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Abstract

The 1nvention relates to a cylindrical evaporation source {1) which
includes, at an outer cylinder wall (2}, a target material (3} to be
evaporated as well as a first magnetic field source (401) and a second
magnetic field source (402) which form at least a part of a magnet system
(400) and are arranged in an interior of the cylindrical evaporation source
(1) for generating a magnetic field. In this respect, the first magnetic field
source (40‘1) and the second magnetic field source (402) are provided at a
carrier system (500) such that a shape and/or a strength of the magnetic
field can be set in a predefinable spatial region in accordance with a
predefinable scheme. In accordance with the invention, the carrier system
(500) is configured for setting the shape and/or the strength of the
magnetic field of the carrier system (500} such that the first magnetic field

source (401) is arranged at a first carrier arm (501) and is pivotable by a

predefinable pivot angle (a1) with respect to a first pivot axis (5011).

(Fig. 1a)
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P8223/Ir/Li

Sulzer Metaplas GmbH, D-51427 Bergisch Gladbach, Germany

Cylindrical evaporation source

The invention relates to a cylindrical evaporation source, in particular for
use in a sputtering process or in a vacuum evaporation process,
preferably a cathode vacuum evaporation process, in accordance with the

preamble of independent claim 1.

A whole series of different chemical, mechanical and physical techniques
are known from the prior art for the application of layers or layer systems
to the most varied substrates, each of which techniques are valid and

have corresponding advantages and disadvantages in dependence on the

demand and on the area of use.

Processes are in particular common for the application of comparatively
thin layers or films in which the surface of a target is converted into the
vapor form in an arc or atoms from a surface of a target are converted into
the vapor form by means of ionized particles, with the vapor thus formed

being able to be deposited on a substrate as a coating.

In a conventional embodiment of cathode atomization, the target is
connected in a sputtering process to a negative non-pulsed DC voltage
source or e.g. to a unipolar or bipolar pulsed source or is operated in

HIPIMs mode or is connected to a radio frequency power source. The
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discharge is as a rule amplified by magnet systems. Magnetron
atomization is then spoken of. The substrate is the material to be coated
and 1t 1s located opposite the target, for example. The substrate can be
grounded, electrically floating, biased, heated, cooled or can be subjected
to a combination thereof. A process gas is introduced into the process
chamber, which inter alia contains the process electrodes and the
substrate, to create a gas atmosphere in which a glow discharge is
triggered and can be maintained.'The gas pressures range in dependence
on the application from a few tenths of a pascal to several pascals. Argon

is a frequently used atomizer gas.

When the glow discharge is triggered, positive ions impact the surface ot
the target and predominantly release neutral target atoms by impact force
transmission. They condense on the substrate to form thin films. There
are additionally other particles and radiations which are generated by the
target and all have film-forming properties (secondary electrons and ions
as well as photons). The electrons and negative ions are accelerated
toward the substrate platform and bombard it and the growing film. In
some cases, a bias potential is applied to the substrate holder so that

growing film is exposed to the bombardment with positive ions. This

process 1s also known as bias atomization or ion plating.

In certain cases, not only argon is used, but also other gases or gas
mixtures. This typically includes some types of reaction atomizer

processes in which a composition is synthesized by atomization of a metal
target (e.g. B, Ti) in an at least partly reactive reaction gas to form a
composition of the meal and the reaction gas types (e.g. titanium oxides).
The atomization yield is defined as the number of atoms expelled from the
target surface per incident ion. It is an essential parameter for

characterizing the atomizer process.
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An estimated one percent of the energy incident on a target surface
typically results in the expulsion of atomized particles; 75% of the incident
energy results in a heating of the target and the remainder i1s dissipated by
secondary electrons, for example, which can bombard and heat the
substrate. An improved process known as magnetron atomization uses
magnetic fields for conducting the electrons away tfrom the substrate

surface, whereby the heat effect 1s reduced.

For a given target material, the application rate and the uniformity are
influenced inter alia by the system geometry, the target voltage, the
atomizer gas, the gas pressure and the electrical power applied to the
process electrodes and in particular also by the strength and the geometry

of the magnetic fields used in the process.

One used physical coating process is the known arc evaporation in its

many embodiments.

In arc evaporation, the target material is evaporated by the effect of
vacuum arcs. The target source material is the cathode in the arc circuit.
The base components of a known arc evaporation system include a
vacuum chamber, a cathode and an arc current connection, parts for
igniting an arc on the cathode surface, an anode, a substrate and a power
connection for a substrate bias voltage. The arcs are maintained by
voltages in the range from 15 - 50 volts, for example, depending on the
target cathode material which is used. Typical arc currents lie in the range
from 30 - 400 A. The arc ignition takes place by the customary ignition

processes known to the skilled person.
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The evapoi'ation of the target material from the cathode which torms the
target is produced as the result of a cathode arc spot which in the
simplest case is moved without regulation on the cathode surface at
speeds, of typically 10 m/s. The arc spot movement can in this respect,
however, also be controlled with the aid of suitable confinement limits

and /or magnetic fields. The target cathode material can be a metal or a

metal alloy, for example.

The arc coating process is considerably different from other physical vapor
coating processes. The core of the known arc processes 1s the arc spot
which generates a material plasma. A high percentage, e.g. 30% - 100%, of
the material evaporated by the cathode surface is ionized as a rule, with
the 1ons being able to exist in different charge states in the plasma, for
example as Ti+, Ti2+, Ti3+, etc. The kinetic energy of the ions can in this

respect be in the range from e.g. 10 - 100 eV.

These features result in coatings which can be of a very highquality and

can have specific advantages in comparison with those coatings which are

applied by other physical vapor coating processes.

Exactly as in the above-described sputtering processes, the strength and
geometry of the magnetic fields used also play a central role in arc
evaporation processes. They inter alia determine the properties of the
layers, in particular also their quality, to a substantial degree. The
magnetic fields can, however, also by all means considerably influence the
costs of the evaporation processes, whether an arc process or a sputtering
process, for example in that the coating times are optimized or the
utilization of the targets or of the target material is optimized or in that the
magnetic fields used have a positive ettect on other parameters of the

preparation processes or coating processes familiar to the skilled person.
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The layers applied using arc evaporation usually show a high quality over
a wide range of coating conditions. Stoichiometric compound films, for
example, having very high adhesion and a high density can thus be
manufactured which deliver high coating quantities for metals, alloys and
compositions having excellent coating uniformity over a wide range of the
reaction gas pressure. A further advantage among others 1s also the
comparatively low substrate temperatures and the relatively simple

manufacture of compound films.

The cathode arc produces a plasma discharge within the material vapor
released from the cathode surface. The arc spot is normally some
micrometers large and has current densities of 10 amperes per square
micrometer. This high current density causes a lightning fast evaporation
of the starting material. The vapor generated is composed of electrons,
ions, neutral vapor atoms and microdroplets. The electrons are
accelerated toward the clouds of positive ions. The emissions of the
cathode light spot are relatively constant over a wide range when the
cathode spot is divided into a plurality ot dots. The average current per dot

depends on the nature of the cathode material.

In this respect, the geometry of the evaporation source also often plays a
substantial role. It is thus known to use both rectangular and cylindrical
evaporation sources. The selection of the geometry of the evaporation

source can in this respect depend on a plurality of parameters and

marginal conditions of the specific coating application.

A disadvantage of the coating plant and of the process in accordance with
WO 90/02216 is inter alia that an unchanging quality of the coatings is in

particular not ensured. The quality of the applied layers thus varies as the
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consumption of the cathode increases if the process parameters are not
tracked in a complex and/ 61‘ expensive manner. As 1s known, this i1s inter
alia due to the fact that the rectangular cathodes show irregular
consumption so that with unchanging process parameters the quality of
the coating vapor becomes increasingly worse as the erosion of the
cathodes increases, which can have the result of a reduction in the
removal rate, which can in turn have a negative effect on the layers. To
keep these negative effects within limits, the cathodes have to be replaced

prematurely, which 1s correspondingly expensive and complicated.

A further disadvantage in addition to the irregular erosion of the cathodes
is that a control of the arc on the cathode is very difficult and complicated,

if possible at all.

It is therefore frequently more advantageous to use a cylindrical cathode,
which has the advantage, as is known, that the cylindrical cathode is
rotatable about its cylinder axis and the consumption of the target
material can thus be handled better. These problems have already been
discussed in detail before in EP 2 159 821. By using vaporous sources in
accordance with EP 2 159 821, the quality of the applied layers does not
change with increasing consumption of the cathodes and the process

parameters do not have to be tracked in a complex and/or expensive

manner. This is inter alia due to the fact that the cylindrical cathodes are
consumed uniformly so that the quality of the coating vapor remains the
same with the same process parameters with increasing erosion of the
cathodes. Since these negative effects practically no longer occur with
evaporation sources in accordance with EP 2 159 821, the cathodes no

longer have to be exchanged prematurely, which results in corresponding

significant cost savings.
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One problem with cylindrical cathodes which has previously not been
satisfactorily solved is their frequent lack of flexibility with respect to the
processes which can be used and/or to the process parameters required
for a specific process. There is thus more and more the need to use one
and the same evaporation source now as an atomization cathode, e.g. in a
sputtering process, or in another case as an arc evaporation source 1n a
cathode arc evaporation process. Even when a specific evaporation source
should generally only be used as an atomization cathode or generally only
as a cathode arc evaporation source, there is, however, nevertheless
frequently the need to adapt one and the same cathode ideally to specific
requirements of the coating processes. It is thus possible that, for example
on the use of a different coating material, process parameters such as
process chamber pressure, process gases, electrical voltages and/or
currents used, etc. can also vary, whereupon the evaporation source used

should be able to be set as ideally as possible.

It is therefore the object of the invention to provide an improved
evaporation source, in particular for use in an atomization processes,
specifically in a sputtering process or in a vacuum arc evaporation
process, in particular a cathode vacuum arc evaporation process, which
has a considerably increased flexibility in comparison with the prior art
both with respect to the coating processes used and with respect to the
varying process parameters such as electrical currents used in the coating
process, voltages, coating materials used, procéss gases used and other
process parameters. It is a further object of the invention to provide an
evaporation source which makes it possible on the basis of much more
flexible adaptation possibilities to specific process requirements to provide
coatings of a higher quality and which also allows, in addition to an
increased flexibility, a more efficient use of the target material in practice,

wherein moreover a longer service life of the evaporation source should be
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achieved and whereby ultimately the costs of the coating processes can

also be reduced.

The subjects of the invention satisfying these objects are characterized by

the features of independent claim 1.

The dependent claims relate to particularly advantageous embodiments of

the invention.

The invention thus relates to a cylindrical evaporation source which
includes, at an outer cylinder wall, a target material to be evaporated as
well as a first magnetic field source and a second magnetic field source
which form at least a part of a magnet system and are arranged 1in an
interior of the cylindrical evaporation source for generating a magnetic
field. In this respect, the first magnetic field source and the second
magnetic field source are provided at a carrier system such that a shape
and/or a strength of the magnetic field can be set in a predefinable spatial
region in accordance with a predefinable scheme. In accordance with the
invention, the carrier system is configured for setting the shape and/or
the strength of the magnetic field such that the first magnetic field source
is arranged at a first carrier arm and is pivotable by a predefinable first

pivot angle with respect to a first pivot axis.

Since at leést the first magnetic field source is arranged at a first carrier
arm and is pivotable by a predefinable first pivot angle with respect to a
first pivot axis so that the magnetic field generated overall by the magnet
system can be set extremely flexibly with respect to the magnetic field
strength and/or with respect to the spatial magnetic field geometry
generated by the magnet system, it has become possible for the first time

to provide an evaporation source which has a previously unknown
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flexibility both with respect to the coating processes which can be used
with the evaporation source and with respect to the process parameters to

be used.

The problem of cylindrical evaporation sources known from the prior art
with respect to their lack of adaptability to changed process conditions is
thus solved satisfactorily for the first time by the evaporation source in
accordance with the invention. One and the same evaporation source 1n
accordance with the invention can be used in a previously not possible
flexibility in very different coating processes, whether in atomization
processes or arc evaporation processes and the evaporation source can be
set extremely flexibly to the process parameters required for a specific
process, with an adaptation to a variation breadth of the most varied
process parameters being able to be realized to an extent such as was

previously not possible with evaporation sources known from the prior art.

A further substantial advantage of the present invention is that it may be
possible to dispense with a second magnet system with an evaporation
source in accordance with the invention because the magnet system can
simply be displaced to the position of a second magnet system required in
the prior art due to the large number of available spatial degrees of
freedom in the positioning of the magnet system of an evaporation source
in accordance with the invention. In specific caSes, it is even possible to
construct the magnetic field from two different magnet systems with the
aid of a single magnet system in accordance with the invention simply
because the individual components of the magnet system in accordance

with the invention can be set very flexibly.

The constantly increasing need of using one and the same evaporation

source now as an atomization cathode, e.g. in a sputtering process, or in
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another case as an arc evaporation source in a cathode or anode arc
evaporation process 1s thus satisfied for the first time to a sufficient extent

by the present invention.

Even when a specific evaporation source in accordance with the invention
should generally only be used as an atomization cathode or generally only
as an anode or cathode arc evaporation source, one and the same
evaporation source in accordance with the invention can be ideally
adapted to specific requirements of the coating processes. It is thus
possible that, for example on the use of a different coating material,
process parameters such as process chamber pressure, process gases,
electrical voltages and/or currents used, etc. can also vary, whereupon
the evaporation source used are set simply and' without problem by a

simple adjustment of the magnetic field.

An evaporation source in accordance with the invention can even be set in
an extremely flexible manner to varying demands during one and the
same coating process. For instance, during a coating process, for example,
there is complete freedom in the reaction to new process parameters due
to the variety of possibilities of varying the magnetic field which 1s
generated by the magnet system. Complex layer systems having varying
properties, for example having varying chemical compositions, hardness,
adhesion strength, tribological properties, etc. can thus be generated in
one and the same coating process because the evaporation source in
accordance with the invention can be adapted practically to any required
technical marginal condition of the process by adaptation of the magnetic

field strength or of the spatial magnetic field geometry.

In an embodiment of an evaporation source in accordance with the

invention particularly important for practice, the second magnetic field
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source 1s arranged at a second carrier arm and 1s likewise pivotable by a

predefinable second pivot angle with respect to a second pivot axis.

In this respect, the magnet system can particularly advantageously
additionally include a first magnetic element and/or additionally include a
second magnetic element, wherein the first magnetic field source and/or
the second magnetic field source and/or the first magnetic element
and/or the second magnetic element and/or the carrier system can be

configured as linearly displaceable in a predefinable spatial direction.

[t 1s very particularly preferred in this respect to arrange the first magnetic
field source and/or the second magnetic field source and/or the first
magnetic element and/or the second magnetic element and/or the carrier
system in a linearly displaceable manner in a direction perpendicular to a
longitudinal axis of the carrier system and in particular simultaneously to
arrange it in a linearly displaceable manner perpendicular to the
longitudinal axis and in parallel with a bisectrix of a total pivot angle
which results as a total angle between the first magnetic field source and

the second magnetic field source.

Additionally or alternatively, with an evaporation source in accordance
with the invention, the first magnetic field source and/or the second
magnetic field source and/or the first magnetic element and/or the
second magnetic element and/or the carrier system can be arranged 1n a

linearly displaceable manner in a direction in parallel with the

longitudinal axis of the carrier system.

In practice, with an evaporation source in accordance with the invention,
the first magnetic field source and/or the second magnetic field source

and/or the first magnetic element and/or the second magnetic element
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and/or the carrier system can alternatively or additionally optionally also
be arranged rotatable by a predefinable angle of rotation about an axis of
rotation, with the axis of rotation preferably being in parallel with the

longitudinal axis of the carrier system.

In another specific embodiment in accordance with the invention, the first
magnetic field source and/or the second magnetic field source and/or the
first magnetic element and/or the second magnetic element and/or the
carrier system can further alternatively or additionally also be arranged

tiltable about a tilt axis.

An evaporation source in accordance with the invention can thus also
have a flexibility with respect to all conceivable spatial degrees of freedom,
that is with respect to displacements, tilts, rotations and pivots, of all
components present in the magnet system toward or with respect to one
another which makes possible for the first time an adaptation of the
strength and of the spatial geometry of the magnetic field generated by the
magnet system to practically any conceivable process parameter

combination.

The first magnetic element and/or the second magnetic element can in
this respect be configured very differently in practice with respect to their

realization and/or their positioning within the magnet system.

The first magnetic element and/or the second magnetic element can thus,
for example, be arranged with respect to the bisectrix of the total pivot
angle at a predefinable spacing from the longitudinal axis of the carrier
system, préferably, but not necessarily, at a yoke, specifically at a yoke ot
a ferritic material. And/or the first magnetic element and/or the second

magnetic element can also be an additional magnet or also the yoke itself.



10

15

20

25

CA 02842619 2014-02-12

13

It is self-explanatory in this respect that the first magnetic field source
and/or the second magnetic field source and/or the first magnetic
element and/or the second magnetic element is/are a permanent magnet,
e.g. of the neodymium or of the samarium type, and/or a ferrite and/or an
electromagnet, with a strength of the magnetic field of the first magnetic
field source and/or of the second magnetic field source and/or of the first
magnetic element and/or of the second magnetic element being able to be

controlled or regulated.

The skilled person in this respect easily understands that, depending on
the demand, a magnet system in accordance with the invention can also
include even further magnetic field sources or even further magnetic
elements which can be configured and arranged so suitably that the
flexibility of the adjustability of the magnetic field strength or of the spatial

design of the magnetic fields is improved even further.

It is in this respect directly clear to the skilled person that the magnet
system can in principle be suitable for forming a magnetic field of any

desired strength or of any desired spatial geometry and can, for example,

form a balanced or an unbalanced magnetron.

Typical magnetic field strengths in sputtering are in this respect, for
example, in a range from 10 mT to 500 mT, preferably between 25 mT to
100 mT, for example in the balanced or unbalanced operating mode,
wherein the absolute magnetic field strengths can naturally vary spatially
more or less strongly in practice and can naturally also have field

strengths which can lie considerably above or below the indicated values.
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Typical magnetic field strengths in arc evaporation are in this respect, for
example, in a range from 0.1 mT to 50 mT, preferably between 1 mT to 20
mT, wherein the absolute magnetic field strengths can naturally vary
spatially more or less strongly in practice and can naturally also have field

strengths which can lie considerably above or below the indicated values.

In this respect, as already mentioned a number of times, an evaporation
source in accordance with the invention can be configured as an
evaporation cathode or as an evaporation anode such that the evaporation
cathode can be used both as an atomization cathode and as an arc

evaporation source, in particular as an arc cathode.

It 1s understood that in practice further components can be provided
which are required in practice with an evaporation source in accordance
with the invention and known to the skilled person per se. A cooling
system known per se can e.g. in particular be present such as is known
per se to the skilled person from the prior art, wherein the evaporation
source can also often completely dispense with an additional cooling
system due to its design, which can specifically be a further advantage of

the present invention.

The invention will be explained in more detail in the following with

reference to the schematic drawing. There are shown:

Fig. la a first simple embodiment of an evaporation source in

accordance with the invention in a perspective representation;

Fig. 1b the evaporation source of Fig. 1a with magnetic field sources

greatly pivoted with respect to one another;
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the magnet system of the evaporation source of Fig. 1a in a

perspective view;

- a plan view of a second embodiment of an evaporation source

in accordance with the invention having two additional

magnetic elements;

the evaporation source of Fig. 2a, with the second magnetic

element being configured in the form of a ferrite yoke;

a third embodiment with a tiltable magnetic field source;

a fourth embodiment in the form of a sputter source, set as a

very balanced magnetron;

- the embodiment of Fig. 4a set as a balanced magnetron,;

" the embodiment of Fig. 4a set as an unbalanced magnetron;

the embodiment of Fig. 4a in the form of an arc evaporation

source; and

~ the embodiment of Fig. 5a for using the arc on the oppositely

disposed side.

Fig. 1a shows in a schematic representation a first simple embodiment of

an evaporation source in accordance with the invention in a perspective

representation, wherein an evaporation source in accordance with the

invention will be designed as a whole by the reference numeral 1 in the

following. Fig. 1b in this respect shows the evaporation source 1 of Fig. la
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with magnetic field sources 401, 402 greatly pivoted with respect to one

another.

The evaporation source 1 in accordance with the invention in accordance
with Fig. 1a and Fig. 1b is in particular designed for use in a sputtering
process or in a vacuum arc evaporation process, preferably for use 1n a
cathode vacuum arc evaporation process. The cylindrical evaporation
source 1 is surrounded by an outer cylinder wall 2, not shown for reasons
of clarity in Fig. 1la and Fig. 1b, including a target material 3 to be
evaporated such as is clearly shown for an analog embodiment e.g. with

reference to Fig. 2a and Fig. 2b and is known per se from the prior art.

The evaporation source 1 in accordance with the invention further
includes a first bar-like magnetic field source 401 and a second bar-like
magnetic field source 402 as central components which each extend in the
longitudinal direction L, with the magnetic ﬁeld sources 401, 402 forming
a part of a total magnet system 400 and being arranged as described in
parallel with the longitudinal direction L in an interior of the cylindrical
evaporation source 1 for generating a magnetic field. In this respect, the
first magnetic field source 401 and the second magnetic field source 402
are provided at a carrier system 500 such that a shape and/or a strength
of the magnetic field can be set in a predefinable spatial region in ‘
accordance with a predefinable scheme. In accordance with the present
invention, the carrier system 500 is configured for setting the shape
and/or the strength of the magnetic field such that the first magnetic field

source 401 is arranged at a first movable carrier arm 501 and is pivotable
by a predefinable pivot angle a1 with respect to a first pivot axis S011. The
second magnetic field source 402 is equally arranged at a second movable
carrier arm 502 and is pivotable by a predefinable pivot angle a2 with

respect to a second pivot axis.
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In addition, the magnet system 400 includes a first magnetic element 403
which is likewise arranged at the carrier system in the longitudinal

direction between the two bar-like magnetic field sources 401, 402

In the present specific embodiment of Fig. 1a or Fig. 1b, the first magnetic
field source 401, the second magnetic field source 402 and the first
magnetic element 403 each form a bar magnet. In an analog embodiment,

the first magnetic field source 401 or the second magnetic field source 402

10

15

20

25

30

or the first magnetic element 403 can also be formed by a plurality of
respective individual permanent magnets arranged in the longitudinal
direction, which is also known per se in principle from the prior art. It is
self-explanatory in this respect that the first magnetic field sburce 401 or
the second magnetic field source 402 or the first magnetic element 403
can also include a ferrite or can be formed by an electromagnet or can be

realized by another magnetic element known per se.

As can be seen very clearly from Fig. 1a or Fig. 1b as well as from Fig. 2a
and Fig. 2b, the ferrite yoke 410 of the central magnet row has arcuate
adapted portions which allow the geometry of the pivot wing 501, 502 to
be projected into itself so that a magnetic circuit is ensured which is as
ideal as pdssible in a wide angular range ai, ag during the total pivot
movement between the magnetic field sources 401, 42 and/or the carrier
arms 501, 502 and the yoke 401 during the total pivot movement about
the pivot axes 5011, 5012.

The first magnetic field source 401 and/or the second magnetic field
source 402 and/or the first magnetic element 403 and/or the second
magnetic element 404 and/or the carrier system 500 are in this respect

arranged rotatable by a predefinable angle of rotation B about an axis of
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rotation D, with the axis of rotation D preferably being in parallel with the

longitudinal axis L of the carrier system 500. The rotation by the angle of
rotation B can in this respect satisfy a plurality of functions. By rotation

by the angle of rotation 3, the total magnet system 400 can, for example,
be set relative to a substrate to be coated. In addition, a relative position
toward a second evaporation source, if present, can naturally also be set.
The magnet system 400 can naturally be so-to-say flipped over by a
rotation of approximately 180°C by the angle of rotation 3, which can be
used advantageously, for example, with respect to the first magnetic

element 403 to sputter the surface free at a predefinable region.

Fig. 1b differs from Fig. 1a 1n this respect only in that the first magnetic
field source 401 and the second magnetic field source 402 in Fig. 1b are
pivoted very greatly, almost to a maximum, toward one another, whereas
in the example of Fig. 1a, the first magnetic field source 401 and the
second magnetic field source 402 are not pivoted with one another, but

rather form a stretched angle with one another of a total of 180°.

In addition, the carrier systems 500 is rotatably by the angle of rotation

B about the axis of rotation D so that the target material 3 can be
evaporated consecutively from different regions of the surface of cylinder
wall 2 on the cylinder wall not shown 1n Fig. 1a or Fig. 1b by rotating the

carrier system 500 and thus by rotating the magnet system 400.

It is e.g. possible in this connection that different regions of the surface
are gradually evaporated so that e.g. a more uniform removal of the target
material 3 takes place and/or the service life of the evaporation source is
increased and/or a coating quality of a coating to be applied to a substrate

by the evaporation process is improved. The magnet system can e.g. also
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be pivoted alternately to and from in an oscillating movement about the
axis of rotation D or the target matenal 3 can be evaporated from the
surface of the cylinder wall 2 in another suitable manner in an

advantageous process.

Fig. 1c shows the magnet system 400 of the evaporation source 1 of Fig.
la again for illustration in a perspective view which better illustrates the
mutual arrangement of the first magnetic field source 401, the second
magnetic field source 402 and the first magnetic element 403. It can
clearly be recognized that in this specific embodiment the magnetic
element 403 1s formed from a plurality of individual permanent magnets

4031 mutually arranged in rows.

Fig. 2a shows a plan view of a second embodiment of an evaporation
source 1 in accordance with the invention having two additional magnetic
elements 403, 404, wherein the embodiment of Fig. 2b differs from the
evaporation source of Fig. 2a in that the second magnetic element 404 is
formed in the form of a ferrite yoke 410 so that no additional magnet 404

1S necessary such as is the case in the embodiment of Fig. 2a.

In the cylindrical evaporation source 1 having an outer cylinder wall 2 on
which a target material 3 to be evaporated is provided, the first magnetic

field source 401 and the second magnetic field source 402 are each
mutually pivoted by the first pivot angle a: with respect to the first pivot
axis 5011 or by the second pivot angle a2 with respect to the second pivot

axis 5021, wherein in the present embodiment the two pivot angles a; and

ag are the same. Le. the first magnetic field source 401 and the second
magnetic field source 402 are mutually symmetrically pivoted with respect

to the bisectrix WH. It is self-explanatory that in another embodiment the
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first magnetic field source 401 and the second magnetic field source 402

can also be mutually asymmetrically pivoted, that is the two pivot angles
a1 and o2 do not necessarily have to be the same. Typical values for the
pivot angles a; and a2 lie in the range between 0° and approximately 130°,
i.e. the angels a1 and a2 can naturally also adopt values larger than 90°.
Preferred pivot angles in this respect lie between approximately 60° and

110° and can naturally also adopt completely different values than the

angle values mentioned above only by way of example.

As 1s indicated by the double arrow RS, the magnet system 400 can in the
present embodiments of Fig. 2a and Fig. 2b be displaced in a linear
manner in the direction RS perpendicular to a longitudinal axis L of the
carrier system 500 for varying the magnetic field strength and/or the
spatial geometry of the magnetic field generated by the magnet system 400
and can in particular be simultaneously displaced in a linear manner

perpendicular to the longitudinal axis L and in parallel with the bisectrix

WH of the *total pivot angle aia.

The displacement along the direction RS can in this respect satisty
different functions. It can serve, for example, to set the magnetic field
strength of the first magnetic element 403 with respect to the evaporator
surface from a very high value, when the first magnetic element 403 is
located close to the surface, to a lower value, when the first magnetic
element 403 is located further away from the surface, for example to
change from a magnetron mode to an arc mode. Furthermore, the
magnetic field strength can also be kept constant by a displacement along
the direction RS with a reducing target thickness ét the evaporator

surface. Finally, a displacement along the direction RS can also be utilized
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to displace the second magnetic element 404 in the direction toward the

rear functional surface of the evaporator surface 1.

The movement of the carrier system or of individual components of the
carrier system can in this respect take place using simple mechanical
devices and measures known per se. The linear movement and/or the tilt
or pivot or rotational movement of the magnet system 400 or of individual
components can thus take place alone, as, for example, the movement of
the yoke 410 via suitably provided threaded spindies, possibly in
conjunction with a chain drive. In this respect, \the drive can naturally
take place simply by hand by an operator, but suitable actuating motors
can also be provided so that the drive can take place electrically,

specifically even fully automatically by means of a computer control.

In this respect, as already mentioned, the magnet system 400 can also be
adjusted with respect to the longitudinal axis L via a tilt movement, as will
be explained with reference to Fig. 3 for a third embodiment in a very

schematic drawing.

A fourth embodiment of an evaporation source 1 in accordance with the
invention 1S shown very schematically with respect to Fig. 4a to Fig. 4c.
Fig. 4a, Fig. 4b and Fig. 4c in this respect show one and the same
evaporation source 1, which are, however, shown in three different
operating modes as sputter sources in the three Figures, which

impressively demonstrates the huge flexibility of the evaporation source 1

in accordance with the invention.

Fig. 4a shows an embodiment in the form of a sputter source, with the

individual magnetic components being selected and the magnet system
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400 being set to a total pivot angle ai2 smaller than 180° such that the

magnet system works in the operating mode of a balanced magnetron.

In Fig. 4b, the total pivot angle a2 of the sputter source of Fig. 4a was
selected at approximately 180°, which has the result that the embodiment

of Fig. 4 how works in the operating mode of a very balanced magnetron.

In Fig. 4c, the total pivot angle a2 of the sputter source of Fig. 4a was

selected larger than 180° so that the sputter source here works in the

operating mode of an unbalanced magnetron.

As Figs. S5a and 5Sb show, the evaporation source 1 of Fig. 4a can, however,
also be set as an arc evaporation source. This is in particular achieved in
Fig. 5a in that the total pivot angle a2 of the sputter source of Fig. 5a 1s
selected a lot smaller than 180°. In Fig. 5b, the magnet system 400 was
displaced in a linear manner in the direction of the side disposed opposite
in accordance with the illustration. The evaporation source 1 can thereby
still be operated as an arc evaporation source; however, the target
material 3 is now arced free or sputtered free on the oppositely disposed
side of the evaporation source 1, with a shutter, e.g. a tubular shutter,
having corresponding cut-outs being able to be provided in a manner
known per se so that the first magnetic element 403 or the second
magnetic element 404 can be covered as required. In particular a more
uniform material removal, and thus in particular a higher service life of

the evaporation source 1, can be achieved by this measure or by other

measures known per se.

It is self-explanatory that the specific operating mode in which the

evaporation source 1 in accordance with the invention can be operated
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does not depend solely on whether the total pivot angle a12 between the
first magnetic field source 401 and the second magnetic field source 402
1s larger or smaller than 180° or equal to 180°. Other parameters such as
the magnetic strength of the individual components of the magnet system,
their spacing from one another, etc. rather likewise naturally also have a
substantiél influence on the operating mode 1n the specific case, which
the skilled person is naturally easily aware of and he naturally also knows
how the total geometry of the magnet system 400 has to be set to

maintain the desired operating mode.

A considerably improved evaporation source, in particular for use in an
atomization process, specifically in a sputtering process or in a vacuum
arc evaporation process, in particular a cathode or anode vacuum arc
evaporation process, which has a considerably increased flexibility in
comparison with the prior art both with respect to the coating processes
used and with respect to the varying process parameters such as electrical
currents used in the coating process, voltages, coating materials used,
process gases used and other process parameters, 1s thus provided for the
first time by the present invention. In addition, the evaporation source in
accordance with the invention in practice also allows a more efficient use
of the target material due to the much more flexible adaptation
possibilities to specific process demands to provide coatings of very high

quality, with additionally a longer service life of the evaporation source

being achieved and thus ultimately the costs of the coating processes also

being noticeably reduced.

[t is self-explanatory in this respect that the previously explained
embodiment variants also shown schematically in the Figures can also
advantageously be combined with one another to form further

embodiments to meet specific demands in practice. Simple further
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developments obvious to the skilled person are naturally furthermore also

covered by the invention.
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Claims

A cylindrical evaporation source which includes, at an outer
cylinder wall (2), a target material (3) to be evaporated as well as a
first magnetic field source {401) and a second magnetic field source
(402) which form at least a part of a magnet system (400) and which
are arranged in an interior of the cylindrical evaporation source for
generating a magnetic field, wherein the first magnetic field source
(401) and the second magnetic field source (402) are provided at a
carrier system (500) such that a shape and/or a strength of the
magnetic field can be set in accordance with a predefinable scheme
in a predefinable spatial region, characterized in that the carrier
system (500) is configured for setting the ‘shape and/or the strength
of the magnetic field such that the first magnetic field source (410)

is arranged at a first carrier arm (501) and can be pivoted by a

predefinable first pivot angle (a1) with respect to a first pivot axis

(5011).

An evaporation source in accordance with claim 1, wherein the

second magnetic field source (402) is arranged at a second carrier
arm (502) and can be pivoted by a predefinable second angle (o.2)

with respect to a second pivot axis (5021).

An evaporation source in accordance with one of the claims 1 or 2,

wherein the magnet system (400) additionally includes a first

magnetic element (403).
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An evaporation source in accordance with any one of the preceding
claims, wherein the magnet system (400) additionally include a

second magnetic element (401).

An evaporation source in accordance with any one of the preceding
claims, wherein the first magnetic field source (401) and/or the
second magnetic field source {402) and/or the first magnetic
element (403) and/or the second magnetic element (404) and/or the
carfier system {S00) can be displaced in a linear manner in a

predefinable spatial direction.

An evaporation source in accordance with any one of the preceding
claims, wherein the first magnetic field source (401) and/or the
second magnetic field source (402) and/or the first magnetic
element (403) and/or the second magnetic element (404) and/or the
carrier system (500) is/are arranged in a linearly displaceable
manner in a direction (RS) perpendicular to a longitudinal axis (L) of
the carrier system (500), is/are in particular arranged in a linearly
displaceable manner simultaneously perpendicular to the
longitudinal axis (L) and in parallel with a bisectrix (WH) of a total

pivot angle {a12).

An evaporation source in accordance with any one of the preceding
claims, wherein the first magnetic field source (401) and/or the
second magnetic field source (402) and/or the first magnetic
element (403) and/or the second magnetic element (404) and/or the
carrier system (500) is/are arranged in a linearly displaceable
manner in a direction (RP) in parallel with the longitudinal axis (L}

of the carrier system (500).



10

15

20

25

30

10.

11.

12.

CA 02842619 2014-02-12

&

27

An evaporation source in accordance with any one of the preceding
claims, wherein the first magnetic field source (401) and/or the
second magnetic field source (402) and/or the first magnetic
element (403) and/or the second magnetic element (404) and/or the
carrier system (500) is/are arranged rotatable by a predefinable
angle of rotation (B) about an axis of rotation (D), with the axis of
rotation (D) preferably being in parallel with the longitudinal axis (L)

of the carrier system (500).

An eVaporation source in accordance with any one of the preceding
claims, wherein the first magnetic field source (401) and/or the
second magnetic field source (402) and/or the first magnetic
element (403) and/or the second magnetic element (404) and/or the

carrier system (500) is/are arranged tiltable about a tilt axis (K).

An evaporation source in accordance with any one of the claims 3 to
9, wherein the first magnetic element (403) and/or the second
magnetic element (404) is/are arranged at a predefinable spacing
from the longitudinal axis (L) of the carrier system (500) with respect
to the bisectrix (WH) of the total pivot angle (a12), preferably at a
yoke (410), specifically at a yoke (410) of a ferrite material.

An evaporation source in accordance with any one of the claims 3 to
10, wherein the first magnetic element {403) and/or the second

magnetic element (404) is/are an additional magnet or is/are the

yoke (410).

An evaporation source in accordance with any one of the preceding
claims, wherein the first magnetic field source (401} and/or the

second magnetic field source (402) and/or the first magnetic



13.

O
10 14,
15.

15

CA 02842619 2014-02-12

23

element (403) and/or the second magnetic element (404) is/are a

permanent magnet and/or a ferrite and/or an electromagnet.

An evaporation source in accordance with any one of the preceding '
claims, wherein a strength of the magnetic field of the first magnetic
field source (401) and/or of the second magnetic field source (402)
and/or of the first magnetic element (403) and/or of the second

magnetic element (404) can be controlled or regulated.

An evaporation source in accordance with any one of the preceding
claims, wherein the magnet system (400) forms a balanced

magnetron or an unbalanced magnetron.

An evaporation source in accordance with any one of the preceding
claims, wherein the evaporation source is configured as an
evaporation cathode or as an evaporation anode such that the
evaporation cathode can be used both as an atomization cathode

and as an arc evaporation source, in particular as an arc cathode.
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