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Description

Vacuum chamber arrangement

Various illustrative embodiments relate to a vacuum chamber
arrangement and to a vacuum processing arrangement or a

vacuum coating arrangement.

In general, many different methods are used for processing
substrates. Panes of glass, plastic sheets, metal strips,
films, wafers, workpieces or similar can be used as
substrates, for example. In conventional practice, it is
possible, for example, for substrates to be processed
individually or together by means of a processing device,
e.g. a vacuum processing plant, an atmospheric-pressure

processing plant or an excess-pressure processing plant.

To process the respective substrates in a vacuum chamber, it
may be necessary, for example, to pass media (e.g. electrical
energy, cooling water, process gases, the vacuum, torques
etc.) into the vacuum chamber, it being possible to achieve
this in conventional terms by correspondingly expensive
designs. For example, they can be introduced into a vacuum
chamber at any required point by means of a vacuum passage
(as also referred as passage, feedthrough, etc.). In the case
of a large number of media and a multiplicity of locations at
which these are to be made available, however, this leads to
a correspondingly large number of required vacuum passages,

and this can entail disadvantages in terms of cost.

According to various embodiments, a vacuum chamber
arrangement for processing substrates is provided, e.g. for
the simultaneous processing of a multiplicity of substrates,
e.g. turbine blades, e.g. aircraft turbine blades, etc. In
this case, the respective routing of media is provided at low

cost and in an efficient manner in a vacuum chamber.
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In general, turbine blades or other substrates can be
provided with one or more protection layers, e.g. ceramic
protection layers, by means of gas phase deposition (e.g.
physical or chemical gas phase deposition) in order, for
example, to improve the wear behavior thereof. For example,
turbine blades can be coated by means of a ceramic coating,
in particular for thermal insulation relative to the hot gas.
According to various embodiments, the vacuum coating plant
used for this purpose can have at least one loading, heating

and coating chamber or can consist of these.

Plants for the same use can also be provided, for example, by
means of chambers which are fewer in number but, for example,
have multiple functions, e.g. loading and heating in a common
process chamber. According to various embodiments, at least
one of the following can be implemented, e.g. to increase
productivity:

1. Dual arrangement of a substrate carrier for each substrate
transfer unit

2. Dual or quadruple arrangement of loading and heating
chambers, which are used sequentially for bidirectional
coating of the vapor coating chamber.

3. In-line plants, in which the substrates are moved linearly

through the vacuum coating plant based on a cycle time.

According to various embodiments, a substrate carrier
(referred to herein as a substrate holder or as a substrate
receptacle, for example) can be secured on an atmospheric box
(referred to herein as a supply housing, for example). All
the required drives and media connections are situated in
this box, for example. The drives and media connections in
this box can be supplied by means of a flexible (bendable
and/or extendable) supply hose. The supply hose can link the
atmospheric box to a through hole in the chamber wall of the
vacuum chamber in which the atmospheric box is arranged, for
example, thus allowing access to the atmospheric box from

outside the vacuum chamber.
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According to various embodiments, the vacuum plant described
herein can be used to coat turbine blades by means of
electron beam vapor coating. In this case, a substrate
transfer unit (referred to herein as a substrate holding
arrangement, for example) can be arranged in such a way as to
be movable longitudinally in the vacuum plant and can have
the following or consist of the following: a base frame with
transport rollers, a longitudinal drive (e.g. by means of a
screw or a spindle and a driver) and a thermal shield. The
atmospheric box can be arranged on the base frame. At least.
one of the following can be arranged in the box, for example:
drives for the mutually independent tilting of one or more
(e.g. two) substrate carriers, drives for rotating the
substrates, connections for cooling water, for intermediate
vacuum extraction, for air circulation and all the required
electrical connections. The two substrate carriers can be
secured pivotably on the box by means of two support arms,
for example. The respective substrate carrier can be secured
pivotably on the box by means of a support arm, for example.
It is possible, for example, for the substrate transfer unit
to be guided on rails situated in the loading and heating
chamber. It is possible, for example, for the substrate
transfer unit to be moved longitudinally by means of a
spindle situated in the loading chamber. It is possible, for
example, for the substrate transfer unit to be moved between
a plurality of positions(e.g. three positions): 1.

loading/unloading, 2. heating, 3. vapor coating.

The required media for the atmospheric box are carried to the
box by means of one or more (e.g. two) flexible lines
(referred to herein as supply hoses, for example). The
flexible media lines are, for example, flanged by one end
thereof to the loading chamber in such a way that they can be
connected on the atmosphere side, while they are flanged by

the other end thereof to the atmospheric box.

The media lines are passed through the heating chamber while

the substrate transfer unit is in the wvapor coating position,
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for example. In this case, the media lines can be arranged in
such a way that they are protected sufficiently from heat

radiation in this position by a thermal shield.

Illustrative embodiments are shown in the figures and are

explained in greater detail below.

In the figures

Figures 1A and 1B show a vacuum chamber arrangement in a
schematic view in accordance with various embodiments,
wherein a substrate holding arrangement is mounted in various

positions in a vacuum chamber;

Figures 2A and 2B show a vacuum chamber arrangement with a
lock chamber and a process chamber in a schematic view in

accordance with various embodiments;

Figures 3A to 3C show a vacuum chamber arrangement having a
lock chamber and two process chambers in a schematic view in

accordance with various embodiments;

Figure 4 shows a vacuum chamber arrangement in a schematic

view in accordance with various embodiments;

Figure 5 shows a vacuum chamber arrangement in a schematic

view in accordance with various embodiments;

Figure 6 shows a substrate holder and a supply housing in a

schematic view in accordance with various embodiments;

Figure 7 shows a vacuum chamber arrangement in a schematic

view in accordance with various embodiments; and

Figure 8 shows a supply housing arranged in a vacuum chamber

in a schematic view in accordance with various embodiments.
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In the following detailed description, reference is made to
the attached drawings, which are part of the description and
in which specific embodiments in which the invention can be
implemented are shown for purposes of illustration. In this
respect, directional terminology such as "top", "bottom",
"forward", "rearward", "front", "rear", etc. is used with
reference to the orientation of the figure(s) described.
Since components of embodiments can be positioned in a number
of different orientations, the directional terminology is
used for purposes of illustration and is in no way
restrictive. It is self-evident that other embodiments can be
used and other structural or logical changes can be made
without exceeding the scope of protection of the present
invention. It is self-evident that the features of the
various illustrative embodiments described herein can be
combined, unless specifically stated otherwise. The following
detailed description should therefore not be interpreted in a
restricted sense, and the scope of protection of the present

invention is defined by the attached claims.

In the context of this description, the terms "linked",
"connected" and "coupled" are used to describe both direct
and indirect linking, direct or indirect connection and
direct or indirect coupling. In the figures, identical or
similar elements are provided with identical reference signs

where expedient.

Figure 1A and figure 1B illustrate a vacuum chamber
arrangement 100 in a schematic view in accordance with
various embodiments. The vacuum chamber arrangement 100 can
have a vacuum chamber 102, for example. The vacuum chamber
102 can have a first supply passage 102v, for example. The
first supply passage 102v can be provided in a chamber wall
section 102w of the chamber housing of the vacuum chamber

102, for example.

The vacuum chamber arrangement 100 can have a substrate

holding arrangement 104, for example. The substrate holding
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arrangement 104 can have a substrate holder 110 for holding
and positioning at least one substrate. It is possible, for
example, for positioning to be setting and/or changing the
location and/or the alignment of the substrates relative to a
processing source, wherein the processing source is used to
process one or more substrates held by means of the substrate
holder 110. For this purpose, the vacuum chamber 102 can have
a processing region or a process chamber. The substrate
holding arrangement 104 can furthermore have a vacuumtight
supply housing 108 for supplying the substrate holder 110
with at least one supply medium, e.g. with mechanical energy
or a torque, with cooling water or the like. It is possible,
for example, for a supply structure 108s to be arranged in
the supply housing 108 to supply the substrate holder 110
with the at least one supply medium. It is possible, for
example, for the supply structure 108s to have or provide a
drive, which is coupled to the substrate holder 110 to
position the substrates. Furthermore, the supply structure
108s can have or provide a coolant duct to cool the substrate

holder 110 and/or to cool the supply housing 108 itself.

According to various embodiments, the supply housing 108 can
have a second supply passage 108v. One or more media (e.g.
electrical energy and/or coolant) can be fed to the supply
housing 108 by means of the second supply passage 108v, for

example.

The vacuum chamber arrangement 100 can furthermore have a
bearing arrangement 106, for example, by means of which the
substrate holding arrangement 104 is supported movably 106b

within the vacuum chamber 102.

The vacuum chamber arrangement 100 can furthermore have a
(e.g. vacuumtight) supply hose 112, for example. The supply
hose 112 can link the first supply passage 102v of the vacuum
chamber 102 to the second supply passage 108v of the supply

hdusing 108, for example. According to various embodiments,
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vacuumtight.

Figure 2A and figure 2B illustrate a vacuum chamber
arrangement 100 in a schematic view in accordance with
various embodiments. In this case, the vacuum chamber 102 has
a lock chamber 202a and at least one process chamber 202b.
Furthermore, a valve arrangement 202s (e.g. a flap valve, a
slide valve or some other suitable vacuum valve) can be used
to separate the lock chamber 202a from the at least one

process chamber 202b in respect of the vacuum.

It is possible, for example, for the at least one process
chamber 202b to have a heating chamber and a coating chamber
of the kind illustrated by way of example in figures 3A to
3C.

According to various embodiments, the first supply passage
102v can be arranged in a chamber wall section 202w of the
lock chamber 202a, and the bearing arrangement 106 can be
configured in such a way, for example, that at least the
substrate holder 110 of the substrate holding arrangement 104
can be moved out of the lock chamber 202a into the at least
one process chamber 202b and/or that at least the substrate
holder 110 of the substrate holding arrangement 104 can be
moved out of the at least one process chamber 202b into the
lock chamber 202a.

According to various embodiments, the supply structure 108s
can have an electric drive (e.g. one or more electric motors)

for driving the positioning of the at least one substrate.

It is possible, for example, for the substrate holder 110 to
have one or more joints, which provide/provides one or more
degrees of freedom of movement for the positioning of the at

least one substrate by means of the substrate holder 110.
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According to various embodiments, the substrate holding
arrangement 104 is supported in such a way by means of the
bearing arrangement 106 that it can be moved 106b between at
least one first and one second position, see, for example,
figure 1A and figure 1B as well as figure 2A and figure 2B
and figure 3A to 3C. It is possible, for example, for the
substrate holder 110 to be arranged in the first position
within the lock chamber 202a and to be arranged in the second
position within the at least one process chamber 202b. As is
apparent, the substrate holder 110 can be positioned in

various positions in the vacuum chamber 102.

According to various embodiments, the bearing arrangement 106
is used to position the entire substrate holding arrangement
104 in the vacuum chamber 102, and the substrate holder 110
of the substrate holding arrangement 104 is used to position
the substrates relative to a processing device 204 for
processing the substrates, e.g. for the uniform coating of

the substrates.

To load the substrate holder 110 of the substrate holding
arrangement 104 with at least one substrate or to remove at
least one substrate from the vacuum chamber, the substrate
holder 110 or the substrate holding arrangement 104 can be
moved into the lock chamber 202a, the process chamber 202b
can be separated from the lock chamber 202a by means of the
valve arrangement 202s, and the lock chamber 202a can be
opened, for example, providing access to the substrate holder
110.

The vacuum chamber arrangement 100 can have a processing
source 204 designed as a coating source, for example. The
coating source can have one or more crucibles, in which
material for evaporation (also referred to as sublimation
material) can be held ready. The evaporation energy can be
provided by means of one or more electron beam guns. During
coating of the substrates by means of electron beam

evaporation, the at least one crucible can be arranged
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underneath the substrates, the substrates thus being coated
from below. As an alternative, a different coating device can
be used to coat the substrates, e.g. a sputtering arrangement
or the like.

According to various embodiments, the substrate holder 110
can have at least one pivotably supported support arm. The at
least one pivotably supported support arm can have at least
one rotatably supported substrate receptacle for receiving

and positioning at least one substrate, for example.

The vacuum chamber 102 can furthermore have one or more
vacuumtightly closable process chambers 202b, lock chambers
202a etc. The individual chambers can be brought to a
predefined process atmosphere with a pressure of less than
1 mbar, e.g. less than 1072 mbar, e.g. less than 10°* mbar,
e.g. less than 10°°® mbar by means of an evacuation device
(e.g. having one or more vacuum pumps and, as an option for

example, a gas feed).

According to various embodiments, the processing of the
substrates, in particular the coating of one or more turbine
blades with a thermal protection layer, can take place at a
process temperature of, for example, greater than 800°C.
Thermal protection layers, referred to as thermal barrier
coatings (TBC), can be formed from yttrium-stabilized
zirconium dioxide (Zr02), for example. Alternatively, other
suitable materials (e.g. metallic and/or ceramic materials)
can be deposited as functional layers on the substrates, e.g.

adhesion promoting layers (also referred to as bond coats).

Owing to the process temperature that can be used to coat the
substrates or process them in some other way, which can be
high for example, it may be helpful to cool internal fittings
in the wvacuum chamber 102. For example, it may be helpful to
cool the substrate holding arrangement 104 at least in some
section or sections and/or to provide heat shield plates or

the like (see figure 5, for example).
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According to various embodiments, the supply housing 108 can
have a cooling structure, preferably at least one cooling
duct, for cooling the supply housing 108, preferably by means
of a cooling liquid.

According to various embodiments, the supply hose 112 can be
vacuumtight and flexible and have a length such that the
substrate holding arrangement 104 can be moved 106b within
the vacuum chamber 102 while, simultaneously, the vacuumtight
supply hose 112 links the first supply passage 102v and the
second supply passage 108v to one another. According to
various embodiments, a corrugated hose (e.g. an ISO-KF or

ISO-CF hose) can be used as a supply hose 112.

The supply hose 112, which is vacuumtight for example, the
vacuumtight supply housing 108, the first supply passage 102v
and the second supply passage 108v can be configured in such
a way that the interior of the supply hose 112 and the
interior of the supply housing 108 are separated from the
interior of the vacuum chamber 102 in respect of the vacuum,
see figure 8, for example. Thus, for example, a higher
pressure (e.g. standard atmospheric pressure) can be provided
in the supply hose 112 and in the supply housing 108 than in
the vacuum chamber.

At least one electric supply lead and/or at least one coolant
supply line is/are arranged within the supply hose 112, for

example.

The bearing arrangement 106 can, for example, define a motion
plane (also referred to as a transfer plane) within which the
substrate holding arrangement 104 can be moved 106b by means
of the bearing arrangement 106. Furthermore, the supply hose
112 can be guided in a supply plane, which is aligned

perpendicularly or parallel to the motion plane.
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The supply hose 112 can form a common protective sleeve for a
plurality of supply lines, for example, wherein the plurality
of supply lines can be routed within the supply hose 112 from

outside the vacuum chamber 102 into the supply housing 108.

Alternatively, the supply hose 112 can also carry just one

supply line or can be configured as a supply line.

The supply hose 112 can be flexible, for example, e.g. in
such a way that it can be routed with a bending radius of

less than 1 m in the vacuum chamber, for example.

Figure 3A to figure 3C each illustrate a vacuum chamber
arrangement 100 in a schematic view in accordance with
various embodiments. In this case, the vacuum chamber 102 has
a lock chamber 202a and at least two process chambers 202b.
Furthermore, a valve arrangement 302s can be used to separate
the lock chamber 202a in respect of the vacuum from a process
chamber 202b adjoining said lock chamber. Another wvalve
arrangement 302s can be used to separate adjoining process

chambers 202b in respect of the vacuum.

The plurality of process chambers 202b can have at least one
heating chamber 302b and at least one coating chamber 302c,

for example.

The first supply passage 102v can be arranged in a chamber
wall section 202w of the lock chamber 202a, and the bearing
arrangement 106 can be configured in such a way, for example,
that at least the substrate holder 110 of the substrate
holding arrangement 104 can be moved 106b out of the lock
chamber 202a into the plurality of process chambers 202b
and/or that at least the substrate holder 110 of the
substrate holding arrangement 104 can be moved out of the
plurality of process chambers 202b into the lock chamber
202a. According to various embodiments, at least the
substrate holder 110 of the substrate holding arrangement 104
can be moved through the heating chamber 302b into the
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coating chamber 302c. As is apparent, the substrates which
are transferred by means of the substrate holding arrangement
104 are first of all heated in the heating chamber 302b and

then coated in the coating chamber 302c.

To load the substrate holder 110 of the substrate holding
arrangement 104 with at least one substrate or to remove at
least one substrate from the wvacuum chamber, the substrate
holder 110 or the substrate holding arrangement 104 can be
moved into the lock chamber 202a, the heating chamber 302b
can be separated from the lock chamber 202a by means of the
valve arrangement 302s, and the lock chamber 202a can be
opened, for example, thus making it possible to provide
access to the substrate holder 110 of the substrate holding

arrangement 104.

According to various embodiments, the vacuum chamber 102 of
the vacuum chamber arrangement 100 can also have a plurality
of heating chambers 302b. According to various embodiments,
the vacuum chamber arrangement 100 can have a heating
arrangement 304h (e.g. having at least one heater, e.g.
having at least one radiant heater) for heating a heating
region in the heating chamber 302b or for heating one or more

substrates in the heating chamber 302b.

According to various embodiments, the vacuum chamber
arrangement 100 can have a coating arrangement 304b (e.g.
having at least one coating source, e.g. having at least one
electron beam evaporator) for heating one or more substrates

in the coating chamber 302c.

When the substrate holder 110 is positioned in the coating
chamber 302c by means of the movably supported substrate
holding arrangement 104, as illustrated in figure 3C, for
example, the substrate holding arrangement 104 can be
arranged at least partially in the heating chamber 302b.
Furthermore, at least a section of the supply hose 112 can be

passed through the heating chamber 302b. It may therefore be
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helpful to protect the substrate holding arrangement 104
(e.g. the supply housing 108) and/or the supply hose 112 by
means of a heat shield 304s, e.g. to cover at least a section

thereof, as illustrated in a schematic view in figure 4.

According to various embodiments, the substrate holding
arrangement 104 can be movably supported by means of rollers.
In other words, the bearing arrangement 106 can be a rail
system on which the substrate holding arrangement 104 can be
moved by means of rollers. As an alternative, other suitable
bearings (e.g. sliding bearings) can also be used for the

guided movement of the substrate holding arrangement 104.

According to various embodiments, the vacuum chamber
arrangement 100 can have one electron beam evaporator
arrangement 504 for coating the substrates in the coating
chamber 302c, as illustrated in a schematic view in figure 5,

for example.

The electron beam evaporator arrangement 504 can have one or
more electron beam guns 504e, for example, by means of which
vapor sources are formed on a target material 504t. As is
apparent, the target material 504t can be evaporated by means
of the electron beams which are emitted by one or more
electron beam guns 504e. By means of the evaporated target
material, the substrates can then be coated, for example. The
target material 504t (also referred to as evaporation

material) can be held in one or more crucibles, for example.

The respectively used electron beam gun 504e can have a
corresponding deflection system, for example, for deflecting
the electron beam produced (e.g. in accordance with a
predefined beam figure), thus allowing the electron beam to
be targeted at the target material 504t and enabling it to
produce at least one vapor source on the target material
504t. Here, the respective electron beam can be guided in
such a way that the substrates can be coated from below by

means of the target material 504t, wherein at least one
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electron beam gun 504e can be arranged above the substrates.
As an alternative, it is also possible for an electron beam
gun 504e to be arranged laterally with respect to the
substrates and for the respective electron beam to be fired
laterally between the substrates and the target material
504t. If helpful, the deflection of an electron beam within
the coating chamber 302c can be accomplished by means of a
magnetic field, for example, i.e. magnets and/or coils can be
used to guide the respective electron beam onto the target

material 504t in a suitable manner.

Figure 6 illustrates a substrate holder 110 in a schematic
view in accordance with various embodiments. The substrate
holder 110 is configured to hold a plurality of substrates
606, for example. As described above, the substrate holder
110 can be mounted on the supply housing 108 or supported and
moved by means of a drive arrangement 608a, which is arranged

at least partially in the supply housing 108.

According to various embodiments, the drive arrangement 608a
and the substrate holder 110 can be configured in such a way
that a predefined pattern of movement can be transmitted to
the substrates 606. It is self-evident that a correspondingly
configured mechanism, having, for example, motors,
gearwheels, toothed belts, flat belts, rollersg, pulleys etc.
can be used, as can a correspondingly configured control

system.

In one embodiment, it is possible to use a plurality of
support arms 602 (e.g. two), which are pivotably and/or
rotatably supported by means of a joint 602s, wherein a
plurality of substrate receptacles 604 can be mounted on each
of the plurality of support arms 602. The substrate
receptacles 604 can be pivotably and/or rotatably supported
by means of another joint 604r, for example. The substrate
receptacles 604 are configured in such a way, for example,
that in each case at least one substrate 606 can be fixed on

each of the substrate receptacles 604. According to various
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embodiments, the pivoting/rotation axis of the joint 602s can
be aligned at an angle (e.g. substantially at a right angle)
to the pivoting/rotation axis of the other joint 604r. It is
self-evident that other configurations can be used to hold
and, where appropriate, to position (e.g. align, rotate,
pivot etc.) one or more substrates 606 in a corresponding

fashion by means of the substrate holder 110.

Furthermore, a cooling structure 608k can be provided in the
supply housing 108 to cool the supply housing 108 itself
and/or to cool the substrate holder 110. It is self-evident
that at least one correspondingly configured cooling circuit
can be provided, having, for example, cooling lines, sensors,
valves etc., in order to cool the supply housing 108 itself
and/or to cool the substrate holder 110.

Figure 7 illustrates a vacuum chamber arrangement 100 in a
schematic view in accordance with various embodiments. In
this case, the vacuum chamber 102 has two lock chambers 202a
and at least three process chambers 202b. Furthermore, a
valve arrangement 302s separating the respective lock chamber
202a in respect of the vacuum from a process chamber 202b
adjoining said lock chamber can be used. A plurality of
further valve arrangements 302s can be used to separate
mutually adjacent process chambers 202b in respect of the

vacuum.

The plurality of process chambers 202b can, for example, have
two heating chambers 302b and a coating chamber 302c¢ arranged
between the two heating chambers. The substrates can be fed
to the coating chamber 302c¢c from two mutually opposite sides,
e.g. in each case by means of a substrate holding arrangement
104, a bearing arrangement 106 and a supply hose 112, as
described above. As is apparent, substrates can be
transferred into the coating chamber 302c by means of a first
substrate holding arrangement 104 and a second substrate
holding arrangement 104, and can be coated in succession or

alternately.
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Figure 8 illustrates a schematic view of the supply housing
108 and the supply hose 112 in accordance with various

embodiments.

The supply hose 112, the vacuumtight supply housing 108 and
the supply passages 102v, 108v can be configured in such a
way that the interior 812 of the supply hose 112 and the
interior 808 of the supply housing 108 is separated from the
interior 802 of the vacuum chamber 102 in respect of the
vacuum. It is thus possible, for example, for atmospheric
pressure 820 to prevail outside the vacuum chamber, and this
then also prevails in the supply housing 108. As is apparent,
the supply housing 108 is supplied with air or connected in a
gas-transmitting manner to the environment around the wvacuum

chamber 102 by means of the supply hose 112.

It is thus possible, for example, for a higher pressure (e.g.
standard atmospheric pressure 820) to be provided in the
supply hose 112 and in the supply housing 108 than in the

vacuum chamber 102.

At least one electric supply lead and/or at least one coolant
supply line can be arranged within the supply hose 112, for
example. It is also possible, for example, for a first supply
hose 112 to be provided for one or more electric supply leads
and for a second supply hose 112 to be provided for one or

more coolant supply lines.

By means of the supply housing 108 described herein, it is
possible, for example, for a movably supported substrate
carrier (or some other movably supported internal fitting) to
be supplied with the correspondingly desired media in a

structurally simple and reliable manner.

According to various embodiments, the supply housing 108 can
have a plurality of second supply passages 108v and, in

corresponding fashion, the vacuum chamber 102 can have a
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plurality of first supply passages 102v, wherein the
respective first and second supply passages 102v, 108v are

connected to respective separate supply hoses 112.

Various examples which relate to what has been described

above and illustrated in the figures are described below.

Example 1 is a vacuum chamber arrangement 100 having: a
vacuum chamber 102, which has a first supply passage 102v; a
substrate holding arrangement 104 having a substrate holder
110 for holding and positioning at least one substrate, a
vacuumtight supply housing 108 for supplying the substrate
holder 110 with at least one supply medium, wherein the
supply housing 108 has a second supply passage 108v; a
bearing arrangement 106, by means of which the substrate
holding arrangement 104 is supported movably (e.g. movable in
a linear manner) within the vacuum chamber 102; and a supply
hose 112, which links the first supply passage 102v to the
second supply passage 108v.

In example 2, the vacuum chamber arrangement 100 according to
example 1 can have the optional feature that the vacuum
chamber 102 has a lock chamber 202a and at least one process
chamber 202b. The vacuum chamber arrangement 100 and the
vacuum chamber 102 can furthermore have a valve arrangement
202s for separating the lock chamber 202a and the at least
one process chamber 202b from one another in respect of the

vacuum.

In example 3, the vacuum chamber arrangement 100 according to
example 2 can have the optional feature that the first supply
passage 102v is arranged in a chamber wall section 202w of
the lock chamber 202a. In this case, the bearing arrangement
106 can be configured in such a way that at least the
substrate holder 110 of the substrate holding arrangement 104
can be moved out of the lock chamber 202a into the at least
one process chamber 202b and/or out of the at least one
process chamber 202b into the lock chamber 202a.
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In example 4, the vacuum chamber arrangement 100 according to
one of examples 1 to 3 can have the optional feature that a
supply structure 108s is arranged in the supply housing 108.
The supply structure 108s can be or have an electric drive
arrangement 608a, for example, for driving the positioning of
the at least one substrate 606. The supply structure 108s can
furthermore have a coolant duct 608k for cooling the
substrate holder 110 and/or for cooling the supply housing
108.

In example 5, the vacuum chamber arrangement 100 according to
one of examples 1 to 4 can have the optional feature that the
substrate holder 110 has at least one joint 602s, 604r,
wherein the at least one joint 602s, 604r provides at least
one degree of freedom of movement for positioning at least

one substrate 606.

In example 6, the vacuum chamber arrangement 100 according to
one of examples 1 to 5 can have the optional feature that the
substrate holding arrangement 104 is supported so as to be
movable 106b between at least one first and one second

position by means of the bearing arrangement 106.

In example 7, the vacuum chamber arrangement 100 according to
example 2 or 3 can have the optional feature that the
substrate holding arrangement 104 is supported so as to be
movable 106b between at least one first and one second
position by means of the bearing arrangement 106, wherein the
substrate holder 110 is arranged within the lock chamber 202a
in the first position and wherein the substrate holder 110 is
arranged within the at least one process chamber 202b in the

second position.

In example 8, the vacuum chamber arrangement 100 according to
one of examples 1 to 7 can have the optional feature that the
substrate holder 110 has at least one pivotably supported

support arm 602, and wherein the at least one support arm 602
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has at least one rotatably supported substrate receptacle 604
for receiving and positioning at least one substrate 606.

In example 9, the vacuum chamber arrangement 100 according to
one of examples 1 to 8 can have the optional feature that the
supply structure 108s is configured for supplying the
substrate holder 110 with a coolant (e.g. a cooling liquid

and/or a cooling gas) .

In example 10, the vacuum chamber arrangement 100 according
to one of examples 1 to 9 can have the optional feature that
the supply housing 108 has a cooling structure for cooling
the supply housing 108.

In example 11, the vacuum chamber arrangement 100 according
to one of examples 1 to 10 can have the optional feature that
the supply hose 112 is vacuumtight and flexible and has a
length such that or is configured such that the substrate
holding arrangement 104 can be moved within the vacuum
chamber 102 while, simultaneously, the supply hose 112 links
the first supply passage 102v and the second supply passage

108v to one another.

In example 12, the vacuum chamber arrangement 100 according
to one of examples 1 to 11 can have the optional feature that
the supply hose 112, the vacuumtight supply housing 108 and
the first supply passage 102v and the second supply passage
108v are configured in such a way that the interior 812 of
the supply hose 112 and the interior 808 of the supply
housing 108 are separated in respect of the vacuum from the

interior 802 of the vacuum chamber 102.

In example 13, the vacuum chamber arrangement 100 according
to one of examples 1 to 12 can have the optional feature that
at least one electric supply lead and/or at least one coolant

supply line is/are arranged within the supply hose 112.
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In example 14, the vacuum chamber arrangement 100 according
to one of examples 1 to 13 can have the optional feature that
the bearing arrangement 106 defines a motion plane within
which the substrate holding arrangement can be moved by means
of the bearing arrangement, and wherein the supply hose 112
is guided in a supply plane, which is aligned perpendicularly

or parallel to the motion plane.

In example 15, the vacuum chamber arrangement 100 according
to one of examples 1 to 14 can have the optional feature that
the supply hose 112 forms a common protective sleeve for a
plurality of supply lines, wherein the plurality of supply
lines is passed into the supply housing within the supply

hose 112 from outside the vacuum chamber.
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Patent claims

1. A vacuum chamber arrangement (100), comprising:

a vacuum chamber (102), which comprises a first
supply passage (102v);

a substrate holding arrangement (104) comprising a
substrate holder (110) for holding and positioning at
least one substrate, a vacuumtight supply housing
(108) for supplying the substrate holder (110) with
at least one supply medium, wherein the supply
housing (108) comprises a second supply passage
(108v) ;

a bearing arrangement (106), by means of which the
substrate holding arrangement (104) is supported
movably within the vacuum chamber (102); and

a supply hose (112), which links the first supply
passage (102v) to the second supply passage (108v);
an electric drive arrangement, which is arranged at
least partially in the vacuumtight supply housing,
for driving the positioning of the at least one
substrate;

wherein the supply housing is supplied with air or
connected in a gas-transmitting manner to the
environment around the vacuum chamber by the supply
hose;

wherein the supply hose (112) is vacuumtight and is
configured in such a way that the substrate holding
arrangement (104) can be moved within the wvacuum
chamber (102) while, simultaneously, the supply hose
(112) links the first supply passage (102v) and the

second supply passage (108v) to one another.

2. The vacuum chamber arrangement (100) of claim 1,

wherein the vacuum chamber (102) comprises a lock

chamber (202a) and at least one process chamber (202Db).

3. The vacuum chamber arrangement (100) of claim 2,
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wherein the first supply passage (102v) is arranged in a
chamber wall section (202w) of the lock chamber (202a),
and wherein the substrate holding arrangement (104) is
supported in such a way by means of the bearing
arrangement (106) that at least the substrate holder
(110) of the substrate holding arrangement (104) can be
moved out of the lock chamber (202a) into the at least
one process chamber (202b) and/or out of the at least

one process chamber (202b) into the lock chamber (202a).

The vacuum chamber arrangement (100) of any one of
claims 1 to 3,
wherein a supply structure (108s) is arranged in the
supply housing (108) in order to at least one of
drive the positioning,
cool the substrate holder (110), and/or
cool the supply housing (108).

The vacuum chamber arrangement (100) of any one of
claims 1 to 4,

wherein the substrate holder (104) comprises at least
one joint (602s, 604r), which provides at least one
degree of freedom of movement for the positioning of at

least one substrate (0606).

The vacuum chamber arrangement (100) of claim 2 or 3,
wherein the substrate holding arrangement (104) is
supported in such a way by means of the bearing
arrangement (106) that it can be moved (106b) between at
least one first and one second position, and wherein the
substrate holder (110) is arranged in the first position
within the lock chamber (202a), and wherein the
substrate holder (110) is arranged in the second

position within the at least one process chamber (202b).

The vacuum chamber arrangement (100) of any one of

claims 1 to 6,
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wherein the substrate holder (110) comprises at least

one pivotably supported support arm (602).

The vacuum chamber arrangement (100) of claim 7,

wherein the at least one support arm (602) comprises at
least one rotatably supported substrate receptacle (604)
for receiving and positioning at least one substrate
(606) .

The wvacuum chamber arrangement (100) of claim 6,

wherein the supply hose is configured in such a way that
the substrate holding arrangement can be moved between
the first position and the second position while,
simultaneously, the supply hose continuously links the
first supply passage and the second supply passage to

one another.

The vacuum chamber arrangement (100) of any one of
claims 1 to 9,

wherein the supply hose (112), the supply housing (108)
as well as the first supply passage (102v) and the
second supply passage (108v) are configured in such a
way that the interior (812) of the supply hose (112) and
the interior (808) of the supply housing (108) are
separated in respect of the vacuum from the interior
(802) of the wvacuum chamber (102).

The vacuum chamber arrangement (100) of any one of
claims 1 to 9,
wherein at least one electric supply lead is arranged

within the supply hose (112).

The vacuum chamber arrangement (100) of any one of
claims 1 to 11,
wherein at least one coolant supply line is arranged

within the supply hose (112).

A method comprising:
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coating a workpiece using a vacuum chamber arrangement,

the vacuum chamber arrangement comprising:

e a vacuum chamber (102), which comprises a first
supply passage (102v);

e a substrate holding arrangement (104) comprising a
substrate holder (110) for holding and positioning at
least one substrate, a vacuumtight supply housing
(108) for supplying the substrate holder (110) with
at least one supply medium, wherein the supply
housing (108) comprises a second supply passage
(108v) ;

¢ a bearing arrangement (106), by means of which the
substrate holding arrangement (104) is supported
movably within the vacuum chamber (102); and

e a supply hose (112), which links the first supply
passage (102v) to the second supply passage (108v);

e an electric drive arrangement, which is arranged at
least partially in the vacuumtight supply housing,
for driving the positioning of the at least one
substrate;

e wherein the supply housing is supplied with air or
connected in a gas-transmitting manner to the
environment around the vacuum chamber by the supply
hose;

e wherein the supply hose (112) is vacuumtight and is
configured in such a way that the substrate holding
arrangement (104) can be moved within the wvacuum
chamber (102) while, simultaneously, the supply hose
(112) links the first supply passage (102v) and the

second supply passage (108v) to one another.

The method of claim 13,
wherein coating the workpiece comprises a simultaneous
coating of a multiplicity of turbine blades with a

thermal protection layer.

The method of claim 13,
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wherein the vacuum chamber (102) comprises a lock
chamber (202a) and at least one process chamber (202b);
and

wherein the first supply passage (102v) is arranged in a
chamber wall section (202w) of the lock chamber (202a),
and wherein the substrate holding arrangement (104) is
supported in such a way by means of the bearing
arrangement (106) that at least the substrate holder
(110) of the substrate holding arrangement (104) can be
moved out of the lock chamber (202a) into the at least
one process chamber (202b) and/or out of the at least

one process chamber (202b) into the lock chamber (202a).

The method of claim 15,

wherein the substrate holding arrangement (104) is
supported in such a way by means of the bearing
arrangement (106) that it can be moved (106b) between at
least one first and one second position, and wherein the
substrate holder (110) is arranged in the first position
within the lock chamber (202a), and wherein the
substrate holder (110) is arranged in the second

position within the at least one process chamber (202b).

The method of claim 13,

wherein the substrate holder (110) comprises at least
one pivotably supported support arm (602); and

wherein the at least one support arm (602) comprises at
least one rotatably supported substrate receptacle (604)
for receiving and positioning at least one substrate
(606) .

The method of claim 16,

wherein the supply hose is configured in such a way that
the substrate holding arrangement can be moved between
the first position and the second position while,
simultaneously, the supply hose continuously links the
first supply passage and the second supply passage to

one another.
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The method of claim 13,

wherein the supply hose (112), the supply housing (108)
as well as the first supply passage (102v) and the
second supply passage (108v) are configured in such a
way that the interior (812) of the supply hose (112) and
the interior (808) of the supply housing (108) are
separated in respect of the vacuum from the interior
(802) of the vacuum chamber (102).

The method of claim 13,

wherein at least one electric supply lead is arranged
within the supply hose (112); or

wherein at least one coolant supply line is arranged

within the supply hose (112).





