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This invention relates to electroluminescent elements 
comprising a layer of glassenamel in which the electro 
luminescent material is embedded and which is provided, 
on one side, with a metallic carrier and, on its other side, 
with a conductive layer which is permeable to the radia 
tion emitted by the electroluminescent layer upon apply~ 
ing a potential between the carrier and the conductive 
layer. The term “conductive layer” is to be understood 
herein to mean an electrode galvanically led to the ex 
terior and provided with a terminal. The electrolumines 
cent materials employed may be, for instance, activated 
Zinc-sulphides and zinc sulphide-selenides. 

It is known to use metal plates or" iron, copper or nickel 
plated or copper-plated iron as substrata for electrolumi 
escent elements in which the electroluminescent material 

is embedded in glassenamel. However, disadvantages 
then involved are the comparatively poor adhesion to iron 
or copper of glassenamels which are readily fusible and 
endured by Zinc sulphides, the poor light output of the ele 
ment and the low breakdown voltage. However, nickel 
plating and copper-plating of the iron has not been found 
sufficient to meet these disadvantages. An element ac 
cording to the invention provides a solution in which the 
said disadvantages are avoided. 
According to the invention, the surface layer of the 

metal carrier consists of a metal which can give rise to 
an oxide layer which is coherent in itself and satisfac 
torily coherent with the metal. Metals having such a 
property are Zr, Ti, Ta, Al and Cr. The glassenamel with 
its coe?icient of expansion matched satisfactorily adheres 
to the surface layer, since during enamelling the metal of 
the surface layer gives rise to an oxidic transition layer 
of high mutual coherence which enhances the adhesion of 
the glass-enamel, whilst the oxide layer, as previously men 
tioned, also satisfactorily adheres to the metal. The as 
sembly comprising the carrier and its particular metal sur 
face layer, the oxide layer and the enamel layer contain 
ing electroluminescent material constitutes a system of 
good coherence. ‘With other metals the enamel layer and 
the oxide ?lm are readily liable to loosen. The oxide 
layer, according to the period of heating and the atmos 
phere, has a thiclmess of about 4000 Angstrom and has 
a uniform colour. it is a dense layer protecting the 
underlying metal against further oxidation. The oxides 
of the relevent metals are little reactive in contrast to the 
metals themselves. The metal layer provided does not 
itself exhibit slags and cavities which would have an un 
favourable in?uence upon the electroluminescent system, 
whilst the layer sufficiently covers any cavities and slags 
of the metal carrier. Consequently, extremely high re 
quirements need not be imposed upon the basic layer in 
this respect. The oxide layer provided may have a high 
purity so that no other metal ions are present, which may 
poison the zinc-sulphide systems, whilst other elements 
causing di?iculty, such as carbon and silicon, cannot come 
into contact with the enamel layer either. The surface 
of the carrier shows no errors which may give rise to 
annealing colours produced upon heating. Consequently, 
the carrier is free from spots. After enamelling the layer 
has a comparatively high re?ective capacity. The sur 
face layer has a thickness of at least several hundreds of 

10 

15 

20 

25 

30 

45 

50 

55 

65 

1 32%,279 
Patented Aug. 10, 1965 ice 
2 

Angstrom according to the basic layer and the spon 
taneous formation of oxide. 
Of the above-mentioned metals chromium is preferred, 

since the said properties are then most pronounced and 
this material also has good re?exion properties. More 
particularly the carrier will be formed so that it consists, 
for the greater part, of a cheap material, the core of the 
metal carrier then being of iron. 
The surface layer is provided on metal carrier which 

may be provided, if desired, with one or more metal layers 
in order to improve the adhesion. Such intermediate 
layers are matched to the ultimate surface layer. With 
a metal carrier consisting of iron and a surface layer of 
chromium, use is made of a nickel layer and/ or a copper 
layer. 

Since for given operating voltage, for example the mains 
voltage, the light output usually decreases upon increasing 
thickness of the glassenamel layer, this thickness is not 
chosen greater than necessary and is preferably from 20 
to 80 microns. More particularly the glassenamel layer 
is built up of a partial layer adjacent the metal carrier 
and containing titanium dioxide pigment and a partial 
layer remote from the metal carrier and containing the 
electroluminescent material. With suitably chosen dimen 
sions and concentrations, such a structure affords the ad 
vantage that the light output is higher than in a device 
having a glassenamel layer which is of the same thick 
ness, but contains electroluminescent material only. In 
addition, there is a smaller possibility of the electrolumi~ 
nescent material being chemically attacked by the metal 
carrier, whilst the light emitted by the electroluminescent 
material is re?ected by the partial layer containing the 
titanium-dioxide pigment. In contrast to known analo~ 
gous layers containing organic binders instead of glass 
enamel, the resistivity to breakdown in a structure ac 
cording to the invention has been found to be approxi 
mately the same ineither case. Preference is given to 
a partial layer containing titanium-dioxide pigment which 
has a thickness of from 5 to 50 microns, its content of 
titanium-dioxide pigment being from 5% to 20% by vol 
ume. Such a thin layer is sufficient, since due to the dense 
oxide-layer it is dif?cult for metal ions to penetrate the 
enamel layer. The partial layer containing electrolumi 
nescent material preferably has a thickness of from 15 
to 50 microns and has a content of electroluminescent 
material of from 20% to 50% by volume. 
As regards the glassenamel in which the electrolumi 

nescent material is embedded, those glassenamels are 
preferred which chemically attack the surface layer of 
the carrier to the least possible extent, since otherwise due 
to diffusion of metal into the glassenamel the light output 
would decline as a result of the disadvantageous influence 
of the metal of the surface layer upon the electrolumi 
nescent material. Such attack takes place if the enamel 
contains many alkaline oxides relative to the acid oxides, 
and hence in the case of alkaline enamels. Consequently, 
use is preferably made of glass enamels having a low 
alkalinity. The alkalinity of a glass may be determined, 
for example, in the following manner. A glass powder 
(so-called frit) is manufactured by pouring molten enamel 
into water, whereby it is burst into many pieces. The 
acidity of the water is then a measure of that of the 
glassenamel. A glassenamel of low alkalinity has, for 
example, a composition of 

5 mol. percent of Li2O 
10 mol. percent of Na2O 
6 mol. percent of CaO 
4.5 mol. percent of SrO 
14.5 mol. percent of ZnO 
3.5 mol. percent of Ti02 
3.5 mol. percent of A1203 
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23.0 mol. percent of SiOZ 
30.0 mol. percent of B203 

In order that the invention may be readily carried into 
effect, it will now be described in detail, by way of ex 
ample, with reference to the accompanying drawing, in 
which: 
FIGURES 1 and 2 are diagrammatic cross-sections of 

electroluminescent elements, in which the mutual thick 
nesses of the layers are not shown to scale. 
FIGURE 1 is a cross-sectional view of an electrolumi 

nescent element according to the invention, comprising 
an iron carrier 1 provided with a chromium layer 2 on 
which is a chromium—oxide ?lm 3 which has been pro‘ 
duced before and during enamelling the carrier. The 
chromiunrplated carrier is covered with a layer 4 of elec 
troluminescent zinc-sulphide embedded in glassenamel, 
which has been activated, for example, with copper, silver, 
gold or manganese and co-activated with aluminium or 
chlorine. On the side remote from the carrier 1, the 
layer 4 is covered with a conductive transparent layer 5 
consisting of tin-oxide, which is covered for protection 
with a glass layer 6. The carrier 1 is provided with a 
terminal 7 and the conductive transparent layer 5 with a 
terminal 8. 
FIGURE 2 is also a cross-sectional view of an elec 

troluminescent element according to the invention, com 
prising an iron carrier 11 provided with a nickel layer 12 
and a chromium layer 13 on which is a chromium oxide 
?lm 14 which has been produced before and during 
enamelling the carrier. The carrier is covered with a 
glass-enamel layer 15 which is built up of two partial 
layers, that is to say a partial layer 16 adjacent the car 
rier and containing titanium-oxide pigment and a partial 
layer 17 adjacent the carrier and containing electrolumi 
nescent zinc-sulphide. The layer 15 is covered with a 
conductive transparent layer 18 of conducting tin-oxide. 
The carrier 11 is provided with a terminal 19 and the con 
ductive transparent layer 18 with a terminal 20. 

In a particular structure of an element as shown in 
FIGURE 2, the chromium-plated iron carrier has a thick 
ness of 0.3 mm., the nickel layer provided by electro 
deposition has a thickness of about 2 microns and the 
chromium layer provided by electro-deposition has a 
thickness of about 1 micron. The partial layer 16 has a 
thickness of 45 microns and a content of titanium-dioxide 
pigment of 10% by volume. The partial layer 17, which 
contains 35% by volume of activated zinc-sulphide, has 
a thickness of 25 microns. The chromeoxide ?lm 14 has 
a thickness of 0.2 micron. 
What is claimed is: > 
1. An electroluminescent element comprising a layer 

of glass-enamel in which the electroluminescent material 
is embedded and which is provided, on one side, with a 
metal carrier and, on its other side, with a conductive layer 
which is permeable to the radiation emitted by the elec 
troluminescent layer upon applying a potential between 
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4 
the carrier and the conductive layer, characterized in 
that the surface layer of the metal carrier consists of a 
metal which can give rise to an oxide layer which is 
coherent in itself and satisfactorily adherent to the metal, 
said metal being selected from the group consisting of Zr, 
Ti, Ta, Al and Cr. 

2. The electroluminescent element of claim 1, wherein 
the metal carrier is made of chromium-plated metal. 

3. The electroluminescent element of claim 1, wherein 
the core of the metal carrier consists of iron. 

4. The electroluminescent element of claim 3, wherein 
the metal carrier consists of iron covered with an inter— 
mediate layer of a metal selected from the group consist 
ing of nickel and copper which intermediate layer is cov 
ered with a chromium layer. 

5. The electroluminescent element of claim 1, wherein 
the glass-enamel layer has a thickness of from 20 to 80 
microns. 

6. The electroluminescent element of claim 1, wherein 
the glass-enamel layer is built ,up of a partial layer adja 
cent the metal carrier and containing titanium-dioxide 
pigment and a partial layer remote from the metal car 
rier and containing the electroluminescent material. 

7. The electroluminescent element of claim 6, wherein 
the partial layer containing the titanium-dioxide pigment 
has a thickness of from 5 to 50 microns. 

8. The electroluminescent element of claim 7, wherein 
the content of titanium-dioxide pigment in the relevant 
partial layer is from 5% to 20% by volume. 

9. The electroluminescent element of claim 8, wherein 
the partial layer containing the electroluminescent mate 
rial has a thickness of from 15 to 50 microns. 

10. The electroluminescent element of claim 9, where 
in the content of electroluminescent material in the rele 
vant partial layer is from 20% to 50% by volume. 
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