
Hermetic encappsulataon of organic, elect-o-optical elements  Description 5
The invention relates in general terms co organic, electro- optical
elements, and to a process for producing them. In  particular, the
invention relates to a process for producing  hermetically encapsulated
organic, electro-optical elements,  and to a hermetically. encapsulated
electro-optical element.  10 Organic light-emitting diodes (OLEDs) are the
subject of  intensive development work, since they have a number of
advantages over other illumination and display means. FO-1- exam-Die,'
OLEDs can be made very thin and even flexible . 15 Moreover, compared to
liquid-crystal displays, OLEDs have the  benefit of being self-
illuminating. However, the main problem with OLEDs is their se ice lifer
which has hitherto been very limited. i` has proven almost 20 impossible to
extend the operating time of OLEDs to more than  5000  operating hours.
Metal cathodes with a low work function  are generally used for OLEDs . In
this context, inter ilia  metallic calcium is customary. However, these
materials with  a low work function are generally highly reactive. Chemical
25 reactions undergone by the metal laver and associated changes  in the
work function are considered co be one of the main  factors limng the
service life. In particular the reaction with air or with the water which 0
3 DEC 2007  is. Dresent as moisture in the air is responsible i n this
context for the degradation of the metal electrode of an  OLED. 5 To solve
the problem, US 5,862,761 proposes an OLED in which  the OLED structures
are covered with a curved metal sheet. in  addition, the OLED described in
that document has a reservoir  



of drying agent or getter. The drying-agent. reservoir and the  OLED
structures are separated from one another by a porous 10 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 area
between metal sheet and glass substrate, are relatively easy  for small gas
molecules to penetrate. Therefore, the adhesive i5 bonding represents a
passage, 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. Furthermore, this type of
encapsulation makes it impossible to implement significant  20 properties
of the OLED technology, such as the encapsulation  of extremely thin or
flexible components.. Examples of known getter materials are liquids such
as those  described in JP 7211456, US 5,821,692, or 25 US 5,962,962.
Furthermore, EP 0776147 describes the use of  solid-state materials as
getters. As disclosed in WO 99/0311.2, gases can also be used as getter
medium for organic  components. However, a common feature of all these
solutions  which are known from the prior art is ;fiat the efficiency of 3G
the Getter material falls as the incidence of gas continues,  and
consequently there is no permanent protection against  degradation. 0 3 DEC
2007  3 Therefore, the invention is based on the object of slowing  the
degradation of organic, electro-optical elements, such as  for example
OLEDs, and of increasing their service life. 5 This object is achieved, in
a very surprisingly simple way,  by a process for producing an organic,
elect 



element, and an organic electro-optical element as claimed in  the
independent claims. Advantageous refinements are in each  10 case given in
the dependent claims Accordingly, the process according to the invention
for  producing an organic, electro-optical element comprises the  steps of:
is - providing a substrate, applying a first conductive layer, applying at
least one layer ( 5) which includes at least  one organic, electro-optical
material, applying a second conductive layer, .and the step of 20 -
depositing at least one layer (7, 7-, 72,... 7N) with a  vitreous
structure. Layers with a vitreous structure are known for their  extremely
good barrier action. In this context, a laver 25 without a long-range order
of the elements and/or substances  which make up the material with a vi
_reous structure and, at  the same time, with a close-range order of the
substances  and/or elements is to be understood as a laver with a  vitreous
structure . Therefore , the term layer with a vi treous 30 structure
denotes a vitreous, amorohou's !aver. Accordingly,  layers of this time do
not only comprise glasses. Rather, in  addition to glasses, vitreous layers
may also encompass, for  example, orcar_ic materials, alloys or amorphous
element 0 3 DEC 2007  4 layers. Compared to non-vitreous, i..e.
substantially  microcrystalline, polycrystalline or crystalline layers, the
layers which are applied by means of the process according to  the
invention are distinguished by the absence of grain 5 boundaries , inter al
-La on account of the amo` ohou's structure.  However, grain boundaries of
this type are in fact  



essentially responsible for the higher permeability rate for  small
molecules, Such as for example oxygen or water, through  crystalline or
polyci-ystalline media. 10 A particularly .pref erred embodiment of the
invention provides  in particular for the deposition .of .at least one
layer with a  vitreous structure to comprise the step of depositing a
glass, in particular an _norganic glass. 15 With regard to the barrier
properties of evaporation-coating  glass for the encapsulation of
components and other substrates, reference is also made to the applications
DE 202 05 830.1, filed on 04.15.2002, 20 DE 102 22 964.3, filed on
05.23.2002;  DE 102 22 609.1, filed on .05.23.2002  DE 102 22 958.9, filed
on 05.23.2002;  DE 102 52 767.3, filed on 11.13.2002;  DE 103.01 599.0,
filed on 01.166..2003 25 in the name of the same applicant, the content of
disclosure  of which is hereby expressly incorporated by reference.  With
regard to the barrier Drope_rti es of evaporation-coating  glass layers,
measurements have shown that, at etiaporation-J 30 coating glass layer
thicknesses in the range from 8 um to  18 jzn, helium leak rates of less
than 00 mbar 1 s or less  than _0_E mbar l s- are reliably achieved. For
layers with a 03-DEC 2007.  5 laver thickness of 8 Um, and 1B um, the
measurements have even given helium leak rates of between 0 and 2 x 10-9
mbar  1 s-l, and these upper limit values are already substantially
influenced by the measurement inaccuracy of the Les s carried  



5 out. There are numerous known glasses whose permeability to all  gases
with the exception of helium cannot be recorded using  the available
measurement means even at laver thicknesses of 10 50 m. A summary of
diffusion rates trrough.glasses is to be  found, for example, in "Handbook
of Gas Diffusion in Solids  and Melts,,. .Heliu , itself, however, on
account Of its inert  nature, does not affect the layers of the OLED and is
therefore of no importance to the seru-ice life of OLEDs.  15 in
particular, a layer with a vitreous structure which  comprises an
alkali-metal-containing glass is particularly  suitable for hermetic
encaDstllati on. The alkali metal ions fill up interstices. in the glass
skeleton and thereby provide  20 dense layers with a very low permeability.
In particular, borosili cate glasses are also particularly  suitable
materials for the layer with a vitreous structure.  These glasses may also
include alkali metal ions in order to  25 reduce the permeability. The term
an organic, elec tro-optical material encompasses  both an organic material
which has electrolumLinescent  properties a d _s therefore suitable for the
construction Of 30 an OLED and an organic material which has photovoltaic
properties. the following taxt, for the sake of simplicity  the term OLED
is used in general terms for light-converting 0 3 DEC 2007  6 .elements,
i.e. both for light-emitting elements and for  photovoltaic elements, on
account of their equivalent  structure. 5 A wide range of substances which
are }Blown to the person in the art can be used as organic, electro-optical



material. Inter alia, metal-organic materials, it particular
metal-orGan_ic complexes, such as triplet emitters or lanthanide complexes,
can be used for this purpose. By way of  10 example, tris-
(8-hydroyauinolino) -aluminum (Alc3) or MEE-PPV  (poly (2-methoxy,
5-(2'-ethyl-hexyloxy) paraphenylen_ vinylene  (ME_H-PPV) is used as
electroluminescent material. The layer  may also comprise an -organic or
inorganic matrix layer which  is doped with emitters, such as for example
fluorescent dyes, i5 as organic, electro-.ow_i cad material. The inorganic
matrix:  used was, inter alia, porous titanium dioxide. Further
electrolumines cent substances are described, for  example, in US
6,107,452, EP C 573 549, EP 800563 Al, EP  20 800563 E1 and EP 10061E9 Al,
which are completely incorporated by reference in the present application.
although it is known to the person skilled in the art,  reference is also
made to the structure of the OLEDs  described in these documents, and this
description is assumed 25 to form part of the present application.
Moreover, the inventive deposition creates an intimate join  between the
layer with a vitreous structure and the material  below it without the
formation of cavities or joining poin-s  30 which can be penetrated by
oases, since the lave= rows directly on the surface below it. Layers with a
vitreous  structure, i. e. substantially without crystalline partial
regions or subregions are, moreover, distinguished by better 0 3 DEC 200?
7 tolerance with respect to mechanical loads Compared to  crystalline
materials. This means that the very good barrier  actions of such materials
are retained even in the event of  deformation within the mechanical load
limits of the 5 material. Therefore, the process according to the invention



even makes it possible to Droduce flexible OLEDs with a high  service life.
The deposition of the layer wi th a vitreous structure, in  10 accordance
with the invention, comprises the vacuum or low- pressure deposition Of the
layer, for example the de-position  of the layer by vacuum or low-pressure
coating. All vacuum- coati ng processes may be suitable for this DLLroose.
Accordingly, to denosit the layer with 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 combined with one another.
Vacuum-coating processes or  low-pressure coating processes, such as for
example PVD or  .CVD,. are advantageous inter alia because these processes
can 20 be carried out in vacuo and/or in a dry atmosphere, there  eby
preventing contamination of moisture-sensitive OLED layers  during the
coating. According to a particularly Drefe=red embodiment, the at  25 least
one -laver with a vitreous structure is deposited by  evaporation coating.
Evaporation coating makes -it possible to achieve high layer growth rates,
which makes this varIam l7 the process according to the invention
particularly fast and  therefore economical for large numbers. 30 The
deposition of the layer With a vitreous structure by  evaporation coating
may advantageously also comprise the step  of plasma ion_ assisted
deposition (PIAD) . in th s case, . an 0 3 DEC 2007  8 ion beam is
additionally directed onto the substrate which is  to be coated. The ion
beam can be generated by means of a  plasma source, for example by
ionization of a suitable gas.  



The gas ions additionally accelerate the particles emitted 5 from the
evaporati or.-coating source. This leads to layers  which are-Dart icularly
dense and deposited with new defects.  The step of depositing the layer
with a vitreous structure  may particularly preferably also comprise the
step of ID depositing an evaporation.-coating glass. Glasses of this type
are materials which can be deposited by evaporation coating.  It has been
found .that evaporation-coating glasses have  excellent encapsulation
properties. In addition to the  preferred deposition by evaporation
coating, however, these i5 glasses may, of course, also be deposited using
other vacuum  or low-pressure coating processes. By way of
example,electron- beam coating is particularly  suitable for the
evaporation coating. For this purpose, an 20 electron beam is directed onto
a target and the impact causes  the electrons to release their kinetic
energy to the target,  which is heated as a result. li ltimately, the
target material  is evaporated by the heating. The evaporated material then
comes into contact with the surface which is to be coated, 25 where it is
deposited as a layer with a vitreous s-L_ruc-.u_-e.  The step of
evaporation-coa=l ng to form a layer with a  vitreous structure may,
moreover, comprise the step of c0- evaporation from at least two
evaporation sources. In this 30 way, i5 possible, for example, to adjust
the St0ichiOm_trV  of the layer which is depositedby means Of the
e"vaDoration- coating rates of the sources. in Particular, the step of co-
evaporation may also comprise the step of va%ing, ? n 0 3 DEC 2007  9
particular periodically varying, the evaporation-coating rate  of at least
one of the evaporation sources. The material  properties of the layer with
a vitreous structure can be  



influenced and adapted in the direction perpendicular to the 5
evaporation-coated surface by varying the e'vanoratiof_-Coating  rates. For
example, by varying the layer stoichiometry, it is  possible, for example,
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 laver are avoided or reduced. P. periodic
variation in the evaporation-coating rates can be used, for  example, to
produce periodic variations in the refractive  index in the
evaporation-coating layer 'perpendicular to the  coated surface. is
However, the deposition by e-;;aDorati on coating generally  recuires
Special evaporation-Coating materials with  relatively high vapor
pressures. nce for special OLED  applications materials with low vapor
pressures and, 20 correspondingly, generally high melting points may. also
.be  suitable, the Step of deDos_ting at least one laver with a  vitreous
structure by means of physical and/or chemical vapor  deposition may also
advantageously comprise the step of  sputtering on a layer with a vitreous
structure. In this 25 context, the term sputtering on layers is understood
as  meaning one of the'PVD processes. The sputtering of layers,  unlike
evaporation-coating, Can be carried out even with  materials which are
relatively difficult to evaporate. 30 However, lavers with vitreous
structures can also  advantaneousl j% he vroduoed using other Processes,
for e_xamrle  chemical vapor deposition, for example by means of olasma-
enhanced chemical vapor deposition (Pr--JD) . In this respect , 0 3 DEC
2007  10 in particular plasma impulse chemical vapor deposition  



(PICVD)is particularly suitable; in this process, the plasma  is not
produced constantly over the course of time, but  rather in pulsed fashion,
which inter ilia leads to a lower 5 thermal load on the element which is to
be coated.  ..Moreover, the deposition of the laver with a vitreous
structure may also, in an advantageous configuration of the  process,
comprise_ the Step of co-deposition of an organic i0 material. The
co-deposition, or simultaneous deposition, of  the. organic material
together with the layer material which  forms a layer with a vitreous
structure may be effected, for  examn!e, by co-evaporation or deposition
from the residual  gas atmosphere. in this case!, the molecules of the
organic 15 material are incorporated irl the layer with a vitreous
structure. The organic material `may have a oos_ti ve influence  on the
layer properties in many ways. By way of example, 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, the improvement to
the layer bonding  for example as a result of the layer being deposited as
a  gradient layer with a change in the organic content, the  change in the
packing density and the layer microstructure,  and the influencing of the
Chemical properties of the layer, 25 in particular by adding hydrophobic
materials or getter  materials. The layers are advantageously applied in
such a way th0.t .cne  of the conductive lavers has a lower work function
than tns  30 other conductive layer. Or, account of the difference in wore
function between the first and second conductive layers, which are used as
electrodes a.-Tld between Whichi the Laver  which includes an organ-l" r el
e_^rC , .. __ -Cpti cal mater-c1 - ~s 0 3 DEC 2007  



11 located, and given correct polarity of the voltage applied to  the
electrodes, electrons are injected at the layer acting as  a cathode into
unoccupied electronic states of the organic,  electro-optical material. At
the same time, defect electrons 5 or holes are injected from the laver with
a lower work;  function, which is acting as an anode, with the result that
light quanta are em_'t'.-ed in the organ is material as a result  of
recombination of the electrons with the defect electrons.. 10 In many
cases, additional functional layers, whic-h are  applied in ,articular
between the fi=st and second conductive  layers, are used to produce OLEDs.
Accordingly, the process  may advantageously a-,so include the step of
applying at least  one hole injection laver and/or a potential-matchinc
aver 15 and/or an electron blocker'laver and/or a hole blocker layer
.and/or an electron conductor layer and/or a hole conductor  layer a_-zd/or
an electron injection layer c ] Particularly high  quantum or light
efficiency yields are achieved by applying  the layers in .he following
preferred sequence : potential- 20 matching layer/hole infection
layer/electron blocker layer/layer which includes at leas: one
eleccro-optical  material/hole blocker laver/electron conductor layer/ _r
ele^. On injection layer/potential-matching layer. 25 For the sake Of simpi
cicZr, the se cnce o1=  quunctional layers of the Orgarilc,
elecLrO-d-~:)L_cal element is referred to below  as the OLED layer
structure. This comprises in particular the  first and second conductive
layers and the laver which  includes an Or anic, eleccro-optical material .
In additio , 30 the OLD laver structure may also comprise, forexarrmlie,
the  



further functional layers mentioned above. Q3 DEC 209  l2 To allow light to
be output or input, it is advantageous  one of the conductive layers is at
least partially  transparent. Inter alia, indium tin oxide or
fluorine-doped  tin oxide (SnO2: F) has prover_ suitable for this layer. 5
A further advantage of the process is that the order in which  the layers
are applied is no.-: immutable. Generally, OLEDs are  produced by applying
a Transparent conductive laver to a  transparent substrate, and then
depositing the laver which 10 includes am organic, electro-opttical
material on the  transparent conductive layer. This structure is then
covered  by a conductive laver., which for example m aV have a lowe r  work
function than the transparent conductive layer, as  further electrode. In
this case, the light which is emitted is car. be output or introduced via
the transparent subs-.rate.  According to a preferred config-oration of the
process, the  step of depositing the at least one layer with a vitreous
structure takes place after the application of the at. least 20 one laver
which includes at least one organic, electro- op-ical material and of the
first and second conductive  layers. If these -lavers are applied from the
same side o` the  substrate, for example by being deposited, the layer
Which  includes at least one organic, electro-optical material is 25
located between the substrate and the laver with a vitreous  structure. In
this way, the OLED layer structure is  encapsulated be-Weep the substrate
and the laver with a  VitreOUS structure. 3C Since the ]Layers with a
Vitreous structure which are applied  in accordance with the invention may,
'for example, a-'so  



themselves be transparent, it is also possible, however, for  the laver
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 layer with the
organic, electro-optical material.  In this way, it is also possible to
produce an OLED with, for  example, a non-transparent substrate, in which
case the light 5 passes through. the layer with a vitreous structure and
the  transparent conductive layer . It is advantageously also possible for
one or both of the  conductive layers and also the layer which includes an
10 organic, electro-optical material to be applied or deposited  in
structured form. In particular, these layers may also be  produced ir_
structured form in the lateral direction, i.e.  along the surface.
Structuring of this nature allows a large  number of properties of such
elements to be influenced. By 15 way of example, light-passage openings can
be created in a  conductive layer. Furthermore, a layer arrangement in
which  the lavers do not necessarily have to be applied on top of  one
another is also possible. Rather, it is possible, by way  of example, for
structured layers to intermesh with one 20 another. By way of example, the
first and/or second  conductive layers may also be anpli ed such that they
are  structured in a comb shape. The layer which includes at least  one
organic, electro-optical material may then, for example,  be located
completely or partially between the comb 25 structures. Moreover,
structuring is appropriate for  pixelated structures which are operated by
dedicated  swiaching elements, or for the production of an organic
electro-optical element as an active matrix display. 30 Layers with a
vitreous structure which comprise an at l east  



binary system of materials are - - - parl_CUiarlt' SL'i e or hermetic
encapsulation of OLEE)s . Layers of this type are  distinguished by
paricular_y ' i ow p_nr.e ah__l~ty 03 DEC 2007  14 rates, since they have
scarcely any tendency to form  crystalline areas, unlike quartz glasses,
for example, and  they also have denser structures. Such at least binary
systems of materials may, for example, be composed of at s least two metal
oxides or silicon dioxide and one or more  metal oxides. Furthermore, the
process may also be configured in such a way  that the step of depositing
the at least one layer with a i0 vitreous structure takes place before the
application of one  of the conductive lavers. As a result, the layer with a
vitreous structure is located between the substrate and the  OLED layer
structure. One such variant. of the Process  produces an OLED in which the
diffusion through the substrate is into the OLED layer structure can also
be suppressed. This  also makes it possible to achieve hermetic
encapsulation on  the substrate side of the OLED. This is advantageous, for
example, for flexible O.LEDs if the substrate comprises a  flexible plastic
material which typica=ly has a high 20 permeability to small gas molecules.
The vitreous laver can  in this case also fulfill the function of an
outputting or  introduction -Layer for the light emitted by the OLED, in
order to increase the yield of the OLED by matching the  refractive
indices. 25 



Moreover, the at least one layer with a vitreous structure  may be app_ _ea
to the Opposite side, of the substrate from tR  side to which the layer
which includes an orgar_i c electrc- optical material is applied.
Therefore, th layer is applied 3c to that side of the substrate on which
the light is output  into the environment Jr. a standard layer structure of
the  OLED. In =his case too, match ng. of the refractive n ices by  means
of the laver with a vi reous s trurc re ca_Ti increase the 0 3. DEC 200?
15 output efficiency, since otherwise there is a considerable  change in
refractive index, with correspondingly strong back  reflections, in
particular at the material/air interface. IM  addition, a laver of this
type can also create a diffusion 5 barrier in order to fang=her the service
life of the OLED.  A refinement of the process according to the invention
for  producing OLEDs in which she step of applying a layer with a  vitreous
structure by means of physical and/or chemical vapor  deposition comprises
the step of appIving a multiple layer is 10 also highly advantageous for
the properties of OLEDs. The  plural ty of individual lavers of a multiple
layer of this  type may, for example, have different chemical compositions,
so that, for example, barrier actions of individual lavers  Can he tailored
to Specific gases which have an adverse 15 effect on the service life' The
mechanical properties, such  as for example the flexibility, laver bonding
or i ntrin_sio  laver stress, can also be improved, for example by the
ln'-roauc~-ion of -lex_.le _n:-erlavers . Not all the individual layers of
the multiple layer have to have a vitreous 2D structure. Rather, individual
lavers with a vitreous layer  material can be combined with other
individual layers of  different chemical composition, such as for example
metal  



layers or organic layers, such as in particular Dolvmer  layers, in order
to match the chemical and physical laver 25 properties to the Specific
requirements- Accordingly, in this  refinement of the process according to
the invention, the  step of applying a multiple layer comprises the Step of
applying a m`.11t'-Dle laver with different chemical  compositions and/or
different mechanical properties in at. 30 -east two of the individual
layers. In this cont is  also possible to combine different production
processes for  the indi'v idu l layers , f Or exam'J_e adhesive bonding,
dip- coating or spin-coating, with one another and with the Q 3 DEC 200'
16 deposition of at least one layer with a vitreous structure.  In
particular, the plurality of individual layers can also be  applied in such
a way that at least two of the individual 5 lavers have different
refractive indices. This can be  achieved by applying different laver
materials. However, it  is also possible to influence the refractive index
by the  selection of the process parameters during application, for
example the selection of the evaporation-coating rate. A. 10 multiple laver
with a varying refractive index of this type  is particularly suitable for
matching refractive indices.  In many deposition processes for layers with
a vitreous structure, a certain thermal load is applied to the OLED  is
layer structure and may have adverse effects on the layers.  In particular,
the thermal load may affect the laver  composition in CVD or PVD coatings.
To reduce adverse effects  from the thermal load, it is additionally
possible for at  least one pre-encapsulation layer to be applied. A pre 20
encapsulation coating of this ryoe may, for example, reduce  the heat
transfer and thus prevent the OLED layers from being  



heated. Moreover, by way of example, a suitable pre-encapsulation  25
coating can prevent the laver with a vitreous structure penetrating or
chemically changing another.-,' aver during  application by means. of PVD
or CVD coating. This may be the  case, for example, with the second
conductive laver if the  a. t'er is made from very soft or reactive metals,
such as .for latter 3C example Calcium. Moreover, the process may
advantageou's1V c_omorlse 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
other layers of the OLED  from damage, the cover can be applied to the .
layer with a  vitreous structure. 5 Moreover, however, it 1s also possible
to apply a layer with  a vitreous structure in such a way that the contact
surface  between the cover and the substrate is sealed and hermetically
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
comprises. the step of  covering he boundary edge of the bearing surface of
the  cover With, at least one layer with. a vitreous structure. This can
not only achieve the obj ective of providing a hermetic  seal, but also
allows the layer, such as for example the. 15 evaporation-coating glass to
be used to secure the cover., in  a similar manner to a soldering glass.
The term the bearing J surfaceis not to be understood strictly as the
surface on  which the contact points between fur the= components and the
cover are formed. For example, since the OLED layer structure 20 is
generally slightly elevated, there may be a short distance  



between the cover and the corresponding base, for examDl e the  subs--rate,
in adj pining regions next to the OLED layer  structure. However, these
regions are also to be understood  as part of the bearing surface.
Therefore, the bearing 25 surface can he understood as a projection surface
of that  side of the cover which faces the base onto the base. Furthermore,
the process according to the invention can  advantageously be improved
additionally comprises the  30 step o= appl3-ing at least one bonding
layer, _n particular a bonding layer to which the at least one layer with a
vitre0u's  structure _s applied. L layer of this type can in Darticula-
improve th_e_ bonding Properties o_ the_ _aye= w a v= _reous 0 3 DEC 2007
18 structure on plastic surfaces, which has advantageous effects  on the
mechanical stability of the layer microstructure under  thermal or
mechanical loads, for exa hole a bending load. In  this way, a continuous
laver is produced more quickly and it 5 IS possible to achieve smoother
layers with a lower DOrosity.  The invention also envisages the provision
of an organic  photoelectric element which is producible in particular by
the process described above. 10 Accordingly, an element according to the
invention comprises:  a substrate, a firs- conductive aver, at least one
layer which includes at least one organic,  is electro-optical material,
and a second conductive layer, as well as - a deposited laver with a
vitreous structure. As has already been described above in connection with
the 20 process for producing OLEDs, a layer with a vitreous  



structure is particularly suitable as a diffusion barrier for  small
molecules, and therefore provides effective protection  against degradation
of the .element . The fact that the lave=  is deposited on a surface o= the
element means that there is 25 a join between the laver and the surface
without intermediate  or transition layers, which is particularly expedient
w tr_, a  view to achieving a hermetic seal- The layers preferably
deposited on the surface by means of CVD and/or PVD, for  example by
spucteri ng, evaporation-coating , P= or PICVD. 30 It is preferable for one
of the conductive layers to have a  lower work function than the other
conductive layer, in order  to create a difference ' I won} _unc ion be
weep the lavers 0 3 DEC 200?  19 .In the case of a light-emitting element,
when a voltage is  applied to the conductive layers electrons are injected
from  the layer with a lower work function into unoccupied energy  states.
kecombination with defect electrons which are 5 injected from the layer
with a higher work function then  leads to light quanta being emi~-ted. To
increase the quantum efficiencjT of an OLED according to  the invention,
the OLED may additionally have further 10 functional layers.- in this
context, by way of example, at  least one hole injection layer -and/or at
least one Dotential- matching laver and/or at lest one electron blocker
layer  and/or at least one hole blocker layer amid/or . at least one
electron conductor layer and/or hole conductor layer and/or 15 at least one
electron injection layer are advantageous. To allow the emitted light
cruanta to be output, it is  .advantageous if on_e of the conductive layers
is at least  



partially trar_snarent to the light emitted by the layer which 20 includes
an orgar_ic_, el ectro-optical material . These reC'lired  properties may
he fulfi i led inter alia, _f the _rs:  conductive layer includes indium
tin oxide or fluorine-doped  tin oxide. -'S Moreover, the at least one
layer with a vitreous structure  floes not have to be located on that side
of the substrate on  which the layer which includes the organic elect__70-
DID-- C-El  material is located. Rather, the "Layer with a "vitreous
structure may also be arranued on. the opposite side of the 30 substrate
_rorr. this Side . In this Way is on the one hand  possible to limit the
diffusion of gas molecules through the  substrate an,_3 on the other hand
also to have a positive i _r._ iuenc_e_ on, for example, the Optical
properties o- the 0 3 DEC 2007  20 OLD, for example as a result of th layer
with a vi treous  structure creating matching of refractive indices. The at
least one layer with a. vitreous structure may, s furthermore, have a
composition and/or refractive index which  varies along the direction
perpendicular to the coated surface. A variation in the composition
perpendicular to the  surface allows the layer to have correspondingly
varying  materials properties in this di rectior_, for example a varying 10
coefficient O_ therrcial exnEu--slon. or refractive index. However, the
refractive index can also be influenced in other ways , for example by the
morphology of the laver. in  particular, -'the composition and/or
refractive index can also vary periodically. A laver with a vitreous
structure and a.  15 periodically -varying refractive index is particularly
suitable for outputting or introducing light into the  element. 



The at least one layer with a vitreous structure may also 20 particularly
advantageously be arranged between the substrate  and the first or second
conductive layer. TP_is arrangement  also suppresses the diffusion of gas
molecules through the  substrate. Moreover, in this way it is possible to
produce  matching refractive index matching between the OLED layer
structure  25 and the substrate. The orca ic, electro-ontl =_I element may
also include a multiple laver which comprises at least 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 light,
and for the mechanical properties,  such as the bending tolerance . 0 3 DEC
2007  21 A particularly Favorable capacity for outputting and  introducing
light can be achieved in particular if the  individual layers of the
multiple layer have dif'f'erent  s refractive indices. Moreover, the OLED
may also include at least one pre- encapsulation layer which can serve as a
thermal barrier  coating and reduces the thermal load on the OLED during
the 10 coating with the layer or layers with a vitreous structure.
Moreover, a pre-encapsulation coating can serve to create a  stable base
for the layer with a vitreous structure. To protect the layer with a
vitreous structure or the other  is lavers i.n particular from mechanical
damage, the OLED may advantageously also have a cover. In addition, the
OLED may advantageously include at least one  bonding layer, which
preferably adjoins the at least one 20 layer with a vitreous structure. A
bonding laver of this type  



results in :improved bonding of the layer with a vitreous  structure. As a
result, relatively high growth rates and in  relative terms smoother layers
can be achieved during the a.eDosltlon. Moreover, a bonding layer of Lh_s
tr/e can be 25 used to reduce intrinsic layer stresses. Moreover, an
electro-optical element according to the  invention may advantageously
include structured lavers. By  way of e):arRD l e, the fi=st anchor" second
conductive layers 3C and/or the at least one layer which includes at !east
one  organic, eleCtro-optical material may be structured in order  to
integrate additional functionality in one or more of these layers . In
particular, the first and/or second conductive 0 3 DEC 2007  22 layers may
be structured in a comb shape. The finger  .electrodes of the layers which
are structured in a comb shape  may, for example, engage in one another so
that a voltage can  be applied or tapped between conductive layers located
at one  5 level. However, other structures of the layers are also suitable.
By way of example, the conductive layers may have lines, for  example
interconnects, which cross one another on the 10 substrate in different
levels and allow pixel activation of  individually switched pixel
structures, in particular. for  display applications. In this case, the
laver which is  located between the conductive layers and includes at least
one electro-optical material is locally excited to 15 electroluminescence
in the' Vicinity of a cross point of two  driven interconnects of the
conductive layers. Conversely,. a  corresponding photovoltaic arrangement
can be used for local  signal scanning for sensor applications, for example
image  recording. 20 



Moreover, the .invention provides a device for carrying out  the production
process described above and/or for producing a  photoelectric element
according to the invention. In addition  tot-he means for producing the
OLED laver structure, a device 25 of this type has a coming means for
depositing at least one  layer with a vitreous structure. The invention is
described in more detail below on the basis  C )f eferre d embodiments and
with reference to the appended  3 0 drawings , i n whi ch identical
reference numerals in the  drawings denote identical or similar parts. In
the drawings : 0 3 DEC 2007  23 Fic. 1 shows a first embodiment of an OLED
according  to the invention, Pic. 2 shows a further embodiment of  5 an
OLED according to the invention with an  inverse layer structure, Fig. 3
shows an embodiment of an OLED.  with a pre-encapsulation laver, 10 Figs.
4A to 4D show embodiments with an additional cover to  r protect the OLED
laver st_uctu e, Fic. 5 shows an embodiment of the OLED  is with the layer
with a vitreous structure  arranged between the OLED layer structure and
the substrate, Fig. 6 shows an embodiment with a  20 multi layer
encapsulation of the OLED laver  structure, F.ic. 7 shows an embodiment
with a  multilayer encapsulation of the OLED laver 



2.^ structure and different refractive indices in  the individual lavers,
Figs. BA and BB show the curve of the refractive index in a  lay Y'_tr a
vitreous structure it a daIlce  30 with two further embodiments of an OLED,
and F J q. shows ar_ embodimen of an OLED with  conductive layers
structured in a come snap_, 0 3 DEC 2007  24 Fig. 10 shows a comparison of
two specimens  with calcium strips coated. with Sic, and
evaporation-coating glass, respectively, 5 Fig, II shows a graph
illustrating the  optical density of encapsulated calcium strips  as a
function of time, 10 Fig. 12 shows a comparison of the efficiency  of
various encapsulated OLEDs, and Fig. 13 shows the luminosity of various
encapsulated OLED elements as a function of  the residence time in a
climate chamber. Fig. 1 shows a diagrammatic cross-sectional view through a
first embodiment of an OLED according to the invention, which  cording is
denoted overall by 1. The OLED comprises a substrate 3, to  20 which an
OLED layer structure 5 is applied on one side 9. The  layer structure 5
comprises a first conductive layer 13, a  layer 15 which includes at least
one organic, electro-optical  material, and a second conductive layer 17.
The layer  Structure 5 of the OLED is covered with a layer 7 with a 25
vitreous structure and has been applied by means of and/or CVD coating. On
account of fits low perm=ability, the  



layer 7 creates a hermetic encapsulation of the OLED layer  structure 5, in
particular with respect to small gas  molecules from natural atmosr7here,
such as water or oxygen. 30 -Si tilts way, the dezradation of the OLED
according to the  invention as a result of chemical reactions between
reactive  gases and materials of the laver structure is greatly - reduced,
and this manifests itself in an increased service 0 3 DEC 2007  25 life of
the OLED. Inorganic glass has proven to be a  particularly expedient
material for the layer 7, on account  of its low permeability. in
Darticular alkali-metal- containing glasses have a particularly low
permeability., and s borosilicate glasses are also particularly suitable.
It is preferable for the layer with a vitreous structure to  comprise an
evaporation-coating glass which has been  deposited by evaporation-coating
on the element 1. 10 The layer 15 which includes an organic,
electro-ootica-1  material is referred to below as an organic, li
aht.-emitting  layer, for the. sake of simplicity. However, this layer may
also be designed as a light-absorbing, photovoltaic layer for  15 a
photovoltaic element. The -evaporation-coating glass type 8329 produced by
Schott,  which has the following composition in percent by weight:  20 SiC2
84.1 E.,C,  Na,O 2 .G ' 6 j  K20 _ 0 . 3 (in the layer . 3 0 )  25 ~i_0 0 .
3 AI C3 2.6% (in the layer < 0.5%) 



0  has proven particularly suitable_ . 30 Th_ values given in parentheses
are the proportions by weigh:  of the corresponding component in the laver
deposited by 0 3 DEC 2007  26 evaporation coating. The electrical
resistance of this borosillcate glass is  approximately 1010 S?/cm (at
100C) s rurthermore, in the pure form, this 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'C-iz) The  10
evavorat_or_-coating process and .the differing volati_ity of the
components of this system result in slightly different  stoichlometries
between the target. material and the layer  which is applied by eti
aporation-coating. The deviations in  the laver which is applied by
evaporation-coating are given  is in parentheses. Another suitable
evaporation-coating glass, referred to below  as glass .2, has the
following composition, in percent by  weicrht: 20 Components: Glass 2  SiC2
7~ o E2 26  ha,O '0.50  Li,O 0.50  FAO 1. 0%  P1:O- 1.00 The-se bo os_li
cafe glasses which are ore=e_-ably used iri  



particular have the properties listed i _ the table below:  Properties 83
29 Glass 2 0 3 DEC_ 200?  27 6 a20-300 [10 2.75 3 .2  Density (g/cm'3) 1
2.201 2.12  Transformation point [DC] 562C 742  Refractive index ns = 1,469
1.465 I Hydrolytic resistance class HGB 1 HGB 2  in accordance with ISO 719
Acid resistance class in 0.6 2  accordance with DIN 12 1166 A.lhali
resistance class in 3 J  accordance with DIN. 52322 Dielectric constant E
(25C) 4.7 1J.9 (1 MHz) (40 GFz)  cane (25C) ~5*1C 25*10 4  (1 ?biz) (40
GHz) The application of the laver 7 by means of vacuum. deposition,  such
as for example CVD and/or PVD, results in the formation  of an intimate
bonding of the laver. 7 both to the surface of 5 the layer structure 5 and
to the substrate itself in areas  next to the OLED structure. As a result,
permeability  passages at the edqe regions of the OLED layer structure are
also avoided; it OLEDs which have been Known hitherto, such  passages are
encapsulated, for example by adhesive bonding. i0 T t is preferable for the
laver 7 to be deposited by means Of  evaporation coating, in_ particular by
means of electron beam  evaporation of" a glass tarae--_ ravine one of the
compositions  



c=.ven above. 15 To produce /ar t! cu_arly dense, low-defecL layers has a,
so proven ad'va.ntaQeous to use an APS CAPS = advanced plasma  source) and
to carry out a plasma ion ass_ste_denositlon, in  particular evaporation
coating assisted by DlasICLa ions. 0 3 DEC 2007  28 In this embodiment, the
substrate is transparent Li ght  emitted from the organic, light-emitting
layer 15 first of  all passes through the first, conductive layer 13 and
then 5 passes through the interface with the environment on the side  11 of
the transparent substrate. In this embodiment, the first conductive layer
13 comprises a  transparent, conductive material, such as for example
indium  io tin oxide, in order to allow the light to pass through. The
second.-conductive laver comprises a material with a lower  work function
than that of he first conductive layer, t - the  work function in the case
of an indium, tin oxide layer being  15 approximately 4 . 5 ev. O'alc iun
is a particularly . suitable material for the second conductive layer.
However, calcium is  highly reactive and reacts in particular with the
atmospheric  oxygen and with the water which is present as moisture in the
air. In particular to protect this layer, hermetic 20 encapsulation of the
OLED layer structure is important in  order to avoid degradation. This
embodiment of an OLED comps i ses the layer sequence  substrate/first
conductive laver/organic, light-emitting  25 layer/second conductive layer.
This corresponds to the standard structure of OLJEDs. However, a structure
with an  inverse layer sequence can also be achieved by the  application of
a laver with - a vitreous structur_ which at the  



same time effec_ive_''_v' encapsulates the OLED !aver  s-_uc-use  3 C This
variant s il!us--a- _d in Eig. 2 . I? the embodiment  shown in 2, the laver
secrsence is' accordingly.  substrate/second. conductive layer/organic,
light-emitting  layer/first conductive Layer. In this embodiment, the 0 3
DEC 2007  29 substrate 3 may also comprise an ooacrue material. The light
which is emitted from the organic, light-emitting layer 15  then, after it
has passed through the first conductive layer  13 , emerges at the outer
side 19 through the layer 7 with. a  5 'v'itreous structure. Fig. 3
diagrammatically depicts an embodiment with a are- encapsulation layer 21.
This pre-encapsulation layer is used.  inter Ilia to create a stable base
for the laver 7 with a 10 Vitreous structure. The second conductive laver
1.7 r)referabiy comprises the very soft metal calcium. The
pre-encapsulation  layer 21 prevents molecules from the layer 7 oenetrat_ng
into  this layer. Moreover, the layer .21 also forms a thermal  barrier
coating which, on account of its low thermal  conductivity, prevents high
levels of heat output from being  transferred to the OLED layer structure
during the  application of the layer 7 with a vitreous structure.  Figures
4A to 4D show embodiments of the organic, elect--C> 20 optical element 1
with an addi tional cover 23. The cover 23  is used to protect in
particular against mechanical damage.  Since the layers 13 to 17 of the
element 1 may be relatively  soft, the layer 7 is joined n the region of
the OLED layer  structure 5 to a base which is not very stable, so that the
25 layer 7 may be sensitive to mechanical effects. The cover 23  may
advantageously be adhesively bonded to -the OLED. in the  



embodiment shown in Fig. 4A, the cove- 23 is joined to the  further
components of the element via a synthetic resin or  plastic laver 23. The
s: the`ic resin or plastic lave.- 23 30 suitable for compensating for
unevenness on the surface, for  example caused by the protruding OLED n yer
0 3 DEC 2007  30 In the embodiment shown in Fig. 4B, the laver 7 with a
vitreous structure was deposited in such a way that the  boundary edge of
the bearing surface of the cover is also  covered. For this purpose, the
cover 23 was applied to the s coated substrate before the layer 7 with a
vitreous  structure. The layer 7 with a vitreous structure was then
deposited on the cover and over its edge which defines the  boundary curve
of the bearing surface, so that the edge of  the cover 23 is sealed by the
laver 7. This prevents gases io from penetrating between cover and
substrate and being able  to reach the OLED layer structure S. In the
embodiment shown in Fic. 4C, adhesive bonding of the  cover to the base was
dispensed with. In this case, the layer  13 7 with a Vitreous structure is
itself used to secure the cover 23. In addition to sealing of the edges of
the cover,  the deposition of the layer with a vitreous structure
accordingly also results in bonding of the cover, in a  similar mariner to
that achieved with a soldering glass, but 20 without the OLED layer
structure having to be exposed to any  parti cular thermal load. By way of
e:~:amnle, the laver 7 is  not designed as a continuous layer, but rather
is only  deposited on the edges of the cover or the boundary curve o  the
bearing surface of the cover. Naturally, the laver 7 may 25 also be
deposited so as to cover the entire surface_ of the  coated side of the
element, in a similar manner to that shown  



in Fig. 4B_ Fig. 4D shows a further embodiment of an element 11 which has
30 been provided with a cover 23 and in which the. boundary curve  r of the
bearing surf ace of the cover :is' covered with a -aver 7  with a vitreous
structure. In this case too, as in the  embodiment wail ch has been shown
with reference to 'F_'' u. 4C, in 0 3 DEC 2007  31 addition to a seal,
securing of the cover s also achieved by  means of the layer 7. By
contrast, however, the layer 7 is  evaporation-coated laterally onto the
element, so that the  edges of the element 1 are sealed. 5 In the
embodiment shown with reference to Fig. 4E, a seal, or  a hermetic closure,
of the OLED layer structure and a  securing of a cover 23 was achieved by
deposition from the  otposite side from the cove: r. In this case too, a
common 10 feature to the embodiments shown in Fits. 4B, 4C and 4D, the
boundary curve of the bearing surface of the cover 23 is  covered by, the
layer 7 with a vitreous structure. Fig. 5 i llu'strates an embodiment 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 layers..and of
the orgar_ic, light-emitting layer. As a result, the Layer J with a
vitreous structure is located between the subs--rate  and the OLED layer
structure. In this way, the diffusion  20 th=ough the substrate into the
OLED layer structure is suppressed. Moreover, the encapsulation of the OLED
from the  side of the substrate 3 which is achieved with this  arrangement
of the layer 7 between OLED laver structure 5 and  



substrate 3 makes it possible for a material which can be 25 penetrated by
gas molecules to be used for the substrate 3. By way of example, in this
way it is even possible to use a  plastic substrate through which as
molecules would otherwise  migrate into the OLED layer structure on account
of the poor  barrio action of plastics. The 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 c  subs--raze.  _. 0 3 DEC 2007  32 The bonding
layer 10 adjoins the layer 7 with a vitreous  structure and is located
between substrate 3 and layer 7. The  bonding layer 10 creates a fixed and
permanent join between  the 'Laver 7 with a vitreous structure and the
substrate 3, so 5 that separation of the layer 7 from the flexible
substrate 3  in particular when the OLED is bent can be prevented. Of
course, it is also possible for the embodiments which have  been described
above and those which are described below to include bonding layers of this
type.  10 In addition, a further encapsulation (not shown in. Fig. 5)  can
hermetically seal the OLED 'Layer structure 5, this  encapsulation
preferably likewise being effected by  application of a 'Layer with a
vitreous structure by means of 2-5 CVD and/or PVD coati nC. The -layer with
a vi treou's structure which is applied between the OLED lave--. structure
5 and the  substrate 3 may, in addition to its function as a diffusion
barrier, also serve to match refractive indices between OLED  



layer structure 5 and substrate 3, in order to improve the 20 outputting of
tile -Light emitted from the organic layer 15  In the case of OLEDs with
flexible substrates 3 which are  constructed as shown in Fig. 5, the layer
7 should run as far  as possible along the neutral fiber of the structure,
so that 25 it is impossible for any cracks which could increase the
degradation again to form in this layer when the OLED is  bent . Fig. 6
shows an embodiment in which a multiple 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 ~, and OLED  layer Structure 5 ._n this emboli ment, the multiple
laver  -7  comprises N lavers with a vitreous structure 71, 72, . . . , 7N.
0 3 DEC 2007  33 'N flexible layers 81, 82,..., BE are applied alternately
with  these layers 71, 72,..., 7N.. The flexible layers 8-1, 82, 8N may, by
way of example, comprise polymer layers. If the  5 OLED is bent, shear
forces occur between the individual  layers. The shear forces are absorbed
by deformation of these  layers on account of the flexibility of the layers
81 to 8N.  Of course, the same principle can also. be applied to the
Opposite side of the OLED laver structure in order to 10 completely and, at
the same time, flexibly encapsulate the  OLED layer structure S. In each
case for the sake of clarity, the encapsulation of  the OLED layer
structure on the opposite side from the is substrate is not illustrated in
Figures 5 and G.  Fig. 7 shows, in a similar manner to the embodiment
illustrated in Fig. 6, an OLED accordinc to the invention  with a multiple
laver 27 which comprises layers 71, 72, 



20 7N with a vitreous structure and further layers 81, 82,..  8N. Unlike in
the embodiment shown in rig. 6, however, in  this case the layers are
aoolied to the opposite side 11 of  the substrate 3 from the side 9 to
which the OLED layer  structure .5 is applied. An encapsulation of the OLED
layer 25 structure 5 similar to the embodiments illustrated with  reference
to ~.igures 1 to 4 by a layer 7 with a vitreous  structur_ is additionally
illustrated. In this case, tae muitiDle laver 27, in addition to tin 30
barrier action which is achieved by the lavers 71 to 7N, is  also used for
refractive index matching in order to improve  the output of the light
emitted by the oroani c laver 15 at  the interface between the OLED and the
environment. The 0 3 DEC 2007  34 individual lavers 71 to 7N and 81 to 8N
of the multiple layer  27 for this purpose have different refractive
indices. In  particular, the layer 27 is constructed in such a way that
the layers 71 to 7N with a vitreous structure have-he same 5 refractive
indices, and the layers 81 to 8N likewise have the  same refractive
indices. In this way, the refractive index  alternates from laver to
layer.through the alternating  arrangement of the layers. 10 However, a
variation in the refractive index can be produced  not only by combining
different layers. Rather, it is also  possible fpr a laver with a. vitreous
structure to have a  composition which varies along the di~enti on pe endi
Cular to  the coated surface and/or a 'refractive index which varies  along
this direction. z variation to the refract_v.e index is  preferably also
achieved by varying the layer composition.  However, variation by means of
a layer morphology which  changes along this direction, for example a
changing density,  



is also conceivable. Layers with a variation in the 20 refractive index as
a result Of changing layer composition  can be produced by depositing the
layer by means of co- evaporation, the evaporation-coating rate of at least
One Of  the evaporation sources being changed during the evaporation-
coating process. Therefore, a periodic change in the 25
evaporaatior_-coating rate, for examnie by periodically  changing the
output from one of the sources, makes it  possible_ to produce a
corresponding layer with a vitreous  structure_ which has a refractive
index which varies  Deriodicalll% perpendicular to the coated surface. 30
Such a curve of the refractive index is iIlu's=rated by way of  example in
'lglireS 8 and 8B. The coordinate z in these  figures indicates the
direction perDend-cula- to the coated 0 3 DEC 2007  35 surface. Both curves
reveal a periodic variation in the  refractive index- in the z direction.
The Curve of the  refractive index illustrated in. Fig. BE has, in addition
to  the periodic variation, a decrease in the amplitude in the z s
d_rectior_, which may additionally be of benefit =:o the  outputting and
introduction efficiency of the element.  Finally, Fig. 9 shows a further
embodiment of an OLED or of  an organic., electro-optical element, which
has structured 10 functional layers. In this embodiment, the conductive
layers  13 and 17 are structured in a comb shape and are both located  at
the same level or. the substrate 3 . The layers 13 and 17  each have
?ringer electrodes 30 which are connected to at  least one web 32. The
voltage supply or voltage tap in the 15 case of a photovoltaic element is
effected via the webs 32.  The layer 15 which includes at least one
organic, electro- 



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 exemplary embodiment, in order  20 to be encapsulated, the OLED layer
structure produced in this  way is once again, a similar manner to the
embodiment which has been explained with reference to Fig covered  with a
layer 7 with a vitreous structure. 25 Of course, the exemplary embodiments
which have been  presented above can also be combined in a wide range of
ways,  for example by layers with a vitreous structure being applie^  to a
plurality of sides 0-'.L the substrate. For example, inter  alia, the
embodiment shown with ref`rence to Fic. 7 can be 30 combined with a coating
on that side of the subs trat- e_ which  faces the OIJED la er st+.LLc ure
5, ~r ~for example as in the embodiments shown in Figures 5 or 6. .71-1so,
virtually any  other desired combinations of the embodiments which have
been 0 3 DEC 2007  36 shown are possible. It is also possible for all the
embodiments to be used in p ir_el displays, for example by  using a matrix
arrangement of the elements described or by  using correspondingly
structured conductive layers with 5 interconnects which cross one another.
Fig. 10 shows photographic images of the light transmission  through two
specimens. The specimens are class substrates to  which two calcium strips
have been applied. The substrates 10 were then encapsulated on. the side
bearing the calcium  strips. In the case of th e SDe^_i men shown on -he
left-hand  side of Fig. 10, an evaporation-coating glass was applied for
encapsulation, whi le in the : case of the :.spe:cimer_ illustrated  on the
right-hand. side of Fig.. 10 a silicon oxide layer was  



15 selected for the encapsulation, for comparative purposes. The images
were taken after the specimens had been stored for  20 hours in air.
Undegrade.d regions of the calcium layer  appear dark in the images. It can
be seen from the two images 20 that the calcium strips coated with
evaporation-coating glass  are much less corroded. The degradation of the
specimen.  coated with silicon oxide is further advanced over the entire
surface than in the case of the comparison specimen with an
evaporation-coating glass coating. 25 Fig. 11 shows the optical density Of
Calcium Strips for a  Plurality of specimens, each coated with
evaporation-coating  glass or silicon oxide, as a function of the duration
of  action of air. The specimens or which the measurements were 30 ca= r
_ia out are similar to the specimens shown in Fig. l0. Irn  this case too,
calcium strips were deposited on a substrate,  and the side bearing the
strips was then encapsulated by  evaporation coating with an
evaporation-coating glass or a 0 3 DEC 2007  37 silicon oxide layer. The
graph shown in Fig. 11 reveals that the degradation of  the calcium strips
occurs considerably more otiickly when 5 silicon oxide is used as
encapsulation material than with the  specimens encapsulated using
evaporation-coating glass. Fig. 12 shows a bar chart representing a
comparison of the  efficiency of differently encapsulated OLEDs. OLEDs
which had  10 been encapsulated with evaporation-coating glass were
compared with OLEDs without encapsulation and OLEDswith a  silicon oxide
encapsulation. The efficiency measurements were  measured shortly- after
the encapsulation at two different  luminescences. The OLEDs were tested in
a shielding gas 



is atmosphere in order to prevent degradation of the  unencapsulated OLEDs.
It can be seen from the measurements shown in Fig . _2 that  the deposition
of evaporation- coating glass, unlike the 20 deposition of Silicon oxide,
has substantially no effect on  the quality of the f_nished OLEDs, since
the efficiency Of  the OLEDs encapsulated with evaporation-coating glass
reveals  scarcely any differences compared to the unencansulated  OLEDs. By
contrast, the efficiency of the OLEDs encapsulated 25 with silicon oxide is
considerably reduced. The following -'_ex:_ refers to Fig. 13, which shows
a craoh  illustrating the luminosity of two differently encapsulated  OILED
elements as a f nction of the residence time in a 30 climate chamber. An
OIJED encapsulated with silicon oxide was  compared with an OLED
encapsulated with evaporation-coating  Sass. The luminos_ty was measured
using a photographic  element, and the measured values are given in
relative units . 0 3. DEC 2007  38 The luminosity was determined at a
constant operating current  of 2 mA for the OLEDs. The specimens were
stored in the climate chamber at an air  5 temperature of 850C and a
relative atmosDheric humidity of  2596. It can be seen that the OLED
encapsulated with silicon  oxide has only approximately a qua= ter of the
original luminosity after ten days in the climate chamber. By  contrast,
the OLED encapsulated wish evaporation-coating  10 glass even has a
slightly increased luminosity. 0 3 DEC 2007  39 J  Lis- or reference
numerals 



Ord anic , electre-optical element  3 Substrate 5 OLED layer structure 7,
72, . . 7N La with a vi re =r ct re  y OLS S i--u. emu- 9 1 First side of
-he substrate i0 Bond_ng laver Second side of the substrate  13 First
conductive laver  Orcanic, light-emitting layer 17 Second conductive layer
19 Outer side of the OLED  21 Pre-encapsulation layer  23 Cover 25
Adriesive bonding  27 Multiple laver  3D Finger electrodes  32 yob 811, 82,
.. . , 8N Layers of the multiple laver 27 0 3 DEC 2007  40 Claims:  1. A
process for producing an organic, electro-optical  element (1) , comprising
the steps of: 5 - providing a substrate (3) applying a first conductive
layer (13, 17) - applying at least one layer (15) which includes at least
one organic, electro-optical material, applying a second conductive layer
(13, 17),  1o and depositing at least one layer (7, 71, 72, ... 7N) with a



vitreous structure, wherein the step of depositing at least one layer(7,
71, 72,  ... 7N) with a vitreous structure comprises the step of 15
evaporation coating to produce a laver (7, 71, 72 ... 7N)  with a vitreous
structure. 2. The process as claimed in claim 1 wherein the step of
depositing at least one layer with a vitreous structure  20 comprises the
step of depositing an inorganic glass. 3. The process as claimed in one of
the preceding claims,  wherein the step of depositing at least one laver
with a  vitreous structure comprises the step of depositing an 25
alkali-metal-containing glass. 4. The process as claimed in one of the
preceding claims,  wherein the step of deoositing at least one lave with a
vitreous structure comprises the step of deoositing a 30 borosilicate
glass. 0 3 DEC 2007  41 5. The process as claimed in one of the preceding
claims,  wherein the step of depositing at least one layer with a  vitreous
structure comprises the step of depositing an  evaporation-coating glass. 5
6. The process as claimed in one of the preceding claims,  wherein the step
.of depositing at least one layer (7, 71, 72,  ... 7N) with a vitreous
structure comprises the step of  depositing at least one layer (7, 71, 72,
... 7N) with a 10 vitreous structure by means of chemical vapor deposition.
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 -n one of the preceding claims,  wherein the step
of evaporation coating to produce a layer  (7, 71, 72, . . . 7N) with a
vitreous structure comprises the 20 step of cc-evaporation from at least
two evaporation sources.  9. The process as claimed in claim 8, wherein the
step of  co-evaporation comprises the step of varying, in particular
periodically varying, the evaporation rate of at least one of  25 the
evaporation sources. 10. The process as claimed in one of the preceding
claims,  wherein the deposition of a layer by evaporation coating
comprises the step of plasma ion assisted deposition. 30 11. The process as
claimed in one of the preceding claims,  wherein the step of depositing a
laver (7, 71, 72, ... 7N)  with a vitreous structure_ comprises the step of
deposition by  means of plasma-enhanced chemical vapor deposition (PECVD)
35 in particular the step of deposition by means of plasma 0 3 DEC 2007  42
impulse chemical vapor deposition (PICVD) and/or the step of  sputtering on
a layer (7, 71, 72, ... 7N) with a vitreous  structure. 5 12. The process
as claimed in one of the preceding claims,  wherein the step of depositing
a layer with a vitreous  structure comprises the step of co-deposition of
organic  material. 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 laver and/or  an electron injection
layer. 20 15. The process as claimed in one of the preceding claims,
wherein at least one of the conductive layers (13, 17) is at  least
partially transparent to the light emitted from the  layer (15) which
includes at least one organic,' electro 25 optical material. 16. The
process as claimed in claim !S,- in which the layer  (13, 17) includes
indium tin oxide and/or fluorine-doped tin  oxide. 30 17. The process as
claimed in claim 15 or 16, wherein the at  least one layer (7, 71, 72, ...
7N) with a vitreous structure is deposited after the application of the
layer which  includes at least one organic, eiectro-optical material. 0 3
DEC 2017  43 18. The process as claimed in one of the preceding claims,
wherein the first and/or second conductive and/or the at  least one layer.
which includes at least one organic, electro 5 optical material are applied
in structured form. 19. The process as claimed in claim 18, wherein the
firs  conductive layer (13) and/or the second conductive layer (15)  are
applied such that they are structured in a comb shape. 10 20. The process
as claimed in one of the preceding claims,  wherein the layer (7, 71, 72,
... 7N) with a vitreous  structure comprises an at least binary system of
materials. i'5 21. The process as claimed in one of the preceding claims,
wherein the step of depositing the at least one layer (7, 71,  



72, . . . 7N) with a vitreous structure takes place after the  application
of the first conductive layer (13) and the second  conductive layer (17)
and of. the at least one layer (15) 20 which includes at least one organic,
electro-optical  material. 22. The process as claimed in one of the
preceding claims,  in which the step of depositing the at least one laver
(7,  25 71, 72, . . . 7N) with a vitreous structure takes place before the
application of one of the conductive layers (13, 17)  23. The process as
claimed in one of the preceding claims,  wherein the step of depositing a
layer (7, 71, 72, ... 7N) 30 with a vitreous structure comprises the step
of depositing a  layer (7, 71, 72, ... 7N) witft a vitreous structure on
the  opposite side (9) of the substrate from the side (11) to  which the
'Layer (15) which includes at least one organic,  electro-optical material
is applied. 0 3 DEC 2007  44 24. The process as claimed in one of the
preceding claims,  wherein the step of depositing the layer (7, 71, 72, ...
7N)  with a vitreous structure takes place before the application 5 of the
first conductive layer (13) and the second conductive  layer (17) and of
the laver (15) which includes at least one  organic, electro-optical
material. 25. The process as claimed in one of the preceding claims,  10
wherein the step of depositing a layer (7, -71, 72, .. . 7N)  with a
vitreous structure comprises the step of applying a  multiple laver (27).
26. The process as claimed in claim 25, wherein the step of  15 applying a
multiple layer comprises the step of applying a  multiple layer with
different chemical compositions and/or  different mechanical proper ties in
at least two of the  



individual layers (71, 72, ... 7N, 81, 82, ..., 8N) 20 27. The process as
claimed in claim 26, wherein the  individual layers (71, 72, ... 7N, 81,
82, . . . 8N) of the  multiple layer (27) have different refractive
indices. 28. The process as claimed in one of the preceding claims,  25
which includes the step of applying a pre-encapsulation layer  (21) 29. The
process as claimed in one of the preceding claims,  which includes the step
of applying a cover (23). 30 30. The process as claimed in claim 29,
wherein the step of  depositing at least one aver with a vitreous structure
comprises the step of covering the boundary edge of the  bearing surface of
the cover with at least one layer with a  35 vitreous structure. 0 3. DEC
2007  45 31. The process as claimed in one of the preceding claims,  which
includes the step of applying at least one bonding  layer (10) , in
particular a bonding layer (10) to which the 5 at least one layer (7, 71,
72, . .. 7N) with a vitreous  structure is applied. 32. An organic
electro-optical element (1) , producible in  particular using the process
as claimed in one of the 10 preceding claims, comprising:  a substrate (3),
a first conductive layer (13), at least one layer (15) which includes at
least one  organic, electro-optical material, and 15 - a second conductive
layer (17)  and at least one deposited layer (7, 71, 72, ... 7N) with a  



vitreous structure, wherein the at least one deposited layer (7, 71, 72,
... 7N)  20 with a vitreous structure is applied by evaporation coating.
33. The element as claimed in claim 32, wherein the at least  one deposited
laver (7, 71, 72, ... 7N) with a vitreous 25 structure comprises an
inorganic glass laver. 34. The element as claimed in one of the preceding
claims,  wherein the at least one deposited layer (7, 71, 72, ... 7N)  with
a vitreous structure comprises an alkali-metal 30 containing glass. 35. The
element as claimed in one of the preceding claims,  wherein the at least
one deposited laver (7, 71, 72, . . . 7N)  with a vitreous structure
comprises a borosilicate glass. 0 3 DEC 2007  46 36. The element as claimed
in one of the preceding claims,  wherein the at least one deposited laver
(7, 71, 72, ... 7N)  with a vitreous structure comprises an
evaporation-coating  5 glass. 37. The element as claimed in one of the
preceding claims,  wherein the at least one deposited layer (7, 71, 72, ...
7N)  10 with a vitreous structure is applied by sputtering. 38. The element
as claimed in one of the preceding claims'  wherein one of the conductive
layers (13, 17) has a lower  work function than the other of the conductive
layers (17,  15 13). 39. The element as claimed in one of the preceding
claims,  wherein at least one of the conductive layers (13, 17) is at
least partially transparent to the light emitted from the 20 layer (15)
which includes at least one organic, electro- optical material. 40. The
element as claimed in one of the preceding claims,  



in which the at least partially transparent, conductive layer  25 (13)
includes indium tin oxide and/or fluorine-doped tin  oxide. 41. The element
as claimed in one of the breceding 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,  35
wherein the at least one layer (7, 71, 72, . . . 7N) with a 0-3 DEC 2007
47 vitreous structure is located on the opposite side (11) of  the
substrate from the side (9) on which the layer (15) which  includes an
organic, electr o-Optical material is located. 5 43. The element as claimed
in one of the preceding claims,  wherein the at least one layer (7, 71, 72,
... 7N) with a  vitreous structure has a composition which varies along the
direction perpendicular to the coated surface and/or a  refractive index
which varies along this direction. 10 .44. The element as claimed in claim
43, in which there is a  periodic variation in the c omposition 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  15 coated
surface. 45. The element as claimed in one of the preceding claims,  which
includes a multiple layer (27) which comprises at least  one layer (7, 71,
72, ... 7N) with a vitreous structure. .20 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. 25 47. The element
as claimed in one of the preceding claims,  which includes at least one
pre-encapsulation laver (21).  48. The element as claimed in one of the
preceding claims,  which includes at least one hole injection layer and/or
at 30 least one potential-matching layer and/or at least one  electron
blocker layer and/or at least one hole blocker  and/or at least one
electron conductor layer and/or at least  one hole conductor layer and/or
at least one electron  injection layer. 0 3 DEC'2007  48 49. The element as
claimed in one of the preceding claims,  which includes a cover (23). 5 50.
The element as claimed in claim 49, wherein the boundary  edge of the
bearing surface of the cover (23)' is covered with  at least one layer (7)
with a vitreous structure. 51. The element as claimed in one of the
preceding claims,  1o which includes a bonding layer (10), in particular a
bonding  layer (10) which adjoins the at least one layer (7, 71, 72, 7N)
with a vitreous structure. 52. The element as claimed in one of the
preceding claims,  15 wherein the first and/or second conductive layer
and/or the  at least one layer which includes a: least one orcanic,
electro-optical material are structured. 53. The element as claimed in
claim 52, wherein the first 20 conductive layer (13) and/or the second
conductive layer (15)  are structured in the form of comb. 54. A device for
carrying out the process and/or for  producing the organic, electro-optical
element (1) as claimed  25 in one of the preceding claims, which device
includes means for evaporation at least one layer (7, 71, 72, ... 7N) with
a  



vitreous structure. 


