, the degradation of the OLED according to the

invention as a result of chemical rsactions petw
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gases and materials of the layer structure is greatly

reduced, and this manifests itself in an increzsed sarvice



| ayer 7 creates a hernetic encapsul ation of the OLED | ayer structure 5, in
particular with respect to small gas nolecules from natural pat E@érzﬁmere,
such as water or oxygen. 30 -Si tilts way, the dezradation oTD t he OLED
according to the invention as a result of chem cal reactions between
reactive gases and materials of the laver structure is greatly - reduced,
and this nanifests itself in an increaséd service 0 3 DEC 2007 25 life of
the OLED. Inorganic glass has proven to be a particularly expedi ent
material for the layer 7, on account of its |ow perneability. in

Darti cul arliglekafi -tinet #ILEDc ohairghng oglcisses hay eravear ticward y | ow.
perneabi lity..,. ari;:l s borosilicate glasses are also particularly suitable.
It is preféradi & 1ort FEEFIYEF WrEh ST VA1 riddushst LavEdT € t ®0 Eosinse an
evapor at i @F Geal ing: Yeasewhiehyhas-bean-- deposi teg By eyaparation-coating
on the elenent 1. 10 The layer 15 which includes an organic, .

el ect r 0- oStACE M at%eFiSAIe S| §aVEf ér Pk $ o-bid 0w dowameomgstiid,idyi, “and

aht . - e t tHng, o i1ayefhe fardhe. ~sake, ' Jclty.. However . this |ayer may
al so be der!sdilg)rlseldalar?ta Igiqgah{s- gb?ér b%ﬁgo ?féh%?o‘v%lf‘éilg FRerFor 15 a

phot ovol tai c el enent. The -evaporation-coating glass type 8329 produced by
Schott, i as dhe.f.ol l.owi ng conposition in percent by weight: 20 SiC2
84.1 E., c\,lﬂJ ﬁ%‘% fT“GaDlG jj‘O‘K%*_gé‘Y“% Wi th&--&fems, sFroruzstej 0 0 .
3 A G 2.6Modied ke leaygorsatQobUroating glass which has been

deposited by evaporation-coating on the element 1

10
The layer 15 wnich includes an organic, electro-optical
material 'is referred to below as an organic, light-emitting
layer, Zfoxr the sake of simplicisy. However, cthis layver may
also be designed as a light-absorbing, photovoltaic layer for.

15 & photovoltzic element. '

The -evaporation-coating glass type 8329 produczed by Scho:tt,
which nas the Icllowing composition in percent by weight:

20 Sio, B4.1%

B.C, 11.0%
- A
Na,0 = 2.0% |
K.C = 0.3% ¢ (in the layer = 3.3%)

25 Li0 ~ 0.3%

1.0, = 2.6% (in che layesr < 0.5%)
has proven particularly suitablie

30



O has proven particularly suitable_ . 30 Th_ values given in parentheses
are the proportions by weigh: of the correspondi ng conponent 0' D%Ieemh-pver
deposited by 0 3 DEC 2007 26 evaporation coating. The el ectrical
resistance of this borosillcate glass is approximtely 1010 S?/cm (at
100C) s rurthernore, in the pure form 4his glass has a refractive index
of approximately 1.4669. The dielectric constant s is approximately 4.7 (at
25C, 1 MHz) tand is approximately 45 x 10" (at 25C, 1 A'CGiz) The 10
evavorat _or_-coating process and .the differing volati_ity of the
conponent £GP /i-3°8ysPeRT-PEsuUlt in slightly different stoichlonetries
between the target. material and the |ayer which is applied by eti
aporation-coating. The deviations in the laver which is applied by
evapor at i Cfhecgdteimgiare geeestansei bipartent hesessilAneitergisst abl e
evaporation-coating glass, referred to below as glass .2, has the _
fol | owi ng FFVEFE-6rY LA percent(aby 16 Drht: 20 Conponents: dass 2 SiC2
7~ 0 26....,hg Q" Q. 50.. Li;0O Q :FE 1..,0% RL O .1.00Q The-se _bo_os_|i
cafe gslzasg?e%%'iggﬁgér’e%r égé_g)a I'y‘t??gld jF+= glass Hds'a retractive

index of approximately 1.4€8. ' '

The dielectric constant ¢ is approximately 4.7 f{at 25°C, 1
MHz), tand is approximately 45 x 107 (at 25°C, 1 MHz). The
10 evaporation-coating process and the differing vola:iiity of
the compohents of this system result in sliightly diffefenﬁ
stoichiometries between the target material and the layer
which is applied by'EVapo:ation—cbatingp The deviations in

the layer which is applied by evaporation-coating are given

13 in parentheses.
Another suitable evaporation-coating glass, referred to below
as glass 2, has the following composition, in percent by
weight:
20
Components: _ 'Gléss 2
sic, T1%
B,O, 26%
Nz.0 0.5%
Li,  0.5%
E.O 1.0%
21,0, 1.0%
These two borosilicate glasses which are preferably used in
barticuiar have the properties listed in z—he fable below




particul ar have the properties |isted the table below. Properties 83
29 dass 2 0 3 DEC_ 200? 27 6 a20- 300 [10 2.75 3 .2 Density (g/cm3) 1
2.201 2.12 Transformation point [DC] 562C 742 Refractive i ndég Dec 2007, 469

1. 465

Hydrol ytic resistance class HG@BB 1 HG 2 in accordance with [SO 719

Acid resistance class in 0.6 2 accordayge with DIN 12 1166 A. | hal
resistance class in 3 J accordance with DIN. 52322 Dielectric constant E
(25C) 4.7 1J.9 (1 MHz) (40 Gz) cane (25C) ~5*1C 25*10 4 (1 ?biz) (40

GHz) The
as for ex
bondi ng of
to the sy
per neabi |
al so avo
encapsul

| aver

means of
conposi ti

application of the laver 7 by neans of vacuum deposition, such
aaphe [CVDKaNd/ or PVD, results lin.the formatijegnz of an inii mate

thetaver—7 both to the surface of 5 the il ayer structyre 5 and

5§FF%F¥ i(B4eM) i n areas next t% 2%@ CLED stlruature. As a resul t,

e PEeRAge S Aol e quay et the-GLED-l-ayer—strugture are
B s PR 742

have been |KhoWwn~ hi t hertd,’*uch passages are

ﬁed*atonvexanpba by adhesive Danding. 45 T 1[4 S@referabte for the.
ﬁ—be—q§ﬁe§kped—b¥_ngnne Of__evaporation coatiing, in_particular by
&V 8 beafit 1 EvapGEari8fS of "| BE®l Bss t ar aé-HGE gavine ofe of the

GRS accordance with IS0 719

hcid resistance class in C.

) 2
accordance with DIN 12 116
Rlkali registance class in 2
accordance with DIN 52222
Dieleczric comnstant g (25°C) 4.7 3.5
“ (1 MHZz) (40 GEZ)
and (25°C) 45%107* 26%1¢™
{1 MEz) (40 GHz)
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source) nd tec carry out a Dlasma ion assis-ed aepesition, i
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The application of the layer 7 by means of. vacuum deposition

b . de ion,

such as for example CVD and/or PVD, resul<s in the formation
- e - = e — ;

©i an inTimate bonding of the layer 7 both to the surface of

the layer structure 5 and

itself in areas
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next To the OLED s
n

t
bPassages at edge regions of the OLED layer structure are

9 1O ans . < -} .
2180 avoligeq; 1r OLADS which have beesn known hicherre, such.

-

Dassages ar encapsula:ea, for example by adhesive bonding

T - A —e F -— — -— : - - .

it 15 prelerable Zor the layer 7 to be deposited by means of
evaporation cocating, in particular by means of electiron beam

evaporation oI a glass target having one of the compositions

civen above.

Tc produce particulzarly dense

proven agvantageous to use an APS (APS = advanced plasma

evaporation coating assisted by piasme ions



c=.ven above. 15 To produce /ar t! cu_arly dense, |ow defecL |ayers has a,
so proven ad'va.ntaQeous to use an APS CAPS = advanced plasnma source) and
to carry out a plasma ion ass_ste_denositlon, in particular elhdiECaildn
coating assisted by D aslCLa ions. 0 3 DEC 2007 28 In this enbodinent, the
substrate is transparent Li ght emttegsfromthe organic, light-emtting

| ayer 15 first of all passes through the first, conductive |ayer 13 and
then 5 passes through the interface with the environnent on the side 11 of
the transparent substrate. In this enbodinent, the first conductive |layer
13 conprises a transparent, conductive material, such as for exanple
indium i@ntkR;QXik s Regrder,to Low the |ight to pass through. The
second. - conduct ?veg]%g\c/%?'gohprlﬁésess‘%sﬁﬁégﬁ al® \gllvirtaﬁlsgal’:@%ér- Lighk function
than that S§fthed from condactanic| ayeghtt-emitdh ngMaekfUREt on in _the case
of an indiym Lﬁis%n%)(it%? | ayer. being 15 approximately 4 . 5 ev. “Falc iun -
is a particul 5r y . sur PaBfe“HatetTaF - f 6PRHE S@coAdYesndachdethayer .
However, oaksesmchsoubhgbhy ieastive-andcheagls Ln.particular with the

at m)spher';ﬁ gxygen and with the water whinch%l's “b%é§§W‘5§ i 5tGr 8 %n t he
air. In partfculFdf to2pFBREeREttHiRStARER, hernetic 20 encapsul ation of the
OLED | ayer structure is inportant in order to avoid degradation. This
enbodi nent of an OLED conps i ses the |ayer sequence substrate/first
conduct i vé©| &#éf/ 6mgaRiesnti ghts ehitstngondbdkayer fsesonds confuet Lye |ayer.
This correspgads.tg.the standard structure of OLJEDs. However, a structure
with an inverse layér sequence can af s8-beSXHEhi 8Fedobysrimplapphitati on of
a | avér with oxadeitieousastrustarlowhtsh atghhecy pase through.

‘The second- ' 1 T ri : :
second-conductive layer comprises a material with a lower

=L,

work function than that of the first conductive layer, the

Hh

work cti in £ £ an i ' T e
UncLion 1in tne case of an indium tin oxide layer being

=]
n

approximately 4.9 eV. Calcium is = particularly suitable

material for the second conductive layer. However, calcium is
highly reactive and reacts in particular with the atmospheric
oxXygen and with the water which is Dresent as moisture in the

alr. In particular to protect zhis layer ic
e . -

5
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S importan:

}J.

20 encapsulation of “he OLED iayer structure

order to avoid degradation.

2 s embodi £ oF - ' e ] 5 '
This embodiment of an OLED comprlses the laver sequence

substrate/Iirst conductive layer/organic, light-emitting
25 layer/second conductive layer. This corresponds tb the

scandard structure of OLEDs. However, z structure with an

inverse layer sequence can al so be achieved by ~he

=

| - - . g 3 . . . - . .

ap — 20T OF =4 lave__ wich.a Vll__c\_OLS SCTI ucture w.[-l._.t] ac rl-.—
ame ~lme ezxn ~SlLivVe_y --.lva. L./SL-.:LG-:_-VD _-[1‘_ OLED ~aver D" _.Ll\._.;.' ure

=) Tt - ¥ [ -

: = m 3 —— - - " =~ - — : - . .
3C 2. This wvariant is illustrated in Fig. 2. In the embodiment
. _— Lo = [P, —ddll
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YEI sequence is' accordingly:
—~

Suostrate/second conductive layer/organic light-emitting
- — = - —dllia (Sl \_-)'

layer/Zirst conductive layer. Tn this embodiment the
ent, e



sane time effec_ive '' _Vv' encapsulates the OLED !'aver s-_uc-use 3 C This
variant s illus--a- din Eg. 2. |? the enbodinent shown in 2, the |aver
_secrsence is' accordingly. substrate/second. conductive | ay@s/RiGaWfc,
light-emtting layer/first conductive Layer. In this enbodinent, the 0 3
DEC 2007 29 substrate 3 may al so conprgge an ooacrue material. The |ight
which is emtted fromthe organic, light-emtting layer 15 then, after it-
has passed through the first conductive layer 13 , energes at the outer
side 19 through the layer 7 with. a 5 '"v'itreous structure. Fig. 3
di agr ammatiubstnatdepi by ahsenbodibmente vir ot cAre manNGapsUl atj-on ;Layer 21.
Thi s pre-gﬂﬁggggkggigq‘Laygr is used. inter llia to create a stable base
"for the laver 7 W th a 10 VitFebls STt e. 1 B SSdidnordvest ve | aver
1.7 r)ref ebhai,y sciarpr iisesakhga¥eey $eftoml a‘_lheca}flicv_ié"cmco%”*ivn laye
pre-encapsylation layer 21 prevents nol ecul es fromthe Tayer 7 oené?rat_ng'
into thisaySiSTIMT SovéRe PHESFapérde 295 diouaiy shea ehermeal wiharsi er
coati Bg WRIiGhheRt ageuiat,of its low thermal conductivity, prevents high
| evel s of heat output frombeing transferred to the OLED | ayer structure
during the application of the layer 7 with a vitreous :structure. Figures
4A to 4D W e im?égss._ f_the ar anﬁi_c, elect--C 20 opt ical elenment 1
with an agg’%-'t i“(r;g%% (:‘ove'ra_"ES?E‘TP{eQCg’\?E‘r"SZ?n iTOREIAS prictect DR~
particul aenzgaimstatnechaayeal 2damage.s HNGs dheJ13%80%, g%yg} 3¢ gf.the
element 1.may be relatively soft, the layer 7 is joined n-the regi on of
the OLED |lé”13e-r SHtPudtUré S8 €0 2a ShaSe smiaat iZPnsthey dmyest dblwethse t hat t he
25 | ayer Timmediss sensidthve t enpgechani cal LS, Lover 23 may. '
advant ageousl y be adhesi vel y bonded ?gﬁ?iﬁigigﬁgg%W §E§h§'%% P“L“UEXLY

—

comprises the very soft metal calcium. The pre-encapsulation

layer 21 prevents molecules from the layer 7 penetrating into
- phr] "

Hh

_this layer. Moreover, the layer 21 zlso forms a thermal

barrier cocating which, on accoun:t of its low thermal
15 conductivity, prevents high levels of heat output from bsing
transferred to the OLED layer structure during the

application of the layer 7 with a vitresous structure.

Figures 4R to 4D show embodimgn:s oI the organic, electro-

8]

20 op;ical element 1 with an additional cover 23. The cover 23
is used to protect in particular against mechanical damage.
Since the layers 13 to 17 ©f the element 1 may be felatively
Soft, the layer 7 is joined 4in the region  of fhe OLED 1éyer

TO & .base wnich is mot very stable, so that the
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layer 7 may be sensi
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ive to mechanical e The cover 2
may advantageously be adhesively bonded to the OLED In the
embodiment shown in Fig. 42, the cove-r 23 is joined to the

further components of the element via & synthetic regin or

plastic layer 25. The synthetic resgin or plastic laver 2% is
30 suitable for ¢ sating for “he sur:
ultable for compensating for unevenness on —ne suriace, ifor

example caused by the protruding OLED layer struc-ure



enbodi nent shown in Fig. 4A, the cove- 23 is joined to the further
conponents of the elenent via a synthetic resin or plastic |aver 23. The
s: the'ic resin or plastic lave.- 23 30 suitable for conpensagiang,ang-,
unevenness on the surface, for exanple caused by the protruding n yer
0 3 DEC 2007 30 In the enbodi ment sho Oin Fig. 4B, the laver 7 with a
vitreous structure was deposited in such a way that the boundary edge of

t he bearing surface of the cover is also covered. For this purpose, the
cover 23 was applied to the s coated substrate before the layer 7 with a
vitreous I8t rumt emeodThentaydowh it [Fid vids,eaus SILWGE Uf 6,485 L hen

deposi ted vc%h_nrl;phe cover r‘%nd over its edge which defines the boundary curve
of the bearing sur fac8C 865t N&© £REO Dt thekevera3FHas séal ed by the
laver 7. Huomdgieveays @asend o<bromgpenstdald ng hetween cover and
substrate and be?vn tét?bl e to reach E{lﬁg OLED | a&gjrb%%'ru“c Ure S, It he .
enbodi mentCIKFRE | AOFi ELLECPUaEPEsi v & Hsotivieg &f3 trhes aymieredt @ ot h@esbase was
di spensed middrg IhhL s case, e.bayer 13 7 with a Vitreous structure is
itsel f used atodsesgﬁ%e the c%avfec%%zﬁ.n“l T5E O ST SER PGSt the edges of
t he cover,staumsudepofinei dryefr therikayer Wit ciavidTaous, St WiGt Wie,

accordi ngly. %ISSQ resul L?Pi n _bonding of the cover, ina simlar mariner to
that achi eved with a sordering gPfassCVEat 136 WodfonRiHe CBIlEDaybe

struct ur e Jrawidagyt eube=exposed beading RafidaLul al, thermal | oad, By way of -
e:~amle, the laver _7.is not designéd as a continuous |ayer, “but rat her
is only déPodiTET 6n tReSE4dES o Fhe dever Gr (e haundemyscymeeso t he
bearing swdaceLf-rt-he eevelc Murally. e ver_ 7 may 25 also be
deposited so ag) to (_:over%t he ent ?Dr e%é’lu%f aa%gi_;o. FHE T A ed=ede 26t t he

el enent, %P FHGH Fae RafRed et Isatrushiowe 5. :

i

. + . ," - ' . - -. - -
In the embodiment shown in Fig. 4C, adhesive bonding of the

cover to the base was dispensed with. “n this case, the layer
1s 7 with a vitreous structure is itsel? used to secure the
cover 23. In addition to sealing of.thE'edges.of the cover,
the deposition of the layer wizh a vitreous structure
accordingly also results in bonding oI the cover, in a
similar manner to that achieved with a scldering glass, but
20 witnout the OLED layer struc-ure having to be exposaed to any
particular thermal licad. By way of example, the layer 7 is
not desigﬁed as-a continuous layer, but rather ié ornly
deposited on the edges of the cover or the boundary curve of
tThe be;:ing surface of the cover. Naturally, the layer 7 may
25 2lso be deposited so as to cove~ the entire surface 67 the
coated side of the element, in a2 simiiar manner to that shown
in Fig. 4B. |
Fig. 4D shows a Surther embbdiment oI an elemsni 1 which has
30 been provided with & cover 23 and'in.which.the.boundarv curve
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©0f the bearing rIfac ti r is i+l -
ne bearing surface of the cover is covered with a _ayer 7
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with a vitreous structure. tni

-
H

embodiment which has been shown with reference to FPig. 40 in



in Fig. 4B_ Fig. 4D shows a further enbodi nrent of an el ement 11 which has
30 been provided with a cover 23 and in which the. boundary cupdepg# 2@}‘7 t he
bearing surf ace of the cover :is' covered with a -aver 7 wth a vitreous
structure. In this case too, as in the enbodinent wail ch has been shown
with reference to 'F_'" u. 4C in 0 3 DE€ 2007 31 addition to a seal,
securing of the cover s also achieved by neans of the layer 7. By
contrast, however, the layer 7 is evaporation-coated laterally onto the
el enent, so that the edges of the elenent 1 are sealed. 5 In the
enbodi nent2IHEWRITWCh & SSSrencE L ISy O E ha sewtr v alEdheraretdedcigsur e,
of the COLER = structuss and - ' f a.cover .23 was achieved by
deposi tion férr%\r/n%t heEl ot pal(;’;si te ‘si e“?’r%gén}i[%%g’ g%\olg:'v?".’ |1 Hi% Fask o0, a
comon 10 $&EoFes ios -tdve terh dditrenrild vs howro | thEi & Semedl;, 46 atth 4R net he
boundary curve of- the hearing surface of the cover 23 is covered by, the
| ayer 7 wi ':S \%ﬁ r'glo’usﬁs‘tl?“lf%t ﬁrea.r'Fisg’.a?‘ii' |l u' strates an embodi ment in
which the layer with a 15 vitreous structure is applied to the substrate 3
be-ore the _application of the first and second conductive |ayers..and of
the orgar T¢,45 GILEHI I nFatfer-ths zefesente theFlayaE ] avddrla or
vitreous siructined s-ilagated betvwgeptd s--rate and the OLED | ayer
structure. In this way, the diéf)?u\sé?o%“i%? —“Dgléﬂl'TLFﬁ‘ét%‘u‘b%Oatae into the
OLED | ayerSSIHUECURE i35 I essatds Morleoverd bhedeneapsidratiramn afhet he OLED
fromthe i sQf Su te 3 wiich.is achieved with this arrangenent
of the Iayiérﬁgs*be't v%gin“ O_EB ?sz\?eervoéft'rru'ct"[ﬁ e85 ang*se Toe, a common

10 featu:e to the embodimenps shown in Figs. 4B, 4C and 4D, the

the bearing surface of the cover 23 is

+h

boundary curve o

covered by, the layer 7 with a vitreous s-ructure.

[
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Fig. 5 1llustrates an embodiment in wnich the layer with a

before the

w

is applied to the substrate
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-application of the first and second conductive layers and o
the orgaric, light-emitting layer. zs = result, the layer
with a vitreous structure is located between the substrate
and the OLED layer structure. In this way, the diffusion

20 through the substrate into the OLED laYer structure is
suppressed. Moreover, the encapsulation of the OLED from the
‘side of the substrate 2 which is achieved with this
arrangement of the layer 7 between OLED layer structure 5 and

Substrate 3 makes it possibie for m rial which can be

1]

-—
[

n
i

d by gas molecules to be used for the substrate 3.

(D

25 Denetctrat
By way oI example, in this way it is even possible to fise &
plastic substrate through which gas molecules would otherwise

migrate into the OLED layer -structure on account of the poor

barrier action of plaszics. The use of Diastic substrates is
30 particularly suitable for the productior of flexible OLEDs.

Morsover, the OLED may incliude =z boncing layer 10 for Soining

the layver 7 with a Vitreous structure -o & plastic substrats



substrate 3 nakes it possible for a material which can be 25 penetrated by
gas mol ecules to be used for the substrate 3. By way of exanplgg bet biyyS
way it is even possible to use a plastic substrate through which as

nol ecul es woul d otherwise mgrate into the OLED | ayer structure on account
of the poor barrio action of plastics.3Jhe use of .plastic substrates is 3

G particularly Suitable for the production of flexible OL EDs . Moreover,
the OLED may include a bonding layer D for ] oining the layer 7 with a
vitreous structure to a ¢ subs--raze. . 0 3 DEC 2007 32 The bondi ng

| ayer 10 a8foPABIimE layer ¥Owréhodnei thesousyest ustuhezand:-isobecat ed
bet ween substrate.3.a8d;Laygr 7.5The, bonding |layer 10 creates a fixed and
per manent jillrin etween 't hég‘~ 51\7%rQ7tvv\’/i“t‘ﬁl 5‘%%‘%0u§s??ﬁc?ﬁ?’@raﬁd The
substrat eb@pdspgblahat separasien of ftibed ayer périwasht hechhexiblgap
substrate_ . Ln particular when the OLED is bent can be prevented. O
course, it Ts*8Fso zogéi‘ﬁl 8 Yol~thesemdrerts afFi Ehshavkestbasa deseri bed
abovesandthhese=phtehiaheodesssi bedsbelow Ly, icncl yde, bpndi ng, Layers of thi
type. 10 .I1n addition, a further encapsul ation (not shown In. Frg.“5:§) can
her met i calPyP&&af “thed~ OPEE™ Lh§ePLEP ist trems caphbs peavapsabat bon '
preferabl xol,ibkew se bei ngseffected, by - gpplication.of a 'Layer with a
vitreous structure by means ‘o? 2-5*.C\/If)ogﬁcr/no’r D & 0at S nt  FHe 2V ayer with
a vi treob=snstegerupedwhabeoliei sndpphiee betiwrerrthaeEED-LAVBa1 owSEd UCt Ur e
5 and the. Lr .3_may, in_addition to its function as a diffusion
barri er, zjifns%ggéér géggﬁnﬁa¥%ﬁ73f?act V& iMdiTces between OLED

10 '

(7]

In addition, a Zurther encapsulation (no: shown in Fig. 3)

can hermetically seal the OLED layer structure 5, this

encapsulation preferably Zikewise being effected by

———ae =

appllcatlon of a layer with a vitreous structure by means of

-
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CVD_and/or PVD coating. The layer with a vitreous structure
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which is applied betwee OLED layer structure 5 and the
substrate 3 may, in addition to its function as a ciffusion

barrier, also sexve to match refrarctive indices between OLED
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, in order to improve the

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

In the case of OLEDs witk flexible substrates 2 which are
constructed as shown in Fig. 3, the layer 7 should run as fa-.

as possible azlong the neutral fiber of the structure, sO that

[N
ur

it is impossible for any cracks whnich could increaée the
dég:adation again to form.in.:his layer when the OLED :s
bent. Fig. € shows an embodiment in which aimuitiple layer 27
has been applied, in order to increase the flexibility of the
structure. In this case, the multiplie layer 27 is applied o
30 the side ¢ of the substrate, between substrate 3 and OLED
layer structure 5. In this embodiment, the multiple layer 27

comrrises N layers with a vitreous structure 71, 72
re 71 2, ...



| ayer structure 5 and substrate 3, in order to inprove the 20 outputting of
tile -Light emtted fromthe organic layer 15 In the case of OLEDs with
flexi ble substrates 3 which are constructed as shown in Fig. 5,08hREQ a80er
7 should run as far as possible along the neutral fiber of the structure,
so that 25 it is inpossible for any cracks which could increase the
degradation again to formin this |ayer When the OLED is bent . Fig. 6
shows an enbodi nment in which a nmultiple laver 27 has been applied, in’
order to increase the flexibility of the structure. In this case, the
mu'ltitle laver 27 is applied 30 the side of the subst between_ subs--rate
3 rat -, a%d;ggED layer Structure 5 ._n this enboli nent, the miltiple '
- laver -7 cénﬁfﬁ?és hFY%ﬁ%r%*mﬁ%%'a-vht@@o§§€sﬁpnéﬂ@@ealtgrﬁately.with 7N.-
0 3 DEC 20@hes331apetkexi bl e | ayers,81, 82 &, ;BE ane applied alternately
with these Iayers??l, 72, .. 7N..7§heT%legﬁg'%ggéyéF§‘§%1§*82§28N-way, by .
way of exafpl &2YcoRpr Fae pol spmrel ay ecomplfi seheo1smekERaverbent s shear
f or ces soccug =het a,the i ndj vi | layers., The shear forces are absorbed
by deforna??gﬁ %%e?ﬁgsé'S+é§%r§9%%“%c85§HF Of “P'RETf FE8%i BRPEYYdetlt he | ayers
81 to 8N. lékegsurEke sheasaire- pes nerpl abeaRnaksgy ng@gggggg?t§§tgggsp -
Opposi te sﬂg%ngt %Qe'QLED | aver_structure in order to 10 conpletely and, at
the same time, 1 eXi BFy Ehcapsutat e~ RELPELEDY| 8fefhst PayeusesS. td rereach
case for thé sakesef charidwe phenepsapsulati of . OLED_| ayer
structure on_the op osite_sLdééfron1The iggsé g?rgfeggglﬁﬁf FPItsirated in
Figures 5 Sﬁﬁoéﬁ‘ngbge7°%h%m%,o¥ﬁDai§Vﬁtlaprnannee to bhesenmbedi ment
illusteat edomp1Ekg1+6 n OLER accgrdipe to the inyvention wth a miltiple
| aver 27 whi ch conp?iggg'I%%EE%’?%?$72?*m*’"E'lngy encapsulate the

OLED layer structure 5. |

I =ach Case LOTr the sake of clarity, the encapsulation of

the OLED laye: structure on the opposite s

1]

from the

id
15 substrate is not iliustrated in Figures 5 and

Q
mn

Fl1g. 7 shows, in a similar manner to the embodiment

—

1llustrated in Fig. 6, an OLED according to the invention

n
I

with 2 multiple laver 27 which comprises layers 71, 72, .
. o ._'I ot st

0,
th

urthe

H

20 7N with a vitreous -strucdture an ‘layers 81, 82, ...,
@ : er 1, P

8N. Unlike in the embodiment shown in Fig. 6, however, in
. Tt

this case the layers are applied to the opposite side 11 6f.

l_.l

Che substrate 3 from the side S to which the OLED layer
Structure 5 .s appli=ad. An encapsulation of the OLED lavér.
25 Structure 5 similar to the embodiments illustrated with

) = -~ e = o — -— prd =
Téierence to Figures 1 to 4 by a layer 7 with a vitreous

In this cass, the multiple layer 27, in addition =o *ha

30 barrier action which is acki

ilayers 71 to 7N, is

it
o
1y
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also used for refractive index matcning in order to improve
the output of the light emitted by the organic laver 215 at

the interrace petween the OLED and the environment. The



20 7N wth a vitreous structure and further layers 81, 82,.. 8N Unlike in
t he enbodi nent shown in rig. 6, however, in this case the |ayers are
aoolied to the opposite side 11 of the substrate 3 fromthe (3 d&CO200D
which the CLED | ayer structure .5 is applied. An encapsul ation of the OLED
| ayer 25 structure 5 simlar to the enbpdinments illustrated with reference
to ~.igures 1 to 4 by a layer 7 with a vitreous structur_is additionally
illustrated. In this case; tae nmuitiDl e |laver 27, in. addition to tin 30
barrier action which is achieved by the lavers 71 to 7N, is also used for
refractivendidedusat ¢hiyegsi N1ordernNt andnenote gMeOuRUm et the hight
emtted b)é7t he oroani _c laver 15 at  _the interface between the OLED and the
envi ronnerit’. “THe “0+3 BEEP2667°2%% Frdifretal Jofierat Ve tiodiN=and18l to 8N
of the nulgdrglieuhayer cnd7 169kt Ahs ; purpese have dif t refractive
i ndi ces. Ilir?lI parti cﬁl ar, thg | ayer 27ci%g§constrtﬁgtlé'{zlglu%%s&cﬁag \‘Nﬁ?tthat
the | ayer P71 ige7R Wit Boa Wi ¥iebus Stitgebwse stavesthe=san®e5-nef Eagti ve
i ndi ces, and.the;lay 8L .to_8N Likew se have the  sane refractive '
indices. I'n trtﬁ s \E\I/ay,g!h?ﬁe“r“éf rcg%‘]t i“\‘lr/lé FRAex © \a/%%t éTDnaBtNeg“—f’"re(‘)’FrFFa\?éVet’éhe
| ayer .t hr aggie tieérakterratindgcearr angeent wak/ t hewd ayvenrs~c1Q-Hopgyer, a
vari ation iqu,:tjlleat[;ef r_,acti-\ie i ndex can be produced not only by combining.
different Tayers. “Rathel, ‘BVeFs 8l $8YPoSSFBMNEN o H14earadinh a. vitreous
struct ur e drozhaement 66NR@sI thoa-Whi ch varies along the di~enti on pe endi
Cular to the coated surface and/or a 'refractive index which varies - al ong
this direction. z variation to the refract_v.e index is preferably also
achi emed hybweatey Ng the; < sitiaen._ . However, variation by neans of
a layer norphol ogy whi cﬁla%%%gngggmgro%"t Fs“'_l‘g';gree*cnﬁ‘g‘n,caf’of’“e?’é Pe*d
changi ng dgﬁsppyy by combining different layers. Rather, it is also
- possible for a layer with a vitreous structure to have a
composition which varies azlong the direction perpendicular to

th

0
[0}

cated surface and/or a refractive index which varies

’_l
mn
H

aiong this direction. 2 varia:ion in the refractive index is
breferably also achieved by wvarying the layer composition.
Howaver, vari;tion by means of a layer morphology which -
changes along this direction, for example g changing.density,
'is also conceivable. Layers with & variation in the |
20 refra:tivg index as a result of changing layer composition
can be produced by depesiting the layer by means of co-
'evaporation, the evaporation-coating rate of at leas:t one of

the evaporation sources being changed during the evaporarion-

" .

Sating process. Therefore, a periodic change in the

0

evaporation-coating rate, for example by periodically

[N
wn

‘changing the output from one of the sources, makes it
cihle = . . . o

possible to produce & corresponding layer with a vitreous

structure wnich has a refractive index which varies

I TO the coated surface.

-
'_..l
f

beriodically perpendic

30
Sucn a curve of the refractive index is iliustrated by way of
example 1n Figures BA and 8B. The coordinate z in these

=gy ——— e~ ~ S o ey =3 S o . o
~lgures rnalcates the direction perpendicular £o the coatead



is al so conceivable. Layers with a variation in the 20 refractive index as
a result O changing |ayer conposition can be produced by depositing the

| ayer by neans of co- evaporation, the evaporation-coating r at e 0% DAE 0&Fast
One O the evaporation sources being changed during the evaporation-
coating process. Therefore, a periodic %%ange in the 25
evaporaatior_-coating rate, for examie™by periodically changing the

out put fromone of the sources, nakes it possible_ to produce a
corresponding layer with a vitreous structure_ which has a refractive

i ndex whi ctwnfardees Bader | odincsd | 1<%eper pendietibat ot 0athe-coated sycface. 30
Such a curve of the refractive .index is illu' s=rated by way of exanple in
"IglireS §aAnd 8B " THe Toordt nadte %2 G ERede™ - f FRar 88T VadPEatles t he
direction per-fRend-edl made theHoeat-eh &3 PEC 2087,,35 surface. . Both curves
reveal a periodic variation in the refractive index-"in the z di Fecti on.
The Curve Ot (AfF19%FT a6 Tv@-1%Rlerx 9 estratedni phe Fagpl BRadasini Bhaddi tion
to the pefi.Qdi.ciyari@tion, a, ;e i, Lhe anplitude. in the z s
d_rectior_, whi—glhé&an%ay@tadﬁl?tr_}l%\hgﬁ%f%?%#fjb\én‘@f'i T~ ="o"the- outputting and

i ntroduct i oFWIFIgiemyd ointhedwltemente £ £ Fenahby, ofi gne % shews- a further
enbodi nrent of an OLED or of an organic., electro-optical elenent, which
has structured 10 functional layers. In this enbodi ment, the conductive
layers 13Fiand Iy, aris sty ushiowed i corbeshapenand af e bothl ocated at
the sane |evel or. the substrate 3 . The layers 13 and 17 eac ave -
?ringer el LY TS B0 T Th ar P EdTre @ eameEBt at wii eastamnet mebcB2=d The

vol t age supplot dnaoliage-¢ apri ni:he Se_ a.photovol taic elenment is
effected via the webs 32. The Ié%/rel‘re ‘{ngs& T@ﬁgit’thﬁgeéo%‘%ucf“e‘a‘é‘t FEsEs

or gani c, elr@FH-17 are structured in a comb shape and are both locared

at the same level on the substrate 3. The lavers 13 and 17
each have finger electrodes 30 which are connected to at

ieast one web 22. The voltage supply or voltage tap in the

15 case oI a2 photovoltaic element is effected via the webs 32
The layer 15 which inciudes a= lesast one organic, elesctro-
, ele

optical material Is applied to the structured layers 13 and

]
-]
n

© that there is also material of “=he layer 15 between
the finger electrodes. In this exemplary embodiment, in order

- 20 to be encapsulated, the OLED layer structure producéd in this
way is once again, in a similar manner to the embodiment
which has been explained with reference to Fig. 2 cové:éd

with a layer 7 with a vitreous structure.

25 Oz course, the exemplary embodiments which have baen

acaT - 5 r — o= < = ) -} = .
presentec apove can also be combined in a wide range oI ways,

EE=-Ye!
T

£ - 1 3 5= j 4
I0r example by layers with a vitreous structure being app

to & plurality of sides of the substrate. For examole inter

-

&ilz, the embodiment shown with reference to Fig. 7 can be

E oy -} - 5 - =
races the OLED layer s:tructure 5, Zor examplis as in the

embodiments shown in Figure
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ctner aessired combinatiosns of ~-[1e embOCIments which have besen



optrca mater la, 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 exenplary enbodi nent, in order 20 to be encapsul ated, the3@gdeDygpyer
structure produced in this way is once again, a simlar manner to the
enbodi ment whi ch has been explained with.reference to Fig covered with a.
| ayer 7 with a vitreous structure. 25 course, the exenplary enbodi nents
whi ch have been' presented above can al so be conbined in a wi de range of
ways, for exanple by layers with a vitreous structure being applie® to a:
pl uralitySBPwgi 88§ DOSsSLbihe Tubseraflleso Em’sse}oarémf@z nternheal i @, the
enbodi men ef .rence to Fi.c. can be 30 conbined with a coating
on t hat s%lan%go\f‘mt e su%sgt'rlé? g “‘V\BIlé'“rTl AR e ECIED RETSE §t>’+ LLc ure
5, ~r ~f omséxgnpl eaasiknatheneahedt MeEt rshoWarichEi GULes ;505 6 y 71-1so0,
‘virtually ot her desi.red_conbi nati ons of the enbodi ments whi cﬁ have
been 0 3 Bﬁé%foﬁ?rr§§bgﬁ8&ﬂ“é¥eSp0§§tbllr@<1 |qoTiccaliye Beysicsl eitar all the.
enbodisnentis:eecbanused whiPni Freksdbspl +HeQr exanpl e by using a matrix
arrangenent of the el ements described or by using correspondingly
structured conductive |layers with 5 int erconnects whi ch cross one anot her.
Fig. 10 s ot.ogr.ap of .t he ht transm ssion through two
speci rrensmzl&ﬁeagpe%g%enghgr gg%ggg% sﬁb“st r'ft s t0° |g€h FhEERE-EEUPR St ri ps
have been tatpphlgad twPhepsubstnat esrnéO Speld ridien 2eac apsukatedsen,the side
beari ng thlc QI um tr| s.. In the case of th e SDe” i nen shown on -he
| ef t - hand e 6F Faé Sah BV afbrat P& GRE ‘A§dgl A5s wmbsappteed for
encapsul atwem&, vk Ieﬁﬁaﬁshmenedcaﬁe tole Qe s2Re30EML, LLhysirated on the
right-hand. side of F| . 10 a_silicon oxide |ayer “was" .
. Strips. In case of the specimen shown on the left-hand

side o

Hh
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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 laver was

15 sele ted_gor the encapsulation, for comparative purposes.

The images were taken after the specimens had been stored for
20 nours in zir. Undegraded regions of the calc um.layer |
‘appear dark in the images. It can be seen from the two images
20 that the calcium strips cocated with -evaporation-coating glass
&re much less corroded. The degradation of the Specimen
coated with silicon oxide ié further advanced over the entire
surface than ;n the case of the comparison'specimen with an

evaporation-coating glass coating.

[}
wm

Fig. 11 shows the optical denéity of calcium strips for a
pluraliity of'specimens, each coated with evaporation- éatlng
glass or silicon oxide, as a function of the duration of |
action of zir. The specimenz orn which the measurements were

30 carried out are similar to the specimens shown in Fic. 10 I

evaporaclion CCaIiing wiin an evaporation-cocating glass or a



15 selected for the encapsul ation, for conparative purposes. The inages
were taken after the specinens had been stored for 20 hours i :ﬁbgc a
Undegrade. d regions of the calciumlayer appear dark in the inages: ?@ can
be seen fromthe two inmages 20 that the calciumstrips coated with :
evaporati on-coating glass are much Ies§_corroded. The degradation of the
specinen. coated with silicon oxide is further advanced over the entire
surface than in the case of the conparison specinmen with an
evaporati on-coating glass coating. 25 Fig. 11 shows the optical density O
Cal ci um Stsrilpsohopxade Playakity of specimens, each coated with -
evaporation-coating glass or silicon oxide, as a function of the duration
of action of air. The speci nens or which the neasurenents were 30 ca=r
_ia out aﬂﬁssgﬁbbarsh@wﬁh@nSPQQL”QﬂSI%h@%ﬂsiEhgkgtﬂéldeg&gdakggﬁ gase too,
calciumstrips were deposited on a substrate, and the side beari ng the
strips wasEh&FLEAERPS U APED OB UTEy smsdtdieonbd vationg witilskay when :
evaporsat i gi1Geati Rg;gka -2 0.3, e siliican.oxide |ayer. The
graph shown fﬁ%%igglgl févgérg tSafggﬁggﬁgéféédtF@ﬁ‘&?‘“th a@aV&%ﬁnT%?ripS'
occurs corfsiedérgblsyenpapsoliaiekl psihen sapblrbedproxicde ing Usedsas
encapsul ation material than with the specinens encapsul ated using
evaporation-coating glass. Fig. 12 shows a bar chart representing a
conpari sorigf. ttheshewti &i paey cokrdi Hegrenthy sepcapsulated QLEDs.  QLEDs
whi ch had _1Q bheen encapsul ated with evaporation-coating glass were
conpar ed WtHCEESE @ t HoLL =EREaPIULRGERTUAAE =CL BDSHSt-h OAEDs| Whtoh med de
encapsul atj=em em%mgflig@Eenarxt&ﬁe%%&aﬁiﬁ%%nv‘-’%'{:%ti%?%‘ira%%;hmt ly- after

e

t he encapsul ation at two different um nescences. BS Were tested in

a shieldiﬁ§m§§§6d with OLEDs without encapsulation and OLEDs with a .
silicon oxjide encapsulation. The efficiency measurements-were
- measured shortly after the encapsulation at ﬁwo'different
luminescences. The OLEDs were tested in a shieldiné gas
15 atmosphere in order to prevent degradation of the |

unencapsulated OLEDSs.

It can be s=zen Zrom the measurements shown in Pig. 12 tha*

the deposition of evaporation-coating glass, uniike the

'_l

20 Qepesition oI silicon oxide, has substantia ly no e

the quality of the finished OLEDs, since the

D

fficiency 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

[}
wm

with silicon oxide is considerably reduced.

The following text refers to Fig. 12, which shows 2 graph -
lustrating the luminosity of two differentliv encapsulzated
OLED elements as & function of the residence Time in a

30 climate chamber. An OLED encapsulated with silicon oxide was

&)
W)

comparec with an OLED encapstlated wizh evaporation-coaTing
“ass. T inosit % ~ad 3 2 pho* )
giazss. The luminos:ity was measured using =z photographic

- _ s s e = : . - . .
€-emenc, anc tne measured values are given in relztive units.



is atnosphere in order to prevent degradation of the unencapsul ated OLEDs.
It can be seen fromthe neasurenents shown in Fig . 2 that tQﬁ%EFEosition
of evaporation- coating glass, unlike the 20 deposition of Sili EBx308e,
has substantially no effect on the quality of the f_nished OLEDs, since
the efficiency O the OLEDs encapsulatfg W th evaporation-coating gl ass
reveals scarcely any differences conpared to the unencansul ated ~ OLEDs. By
contrast, the efficiency of the OLEDs encapsul ated 25 with silicon oxide is
consi derably reduced. The followng -'_ex:_ refers to Fig. 13, which shows
a craoh dheudumanpajtiheasudenesintyedf atrwe diddferent lopeereapgul-atrednt O LED
elements as g f.n tLog,gfoﬁgﬁ residence tinme in a 30 climte chanber. An.

Q JED encaﬁ3ulgﬁe °wi tH=si Gn oxi de was conpared with an OLED

encapsul ated with evaporation-coating Sass. The |lum nos_ty was neasured
using a photographic elenent, and the neasured values are given in

rel ative Uit §PSCAMSNSDEETZOGEOr38 The thgnialdgiate wasrdetert nedait a
constant qpepating-cutkent.of 2 mA for the QLERs. .The specinmens were
stored in thé cFi%ate chgkbércgﬁ'anr%?F“‘g%ig%g%%%FﬁTé“ofmggﬁé“énﬁLa

rel ati ve &#StosDiecko benisgieny tdfat 2596 0LED eavdieiSesrd hatht ke 106D
encapsula&gqﬁﬁﬁgg_sgg'cog. oxide has only ap*yqxinately a qua=_ter of the
original UM nosity artefPEENdaFsSry eh& G5 et &t eriospalcont rast,
the OLED enmepsusbapediniesh cevagernat anteeatding.a 110 Gla%2eve) has a

slightly increased |umnosity. 0 3 DEC 2007 39 J Lis- or réference
numer al s contrast, thne OLED.encapsulated'WL:n evaporation-coating

10. glass even has .a slightly increased luminosity.



Od anic , electre-optical elenment 3 Substrate 5 COLED | ayer structure 7,

72, . . ITNLawith avi re =r ct re yOSSi--u em- 9.1 First side of
“he substrate i 0 Bond _ng | aver Second side of the substrate 1B3FDEG 2007
conductive laver Ocanic, light-emtting |ayer. 17 Second conductive | ayer

19 Quter side of the OLED 21 Pre-encapsul ation |ayer 23 Cover 25

Adri esive bonding 27 Miltiple laver 33 ¥inger el ectrodes 32 yob 811, 82,
) , 8N Layers of the nmultiple laver 27 0 3 DEC 2007 40 Clainms: 1. A
process for producing an organic, electro-optical elenent (1) , conprising
the steps ofst ®F ywims«hdy rnsesty ate (3) applying a first conductive

| ayer (13, 17) - applying at Teast one |layer (15) which includes at |east
one organic, electro-optical material, applying a second conductive |ayer

(13, 17) {110 and depositing at ieé?c_‘.,-a\ﬁgfe:_,l %igvctég ootlcal el_me_nt’\? wth a
13 ' Subbstrate
5 _ OLED layer structure
7., 71, 72, ... 7N iLayer with a vitreous structurs
S - | First side of the substrate
10 Bonding layer
11 Second side of the substrate
i3 First conductive layer
s . | Organic, lignt-emitting layer
17 Second conductive layer
1S Outer side of the OLED
21 P::_e capsuiation layer
23 Co;ver

) addnesive bonding

7 Mul tiple layer




vitreous structure, wherein the step of depositing at |east one |ayer(7,

71, 72, ... 7N) with a vitreous structure conprises the step*%% bg
evaporation coating to produce a laver (7, 71, 72 ... 7N} with-a Ft?@%us
structure. 2. .The process as clainmed in claim1 wherein the step of
depositing at |east one layer with a vitreous structure 20 conprises the
step of depositing an inorganic glass. 3. The process as clai-ned in one of
the preceding clainms, wherein the step of depositing at |east one |aver
“wWith a vitreous structure conprisesgphe step of depositing an 25

al kal i -met al -containing glass. 4. The process as clained in one of the
preceding clains, wherein the step of deoositing at |east one-lave with a
vitreous structure conprises the step of deoositing a 30 borosilicate
glass. 0 3 DEC 2007 41 5. The process as clainmed in one of the preceding
clainms, wherein the step of depositing at |east one layer with a vitreous
structure conprises the step of depositing an evaporation-coating glass. 5
6. The propﬁﬁasas clainmed in one of the preceding clainms, wherein the step

. of deposi at |east one layer (7, 71, 72, ... 7N) with a vitreous
structure fonpris%§(3pe step of . depositing at |east one layer (7, 71, 72,
7N) with a 1@V et s B OGS DyA heSHEardic c kémcEa ~eapocadeposi t i on.

7. The processms d)ai rethorl angy ahet hecqgecgding clainms in which the step
of evapora;ion'ggg%i to produyce a layer (.7, 71, 72, ... 7N) with a
Vi treous strucﬁhre'é%%ﬁ?ﬁ%é%“?ﬁéagFep "5 of el ectron beam evaporati on.
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
10 and

e 17),

- depositing at lesast one layer (7, 71, 72, ..; IN) with a

vitreous structure,

wherein the step of depositing at least one layer (7, 71, 72,
TN) with a vitreous structure comprises the step of
15 evaporation coating to producse a layer (7, 71, 72 ... 7N)

with a vitreous structure.

2. The process as claimed in claim 1 wherein the step of

depesiting at ledst one layer with a vitreous structure

20 comprises the stiep of depesiting an inorganic glass.
3. The process as claimed in one of the praceding claims,

=

herein the step of depositing at lsast one laver with a

vitreous structure comprises the step oi depesiting an
25 alkali-metal-containing glass.
4. The process as clazimed in one of the preceding claims
— T o — r

wherein the step of depositing at leas* one laver with &

vitreous structure comprises the step of depositing a

30 borcsilicate glass.



8. The process as clained -n one of the preceding clains, wherei n the step
of evaporation coating to produce a layer (7, 71, 72, . . ﬁ#e@
vitreous structure conprises the 20 step of cc-evaporation froma t
two evaporation sources. 9. The process as clainmed in claim8, wherein the
step of co-evaporation conprises the step of varying, in particular
periodically varying, the evaporation §éate of at |east one of 25 the
_evaporation sources. 10. The process as claimed in one of t he preceding

cl ai s, ere n the doe 05|t| n ayer_ evapor at i coa 90

conpri ses the YR GCP Ojo Cglsl} ed’“de%‘osrrkh dH-EG Re™5r ocess as
cl ai ned mhenelmftrtéwesmreo:eﬁ:hdtgo@émimg atvieredn die 54w @\fltdleQOS| ting a

| aver (7,_7 Wi a vitreous structure comprises the step of
deposi t i oﬁl%§eoh%a%§r%?t% as%%{“%ﬂha%%e THEMR &P VAPB?S Hegtsidti on ( PECVD)
35 in parewvepbastidre-stepind deposition by neans of plasma 0 3 DEC 2007 42
i mpul se chem cal vapor deposition (PICVD) and/or the step of sputtering on
a layer (7, 71, 72, ... 7N) with a vitreous structure. 5 12. The process
as clainmed.in Bhe pfotées precedaiged| an nene ahetied npide=simep faigdepositing
a layer with a. V|treou structure. conprises the step. of co- e si ti.on of
organi c mtralt Ferial - €3p gb?%%‘egjsngsa%l e ??fo%%yblf t epﬁ‘r e&gdl ng
clains, wher@in en*ehoa’a vh‘e;eonslustruetﬂlagediméﬁﬁsei?t)h@assté‘p lacfver  wor k
function thar(n)st he_ ot hgr conducltll Vi Iaye % 4. The ocess as cl ai ned
in one of dt e ﬁr‘éc%dl é‘-f‘%u ne’ %ywhl I udes the ep Yo dppl yi ng at

| eastioone vhﬂlreousanthconvéaygrmaadé omacmahenua{,ap'afcmgﬂ@shaycﬁr. and/ or an

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

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

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

wherein the step of evaporation coating to produce a layer

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

co-evaporation comprises the step of wvarying, in particular
periodically varying, the evaporation rate of at 1

25 the evaporation sources.

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

30

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

wherein the step of deoositing a laysr (7, 71, 72, ... 7N)

with a vitreous structure comprises the step of depcsition by
o

means of plasma-enhanced chemical vapor. depcsition (PECVD),

w
w

in particular the step of deposition by means of plasma



el ectron bl ocker |ayer and/or a hole bl ocker layer and/or an electron
conductor | ayer and/or a hole conductor |aver and/or an eIectggnDédﬂzﬁﬁtion
| ayer. 20 15. The process as clained in one of the preceding clains,
wherein at | east one of the conductive |ayers (13, 17) is at |east
partially transparent to the light emtted fromthe [|ayer (15) which
i ncludes at | east one organic,' electro425 optical material. 16. The
process as claimed in claim!S, - in-which the layer (13, 17) includes
indiumtin oxide and/or fluorine-doped tin oxide. 30 17. The process as
cl ai med i ATAYESH £5eBLCEE, VaReF efipPPRétapn |(B3SVDOneahdyer tive Fdep 7Z, . ..
/N with agiddsqus shructure i $7depqsi yed Qf?eﬁNﬁh%i@HPE'fﬁ{igquf t he
| ayer which includes at |east one organic, eiectro-optical nmaterial. 0 3
DEC 2017 SFVrgUTPhe process as clained in one of the preceding clains,
wherein the first and/or second conductive and/or the at |east one | ayer.
whi ch includes at |east one organic, electro 5 optical material are applied
in struct ured fOrRMPIPFESPhésprédessdad nicloaiemed ithecParred8nanher&hs t he
firs conduetiae, ldayerstel3b rardbek : the secandcondugt Lve Laysr (15) are
applied such that they are structured in a conb shape. 10 20. The process
as cl ai mned® H P GrieSofc AR 1Féc édrn§ LEPaioTs CoO®sdCsiL Loheofagegaifs 71, 72,
7N) wigd-a-Mitreous structure conprises an at | east binary system of

materials. i'5 21. The process as clained in one of the preceding clains,
wherein the step of depositing the at |east one |ayer (7, 71,
10 13. The process as claimed in one of the preceding claims,

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

work function than the other conductive layer (13).

14. The process as claimed in one of the preceding claims,
15 which includes the step of applying at least one hole

injection layer and/or a potential-matching layer and/or an

electron blocker layer and/or a hole blocker layer and/or an

electron conductor layer and/or a hole conductor layer and/or

an electron injection layer.

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

25 optical material.

) l6. The process as claimed in claim 15,. in which the layer
{13, 17) includes indium tin oxide and/or fluorine-doped tin
oxide.

30
17. The process as claimed in clazim 15 or 16, wherein the at

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

1s deposited after the appnlication of the layer which

includes at least one organic, electro-optical material.



72, . . . 7N) with a vitreous structure takes place after the application
of the first conductive layer (13) and the second conductive IﬁﬁeDECﬂMﬁ
and of. the at |east one layer (15) 20 which includes at |east one organic,
el ectro-optical material. 22. The process as clainmed in one of the
preceding clains, in which the step of depositing the at | east one |aver
(7, 2571, 72, . . . 7N) with a vitreguys structure takes place before the
application of one of the conductive layers (13, 17) ~ 23. The process as
clainmed in one of the preceding clainms, wherein the step of depositing a
| ayer (7, 71, 72, ... 7N) 30 with a vitreous structure conprises the step
of dep05|t|ng &y Lek 1. o WhEfL 2 vitre siylgiure on

t he opp05|te S|deg%§ % %e s% @t?ate P% m%%he S|%é % @?é? éf |dh t he

' Layer (1@%°wﬁn®huhﬁcrudé§ and/easseonadocgadictivel mud s ox opté cat materi al
is applie 3 C+20Q7 4 RIL0CES +C d.ip;one pf .t
precedlngqga%FWSRE.l% Féfﬁﬂéﬁé %?gggo dgpoglggnggshgngggr (7 i IQ?Z .
7N) Whthca>uﬁ@de@@gﬁghﬁdc@UFeapakesdphac@tbetDHEDdheoampl|cat|on 5 of the
first conductive |ayer (13) and the second conductive |layer (17) and of
the laver (15) which includes at | east one organic, electro-optical

materi al . 125, The prosess as claiimed iir odelof 1€hewpeeeedi ngecfarss, 10
wherein the Step dqgg§4t - 7 N)

Vi treous gﬁ%uctufgk%onprlseé%gh%ng?é%ro$1aﬁbzépﬁgggnd%ﬁrfgpl%aYaver (27)
26. The pratesrrs ad fumdd thateltdiem 258 Wieneitnreleist epcohb 352pppl ying a
multipl e layer conprises the step of applying a nmultiple layer with

different chem cal conpositions and/or different nechanical proper ties in
at | east ta®- ofThheorocess as claimed in one of the preceding claims,

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

structure comprises an at least binary system of materials.
15 21. The process as claimed in one of the preceding claims,

wherein the step of depositing the at least one layer (7, 71,
72, ... TN) with a vitreous structure takes place after the

anplication of the first conductive layer (13) and the second

conductive layer (17) and of the at least one layer (13)

20 which includes at least one organic, electrc-optical
materi aW.
22. The process as claimed in one of the preceding claims,

in which the step o

-h

depositing the at 1

D

ast one layer (7,
25 71, 72, ... 7N) with a vitreous structure takes place before

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

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

electro-optical material is applied.



i ndi vidual layers (71, 72,

7N, 81, 82,

., 8N) 20 27. The process as

claimed in claim26, wherein the individual layers (71, 72, .=7hhm 1,

82, ) 8N) of the multiple layer (27) have different ref roa%th\(f\e ;

i ndices. 28. The process as clained in one of the preceding clains, 25

whi ch includes the step of applying a pre-encapsul ation layer (21) 29. The

process as clained in one of the prece
of applying a cover (23). 30 30. The p

i

ng clains, which includes the step
cess as clained in claim29,

wherein the step of

the cover s th i |

depositing at
conprises the step of covering the boundary edge of the

| east one aver with a vitreous structure
beari ng surface of

precedi ng cl al ns,

i ncl udes t'ARES}Ep B¥e &SPy iodg &P OreastP Drid shardiedg (T ayeér (20) -; -i AV

72,

Y £
eIectrB-op$2

wth a vitreous structure is applied. An ©Organic

. I ARRles@ng sl aygRhmdlit N A ordd o LheOWS eSERYRHUES,1fs 3. DEC
2007 45 31. The process as clainmed in one of the

whi ch
particul arya: Pondiing dAkers tcl@ku-e Wiids the b %teflo‘%gztth%ngob@f@ét{gn 71,

cabe el ietentcqrENctizeodddian el3H et thiheulsaconsi RENENET Brocess

as clai nedLépeong of dre kO eaedieRry Cli M GOMRIHISIRY: aca1gdbstrate (3),
-a first ‘conductjve |layer (13), at |east one |ayer (15) which includes at
| east one CBFYaHic,S HEAT VPG aF Rt Brdal , and 15 - a second conductive

| ayer (17)

10

and at
25.
he

| east one deposited |ayer (7, 71, 72,

The process as ciaimed in one of the preceding claims,

'J.

g

e

H

n the step of depositing a layer (7, 71, 72, TN)
ith a vitreous structure comprises the step of applying &

(27).

z,

multiple layer

26. The process as

applying a multiple layer comprises the step of applying a

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

individual layers (71, 72, .

claimed in claim 25, wherein the step of

7N) with a

7N, 81, B2, ..., 8N).

20 - 27. The process as claimed in claim 26, wherein :he
individual layers (71, 72, TN, 81, 82, 8N) of the
multiple layer (27) have different refractive indices.

28. The process as claimed in one of the precading claims,

25 which includes the step of applying a pre-encapsulation layer
(21 .

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

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

35 vitreous structure.



vi treous structure, wherein the at |east one deposited layer (7, 71, 72,
/N) 20 with a vitreous structure is applied by evaporatiop ECBEE%@
33. The elenment as clained in claim32, wherein the at | east one déposited

| aver (7, 71, 72, ... 7N) with a vitreous 25 structure conprises an
-inorganic glass laver. 34. The elenent as clained in one of the preceding
clains, wherein the at |east one deposi£§d | ayer (7, 71, 72, ... 7N) wth

a vitreous structure conprises an al kali-netal 30 containing glass. 35. The
el enent as clainmed in one of the preceding clains, wherein the at |east
one deposited laver (7, 71, 72, . . . 7 with a vitreous structure
conpri ses- & borgsi I,cate glass. Q.3 PE Q7 A6 .36. The el ement .as clai nmed
in one of the precgging Slaims, © Whgrég%%%‘écﬁt ST 6HE AP 6SFEBa | aver
(7, 71, 72hich izqludgist hhe ittepeods afpluctng etcdnprdtsesmeabonding :
evaporati ons¢oating , 3 9kass.; 34.5,.The ] as,clainped . in one, of the
pr ecedi ng cJainB{qgmheg%?h’fﬁé aﬁr+ea§%h§ne %éﬁ%@fiegﬁﬁaYé?w 1Ch7Ehe 7o,
7N) 1D widh Eadt resud ayeructiur € Lios EHppl i ed DY spiuttt er ivig.re38s The el ement
as cl ai medg{ p, 0ne.0f; £ he preceding clainms’ wherein one of the conductive
layers (13, 17) has a Iower work function than the other of the conductive
| ayers (17, 15 13). 39. The elenent as clained in one of the preceding
claims, whereid, af,.dgast one.:aof, the conductive |ayers (13, 17) is at
| east partially tra‘nglspa*_r ent to toheolg)l igh e‘?nl’tntl“end f?@m tHE DG Hayer( 15)
whi ch i ncl BaiEs! atld eastinene oy gariass el acteleimgt ioalommtodr itale. 40. The
el emeny aspelalabgh i ONe Ofcddis igeedi ng cl ains,

- a substrate (3),

- a first conductive layer (13),

+

- at leas

t

one laye

H

(15) which includeées at least one
organic, electro-optical material, and

15 - a second conductive layer (17),

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

20 with a vitreous structure is applied by evaporation coating.
33. The element as claimed in claim 32, wherein the at least
one depesited layer (7, 71, 72, ... 7N) with a2 vitreous

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

30 containing glass.

(0]
wm

The element as claimed in one of the preceding claims,

b

herein the at

[

east one aeposited layer (7, 71, 72, ... TN)

with a vitreous structure comprises a borosilicate glass.



in which the at |east partially transparent, conductive layer 25 (13)

i ncludes indiumtin oxide and/or fluorine-doped tin oxide. 41. The el enent
as clainmed in one of the breceding clainms, wherein the at Iea§136ﬁ@'ﬂﬁper
(7, 71, 72, ... 7N) with a 30 vitreous structure is arranged between the
“substrate (3) and a first conductive |ayer (13) or second conductive |ayer
(15) . 42. The elenent as clained in on of the preceding clains, 35
wherein the at |east one layer (7, 71,772, . . . 7N) with a 0-3 DEC 2007

47 vitreous structure is | ocated on the opposite side (11) of the
substrate fromthe side (9) on which the |ayer (15) which includes an
organi c, elgctrrr Qldredlc ML eniadlnds IPled s 3 3. the ghgment ;as, cl ai med
in one of the preceding clainms, wherein the at |east one layer (7, 71, 72,
C.. TN) wiTRREEIN i thedils 1starictAite R0 B teshposiat o whileh ar i-es aNong t he
direction perpendicileiud sine ot ebmirface ANdApdadi@hlackirVggl ndex
which varies along this direction. 10 .44. The element as clainmed in claim
43, in°whi%h2there is a periodic variation in the c onposition and/or the
refractive index of the at |east one layer (7, 71, 72, ... 7N) with a
vitreous structure along the direction perpendicular to the 15 coated
surface. 45. The elenment as clainmed in one of the preceding clains, which
i ncludes azmul ttpl el ayait (27)c Wik CoMYises: atnd eastce Qg lA¥ehs(7, 71,
72, ... 7N) with a vitreous structure. .20 46. The elenent as clained in
clai m 45, WReFeth tHe 2% nkR3Fdute 198RS YA, 1aver (T, 7N, g8, 82,- TN) 8N)

of theog

with a vitreous structure is applied by sputtering.

' 38. The element as ‘claimed in one of thé'precedingrtlaims}
wherein one of the conductive layers (13, 17) has a lower
work -function than the other of the conductive-layers (17,

15 13).

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

-

wherein at least one of th

(D

conductive layers (13, 17) is at
least partially transparent to the light emitted from the
20 layer (15) which includes at least one organic, electro-

optical material.

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

-

in which the at least partially transparent, conductive layer

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

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

a first conductive layer (13) or second conductive layer

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



multiple layer (27) have different refractive indices. 25 47. The el enment
as claimed in one of the preceding clainms, which includes at ¢ 4ﬁra
pre-encapsul ation |aver (21). 48. The el enent as clained in one 0
preceding clains, which includes at |east one hol e i njection |layer and/or
at 30 |l east one potential-matching |ayer and/or at |east one electron
bl ocker |ayer and/or at |east one hol e llyocker and/or at |east one
electron conductor |ayer and/or at |east one hole conductor |ayer and/or
‘| east one electron injection layer. 0 3 DEC 2007 48 49. The el enent as
cI ai ned i nvb?l%e%‘fst%@‘b?\ébe%% ]cﬂ‘-"étn%d ORhFRh PRRI Vs s dovierl)(28). 5 50.
The el ementnhassgehad ARde i Hr&h adHH 49, ganhes g antn@lmur}daway&dg@ Pf whhen
beari ng surface of the cover %#) is covered with at |east one |ayer (7)
with a vitteehsdessrakt AFeansa, “AfFel eneRtiad! diaiwetrt oo Gt athe
preceding clains, 10 which includes a bonding |layer (10), in particular a
bondin% | ayer 10) whi ch adjoins the at |east one layer (7, 71, 72, 7N)
with a®vitféous BerBEEURRE &2 MY erBnPRESOE| B PreRIE T 7R otlaims
precedi ng ghak8en 45 whergio:the-figstrand/ on, seeond conguctive, layer
and/or the at |east one |ayer which i ncl udes a‘ |east one orcanic,
el ect ro- opFi-EAFOHAL BEFRFTAFR BRF URtEPBACSEBIOThE e lenEntias )R hEdSi n
cl ai m 52, a/h@a@tmohhsef:bsﬁal8@1&9@@0&&%5%@& £&3ia@9dé&<ﬁ/5bea second
conductlve | ayer (15)  are structured in the formof conb, 54. A device for
carrying ofif*fRETpFECceBSSANUPOF { BRT L BPoddEPAgTRhE Sk BARTEON el ectro- opti cal
elenmentyg (1) as clained 25 in one of the preceding clains, which device

i ncludes neans for evaporation at |east one layer (7, 71, 72, ... 7N) with
a 44, The element as claimed in claim 43, in which there is a

‘periodic variation in the composition and/or the refractive
index of the at least one layer (7, 71, 72, ... 7N) with a

vitreous structure along the direction perpendicular to the

[
w

cocated surface.

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

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

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

-

multiple layer (27) have different refractive indices.

o
Ut

47. The element as ciaimed in one of the preceding claims,
which includes at least one pre-encapsulation laver (21)
48. The element a

ol
CL

m

0

imed in one of the preceding claims,

which includes at least one hole injection laver and/or at
a

30 least one potential-matching laysr and/or at lzast o

o]

e
electron blocker layer and/or at lesast one hole blocker
and/or at least one electron conductor layer and/or at least
one hole conductor layer and/or at lsast one electron

injection layer.



vitreous structure.

10

20

25

03 DEC 2007
48

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

which includes a cover (23)

50. The element as claimed in claim 49, wherein *he boundary

edge of the bearing surface of the cover (23) is covered with

h
at least one layer (7) with a vitreous

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

which includes & bonding layer (10), in particular a bonding
layer (10) which adjoins the at least one layer (7, 71, 72,

7N) with a vitreous structure.

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

wherein ﬁhe first and/or second conductive layer and/or the

at least one layer which includes a:t least one organic,

electro-optical material are structured.

53. The element as claimed in claim 52, wherein the

conductive layer (13) and/or the second conductive layer (15)
a

in the form of comb.

54. 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 evaporation at least one layer (7, 71, 72, ... IN) with a

vitreous structure.



