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Gas deposition reactor

Background of the invention

[0001] The invention relates to a gas deposition reactor for gas
deposition methods and eSpeciaIly to a gas deposition reactor for a gas depo- -
sition method in which the surface of the substrate is subjected to alternate
starting materral surface reactions, the reactor comprising a first chamber, a
second chamber mounted inside the first chamber, and heating means for
.heating the first chamber. B -

-[0002] Gas. deposrtlon methods generally use.a gas deposrtlon re-
actor that compnses a first.chamber and a second-chamber provrded inside -
thereof. A pressure chamber, such as a Iow-pressure chamber that isolates the ’
system from the envrronment is generally uséd as the first chamber. Instead of

~ a low- -pressure chamber, it is also possible to use an ‘over-pressure chamber_.

"“or a chamber with substantially -normal air press'ure A pressure of approxi-
mately 10 to 1000 Pa is typrcally used in the low-pressure chamber. The di-
mensions of the first chamber structure are generally relatively large in view of
natural convection manifestation, even at lower pressures. This natural con-
vection may cause thermal imbalance inside the first chamber. A separate
second chamber, such as a reaction chamber, inside which the substrates to
be treated -are placed, is generally positioned inside the first chamber. Natural
convection may also cause temperature differences inside the second cham-
ber, especially when it becomes large in size. The heating of the second
chamber and thus also of the substrates inside it is conventionally done by
means of heating means provided on the walls of the second chamber or by
heating the walls of the second chamber mdrrectly with radratron for instance,
when the heating means are mounted on the walls of the first chamber.

- [0003] For an efr cient production it is necessary that the gas depo-
sition. equrpment produces in consecutlvely repeatlng process runs and within '
one and.the same process run coatlngs deposrtlon Iayers or doping Iayers _
with unrform properties. In other words, it is approprlate for the products
treated in drfferent batches or in the same batch to have uniform propertres
whereby the process parameters of the gas deposition method must be uni-
form in consécutive process runs and within the same process run at different
locations of the reactor. Thus, the critical process parameters must be constant
in different ‘process runs and at different points of the reactor during one proc-
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ess run. One of these critical process parameters is the temperature of the
substrate (surface being coated) during the deposition process. The deposition
rate of the coating is generally dependent on the temperature of the substrate
such that deviations from the temperature of the substrate in consecutive
process runs or within the same process run lead to deviations of the coating
properties from the required values.

[0004] In a gas deposition method in which the surface of the sub-
strate is subjected to consecutive surface reactions of starting materials, batch
processing is advantageous, because the heating and coating/doping of the
substrates takes a lot of time, whereby the treatment of several substrates side
by side provides economical advantages. In addition, a gas deposition method,
such as ALD (atomic layer deposition), is especially suitable to be done as
batch processing, because ALD provides extremely good uniform coating
properties and allows a great deal of freedom in the positioning of the parts to
be coated inside the second chamber. When using large reactors or high reac-
tors in which large pieces are processed or at one go batches that comprise a
large number of substrates placed on top of each other, for example, the di-
mensions of the reactors cause temperature differences inside the first cham-
ber. These temperature differences often result from the structures of the first
chamber, the second chamber and other parts, which may generate and con-
trol heat flows inside the first chamber. For instance, in some parts of the first
chamber, heat flows may flow toward the second chamber, and in other parts
away from the second chamber. Thus, the heat flows cause temperature dif-
ferences around the second chamber. The highest temperatures are then often
in the top part of the reactor or first chamber and the lowest temperatures in
the bottom part. A further factor affecting this may be natural convection that
may cause temperature differences inside the first chamber even though the
heating effect was distributed evenly in the elevation of the first chamber.

[0005] In prior-art solutions, attempts have been made to equalise
the temperature differences inside a furnace or heated reactor by using forced
convection. However, gas deposition methods are sensitive to flows and the
use of a blower or a corresponding forced convection method causes un-
wanted interference to the gas flows. External forced convection of the second
chamber is a possible solution, but the particle movement caused by the flows
is harmful and forced convection is not generally used in coating devices. In
addition, natural convection may also cause temperature differences inside the
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second chamber, especially when it becomes large in size. In batch processing
in which several substrates are set on top of each other on a support rack, the
substrates on the top part of the support rack maybe at a different temperature
than those on the bottom part owing to the temperature differences described
above. In the prior art, this problem has been solved by placing heaters or cor-
responding heating means inside the support rack, between superposed sub-
strates, for example. The above-mentioned use of separate heaters also
makes it possible to process large or high substrates. The use of separate
heaters in a support rack or other substrate support structures or in the second
chamber makes the equipment unnecessarily complex, because the heaters
need to be protected so that deposition layers do not form on them during the
performance of the gas deposition method.

Brief description of the invention

[0006] It is, thus, an object of the invention to develop a gas deposi-
tion reactor for a gas deposition method in such a manner that the above-
mentioned problems are solved. The object of the invention is achieved with a
gas deposition reactor that is characterised in that the reactor also comprises
one or more heat transfer elements made of heat conducting material to equal-
ise and/or adjust temperature differences inside the first chamber.

[0007] Preferred embodiments of the invention are set forth in the
dependent claims.

[0008] The invention is based on positioning in the space between
the inner surface of the first chamber and the outer surface of the second
chamber of the gas deposition reactor at least one heat transfer element that is
made of heat conducting material. The heat transfer element may be a sepa-
rate heat transfer piece that is positioned in the space between the first and
second chambers in such a manner that it transfers heat away from inside the
first chamber or in such a manner that it transfers heat through conduction in-
side the first chamber from hotter zones to cooler zones, thus equalising tem-
perature differences inside the first chamber. Alternatively, the heat transfer
element may be provided as an at least partial lining of the inner surface of the
first chamber or a lining of the outer surface of the second chamber, whereby it
is correspondingly capable of equalising temperature differences inside the
first chamber or around the second chamber.

[0009] This type of heat transfer element is preferably a static and
passive element that is capable of transferring heat and equalising tempera-
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ture differences inside the first chamber and temperatures in the second
chamber even without feedback from the processed substrates and without be-
ing subjected to the starting materials or other gaseous substances fed into the
second chamber. The solution of the present invention also provides the ad-
-vantage that it is a simple structure and easy to implement during the manufac-
turing of new gas deposition reactors and to install in existing gas deposition
reactors.

Brief description of figures

[0010] The invention will now be described in greater detail by
means of preferred embodiments and with reference to the attached drawings,
in which

Figure 1 is a schematic view of an embodiment of the invention, in
which a separate heat transfer element is installed in the top part of the first
chamber; ~

Figure 2 is a schematic view of a second embodiment of the inven-
tion, in which a heat transfer element is provided as a lining of the inner sur-
face of the first chamber; and

Figure 3 is a schematic view of a third embodiment of the invention,
in which a heat transfer element is provided as a lining of the outer surface of
the second chamber.

Detailed description of the invention

[0011] Figure 1 shows an embodiment of a gas deposition chamber
according to the present invention. According to Figure 1, the gas deposition
reactor comprises a first chamber 2, which may be a low-pressure chamber,
over-pressure chamber or a pressure chamber with a substantially normal air
pressure (NTP: 1 bar, 0°C). Low pressure refers herein to a low pressure in
relation to NTP conditions, and over-pressure refers to an over-pressure in re-
lation to NTP conditions. The first chamber 2 isolates the system from the envi-
ronment. A pressure of approximately 10 to 1000 is typically used in the low-
pressure chamber. The low-pressure chamber may be any prior-art low-
pressure chamber or some other corresponding low-pressure chamber that is
used in gas deposition reactors. Alternatively, the low-pressure chamber is re-
placed with an over-pressure chamber or some other corresponding chamber.
The gas deposition reactors according to the present invention are intended for
use especially in gas deposition methods in which the surface of a substrate is
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subjected to alternate surface reactions of starting materials. Gas deposition
methods of this type include ALD (atomic layer deposition) and ALE (atomic
layer epitaxy) and the like. In these and corresponding methods, surface depo-
sition is based on reactions controlled by the surface, which provides uniform
deposition on all surfaces of the substrate. In gas deposition reactors of this
type, temperature is one of the critical process parameters, because the depo-
sition rate on the surface of the substrate depends on temperature. A substrate
refers herein to any single piece, product or the like or a group or series
thereof processed in a gas deposition reactor and treated simultaneously in a
coating operation.

[0012] As shown in Figure 1, a separate second chamber 4, that is, a reac-
tion chamber or coating chamber inside which the substrates are placed for
processing, is further positioned inside the first chamber 2. The second cham-
ber 4 may be any reaction chamber according to the prior art or any corre-
sponding reaction chamber that is arranged to be positioned inside the first
chamber 2. The gas deposition reactor also comprises heating means (not
shown), with which the inside of the first chamber 2 is heated. The heating
means are provided to heat the second chamber 4. In indirect heating of the
second chamber 4, the walls of the second chamber 4 are heated indirectly by
means of thermal radiation or gas heat conduction, for instance. In indirect
heating of the second chamber 4, the heating means may be installed for in--
stance on the side, end, top or bottom walls of the first chamber 2, from which
heat transfers by radiation or gas to heat the second chamber 4. The heating
means may be electrical resistors, for example. In addition, the heating means
are preferably positioned, installed and implemented such that with them an as
even temperature distribution as possible is achieved inside the second cham-
ber 4, that is, temperature differences inside the second chamber 4 and
around it are as small as possible. However, the space 6 between the inner
walls of the first chamber 2 and the outer walls of the second chamber 4 easily
causes temperature differences inside the first chamber 2 and, thus, also in-
side the second chamber 4. These temperature differences often result from
the structures of the first chamber 2, the second chamber 4 and other parts,
which may generate and control heat flows inside the first chamber 2. Heat
flows around the second chamber 4 may then be unevenly distributed in such
a manner that at some points, the heat flows proceed toward the second
chamber 4 and in other parts away from the second chamber 4. In such a
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case, temperature differences are created between different points of the sec-
ond chamber 4. Thus, an object of the present invention is to equalise these
temperature differences in a simple and efficient manner.

[0013] According to the present invention, the equalising of the
temperature differences described above is implemented by means of a heat
transfer element 8. In the embodiment of Figure 1, a separate heat transfer
element 8 is positioned in the top part of the first chamber 2 in the space be-

“tween the first chamber 2 and second chamber 4. According to what is stated
above, the temperature distribution in the first chamber 2 of the gas deposition
reactor is typically such that the top part of the first chamber 2 has a higher
temperature than the bottom part. In the embodiment of Figure 1, the heating
means are typically provided on the side walls 7, 9 and/or top or bottom walls
of the first chamber 2 and/or on the casing of the cylindrical first chamber 2 in
such a manner that the thermal energy directed to the second chamber 4 is
preferably substantially equal in every direction. Alternatively, the heating
means are provided in some other manner such that heat may be brought in-
side the first chamber 2 through the side walls 7, 9 and/or top or bottom walls
and/or the casing of the cylindrical first chamber 2. In such a solution, a loading
hatch and a maintenance hatch, respectively, are typically provided on the face
sides 3, 5 of the second chamber 4. However, lower-temperature zones are of-
ten formed in the vicinity of the face sides 3, 5. Thus, in the solution of Figure
1, a heat transfer element 8 is positioned in the top part of the first chamber 2
where higher temperatures prevail. The heat transfer element 8 is preferably
elongated and extends horizontally preferably close to the face sides 3, 5 of
the first chamber 2. Thus, the heat transfer element 8 is capable of transferring
heat from the top part of the first chamber 2 to the lower-temperature zones
close to the face sides 3, 5. The heat transfer element 8 then equalises the
temperature differences inside the first chamber 2 by removing thermal energy
from the top part of the first chamber 2.

[0014] In an alternative solution, a separate heat transfer element 8
may be arranged in such a manner that it is also capable of transferring heat
away from the inside of the first chamber 2. The heat transfer element 8 may
then be connectable to the face sides 3, 5 of the first chamber 2 in such a
manner that thermal energy is transferred from the heat transfer element 8 and
on out from the first chamber 2. The temperature of the element 8 may be
measured and adjusted by using active cooling, for instance, in the part that
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brings thermal energy out of the first chamber 2. In another solution, if for in-
stance the one or both of the face sides 3, 5 of the first chamber 2 are
equipped with heating means or heat is transferred otherwise through them to
the first chamber 2, a separate heat transfer element 8 may be positioned in
the space 6 between the first chamber 2 and second chamber 4 to extend
substantially between the top and bottom parts of the first chamber 2. There
may be one or more heat transfer elements 8 and they may extend either sub-
stantially perpendicularly or at an angle to the vertical direction. It is then pos-
sible to transfer heat from the top part of the first chamber 2, where a higher
temperature prevails, to the bottom part of the first chamber 2, where a lower
temperature prevails. The heat transfer elements 8 may be plate-like, rod-like
or other corresponding structures suitable for heat transfer. According to this
embodiment, the heat transfer elements 8 are positioned inside the first cham-
ber 2 as separate pieces that are installed in the space 6 between the inner
surface of the first chamber 2 and outer surface of the second chamber 4 at a
distance from the inner surface of the first chamber 2 and outer surface of the
second chamber 4.

[0015] Figure 2 shows another embodiment of the present inven-
tion. In this embodiment, the inner surface of the first chamber 2 is lined with a
heat transfer element 8. Even though Figure 2 shows that the inner surface of
the first chamber 2 is lined entirely with a heat transfer element 8, the lining
may also be done in such a manner that just a part of the inner surface of the
first chamber 2 is lined with a heat transfer element 8 or several heat transfer
elements 8. Thus, for instance the face sides 3, 5 of the first chamber 2 may
on the inside of the first chamber 2 be lined with heat transfer elements 8 or al-
ternatively only the top side 7 or bottom side 9 of the first chamber 2 may be
lined with a heat transfer element 8. In other words, in this embodiment the in-
ner surface of the first chamber 2 is entirely or in any part lined with a heat
transfer element 8 that equalises the temperature differences inside the first
chamber 2 by conducting heat from the higher-temperature zones to the lower-
temperature zones or away from the inside of the first chamber 2. In this em-
bodiment of Figure 2, the heat transfer element 8 may be a heat transfer plate,
for instance, that is installed on the inner surface of the first chamber 2. Alter-
natively, it is possible to use as heat transfer elements 8 several rod-like, rib-
like or corresponding pieces that are installed on the inner surface of the first
chamber 2. These heat transfer elements 8 may uniformly cover the inner sur-
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face of the first chamber 2 or they may be installed side by side at a distance
from each other. Thus, the heat transfer element 8 equalises the temperature
differences inside the first chamber 2 by transferring heat through conduction
from the hotter zones to the cooler ones. Alternatively, the heat transfer ele-
ment 8 is arranged to transfer heat by conduction away from the first chamber
2 and especially from the hotter zones of the first chamber 2. In this embodi-
ment, the heat transfer elements 8 are also capable of serving as radiation
heat sources, if the heating means are provided close to the heating means.
[0016] Figure 3 shows yet another embodiment of the present in-
vention. In this embodiment, the outer surface of the second chamber 4 is lined
with a heat transfer element 8 or several heat transfer elements 8. Even
though Figure 3 shows that the outer surface of the second chamber 4 is lined
entirely with a heat transfer element 8, the lining may also be done in such a
manner that just a part of the outer surface of the second chamber 4 is lined
with a heat transfer element 8 or several heat transfer elements 8. Thus, for in-
stance the face sides 15, 17 or top and/or bottom side 13, 11 of the second
chamber 4 may on the outside of the second chamber 4 be lined with heat
transfer elements 8. In other words, in this embodiment the outer surface of the
second chamber 4 is entirely or in any part lined with a heat transfer element 8
that equalises the temperature differences inside the first chamber 2 and/or on
the outer surface of the second chamber 4 by conducting heat from the higher-
temperature zones to the lower-temperature zones or away from the inside of
the second chamber 4. In this embodiment of Figure 3, the heat transfer ele-
ment 8 may be a heat transfer plate, for instance, that is installed on the outer
surface of the second chamber 4. Alternatively, it is possible to use as heat
transfer elements 8 several rod-like, rib-like or corresponding pieces that are
installed on the outer surface of the second chamber 4. These heat transfer
elements 8 may uniformly cover the outer surface of the second chamber 4 or
they may be installed side by side at a distance from each other. Heat transfer
elements 8 installed on the outer surface of the second chamber 4 are advan-
tageous, because they are capable of efficiently equalising the heat power di-
rected to the second chamber 4. In other words, heat transfer elements 8 pro-
vided on the outer surface of the second chamber 4 equalise by conduction
the temperature of the second chamber 4.
[0017] The heat transfer arrangement of the invention makes it possible to
equalise temperature differences in a low-pressure chamber 2 and thus also to
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equalise the heat power directed to the reaction chamber at different points of
the first chamber 2 and second chamber 4 in a simple manner. In a preferred
embodiment the heat transfer elements 8 are passive and static pieces. Alter-
natively, it is, however, possible to connect the heat transfer element 8 to a
thermal element with which the temperature of the heat transfer element 8 may
be adjusted. The heat transfer element 8 may then be operationally connected
to the heating means of the reactor to adjust the temperature of the heat trans-
fer element, or the heat transfer element may be operationally connected to
the heating means of the reactor to adjust the temperature of the first chamber
2. Further, a feedback coupling may be provided that utilises values obtained
from temperature measurements of the second chamber 4, first chamber 2, or
substrates to control the temperature of the heat transfer element 8 or the
thermal element. The heat transfer element 8 is preferably made of aluminium
or some other material having good heat conductivity, such as copper, beryl-
lium, molybdenum, zirconium, wolfram, zinc, or compounds thereof. The heat
transfer element 8 is preferably formed in such a manner that it has a suffi-
ciently large surface area and mass for effective heat transfer.

[0018] It is obvious to a person skilled in the art that as technology ad-
vances, the basic idea of the invention may be implemented in many different
ways. The invention and its embodiments are thus not restricted to the exam-
ples described above, but may vary within the scope of the claims.
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Claims

1. A gas deposition reactor for a gas deposition method in which the
surface of a substrate is subjected to alternate starting material surface reac-
tions, the reactor comprising a first chamber (2), a second chamber (4)
mounted inside the first chamber (2), and heating means for indirectly heating
the second chamber (4), characterised in that the gas deposition reac-
tor also comprises one or more heat transfer elements (8) made of heat con-
ducting material for equalising and/or adjusting temperature differences inside
the first chamber (2).

2. A gas deposition reactor as claimed in claim 1, character-
ised in that the heat transfer element (8) is made of a material that conducts
heat well to equalise temperature differences inside the first chamber (2)
through heat conduction.

3. A gas deposition reactor as claimed in claim 1 or 2, charac-
terised in that the heat transfer element (8) is positioned in the space (6)
between the first chamber (2) and the second chamber (4) inside it.

4. A gas deposition reactor as claimed in any one of preceding
claims 1t0 3, characterised in that the heat transfer element (8) is posi-
tioned between heating means and the second chamber (4).

5. A gas deposition reactor as claimed in any one of preceding
claims 1to 4, characterised in that the heat transfer element (8) is in-
stalled on the inner surface of the first chamber (2) or the outer surface the
second chamber (4).

6. A gas deposition reactor as claimed in any one of preceding
claims 1to 5, characterised in that the heat transfer element (8) is ar-
ranged to transfer heat inside the first chamber (2) from a hot zone to a cooler
zone or away from the inside of the first chamber (2).

7. A gas deposition reactor as claimed in claim 6, character-
ised in that the heat transfer element (8) is arranged to fransfer heat away
from the top part of the first chamber (2).

8. A gas deposition reactor as claimed in claim 6 or 7, charac-
terised in that the heat transfer element (8) is arranged to extend substan-
tially horizontally in the top part of the first chamber (2) to transfer heat in the
top part of the first chamber (2) toward the end walls (3, 5) of the first chamber
(2) or away from the inside of the first chamber (2).
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9. A gas deposition reactor as claimed in any one of preceding
claims 1to 7, characterised in that the heat transfer element (8) is ar-
ranged to transfer heat in a direction opposite to natural convection.

10. A gas deposition reactor as claimed in claim 9, character-
ised in that the heat transfer element (8) is arranged to extend at least par-
tially perpendicularly or at an angle to the vertical direction inside the first
chamber (2) to transfer heat from the top part of the first chamber (2) to the
bottom part of the first chamber (2) or away from the inside of the first chamber
(2).

11. A gas deposition reactor as claimed in any one of preceding
claims 1 to 10, characterised in that the heat transfer element (8) is
formed as a lining provided on the inner surface of the first chamber (2) which
covers at least part of the inner surface of the first chamber (2).

12. A gas deposition reactor as claimed in any one of preceding
claims 1 to 11, characterised in that the heat transfer element (8) is
formed as a lining provided on the outer surface of the second chamber (4)
which covers at least part of the outer surface of the second chamber (4).

13. A gas deposition reactor as claimed in any one of preceding
claims 1 to 12, characterised in that the heat transfer element (8) is
provided structurally by making the structure of the second chamber (4) and/or
the first chamber (2) substantially thicker than required by their function.

14. A gas deposition reactor as claimed in any one of preceding
claims 1to 13, characterised in that the heat transfer element (8) is a
passive heat transfer element.

15. A gas deposition reactor as claimed in any one of preceding
claims 1to 13, characterised in that a thermal element is connected to
the heat transfer element (8) for adjusting the temperature of the heat transfer
element (8).

16. A gas deposition reactor as claimed in claim 14, character- |
ised in that the heat transfer element (8) is operationally connected to the
heating means of the reactor to adjust the temperature of the heat transfer
element (8), or the heat transfer element (8) is operationally connected to the
heating means of the gas deposition reactor to adjust the temperature of the
first chamber (2) and/or the second chamber (4).

17. A gas deposition reactor as claimed in claim 15 or 16, char-
acterised in that the thermal element comprises a feedback coupling in
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which the temperature of the heat transfer element (8) is adjusted according to
the temperature of the second chamber (4), first chamber (2) or substrates. |

18. A gas deposition reactor as claimed in any one of preceding
claims 1 to 17, characterised in that the heat transfer element (8) is
made of aluminium, copper, beryllium, molybdenum, zirconium, wolfram, zinc,
or compounds thereof.

19. A gas deposition reactor as claimed in any one of preceding
claims 1to 18, characterised in that the first chamber (2) is a pressure
chamber containing low pressure, over pressure or substantially normal air
pressure.

20. A gas deposition reactor as claimed in any one of preceding
claims 1to 18, characterised in that the second chamber (4) is a reac-
tion.chamber in which the surface of a substrate is subjected to alternate sur-
face reactions of starting materials.
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