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SUBSTRATE FOR AN ORGANIC 
LIGHT-EMITTING DEVICE, USE AND 
PROCESS FOR MANUFACTURING THIS 

SUBSTRATE, AND ORGANIC 
LIGHT-EMITTING DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 12/440,301, filed Jul. 1, 2009, now allowed. U.S. 
Ser. No. 12/440,301 is the National Stage of International 
Application No. PCT/FR07/051876, and is based upon and 
claims the benefit of priority from French Patent Application 
Nos. 0653617, filed Sep. 7, 2006, and 0654952, filed Nov. 17, 
2006, the entire contents of which are hereby incorporated by 
reference. 
0002 The subject of the present invention is a multilayer 
electrode, its acid etching and organic light-emitting devices 
incorporating it. 

BACKGROUND OF THE INVENTION 

0003 Known organic light-emitting systems or OLEDs 
comprise an organic electroluminescent material or a multi 
layer coating of organic electroluminescent materials Sup 
plied with electricity by electrodes generally in the form of 
two electroconductive layers flanking it. 
0004. These electroconductive layers commonly com 
prise a layer based on indium oxide, generally tin-doped 
indium oxide known more by the abbreviation ITO. ITO 
layers have been studied particularly closely. They can be 
easily deposited by magnetron Sputtering, either using an 
oxide target (nonreactive Sputtering) or using a target based 
on indium and tin (reactive sputtering in the presence of an 
oxidizing agent of the oxygen type), and their thickness is 
around 100 to 150 nm. However, this ITO layer has a number 
of drawbacks. Firstly, the material and the high-temperature 
(350° C.) deposition process for improving the conductivity 
generate additional costs. The sheet resistance remains rela 
tively high (of the order of 10092/D) unless the thickness of 
the layers is increased beyond 150 nm, which would result in 
a reduction in transparency and an increase in the Surface 
roughness. 
0005 Thus, new electrode structures are being developed. 
For example, document.JP2005-038642 teaches a TFT (thin 
film transistor)-driven light-emitting flat screen comprising 
top-emitting electroluminescent systems generating, respec 
tively, red light, green light and blue light, in order to forman 
active matrix. 
0006 Each organic light-emitting device is provided with 
what is called a rear or bottom electrode comprising: 

0007 an adhesion layer, for example made of ITO; 
0008 a (semi)reflective metallic layer, especially based 
on silver or aluminum, or made of silver containing 
aluminum, with a thickness of at least 50 nm, and 

0009 a work-function-matching overlayer, for example 
made of ITO. 

BRIEF SUMMARY OF THE INVENTION 

0010. The object of the present invention is to be able to 
obtain an assembly of electroconductive layers in order to 
form a reliable electrode which is robust (especially in terms 
of stability and/or mechanical and thermal resistance) with 
out sacrificing its electroconductivity properties or its optical 
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quality, nor the performance of the device incorporating it, 
nor generating production difficulties. 
0011. The object of the invention is in particular to be able 
to obtain an assembly of electroconductive layers for forming 
the bottom electrode of a reliable robust electroluminescent 
system without sacrificing its electroconductivity properties, 
its optical quality, nor the optical performance of the OLED 
nor generating production difficulties. 
0012. The term “bottom electrode' should be understood 
within the context of the invention to mean the electrode 
inserted between the carrier substrate and the OLED system. 
0013 Additionally, this objective is to be achieved without 
upsetting the known configurations of organic light-emitting 
systems relating to the invention, and for a bottom cost. 
0014. This involves developing electrodes that are essen 

tially transparent, or both transparent and reflective or essen 
tially reflective, and which are suitable equally well for 
OLEDs forming active-matrix and passive-matrix OLED 
screens, or forming video screen backlighting devices or 
devices used in general (architectural and/or decorative) illu 
mination applications or in indicating applications, or even 
for other electronic applications. 
0015 This novel electrode film may in particular have 
optical properties suitable for it to be used as faceplate, that is 
to say the face(s) via which the light produced by the OLED 
system leaves the device. In particular, it may have a sufficient 
light transmission combined with the lowest possible absorp 
tion. The reason for this is that it appears unnecessary to aim 
to have the highest possible light transmission in order to 
obtain the maximum light power at the exit of the OLED 
device, while on the hand, in the case of the faceplate, it is 
necessary to have the lowest possible absorption. 
0016. The present invention thus also consists in choosing 
a thin-film multilayer coating that is compatible with the 
process for fabricating the organic light-emitting device and 
in particular compatible with the step of forming the bottom 
electrode by etching before the OLED system is deposited. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0017. The invention will now be described in greater detail 
by means of nonlimiting examples and figures: 
0018 FIG. 1 is a schematic sectional view of an organic 
light-emitting device for uniform (back)lighting, which 
includes a bottom electrode according to the invention in a 
first embodiment; 
0019 FIG. 2 is a partial view showing this bottom elec 
trode in greater detail; 
0020 FIG. 3 illustrates a process for fabricating and etch 
ing this electrode: 
0021 FIG. 4 illustrates a schematic sectional view of an 
organic light-emitting device for uniform (back)lighting, 
which is arranged in several Zones and includes a bottom 
electrode according to the invention in a second embodiment; 
0022 FIGS. 5 and 6 illustrate schematic top views show 
ing two diagrams for electrically connecting electrodes simi 
lar to those used in the second embodiment; and 
0023 FIG. 7 is a schematic lateral sectional view of an 
organic light-emitting device used for differentiated lighting. 
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DETAILED DESCRIPTION OF THE INVENTION 

0024. The aim of the present invention is to remedy the 
drawbacks of the prior art by proposing a novel solution for 
the production of a bottom electrode film for an organic 
light-emitting device. 
0025. For this purpose, the subjects of the invention are: a 
Substrate according to claim 1; the use of a Substrate and 
especially the use of this substrate according to claim 22; an 
organic light-emitting device comprising this Substrate or 
using this Substrate according to claim 24; and a process for 
fabricating this substrate according to claim 29. 
0026. The claims dependent on the above claims define 
advantageous alternatives to the invention. 
0027 Thus, one subject of the invention, in its broadest 
sense, is a Substrate for an organic light-emitting device, 
especially a transparent glass Substrate, which includes, on a 
first main face, a bottom electrode film, the electrode film 
being formed from a thin-film multilayer coating comprising, 
in Succession, at least: 

0028 a contact layer based on a metal oxide and/or a 
metal nitride, 

0029 a metallic functional layer having an intrinsic 
electrical conductivity property, and 

0030 an overlayer based on metal oxide and/or on 
metal nitride, especially for matching the work function 
of said electrode film, 

the Substrate including a base layer, and said base layer cov 
ering said main face of the Substrate. 
0031. The base layer according to the invention has two 
effects: it forms both a barrier to the alkali metals that could 
come from the Substrate and an antireflection layer essential 
for the microcavity of the OLED system. 
0032. The electrode film according to the invention thus 
consists of a thin-film multilayer coating comprising at least 
one metallic functional layer, especially based on silver (i.e. 
made of silver or made of a metal alloy containing predomi 
nantly silver), and at least one bottom antifreflection film 
placed between the substrate and this metallic functional 
layer, this antireflection film comprising at least one antire 
flection dielectric layer, namely the base layer. 
0033. The term “film should be understood within the 
context of the present invention to mean that there may be a 
layer made of a single material, or several layers, each made 
of a different material. 
0034. The object of this antireflection film beneath the 
metallic functional layer facing the Substrate and in contact 
with the substrate is to make the radiation emitted by the 
OLED system barely wavelength-selective and barely depen 
dent on the viewing angle. 
0035. This is because, in the absence of this antireflection 
film, on the one hand, the light emitted by the OLED system 
is very concentrated on the emission wavelength or the very 
narrow range of emission wavelengths of the OLED system 
and on the other hand the color and the power of this light vary 
greatly with the viewing angle. 
0036. This type of thin-film multilayer coating is known in 
the field of architectural or automotive glazing for producing 
enhanced thermal insulation glazing of the “low-emissivity or 
low-E' and/or “solar control’ type. 
0037. The inventors thus noticed that certain multilayer 
coatings used for low-Eglazing in particular could be used for 
producing the base layer and the electrode film for organic 
light-emitting devices and especially the base layer and the 
electrode film for the faceplate(s) of these devices. 
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0038. The multilayer coatings known as “toughenable' 
multilayer coatings or coatings “to be toughened'. that is to 
say those used when it is desired to make the Substrate bearing 
the multilayer coating undergo a toughening heat treatment, 
are in particular Suitable. This is all the more Surprising since 
the Substrate for an organic light-emitting device has not 
undergone a heat treatment for its implementation in this 
device, or in any case no sufficiently hot heat treatment with 
Sufficiently rapid cooling in order to carry out a toughening 
treatment on the glass Substrate. 
0039 Thus, the subject of the invention is also the use of a 
thin-film multilayer coating for architectural glazing or the 
use of a Substrate coated with a thin-film multilayer coating 
for architectural glazing, especially a low-E multilayer coat 
ing or coated Substrate and/or especially a “toughenable' 
multilayer coating or coated Substrate or one “to be tough 
ened, in order to produce a Substrate according to the inven 
tion for an organic light-emitting device. 
0040. The term “toughenable' multilayer coating or sub 
strate should be understood within the context of the present 
invention to mean that the essential optical properties and 
thermal properties (expressed by the resistance per square, 
which is directly related to the emissivity) are preserved dur 
ing the heat treatment. 
0041. Thus, it is possible on one and the same building 
façade for example to place glazing panels close together that 
incorporate toughened Substrates and untoughened Sub 
strates, both coated with the same multilayer coating, without 
it being possible to distinguish one from another by simple 
visual observation of the color in reflection and/or of the light 
reflection/transmission. 
0042. For example, a multilayer coating or a substrate 
coated with a multilayer coating, having the following 
changes before 0 after heat treatment, will be considered to be 
toughenable since these changes will not be perceptible to the 
eye: 

0043 a small change in light transmission AT of less 
than 3%, or even less than 2%; and/or 

0044 a small change in light reflection AR, of less than 
3%, or even less than 2%; and/or 

0.045 a Small change in color AE= 

V(AL*)+(Aa)+(Ab*)) of less than 3 or even less 
than 2. 

0046. A multilayer coating or substrate “to be toughened' 
should be understood within the present invention to mean 
that the optical and thermal properties of the coated substrate 
are acceptable after heat treatment, whereas they were not, or 
in any case were not all, previously. 
0047 For example, a multilayer coating or a substrate 
coated with a multilayer coating, having the following char 
acteristics after the heat treatment, will be considered “to be 
toughened within the context of the present invention, 
whereas prior to the heat treatment at least one of these 
characteristics was not fulfilled: 

0048 a high light transmission T, of at least 50%, or 
even at least 60% or 65%, or even 70%, or even at least 
75% and more preferably at least 80%; and/or 

0049 a resistance per square R at least as good as that 
of the ITO with the usual thicknesses, and in particular 
less than 20927 or even less than 15927 . 

0050. The important point is that the electrode film used 
for the faceplate is either sufficiently transparent such that 
prior to the deposition of the OLED system, it has a light 
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transmission of at least 50% and preferably between 60 and 
70% and has, on the other hand, a very low absorbance, such 
that prior to the deposition of the OLED system, it has an 
absorption defined as being 1-R-T equal to or less than 
15%, or even equal to or less than 10%, or even equal to or less 
than 8% or even equal to or less than 5%. 
0051. A light transmission greater than 70% is to be 
avoided if this means that, to obtain this value, the thickness 
of the thin-film coating located between the metallic func 
tional layer and the OLED system (overlayer and optional 
other layer(s)) has too great a thickness liable to impair the 
performance of the OLED by the metallic functional layer 
being too far away from the OLED system. 
0052. The base layer may be: 

0053 based on silicon oxide (of general formula SiO); 
0054 based on silicon oxycarbide (of general formula 
SiOC); 

0055 based on silicon nitride (of general formula SiN), 
and in particular based on SiN 

0056 based on silicon oxynitride (of general formula 
SiON); 

0057 based on silicon oxycarbonitride (of general for 
mula SiONC). 

0058. It is possible for the nitriding of the base layer to be 
slightly Substoichiometric. 
0059 Preferably, the base layer has a thickness of between 
10 and 150 nm, even more preferably between 20 and 100 nm. 
0060. The base layer gives the electrode according to the 
invention many advantages. Firstly, it is a barrier to the alkali 
metals below the electrode. It protects the superjacent contact 
layer from any contamination (which contaminations could 
induce mechanical defects, such as delaminations) and it also 
maintains the electrical conductivity of the metallic func 
tional layer. It also prevents the organic structure of an OLED 
device from being contaminated by the alkali metals but as a 
result considerably reducing the life of the OLED. 
0061 The migration of alkali metals may occur during the 
fabrication of the device, resulting in a lack of reliability, 
and/or afterwards, reducing its lifetime. 
0062. The base layer improves the anchoring properties of 
the contact layer without appreciably increasing the rough 
ness of the entire multilayer coating, even if one or more 
layers are interposed between the base layer and the contact 
layer. 
0063 Of course, the invention is most particularly benefi 
cial for an electrode lying as close as possible to the carrier 
Substrate liable to discharge alkali metals, such as especially 
clear or extra-clear Soda-lime silica glass. 
0064 Moreover, this particular multilayer coating struc 
ture also makes it possible to obtain a reliable electrode, 
enabling significant productivity gains to be achieved. 
0065. Furthermore, what is obtained, at a lower cost, is an 
electrode exhibiting compatibility of the surface properties 
with the organic light-emitting systems while still having 
electrical conductivity and/or transparency or reflectivity 
properties which can, where appropriate, be adjusted, espe 
cially by varying the thickness of the metallic layer or of the 
other layers and/or the deposition conditions. 
0066 For a given organic structure of an OLED device, the 
electrode of the invention enables the efficiency in lm/W of 
the OLED to be improved by 5 to 10%, and up to 15 or even 
20%, for a brightness greater than 500 cd/m compared with 
an ITO electrode of the usual thickness. 
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0067. The electrode film may preferably include an etch 
stop layer between the base layer and the contact layer espe 
cially a layer based on tin oxide, this etch stop layer having in 
particular a thickness of between 10 and 100 nm and even 
more preferably between 20 and 60 nm. 
0068 Most particularly, for the sake of simplicity, the etch 
stop layer may form part of or be the base layer: preferably, it 
may be based on silicon nitride or may be a layer which is 
based on silicon oxide or based on silicon oxynitride or based 
on silicon oxycarbide or even based on silicon oxycarboni 
tride and with tin for reinforcing by anti-etching property, a 
layer of general formula SnSiOCN. 
0069. The etch stop layer serves to protect the substrate in 
the case of chemical etching or reactive plasma etching. 
0070 Thanks to the etch stop layer, the base layer remains 
present even in the patterned Zones. Thus, the migration of 
alkali metals, by the edge effect, between the substrate in a 
patterned Zone and an adjacent electrode part (or even an 
organic structure), may be stopped. 
0071 Most particularly preferable is a base layer/etch stop 
layer made (essentially) of doped or undoped silicon nitride 
SiN. Silicon nitride is very rapidly deposited and forms an 
excellent alkali metal barrier. Furthermore, thanks to its high 
optical index relative to the carrier substrate, it allows the 
optical properties of the electrode to be adapted, preferably by 
varying the thickness of this base layer/etch stop layer. Thus, 
in this way it is possible to adjust for example the color in 
transmission when the electrode is transparent or in reflection 
when the opposite face from the carrier substrate is a mirror. 
0072 Preferably, the functional layer is based on a pure 
material chosen from: silver, gold, aluminum and copper or 
based on said material alloyed or doped with another material 
chosen from: Ag, Au, Pd, Al, Pt, Cu, Zn, Cd, In, Si, Zr, Mo, Ni, 
Cr, Mg, Mn, Co and Sn, and especially is based on a gold/ 
silver alloy or on a gold/copper alloy. 
0073. The thin-film coating forming the electrode film is 
preferably a functional monolayer film, that is to say a single 
functional layer. However, it may be a coating comprising 
several functional layers and especially two functional layers. 
0074 To produce an electrode film comprising several 
functional layers deposited n times on the base layer and an 
optional etch stop layer, where n is an integer equal to or 
greater than 1, is the following structure: the contact layer and 
the functional metallic layer, the structure being Surmounted 
by a sequence comprising the Succession consisting at least 
of contact layer/functional metallic layer/overlayer. 
0075. The electrode according to the invention may have a 
large area, for example an area equal to or greater than 0.02 
moreven equal to or greater than 0.5 m or equal to or greater 
than 1 m. 
0076 Advantageously, the electrode according to the 
invention may have: 

0.077 a resistance per square equal to or less than 
109.2/D for a functional layer thickness of 6nm upward, 
preferably equal to or less than 592/D for a functional 
layer thickness of 10 nm and upward, preferably com 
bined with the following optical properties: 

0078 a light transmission T, equal to or greater than 
50% and preferably between 60% and 70%, or even 
higher if this does not impair the luminous performance 
of the OLED and 

0079 an absorption equal or to or less than 15%, or 
equal to or less than 10% or even more preferably equal 
to or less than 8%, or even 5%, 
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0080 thereby making its use as a transparent electrode 
particularly satisfactory, 

I0081 a resistance per square equal to or less than 1927 
for a functional layer thickness of 50 nm and upward, 
preferably equal to or less than 0.692/D. preferably com 
bined with a light transmission R, equal to or greater 
than 70%, even more preferably 80%, thereby making 
its use as a reflective electrode particularly satisfactory, 

I0082) a resistance per square equal to or less than 392/ 
for a functional layer thickness of 20 nm and upward, 
preferably equal to or less than 1.89.2/D. preferably com 
bined with a T/R ratio of between 0.1 and 0.7, thereby 
making its use as a transparent/reflective electrode par 
ticularly satisfactory. 

0083. The thickness of the silver-based metallic functional 
layer (or all of these layers) chosen may be, for an electrode, 
between 3 and 20 nm (in total), preferably between 5 and 15 
nm. In this thickness range, the electrode may be sufficiently 
transparent, thanks to the antireflection film Subjacent to the 
(or each) silver-based metallic functional layer, to enable a 
particularly satisfactory transparent electrode to be produced, 
as mentioned in the preceding paragraph. 
0084. However, it is not expedient to have a chosen silver 
based metallic functional layer (or all these layers) with a 
markedly greater thickness, especially if the organic light 
emitting system operates in reflection or is top-emitting. The 
thickness of the chosen silver-based functional layer (or all 
these layers) in this case for an electrode can be between 50 
and 150 nm (in total), preferably between 80 and 100 nm, so 
as to enable a particularly satisfactory reflective electrode to 
be produced, as mentioned above. 
0085. The thickness of the chosen silver-based functional 
layer (or all these layers) may furthermore be for an electrode 
between 20 and 50 nm (in total) in order for the electrode to 
operate both in transmission and in reflection so as to enable 
a particularly satisfactory transparent/reflective electrode to 
be produced, as mentioned above. 
I0086. The (or each) metallic, especially silver-based, 
functional layer is preferably deposited in a crystalline form 
on a thin dielectric layer which is also preferably crystalline. 
The contact layer thus promotes the suitable crystalline ori 
entation of the metallic layer deposited above. 
0087 Thus, the functional layer is preferably deposited 
above, and even directly on, an oxide-based contact layer, 
especially one based on Zinc oxide, optionally doped, option 
ally doped with aluminum (the term "doped' is understood in 
the usual manner to mean being exposed to the presence of the 
element in an amount of less than 10% by weight of metallic 
element in the layer and the expression “based on is under 
stood in the usual manner to mean a layer containing pre 
dominantly the material, i.e. containing at least 50% of this 
material by weight the expression “based on thus covers 
doping). 
0088. The geometric (or actual) thickness of the contact 
layer is preferably between 3 and 30 nm and more preferably 
between 4 and 20 nm. 

I0089. The effect of the contact layer in the antireflection 
film beneath the metallic functional layer may sometimes be 
neglected, especially when the index of this layer is close to 
that of the substrate and/or when this layer has a small thick 
ness, typically when this is less than 10 nm. 
0090 The contact layer may be based on a metal nitride 
and may then be coincident with the base layer, in particular 
when the base layer is based on silicon nitride. 
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0091 Preferably, the contact layer is based on at least one 
of the following metal oxides, which is optionally doped: 
chromium oxide, indium oxide, optionally Substoichiometric 
Zinc oxide, aluminum oxide, titanium oxide, molybdenum 
oxide, Zirconium oxide, antimony oxide, tin oxide, tantalum 
oxide and silicon oxide (for simplification, silicon is consid 
ered here as a metal). 
0092 Typically, the metal oxide may be doped between 
0.5 and 5%. In particular, it may be Al-doped zinc oxide 
(AZO), Ga-doped zinc oxide (GZO), or even B-doped, Sc 
doped or Sb-doped zinc oxide for better stability of the depo 
sition process, or even F-doped or S-doped tin oxide. 
0093. The contact layer may be based on a mixed oxide, 
especially generally nonstoichiometric mixed tin Zinc oxide 
Sn,ZnO, as an amorphous phase, or based on a mixed indium 
tin oxide (ITO) or a mixed indium zinc oxide (IZO). 
0094. A layer of zinc oxide ZnO, preferably with x less 
than 1 and even more preferably between 0.88 and 0.98, 
especially between 0.90 and 0.95, is preferred. This layer may 
be a pure layer or one doped with A1 or with Ga. 
0.095 The stack is generally obtained by a succession of 
deposition operations carried out by a vacuum technique, 
Such as sputtering, optionally magnetron sputtering. It is also 
possible to provide one or even two very thin films called 
“blocking films’ deposited directly beneath, on, or on each 
side of each metallic functional layer, especially based on 
silver, the film subjacent to the functional layer, in the direc 
tion of the Substrate, as bonding, nucleating and/or protective 
film, and the film Superjacent to the functional layer as pro 
tective or “sacrificial film so as to prevent impairment of the 
metallic functional layer by attack and/or migration of oxy 
gen from a layer that surmounts it, or also by migration of 
oxygen if the layer that Surmounts it is deposited by sputtering 
in the presence of oxygen. 
0096. The functional metallic layer may thus be placed 
directly on at least one Subjacent blocking film and/or directly 
beneath at least one Superjacent blocking film, each film 
having a thickness preferably between 0.5 and 5 nm. 
(0097. Within the context of the present invention, when it 
is specified that a deposit of a layer or film (comprising one or 
more layers) is formed directly beneath or directly on another 
deposit, there may be no interposition of any layer between 
these two deposits. 
0098. At least one blocking film preferably comprises a 
metallic, metal nitride and/or metal oxide layer, based on at 
least one of the following metals: Ti, V. Mn, Fe, Co, Cu, Zn, 
Zr, Hf, Al. Nb, Ni, Cr, Mo, Ta, W, or based on an alloy of at 
least one of said materials. 
0099 For example, a blocking film may consist of a layer 
based on niobium, tantalum, titanium, chromium or nickel or 
on an alloy formed of at least two of said metals, such as a 
nickel-chromium alloy. 
0100. A thin blocking layer forms a protective or even a 
“sacrificial layer, which prevents impairment of the metal of 
the functional metallic layer, especially in one or more of the 
following configurations: 

0101 if the layer that surmounts the functional layer is 
deposited using a reactive (oxygen, nitrogen, etc.) 
plasma, for example if the oxide layer that Surmounts it 
is deposited by sputtering; 

0102 if the composition of the layer that surmounts the 
functional layer is liable to vary during industrial fabri 
cation (variation in the deposition conditions, of the 
target wear type, etc.), especially if the stoichiometry of 
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an oxide and/or nitride type layer varies, therefore modi 
fying the quality of the functional layer and therefore the 
properties (Surface resistance, light transmission, etc.) 
of the electrode; and 

0103 if the electrode coating undergoes a heat treat 
ment after deposition. 

0104. This protective or sacrificial layer significantly 
improves the reproducibility of the electrical and optical 
properties of the electrode. This is very important for an 
industrial approach in which only a small scatter in the prop 
erties of the electrodes is acceptable. 
0105. A thin blocking layer based on a metal chosen from 
niobium Nb, tantalum Ta, titanium Ti, chromium Cr and 
nickel Ni, or based on an alloy formed from at least two of 
these metals, especially a niobium/tantalum (Nb/Ta) alloy, a 
niobium/chromium (Nb/Cr) alloy or a tantalum/chromium 
(Ta/Cr) alloy or a nickel/chromium (Ni/Cr) alloy, is particu 
larly preferred. This type of layer based on at least one metal 
has a particularly strong gettering effect. 
0106. A thin metallic blocking layer may be easily fabri 
cated without impairing the functional layer. This metallic 
layer may preferably be deposited in an inert atmosphere (i.e. 
into which no oxygen or nitrogen has been intentionally intro 
duced), consisting of a noble gas (He, Ne, Xe, Ar, Kr). It is 
neither excluded nor is it problematic for this metallic layer to 
be oxidized on the Surface during Subsequent deposition of a 
layer based on a metal oxide. 
0107 Such a thin metallic blocking layer also provides 
excellent mechanical behavior (especially abrasion and 
scratch resistance). This is especially so for multilayer coat 
ings that undergo aheat treatment, and therefore a substantial 
diffusion of oxygen or nitrogen during this treatment. 
0108. However, for the use of a metallic blocking layer it is 
necessary to limit the thickness of the metallic layer and 
therefore the light absorption in order to retain sufficient light 
transmission for the transparent electrodes. 
0109 The thin blocking layer may be partially oxidized. 
This layer is deposited in nonmetallic form and is therefore 
not deposited in stoichiometric form but in substoichiometric 
form, of the MO, type, where M represents the metal and x is 
a number bottom than that for stoichiometry of the oxide of 
the metal, or of the MNO, type for an oxide of two metals M 
and N (or of more than two). For example, mention may be 
made of TiO, and NiCrO. 
0110 Preferably, X is between 0.75 times and 0.99 times 
the normal number for stoichiometry of the oxide. For a 
monoxide, X may in particular be chosen to be between 0.5 
and 0.98 and for a dioxide X may be between 1.5 and 1.98. 
0111. In one particular variant, the thin blocking layer is 
based on TiO, in which X may in particular be such that 
1.5sxs 1.98 or 1.5<x<1.7, or even 1.7sxs 1.95. 
0112 The thin blocking layer may be partially nitrided. It 

is therefore not deposited in stoichiometric form but in sub 
stoichiometric form of the type MN, where M represents the 
material andy is a number Smaller than that for Stoichiometry 
of the nitride of the material. Y being preferably between 0.75 
times and 0.99 times the number for normal stoichiometry of 
the nitride. 

0113. Likewise, the thin blocking layer may also be par 
tially oxynitrided. 
0114. This thin oxidized and/or nitrided blocking layer 
may be readily fabricated without impairing the functional 
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layer. It is preferably deposited using a ceramic target in a 
non-oxidizing atmosphere consisting preferably of a noble 
gas (He, Ne, Xe, Ar or Kr). 
0115 The thin blocking layer may preferably be made of 
a substoichiometric nitride and/or oxide in order to further 
increase the reproducibility of the electrical and optical prop 
erties of the electrode. 

0116. The chosen thin substoichiometric oxide and/or 
nitride blocking layer may preferably be based on a metal 
chosen from at least one of the following metals: Ti, V. Mn, 
Fe, Co, Cu, Zn, Zr, Hf, Al, Nb, Ni, Cr, Mo, Ta, W, or on an 
oxide of a substoichiometric alloy based on at least one of 
these metals. 
0117 Particularly preferred is a layer based on an oxide or 
oxynitride of a metal chosen from niobium Nb, tantalum Ta, 
titanium Ti, chromium Cr or nickel Nior on an alloy formed 
from at least two of these metals, especially a niobium/tanta 
lum (Nb/Ta) alloy, a niobium/chromium (Nb/Cr) alloy, a tan 
talum/chromium (Ta/Cr) alloy or a nickel/chromium (Ni/Cr) 
alloy. 
0118. As substoichiometric metal nitride, it is also pos 
sible to choose a layer made of silicon nitride SiN. or alumi 
num AlN or chromium nitride CrN or titanium nitride TiN 
or a nitride of several metals, such as NiCrM. 
0119 The thin blocking layer may have an oxidation gra 
dient, for example M(N)O, with xi varying, that part of the 
blocking layer in contact with the functional layer being less 
oxidized than that part of this layer furthest away from the 
functional layer, using a particular deposition atmosphere. 
0.120. The blocking film may also be a multilayer and in 
particular comprise: 

0121 on the one hand, an “interfacial layer immedi 
ately in contact with said functional layer, this interfacial 
layer being made of a material based on a non-stoichio 
metric metal oxide, nitride or oxynitride, such as those 
mentioned above; 

0.122 on the other hand, at least one layer made of a 
metallic material. Such as those mentioned above, this 
layer being immediately in contact with said “interfa 
cial layer. 

I0123. The interfacial layer may be an oxide, nitride or 
oxynitride of a metal or metals, present in the optional adja 
cent metallic layer. 
0.124. The overlayer of the electrode film according to the 
invention is preferably based on at least one of the following, 
optionally doped, metal oxides: chromium oxide, indium 
oxide, optionally Substoichiometric Zinc oxide, aluminum 
oxide, titanium oxide, molybdenum oxide, Zirconium oxide, 
antimony oxide, tin oxide, tantalum oxide and silicon oxide, 
and this overlayer preferably has a thickness of between 3 and 
50 nm. 

0.125. This overlayer may be for example a tin oxide doped 
with F. Sb, or an aluminum-doped zinc oxide, or optionally be 
based on a mixed oxide, especially a mixed indium tin oxide, 
a mixed indium Zinc oxide or a mixed Zinc tin oxide. 

0.126 The substrate according to the invention coated with 
the base layer and with the electrode film preferably has a low 
roughness such that the peak-to-valley distance on the over 
layer is equal to or less than 10 nm. 
I0127. The substrate according to the invention coated with 
the base layer and with the electrode film preferably has, on 
the overlayer, an RMS roughness of 3 nm or less, preferably 
even 2 nm or less and even more preferably 1.5 nm or less or 
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1 nm or less, so as to avoid spike defects which would dras 
tically reduce the lifetime and the reliability in particular of 
the OLED. 

0128. The RMS roughness denotes the root mean square 
roughness. This is a measure of the RMS deviation of the 
roughness. This RMS roughness therefore specifically quan 
tifies on average the height of the peaks and troughs of the 
roughness relative to the average height. Thus, an RMS 
roughness of 2 nm means a double peak average amplitude. 
0129. It may be measured in various ways: for example, by 
atomic force microscopy, by a mechanical stylus system (us 
ing for example the measurement instruments sold by 
VEECO under the name DEKTAK) and by optical interfer 
ometry. The measurement is generally performed overan area 
of one square micron by atomic force microscopy and over a 
larger area, of around 50 microns by 2 millimeters, by 
mechanical stylus systems. 
0130. This low roughness is in particular achieved when 
the Substrate comprises, between the base layer and the con 
tact layer, a non-crystalline Smoothing layer made of a mixed 
oxide, said Smoothing layer being placed immediately 
beneath said contact layer and being made of a material other 
than that of the contact layer. 
0131 Preferably, the smoothing layer is a mixed oxide 
layer based on an oxide of one or more of the following 
metals: Sn, Si, Ti, Zr, Hf, Zn, Ga and In, and especially is an 
optionally doped mixed oxide layer based on Zinc and tin or a 
mixed indium tin oxide (ITO) layer or a mixed indium zinc 
oxide (IZO) layer. 
0132 Preferably, the smoothing layer has a geometric 
thickness between 0.1 and 30 nm and more preferably 
between 0.2 and 10 nm. 

0133. However, the substrate preferably includes a bottom 
bus electrode structure above the bottom electrode film, said 
bus electrode structure being in electrical contact with said 
electrode film. 

0134. The bottombus electrode structure takes the form of 
a current supply layer before the etching. Preferably, it has a 
thickness of between 0.5 and 10 um and preferably takes the 
form of a monolayer of one of the following metals: Mo, Al, 
Cr, Nd or an alloy such as MoCr, AlNd or in the form of a 
multilayer such as MoCr/Al/MoCr. 
0135 For production of an OLED device, the substrate 
comprises, in the following order, starting from the first main 
face of the substrate: 

0.136 an OLED system above the bottom electrode 
film; 

0.137 atop electrode film above said OLED system; and 
0.138 a top bus electrode structure above the top elec 
trode film, said bus electrode structure being in electrical 
contact with said top electrode film. 

0.139. In one particular embodiment, the assembly formed 
by the base layer and the bottom electrode film consists of a 
multilayer coating for architectural glazing, especially a 
“toughenable” multilayer coating or one “to be toughened' 
and/or especially a low-E multilayer coating, in particular a 
multilayer coating of the following type: 

0140 base layer based on a metal oxide and/or based on 
a metal nitride? (etch stop layer)/(Smoothing layer)/oxide 
contact layer/(underblocker film)/metallic functional 
layer/(overblocker film)/overlayer based on a metal 
oxide and/or a metal nitride; 
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0.141 base and contact layer based on a metal nitride/ 
(underblocker film)/metallic functional layer/(over 
blocker film)/overlayer based on a metal nitride. 

0142. In another particular embodiment, the substrate 
coated with the base layer and with the bottom electrode film 
consists of a Substrate for architectural glazing, especially 
“toughenable' architecture glazing or architectural glazing 
“to be toughened, which is coated with a thin-film multilayer 
coating and/or in particular a low-E multilayer coating, said 
substrate preferably not being toughened after deposition of 
the thin layers. 
0143. In an additional embodiment, the substrate accord 
ing to the invention includes, on a second main face, a func 
tional film chosen from: an antireflection multilayer; an anti 
fogging or antifouling layer, an ultraviolet filter, especially a 
titanium oxide layer; a phosphor layer; a mirror layer; and a 
light extraction scattering Zone. 
0144. The flat substrate may be transparent (in particular 
for emission through the substrate). The flat substrate may be 
rigid, flexible or semiflexible. 
0145 The flat substrate is preferably made of glass, espe 
cially a soda-lime silica glass. Advantageously, the Substrate 
may be a glass having an absorption coefficient of less than 
2.5 m", preferably less than 0.7 m", at the wavelength of the 
OLED radiation. 

0146 For example, soda-lime silica glasses with less than 
0.05% Fe III or FeO are chosen, especially the glass Dia 
mant from Saint-Gobain Glass, the glass Optiwhite from 
Pilkington or the glass B270 from Schott. All the extra-clear 
glass compositions described in document WO 04/025334 
may be chosen. 
0.147. In a chosen configuration for emission of the OLED 
system through the thickness of the transparent Substrate, 
Some of the radiation emitted is guided in the Substrate. 
0.148. In addition, in an advantageous design of the inven 
tion, the thickness of the chosen glass Substrate may be at 
least 1 mm, for example preferably at least 5 mm. This allows 
the number of internal reflections to be reduced and thus 
enables more of the radiation guided in the glass to be 
extracted, thereby increasing the brightness of the luminous 
ZO. 

014.9 The edge of the substrate may also be reflected and 
preferably have a mirror, for optimum recycling of the guided 
radiation, and/or this edge may make with the main face 
associated with the OLED system an internal angle greater 
than 90° but less than or equal to 135°, preferably around 
100°, in order to redirect the radiation over a wider extraction 
area. The edge of the substrate may thus be beveled. 
0150. For electrically separating the electrodes in docu 
ment JP 2005-038642, the bottom electrode is structured in 
several etching steps involving various acids and at various 
etching rates. Thus, the work-function-matching layer is 
firstly etched, then the metallic layer and finally the adhesion 
layer. 
0151. One object of the invention is to be able to obtain an 
assembly of electroconductive layers in order to form a reli 
able electrode which is robust (especially in terms of stability 
and/orthermal and mechanical resistance) without sacrificing 
its electroconductivity properties, its optical quality, nor the 
performance of the device incorporating it, nor causing pro 
duction difficulties, especially for wet etching. 
0152 The invention thus provides a process for the acid 
etching of a multilayer electrode on a Substrate, especially a 
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glass Substrate, which includes a base layer, preferably based 
on silicon nitride, silicon oxide or silicon oxynitride. 
0153. The invention also relates to the process for fabri 
cating the Substrate according to the invention, in which at 
least the base layer and the electrode film are deposited on the 
Substrate, preferably at least partly by a vacuum technique of 
the Sputtering type, optionally magnetron Sputtering, and then 
the Substrate undergoes etching, to etch at least the electrode 
film in a single step. 
0154 All the layers of the electrode film are preferably 
deposited by a vacuum deposition technique, howeverit is not 
excluded for the first layer or layers of the multilayer coating 
to be able to be deposited by another technique, for example 
a pyrolysis-type thermal decomposition technique. 
0155 Within the context of the process for fabricating the 
device, if the electrode film does not have the necessary 
electrode structure directly, it undergoes an etching step for 
the purpose of producing an electrode structure. Such as for 
example a chemical (preferably acid) screen-printing step or 
a laser etching step. Such as those steps already known in its 
principle for the ITO-based electrode films. 
0156 The electrode film according to the invention may 
most particularly be etchable by RIE (reactive ion etching) or 
else more preferably by wet etching (a process that can be 
easily integrated into the fabrication phase and at atmospheric 
pressure). 
0157 All of the layers, from the contact layer to the over 
layer, including the functional layer, are preferably etched in 
the same etching pattern and preferably by a single etching 
operation, that is to say the base layer itself is not etched. The 
etch stop layer, if it is present, is preferably also intact, but 
may be slightly etched, for example over one tenth of its 
initial thickness. The same applies for the base layer if the 
etch stop layer is not present. 
0158. Furthermore, it is generally preferable to provide the 
electrode film with a bus electrode before deposition of the 
OLED system. The layer that will form the bus electrodes is 
preferably etched at the same time as the electrode film. 
0159. Thus, the invention provides a process for the acid 
etching of a multilayer electrode on a Substrate, especially a 
glass Substrate, which includes an acid etch stop layer, pref 
erably one based on silicon nitride and/or silicon oxide, the 
etching being carried out in a single step and with a single acid 
solution chosen from pure nitric acid HNO or nitric acid 
mixed with hydrochloric acid HCl, or pure hydrochloric acid 
or hydrochloric acid mixed with iron trichloride FeCls, oth 
erwise called FeIII chloride. 
0160 Thus, etching patterns may be etched in which the 
width and the spacing vary depending on the applications. 
0161 The etching may be carried out in the presence of at 
least one metal current supply strip preferably in the form of 
a monolayer based on one of the following metals: Mo, Al, Cr, 
Ndoran alloy such as MoCr, AlNd, or based on a multilayer 
Such as MoCr/A1/MoCr. 

0162 The invention also relates to an organic light-emit 
ting device comprising at least one carrier Substrate, espe 
cially a glass Substrate, provided with at least one organic 
electroluminescent layer placed between the bottom elec 
trode as described above, namely the one closest to the carrier 
Substrate, and a top electrode. 
0163 The OLED device may produce monochromatic, 
especially blue and/or green and/or red, light or may be 
adapted so as to produce white light. 
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0164. To produce white light, several methods are pos 
sible: mixing of compounds (red, green, blue emission) in a 
single layer, stacking on the face of the electrodes of three 
organic structures (red, green and blue emission) or two 
organic structures (yellow and blue); series of three adjacent 
organic structures (red, green, blue emission); on the face of 
the electrodes, one organic structure in one color and on the 
other face suitable phosphor layers. 
0.165. The OLED device may comprise a plurality of adja 
cent organic light-emitting systems, each emitting white 
light, or by a series of three, emitting red, green and blue light, 
the systems being for example connected in series. 
0166 The device may form part of a multiple glazing unit, 
especially a vacuum glazing unit or one with an air layer or 
layer of another gas. The device may also be monolithic and 
comprise a monolithic glazing unit in order to be more com 
pact and/or lighter. 
(0167. The OLED system may be bonded to, or preferably 
laminated with another flat substrate, called a cover, prefer 
ably transparent, such as a glass, using a laminating inter 
layer, especially an extra-clear interlayer. 
0.168. The laminated glazing units usually consist of two 
rigid substrates between which athermoplastic polymer sheet 
or Superposition of Such sheets is placed. The invention also 
includes what are called “asymmetric laminated glazing 
units using in particular a rigid carrier Substrate of the glass 
type and, as a covering Substrate, one or more protective 
polymer sheets. 
0169. The invention also includes laminated glazing units 
having at least one interlayer sheet based on a single-sided or 
double-sided adhesive polymer of the elastomer type (i.e. one 
not requiring a lamination operation in the conventional 
meaning of the term, i.e. lamination requiring heating gener 
ally underpressure so as to soften the thermoplastic interlayer 
sheet and make it adhere). 
0170 In this configuration, the means for fastening the 
cover to the carrier Substrate may then be a lamination inter 
layer, especially a sheet of thermoplastic, for example poly 
urethane (PU), polyvinyl butyral (PVB) or ethylene/vinyl 
acetate (EVA), or a thermally curable single-component or 
multi-component resin (epoxy, PU) or ultraviolet-curable 
single-component or multi-component resin (epoxy, acrylic 
resin). Preferably, a sheet has (substantially) the same dimen 
sions as the cover and the Substrate. 

0171 The lamination interlayer may prevent the cover 
from flexing, especially for large devices, for example with an 
area greater than 0.5 m. 
0172. In particular, EVA offers many advantages: 

0173 it contains little or no water by volume; 
0.174 it does not necessarily require high pressure for 
processing it. 

0.175. A thermoplastic lamination interlayer may be pre 
ferred to a cover made of cast resin as it is both easier to 
implement and more economical and is possibly more imper 
vious. 

0176 The interlayer optionally includes an array of elec 
troconductive wires set into its internal Surface, facing the top 
electrode, and/or an electroconductive layer or electrocon 
ductive strips on the internal surface of the cover. 
(0177. The OLED system may preferably be placed inside 
the double glazing unit, with a gas layer Such as an inert gas 
(for example argon). 
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0.178 The top electrode may be an electroconductive layer 
advantageously chosen from metal oxides, especially the fol 
lowing materials: 

0179 doped zinc oxide, especially aluminum-doped 
Zinc oxide ZnO:Al or gallium-doped zinc oxide ZnO: 
Ga; 

0180 or doped indium oxide, especially tin-doped 
indium oxide (ITO) or zinc-doped indium oxide (IZO). 

0181 More generally, it is possible to use any type of 
transparent electroconductive layer, for example a TCO 
(transparent conductive oxide) layer, for example with a 
thickness between 20 and 1000 nm. 
0182. It is also possible to use a thin metallic layer called 
a TCC (transparent conductive coating) for example made of 
Ag, Al, Pd, Cu, Pd, Pt In, Mo, Au and typically having a 
thickness of between 5 and 150 nm depending on the desired 
light transmission/reflection. 
0183 The electrode is not necessarily continuous. The top 
electrode may comprise a plurality of conducting strips or 
conducting wires (mesh). 
0184 Furthermore, it may be advantageous to add a film 
having a given functionality on the opposite face from the 
Substrate bearing the electrode according to the invention or 
on an additional Substrate. This may be an anti-fogging layer 
(using a hydrophilic layer), an anti-fouling layer (a photocata 
lytic coating comprising TiO, at least partly crystallized in 
anatase form), or else an anti-reflection multilayer coating for 
example of the SiN/SiO/SiN/SiO, type, or else a UV 
filter such as, for example, a layer of titanium oxide (TiO). It 
may also be one or more phosphor layers, a mirror layer or at 
least one scattering light extraction Zone. 
0185. The invention also relates to the various applications 

to which these OLED devices may be put, said devices form 
ing one or more luminous Surfaces, which are transparent 
and/or reflecting (mirror function), placed both for outdoor 
and indoor applications. 
0186 The device may form, alternatively or in combina 

tion, an illuminating, decorative, architectural etc. System, or 
an indicating display panel—for example of the drawing, 
logo or alpha-numeric indication type, especially an emer 
gency exit panel. 
0187. The OLED device may be arranged to produce uni 
form light, especially for homogeneous illumination, or to 
produce various luminous Zones, of the same intensity or of 
different intensity. 
0188 Conversely, differentiated illumination may be 
sought. The organic light-emitting system (OLED) produces 
a direct light Zone, and another luminous Zone is obtained by 
extraction of the OLED radiation that is guided by total 
reflection in the thickness of the substrate, which is chosen to 
be made of glass. 
0189 To form this other luminous Zone, the extraction 
Zone may be adjacent to the OLED system or on the other side 
from the substrate. The extraction Zone or Zones may serve for 
example to increase the illumination provided by the direct 
light Zone, especially for architectural illumination, or else 
for indicating the luminous panel. The extraction Zone or 
Zones are preferably in the form of one or more, especially 
uniform, bands of light and these preferably being placed on 
the periphery of one of the faces. These bands may for 
example form a highly luminous frame. 
0190. Extraction is achieved by at least one of the follow 
ing means placed in the extraction Zone: a diffusing layer, 
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preferably based on mineral particles and preferably with a 
mineral binder, the substrate made to be diffusing, especially 
a textured or rough substrate. 
0191 The two main faces may each have a direct light 
ZO. 

0.192 When the electrodes and the organic structure of the 
OLED system are chosen to be transparent, an illuminating 
window may in particular be produced. Improvement in illu 
mination of the room is then not to the detriment of light 
transmission. By also limiting the light reflection, especially 
on the external side of the illuminating window, it is also 
possible to control the level of reflection, for example so as to 
meet the anti-dazzling standards in force for the walls of 
buildings. 
0193 More broadly, the device, especially a partly or 
entirely transparent device, may be: 

0194 intended for buildings, such as exterior luminous 
glazing, an internal luminous partition or a luminous 
glazed door (or part of a door), especially a sliding one; 

0.195 intended for a transport vehicle, such as a lumi 
nous roof, a luminous side window (or part of a win 
dow), an internal luminous partition of a terrestrial, 
water-borne or airborne vehicle (automobile, truck, air 
plane, boat, etc.); 

0.196 intended for urban or professional furniture, such 
as a bus shelter panel, a wall of a display counter, a 
jewellery display or a shop window, a greenhouse wall, 
or an illuminating tile; 

0.197 intended for interior furnishings, a shelf or cabi 
net element, a façade of a cabinet, an illuminating tile, a 
ceiling, an illuminating refrigerator shelf, an aquarium 
wall; 

0198 intended for the backlighting of electronic equip 
ment, especially a display Screen, optionally a double 
Screen, Such as a television or computer screen, a touch 
sensitive screen. 

0199 For example, it is possible to envisage backlighting 
for a double-sided screen with various sizes, a small screen 
preferably being associated with a Fresnel lens to concentrate 
the light. 
0200. To forman illuminating mirror, one of the electrodes 
may be reflecting, or a mirror may be placed on the opposite 
face to the OLED system, if preferential lighting on only one 
side in the direct light Zone is desired. 
0201 It may also be a mirror. The luminous panel may 
serve for illuminating a bathroom wall or a kitchen worktop, 
or may be a ceiling. 
0202 The OLEDs are generally divided into two broad 
families depending on the organic material used. 
0203 If the electroluminescent layers are formed from 
small molecules, the devices are referred to as SM-OLED 
(Small-Molecule Organic Light-Emitting Diodes). The 
organic electroluminescent material of the thin layer consists 
of evaporated molecules, such as for example those of the 
complex AlQ (tris(8-hydroxyquinoline)aluminum), DPVBi 
(4,4'-(diphenylvinylene)biphenyl), DMQA (dimethyl quina 
cridone) or DCM (4-(dicyanomethylene)-2-methyl-6-(4- 
dimethylaminostyryl)-4H-pyran). The emissive layer may 
also for example be a layer of 4,4',4'-tri(N-carbazolyl)triph 
enylamine (TCTA) doped with fac-tris(2-phenylpyridine)iri 
dium (Ir(ppy)). 
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0204. In general, the structure of an SM-OLED consists of 
a stack of an HIL (hole injection layer) and a hole transporting 
layer (HTL), an emissive layer and an ETL (electron trans 
porting layer). 
0205 An example of a hole injection layer is copper 
phthalocyanine (CuPC) and the hole transporting layer may 
for example be N,N'-bis(aphtha-1-yl)-N,N'-bis(phenyl)ben 
Zidine (alpha-NPB). 
0206. The electron transporting layer may be composed of 
tris-(8-hydroxyquinoline)aluminum (AlO) or bathophenan 
throline (Bphen). 
0207. The top electrode may be an Mg/Al or LiF/Allayer. 
0208 Examples of organic light-emitting stacks are for 
example described in document U.S. Pat. No. 6,645.645. 
0209 If the organic electroluminescent layers are poly 
mers, the devices are referred to as PLEDs (polymer light 
emitting diodes). 
0210. The organic electroluminescent material of the thin 
layer consists of polymers (PLEDs) such as for example PPV 
standing for poly(para-phenylenevinylene), PPP (poly(para 
phenylene)), DO-PPP (poly(2-decyloxy-1,4-phenylene)), 
MEH-PPV (polyI2-(2"-ethylhexyloxy)-5-methoxy-1,4-phe 
nylenevinylene), CN-PPV (polyI2.5-bis(hexyloxy)-1,4- 
phenylene-(1-cyanovinylene)) or PDAFs (polydialkylfluo 
renes), and the polymer layer is also associated with a layer 
that promotes hole injection (an HIL) consisting for example 
of PEDT/PSS (poly(3,4-ethylene-dioxythiophene)/poly(4- 
styrene Sulphonate)). 
0211 One example of a PLED consists of the following 
stack: 

0212 a layer of poly(2,4-ethylene dioxythiophene) 
doped with poly(styrene sulphonate) (PEDOT:PSS) 
with a thickness of 50 nmi; and 

0213 a layer of phenyl poly(p-phenylenevinylene) Ph 
PPV with a thickness of 50 nm. 

0214. The top electrode may be a layer of Ca. 
0215. It should be pointed out that for the sake of clarity 
the various elements of the objects (including the angles) 
shown have not necessarily been drawn to scale. 
0216 FIG. 1 is intentionally highly schematic. It shows in 
cross section an organic light-emitting device 10 (a bottom 
emitting device, i.e. emitting through the Substrate) compris 
ing in Succession: 

0217 a flat substrate 1 of clear or extra-clear soda-lime 
silica glass 2.1 mm in thickness, with first and second 
main faces 11, 12, the first main face 11 having: 

0218 a base layer 2 deposited directly on the first main 
face 11, also acting as etch stop layer, made of silicon 
nitride with a thickness of between 10 nm and 80 nm and 
covering substantially all of the first main face 11: 

0219 a bottom electrode (or electrode film)3 deposited 
directly on the base layer 2, etched and chosen to be 
transparent, which includes a multilayer coating (see 
FIG. 2) of the type comprising: 

Layers 

SiO, 
ITO 

2: Si3N4: Al 

Jul. 4, 2013 

0220 a contact layer 31 chosen from ZnO, which is 
doped or undoped, Sn, ZnO, ITO or IZO; 

0221) a functional layer 32 made of silver, preferably 
pure silver; 

0222 optionally a superjacent blocking film 32 
directly on the functional layer 32: 

0223 a protective layer 33 chosen from ZnO, 
Sn,ZnO, ITO or IZO, the contact layer and the pro 
tective layer, for protecting against water and/or oxy 
gen, being of identical nature; 

0224 an overlayer 34, especially a work-function 
matching overlayer, 

0225 i.e. preferably the multilayer coating ZnO:Al/Ag/ 
Ti or NiCr/ZnO:Al/ITO having the following respective 
thicknesses: ZnO:Al 5 to 20 nm, silver 5 to 15 nm, Tior 
NiCr 0.5 to 2 nm, ZnO:Al 5 to 20 nmi; ITO 5 to 20 nm, 

0226 an organic light-emitting system 4, for example 
an SM-OLED of the following structure: 
0227 an alpha-NPD layer; 
0228 a TCTA+Ir(ppy) layer; 
0229 a Bphen layer; 
0230 LiF layer; 

0231 a reflective, especially metallic, top electrode 5. 
in particular based on silver or aluminum. 

0232 A series of examples of deposition of multilayer 
coatings for producing the base layer 2 and the film 3 was 
carried out by magnetron sputtering at room temperature, 
generally on a Substrate 1 of 4 mm thickness. 
0233. The table below indicates the nature and the thick 
ness in nanometers of the various layers of these examples 
and the main characteristics of these examples. 
0234. The RMS roughness (or Rd) was measured by 
atomic force microscopy. 
0235. The deposition conditions for each of the layers 
were the following: 

0236 the SiN. Al-based layers were deposited by 
reactive sputtering using an aluminum-doped silicontar 
get at a pressure of 0.25 Pa in an argon/nitrogen atmo 
sphere; 

0237 the Snzn:SbO-based layers were deposited by 
reactive sputtering using an antimony-doped tin Zinc 
oxide target comprising 65% Sn, 34% Zn and 1% Sb by 
weight, at a pressure of 0.2 Pa and in an argon/oxygen 
atmosphere; 

0238 the silver-based layers were deposited using a 
silver target at a pressure of 0.8 Pa in a pure argon 
atmosphere; 

0239 the Tilayers were deposited using a titanium tar 
get, at a pressure of 0.8 Pain a pure argon atmosphere; 

0240 the ZnO:Al-based layers were deposited by reac 
tive Sputtering using an aluminum-doped Zinc target, at 
a pressure of 0.2 Pa and in an argon/oxygen atmosphere; 
and 

0241 the ITO-based overlayers were deposited using a 
ceramic target in an argon/oxygen atmosphere, at a pres 
Sure of 0.2 Pa and in an argon/oxygen atmosphere. 

TABLE 

Examples 

1 2 3 4 5* 6* 7 

150 mm 
90 mm 

2O 25 26 21 21 2O 
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TABLE-continued 
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Examples 

Layers 1 2 3 4 5* 6* 7 

30: Snzn: SbO. 5 5 
31: ZnO: A 2O 10 5 5 5 2O 
32: Ag 12 12 12 12 12 30 
32': T 1 1 1 O.S 
33: ZnO: A 40 2O 2O 2O 40 
34: ITO 2O 2O 2O 2O 10 2O 
T (%) 75 83 85 85 65 85 16 
R (%) 15 8 5 8 29 10 81 
Abs (%) 10 9 10 7 6 5 3 
Sheet resistance 4.5 4.4 3.5 3.3 3.5 2O O.9 
(S2) 
RMS roughness 1.2 1.3 O.9 0.7 0.7 1 1.3 
(nm 
OLED performance 2O 15 
(x and y coordinates) * (0.43; 0.45) (0.43; 0.43) 
Lifetime at 1000 ccd/m? 2SOOO 1SOOO 
(in hours) 

*on a substrate made of 0.7 mm thick soda-lime glass; 
** at 1000 cd/m with an optimized OLED system (in lm/W) for emitted white light having x and y coordinates, 
measured in thexy C 

0242. In this structure, the electrode of the invention 
allows the efficiency in lm/W of the OLED to be improved by 
at least 5 to 10%, or 15% and even up to 20%, for a brightness 
greater than 500 cd/m compared with an ITO electrode. 
0243 The first (bottom) electrode may as a variant include 
a subjacent blocking film 31' comprising in particular, like the 
superjacent blocking film 32', a metallic layer preferably 
obtained using a metal target with a neutral plasma, or a layer 
made of nitride and/or oxide of one or more metals such as Ti, 
Ni and Cr, preferably obtained using a ceramic target with a 
neutral plasma. 
0244. In examples 1 to 6, the electrode was a transparent 
electrode, with a light transmission of the coated Substrate 
50% and lying between 50% and 90%. In examples 1 to 4 
according to the invention, this light transmission is high 
since it is between 75 and 85%. In example 5, which is also 
according to the invention, the light transmission is admit 
tedly bottom, although still greater than 50%, but this is not 
necessarily a drawback since the absorption is very low. 
These examples 1 to 6 cannot be used as a reflective electrode 
since their light reflection is less than 70% nor as a transpar 
ent/reflective electrode since their T/R ratio is not between 
0.1 and 0.7. 

0245. In examples 4 and 5, the transparent electrode 
includes a smoothing layer 30, while in examples 1 to 3 there 
is no such Smoothing layer. This Smoothing layer enables the 
roughness of the overall multilayer coating to be reduced by 
about 10%, measured on the overlayer 34, while still improv 
ing the sheet resistance of the multilayer coating by about 5%. 
0246. Example 5 constitutes an example that was opti 
mized so as to allow it to be compared with a counter-ex 
ample, namely example 6, having a TCO (ITO) electrode. As 
may be seen in the above table, all the sheet resistance, rough 
ness, performance and lifetime characteristics of example 5 
were better than those of example 6. 
0247. In example 7, the coated substrate may be used as 
transparent/reflective electrode since this coated substrate has 
a T/R ratio of 0.2, which is thus between 0.1 and 0.7. 
Moreover, this coated Substrate has a light transmission of 
less than 50%, and is therefore not acceptable for producing a 

Ecolorimetry system, which are close to the desired illuminant A, i.e. x = 0.45 and y = 0.41. 

transparent electrode, but it could however also be accepted 
for producing a reflective electrode since its light reflection is 
greater than 70%. 
0248. The first electrode may also be an essentially reflec 
tive electrode. 

0249. The bottom electrode 3 extends along one side of the 
substrate 1. The border of the overlayer 34 is thus surmounted 
by a first metal current supply strip 61, preferably with a 
thickness of between 0.5 and 10um, for example 5um, and in 
the form of a layer made of one of the following metals: Mo, 
Al, Cr, Nd or an alloy such as MoCr, AlNd or a multilayer 
Such as MoCr/A1/MoCr. 

0250. The bottom electrode 3 may as a variant have a 
structure repeated n times, where n is an integer equal to or 
greater than 1, this structure being the following: the contact 
layer/the functional layer/(the thin blocking layer)/(the water 
and/or oxygen barrier layer). 
0251. This structure is surmounted by a sequence com 
prising the contact layer/the functional layer? (the water and/ 
or oxygen barrier layer)/said overlayer. 
0252. In the case of a stack of organic structures, for 
example emitting in the red, the green and the blue, in order to 
produce white light, it is also possible to repeat all the ele 
ments 3, 4, 5 three times or else simply to use a multilayer 
comprising: Al/ITO or Ag/optionally a thin similar blocking 
layer/ITO or Ag/optionally a thin similar blocking layer/ZnO/ 
ITO for the additional bottom electrodes. 
0253) The top electrode extends along the opposite side 
from the substrate 1. This border of the top electrode 5 is 
optionally surmounted by a second metal current Supply strip, 
preferably similar to the first metal strip. This second strip is 
preferable if the top electrode has a thickness of 50 nm or less. 
0254 The second electrode may in fact also be, as a vari 
ant, a transparent or semitransparent electrode and for 
example may be identical or similar to the first electrode. 
Optionally in this case, a reflector is added to the second face 
12, for example a metallic layer 150 nm in thickness. 
0255. An EVA sheet can be used to laminate the substrate 
1 to another glass pane, preferably having the same charac 
teristics as the substrate 1. Optionally, the face 12 of the glass 
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pane 1 turned toward the EVA sheet is provided with a mul 
tilayer coating of given functionality described later. 
0256 The bottom electrode 3 is made in two parts sepa 
rated by the etching Zone 310. 
0257 Wet etching is used to electrically separate the bot 
tom electrode 3 from the top electrode 5 of the device 10. 
0258 To etch the entire bottom electrode (contact layer, 
functional layer, optional Superjacent blocking film or layer, 
optional protective layer and overlayer) in one and the same 
etching pattern and in one operation, the layers—partly 
masked beforehand using an acid-resistant adhesive tape oras 
a variant using a photolithography mask—are exposed to one 
of the following acid solutions: 

(0259 HCl (for example of 40% concentration): 
0260 or HCl (for example of 4% concentration); 
0261 or an HCl (4% concentration for example)/HNO. 
(for example 7% concentration) mixture: 

0262 or an HCI/FeC1 mixture; or 
0263 HNO, with a concentration between 10 and 18%. 

0264. Etching with hydrochloric acid results in very uni 
form etching profiles. Etching with the nitric acid/hydrochlo 
ric acid mixture also gives useful results. The HCl/FeCl 
mixture is used conventionally in the case of ITO. 
0265. The etching profile, the etching time and the reso 
lution may be adapted using mixtures of the two acids and by 
varying the concentrations. 
0266 Thus, it is possible to etch patterns with the width 
and spacing varying depending on the applications. 
0267 For small passive-matrix OLED screens (for the 
display of an electronic apparatus—mobile telephone, dis 
play, personal assistant, MP3 reader, etc.), the width of each 
etched Zone may be typically 10 to 20 lum, each etched Zone 
being spaced apart by 10 to 50 lum, for example 35 um 
(corresponding to the width of each electrode Zone). 
0268. In the case of large passive-matrix OLED screens, 
for example for advertising or indicating displays, the width 
of each etched Zone may be around 0.5 mm and the width of 
each electrode Zone may be a few mm, a few cm or more, etc. 
0269. For uniform lighting, the width of each etched Zone 
may be equal to or less than 100 um, more preferably equal to 
or less than 50 lum, irrespective of the size of the screen. 
0270 FIG. 3 illustrates a process for fabricating and etch 
ing this electrode. 
0271 After the base layer 2, the electrode 3 and the metal 

lic current Supply layer 6 (whether a monolayer or a multi 
layer) have been deposited, this layer 6 is etched with a 
solution that does not etch the electrode, for example sodium 
hydroxide (step E1) and then the bottom electrode 3 is etched 
in a single step as already indicated (step E2), followed by the 
deposition of the OLED system 4 and the top electrode 5, for 
example made of Al, thereon (step E3). 
0272 FIG. 4 illustrates a schematic sectional view of an 
organic light-emitting device 10, for uniform (back)lighting, 
which is arranged in several Zones and comprises a bottom 
electrode according to the invention in a second embodiment. 
(0273. This second device differs from the first device by 
the elements described below. 
(0274 The device 10 illustrated in FIG. 4 comprises two 
adjacent organic light-emitting systems 4a and 4b, each pref 
erably emitting white light or, as a variant, in series of threes, 
red, green and blue light. The systems 4a and 4b are con 
nected in series. The bottom electrode is mainly divided into 
two rectangles or squares 3a, 3b having sides of around ten 
cm, each extending beyond the OLED system on one side (on 
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the left in the figure). These electrode Zones are separated by 
the etching Zone 310. The second electrode Zone3b is sepa 
rated by the etching Zone 320 from a “residual' bottom elec 
trode Zone (on the right in the figure). The first bottom elec 
trode section 3a is partially covered with a first metal strip 
forming a busbar producing a bus electrode structure 61. 
(0275. The top electrode is also divided. The first top elec 
trode section 5a extends toward the right side and covers the 
left edge of the second bottom electrode section 3b. The 
second top electrode section 5b extends toward the right edge 
and covers the left edge of the residual bottom electrode 
section and is covered by a second metal strip forming a 
busbar, producing a bus electrode structure 62. 
0276. The etching Zones 310,320 are for example strips 
from 20 to 50 um in width so as to be almost invisible to the 
naked eye. 
(0277 FIGS. 5 and 6 illustrate schematic top views show 
ing two schemes for electrically connecting electrodes simi 
lar to those used in the second embodiment. 

0278. In FIG. 5, three organic light-emitting systems 4a to 
4c are connected in series. The etching Zones 310 and 320 are 
strips 20 to 50 um in width, so as to be almost invisible to the 
naked eye. 
0279. The bottom electrode is divided into three rect 
angles each having sides of around ten cm in width, each 
extending on one side (the left in the figure). They are sepa 
rated by etching Zones 310,320. The top electrode 5a to 5c is 
also divided into three. The first bottom electrode section is 
partially covered by a first metal strip forming a busbar, 
producing a bus electrode structure 61. 
(0280. The first two top electrode sections 5a, 5b extend 
toward the right side and cover the left edge of the adjacent 
bottom electrode section. The third top electrode section 5c 
extends toward the right side and covers the left edge of a 
residual bottom electrode section and is partially covered by 
a second metal strip forming a busbar, producing a bus elec 
trode structure 62. 

0281. In FIG. 6, six organic light-emitting systems 4a to 
4c., 4' a to 4' care connected in two mutually parallel series 
(one series of three systems 4a to 4c at the top of the figure and 
one series of three systems 4a' to 4c' at the bottom of the 
figure). The etching zones 310 to 330 are both lateral 310,320 
and longitudinal 330, and are strips 20 to 50 um in width so as 
to be almost invisible to the naked eye. 
0282. The bottom electrode is divided into six squares 
having sides of around ten cm, each extending on one side 
(the left in the figure). The bottom electrode sections are 
separated by the etching Zones 310 to 330. The first strip 
forming a busbar is cut so as to form a current collector with 
two strips of two bus electrode structures 61, 61' on the left 
side of the figure. 
(0283. The top electrode 5a to 5c,5" a to 5' c is also divided 
into six. The first two top electrode sections. 5a and 5b (in the 
top left of the figure) extend toward the right side and cover 
the left edge of the third section of the adjacent bottom elec 
trode. 

0284. The third top electrode section 5c extends toward 
the right side and covers the left edge of the residual bottom 
electrode section and is covered by a metal strip producing a 
bus electrode structure 62 and forming an electrical intercon 
nection between the third top electrode sections 5c and 5c (on 
the right in the figure). 
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0285. The first two bottom top electrode sections 5'a and 
5'b (bottom left in the figure) extend toward the right side and 
cover the left edge of the third bottom section of the adjacent 
bottom electrode. 

0286 FIG. 7 shows a schematic lateral sectional view of 
an organic light-emitting device 10 used for differentiated 
lighting. 
0287. This device 10 firstly comprises a flat transparent 
Substrate 1, preferably consisting of a preferably thick glass 
sheet, for example 4 or 6 mm in thickness, with an absorption 
coefficient in the visible of 2.5 m" or less. It is preferable to 
choose an extra-clear Soda-lime glass having an absorption 
coefficient in the visible of less than 0.7 m'. This glass is 
provided with first and second parallel main faces 12, 11 and 
with an end face 13. The device is closed offin its bottom part 
by a cover (not illustrated here). 
0288 The OLED-type light-emitting device 10 includes 
an OLED system 4 having a bottom electrode of the ZnO:Also 
nm/Ag12 m/Ti /ZnO:Al2O /ITO2o type on a 25 nm. 
SiN base layer placed on the first main face 11. First direct 
light Zones 71, 72 on either side of the substrate 1 are defined. 
0289. The first direct light Zone 71, on the opposite side 
from the OLED system 4 with respect to the substrate 1, 
covers the central portion of the second main face 12. The 
second direct light Zone 72, on the same side as the OLED 
system 4, extends beneath the entire first main face 11. 
0290 The characteristics of the device 10 are adapted so 
that the luminance L1 of the first direct light Zone 71 is 
preferably greater than the luminance L2 of the second direct 
light Zone 72 (as shown symbolically by the thick arrow F1 
and the thin arrow F2). 
0291 To have L1 greater than L2, the device 10 is there 
fore emitting mainly via the bottom electrode. For example, 
L1 is chosen to be equal to about 1000 cd/m and L2 equal to 
about 500 cd/m for visual comfort. 
0292. The device 10 is also a source of radiation guided in 
the thickness of the substrate 1, by total internal reflection. 
The guided radiation is extracted from the edges of the second 
face 12 by means of a diffusing layer 7, for example based on 
mineral scattering particles dispersed in a mineral binder. 
Thus, a third light Zone 73 forming a peripheral luminous 
frame is defined. As a variant, the diffusing layer 7 forms only 
lateral bands or peripheral longitudinal bands. 
0293 To promote extraction of the guided radiation, each 
of the edges forming the end face 13 makes an internal angle 
of greater than 90° and about 100°, with the first main face 11 
and includes a mirror, for example a metallic silver or copper 
layer. 
0294 The luminance L3 of the third light Zone 73 is pref 
erably greater than the luminance L1 of the first direct light 
Zone 71 (as shown symbolically by the very thick arrow F3). 
0295 The device 10 may be intended for buildings, as an 
illuminating window, an illuminating door, agreenhouse wall 
or glass roof, or elsea vehicle side window or an illuminating 
roof. The second face 12 is the inner face (the most illumi 
nating face). 
0296. When the device 10 is lit, the central direct light 
Zone 71 can preserve the privacy of a person inside a room or 
passenger compartment at night or in a dark environment. To 
do this, all that is required is for the light flux delivered by the 
glazing to be at least equal to that reflected and returned via 
the room. 
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0297. The device 10 may form a double glazing unit, the 
device 10 preferably being located in the internal gas-filled 
space between the Substrate 1 and an optionally thinner addi 
tional glass pane. 
0298. The device 10 thus designed may also serve as an 
illuminating transparent shelf, luminous refrigerator shelf, 
illuminating transparent partition between two rooms or an 
aquarium wall. The characteristics of the device 10 may 
therefore be adapted so that the luminance L1 of the first 
direct light Zone 71 is approximately equal to the luminance 
L2 of the second direct light Zone 72. 
0299. The light Zones 71, 72 are uniform. As a variant, the 
device 10 may also have at least one direct light Zone which is 
discontinuous and/or forms a design, logo or indication. 
0300. Additional Functions 
0301 As already stated, it may be judicious to functional 
ize the second face of the carrier substrate 1 (on the opposite 
side from the organic light-emitting system). 
0302) Thus, thin layers are deposited on the surface that 
are intended to give them a particular property, Such as for 
example that consisting in allowing the Substrate to remain as 
clean as possible, irrespective of environmental attack, i.e. for 
the purpose of maintaining over time the Surface properties 
and appearance, and in particular enabling the cleaning 
operations to be spaced further apart, by Succeeding in elimi 
nating dirt progressively as this builds up on the Surface of the 
Substrate, especially dirt of organic origin, Such as finger 
prints or Volatile organic Substances in the atmosphere, or 
even dirt of the Sweat or pollution dust type. 
0303. In the field of substrates having a glazing function, it 

is known to use photocatalytic films on a Substrate, which 
have a pronounced “antisoiling effect and can be manufac 
tured on an industrial scale. These photocatalytic films gen 
erally contain at least partially crystalline titanium oxide 
incorporated into said film in the form of particles, especially 
with a size of between a few (3 or 4) nanometers and 100 nm, 
preferably about 50 nm, essentially being crystallized in ana 
tase or anatase/rutile form. 
0304. This is because titanium oxide is one of the semi 
conductors which, under the action of light in the visible or 
ultraviolet range, degrade organic Substances that are depos 
ited on their surfaces. 
0305 Thus, according to a first exemplary embodiment, 
the film having a photocatalytic property results from a solu 
tion based on TiO2 nanoparticles and a mesoporous silica 
(SiO) binder. 
0306 According to a second exemplary embodiment, the 
film having a photocatalytic property results from a solution 
based on TiO2 nanoparticles and a nonstructured silica (SiO2) 
binder. 
(0307 Furthermore, irrespective of the embodiment of the 
photocatalytic film as regards the titanium oxide particles, 
these have been chosen to be based on at least partially crys 
talline titanium oxide because it has been shown that this is 
much more effective in terms of photocatalytic property than 
amorphous titanium oxide. Preferably, the oxide is crystal 
lized in anatase form, rutile form or in the form of an anatase/ 
rutile mixture. 
0308 The film having a photocatalytic property may also 
include, apart from titanium oxide, at least one other type of 
mineral material, especially in the form of an amorphous or 
partially crystalline oxide, for example a silicon oxide (or 
mixture of oxides), titanium oxide, tin oxide, Zirconium oxide 
or aluminum oxide. This mineral material may also partici 
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pate in the photocatalytic effect of the crystalline titanium 
oxide, by having itself a certain photocatalytic effect, albeit 
small compared with that of crystalline TiO, which is the 
case with amorphous or partially crystalline titanium oxide. 
0309 The thickness of the film can vary between a few 
nanometers and a few microns, typically between 50 nm and 
10 um. 
0310. In fact, the choice of thickness may depend on vari 
ous parameters, especially the envisioned application of the 
substrate, or else on the size of the TiO, crystallites in the film. 
The film may also be chosen to have a relatively smooth 
Surface—this is because a low Surface roughness may be 
advantageous if it allows a larger active photocatalytic area to 
develop. However, too pronounced a roughness may be det 
rimental, by promoting the incrustation and accumulation of 
dirt. 
0311. According to another variant, the functionality pro 
vided on the other face of the substrate may be formed by an 
antireflection film. 
0312) Given below are the preferred ranges of the geomet 

ric thicknesses and indices of the four multilayer antireflec 
tion coating, this coating being called A: 

0313 n and/or n are between 2.00 and 2.30, especially 
between 2.15 and 2.25 and preferably close to 2.20; 

0314 n and/or n are between 1.35 and 1.65; 
0315 e is between 5 and 50 nm, especially between 10 
and 30 nm, or between 15 and 25 nm, 

0316 e- is between 5 and 50 nm, especially equal to or 
less than 35 nm or 30 nm, being in particular between 10 
and 35 nm, 

0317 e is between 40 and 180 nm and preferably 
between 45 and 150 nmi; and 

0318 ea is between 45 and 110 nm and preferably 
between 70 and 105 nm. 

0319. The most appropriate materials for forming the first 
and/or third layers of the antireflection coating A, namely 
those having a high index, are based on silicon nitride or 
Zirconium nitride or on a mixture of these nitrides. As a 
variant, these high-indeX layers are based on silicon nitride or 
tantalum nitride or a mixture of these. All these materials may 
be optionally doped so as to improve their chemical and/or 
mechanical and/or electrical resistance properties. 
0320. The most appropriate materials for forming the sec 
ond and/or fourth layers of the coating A, namely those hav 
ing a low index, are based on silicon oxide, silicon oxynitride 
and/or silicon oxycarbide or else based on a mixed silicon 
aluminum oxide. Such a mixed oxide tends to have better 
durability, especially chemical durability, than pure SiO (an 
example of this is given in the patent EP 791 562). The 
respective proportion of the two oxides may be adjusted in 
order to improve the expected durability without excessively 
increasing the refractive index of the layer. 
0321) A preferred embodiment of this antireflection coat 
ing is of the form: substrat/SiN/SiO/SiN/SiO. 
0322. It goes without saying that the invention is appli 
cable in the same way to systems using light-emitting devices 
other than those described in the examples. 
0323. The present invention has been described in the 
foregoing by way of example. Of course, a person skilled in 
the art will be capable of producing various alternative forms 
of the invention without thereby departing from the scope of 
the patent as defined by the claims. 
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1. A Substrate for an organic light-emitting device compris 
ing, on a first main face, a bottom electrode film, the electrode 
film being formed from a thin-film multilayer coating com 
prising, in Succession: 

a base layer, said base layer covering said main face 
a contact layer based on a metal oxide and/or a metal 

nitride; 
a metallic functional layer having an intrinsic electrical 

conductivity property; and 
an overlayer based on metal oxide and/or on metal nitride. 
2. The substrate according to claim 1, wherein the base 

layer has a thickness of between 10 and 150 nm. 
3. The substrate according to claim 1, wherein the substrate 

comprises an etch stop layer between the base layer and the 
contact layer. 

4. The Substrate according to claim 1, wherein a combina 
tion of layers comprising the contact layer, the functional 
layer, the overlayer, and all the layers located between the 
contact layer and the overlayer, are etched in the same etch 
pattern. 

5. The substrate according to claim 1, wherein the substrate 
has, a light transmission TL equal to or greater than 50% and, 
an absorption of 1-RL-TL equal to or less than 15%, wherein 
RL is light reflectance. 

6. The substrate according to claim 1, wherein the substrate 
has, on the overlayer, an RMS roughness equal to or less than 
3 nm. 

7. The substrate according to claim 1, wherein the metallic 
functional layer is based on at least one of a pure material 
selected from the group consisting of silver, gold, aluminum 
and copper, optionally alloyed or doped with another material 
selected from the group consisting of Ag, Au, Pd, Al, Pt, Cu, 
Zn, Cd, In, Si, Zr, Mo, Ni, Cr, Mg,Mn, Co and Sn. 

8. The substrate according to claim 1, wherein the contact 
layer is doped. 

9. The substrate according to claim 1, wherein the over 
layer matches a work function of the electrode film. 

10. The substrate according to claim 1, wherein the metal 
lic functional layer is directly on at least one Subjacent block 
ing film, directly beneath at least one Superjacent blocking 
film, or the metallic functional layer is directly on at least one 
Subjacent blocking film and is directly beneath at least one 
Superjacent blocking film. 

11. The Substrate according to claim 1, comprising a bot 
tombus electrode structure above the bottom electrode film, 
said bus electrode structure being in electrical contact with 
the bottom electrode film. 

12. The Substrate according to claim 1, comprising an 
OLED system above the bottom electrode film. 

13. The Substrate according to claim 12, comprising a top 
electrode film above said OLED system. 

14. The Substrate according to claim 1, comprising a bot 
tombus electrode structure, an OLED layer above the bottom 
electrode film, a top electrode film above said OLED system 
and a top bus electrode structure. 

15. An organic light-emitting device comprising the Sub 
strate according to claim 1. 

16. A glazing unit comprising the organic light-emitting 
device according to claim 15. 

17. The organic light-emitting device according to claim 
15, comprising a plurality of adjacent organic light-emitting 
systems, each emitting white light or, by a series of three 
systems, red light, green light and blue light, the systems 
being connected in series. 
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18. A top-emitting and/or bottom-emitting organic light 
emitting device comprising the Substrate according to claim 
1. 

19. The substrate according to claim 1, wherein the contact 
layer and the functional metallic layer are deposited n times 
on the base layer and an optional etch stop layer, where n is an 
integer equal to or greater than 1, to form a structure, the 
structure being Surmounted by a sequence comprising: con 
tact layer/functional metallic layer/overlayer. 

k k k k k 


