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The present invention relates to eléctroluminescent
compositions for use in electro-optical converters and the
like whereiii they are included as semi-dielectric layers
or films inserted between a pair of electrically conducting
armatures, oné of which at least is translucent and across
which is applied an alternating electro-motive force. It
is well-known that, in such compositions, two distinct
materials at least are included, one of which emits elec-
trons; when submitted to the said electric force, and thus
acts ds an activator for the other one of these materials
which emits photons in response to the said emission of
electrons from the first one.

It more particularly relates to such electroluminescent
c¢ompositions which may be said to be of an all-oxide
Kind in that the one and the other of the said two mate-
rials, activated and activating, are constituted by oxides
of metals and/or metalloids in a weight ratio not ex-
ceeding 1% of the activating material with respect to
the activated material therein. Such cempositions have
been fully described in my copending application No.
631,226 wherein, further to a non limitative but pre-
ferred listing of the said oxides; viz. zinc, calcium,
barium and cadmium oxides for the activated material
and copper, lead, manganese, silver, thallium, selenium
and germanium oxides for the activating material, it has
been shown that an excess of free molecules of oxygen,
not chemically combined with the said oxides, and intro-
duced in the said compositions, was an important factor
as concerns the efficiency thereof.

An object of the invention is to provide a new and
improved method of making pellicular layers or films of
such all-oxide electroluminescent compositions upon elec-
trically conducting armatures or base plates therefor.

Another ebject of the invention is to provide a method
such that the said layers or films are obtained as mono-
crystalline coatings of complexes of their component
oxides.

A forther object of the invention is to so provide this
method so that the products resulting therefrom are totally
independent of the raw materials from which they are
made.

A further object of the invention is to so piovide this
method that the said layers or films are coated upon
their armatures or base plates without any introduction
of adhesive materials into the said compositions, thereby

-avoiding any introduction of dielectric losses in the finally
obtained product othier than those inheéring ii the ¢om-
position itself. )

According to the invention, a method of making an

. all-oxide electroluminescent coating upon an armature
of an electro-optical converter comprises the steps of
forming an alloy of the metals and/or metalloids of ‘the
said oxides upon an intermediary base plate, effecting a
transfer of particles of the said alloy onto the said arma-
ture to form a layer thereupon, oxidizing the transferred

. particles and effecting the crystallisation of the oxide
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layer resulting from the said transfer and thé said oxidi-
zation. ' )

According fo the invention, further, such a method also
includes a step for introducing an excess of non-metallic
free molecules, e.g. oxygen molecules in the said crystal-
line layer. '

Preferably but not necessarily, the steps of transferring
part of the alloy to the said armature, oxidizing the trans-
ferred particles and effecting thé crystallization of  the
formed coating are, partly at least, concomitant.

In the accompanying drawing Figure 1 shows apparatus
for carrying out one step of the process; Figure 2 shows
apparatus for carrying out anéthér step; and Figure 3
shows the completéd electrolummiiiescent dévice. :

The invention niay be put into practice according to-the
following disclosuré: '

In a vessel 19 the atindspheré of which may be con-
ditioned at will; for effecting the different steps-leading
to the final result sought herein, is fifst arranged a plate
11 of a material the required qualities of which will be
hereinbelow  determined, and for imstance a plate of
magnesium. The surface of this platé will be of dimen-
sions which are slibstantially équal to those of the elec-
troluriinescent layer -to- be produced. Facing the said
plate, which will later &act as the intermediary alloy-
supporting plate, several crucibles 22, for instance silica
crucibles, are arrargéd in an “isotropic” pattern With
respect to this plate, i.e. for instance, the said crucibles
are placed at the corners of a square support facing the
useful face of the said intermediary plate. The opening
of each one of the said crucibles is so small with respect
to the surfacé of the said plate that it may be consid-
ered as a point source of material: In the said crucibles
are placed small loads of the metdl or metalloid pow-
ders of which the oxidés must be formed id the con-
cerned electroluminescent composition to be obtained.
THe said cruciblés may be heated- by heaters 13 and the
said Imtermedidfy base plate may be cooled, for instance
by means of a circulation of a refrigerating fluid through
a cooling jacket 14 applied to the rear face of plate 11
opposite to the face thereof exposed to the crucible
openings. Jacket 14 and plate 11 are supported upon
supply conduits 14a and 145 passing through base B of
the jar 19, - o
" The vessel 10 is évacuated by pump P up to a vacuum
of the order of 10~* and the crucibles are heated up
to-the temperature of thermal evaporation of the contents
thereof. Obviously the evaporated products will con-
dense upon the cool surface of the said intermediary
base plate. As two distinct materials at least are placed
within the crucibles, the coating which develops upon
the cool surface will be an alloy of the evaporated miate-
rials. - Due to the éven distribution of the crucibles, this
alloy coating will be of uniformly increasing thickness
and in the said alloy the componént materials will pre-
sent a uniform distribution depending upon the opehing
surfaces of the crucibles wherein they are contained
and/or their distribution amongst. the said crucibles.
THe time interval during which the evaporation process
is maintdined obviously depends upon the required thick-
ness of the alloy and the said thickness must be suitable
for the further steps of preparation of the final electro-
luminescent layer. T

In- the said alloy coating; however, the weéight pro-
portions of the different components thereof will be con-
trolled by the temperature of the crucibles. It is known
that the weight or quantity of a metal or a metalloid
which is evaporated under vacuo from a thermal process
during a fixed time interval is fundamentally dependent
upon the temperature applied to this material for such
an evaporation, Illustratively, for instance, copper will
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be evaporated at a rate of 10-3 gram per second per
cm.? of surface of the copper “source,” when copper is
heated at 1000° C., but the rate of evaporation will be
of 4. 10-5 gram per second per square centimeter when
the copper is heated up to 1100° C. The same will be
true for any and all of the materials which have been
listed hereinabove as possible components of electro-
luminescent compositions according to the present in-
vention. It is consequently apparent that, for a single
temperature of the crucibles, the proportions of the var-
jous component materials can be accurately controlled
in the resulting alloy from a suitable provision of pro-
portions of the relative opening surfaces of the
crucibles wherein they are distributed. When, for in-
stance, these component materials are copper and zinc,
an alloy containing 0.8% of copper and the remaining
percentage of zinc will be obtained when heating the
crucibles at a temperature of 1100° C. The overall
surface of the “Zn-source” is provided equal to one-
half of the overall surface of the “Cu-source” since, at
the said temperature, the rate of evaporation of the zinc
is equal to 10 milligrams per second per square centi-
‘meter.

Tt must be noticed that, instead of putting into the
-crucibles, purified metallic powders, it will suffice to
place into the said crucibles unpurified parcels of the
said metals as the phenomenon of selective thermal evap-
oration. will automatically eliminate any impurities in
.the said .parcels.

The evaporation process useful for the formation of
an electroluminescent film only lasts several seconds after
:the. evaporation temperature has been reached, after
which the vessel is cooled. .

The material of the intermediary base plate upon which
-is formed the said alloy must obviously be such that it
cannot enter in combination with any one of the com-
ponent materials of the said alloy.

Once the vessel is cooled, there is introduced therein
an armature plate 4 of suitable nature for receiving the
electroluminescent coating thereon. This armature plate
is supported in close proximity to the alloy coated plate
and parallel thereto. A constitution of the said arma-
ture plate which is here estimated as being of special
advantage is such that this plate is provided with a
thodium surface 2 prepared to present the so-called
optical polish.

An atmosphere of pure oxygen is now admitted to

vessel 10 through conduit 16 and is established within '

the vessel under a pressure which will be maintained
at a constant value during the second part of the opera-
tive process. Thereafter a D.C. potential difference is
applied between the alloy-bearing plate and the arma-
_ture plate, with the positive pole 15 of the D.C. source to
the said armature plate. The value of the said potential
difference is-such that the combination of said plates
acts as an ionic discharge device wherein the ionic cur-
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rent will have a value from 70 to 100 milliamperes per - -

square decimeter of the opposite surfaces. Such a
density of the said ionic current is not critical but pre-
ferred as avoiding an overheating of the electrodes and
_consequently avoiding parasitic chemical reactions such
as a diffusion of zinc or copper (when the said alloy
consists of zinc and copper) within the material of the
-intermediary base plate. This material must then be so
chosen as to avoid such a diffusion effect during this step
of operation.

Tn this jonic discharge or cathodic projection process, the
alloy coating acts as a cathode which emits electrons and
the gaseous atmosphere ensures the formation of ions
which are directed upon the said cathode and impact
thereon, due to the acceleration of the gas molecules under
the action of the electrostatic field established between the
‘plates. For a suitable relative adjustment of the dis-
tance between these plates, the gas pressure within the
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“thickness of one micron.
_electroluminescent layer will, for instance, be of the order

" conditioning for the crystallisation thereof.

4

vessel and the value of the potential difference between
the said plates the potential gradient in the neighborhood
of the cathode is made very high and consequently the
impacts of ions thereupon extract metal particles there-
from. These freed particles are attracted toward the
anode plate and consequently the armature is progres-
sively coated with a layer of a complex of oxides as the
said particles are oxidized as soon as extracted from the
alloy or even sooner due to the oxygen atmosphere estab-
lished within the said vessel.

As a merely illustrative example, the spacing between
the plates may be of 9 millimetres for a potential dif-
ference of the order from 700 to 800 volts D.C.

For the above example of a mixture of zinc and copper
oxides, the percentage of components making up the
metallic alloy on the intermediary base plate will not
be changed in the thin layer resulting from the trans-
fer and oxidation step since the zinc will be extracted
from the alloy at a rate of 340 milligrams per ampere
hour and the copper at a rate of 300 milligrams per
amperehour. For other components, it shall be neces-
sary to provide in the alloy a ratio of the components
thereof different from the ratio required between the
oxides in the finally obtained layer. Such a condition
will be easily met as the values of the extraction coeffi-
cient, measured in electron-volts, are well-known for the
various metals and metalloids concerned herein. When,
for instance, silver is substituted for copper in the alloy,
all the remaining conditions of operation remaining the
same as herein above defined, the alloy which is formed
on the intermediary base plate 11 during the first step will
contain a quantity of silver equal to about one-half only
of the corresponding quantity of copper since the rate of
transfer of silver is of about 740 milligrams per am-
pere hour under the same conditions.

Obviously the material of the intermediary base plate
must be of a rate of transfer substantially lower than the
rates of transfer of the component materials in the alloy.
In this respect also the use of magnesium for constitut-
ing the said base plate is quite justified, the rate of trans-
fer of magnesium under the stated conditions being of
the order of 9 milligrams per ampere hour.

The transfer operation is maintained as long as useful
for the deposition upon the armature plate of the re-
quired thickness of the layer of oxides. It is for instance
necessary to ensure the transfer of 0.4 milligram of the
alloy consisting of zinc and copper per square centimeter
of the armature plate for establishing a coating having 2
A suitable thickness of the

of 10 microns. Consequently, and with a density of the
current of 100 milliamperes, the transfer operation will
Jast about seven minutes.

The advantage of making the plate armature with a
thodiated surface machined up to an optical polish may
be explained as follows: the resistance to extraction of
particles of this armature plate must be high; the melting
temperature thereof must also be high; the optical polish
of the surface is useful for a fair efficiency of the con-
verter. Rhodium appears to be satisfactory for these
three conditions, but nickel could also be used though its
melting temperature and optical reflectivity coefficients
are lower than those of rhodium.

The .oxide coating must then be submitted to a thermal
This step
may be operated through the means of a high frequency
heater 17 surrounding the armature plate or that part of
the vessel which surrounds the location of the said arma-
ture plate. Special advantage is obtained when the heat
process for crystallization is made during the transfer
and oxidizing operation proper, as in such a case the oxide

“layer will be obtained as a single crystal of a complex of

oxides. A high frequency heating process does noi.: pre-
sent a substantial inertia and consequently there will be
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1i6'substantial risk of reaching a too high temperature of

the armdture plate.

As a specific embodiment of the above described proc-
€S8 a magnesium base plate is placed in an evacuated bell
jar. The bell jar fests on a suitable support plate. Placed
on the plate support are four silica crucibles arranged one
at each corner of said support plate with regard to the
magnesium plate facing them. Each crucible contains
an intimate mixture of powdered copper and zinc with
the quantity of zin¢ equal to one. half the quantity of
copper. Each crucible is provided with a pin point open-
ing to provide a point source of evaporated metal. The
inagnesium base plate is cooled by circulating a refriger-
ant fluid on the face opposite that exposed to the crucible

-openings. The crucibles are heated to 1100° C. to pro-

ditce a layer of alléy contdining 0.8% copper and 99.2%
Ziri¢c on the base plate.

To catry out the mext step of the process the bell jar
is cooled and an armature plate is placed therein parallel
to the base plate and 9 millimeters therefrom. The cru-
¢ibles are removed. The armature plate possesses a
rhodiated surface machined to an optical polish. An at-
mosphere of pure oxygen is maintained within the jar. A
D.C. potential difference is applied between the alloy-
bearing plate and -the armature plate with the positive
pole of the D.C: source running to said armature plate.
A current density of 100 milliamperes is maintained for
about seven minutes. to deposit 'an electroluminescent
mixed oxide layer of about 10 microns thickness on the
armature plate by cathodic projection. To obtain crystal-
lization of ‘the oxide layer, the armature plate is heated
by means of a high frequency heater surrounding the jar
at the level of said armature plate. Heating is carried out
during the entire seven minute transfer period, s6 as to
impart a temperature tc the thodiated surface less than
its melting point-(about 1985° C.). .

After the formation of the electroluminescent layer
and the cooling of the armature plate, the other armature
of the electro-optical electroluminescent converter may
be made within the same vessel as used heretofore. A
translucent armature of a metal such as silver or alumi-
num may, for instance, be formed over the electrolumi-
nescent oxide layer from an evaporation in vacuo of the
said metal. This step however does not form part of the
invention and the second armature of the converter can
be made by any suitable process other than the above
and applied elsewhere.

Referring back to the transfer operation proper, it may
be stated that, when the particles of the alloy. are ex-
tracted therefrom by the impacts of ions and are brought
to the armature plate, the energies of the electrons of the
internal orbits of the said molecules, viz. of the orbits
which are the nearer to the nuclei of their atcms, are not
changed at all whereas the energies of the electrons of
the external orbits thereof, viz. the energies of the so-
called valence electrons, are substantially modified.
Under the influence of the intermolecular fields, the crys-
tallized body behaves as a single homogeneous electronic
system. The identical energy levels of the distinct mole-
cules thereof are converted into as many levels of energy
within the said body. For all the molecules therein, the
quantic levels cannot comprise more than two electrons
at most, and only the valence electrons act for the deter-
mination of the conductibility of the said bedy since only
the said electrons will participate in the transfers of
charges which will define the electric current through the
said body. Otherwise said, in the monocrystalline layer
and when an A.C. electromotive force is applied thereto,
an electron can only pass from an energy levél to an-
other one when the latter presents at most a single elec-
tron; when this second energy level is previously occupied
by two electrons, such a passage could not cccur. Out-
side this normal zone which is more or less filled with
electrons, there exists within the body another zone of
conductibility which comprises as many quantic levels as
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the said mormal zone. The .cnergy . difference betweent
these two zones is adequately small so that electrons are
brought from the normal to the conductibility zone from
the action of the driving field. Such a transfer of elec-
trons would only necessitate a very small work and con-
sequently the exchange of energy between the said zones
would be. quite small. It appears of advantage to pro-
vide an intermediate energy level between the said zones
and this may be obtained by producing within the crystal-
line layer either an excess or a lack of non-metallic (or
non-metalloid) atoms. - When for instance an excess of
atoms of oxygen is established within the copper oxide,
the electrical conductivity of the said oxide will greatly
increase: e.g. the introduction of 1% of oxygen in the
copper oxide will multiply the conductibility thereof by
a coefficient equal to 108 at a normal temperature. On
the other hand, an excess of oxygen within the zinc oxide
will appreciably reduce the conductibility thereof. A lack
of -oxygen atoms in the same oxides will produce corre-
sponding epposite effects.

When the transfer and the oxidizing steps are simul-
taneously made, as described above, the transfer being
then made within an atmosphere of pure oxygen, an
excess of oxygen will be automatically obtained in the
oxide layer, which is the wanted result. Of course it
will be the adjustment of the pressure of the said oxygen
atmosphere which will be the controlling factor of the
oxygen percentage introduced into the oxide layer. But
the- heating process for the crystallisation of the said
layer will also act upon the said introduction: the num-
ber of oxygen molecules trapped within the oxide layer
will at first be quite important but, when the “baking”
is made, a certain balance is established because the heat
gives to the atoms of the one and/or the other of the
component materials, e.g. zinc and copper, the possibility
of balancing out part of these excedentary molecules
from the crystal. The adjustment of the pressure of the
atmosphere -of oxygen and of the temperature of crys-
tallisation of the oxides can be made such that a definite
result is obtained as concerns the presence in the layer
of a required percentage of free molecules of oxygen.

As said the crystallisation may be made after the oxide
layer has been completely obtained. This does not
change the final result of the above.

Further, the transfer operation need not be permanently
made within an atmosphere of oxygen and this opera-
tion may be made with a filling of an inert gas such as
argon or hydrogen. The oxidizing and crystallising steps
would be postponed until after the transfer is completed.

Another manner of proceeding to the transfer opera-
tion is. to introduce first an oxygen atmosphere ‘within
the vessel and apply the said D.C. potential difference
across the intermediary and the armature plate; to ensure
an oxidation of the surface of the alloy upon the transfer
plate; and then to cut the admission of oxygen and sub-
stitute thereto an inert gas atmosphere of higher atomic
weight such as argon for instance. The use of a high
atomic weight gas may be considered as being of ad-
vantage for the transfer proper as it leads to a shorter
time interval for the said operation because of the more
efficient operation thereof in the extraction of oxide par-
ticles from the superficially oxidised alloy, but, of course,
the processing or control is more elaborated due to the
change of atmosphere during the formation of the oxide
layer onto its supporting armature plate. The crystallisa-
tion may be made during such a transfer of particles of
oxides or it may be postponed at will. In the first case,
ths crystal must thereafter be submitted to a diffusion
process for the introduction therein of the said excess
of molecules of oxygen. In the second case, the crys-
tallisation and the introduction of the said excess of
oxygen molecules into the oxide layer may be simul-
taneously made by heating the layer within an atmosphere
of oxygen. In both cases, the pressure of the atmosphere
of oxygen must be higher than the pressure adjusted for
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the simultaneous operations of transfer, oxidisation and
‘crystallisation. which have been herein above described.
A plate of aluminum may be used, as a further sub-
‘stitute, as an intermediary base plate instead of mag-
‘nesium.

The electroluminescent device produced according to
the invention is shown in Figure 3, wherein the thin
semi-dielectric layer is shown at 1, between two arma-
‘tures 2 and 3. The armature 2 previously deposited on
“base plate 4 is formed of either rhodium or nickel, and
translucent armature 3 is formed of either silver or
aluminum. In operation, an alternating voltage is ap-
plied across armatures 2 and 3 from source S.

"~ Having thus described and ascertained my invention,
1 claim:

LA method of making an electroluminescent coating
of at least one activating oxide and one activated oxide
upon an armature of an electro-optical converter which
"comprises, thermally evaporating within an evacuated
vessel a mixture of materials selected from the class
"consisting of the metals and metalloids which are to
make up said oxide coating, condensing the evaporated
materials upon the surface of an intermediate base plate
to form an alloy, transferring particles of said alloy to
‘an armature by cathodic projection wherein the alloy
serves as a cathode and the armature serves as an anode
plate, oxidizing the transferred particles to produce an
_oxide coating, and beating said oxide coating to effect
crystallization thereof, the quantity of activating oxide
"in the coating being maintained at not more than 1% of
the weight of the activated oxide.

2. A method according to claim 1 wherein the quantity
of activating oxide is maintained at not more than 1%
of the weight of the activated oxide by proportioning the
surface of evaporation of the materials with respect to
their respective temperatures of evaporation.

3. A method according to claim 1 and wherein the
" proportioning of the component materials in the said
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‘alloy are determined with respect to. their :cathodic px:q-‘

jection rates for ensuring a predetermincd;comppsit_ion

.of the transferred coating upon the said armature.:

4, The process of claim 1 wherein -excess uncombined
oxygen is introduced itno the oxide layer by conducting
the ionic discharge transfer step in an‘atmosphere,of
pure oxygen. ‘ . -

5. The process of claim 1 wherein excess uncombined
oxygen is introduced into the oxide layer by conducting
the heating of the oxide coating within an atmosphere of
oxygen. ;

6. The process of claim 1 wherein the components of
the alloy are zinc and copper, and the intermediate base
plate is of magnesium. )

7. A method according to claim 1 wherein the cathodic
projection is conducted in the absence of oxygen, and
wherein the heating of the coating on the armature is
conducted within an atmosphere of oxygen to produce
a diffiusion of free oxygen molecules into said coating.

8. A process according to claim 1 wherein said heat-
ing of the oxide coating is accomplished by high fre-
quency heating of the armature.

9. A method according to claim 8 and' wherein the
armature is heated by a high frequency process during
the concomitant operations of transfer and oxidation of
the particles of the alloy onto the said armature.
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