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(57) Abstract: The invention relates to an atomic layer deposition apparatus comprising an atomic layer deposition reactor (1) and a
reactor door (2). The reactor door (2) is arranged against the end edge (12) of the reactor (1) in a closed position of the reactor (1). The
apparatus comprising a cooling arrangement for cooling the reactor door (2) comprising a shell structure (3) surrounding the reactor
(1) from the outside of the reactor (1) such that a cooling channel (4) is formed between the shell structure (3) and the at least one side
wall (11) of the reactor (1); a heat exchanger element (6) arranged in the cooling channel (4) in an area of the end edge (12); and a
ventilation discharge connection (5, 50) in connection with the cooling channel (4) provided at a distance from the edge end (12).
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AN ATOMIC LAYER DEPOSITION APPARATUS

FIELD OF THE INVENTION

The present invention relates to an atomic layer deposition apparatus
and more particularly to an atomic layer deposition apparatus according to the

5 preamble of the independent claim 1.

BACKGROUND OF THE INVENTION

Atomic layer deposition apparatus conventionally comprises an atomic
layer deposition (ALD) reactor and precursor sources for supplying precursors to
the ALD reactor. The ALD reactor may have operating temperature up to 600 °C or

10  even more. In addition, the process typically uses about 1mbar absolute pressure,
so the reaction space must be within the pressure-resistant structures. High
temperatures increase the temperature of the apparatus and parts thereof causing
safety issues for users and also thermal stress issues for the apparatus itself.
Therefore, the reaction chambers are most commonly located within a solid

15  pressure vessel. The reaction chamber can be heated by directly attached resistors,
internal chamber heaters, or by eternally heating the shell of the pressure vessel.
However there is a problem with a large heated mass that slows down heating and
cooling between process operations. In addition, the heat load that is escaping to a
room in which the apparatus is positioned, is great especially if no insulators are

20  used. Insulators, on the other hand, often contain dusty materials, with the risk of
dust forming in the clean room. The externally heated reactors are often tubular,
making them easily lengthy because of the temperature gradient control and
keeping the door cool enough which causes problems in the size of the apparatus
and its operation.

25 When using internal heaters heat the pressure vessel must be cooled
and in prior art the pressure vessel is cooled by water cooling. However there are
many problems related to water cooling, especially the risk relating to leaking of
water in the cooling water system which leads to water damage. Further running
water into the drain is expensive and water circuits may have problems with algae

30  growth and corrosion.

BRIEF DESCRIPTION OF THE INVENTION

An object of the present invention is to provide an atomic layer
deposition apparatus which enables removing water cooling without increasing

the size of the reactor and without having to use external insulators and further
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keeping the reactor door cool for safety reasons and without limiting the operating
temperatures.

The objects of the invention are achieved by an atomic layer deposition
apparatus which is characterized by what is stated in the independent claim. The

5 preferred embodiments of the invention are disclosed in the dependent claims.

The invention is based on the idea of providing an atomic layer
deposition apparatus for processing substrates according to principles of atomic
layer deposition which the apparatus comprising an atomic layer deposition
reactor, a reactor door and a cooling arrangement for cooling the reactor door. The

10  cooling arrangement uses surrounding room air for cooling.

The reactor has an opening to a deposition space inside the reactor and
atleast one side wall and an end edge. The reactor in this application is commonly
used for a vacuum chamber and a deposition space provided within the vacuum
chamber. The deposition space is preferably arranged within a reaction chamber

15  provided within the vacuum chamber. The reactor door is provided in connection
with the opening for opening and closing the reactor and the reactor door is
arranged against the end edge of the reactor in a closed position of the reactor. The
reactor may be provided as a chamber in which one end of the chamber comprises
an opening to the deposition space. The opening may extend over the entire area

20  of the end of the chamber or alternatively the opening may form only part of the
end of the chamber. In a preferred embodiment of the invention the reactor is
arranged as a cylindrical chamber having only one side wall surrounding the
chamber and two end walls opposite to each other. Preferably, the reactor is lying
on its side wall so that the end walls are vertical or substantially vertical. In a

25 preferred embodiment of the invention the reactor is provided such that the
reactor is at the height of the user's waistline, whereby the space under the reactor
may be provided with equipment or other process-related means.

One or more separate reaction chambers can be arranged in the
deposition space. In the apparatus according to the invention objects subjected to

30 atomic layer deposition are arranged inside the reaction chamber(s). Separate
vapor or precursor channels can be arranged to the reaction chamber to facilitate
ALD deposition. Vacuum environment needed by the ALD process is provided by
the deposition space.

The cooling arrangement comprises a shell structure, a heat exchanger

35 element and a ventilation discharge connection forming the cooling arrangement.

The shell structure is arranged to surround the reactor from the outside of the
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reactor such that a cooling channel is formed between the shell structure and the
at least one side wall of the reactor. In other words, the shell structure is arranged
around the rector such that the shape of the reactor is irrelevant which means that
when the reactor is cylindrical and comprises only one side wall, the shell structure
5 s arranged to extend around the one side wall and to form the cooling channel
between the shell structure and the one side wall, and when the reactor comprises
more than one side wall, the shell structure is provided such that the cooling
channel is formed between the shell structure and the side walls. The heat
exchanger element is arranged in the cooling channel in an area of the end edge.

10  The heat exchanger element comprises air intakes for providing a flow connection
from outside of the apparatus to the inside of the cooling channel. The air intakes
are arranged such that the air flowing in the cooling channel passes through the
heat exchanger element such that heat energy of the air coming from outside of the
apparatus is conducted from the air intakes into the heat transfer element and

15  further from the heat transfer element to the end edge of the reactor for cooling
the end edge, because air coming from outside of the apparatus and flowing
through the cooling channel has a temperature significantly lower than what is the
temperature inside the deposition space and which is radiated to the at least one
side wall of the reactor.

20 The ventilation discharge connection is arranged in connection with the
cooling channel and provided at a distance from the edge end of the reactor for
discharging gas coming from air intakes of the heat exchanger element. In a
preferable embodiment of the invention the ventilation discharge connection is
arranged on the opposite end of the reactor than the edge end of the reactor

25 comprising the heat exchanger such that the cooling channel extends along the
length of the side wall and between the heat exchanger and the ventilation
discharge connection.

In an embodiment of the invention the reactor comprises a flange
structure protruding from the at least one side wall of the reactor away from the

30  deposition space. In other words, the flange structure is arranged to extend from
the at least one side wall toward the shell structure surrounding the at least one
side wall. However, the flange structure is arranged such that there is a gap
between the shell structure and the flange structure such that the cooling channel
is formed between the shell structure and the at least one side wall comprising the

35 flange structure. The flange structure is provided at the end edge of the reactor
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such that the reactor door is arranged against the flange structure in the closed
position of the reactor door.

In an embodiment of the invention the heat exchanger element is
arranged against the flange structure for providing cooling heat transfer from the

5 heat exchanger element to the flange structure for cooling the reactor door
arranged against the flange structure. In other words, the heat exchanger element
is arranged in contact with the flange structure such that cooling heat is transferred
from the heat exchanger element to the flange structure such that heat coming from
the deposition space to the at least one side wall of the reactor is not transferred

10  straight to the reactor door, but the flange structure receiving cooling heat from
the heat exchanger element is arranged to cool the connection between the end
edge of the reactor and the reactor door. The heat exchanger element is preferably
provided against the flange structure such that the heat exchanger element is on
the opposite side of the flange structure than the reactor door which is arranged
15  against the end edge of the reactor comprising the flange structure.

In an embodiment of the invention the heat exchanger element is
provided in contact with the flange structure forming a heat transfer connection
with the flange structure for providing a cooling heat transfer from the heat
exchanger element to the flange structure for cooling the reactor door arranged

20 against the flange structure. In this embodiment of the invention the heat
exchanger element is provided in connection with the flange structure in the
cooling channel such thatthe heat exchanger element is provided between the shell
structure and the flange structure within the cooling channel.

In an embodiment of the invention the heat exchanger element is

25 arranged to form a heat transfer connection with the side wall of the reactor in the
area of the end edge for providing a cooling heat transfer from the heat exchanger
element to the end edge for cooling the reactor door. The heat exchanger element
is arranged in contact with the side wall of the reactor in the proximity of the end
edge of the reactor or in the proximity of the flange structure arranged at the end

30 edge of the reactor. The heat exchanger element is arranged to cool the end edge
area of the reactor such that the heat coming from the deposition space will cool at
the end edge of the reactor before transferring to the reactor door.

In an embodiment of the invention the heat exchanger element is
arranged in the cooling channel at a distance of up to five centimetres from the end

35  edge of the reactor, preferably at a distance of up to one centimetre from the end

edge of the reactor. This means that the heat exchanger is provided in the proximity
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of the reactor door but not in contact with the reactor door when the reactor door
is arranged against the end edge of the reactor in the closed position of the reactor.

In an embodiment of the invention the heat exchanger element is made
of material having thermal conductivity of more than 50 W-m-1-K-1, preferably

5 more than 100 W-m-1.K-1. The material of the heat exchanger can be for example
aluminium, magnesium or silicon carbide.

In an embodiment of the invention the cooling channel is arranged to
extend between the ventilation discharge connection and the end edge of the
reactor. In other words, the opening to the cooling channel is arranged at the end

10  edge of the reactor such that the side wall of the reactor at the end edge and the
shell structure form the opening to the cooling channel or the flange structure
provided at the end edge and the shell structure form the opening to the cooling
channel.

In an embodiment of the invention the shell structure comprises a collar

15 arranged around the reactor in the area of the end edge. The collar comprises a
wall portion protruding away from the shell structure in a transverse direction
with respect to the at least one side wall of the reactor, and a collar portion
extending from the wall portion to a direction of the end edge of the reactor such
that the collar portion is arranged to form together with the end edge of the reactor

20 an opening to the cooling channel. The collar may be uniform with the rest of the
shell structure or it may be separately connected to the rest of the shell structure
for example through welding. The collar is provided further away from a central
axis of the reactor than the rest of the shell structure. Alternatively or in addition
the collar is provided further away from the at least one side wall of the reactor

25  than the rest of the shell structure. The rest of the shell structure extending from
the collar to the ventilation discharge connection. The collar is arranged in
connection with the shell structure for guiding the cooling channel between the
shell structure and the at least one side wall in a manner that the cooling channel
is arranged to turn the direction atleast once, preferably twice on the way from the

30  beginning of the cooling channel to the ventilation discharge connection, which the
beginning of the cooling channel is in the area of the end edge of the reactor.

In an embodiment of the invention the collar is arranged to guide the
cooling channel from the end edge toward the side wall of the reactor such that the
cooling channel is arranged to extend from the opening towards the wall portion

35  of the collar by extending along the collar portion, and arranged to turn towards

the at least one side wall of the reactor by extending along the wall portion of the
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collar and arranged to turn towards the ventilation discharge connection by
extending along the atleast one side wall of the reactor between the shell structure
and the at least one side wall. In a preferred embodiment of the invention the
cooling channel extending along the collar portion is arranged to extend between
5 the collar portion and the flange structure and the cooling channel extending along
the wall portion of the collar is arranged to extend between the wall portion and

the flange structure.
In an embodiment of the invention the heat exchanger element and the
wall portion of the collar are arranged to form part of the cooling channel which is

10  extending transverse with respect to the side wall of the reactor. The heat
exchanger element is preferably formed such that air intakes are provided at least
in one part of the heat exchange element and the other part which is arranged to
have the connection with the flange structure or with the at least one side wall is
solid. The heat exchanger element is a uniform piece which is preferably at least

15  partly planar and thereby forming together with the wall portion of the collar a
portion of the cooling channel extending transversely relative to the at least one
side wall. In other words, the heat exchanger element is arranged to form part of
the cooling channel such that the air intakes through the heat exchanger element
provide an air flow connection in the part of the cooling channel which is

20 transverse to the part of the cooling channel which is formed between the wall
portion of the collar and the heat exchange element. The heat exchange element
preferably comprises a portion, which is preferably solid and forms a connection
with the flange structure and a portion, which is arranged to extend in the cooling
channel and to provide the flow connection in the cooling channel.

25 In an embodiment of the invention the shell structure comprising the
collar portion is arranged to extend along the length of the side wall of the reactor
and such that the collar portionis arranged to form a hood around the reactor door.
In other words, the shell structure is arranged to extend at the level of the reactor
door when the door is arranged in the close position, i.e. the hood is formed outside

30 the end edge of the reactor. The hood is arranged to direct heated gas from the
opening of the reactor and from the reactor door to the cooling channel.

In an embodiment of the invention the reactor door comprises at least
one radiation shield plate connected to the reactor door at the side of the
deposition space to prevent radiation heat from entering the reactor door. The

35 cooling arrangement therefore comprises the radiation shields inside the
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deposition space and in connection with the reactor door for cooling the reactor
door.
In an embodiment of the invention the reactor door comprises a door
structure and a perforated plate arranged at a distance from the door structure
5 such that a space is arranged between the door structure and the perforated plate.
The perforated plate is arranged to form an outer surface of the reactor door. The
perforated plate provides air passage toward the door structure of the reactor door
for cooling the reactor door and prevents heat transferring from the door structure
of the reactor door to the user.

10 In an embodiment of the invention the perforated plate comprises inlet
perforations at a lower part of the perforated plate formed to provide an air
passage from outside of the perforated plate to the space between the door
structure and the perforated plate. Alternatively the perforated plate comprises
inlet perforations at a lower part of the perforated plate formed to provide an air

15 passage from outside of the perforated plate to the space between the door
structure and the perforated plate and outlet perforations at an upper part of the
perforated plate formed to provide an air passage from the space between the door
structure and the perforate plate to outside of the perforated plate for air to be
guided to the collar.

20 In one embodiment of the invention, the heat exchanger element is
arranged between at least one side wall of the reactor and the shell structure such
that the heat exchanger element is arranged to extend around the reactor and from
at least one side wall to the shell structure. [n other words, the heat exchanger is in
this embodiment of the invention a one piece element which surrounds the reactor.

25 In an embodiment of the invention the cooling channel is arranged to
extend around the reactor such that the opening of the cooling channel is formed
between the shell structure and the end edge of the reactor and extending around
the end edge of the reactor.

An advantage of the invention is that the heat exchanger element

30 surrounding the end edge of the reactor or the flange structure is arranged to
smooth out the cooling flow around the reactor and at the same time effectively
cooling the end edge of the reactor for cooling the reactor door. When the reactor
door is open, excess heat and possible chemical vapors are directed to the cooling
channel. The perforated plate in connection with the reactor door provides air

35 passage from outside the apparatus to the door structure for cooling the reactor

door and also serving as a contact protection against the structures of the reactor
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door that heat up because of the heat coming from the deposition space. Inside the
deposition space, radiation shield plates are attached to the reactor door to prevent
the radiation heat from entering the reactor door for cooling the reactor door.

BRIEF DESCRIPTION OF THE DRAWINGS

5 The invention is described in detail by means of specific embodiments

with reference to the enclosed drawings, in which

Figure 1la shows one embodiment of the apparatus according to the
invention as a side view;

Figure 1b shows the apparatus shown in figure 1a as seen from the front

10  of the reactor door;

Figure 2a shows another embodiment of the apparatus according to the
invention as a side view; and

Figure 2b shows the apparatus shown in figure 2a as seen along the line
A-A

15 DETAILED DESCRIPTION OF THE INVENTION

Figure 1a shows an embodiment of the apparatus according to the

invention in which the reactor 1 is shown from side. Figure shows that the reactor

1 comprises a deposition space 10 within the reactor 1 and that the reactor

comprises one side wall 11. Figure 1b shows that the reactor 1 is cylindrical so that

20  the oneside wall 11 is arranged to surround the deposition space on all sides. The

reactor 1 further comprises an end edge 12 on the side where the reactor door 2 is

provided. An opening to the deposition space 10 is provided on one end of the

reactor 1 which is closed at the other end 100. In this embodiment of the invention

a shell structure 3 is arranged to surround the reactor 1 from the outside of the

25 reactor 1 such that the shell structure 3 forms a cooling channel 4 between the at

least one side wall 11 and the shell structure 3 and also between the end 100 and

the shell structure 3 such that the cooling channel 4 surrounds the reactor from all

other sides than at the opening. Although the reactor 1 does not show a reaction

chamber within the reactor 1 it must be understood that the reactor 1 comprises a

30  vacuum chamber and a deposition space within the vacuum chamber, which the

deposition space is normally provided as a reaction chamber. The reactor 1 is
preferably made of stainless steel.

The reactor door 2 is arranged against the end edge 12 of the reactor 1

in the closed position of the reactor 1. The reactor door 2 comprises a door

35  structure 20 and a perforated plate 8 such that a space is formed between the door
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structure 20 and the perforated plate 8.

The cooling arrangement according to the invention comprises the shell
structure 3 surrounding the reactor 1 and forming the cooling channel 4 between
the shell structure 3 and the at least one side wall 11 of the reactor 1, and a heat

5 exchanger element 6arranged in the cooling channel in an area of the end edge 12,
and a ventilation discharge connection 5, 50 in connection with the cooling channel
4. The ventilation discharge connection 5, 50 preferably comprises an exhaust
channel 5 and a discharge unit 50 for discharging air coming through the cooling
channel 4. The ventilation discharge connection 5, 50 is provided at a distance from
10  the edgeend 12 of the reactor 1 and preferably such that the ventilation discharge
connection 5, 50 is provided on the opposite end than the end edge 12 of the
reactor 1 such that the cooling channel 4 is arranged to extend along the length of

the side wall 11 of the reactor.

The shell structure 3 preferably comprises a collar 13 around the end

15  edge 12 of the reactor 1 and the heat exchanger element 6 is arranged within the
collar 13. The collar 13 comprises a wall portion 13a protruding away from the
shell structure 3 in a transverse direction with respect to the at least one side wall
11 of the reactor 1 and a collar portion 13b extending substantially parallel to the
at least one side wall 11 of the reactor 1. The heat exchanger element 6 provided

20  within the collar 13 is preferably arranged to extend from the at least one side wall
11 of the reactor 1 to the collar portion 13b. The heat exchanger element 6
comprises air intakes 16 for providing a flow connection from outside of the
apparatus to the inside of the cooling channel 4 and the heat exchanger element 6
is arranged within the shell structure 4 such that the air intakes 16 are provided in

25  the part of the cooling channel 4 extending along the collar portion 13b. As shown
in the figure 1a the heat exchanger element 6 can be provided against a flange
structure 21 protruding from the at least one side wall 11 of the reactor 1 away
from the deposition space 10. The flange structure 21 is provided at the end edge
12 of the reactor 1 such that the reactor door 2 is arranged against the flange

30  structure 21 in the closed position of the reactor door 2. The end edge 12 of the
reactor 1 and the collar portion 13b of the collar 13 form an opening 40 to the
cooling channel 4.

The collar 13 is arranged to direct the cooling channel 4 such that the
flow direction of the air coming from outside of the apparatus and further through

35  the heat exchanger element 6 is changed. By changing the direction of the air flow
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and extending the air flow path between the shell structure and the reactor 1, the
flange structure 12 and thus the reactor door 2 are more efficiently cooled.

As can be seen from the figure 1la the heat exchanger element 6 is
preferably a planar structure comprising air intake holes 16 through the heat

5 exchanger element 6 at least on that part of the heat exchanger element 6 thatis

provided in the cooling channel 4 such that air can pass through the air intakes 16.

Part of the heat exchanger element 6 can be arranged against the flange structure

21 for heat transfer from the heat exchanger element 6 to the flange structure 21

and part of the heat exchanger element 6 can be arranged to extend in the cooling

10  channel 4 such that the air intakes 16 are positioned in the cooling channel 4 for
providing air passage through the air intakes in the cooling channel 4.

Figure 1b shows the apparatus shown in figure 1a as seen from the front
of the reactor door 2. The reactor door 2 comprises a perforated plate 8 forming an
outer surface of the reactor door 2. The perforated plate 8 comprises inlet

15  perforations formed to provide an air passage from outside of the perforated plate
8 to the space between the door structure 20 and the perforated plate 8. Figure 1b
shows perforations both on the lower part of the perforated plate 8 as well as on
the upper part of the perforated plate 8. However, perforations need not to be
arranged both at the lower part and the upper part of the perforated plate 8. The

20  reactor door 2 is surrounded by the shell structure 3 comprising the collar 13 and
the heat exchanger element 6 in the vicinity of the end edge 12 of the reactor 1. As
can be seen from the figure 1b in one embodiment of the invention the heat
exchanger element 6 is arranged to be a single element provided within the cooling
channel 4 and extending around the reactor 1. However, the heat exchanger

25 element 6 may be formed from multiple parts and such that the heat exchanger
element 6 is only partly surrounding the reactor 1. The heat exchanger element 6
preferably comprises air intakes 16 at regular intervals and the heat exchanger
element 6 shown in the figures is only an example of the heat exchanger element 6.

Figure 2a shows another embodiment of the apparatus according to the

30 invention as a side view. In this embodiment the cooling channel 4 is only arranged
in connection with the side walls 11 of the reactor 1 surrounding the cylindrical
reactor 1. However, the form of the reactor is not limited to the cylindrical form but
other forms are possible too. The reactor door 2 is provided with radiation shield
plates 7 attached to the inner side of the reactor door 2 facing toward the

35 deposition space 10. The radiation shield plates 7 are arranged to prevent excess

heat from entering to the door structure 20 for cooling the reactor door 2. The
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structures of the apparatus shown in figure 2a are otherwise similar as described

in connection with figure 1a and are not repeated again.
The cooling arrangement for cooling the reactor door 2 comprises on
one hand the shell structure 3 forming the cooling channel 4 between the shell
5  structure 3 and the at least one side wall 11 of the reactor 1, the heat exchanger
element 6 arranged in the cooling channel 4 in an area of the end edge 12 for
providing a flow connection for air coming from outside of the apparatus to the
inside of the cooling channel 4 and the ventilation discharge connection 5, 50 in
connection with the cooling channel 4 for discharging air coming from air intakes

10  of the heat exchanger element 6; on the other hand the radiation shied plates 7
preventing excess heat from entering to the reactor door 2 from inside of the
reactor 1; and further the door structure 20 forming together with the perforated
plate 8 the space between the door structure 20 and the perforated plate 8 for
cooling air passage within the reactor door 2.

15 Figure 2Zb shows a cut-out of the apparatus shown in figure 2a as seen
along the line A-A. It can be seen that the collar 13 extends from the rest of the shell
structure 3 away from the deposition space 10. The cooling channel 4 is arranged
between the shell structure 3 and the side wall 11 of the reactor 1 extending further
between the collar 13 and the side wall 11 of the reactor 1 or between the collar 13

20  and the flange structure 21 (not shown in figure 2b). The radiation shield plates 7
are provided to the reactor door 2 in the side of the deposition space 10 for
preventing heat from the deposition space 10 from entering the reactor door 2. The
rest of the reactor door 2 or the heat exchanger 6 are not shown in figure 2b but
they are already described in connection with figures 1a-2a and apply also to the

25 embodiment shown in figure 2b.

The invention has been described above with reference to the examples
shown in the figures. However, the invention is in no way restricted to the above

examples but may vary within the scope of the claims.
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CLAIMS

1. An atomic layer deposition apparatus for processing substrates
according to principles of atomic layer deposition, the apparatus comprising:

an atomic layer deposition reactor (1) having an opening to a deposition

5 space (10) inside the reactor (1), the reactor (1) comprising at least one side wall

(11) and an end edge (12); and

a reactor door (2) in connection with the opening for opening and
closing the reactor (1), the reactor door (2) is arranged against the end edge (12)
of the reactor (1) in a closed position of the reactor (1),

10 characterized in that the apparatus further comprising a
cooling arrangement for cooling the reactor door (2), the cooling arrangement
comprising:

- a shell structure (3) surrounding the reactor (1) from the outside of
the reactor (1) such that a cooling channel (4) is formed between the shell

15  structure (3) and the at least one side wall (11) of the reactor (1);

- a heat exchanger element (6) arranged in the cooling channel (4) in an
area of the end edge (12), the heat exchanger element (6) comprises air intakes
(16) for providing a flow connection from outside of the apparatus to the inside of
the cooling channel (4); and

20 - a ventilation discharge connection (5, 50) in connection with the
cooling channel (4), the ventilation discharge connection (5, 50) is provided at a
distance from the edge end (12) of the reactor (1) for discharging gas coming from

air intakes of the heat exchanger element (6).

25 2. An apparatus accordingtoclaim1l,characterized inthatthe
reactor (1) comprises a flange structure (21) protruding from the at least one side
wall (11) of the reactor (1) away from the deposition space (10), said flange
structure (21) is provided at the end edge (12) of the reactor (1) such that the
reactor door (2) is arranged against the flange structure (21) in the closed position

30  of the reactor door (2).

3. An apparatus according toclaim2,characterized inthatthe
heat exchanger element (6) is arranged against the flange structure (21) for
providing a cooling heat transfer from the heat exchanger element (6) to the flange

35  structure (21) for cooling the reactor door (2) arranged against the flange structure
(21).
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4. An apparatus according to claim2,characterized inthatthe
heat exchanger element (6) is provided in contact with the flange structure (21)
forming a heat transfer connection with the flange structure (21) for providing a
cooling heat transfer from the heat exchanger element (6) to the flange structure

5  (21) for cooling the reactor door (2) arranged against the flange structure (21).

5. An apparatus according to any previous claim,

characterized in thatthe heat exchanger element (6) is arranged to form

a heat transfer connection with the side wall (11) of the reactor (1) in the area of

10  the end edge (12) for providing a cooling heat transfer from the heat exchanger
element (6) to the end edge (12) for cooling the reactor door (2).

6. An apparatus accordingto claimlor2,characterized inthat
the heat exchanger element (6) is arranged in the cooling channel (4) at a distance
15  ofup to five centimetres from the end edge (12) of the reactor (1), preferably ata

distance of up to one centimetre from the end edge (12) of the reactor.

7. An  apparatus according to any previous claim,

characterized in thatthe heat exchanger element (6) is made of material

20  having thermal conductivity of more than 50 W-m-1.K-1, preferably more than 100
W-m-1.K-1,

8. An apparatus according to any previous claim,characterized
in that the cooling channel (4) is arranged to extend between the ventilation
25  discharge connection (5, 50) and the end edge (12) of the reactor (1).

9. An apparatus according to any previous claim,characterized
in that the shell structure (3) comprises a collar (13) arranged around the reactor
(1) in the area of the end edge (12), said collar (13) comprises
30 a wall portion (13a) protruding away from the shell structure (3) in a
transverse direction with respect to the at least one side wall (11) of the reactor
(1),and
a collar portion (13b) extending from the wall portion to a direction of
the end edge of the reactor (1) such that the collar portion (13b) is arranged to
35 form together with the end edge (12) of the reactor (1) an opening (40) to the
cooling channel (4).
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10. An apparatus according to claim 9, characterized in that

the collar (13) is arranged to guide the cooling channel (4) from the end edge (12)
toward the side wall (11) of the reactor (1) such that the cooling channel (4) is

5 arranged to extend from the opening (40) towards the wall portion (13a) of the
collar (13) by extending along the collar portion (13b), and arranged to turn
towards the at least one side wall (11) of the reactor (1) by extending along the

wall portion (13a) of the collar (13) and arranged to turn towards the ventilation
discharge connection (5, 50) by extending along the at least one side wall (11) of

10  thereactor (1).

11. An apparatus according to claim 9 or 10, characterized in
that the heat exchanger element (6) and the wall portion (13a) of the collar (13)
are arranged to form part of the cooling channel (4) which is extending transverse
15  with respect to the side wall (11) of the reactor (1).

12. An apparatus according to any of claims 9 - 11,

characterized inthat the shell structure (3) comprising the collar portion

(13b) is arranged to extend along the length of the side wall (11) of the reactor (1)

20  and such that the collar portion (13b) is arranged to form a hood around the
reactor door (2).

13. An apparatus according to any previous claim,
characterized inthatthe reactor door (2) comprises at least one radiation
25  shield plate (7) connected to the reactor door (2) at the side of the deposition space

(10) to prevent radiation heat from entering the reactor door (2).

14. An apparatus according to any previous claim,
characterized inthatthe reactor door (2) comprises a door structure (20)

30 and a perforated plate (8) arranged at a distance from the door structure (20) such
that a space is arranged between the door structure (20) and the perforated plate

(8).

15. An apparatus according to claim 14, characterized in that
35  the perforated plate (8) comprises inlet perforations at a lower part of the

perforated plate (8) formed to provide an air passage from outside of the
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perforated plate (8) to the space between the door structure (20) and the
perforated plate (8); or
the perforated plate (8) comprises inlet perforations at a lower part of
the perforated plate (8) formed to provide an air passage from outside of the
5 perforated plate (8) to the space between the door structure (20) and the
perforated plate (8) and outlet perforations at an upper part of the perforated plate
(8) formed to provide an air passage from the space between the door structure
(20) and the perforate plate (8) to outside of the perforated plate (8) for air to be
guided to the collar (13).
10
16. An apparatus according to any previous claim,
characterized inthatthe heatexchangerelement (6) is arranged between
the at least one side wall (11) of the reactor (1) and the shell structure (3) such that
the heat exchanger element (6) is arranged to extend around the reactor (1) and
15  from the at least one side wall (11) to the shell structure (3).

17. An apparatus according to any previous claim,
characterized inthatthe cooling channel (4) is arranged to extend around
the reactor (1) such that the opening of the cooling channel (4) is formed between

20  the shell structure (3) and the end edge (12) of the reactor (1) and extending
around the end edge (12) of the reactor (1).

25
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