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(57) Abstract: The invention relates to an optical element comprising a transparent substrate provided with a superficial mirror
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Optical element comprising a superficial mirror coating and

method for forming said coating
DESCRIPTION

Field of invention

The present invention relates to ‘an optical element
comprising a transparent substrate provided with a
superficial wmirror coating, and to a method for forming

sald coating.

In the following description and in the appended claims,
the expression “optical element” is used to indicate any
substantially transparent element capable of allowing
vision through the same, such as for example ophthalmic and
non-ophthalmic lenses for glasses, vigors, slabs,

protective shields, etc.

In the following description and in the appended claims,
the expression “transparent substrate” ig used to indicate
any transparent substrate, made of glass or of plastics, in
particular of polycarbonate or diethylenglycol-bis-allyl-
carbonate, commercially available as CR 39TM (PPG
Industries 1Inc.), both commonly used for manufacturing

ophthalmic and non-ophthalmic lenses for glasses.
Prior art

As i1s known, in the field of optical elements and in
particular of lenses for glasses, one of the most difficult
problems to be solved is that of providing a superficial
mirror coating exhibiting, at the sgame time, a suitable
adhesion to the substrate, a good resistance to abrasion, a
good reflectance, a low absorbance and, finally, an

aesthetically pleasant color.
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According to the teaching of the prior art, the desired
characteristics of coloring and mirroring of the optical
element are obtained by forming a coating including at
least two layers of suitable materials on the transparent

substrate of the optical element.

In the case of a mirror coating consisting of two layers
only - which nowadays is the most widespread on the market
due to its low-cost features - each layer has one or more

specific functions.

The first layer, generally consisting of chromium ozr
aluminium, in fact, exerts both the function of adhering

the coating to the substrate and of evenly reflecting the

light in the visible spectrum (400-700 nm) .

The second layer, generally consisting of silicon oxide,
exerts on the other hand both the function of imparting the
desired color to the lens and of imparting a certain

resistance to abrasion to the coating.

The technologies used for manufacturing these low-cost two-
layered coatings are those of physical vapor deposition, oxr
PVD, based on a thermal evaporation mechanism wherein the
heating of the material to be evaporated is substantially

carried out by Joule effect.

Although two-layered mirror coatings of the known type
substantially meet the purpose and have a reasonable cost,
nonethelegs they possess the drawback of having properties
of adhesion to the substrate and of resistance to abrasion

which are not entirely satisfactory.

Summary_of the invention

Accordingly, the technical problem underlying the present
invention is that of providing an optical element

comprising a superficial mirror coating which would allow
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to achieve improved characteristics of adhesion to the
substrate and of resistance to abrasion with respect to
those of the two-layered coatings of the prior art

currently on the market.

According to the present invention, it has been
surprisingly found that the desired improvement of the

characterigtics of adhesion and of resistance to abrasion

of the mirror coating may be achieved by realizing the

coating with a new combination of  layers of suitable}

materials. b

Thus, according to a first aspect thereof, the present
invention provides an optical element comprising a
sﬁpefficial mirror coating as defined in the attached claim
1.

In a preferred embodiment, the mirror coating of the
invention comprises a sequence of three superimposed layers
respectively consisting of a first material, which is
mainly intended for carrying out the function of adhesion
to the substrate; of a second material, which is mainly
intended for carrying out the function of reflection, that
is, of mirroring; and of a third material, which is mainly
intended for carrying out the function of imparting to the
coating the desired coloring and, optionally, the desired

resistance to abrasion.

Advantageously, thanks to said combination of layers, it is
also possible to obtain a wider range of colors and a
greater variety of shades with respect to those obtainable

with the conventional two-layered coatings.

The mirror-coated substrate of the invention is also easier
to clean than the two-layered coatings of known type. Said
advantageous feature may Dbe attributed to the lower

superficial roughness of the coating of the invention.

|
|
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Advantageously, the mwirroring layer of the present
invention exhibits a greater transmittance with respect to
that of two-layered coatings, which allows to coat dark
substrates in a wider and more flexible way with respect to
the prior art, while falling within the wminimum
transmittance limits possibly required by the applicable
standards. This advantage 1is particularly appreciated in
the case of lenses for sunglasses, since it is possible to
widen the range of colors of the lens complying, at the
same time, with the minimum -transmittance limit of the
coated lens, which limit is provided in the case of lenses
to worn when driving motor wvehicles, and is fixed to 8% by
the standards EN 1836, ANSI Z80.3 and AS 1067.1. -

Advantageously, the lower stiffness of the coating allows
to achieve better properties of adhesion to the substrate,
always with reference to those possessed by the two-layered

coatings of comparable cost.

In a preferred embodiment, and as it will better appear
hereinafter, the optical element of the invention may be
manufactured at a reasonable cost using the equipment and
the technology of vapor deposition used so far for forming

the aforementioned two-layered coatings.

Preferably, the layer including the first material has a
thickness comprised between 0.5 and 5 nm and most
preferably between 0.5 and 2 nm. For the purposes of the
invention, the first material is preferably selected from
the group comprising: Cr, Ti, $8i0, 8i0,, In,0; SnO, and
mixtures thereof. Among them, chromium is particularly

preferred.

Preferably, the layer including the second material has a
thickness comprised between 3 and 80 nm and most preferably
between 8 and 50 nm. For the purposes of the invention, the

second material is preferably selected from the group
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comprising: Cr,O,, TiO,, ZnSe, ZnS and mixtures thereof,
wherein x is a number comprised between 1 and 2, and y is a
number comprised between 1 and 3. Among them, Cr,0, is

particularly preferred.

According to a preferred embodiment, the second material
has a refraction index comprised between 1.7 and 2.7. More
preferably, the refraction index of the second material is
comprised between 1.9 and 2.4.

In the present description, the refraction indexes of the
different materials are intended as indexes measured at the

wavelengths at which the respective materials axe

' transparent or only weakly absorbent.

Preferably, the layer including the third material has a
thickness comprised between 5 and 400 nm and most
preferably between 10 and 200 nm. For the purposes of the
invention, the third material is preferably selected from
the group comprising: 8i0, Si0,, MgF,, NazAl;F;,, and

mixtures thereof.

Preferably, the third material has a refraction index
comprised between 1.32 and 1.8 and more preferably between
1.4 and 1.7.

Preferably, the substrate essentially consists of
transparent element of glass or plastics having a
refraction index at 500 nm comprised between 1.38 and 1.75.

If the substrate is made of plastics, it may be coated with
a polisiloxane resin or other suitable material having the
double function of imparting scratch-proof properties to
the finished product, and of increasing the adhesion degree

of the mirroring coating to the same substrate.

For the purposes of the invention, the plastics is

preferably selected from the group comprising: acrylic-
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based polymers and copolymers, polymethylmethacrylate,
polycarbonate, polyol-allyl-carbonates, cellulose esters,

polyacrylates, polystyrene, polyurethanes.

Among  them, an acrylic-based copolymer commercially
available as SpectraliteTM (Sola Optical), diethylenglycol-
bis-allyl-carbonate, commercially available as CR 39TM (PPG
Industries Inc.), and polycarbonate, commonly used for

manufacturing ophthalmic and non-ophthalmic lenses for

glasses, are preferred.

Preferably, the optical element is manufactured in the

shape of lens or visor for glasses, or in the shape of slab

|
i

or protective shield. P - ~

According to a secéh&méépect thereof, the present invention
provides a method for forming on a transparent substrate of
an optical element a superficial mirror coating, as 1is
defined in the attached claim 13.

In a preferred embodiment of the method according to the
invention, the superficial mirroxr coatiﬁg of the substrate
is formed by means of a process of physical vapor
deposition carried out using the low-cost equipment and
technologies usually employed in the manufacture of the

two-layered superficial mirror coatings.

The Applicant has surprisingly noted that it is
advantageocusly possible in this way to attain the desired
improved adhesion properties at a cost comparable to that
reached so far by the methods for forming two-layered

mirroring coatings.

In fact, even by using the low-cost coating equipment and
technologies usually employed in the manufacture of the
two-layered superficial mirror coatings, the method of the

present invention advantageously allows to improve the
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quality of mirroring, which is comparable to the quality of
multi-layered coatings which are much more expensive and
produced with sophisticated techniques, such as those based
on the use of electronic guns, but at the same time to
limit the costs, maintaining them comparable to those of

two-layered coatings.

Moreover, this preferred manufacturing method of the
present invention allows to increase the productivity with
respect to the methods of the_prior art employed for the
manufacture of multi-layer coatings thanks to the reduced'

process time of this less sophisticated equipment.

The coating equipment of most preferred use comprises, in

partictlar: . .

- a sealed chamber provided with an outer coil for

heating/cooling the same,

- a dome serving as a support for the blanks of the optical

element to be coated,

- a plurality of metallic crucibles suitably connected to a
current source which 1is adapted to heat the crucibles by
Joule effect and, along therewith, to heat the material to
be deposited onto the substrate of the optical element

housed therein,

- a vacuum system in fluid communication with the sealed
chamber,

- an adjusting device for feeding optional reactive gases
(for example oxygen) and a ion discharge device for

cleaning the substrate to be coated.

According to a preferred embodiment, the crucibles are
preferably made of molybdenum and are provided on top by a
removable shutter which closes the crucibles until the
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material to be evaporated reaches the desired evaporation

temperature.

Preferably, the substrate is positioned in a sealed chamber
wherein a vacuum degree comprised between 2%¥10° e 1.5%107*

mbar is reached.

In a preferred embodiment, the method of the invention
provides for forming a metal adhesion layer on the
substrate followed by depositing on this adhesion. layer a
reflection layer essentially consisting of an oxide of the

same metal or, alternatively, of a different metal.

In the former case, it is preferable and advantageous to
form the reflection layer by- evaporating said metal in an
oxygen-containing environment, so as to form the desired
oxide layer “in situ”, i.e., directly onto the underlying

adhesion layer.

Preferably, the reflection layer is formed in this case by
adjusting the deposition rate of the second material on the

substrate in a range comprised between 0.05 and 0.15 nm/s.

In this way, it is advantageously possible to obtain an
oxide layer having the desired stoichiometric ratio between

metal and oxygen.

According to a preferred embodiment of the method of the
invention, each deposition step of the first, second and
third material is carried out by evaporation and is

preceded by a pre-heating step of the respective material.

Conveniently, the pre-heating steps are adapted to bring
each material to a pre-heating temperature close to that
most suitable for effecting the evaporation and are carried
out while maintaining the removable shutter of the

crucibles in its closed position.
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Preferably, both the pre-heating and evaporation steps are
carried out by means of Joule effect so as to reach a
temperature, which may easily determined by those skilled
in the art, that allows to carry out the deposition at the

desired rate.

According to a preferred embodiment, the pre-heating steps
are carried out when the crucibles are made of molybdenum
by feeding thereto a current having a value preferably

comprised between 200 .and 3%0 A. B

h I —_— —

.
Still more preferably, the current fed to the crucibles

during the pre-heating steps has the following values:

#) of from 330 A and 370 A, most preferably equal to
about 350 A, when pre-heating the first material;

ii) of from 360 A and 400 A, most preferably equal to
about 380 A, when pre-heating the second material;

iii) of from 200 A and 240 A, most preferably equal to
about 220 A, when pre-heating the third material.

According to a preferred embodiment, the evaporation steps
are carried out when the crucibles are made of molybdenum
by feeding thereto a current having a value preferably
comprised between 280 and 400 A.

Still more preferably, the current fed to the crucibles
during the evaporation steps has the following values:

i) of from 360 A and 400 A, most preferably equal to
about 380 A, when evaporating the first matefial;

ii) of from 360 A and 400 A, most preferably equal to

about 380 A, when evaporating the second material;

iii) of from 270 A and 310 A, most preferably equal to
about 290 A, when evaporating the third material.
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Advantageously, using the equipment briefly described
hereinabove, it is possible to carry out the coating method
of the invention in an overall time comprised between 15

and 35 minutes.

Preferably, said time is divided among the main operative

steps as follows:

- vacuum time: 8 - 10 min;

- time for activating the surface. of the substrate: 3 - 5@ _°

min;

- pre-heating time of the first material: about 180 s;

- deposition time of the first materiaITlg.S - 10 s;

- pre-heating time of the second material: about 180 s;
- deposition time of the second material; 40 - 300 s;

- pre;heating time of the third material: about 180 s;
- deposition time of the third material: 7 - 300 s;

- time for restoring the ambient pressure: about 180 s.

In this preferred embodiment, thanks to the relatively low
fixed cost of said equipment and to the reduced process
times, it is possible to form a mirror coating on the
optical element at a cost which is comparable, as a whole,
to that of the optical elements provided with a two-layered
coating of the prior art, obtaining at the same time the
desired improvement of the properties of adhesion and of

abrasion resistance of the coating.

In the alternative, it is clearly possible to carry out the
method of the present invention by using more sophisticated

equipment, such as those commonly employed for
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manufacturing multi-layered coatings, thus obtaining as
good 'results in terms of mechanical resistance and of
adhesion of the coating to the substrate, but to the
detriment of the cost of the optical element thus produced,

which in this case is much higher.

Brief desgscription of the drawing

Additional features and advantages of the invention will

. become more readily apparent from the following description

“of some preferred embodiments of the invention, given'

hereinbelow by way of non-limitative examples with

reference to the accompanying drawing.

In the drawing,~ figure 1- illustrates, in the form of a
histogram, the results of the Q-UV test for determining the

adhesion properties of the coating to the support.
EXAMPLE 1

™
On 100 lenses for glasses made of CR 39 (PPG Industries
Inc.), a mirror coating according to the invention was

realized, comprising:
- an adhesion layer of Cr;

- a reflection layer of TiO, (refraction index = 2.25 at
500 nm) ;

- a coloring and abrasion-resistance layer of SiO,

(refraction index = 1.47 at 500 nm).

The formation of the coating layers was carried out by
means of a Satis 1200 DLS coater (Satis Vacuum AG),
commercially available, equipped with an electronic gun
having a 15 kW power supply, an ion gun having a 9.5 kW

power supply and an oxygen flow regulator.

The adhesion layer of the coating was deposited by
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evaporating under vacuum metallic Cr after having activated
the surface of the lens by i1on discharge 1in oxygen

environment for a period of time equal to 180 s.

The deposition parameters were the following:

initial vacuum: 3-10"° mbar;

temperature at the beginning of the deposition*: 60°C;

- vacuum time: 20 min; coo T .o

- time for activating the surface of the substrate by ion

discharge: 180 s;

pre-heating time of Cr: 180 s; L - o
- deposition time of Cr: about 5 s;

- pre-heating time of TiO,: 180 s;

- deposition time of TiO,: about 120 s;

- pre-heating time of SiO,: 180 s;

- deposition time of Si0,: about 180 s;

- time for restoring the ambient pressure: 15 min.
* measured on the lens.

The TiO, layer was deposited by evaporating metallic Ti and
introducing an 0O, flow equal to about 35 sccm (standard
cubic centimetres per minute), whereas the final layer of

Si0, was deposited in the absence of O,.

At the end of the deposition operations, a mirror coating,
having the characteristics illustrated in the following

Table I, was obtained on each lens.
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EXAMPLE 2

On 100 1lenses made of polycarbonate, a mirror coating

according to the invention was realized, comprising:
- an adhesion layer of Cr;

- a reflection layer consisting of a non-stoichiometric
chromium oxide of empirical formula Cr,0,, wherein x is a
number comprised between 1 and 2 and y 1is a number
comprised between 1 and 3, having a refraction @ index

comprised between 1.9 and 2.4 at 500 -nm;

- a coloring and abrasion-resistance layer of SiO

(refraction index = 1.7 at 500 nm) .

The formation of the coating layers was carried out by
means of a Satis 150/S <coater (Satis Vacuum AG),
commercially available, comprising a plurality of crucibles
provided with electrical resistors adapted to heat the

material by Joule effect.

The deposition parameters were the following:

- initial vacuum: 1.1-107* mbar;

- temperature at the beginning of the deposition*: 50°C;
- vacuum time: 10 min;

- time for activating the surface of the substrate by ion
discharge: 180 s; o
- pre-heating time of Cr: 180 s; )

- deposition time of Cr: about 5 s;

- pre-heating time of Cr before deposition of Cr,0,: 180 s;

- deposition time of Cr,0,: about 45 s;
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- pre-heating time of Si before deposition of SiO: 180 s;

I

deposgition time of Si0O: about 150 s;

time for restoring the ambient pressure: 180 s.

£

measured on the lens.

The Cr,0, layer was deposited by evaporating metallic Cr
and introducing an O, flow equal to about 46 sccm, whereas

the layer of 8i0 was deposited by evaporating Si and

introducing an O, flow equal to about 32.8 sccm.

At the end of the deposition operations, a mirror coating,

having the characteristics illustrated in the following

EXAMPLE 3

On 100 lenses made of polycarbonate, a mirror coating

according to the invention was realized, comprising:

- an adhesion layer of Si0O (refraction index = 1.7 at 500

nm) ;

- a reflection layer consisting of non-stoichiometric
chromium oxide of empirical formula Cr,0,, wherein x is a
number comprised between 1 and 2 and y is a number
comprised between 1 and 3, having a refraction index

comprised between 1.9 and 2.4 at 500 nm;

- a coloring and abrasion-resistance layer of SiO

(refraction index = 1.7 at 500 nm).

The formation of the layers of the coating was carried out

by means of a Satis 150/S coater (Satis Vacuum AG).
The deposition parameters were the following:

- initial vacuum: 1,1-10'4 mbar;
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- temperature at the beginning of the deposition¥*: 50°C;
- vacuum time: 10 min;

- time for activating the surface of the substrate by ion

discharge: 180 s;

- pre-heating time of SiO: 180 s;

- deposition time of SiO: about 8 s;

- pre-heating time of Cr before depdéition of Cr,0,: 180 s;

- deposition time of Cr,O,: about 55 s;

- pre-heating time of Si before deposition of Si0: 180 é;

i
i o

- deposition time of SiO: about 10 s;
- time for restoring the ambient pressure: 180 s.
* measured on the lens.

The Cr,0, layer was deposited by evaporating metallic Cr
and introducing an 0, flow equal to about 46 sccm, whereas
the layer of 810 was deposited by evaporating Si and

introducing an O, flow equal to about 32.8 sccm.

At the end of the deposition operations, a mirror coating,
having the characteristics illustrated in the following

Table III, was obtained on each lens.
EXAMPLE 4
(Determination of the adhesion properties of the coating)

The lenses of example 2 were subjected to a standard test
for determining the adhesion properties of the coating.

In particular, the comparative test commonly known as Q-UV

test was carried out on a set of lenses with the purpose of
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assessing the relative lifetime of the lenses examined in

an outer environment.

Such a test, aims at simulating in laboratory the harmful
effects exerted by the exposition to atmospheric agents in
conformity with standards ASTM G53, D-4329, SAE J2020 and
ISO 4892. [

|

{

The results of the measures carried out, graphically
represented in figure 1 in which the mean lifetime
ekpressed in hours of the lenses of example 2 compared with

the lifetimes of comparative lenses, is illustrated.

In the aforementioned figure, the bars- labeled Blue,
Bronze,- *Black and Silver are -referred to polycarbonate
lenses provided with a Cr- and SiO-based two-layered
coating such as to impart to each of them the corresponding
color; said lenses are commercially available with .the
respective technical denominations of Blue Mirror, Bronze
Mirror, Black Mirror and Silver Mirror (Sola Optical Italia

S.p.A.).

As it can be noted from the histogram reported in Fig. 1,
the coating of the invention has significantly improved
adhesion properties with respect to those of the two-

layered coatings of known type.
EXAMPLE 5

(Determination of the abrasion resistance properties of the

coating)

For the purpose of evaluating the abrasion resistance of
the coating according to the previous Example 2 with
respect to that of two-layered coatings of known type,
another comparative test - known in the field with the name

of Steel Wool test - was carried out.
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Such a test is carried out by rubbing steel wool on the
surface of the lens: the damage caused by the abrasion is

evaluated in terms of increase of scratches on the lens.

The Steel Wool Test was carried out by means of a modified
Sutherland ink-rub tester (James River Corp. - Kalamazoo,
Michigan, U.S.A.), wherein the rubber pad was repiéced by a
flake of standard steel wool grade 000. The steel wool
flake was subject to a 2-kg weight placed in oscillation
for a predetermined number of abrasion cycles. The lenses
were examined at the microscope and with the \naked. eye
against an illuminated black panel after having been

subject to 25 abrasion cycles. L , ' o

The results, in terms of relative data,\faf‘lr\:e”.ireported‘ in
Table IV, and they fall within a range of wvalues whose
upper limit is defined by the abrasion resistance of glass,
to which an evaluation equal to 5 stars is attributed, and
whose lower limit corresponds to the abrasion resistance of
uncoated polycarbonate, to which an evaluation equal to 0

stars is attributed.

From the comparison data reported in Table IV, it is
possible to note that the plastics lenses of example 2
exhibit a higher resistance to abrasion with respect to
that of the comparison lenses provided with a conventional

two-layered coating, and just lower than that of the glass.
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TABLE I
layer deposition rate | thickness [nm] | optical thickness
[nm/s] at 500 nm [nm]
Cr 0.1 0.50 -
TiOgp 0.35 42.00 94 .50
Si0p 0.96 173.11 254.47 B
TABLE II -
layer .| deposition rate | thickness. [nm] | optical thickness
[nm/s] o .at 500 nm [nm]
Cr 0.1 | 0.50 -
Cr,0, 0.18 8.00 17.2%
Si0 1.3 200.00 340.00
* = wvalue obtained considering é mean value of the

refraction index equal to 2.15

TABLE IIT
layer deposition rate | thickness [nm] | optical thickness
[nm/s] at 500 nm [nm]
Si0 0.5 4.00 -
Cr,0, 0.18 10.00 21.5%
Si0 0.5 5.00 8.5
* = wvalue obtained considering a mean value of the

refraction index equal to 2.15
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Black (comparison)
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Blue (comparison)

* k%

Example 2
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CLAIMS

1. Optical element comprising a transparent substrate
provided with a superficial mirror coating including a
plurality of superimposed layers, wherein the coating

comprises:

- an adhesion layer including a first material adapted to

firmly adhere to said substrate;

- a reflection layer including a second materiél having a
high refraction index selected from the group comprising:
Cr,0,, TiO,, ZnSe, ZnS and mixtures thereof, wherein x is a
number comprised between: 1 and 2 and y is- a -number

comprised between 1 and 3; {

— - [ i

- a coloring and optionally abrasion-resistance layer,
including a third material having a refraction index lower

than the refraction index of said second material.

2. Optical element according to claim 1, characterized in
that the layer including said first material has a

thickness comprised between 0.5 and 5 nm.

3. Optical element according to claim 1, characterized in
that the layer including said second material has a

thickness comprised between 3 and 80 nm.

4. Optical element according to claim 1, characterized in
that the layer including said third material has a

thickness comprised between 5 and 400 nm.

5. Optical element according to claim 1, characterized in
that said first material is selected from the group
comprising: Cr, Ti, 8i0O, 8i0,, 1In,0;, SnO, and mixtures

thereof.

6. Optical element according to claim 1, characterized in
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that said second material has a refraction index comprised
between 1.7 and 2.7.

7. Optical element according to claim 1, characterized in
that said third material has a refraction index comprised
between 1.32 and 1.8.

8. Optical element according to claim 1, characterized in
that said third material i1is selected from the group

comprising: SiO, S8Si0O,, MgF,, NasAl;F,,, and mixtures thereof.

9. Optical element according to claim 1, characterized in
that said transparent substrate essentially consists of
glass or plastics having a refraction <4ndex at 500 nm

comprised between 1.38 and 1.75.

10. Optical element according to claim 9, characterized in
that said plastics is selected from the group comprising:
acrylic-based ‘ polymers and copolymers,
polymethylmethacrylate, polycarbonate, polyol-allyl-
carbonates, cellulose esters, polyacrylates, polystyrene,

polyurethanes.

11. Optical element according to anyone of the preceding
claims, in the form of lens or visor for glasses.

12. Optical element according to anyone of claims 1-10, in

the form of slab or protective shield.

13. Method for forming, on a transparent substrate of an
optical element, a superficial mirror coating according to

anyone of the preceding claims, comprising the steps of:
a) placing said substrate in a sealed chamber;
b) bringing said chamber to a predetermined vacuum degree;

¢) activating the surface of said substrate by means of ion

discharge in an oxygen-containing environment for a
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predetermined period of time;

d) depositing in substantial absence of oxygen said first
material on the substrate so as to form an adhesion layer

having a predetermined thickness;

e) depositing at a controlled rate, optionally in the
presence of oxygen, said second material on said adhesion
layer so as to form a reflection layer having a

predetermined thickness;

f) depositing, optionally in the presence of oxygen, said
third material having a refraction index lower than the

refraction index of said second material on said reflection

layer, so as to form a coloring -and. optionally abrasion-

resistance layer having a predetermined thickness.

14. Method according to claim 13, wherein said steps d),
e), f) are carried out by evaporating said first, second

and third material by means of the Joule effect.

15. Method according to claim 14, wherein each of said
steps d), e), £) is preceded by a step of pre-heating the

materials to be evaporated at a predetermined temperature.

16. Method according to claim 13, wherein said step e) is
carried out so as to have a deposition rate of said second
material onto the substrate comprised between 0.05 and 0.15

nm/s.
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